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The present study was conducted to investigate the effects of different salicylic acid treatments
(0, 3, 6 and 9 mM) on growth parameters and salt
tolerance of three different American grapevine
rootstocks (1103P, 110 R, 41 B) under salt stress.
Plant vigor (%), shoot length (cm), shoot fresh
weight (g), shoot dry weight (g), number of leaves
per shoot, total leaf area (cm2), total chlorophyll
content, root fresh weight (g), root dry weight (g),
root length (cm), number of roots, degree of damage, shoot and root tolerance ratio (TR), leaf Na
(ppm), K (%) and Ca (%) contents were determined. It was observed that salicylic acid treatments had positive effects on growth and development of rootstocks grown under saline conditions.
In 41 B and 1103 P American grapevine rootstocks,
6 and 9 mM salicylic acid treatments were found to
be more effective in reducing salt stress over the
plants.

usually prevent the penetration of stress factors into
the plants or prevent plants from such factors. Tolerance mechanisms include elimination and reduction of stress factors and changes in repair of damaged parts [4]. Resistance of vine rootstocks to
salinity stress varies from one rootstock to another,
but is quite lower than the resistance of grape cultivars [5-6]. Rootstocks are essential part of viticulture and sensitivity of rootstocks to stress factors
significantly influence grape yield and quality.
Salicylic acid treatments are among the most
significant treatments to reduce salt damage. Salicylic acid is plant phenolics with an aromatic chain
bearing a hydroxyl group or functional derivative. It
is an internal growth regulator with significant
effects on various metabolic and physiological
processes influencing plant growth, development
and plant resistance to stress conditions [7-8]. In
this sense, salicylic acid stimulates protein synthesis in plants exposed to abiotic stress conditions,
stimulates also acquired systemic resistance and
prevents plants from stressors [9].
The present study was conducted to investigate the effects of different salicylic acid doses in
prevention of salt damage in some grapevine rootstocks.

)(!#$
American grape rootstock, stress, salinity, salicylic acid

 %#!&%! 

Plants are exposed to various stress conditions
in the environmental they live and such conditions
significantly limit plant growth and development.
These stress conditions may be either biotic (bacteria, fungi, viruses, insects) or abiotic (water, salinity, temperature or ionic). Salinity is among the most
significant stress factors with negative impacts on
agricultural lands [1]. About 800 million hectares of
world agricultural lands are negatively influenced
by salinity [2].
Sodium chloride (NaCl) is the most prevalent
form of salt in soils. High Na+ levels negatively
influence enzyme functions, reduce photosynthesis,
destroy membrane potential and osmatic balance
and inhibit plant growth [3]. Plants gain resistance
against stress factors try to minimize the damage
through metabolic changes. Preventive mechanisms

%#$ %!$

Three different American grapevine rootstocks
(1103 P, 110 R, 41 B) were used as the plant material of this study. Rootstocks were preserved at
+4oC until planting. Scions were removed from the
cold storage and prepared as to have two buds.
Before exposing the scions of 1103 P (saltresistant), 110 R (salt-sensitive) and 41 B (quite
salt-sensitive) rootstocks, they were kept in salicylic acid (Sigma, 27301) solutions prepared in 4 different doses (0, 3, 6 and 9 mM) for 24 hours to
provide uptake of salicylic acid (SA) into their
structures. Then, the scions were planted into 60 cm
deep perlite-filled rooting trays (on 11 March
2014). Scions were irrigated with unsaline irrigation water. When the scions burst and had 2-3
leaves, in other words, when they went into the 9th
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//.,;: 7/ $*42,?42, ,2- %9.*;5.6;: 76
$177; 97>;1 7/ $,276: <6-.9 $*4; $;9.:: With
regard to effects of salicylic acid treatments on
shoot length, number of leaves and shoot dry
weight of rootstocks, treatments and rootstock x
treatment interactions were found to be significant
(p˂0.05). With regard to shoot fresh weight, while
treatments were not found to be significant, rootstocks and treatment x rootstock interactions were
found to be significant. The longest shoots (10.41
cm) were obtained from 1103 P rootstock and it
was respectively followed by 110 R (8.47 cm) and
41 B (7.71 cm) rootstocks. The 3 mM salicylic acid
treatment yielded the longest shoot formation
(10.11 cm). Considering the rootstock x treatment
interactions, increasing shoot lengths were observed
in 41 B rootstock with increasing treatment doses.
The greatest shoot length in 1103 P rootstock was
obtained with 3 mM salicylic acid treatment (11.76
cm), the greatest shoot length in 41 B rootstock was
obtained with 9 mM salicylic acid treatment (9.10
cm). The shoot lengths in 110 R and 1103 P rootstocks at 6 mM and 9 mM salicylic acid doses were
shorter than 3 mM treatment (Table 1). The greatest
leaf area (28.09 cm2) was obtained from 41 B rootstock. Considering the treatments, the greatest leaf
area was obtained from 9 mM treatment (21.12
cm2). The greatest leaf area in 1103 P rootstock was
obtained from 3 mM salicylic acid treatment and
the greatest value in 41 B rootstock was obtained
from 9 mM salicylic acid treatment (33.49 cm2)
(Table 3). As it was in shoot length, shoot fresh
weights of 41 B rootstock increased with increasing
salicylic acid doses. In 110 R rootstock, an increase
was observed in shoot fresh weights until 6 mM,
but a decrease was observed at 9 mM. In 1103 P
rootstock, while 3.730 g shoot fresh weight was
obtained from 3 mM salicylic acid treatment, the
values were lower in 6 mM and 9 mM treatments.
The lowest shoot fresh weight (2.775 g) was obtained from control treatment of 41 B rootstock and
the greatest value (3.973 g) was obtained from 6
mM treatment of 110 R rootstock (Table 1). Considering the shoot dry weights of the rootstocks, the
greatest value (0.609 g) was obtained from 1103 P
rootstock and the lowest value (0.445 g) was obtained from 41 B rootstock. As compared to control
treatment, greater shoot dry weights were obtained
from salicylic acid treatments and the greatest value
(0.598 g) was obtained from 3 mM salicylic acid
treatment. Parallel to shoot fresh weights, salicylic
acid treatments yielded higher shoot dry weights
than the control treatment and the lowest value
(0.338) was obtained from 41 B rootstock. Considering the shoot dry weights in different salicylic
acid treatments, the greatest value was obtained
from 9 mM treatment of 41 B rootstock (0.537 g);
from 6 and 9 mM treatments of 110 R rootstock

phenological stage as specified by [10], saline water
treatments (NaCl: Tekkim, 070213 641) were initiated and scions were subjected to saline water
treatments for 4 weeks. For saline water treatments,
total 8 ds/m (5120 ppm) [9,11] salinity value which
was over the minimum salinity level for vineyards
(1 ds/m, 640 ppm) was used. Saline water treatments were performed as irrigation with saline
water for a week, then irrigation with normal water
in subsequent week. Scions were supplemented two
times with Hoagland number 2 nutrient solution
(H2395, SIGMA). After about two months
(02.07.2014), saline water treatments were terminated and scions were removed from the perlite
trays.
Some morphological and physiological parameters were determined to evaluate the efficiency
of salicylic acid treatments. Shoot and root lengths
(cm) were measured. Shoot and root fresh weights
(g) were measured with a digital scale (±0.01 g).
Shoots and roots were separately dried in an oven at
65ºC for 72 hours and weighted to get shoot and
root dry weights (g). Number of leaves per shoot
and number of roots per scion were also determined. Leaf samples were taken from 1/3 sections
of shoots and leaf areas (cm2) were measured with
digital planimeter (KOIZUMI KP90N). Total chlorophyll contents were measured with a SPAD meter
(Konica Minolta, SPAD 502 plus). Leaf K (%), Ca
(%) and Mg (%) concentrations were determined by
dry ashing and readings were made in an atomic
absorption spectrophotometer. Resultant readings
were multiplied with dilution factors. Leaf Na contents were determined with an atomic absorption
device in accordance with [12] . For damage levels
in all leaf samples, the scale created by [13] for
strawberry plants were modified and used. According to this scale, the plants without salt-induced
necrotic tissues were graded as “0 degree”, the ones
with slight dry outs and necrosis at leaf tips were
graded as “1st degree”, the ones with necrosis over
more than 50% of the leaves and stems were graded
as “2nd degree” and the ones with heavy necrosis as
to result in plant die outs were graded as “3rd degree” damaged. Tolerance ratios of American
grapevine rootstocks under saline conditions and
different salicylic acid doses were calculated by
using the following equation for each rootstock and
each salicylic acid dose in terms of shoot and root
dry weight (g) [14].
TR=Tx / To
Tx: Shoot and root dry weight of the scion treated
with certain salicylic acid concentration (g)
To: Shoot and root dry weight of the scion untreated
with certain salicylic acid concentration (g)
Experiments were conducted in randomized
plot design with 3 replications with 10 scions in
each replication. Means were separated with LSD
test at 5% significance level. JMP 10.0 statistical
software was used in statistical analyses.
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(0.563 g and 0.581 g) and from 3 mM treatment of
1103 P rootstock (0.750 g) (Table 1 and Table 2). 
[14-21] reported negative effects of increasing
salt concentrations on shoot development. [22]
indicated the significance of salicylic acid treatments in improving plant tolerance to abiotic stress
factors. Present findings on shoot development
were parallel to the results of [9]. [23] carried out
study with strawberries and parallel to current findings, indicated that negative impacts of salinity
could be inhibited with salicylic acid treatments.

acid treatments reduced the damage levels. The
rootstock x treatment interactions were found to be
significant. As compared to control treatment, salicylic acid treatments reduced the damage levels in
all rootstocks (Table 3).
[24] reported increased damage ratios in four
different Iranian grape cultivars (      L.)
with increasing salinity levels. It was observed in
present study that damages under saline conditions
in even the sensitive genotypes could be reduced
with salicylic acid treatments. It was reported in
earlier studies that abiotic stress factors, especially
salinity, may have significant impacts on morphological and physiological parameters of grape cultivars and may reduce the level of vigor [21]. [22]
indicated significant roles of salicylic acid in plant
resistance to abiotic stress factors.

//.,;:7/$*42,?42,,2-%9.*;5.6;:76.
09..7/*5*0.26$,276:<6-.9$*4;$;9.::The
greatest damaging (0.7) was observed in 110 R
rootstock and the other two rootstocks were placed
in the same statistical group. While higher damages
were observed in control treatment (1.2), salicylic

% 
//.,;:7/-2//.9.6;:*42,?42,*,2--7:.:76:177;4.60;1:177;/9.:17/  #*6-
09*8.=26.977;:;7,3:,276:097>6<6-.9:*426.,76-2;276:

"5.92,*6

Salicylic
Shoot length (cm)
Shoot fresh weight (g)
acide
41B
110R
1103P
Average
41B
110R
1103P
doses
0 mM
6.05 j
8.95 def
9.96 cd
8.33 B
2.775 e
3.254 cde
3.063 de
3 mM
7.80 gh
10.76 bc
11.76 a
10.11 A
3.461 bcd
3.775 bc
3.730 bc
6 mM
7.91 fgh
6.66 ij
11.29 ab
8.62 B
3.513 bcd
3.973 b
3.402 cd
9 mM
9.10 de
7.49 hi
8.62 efg
8.41 B
4.525 a
3.563 bcd
3.510 bcd
Average
7.71 C
8.47 B
10.41 A
3.568
3.641
3.426
LSD 5% (Rootstock, Shoot length): 0.54; LSD 5% (Treatment, Shoot length): 0.62
LSD 5% (Rootstock x Treatment, Shoot length): 1.08; LSD 5% (Rootstock, Shoot fresh weight): N.S.
LSD 5% (Treatment, Shoot fresh weight): 0.304; LSD 5% (Rootstock x Treatment, Shoot fresh weight): 0.527



% 
//.,;:7/-2//.9.6;:*42,?42,*,2--7:.:76:177;-9?>.201;*6-6<5+.97/4.*=.:7/ 
"5.92,*609*8.=26.977;:;7,3:,276:097>6<6-.9:*426.,76-2;276:

Shoot dry weight (g)
Number of leaves
Salicylic
acide doses
41B
110R
1103P
Average
41 B
110 R
1103 P
0 mM
0.338 f
0.466 de
0.516 cde
0.440 C
23.00 c
16.96 d
14.31 f
3 mM
0.495 cde 0.549 bcd
0.750 a
0.598 A
28.64 b
15.26 def
16.3 de
6 mM
0.451 e
0.563 bc
0.556 bcd
0.523 B
27.25 b
14.84 ef
15.26 ef
9 mM
0.537 b-e
0.581 bc
0.615 b
0.578 A
33.49 a
14.74 ef
15.13 ef
Average
0.455 C
0.540 B
0.609 A
28.09 A
15.44 B
15.24 B
LSD %5 (Rootstock, Shoot dry weight): 0.05;LSD %5 (Treatment, Shoot dry weight): 0.05
LSD %5 (Rootstock x Treatment, Shoot dry weight): 0.09; LSD %5 (Rootstock, Number of leaves): 0.58
LSD %5 (Treatment, Number of leaves): 0.67; LSD %5 (Rootstock x Treatment, Number of leaves): 1.56

Average
3.031 B
3.655 A
3.629 A
3.866 A

#*6-

Average
18.09 D
20.04 B
19.12 C
21.12 A

% 
//.,;:7/-2//.9.6;:*42,?42,*,2--7:.:764.*/*9.**6--.09..7/-*5*0.7/  #*6-
"5.92,*609*8.=26.977;:;7,3:,276:097>6<6-.9:*426.,76-2;276:
Salicylic
Leaf Area
Degree of damage (0-3 Scale)
acide
41B
110R
1103P
Average
41B
110R
1103P
doses
0 mM
23.00 c
16.96 d
14.31 f
18.09 D
1.3 a
1.5 a
0.7 b
3 mM
28.64 b
15.26 def
16.3 de
20.04 B
0.3 cd
0.6 bc
0.4 bcd
6 mM
27.25 b
14.84 ef
15.26 ef
19.12 C
0.1 d
0.4 bcd
0.3 cd
9 mM
33.49 a
14.74 ef
15.13 ef
21.12 A
6.41 b
7.80 a
4.46 d-g
Average
28.09 A
15.44 B
15.24 B
5.31 B
6.57 A
4.26 C
LSD %5 (Rootstock, Leaf Area): 0.58; LSD %5 (Treatment, Leaf Area): 0.67
LSD %5 (Rootstock x Treatment, Leaf Area): 1.56; LSD %5 (Rootstock, Degree of damage): 0.1
LSD %5 (Treatment, Degree of damage): 0.2; LSD %5(Rootstock x Treatment, Degree of damage): 0.3
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Average
1.2 A
0.5 B
0.3 C
6.23 A
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dry weights were observed in 41 B rootstock. While
the root development was the weakest in control
treatment, roots had better growth and development
with increasing salicylic acid doses (Table 5 and 6).
Several previous researchers also reported negative
impacts of salinity on root development [14, 20, 21,
30]. It was reported that salicylic acid when used
alone or together with oxines, improved root
lengths of scions of some woody species significantly. [32] reported that monohydroxy phenols and
benzoic acids stimulated root induction and salicylic acid together with auxins had quite significant
effects on induction stage of rooting. Current findings in this sense comply with those earlier ones.

//.,;:7/$*42,?42,,2-%9.*;5.6;:76.*/
<;92.6; 76;.6;: 7/ $,276: <6-.9 $*4; $;9.::
With regard to effects of salicylic acid treatments
on sodium, potassium and calcium contents, rootstocks, treatments and rootstock x treatment interactions were found to be significant at p˂0.05 level
(Table 7 and Table 8). The greatest leaf Na content
(1031.9 ppm) was obtained from the leaves of 1103
P rootstock and it was respectively followed by 110
R (861.9 ppm) and 41 B (763.3 ppm) rootstocks.
The lowest leaf Na content (675.2 ppm) was observed in 3 mM salicylic acid treatment of 41 B
rootstock and the greatest Na content was observed
in 9 mM salicylic acid treatment of 1103 P rootstock. Increasing Na contents were observed in
1103 P rootstock with increasing salicylic acid
doses. Increasing Na contents were also reported
with increasing salinity levels in previous studies
[20, 28, 31, 33]. The scions of 1103 P rootstock had
the greatest potassium content with 0.69 %. Of the
treatment groups, 3 mM salicylic acid treatment
was prominent with its potassium content (0.70%).
The lowest potassium content (0.54%) was observed in control treatment of 41 B rootstock and
the greatest potassium content (0.74%) was observed in 3 mM treatment of 1103 P rootstock.
Among the treatments, the greatest potassium contents were obtained from 3 mM salicylic acid
treatments. Some researchers indicated increasing
K contents with increasing salinity levels [28, 31,
33] and some others indicated a reverse case, decreasing K levels with increasing salinity levels [20,
34, 35]. The greatest leaf K content in all rootstocks
was obtained from 3 mM salicylic acid treatments.
Contrary to the findings of [20], [34-35] increasing
leaf potassium contents were observed in present
study with salicylic acid treatments. While the
rootstock 1103 P was prominent with its calcium
content (1.32%), 9 mM treatments yielded greater
calcium contents than the other treatments. The
greatest calcium content (1.46%) was obtained
from 9 mM salicylic acid treatment of 41 B rootstock and the lowest calcium content (1.05%) was
obtained again from 9 mM salicylic acid treatment
of 110 R rootstock. In 110 R and 1103 P rootstocks,

Salicylic
Chlorophyll content
acide
41 B
110 R
1103 P
Average
doses
0 mM
4.29 efg
4.83 d
3.97 g
4.36 D
3 mM
4.72 de
6.25 bc
4.09 fg
5.02 C
6 mM
5.83 c
7.38 a
4.54 def
5.92 B
9 mM
6.41 b
7.80 a
4.46 defg
6.23 A
Average
8A
6B
7 AB
LSD %5 (Rootstock, Chlorophyll content): 0.25
LSD %5 (Treatment, Chlorophyll content): 0.28
LSD %5 (Rootstock x Treatment, Chlorophyll content): 0.49 


//.,;:7/$*42,?42,,2-%9.*;5.6;:76.*/
1479781?4476;.6;7/$,276:<6-.9$*4;$;9.::
Effects of different salicylic acid doses on leaf
chlorophyll contents were also found to be significant (p˂0.05). With regard to leaf chlorophyll content, 9 mM (6.2) salicylic acid treatment and 110 R
rootstock (6.5) had the greatest values. Considering
the interactions, the greatest values were observed
in 9 mM treatment of 110 R rootstock (7.80%) and
6 mM treatment of 41 B rootstock (7.38). In 41 B
rootstock, the greatest values were obtained from 9
mM (6.41) and 6 mM treatment (4.54) (Table 4).
Increasing free radical synthesis under stress conditions damage plant cells and limits the efficiency of
photosynthesis. Synthesized free radicals also destroy cell components like chlorophyll with protein
membrane lipids and nucleic acids [25, 26]. It was
also indicated in previous salinity researches that
salinity limited entire growth and development
factors and reduced chlorophyll contents [19, 21,
25, 26, 27, 28, 29, 30, 31]. [22] indicated that salicylic acid played significant roles in plant resistance to abiotic stress conditions. Salicylic acid
naturally exists in plants. Although effects of salicylic acid on chlorophyll contents did not increase
linearly with increasing salicylic acid doses, treatment groups had higher values than the control
treatment.
[9] reported the greatest chlorophyll content
for 1 mM treatment and the lowest value for 0 mM
salicylic acid treatment and reported increasing
values with increasing salicylic acid doses. In this
sense, current findings comply with those earlier
ones.

//.,;: 7/ $*42,?42, ,2- %9.*;5.6;: 76
#77;97>;17/$,276:<6-.9$*4;$;9.::Effects
of different salicylic acid doses on number of roots,
root length, root fresh and dry weights were found
to be significant (p˂0.05). Among the treatments,
the greatest values were observed in 9 mM salicylic
acid treatments. Among the rootstocks, 1103 P
rootstock had the longest roots, but the rootstock
had the lowest root fresh weight (2.506 g) and root
dry weight (2.083 g). The greatest root fresh and
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6 and 9 mM salicylic acid treatments yielded lower
calcium contents than 3 mM salicylic acid treatment. Some researchers indicated increasing Ca
contents with increasing salinity levels [28, 36],
some others reported decreasing Ca contents with
increasing salinity levels [31, 34]. In present study,
Ca contents of 41 B and 1103 P rootstocks in-

creased with all salicylic acid doses, but a decrease
was observed in 110 R rootstock after 3 mM salicylic acid treatment. In previous studies, different
effects of salinity on Ca contents were reported.
Current findings comply with the ones indicating
increasing Ca contents with salinity. 

%
//.,;:7/-2//.9.6;:*42,?42,*,2--7:.:766<5+.97/977;:*6-977;4.60;17/  #*6-
5.92,*609*8.=26.977;:;7,3:,276:097>6<6-.9:*426.,76-2;276:
Salicylic
acide doses
0 mM
3 mM
6 mM
9 mM
Average

41B
5d
7 bc
7 bc
0.2 d
0.5 B

Number of roots
110R
1103P
Average
6 cd
7 bc
6B
5d
8b
6B
6 cd
7 bc
7 AB
0.2 d
0.6 bc
0.3 C
0.7 A
0.5 B

41B
8.06 g
8.94 fg
10.25 cd
10.25 cd
9.38 B

Root length (cm)
110R
1103 P
8.04 g
9.38 def
10.07 cde
11.85 b
9.37 ef
12.65 b
10.65 c
14.52 a
9.54 B
12.10 A

"

Average
8.49 C
10.29 B
10.76 B
11.81 A

LSD %5 (Rootstock, Number of roots): 1;LSD %5 (Treatment, Number of roots): 1
LSD %5(Rootstock x Treatment, Number of roots): 1 LSD %5 (Rootstock, Root length): 0.46
LSD %5 (Treatment, Root length): 0.53; LSD %5(Rootstock x Treatment, Root length): 0.91



%
//.,;:7/-2//.9.6;:*42,?42,*,2--7:.:76977;/9.:1*6--9?>.201;:7/  #*6-
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Salicylic
acide
doses
0 mM
3 mM
6 mM
9 mM
Average

Root fresh weight (g)

"5.92,*6

Root dry weight (g)

41B

110R

1103P

Average

41B

110R

1103 P

Average

2.179 bc
2.239 b
2.285 b
3.319 a
2.506 A

1.649 g
1.941 de
1.729f g
1.828 efg
1.787 B

1.222 h
1.866 def
1.837 def
2.011 cd
1.734 B

1.684 C
2.015 B
1.950 B
2.386 A

1.904 a
2.080 a
2.135 a
2.212 a
2.083 A

1.891 a
2.039 a
2.050 a
1.967 a
1.987 A

0.137 c
0.298 c
0.949 b
2.150 a
0.884 B

1.311 C
1.473 BC
1.711 B
2.110 A

LSD %5 (Rootstock, Root fresh weight): 0.896;LSD %5 (Treatment, Root fresh weight): 0.104
LSD %5(Rootstock x Treatment, Root fresh weight): 0.179; LSD %5 (Rootstock, Root dry weight): 0.206
LSD %5 (Treatment, Root dry weight): 0.238; LSD %5(Rootstock x Treatment, Root dry weight): 0.412

%
//.,;:7/-2//.9.6;:*42,?42,*,2--7:.:764.*/*6-*,76;.6;:7/  #*6-
5.92,*609*8.=26.977;:;7,3:,276:097>6<6-.9:*426.,76-2;276:
Salicylic
acide doses
0 mM
3 mM
6 mM
9 mM
Average

41B
0.54 g
0.62 cde
0.59 ef
0.57 fg
0.58 B

K (%)
110R
1103P
0.61 def
0.65 cd
0.73 a
0.74 a
0.70 ab
0.72 a
0.65 cd
0.66 bc
0.67 A
0.69 A

Avr.
0.60 c
0.70 a
0.67 b
0.62 c

41B
1.12 d
1.26 c
1.27 c
1.46 a
1.28 A

110R
1.06 d
1.25 c
1.11 d
1.05 d
1.12 B

Ca (%)
1103P
1.29 bc
1.39 ab
1.27 c
1.33 bc
1.32 A

"

Average
1.16 C
1.30 A
1.21 B
1.27 AB

LSD %5 (Rootstock, K): 0.02; LSD %5 (Treatment, K): 0.02
LSD %5 (Rootstock x Treatment, K): 0.04; LSD %5 (Rootstock, Ca): 0.06
LSD %5 (Treatment, Ca): 0.06; LSD %5 (Rootstock x Treatment, Ca): 0.11

%
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Salicylic acide
doses
0 mM
3 mM
6 mM
9 mM
Average

"5.92,*6

Na (ppm)
41 B
778.6 cde
675.2 e
828.9 b-e
770.4 cde
763.3 B

110 R
702.1 de
789.1 cde
990.6 abc
965.9 a-d
861.9 B

LSD %5 (Rootstock): 134.7;LSD %5 (Treatment): 155.6
LSD %5 (Rootstock x Treatment): 269.5
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1103 P
929.4 a-e
991.9 abc
1089.3 ab
1117.2 a
1031.9 A

Average
803.4 B
818.2 AB
969.6 A
951.2 ab
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Shoot tolerance ratio (STR)
Root tolerance ratio (RTR)
Salicylic
acide doses
41B
110R
1103P
Average
41B
110R
1103 P
Average
3 mM
1.39 b
1.10 d
1.34 bc
1.28 B
1.09 c
1.08 c
2.20 c
1.46 B
6 mM
1.44 a
1.21 cd
1.20 cd
1.28 B
1.12 c
1.08 c
7.02 b
3.07 B
9 mM
1.58 a
1.28 bcd
1.37 bc
1.41 A
1.16 c
1.04 c
15.73 a
5.98 A
Average
1.47 A
1.20 C
1.30 B
1.13 B
1.07 B
8.32 A
LSD 5% (Shoot tolerance ratio, Rootstock): 0.08; LSD 5% (Shoot tolerance ratio, Treatment): 010
LSD 5% (Shoot tolerance ratio, Rootstockx Treatment): 0.17; LSD 5% (Root Tolerance Rate, Rootstock): 1.55
LSD 5% (Root tolerance ratio, Treatment): 1.79; LSD 5% (Root tolerance ratio, Rootstock x Treatment): 3.11
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Microbial phosphorus (P) as an active component of P pool plays an important role in regulating
the availability of P to plants. Direct or indirect
changes in soil pH, available P and organic Carbon
(C) induced by low molecular weight organic acids
(LMWOA) affect soil microorganisms, but have not
been well considered in the contents of microbial P.
This study aims to investigate the changes in microbial P, available P, pH and organic C induced by
LMWOA in a calcareous, neutral and acidic soil.
The relationship between microbial P and soil properties (soil pH, available P and organic C) was also
explored. The soils were added with citric acid,
malic acid, oxalic acid or their mixture (ratio, 1:1:1)
at 0, 10, 20 or 40 mmol kg-1 soil. Soil microbial P,
available P and organic C levels were increased and
pH values were decreased to variable extents in the
soils 15 days after the addition of LMWOA. No evident interactive effects among the organic acids
were observed on the soil changes above mentioned.
The change in microbial P induced by LMWOA was
mainly ascribed to the direct effects from the
changes in organic C, soil pH, available P, among
which, the change in soil organic C had the most important positive impact.



Fe, Mn, Cu and Zn) or detoxify toxic metals (e.g.,
Al) [1-3]. Moreover, LMWOA are thought to have
more important effects on the availability of P than
on the availability of other nutrients. Many studies
have shown that LMWOA such as citric acid, malic
acid and oxalic acid can complex with Fe, Al compounds in acid soils and Ca oxides in calcareous
soils, then releasing P from Fe-P, Al-P and Ca-P [47]. Thus, the enhancement of nutrients acquisition by
LMWOA has drawn great interests due to their functions that potentially overcome nutrients deficiencies
for the past decades.
LMWOA not only serve to maintain or improve nutrients availability, but also directly or indirectly cause changes in chemical, physical and biological properties of soil. Previous studies have suggested that LMWOA can manipulate soil nutrients
availability through the following processes: (1)
shifting chemical equilibria in soil solution and the
dissolution of sparingly soluble minerals; (2) shifting pH in rhizosphere; (3) altering the surface characteristics of mineral particles; (4) acting as metal
chelators or occupying ligand exchange surfaces
then releasing certain nutrients, especially for P; (5)
indirectly promoting microorganisms’ growth and
the subsequent mineralization of soil nutrients
[4,6,8-11]. These changes are believed to have significant influences on soil micro-environmental conditions, which further cause changes of the quality
and productive capacity of soil in the long-term.
When soil environmental conditions change,
qualitative or quantitative changes may occur in soil
microorganisms. Soil microorganisms are known to
be important for the turnover of soil P. Some key cyclical processes, e.g., P absorption, transportation,
mineralization and immobilization are mediated by
soil microorganisms [11-14]. Previous studies have
shown that soil microorganisms are largely influenced by soil properties, such as pH, organic C and
available P [15-17]. Additionally, LMWOA are expected to result in a significant proliferation of microorganisms in rhizosphere as they biodegrade organic acids [18]. These could ultimately affect

'% !
Citric acid, Oxalic acid, Malic acid, Organic carbon,
Mechanisms

" #"
Exudation of low molecular weight organic acids (LMWOA) from plant roots has been considered
as a nutrient regulatory mechanism. LMWOA can
increase or decrease soil nutrient availability by altering soil chemistry or biological processes. For instance, LMWOA that act as metal chelators can increase the availability of soil micronutrients (e.g.,
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of 0, 2, 4 and 8 mmol L-1. The LMWOA concentration was 0, 10, 20 and 40 mmol kg-1 soil. The jars
were incubated for 15 days at 25 °C. This incubation
time was chosen by considering previous studies
[20-22] and the stable time of microbial activity of
moist incubation in previously air-dried soil [23].
Each soil sample was collected in destructive sampling at the end of incubation.

!)584-)6)4@:1:Soil pH was determined using a 1:2.5 soil/water ratio by a glass electrode. The
available P of the calcareous and neutral soil was determined by 0.5 mol L-1 NaHCO3 extraction method
(Olsen-P). For the acidic soil, available P was determined by 0.03 mol L-1 NH4F-0.025 mol L-1 HCl extraction method (Bray1-P). Concentration of the extract P was analyzed colorimetrically, using the
method of Murphy and Riley [24]. Total P was analyzed by molybdenum-ascorbic acid method after digestion with H2SO4 and H2O2. Soil total N was analyzed by the Kjeldahl method [25]. Soil organic C
was analyzed using a multi N/C-3100 TOC analyzer
(Analytikjena, Germany).
Soil microbial P was measured by the fumigation-extraction method as described in Brookes,
McLaughlin and Chen [26-28]. Briefly, microbial P
was extracted from both the fumigated and non-fumigated samples with 0.5 mol L-1 NaHCO3 for the
calcareous and neutral soil and 0.03 mol L-1 NH4F0.025 mol L-1 HCl for the acidic soil. The ratio of
soil/extractant was about 1:4. Microbial P was calculated from the following formula:
    

Where F and Fnon are the extractable P in the
fumigated and non-fumigated soils, respectively. Kp
is the fraction of microbial P extracted in fumigation
samples and the value is 0.4 here. R is the correction
of microbial P based on the recovery of added phosphate.

microbial P contents in soil. However, information
produced from previous studies mainly concerned
with the influences of LMWOA on P, while
knowledge about the influences of LMWOA on
other properties and microbial P is very limiting.
Moreover, various LMWOA are exuded from plant
roots simultaneously and co-existed in soil solutions.
They are usually studied in isolation, but little is
known about their possible combined impacts,
which may be quite different [19].
The objective of this research was therefore to
study the individual and joint effects of three common LMWOA (oxalic acid, citric acid and malic
acid) on microbial P and the related soil properties
(soil pH, organic C and available P). The results of
our study will be helpful to improve the understanding of the role of LMWOA addition in soil
microbial P.
" !"!

!714: Surface layers (0-20cm) of three soils
were separately collected from Luancheng
(37°53’N, 114°40’E), Shenyang (41°31’N,
123°24’E) and Taoyuan (28°56’N, 111°26’E) Experimental Stations of Ecology, Chinese Academy
of Sciences. The soils were from alkaline to acidic
representing three contrasting agricultural soils.
They were the major type of agricultural soils in their
respective areas. All soil samples were air dried and
ground to pass through a 2-mm sieve before use. Selected chemical and physical properties are shown in
Table 1.

!714 16+<*);176Triplicate 200 g of each soil
samples were placed in brown jars. The water content was adjusted to about 50% water holding capacity. Oxalic acid, citric acid, malic acid and their
mixed solutions (ratio, 1:1:1) were added at the rate

" 
!-4-+;-,+0-51+)4)6,80@:1+)48978-9;1-:7.;09--:714:.975?8-915-6;)4!;);176:7.+747/@016-:-
+),-5@7.!+1-6+-:
Site

Soil type

Luancheng
Shenyang
Taoyuan

Calcareous soil
Neutral soil
Acidic soil

Site

NaHCO3Pia

Total N
g·kg-1
1.17
1.11
0.89

NaHCO3Poa

Total P
g·kg-1
0.89
0.37
0.49

Organic C
g·kg-1
13.92
10.65
4.37

Soil P fractions (mg kg-1)
NaOHNaOHPib
Pob

Available P
mg·kg-1
4.5
7.2
3.9

pH
1:2.5H2O
8.24
7.02
4.72

Soil texture (%)
sand
silt
clay
32.5
48.8 18.7
14.7
60.4 24.9
12.1
44.6 44.3
Fede

HClPic

ResidualPd

Alde

Feoe

Bulk density
g cm-3
1.32
1.11
1.19
Aloe

CaCO3

---------------g kg-1---------------------

Luan-----9.1
10.8
8.3
48.1
482.6
291.4
6.56
1.21 1.27
98.24
cheng
Shenyang
12.2
23.6
58.5
49.7
103.6
188.8
13.56 9.21 3.27
0.21
11.18
Taoyuan
8.2
14.3
105.1
26.7
6.5
306.1
50.08 9.61 3.41
5.56
-------a, NaHCO3-Pi and Po, soil soluble and exchangeable inorganic and organic phosphorus.
b, NaOH-Pi and Po, soil Fe/Al oxides bound inorganic and organic phosphorus.
c, HCl-Pi, soil Ca bound inorganic phosphorus.
d, Residual P, soil resistant inorganic and organic phosphorus.
e, Fed and Ald were dithionite-citrate-bicarbonate-extractable Fe and Al, respectively, and Feo and Alo were oxalate-extractable Fe and Al,
respectively.
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#  
!71451+97*1)4):)..-+;-,*@47>574-+<4)9
>-1/0;79/)61+)+1,:%);  )6, 
55743/ :714.975;0-)+)4+)9-7<::714*6-<
;9)4:714)6,+)+1,1+:714
Each data point is the mean of three replications. The vertical
bars, which are inserted in the LMWOA concentrations when
the treatment effects are significant, represent the 5% L.S.D.

#  
-+7=-9@7.1679/)61+  ),,-,;7;0-)
+)4+)9-7<::714*6-<;9)4:714)6,+)+1,1+:714):
)..-+;-,*@47>574-+<4)9>-1/0;79/)61+)+1,:
%
Error bars show the standard deviation of three replicate
samples.

!;);1:;1+:Soil microbial P was subject to the
normality and homogeneity tests before analysis of
variance (ANOVA) using SAS statistical package
(SAS 9.13). One-way analysis of variance
(ANOVA) was used to determine the effects of control, oxalic acid, citric acid, malic acid and their
mixed solutions on soil microbial P. Least square
difference (LSD) was conducted only when the analysis of variance was significant at  < 0.05. Correlation and path analysis were used to explore the relationship between soil properties and microbial P.


!#"!!#!!

!714 51+97*1)4  Soil microbial P contents
were increased in the treatments with LMWOA. For
instance, with the addition of 10, 20 and 40 mmol
LMWOA the level of soil microbial P was increased
by 8.55, 24.49 or 38.34% in the calcareous soil,
and2.69, 11.08 or 19.06% in the neutral soil, and

7.42, 25.01 or 30.88% in the acidic soil, respectively
(Figure 1). One reason for this might be that
LMWOA could directly stimulate microbial growth
and consequently increased microbial P contents in
the soils [3, 18]. A second reason might have been
that the changes in soil properties, which resulted
from LMWOA, influenced soil microbial P concentrations. Moreover, the higher recovery rate of inorganic P in the soils treated with LMWOA (Figure 2)
also suggested that the LMWOA decreased P absorption capacity, but would favor microbial P absorption. 
Both types of LMWOA and soil had a significant effect on soil microbial P. Specifically, the
amount of soil microbial P in the LMWOA added
treatments declined in the order of citric acid > malic
acid > oxalic acid for the calcareous and neutral soil,
and citric acid > oxalic acid > malic acid for the acid
soil, respectively. This was probably due to the differences in biodegradation rates of different types of
LMWOA. It was reported that citric acid and malic
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#  
!7148)=)14)*4-)6,79/)61+7.;0-)+)4+)9-7<::714*6-<;9)4:714)6,+)+1,1+:714):)..-+;-,
*@47>574-+<4)9>-1/0;79/)61+)+1,:%
Error bars show the standard deviation of three replicate samples.

combining influence on soil pH among the three
LMWOA.
The availability of soil P was increased with the
addition of LMWOA (Figure 3b), however, the interactive impacts of citric acid, oxalic acid and malic
acid were not obvious. With the addition of
LMWOA at 10, 20 or 40 mmol kg-1, the concentration of available P was increased by 64.39, 114.85 or
148.65% in the calcareous soil, and 63.14, 118.03 or
149.88% in the neutral soil, and 211.86, 242.91 or
306.72% in the acidic soil, respectively. This was
due to the fact that the addition of LMWOAs would
promote the release of P through either the replacement of phosphate on ligand exchange surfaces by
organic acid anions or formation of complexes between LMWOA and Fe, Al and Ca in soils [4,6,30].
Additionally, Moradi et al. [31] reported that organic
acids decreased the amount of adsorbed P, thus enhanced the availability of soil P.
A comparison of the impacts of LMWOA types
within each soil indicated that oxalic acid led to the
highest increases of available P in the calcareous
soil. But for the neutral and acidic soils, the largest
amount of available P occurred in the treatment with
citric acid. Increases of available P caused by oxalic
acid in calcareous soil may mainly attribute to its

acid were rapidly biodegraded in soils while oxalic
appeared to be resistant to microbial degradation
[18]. Additionally, there was no evident interactive
effect on microbial P among citric acid, oxalic acid
and malic acid. For the same kind of organic acids,
increments of soil microbial P decreased in the order
of neutral soil > calcareous soil > acid soil. Our results clearly demonstrated that the impacts of
LMWOA on soil microbial P depend on both types
of LMWOA and soil.
!7148978-9;1-:The addition of LMWOA resulted in pH decreases in the three soils (Figure 3a)
due to their acidification effects. Citric acid as a tricarboxylic acid led to the highest decrease in soil pH
due to its higher acid strength than oxalic acid and
malic acid [29]. The reduction in pH ranged from
0.02 to 0.21 units in the calcareous soil, 0.33 to 1.29
units in the neutral soil and 0.06 to 0.33 units in the
acid soil. The pH values in the LMWOA added soils
were decreased with the rate of LMWOAs addition.
Differences in pH changes after the addition of
LMWOA among the three soils can probably be attributed to the differences in their pH buffer capacity. Our finding suggested that there was no evident
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growth of soil microorganisms, consequently increased the level of microbial P. Moreover, soil microbial P was negatively correlated with soil pH at 
< 0.01 for the neutral soil but positively correlated
with available P at  < 0.05 for the acidic soil. There
tended to be a negative relationship between soil microbial P and pH or available P of the three soils, but
the correlation was not significant ( > 0.05)
Path analysis showed that indirect effects of
soil properties on microbial P were decreased in order of available P >organic C > pH for the neutral
soil, organic C > available P > pH for the calcareous
soil and available P > organic C > pH for the acid
soil, respectively (Table 2). Both soil pH and available P exerted their indirect influences on microbial P
mainly via the organic C while soil organic C via pH
(data had not shown). But these may not fully explain the relationship between soil properties and microbial P.
There were negative direct effects of soil pH
and available P on the contents of microbial P. Generally, microorganisms are sensitive to their environmental conditions. The decreases in soil pH that
originated from LMWOA could alter the microbial
community composition, thus influence microbial P
contents. In addition, lower pH likely decrease P adsorption capacity [37], being conductive to the utilization of P by soil microorganisms. These reasons
may explain the negative direct effects of soil pH on
microbial P.
The negative direct effects between soil available P and microbial P were not consistent to the previous studies, which suggested a positive relationship between the availability of soil P and microorganisms [11, 23, 38, 39]. One reason for this might
be that the increases of available P in our experiments mainly attributed to the LMWOA but not microorganisms. A second reason might be that some
essential elements nutrients (e.g., Fe, Mn, Ca, Cu and
Zn) were blocked by LMWOA during the process of
P release.

ability to complex with metals and reduce P sorption
[31], but not acidification effects. However, the acid
strength of citric acid may play a major role in enhancing P availability in the neutral and acidic soils.
This was inconsistent with the idea that the acid
strength is more important than the chelating ability
of organic acid in releasing elements [32]. Wang et
al. (2015) revealed that the source of P released by
LMWOA was the HCl-Pi (Ca-Pi) fraction in the calcareous soil and the NaOH-Pi (Fe/Al-Pi) fraction in
the neutral and acidic soils [33]. Oxalic acid was
most effective in reducing the Ca-Pi fraction in the
calcareous soil while citric acid was the most effective in reducing the Fe/Al-Pi fraction in the acidic
soil [34-35]. Our findings further proved that the efficiency of P release depends upon both LMWOA
and soil types, which has been reported by Kpomblekou-A and Tabatabai (2003) and Oburger et al.
(2009) [19, 36].
The addition of LMWOA increased the levels
of organic C in the calcareous, neutral and acidic
soils (Figure. 3c). This was expected since LMWOA
were one of the most labile sources of C in soils [19].
Organic C levels were generally increased with the
rates of LMWOA addition. For example, with the
addition of 10, 20 and 40 mmol LMWOA, organic C
levels was increased by 3.06, 6.47 or 8.81% higher
in the calcareous soil, and 2.19, 3.89 or 8.38% in the
neutral soil, and 31.13, 36.28 or 43.46% in the acidic
soil. The comparison of impacts of LMWOA types
within each soil suggested that soil organic C levels
declined in the order of citric acid > malic acid > oxalic acid. This was probably due to the differences in
C contents of the oxalic acid, citric acid and malic
acid.

-4);176:018 *-;>--6 51+97*1)4  )6, 9-
4);-, :714 8978-9;1-: Correlation analysis showed
that soil microbial P was positively correlated with
soil organic C. The coefficients were all significant
at levels of  < 0.05. This may due to the increase of
soil organic C resulted from LMWOA promoted


" 
);0+7-..1+1-6;:)6,+799-4);176+7-..1+1-6;:97.:714879/)61+)6,)=)14)*4-
.79:71451+97*1)4!
Endogenous
Direct
Indirect
Total
r
observable
coefficients
coefficients
coefficients
pH → SMP
-0.525
0.059
-0.466
-0.216
Calcareous soil
SMP
Organic C → SMP
0.786
-0.310
0.466
0.294*
Available P → SMP
-0.421
0.137
-0.284
-0.088
pH → SMP
-0.585
0.003
-0.582
-0.562**
Neutral soil
SMP
Organic C → SMP
0.569
-0.110
0.459
0.299*
Available P → SMP
-0.509
0.190
-0.319
-0.147
pH → SMP
-0.199
-0.154
-0.353
-0.166
Acid soil
SMP
Organic C → SMP
0.438
-0.235
0.203
0.422*
Available P → SMP
-0.002
0.336
0.334
0.341*
*, significant at  < 0.05; **, significant at  < 0.01. An indirect effect means the path coefficients of soil properties to soil
microbial P via certain other soil properties, while a direct effect means the path coefficients of soil properties to soil microbial
P via nothing. Total effect is the sum of indirect and direct effects.
Soil type

Exogenous
observable
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The addition of citric acid, oxalic acid or malic
acid and their mixture resulted in higher levels of microbial P, organic C and available P but lower levels
of pH in the three soils. There was no evident interactive effect among the three organic acids. These
impacts of LMWOA on soil microbial P varied significantly with types of both LMWOA and soil. Statistical analysis indicated that soil pH, organic C and
available P mainly exerted their impacts on microbial P directly, among which, the organic C was the
most important positive factor. These results emphasize the difference of content in soil microbial P resulted from different types of both LMWOA and
soil, and contribute to the knowledge of the role of
LMWOAs in soil microbial P.
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Maximizing irrigation water use efficiency and
utilization of solar energy with drip irrigation systems is essential to irrigate greenhouses for horticultural crops production. Field experiment was carried
out in Horticultural Farm, Faculty of Agriculture,
Kafrelsheikh University (Latitude 31° 15´ 47´´ N,
Longitude 30° 57´ 14´´ E) with an elevation of about
(6 meters above sea level), Kafrelsheikh Governorate, Egypt during growing season 2016 from 1st
April to 22nd June (spring cycle) and 1st July to
20thSeptember (summer cycle) in the same season.
The presented study included three different of total
water requirements (0.8, 1.0 and 1.2) evapotranspiration (ETc) and three irrigation frequency of applied
one time per day at 7.00 a.m. (F1); Two times per
day at (7.00 a.m. and 3.00 p.m.) (F2) and three times
per day at (7.00 a.m., 11.00 a.m. and 3.00 p.m.) (F3).
Solar energy was used to operate drip irrigation automatically in order to produce cucumber growth inside Spanish greenhouse. The mean values of Emitter Flow Variation (qver), Manufacture's Coefficient
of Variation (C.V), Emission Uniformity (EU),
Christiansen Uniformity Coefficient (CU) and Distribution Uniformity (DU) were 9.48, 0.05, 90.26,
96.25 and 95.29 %, respectively. The results indicated that, by increasing of irrigation frequency
tended to increase both of fruit yield, fruit weight and
irrigation water use efficiency (IWUE) in two cycles,
it were in spring cycle greater than summer cycle at
all treatments. The highest values of fruit weight and
fruit yield were (2.61 kg/plant) and (6.95 kg/m2), respectively was found at 1.2 ETc and irrigation frequency of F3 during spring cycle. The maximum
value of IWUE (9.32 kg/m3) was found at 0.8 ETc
and irrigation frequency of F3 during spring cycle.

Utilization of protected cultivation in arid regions, especially in Egypt was essential to produce
cucumber crop for all the year beside open field. The
major constraint for agriculture in the near future
will be water availability for irrigation. Hence, judicious use of the available water resources through
more efficient methods of water application like drip
irrigation under conditions of protected cultivation
need to use judiciously to enhance the yield and water use efficiency [1]. Scheduling irrigation water is
very critical for obtaining optimal vegetable yields
[2]. Deficit water budgets lead to numerous physiological changes such as altered root to shoot ratio,
reduced leaf area or number of leaves, and finally reduce plant growth and yield. The total amount of irrigation water at all growth stages has a high effect
on Fresh fruit yields of cucumber and tomato [3].
The aim of irrigation scheduling is achieving an optimum water supply for productivity, with soil or
container water content being maintained close to
field capacity [4]. The reason of lower water productivity was tradition irrigation. Moreover, decreasing
irrigation water to 40% ET caused very high water
productivity however decreases the final yield. Generally, the water use efficiency (WUE) and water
productivity (WP) values increased when water
amount decreased [5]. Water use efficiency for all
irrigation treatments decreased due to the increase of
irrigation quantity over 80% ETo. Yield and water
use efficiency will increase by reducing water supply
at seedling stage, controlling water supply at flowering stage and increasing water supply at fruiting
stage of cucumber [6]. Vegetable crops receiving
high frequency irrigation for greenhouse-grown, under warm conditions irrigation frequency is usually
every day and every 3 to 4 days under cooler conditions. Soil water sensors, in particular tensiometers,
are an effective method for determining frequency
[7]. Water is a limiting resource in many agricultural
areas, it must be a basic objective of its management
to optimize its productivity by means of adequate
(i.e. avoiding water deficits in the root zone) and efficient irrigation (i.e. maximizing the fraction of the
applied water that remains stored in the rooted soil
profile and is used later by the crop) to obtain

,*#%&
Cucumber, Drip Irrigation, Distribution Uniformity (DU),
Irrigation water use efficiency (IWUE), Solar energy
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D<2>692:@.812?64: The cucumber crop was
cultivated inside greenhouse covered with 0.1 mm
white shade net of 11% followed by black net shading 40% made from polypropylene during growing
season 2016. Cucumber was transplanted on 1st of
April by the manual method away emitter about of
5cm where planting density was 2.6 plant/m2 . The
fruit picking was started on 6th May until 22nd of June
to represent the spring cycle. Also, it was transplanted on 1st of July and the fruit picking was started
on 6th August until 20th of September to represent the
summer cycle. Solar energy was used as source of
system power. Three irrigation levels applied at the
rate of 0.8, 1.0 and 1.2 evapotranspiration (ETc) and
three irrigation frequencies of applied irrigation water were used one time/day at 7.00 a.m. (F1), Two
times/day at (7.00 a.m. and 11.00 a.m.) (F2) and
three times/day at (7.00 a.m., 11.00 a.m. and 3.00
p.m.) (F3). The average values of mechanical analysis and soil moisture characteristic for experimental
soil is shown in Table1.

maximum yields [8]. The significant effects on crop
yield(P < 0.05) was in using drip irrigation levels .
On the other hand, between fruit number, fruit
weight and fruit yield there were significant positive
correlations (P < 0.01). The most important factor
representing yield increase was the increasing in
fruit number [9]. Using automated scheduling in drip
irrigation which based on tensiometer readings for
cucumber crop production. Controlled and moderated water stress has positive effects on fruit quality,
so it should be taken into account [10]. The cucumber yield, irrigation water use efficiency and water
saving were effected significantly during the irrigation regimes [11]. Due to the huge application of water the water use efficiency values of the cucumber
were very low comparing with other approaches. Because of losses of water as surface runoff and deep
percolation, the irrigation efficiency of the drip system inside the greenhouses was very low [12]. The
evapotranspiration (ET) in the open field is usually
higher than inside greenhouse sand it’s very simple
to use irrigation scheduling of high frequency irrigation systems as it focuses only on irrigating with an
amount equal to actual crop ET since the last irrigation, while ignoring water storage in the soil [13].
High levels of efficiency and productivity of irrigation water characterize greenhouse horticultural
crops. But they still can and must be improved, especially in arid areas [14]. Therefore, the importance
of this work, involving the effect of automated
scheduling based on real evapotranspiration for different irrigation levels and adding water periods or
irrigation frequencies on fruit yield and irrigation
water use efficiency under protected cultivation for
cucumber crop by solar energy.

&E?@296:?@.88.@6;: Irrigation system components consisted of photovoltaic On-Grid system, two
tanks (every tank of 5 m3 capacity) AC-Motor/pump,
inverter and controller. Two irrigation control units
(Rain Baird, ESP-RZX8i and Toro, DDC-6-220OD), screen filter, flow-meter and two manometers.
The main line was PVC pipe with 63mm outer diameter, manifold line made from PPC pipe with
25.4mm outer diameter, GR line with flow rate mean
of 2.6 ℓ/h as a lateral lines (9 lines) has 68 emitters
per line, 16mm diameter, 0.5m between emitters,
0.75m between lateral lines and nine solenoid valves
(25.4 mm) as shown in Figure 1.
&;8.> <5;@;B;8@.60 9;1A82? 9;@;> <A9<
.:1 0;:@>;8 A:6@ ?<206360.@6;:?  The specification
of solar modules, motor pump and control units are
presented in Table 2.
Estimation and scheduling of irrigation water
requirements. Water requirements (applied water)
were computed for irrigating cucumber based on
CROPWAT 8 program [15] and The International
Center for Agricultural Research in the Dry Areas
(ICARDA) [16] as shown in Table 3 for 1.0ETC of
cucumber crop under greenhouse. Field efficiencies
were used as 85% for drip irrigation [17].

!'% &"!'#&

&6@2 12?0>6<@6;: The Field experiment was
conducted in Horticultural Farm (protected cultivation), Faculty of Agriculture, Kafrelsheikh University (Latitude 31° 15´ 47´´ N, Longitude 30° 57´ 14´´
E) with an elevation of about (6 meters above sea
level), Kafrelsheikh Governorate, Egypt for produce
cucumber (    ) under automatic
control of drip irrigation of Spanish greenhouse.



'  
$5E?60.8.:.8E?6?;32D<2>692:@.8?6@2

&;6812<@5
09
 
 
 
 
!2.:

$.>@6082?6F216?@>6/A@6;:

&.:1
&68@
8.E
18.05
27.36
54.59
21.57
27.59
50.84
19.75
29.24
51.01
20.59
28.92
50.49
19.99
28.28
51.73

&;68
@2D@A>2

 


* $


B.68./82
C.@2>

Clay
Clay
Clay
Clay
Clay

46.5
39.9
38.5
36.4
40.33

25.1
21.5
20.8
19.6
21.8

21.4
18.4
17.7
16.8
18.53
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&;8.><5;@;B;8@.609;1A829;@;><A9<.:10;:@>;8A:6@?<206360.@6;:? 
Photovoltaic module specifications
Peak Power (Wp)
MPP Voltage (V)
MPP Current(I)
Open circuit voltage (VOC)
Number of cells
Short circuit current (Isc)
Dimension (mm)
Number of modules
Pump
Jet-20

Power, Kw
1.5

230W
30.55V
7.54A
36.65V
60
8.05A
1657×977×39.5
9
!;@;> <A9<?<206360.@6;:?
Max. Discharge, ℓ/min
360
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Volts
230

Ampere
8

RPM
2850
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&0521A86:4;36>>64.@6;:C.@2>>2=A6>292:@?.@

&@.42?;3
0A0A9/2>
4>;C@5

"; 
;3
1.E?

*.@2>
>2= 
9 86:2

'692;3
6>>64.@6;:
96: 1.E

1

15

3.14

72

7am - 8:12 am

2

20

4.72

81

7am - 8:21 am

3

35

6.29

61

7am - 8:01 am

4

13

4.48

131

7am-9:11 am

'.:1?<>6:40E082

>>64.@6;:3>2=A2:0E;>$>;4>.9;36>>64.@6;:96: 1.E






7am- 7:36am

7am - 7:24am
11am - 11:24am
3pm - 3:24pm
7am - 7:27am
11am -11:27am
3pm - 3:27pm
7am - 7:21am
11am - 11:20am
3am to 3:20pm
7am - 7:44am
11am - 11:44am
3pm - 3:43pm

11am-11:36am
7am - 7:41am
11am-11:40am
7am - 7:31am
11am-11:30am
7am - 8:06am
11am-12:05pm

1, 2, 3 and 4 represents the initial, development, mid-season and late season for cucumber stages, respectively. A, B and C
programs on Toro Board.

&@.42?;3
0A0A9/2>
4>;C@5

' 
&0521A86:4;36>>64.@6;:C.@2>>2=A6>292:@?.@

"; ;3
1.E?

*.@2>
>2= 
9 86:2

'.:1?A992>0E082

>>64.@6;:3>2=A2:0E;>$>;4>.9;36>>64.@6;:96: 1.E

'692;3
6>>64.@6;:
96: 1.E



1

15

3.16

73

7am - 8:13 am

2

20

4.76

82

7am - 8:22 am

3

35

6.34

62

7am - 8:02 am

4

13

4.51

133

7am-9:13 am





7am-7:36am

7am - 7:24am
11am-11:24am
3pm - 3:25pm
7am - 7:27am
11am-11:27am
3pm - 3:28pm
7am - 7:21am
11am-11:21am
3am to 3:20pm
7am - 7:45am
11am-11:44am
3pm - 3:44pm

11am-11:37am
7am - 7:41am
11am-11:41am
7am - 7:31am
11am-11:31am
7am - 8:07am
11am-12:06pm

1, 2, 3 and 4 represents the initial, development, mid-season and late season for cucumber stages, respectively. A, B and C
programs on Toro Board.

K326 33 F ' F 3:7 D3 L15
K L
DK G L15
Where:
CV:-Manufacturer's coefficient of variation, dimensionless
q1, q2…….qn:- Discharge of emission devices, (ℓ/h),
0D : Average discharge of emission devices tested,
(ℓ/h) and
n: Number of emission devices tested.

96??6;: A:63;>96@E Emission uniformity
has been developed for evaluating trickle lateral design and emission device selection and is defined by
the following equation [20]:

 %
+?>@
), I MK G
(-N
K!L
+<B=
J*=
Where:
EU: Emission uniformity in percent,
Ne: Number of point source emitters per emission
point,
CV: Manufacturer's Coefficient of variation,
Qmin: Minimum emitter discharge rate in the system,
ℓ/h and
Qave: Average or design emitter discharge rate, ℓ/h.

>6< ?E?@29 2B.8A.@6;:  Before cucumber
transplanting 54 emitters, GR, from nine lateral lines
were selected and tested under operating pressure of
one bar. It selected from head, middle and tail ends
of drip lines, randomly. Water was collected from
outflow emitters in cans per unit time. These measurements were used to determine emission uniformity and application efficiency. 

8;C >.@2 B.>6.@6;: ;3 296@@2>  Percent flow
rate variation of different lateral types were determinedby the following equation [18].

0?<C G 0?>@
H KL
0B<A I
0?<C
Where,
q var: Emitter flow variation, (%)
q max: Maximum emitter discharge, (ℓ/h) and
q min: Minimum emitter discharge, (ℓ/h).

'520;2336062:@?;39.:A3.0@A>2>?B.>6.@6;: 
The coefficients of manufacturer's variation describe
the quality of the processes which used to manufacture those emission devices. It was computed with
the following equation [19].


 I
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5>6?@6.:?2:A:63;>96@E0;2336062:@ The uniformity of application is evaluated using the Christiansen uniformity coefficient according to the following equation [21].

&@.@6?@60.8 .:.8E?6? The effect of treatments
on fruit yield, fruit weight and irrigation water use
efficiency (IWUE) was analyzed using split design,
using two treatments for two cycles with three replicates per each treatment. By using analysis of variance (ANOVA) from the Statistical Analysis System
according CoStat program for windows), Collected
data in this study were analyzed and examined statistically. By LSD test, Means were compared at 1%
level of significance. Letters (a, b, c…..etc.) designate. The mean values of each treatment which represent the significance degree of the difference between the means. Two letters represented means
which indicated that the difference was not significant or weakly significant.

&>8@
D
>82 0> G 0
P H K"L
0D H /
Where:
CU: Christiansen uniformity coefficient,
n: Number of observed emitter or cans,
qi: Emitter flow rate, ℓ/h, and
0D : Average discharge of emission devices tested, ℓ/h.

6?@>6/A@6;:A:63;>96@E According to Burt et
al. [22].
(, I O G

 I  H

9;
K#L
D

%&( '&

Where:
Du: Distribution uniformity, %
qlq: Low quarter average volume amount caught, and
0
E : Average amount volume caught.

>>64.@6;: *.@2> (?2 336062:0E It means
water productivity was calculated as follows [19]:

  I

    K .3 L

  

   K

.4
L
.3

B.8A.@6;:;31>6<6>>64.@6;:?E?@29 A field
estimation of drip irrigation system is important to
schedule irrigation water by a correct method. Flow
rate variation(qver), coefficients of manufacturer's
variation (C.V), emission uniformity (EU), Christiansen uniformity coefficient (CU), and distribution
uniformity (DU) at different emitter lines systems
are show in Table 5.The obtained data indicated that,
a good drip irrigation system was used according to
ASAE (1998a) where the mean values of (qver),
(C.V),(EU), (CU) and (DU) were9.48%, 0.05,
90.26%, 96.25% and 95.29%, respectively.

K$L

Where:
IWUE: Irrigation Water Use Efficiency, (kg/m3)





' 
B.8A.@6;:;31>6<6>>64.@6;:?E?@29.@;<2>.@6:4<>2??A>252.1;3;:2/.>3;>%296@@2>
$.>.92@2>
"; ;3
86:2
=B2>
)1692:?6;:82??
(
(
(

10.71
0.06
87.94
95.78
94.94

11.11
0.06
86.44
95.67
93.51

7.55
0.04
91.66
96.39
96.71

9.26
0.05
88.97
96.56
94.84

10.71
0.06
93.88
95.83
93.75

8.47
0.05
90.64
96.43
96.43

7.14
0.04
91.77
97.53
96.30

11.54
0.06
90.77
95.43
94.52

8.80
0.05
90.29
96.05
96.61
!2.:
9.48
0.05
90.26
96.25
95.29

' 
3320@;36>>64.@6;:82B28?;:3>A6@E62813>A6@C2645@.:16>>64.@6;:C.@2>A?22336062:0E*(
>A6@C2645@74 <8.:@
>A6@E628174 9 
*(74 9
<<8621>>64.@6;:C.@2>
&<>6:4
&A992>
&<>6:4
&A992>
&<>6:4
&A992>
82B283>;9'
0E082
0E082
0E082
0E082
0E082
0E082

2.37a
1.51d
6.31a
4.02d
6.10c
4.48f

1.90b
1.50d
5.06b
4.01e
7.05b
4.85e

1.71c
1.36e
4.55c
3.62f
8.48a
6.73d
'&'
**
**
**
**
**
**
&

0.004
0.004
0.017
0.004
0.022
0.011
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' 
3320@;36>>64.@6;:3>2=A2:062?;:3>A6@E62813>A6@C2645@.:16>>64.@6;:C.@2>A?22336062:0E*(

>A6@C2645@74 <8.:@
>A6@E628174 9 
*(74 9
&<>6:4
&A992>
&<>6:4
&A992>
&<>6:4
&A992>
0E082
0E082
0E082
0E082
0E082
0E082
 #:2@692<2>1.E
1.80c
1.16f
4.80c
3.10f
6.68c
4.31f
 'C;@692<2>1.E
2.03b
1.59e
5.42b
4.24e
7.29b
5.81e
'5>22@692<2>1.E
2.15a
1.62d
5.71a
4.30d
7.66a
5.94d
'&'
**
**
**
**
**
**
&

0.006
0.003
0.011
0.004
0.010
0.006
-Numbers within a column with the same letter are not significantly different at0.01% level by LSD.
'>2.@92:@?;3>>64.@6;:
3>2=A2:0E


' 
:@2>.0@6;:/2@C22:6>>64.@6;:82B28?.:16>>64.@6;:@692?;:3>A6@E62813>A6@C2645@.:16>>64.@6;:C.@2>
A?22336062:0E*(1A>6:4?<>6:40E082
:@2>
 >A6@C2645@74 <8.:@
 >A6@E628174 9
 *(74 9

.0
 '
 '  '  '  '  '  '  '
@6;:

1.91d
1.41h
1.75f
5.09d
3.75h
4.66f
5.68h
5.03i

2.59b
1.63g
1.86e
6.90b
4.33g
4.96e
7.71e
5.81g

2.61a
2.09c
2.09c
6.95a
5.56c
5.56c
7.75d
7.45f
Numbers within a column with the same letter are not significantly different at 0.01% level by LSD.



 '
7.80c
8.30b
9.32a

' 
:@2>.0@6;:/2@C22:6>>64.@6;:82B28?.:16>>64.@6;:@692?;:3>A6@E62813>A6@C2645@.:16>>64.@6;:C.@2>
A?22336062:0E*(1A>6:4?A992>0E082
 >A6@E628174 9
 *(74 9
 >A6@C2645@74 <8.:@
 :@2>.0@6;:
 '  '  '  '  '  '  '  '  '

1.34h
0.76i
1.40g
3.56h
2.01i
3.73g
3.98h
2.70i
6.25d

1.74b
1.43f
1.56d
4.64b
3.82f
4.15d
4.26g
5.23e
6.94b

1.85a
1.47e
1.57c
4.93a
3.90e
4.18c
5.18f
6.61c
7.00a

-Numbers within a column with the same letter are not significantly different at 0.01% level by LSD.

3320@;36>>64.@6;:82B28?;:3>A6@E62813>A6@
C2645@ .:1 6>>64.@6;: C.@2> A?2 2336062:0E
*( Effect of irrigation levels on fruit yield,
fruit weight and irrigation water use efficiency
(IWUE) is shown in Table 6. A highly significant effect was found by applying the studied treatments.
Data reveal that increasing irrigation water level
with the studied ranges increase fruit yield and fruit
weight and decrease IWUE in two cycle. These results were agreed with [3]. The maximum values of
fruit weight and fruit yield were 2.37 kg/plant and
6.31 kg/m2, respectively at 1.2Etc treatment with the
spring cycle. Also, the highest value of IWUE was
8.48 kg/m3 0.8Etc treatment with the spring cycle.
The maximum values of fruit weight and fruit yield
were 1.51 kg/plant and 4.02 kg/m2, respectively at
1.2Etc treatment with the summer cycle. Also, the
highest value of IWUE was 6.73 kg/m3 0.8Etc treatment with the summer cycle.

3320@ ;3 6>>64.@6;: 3>2=A2:062? ;: 3>A6@
E6281 3>A6@ C2645@ .:1 6>>64.@6;: C.@2> A?2 2336
062:0E *( Effect of irrigation times on fruit
yield, fruit weight and irrigation water use efficiency
(IWUE) is shown in Table 7. A highly significant effect was found by applying the studied treatments.
The results demonstrated that increasing irrigation
times tended to increase both of them fruit weight,

fruit yield and IWUE in two cycle but it were in
spring cycle greater than summer cycle at all treatments. The maximum values of fruit weight, fruit
yield and IWUE were 2.15 kg/plant, 5.71 kg/m2 and
7.66 kg/m3, respectively at irrigation by three times
(F3) and spring cycle.Also, the maximum values of
fruit weight, fruit yield and IWUE were 1.62
kg/plant, 4.30 kg/m2 and 5.94 kg/m3, respectively at
irrigation by three times (F3) and summer cycle.

:@2>.0@6;:/2@C22:6>>64.@6;:82B28?.:16>
>64.@6;: 3>2=A2:062? ;: 3>A6@ E6281 3>A6@ C2645@
.:1 6>>64.@6;: C.@2> A?2 2336062:0E *(  Tables 8, 9 and Figures 2, 3 (a, b, and c) show the relationship and interaction between irrigation levels
and irrigation frequency on fruit weight, fruit yield
and IWUE on cucumber crop during spring and summer cycles. The statistical analysis showed that the
interaction of treatments had a highly significant effect on fruit weight, fruit yield and IWUE. The highest values of fruit weight (2.61 kg/plant) and fruit
yield (6.95 kg/m2) was found at 1.2ETc and irrigation
frequency of F3 during spring cycle. The maximum
value of irrigation water use efficiency (9.32 kg/m3)
was found at 0.8 ETc and irrigation frequency of F3
during spring cycle as shown in Table 8 and Figure
2. The highest values of fruit weight (1.85 kg/plant)
and fruit yield (4.93 kg/m2) was found at 1.2ETc and
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irrigation frequency of F3 during summer cycle. The
maximum value of irrigation water use efficiency
(7.00 kg/m3) was found at 0.8 ETc and irrigation frequency of F3 during summer cycle as shown in Table 9 and Figure3. The previous results were founded
as regular distribution of irrigation water inside the
root zone of cucumber.


&(&&#"

The performance indicators of the drip irrigation network were satisfactory because it was new
and in good conditions. Decreasing in the cucumber
fruit yield by 36.3% in summer relation to spring







cycle due to the weather conditions inside the greenhouse and the absence of cooling system in the summer cycle. Also, reduction in IWUE due to increase
applied water and decrease cucumber yield. Increasing of cucumber productivity and IWUE by increasing of irrigation frequencies due to a good distribution of water in horizontal and vertical direction. The
clayey soil needs to increase irrigation times due to
low infiltration rate (6.44 mm/h). Interaction between irrigation levels and irrigation times on fruit
yield, fruit weight and irrigation water use efficiency
(IWUE) during spring and summer cycles consider
essential to select optimum applied water inside
greenhouse where increasing of irrigation water decrease the effect of salt concentration or osmotic
pressure in clay soil.
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Automatic drip irrigation can be used to reduce
water losses, installed has no maintenance cost and
is easy to use.Utilization of solar energy to produce
cucumber in greenhouse. Maximizing of irrigation
water use efficiency in spring and summer cycles,
consequently, for all season to increase cucumber
production in greenhouse. We can save water
through using more than one irrigation water deficit,
where a little quantity of water used at the first
growth stage and high amount of irrigation water
must be added on demand in the latter growth stage.
Therefore, it must be used in automatic drip irrigation scheduling.Number of leaves per plant was affected by irrigation level. By increasing irrigation
water levels increase number of leaves.Fruit weight
is more affected by irrigation water supply; the importance of water supply of fruit weight was increasing within increase irrigation water. The lowest
value of total yield was obtained from the lowest irrigation water applied. Irrigation Water Use Efficiency (IWUE) refers to the amount of crop yield
which is given by a unit volume of applied water(kg/m3) IWUE values were increased with increasing irrigation water level, where the best treatment was 1.2 ETC because salt concentration in experimental soil was high value and therefore increasing of applied water decrease effect it.

[2] Li, S., Xue, X., Guo, W., Li, X., and Chen, F.
(2010) Effects of water supply tension on yield
and water use efficiency of greenhouse cucumber. Scientia Agricultura Sinica. 43(2), 337-345.
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#" (&#"&
The results demonstrated that, by the increase
of irrigation frequency tended to increase both of
fruit yield, fruit weight and irrigation water use efficiency (IWUE) in two cycles, it was in spring cycle
greater than summer cycle at all treatments. The
highest values of fruit weight and fruit yield were
(2.61 kg/plant) and (6.95 kg/m2), respectively was
found at 1.2 ETc and irrigation frequency of F3 during spring cycle. The maximum value of IWUE
(9.32 kg/m3) was found at 0.8 ETc and irrigation frequency of F3 during spring cycle.
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part of the electrochemical system, electrode has
been studied by many researchers and a large number of alloys and new materials were applied for its
coating [15-18].
At present, titanium was widely used as electrode backing material, and ruthenium and iridium
were usually used as efficient coating materials in
the Ti-based coating electrode system, which could
remove many kinds of pollutants, such as domestic
sewage, polluted river water, coking wastewater,
etc. [19-21]. In this paper, the titanium-based electrodes with ruthenium and iridium coating materials
were studied, and surface characteristics of coating
electrodes were analyzed by scanning electron
microscope (SEM) and Energy Dispersive Spectrometer (EDS). In addition, in order to achieve
favorable energy efficiency, orthogonal experiments were applied for this study, and the best
experimental conditions for organic pollutants removal were investigated. Besides, electrode characteristics were analyzed through Tafel polarization
curve with electrochemical workstation.


&$%! &"%

A90;4607=-5 /0?4.0 As is shown in Fig.1,
the experimental device was divided into four parts,
namely, the electrolytic cell, DC power supply,
Ti/Ru/Ir anode and Ti cathode. The electrolytic cell
was made of synthetic glass, with a dimension of
100mm × 80mm× 100mm and an effective volume
of 0.7L. The effective area ratio of cathode and
anode was 3:1.

715>07=:>-54=BThe wastewater used for this
study was taken from Western Suburb Wastewater
Treatment Plant in Tangshan City, Hebei Province,
China. The characteristics of wastewater used in the
experiments were shown Tab.1.

In this paper, prepared coating electrodes were
applied to remove the organic pollutants and ammonia nitrogen from wastewater taken from
wastewater treatment plant. Meanwhile, preparation
technology and characteristics of coating electrodes
were discussed. The experimental results indicated
that Ti/Ru/Ir electrodes were suitable for removing
organic pollutants. Moreover, the removal effects
for COD and ammonia nitrogen using the coating
electrodes were evaluated under different reaction
conditions. Under the condition when current density was 6-8mA/cm2, the wastewater was weak acid
or neutral condition, and electrolysis time was 3045 minutes, the removal rates of COD and ammonia nitrogen could achieve the optimal value. In
addition, surface characteristics of coating electrodes were analyzed through SEM and EDS in the
experiments. The research also shows that the corrosion potential of Ti/Ru/Ir coating electrode was
relatively higher than electrodes with coating of
other metals, such as iron, zinc, etc., and its resistance of corrosion was much stronger than ordinary metal coating.



+)"$%
Ruthenium coated titanium electrode, current density,
electrolysis time, surface characteristics of coating electrodes
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As the environmental problems become more
and more serious, many technologies to control air
pollution, water pollution and solid wastes pollution
appeared gradually [1-5]. For water pollution, some
advanced wastewater treatment technologies were
applied to treat different kinds of wastewater [6-8].
As a new kind of water treatment process, electrochemical technology has got the attention of many
researchers [9-11]. Studies in recent years showed
electrochemical technology exhibited good effect
on the sewage treatment [12-14]. As the essential







715

"!

 #  



    


$%'&%!%'%%"!

#;09-;-=487 81 .8-=472 050.=;8/0< In this
experiment, the Ti/Ru/Ir coating electrodes were
used as the anode, and the titanium plates were
selected as the cathode of the electrolysis. During
the electrolysis experiment, the effective area of the
coating electrode was calculated, and then the data
of Table 3 were obtained by several measurements.
Considering the actual electrolysis process where
the electrode efficiency could not reach the maximum, the single surface area was chosen to be 200
cm2.

0=0;647-=487 81 =30 ?-5>0< 81 ;-@ @-=0;
"-7/-66874-74=;8207";=38287-50A90;
4607= /0<427 The purpose of this experiment was
to determine the optimal experimental conditions.
In this experiment, four influencing factors were
selected, namely, output current, current density,
electrolysis time and pH. Meanwhile, the four fac-

tors also influenced each other. Regardless of the
interaction, the level of factors were shown in
Table 3.
.=>-5/-=-;0.8;/As is shown in Tab.4, the
four factors also influenced each other, and the
experimental data were determined without considering the interaction during the actual experiment.


'$ 
A90;4607=-5/0?4.0
 98@0;<>995B <=-4750<<<=005.-=38/0
&4$>;-78/0 &4=-74>6-78/0
50.=;85B=4..055

& 
3-;-.=0;4<=4.<81@-<=0@-=0;><0/47=300A90;4607=<
Parameter
pH
Chemical oxygen demand (COD)
ammonia nitrogen (NH3-N)



Number
Serial

Name

Unit
mgL-1
mgL-1

Concentration
6.2~8.3
33.1~57.9
0.24~0.65

& 
-5.>5-=48781050.=;8/0-;0-
The length of the pore
gap (cm)

The width of the pore gap
(cm)

Area of
hole (cm2)

0.542
0.554
0.552
0.549
0.556
0.561
0.542
0.551

0.219
0.223
0.227
0.213
0.225
0.223
0.218
0.221

0.119
0.123
0.125
0.116
0.125
0.125
0.118
0.122

1
2
3
4
5
6
7
Mean

& 
";=38287-5A90;4607=
Number of groups
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Output current (A)
1.2
1.2
1.2
1.2
1.6
1.6
1.6
1.6
2
2
2
2
2.4
2.4
2.4
2.4

Current density (mA/cm2)
6
6
6
6
8
8
8
8
10
10
10
10
12
12
12
12
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electrolysis time (min)
15
30
45
60
15
30
45
60
15
30
45
60
15
30
45
60

pH
3
5
7
9
5
3
9
7
7
9
3
5
9
7
5
3
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$068?-5 0110.= 18; ! ! -7/ " As is
shown in Tab.5 and Tab.6, ammonia nitrogen and
COD from waste water were removed under different electrolysis conditions. When the influent was
acidic or neutral and electrolysis time was about 30
or 45 minutes, the ammonia nitrogen removal rate
could achieve the favorable value. In addition,
when the electrolysis time was further increased,
ammonia nitrogen and COD could not be further
removed; on the contrary, a certain degree of decline in NH3-N and COD removal rate would appear. This is because increasing time would exacerbate the loss of electricity, and the actual application would lead to great energy loss. In addition, the
initial pH of wastewater had significant influence
on the removal of ammonia nitrogen and COD, and
the electrolysis reaction could occur under acidic

and alkaline conditions. Namely, ammonia nitrogen
and COD removal rates could be obviously improved when the wastewater was acidic or weak
alkaline. Thus, weak alkaline condition of
wastewater could promote the removal of ammonia
nitrogen. Besides, current density could obviously
influence the removal of ammonia nitrogen and
COD. In theory, the higher the current density value
was, the faster both pollutants were removed. However, the temperature of wastewater increased rapidly when current density increased to a certain
degree during the actual electrolysis course, and
energy consumption increased significantly. In
summary, actual electrolysis should be carried out
at current density of 6-8 mA/cm2, while energy
consumption was relatively low.

& 
050.=;85B<4<0A90;4607=-5/-=-
Number of groups
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Output current (A)
1.199
1.199
1.199
1.199
1.599
1.599
1.599
1.599
1.906
1.999
1.999
1.999
1.843
1.994
2.399
2.399



Current densitymA/cm2
5.995
5.995
5.995
5.995
7.995
7.995
7.995
7.995
9.530
9.995
9.995
9.995
9.215
9.97
11.995
11.995

electrolysis time (min)
15
30
45
60
15
30
45
60
15
30
45
60
15
30
45
60

PH
2.97
5.03
6.95
8.92
5.00
3.02
8.99
7.00
7.00
8.95
2.98
4.99
8.99
7.01
5.00
2.98

&
66874-74=;8207;068?-5
Experiment number
Number of groups
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
K1
K2
K3
K4
1

2
3
4
R

factor
Output current
(A)
1.199
1.199
1.199
1.199
1.599
1.599
1.599
1.599
1.906
1.999
1.999
1.999
1.843
1.994
2.399
2.399

Current density
(mA/cm2)
5.995
5.995
5.995
5.995
7.995
7.995
7.995
7.995
9.530
9.995
9.995
9.995
9.215
9.97
11.995
11.995
2.541
2.577
2.948
3.106
0.635
0.644
0.737
0.777
0.135

time(min)

PH

15
30
45
60
15
30
45
60
15
30
45
60
15
30
45
60
2.065
2.911
2.958
3.238
0.516
0.728
0.740
0.810
0.294

2.97
5.03
6.95
8.92
5.00
3.02
8.99
7.00
7.00
8.95
2.98
4.99
8.99
7.01
5.00
2.98
2.538
2.384
3.219
3.029
0.635
0.596
0.805
0.757
0.209
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Ammonia nitrogen
values (mg/L)
0.3747
0.1550
0.1034
0.1421
0.1938
0.0646
0.0388
0.3876
0.0904
0.0678
0.0388
0.0000
0.0129
0.0000
0.1292
0.0775

Ammonia nitrogen
removal rate %
27.50
70.01
79.99
76.60
21.06
73.69
84.20
78.72
63.18
47.37
84.20
100
94.75
100
47.37
68.43

13.713

1.143
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Experiment
number
Number of
groups
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
K1
K2
K3
K4

Factor
Output current
(A)
1.199
1.199
1.199
1.199
1.599
1.599
1.599
1.599
1.906
1.999
1.999
1.999
1.843
1.994
2.399
2.399

1
2
3
4

Current density
(mA/cm2)
5.995
5.995
5.995
5.995
7.995
7.995
7.995
7.995
9.530
9.995
9.995
9.995
9.215
9.97
11.995
11.995
0.450
1.583
1.217
1.326
0.113

Electrolysis
time (min)
15
30
45
60
15
30
45
60
15
30
45
60
15
30
45
60
0.478
1.194
1.556
1.347
0.120

2.97
5.03
6.95
8.92
5.00
3.02
8.99
7.00
7.00
8.95
2.98
4.99
8.99
7.01
5.00
2.98
0.668
1.194
1.556
1.515
0.167

0.385

0.299

0.299

0.304

0.389

0.389

0.332
0.272

0.337
0.269

0.379
0.222

COD value
(mg/L)
37.6667
33.0000
34.6667
21.6667
36.3333
18.0000
42.0000
12.3333
23.6667
28.3333
22.0000
31.0000
30.6667
26.0000
27.6667
27.3333

COD removal
rate %
1.74
13.91
9.57
19.75
9.21
28.95
65.79
54.32
6.58
35.61
50
29.55
30.3
40.91
30.25
31.09
4.576

0.396

R

'$
% 81.8-=472050.=;8/0


Weight %
Atom %

PH

C
7.88
29.97
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(-;48><.8698707=<81=3095-=0
Si
0.66
1.07

Ti
56.87
54.24


7-5B<4< 81 <>;1-.0 .3-;-.=0;4<=4.< 81 .8-=
472 050.=;8/0< As is shown in Fig.2 and Fig.3,
there was an obvious diffraction peak under different voltage conditions. This is because X-rays could
directly contact the surface of coating electrode and
titanium could reach the peak. By observing the
diffraction and standard peaks, the surface characteristics of coating electrodes could be obtained: the
coating materials were perfectly mixed on the surface of electrodes. In addition, there were a large

Fe
3.45
2.82

Ru
21.02
9.50

Ir
10.12
2.40

number of exiguous pores on the surface of anode
coating electrodes, which could increase the specific surface area of it.
As is shown in Tab.7, as a main substrate material, titanium took 56.87% of the plate in terms of
weight. And titanium possessed a variety of advantages, such as long life, high activity, and favorable corrosion resistance. In addition, percentages
by weight of ruthenium and iridium were 21.02%
and 10.12% separately. Both of the noble metal
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oxidation ability, was applied to remove the COD
and ammonia nitrogen from wastewater. Meanwhile, preparation technology and characteristics of
coating electrodes were discussed. It was proved
that the Ti-based coating electrodes were suitable
for removing COD and ammonia nitrogen. Moreover, under the condition where current density was
6-8mA/cm2, the wastewater was weak acid or neutral condition, and electrolysis time was 30-45
minutes, the removal rates of COD and ammonia
nitrogen could achieve the optimal value, respectively. In addition, surface characteristics of coating
electrodes were analyzed through SEM and EDS in
experiments. The research also shows that the corrosion potential of Ti/Ru/Ir coating electrode was
relatively higher than electrodes with coating of
other metals, such as iron, zinc, etc., and its resistance of corrosion was much stronger than ordinary metal coating.


!") !&%

were important coating materials, which possessed
favorable ductility and could extend the life period
of anode electrodes. 

50.=;8.3064.-5 -7-5B<4< 81 .8-=472 050.
=;8/0< As is shown in Fig.4, Tafel curve was exhibited through electrochemical corrosion. The
corrosion potential of coating electrode was relatively high, namely, 522mV. Therefore, the stability
of coating material was favorable and the possibility of corrosion was small. In addition, corrosion
rate was slow in the actual operation of corrosion.
Meanwhile, corrosion resistance of the coating
electrode could be easily obtained through measuring the redox potential. Besides, the lower the corrosion potential of the main metals was, the worse
the corrosion resistance was. Therefore, the corrosion potential of Ti/Ru/Ir coating electrode was
relatively higher than electrodes with coating of
iron, zinc, etc., and its corrosion resistance was
much stronger than the ordinary metal coating.
"!'%"!%
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In this paper, Ti/Ru/Ir coating anode electrode,
which possessed many advantages, such as long
service life, stable property and strong anti-
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stockpiles exposed to weathering process without
any treatment. The discarded PG occupies considerable land and may cause severe environmental
pollution due to some of its harmful impurities. As
a consequence, it is of great urgencies and interests
to recycle PG and minimize the negative effects of
this waste.
In general, 4.5-5.5 tons PG are generated for
per ton of phosphoric acid production [6-7]. In
rapidly developing countries like China, the generation of PG has been increasing rapidly as a result of
the growing demand of economic development in
recent years. Statistically, it is almost over 55 million tons of PG produced annually in China [8-10]
mainly concentrated in southwest region such as
Yunnan, Guizhou and Sichuan province. Annual
emission of PG in China accounts for above 30% of
the world, but the current utilization rate is less than
10% [11]. Such underutilization not only places a
heavy economic burden of waste management but
also brings about severe environmental problems
and security risks. Due to the difference between
sources of phosphate rock, average content of silicon dioxide (SiO2) in some area is above 10%,
much higher than other places [12]. Higher SiO2
content limits the traditional utilization ways of PG
such as the joint manufacturing of cement and sulfuric acid. For PG with high levels of Si, the lime
saturation ratio is difficult to be adjusted during the
cement clinker preparation. As a result, it is very
hard for the clinker properties to meet the National
standard due to the low lime saturation ratio and
less tricalcium silicate (C3S) content. Additional
natural limestone could improve the lime saturation
ratio and clinker quality, but it also could increase
the production cost. Therefore, it is extremely difficult for the resource utilization of silicon-rich PG
(SRPG) by the traditional method.
The main composition of SRPG is
CaSO4·2H2O, which has not any cementitious
activity. However, CaO from SRPG decomposition
can react with SiO2 and Al2O3 in fly ash to form
various kinds of cementitious minerals such as
silicate and aluminate salts during the process of
calcination [13]. At the same time, the impurities in
SRPG can form insoluble salts, thus reducing its
adverse effects [14].

This paper reports the results of an attempt of
using silicon-rich phosphogypsum (SRPG) to develop greener supplementary cementitious material
(SCM). The higher strength SRPG-SCM is optimally designed as a results of reactions between SRPG
and fly ash at the lower calcination temperature
condition. The high levels of Si can promote the
production of more silicon aluminum active minerals and undecomposed CaSO4 can not only be used
as cement retarder, but also contribute to the formation of AFt. In this paper, the preparation methods, mechanical properties and microstructure are
investigated. The optimal process conditions have
been proposed: calcination temperature 1200°C,
holding time 30 min, activated carbon 10% and
hydraulic module (HM) 1.3. The f-CaO content was
far lower than 1.0% and the decomposition rate was
84.46%. The compressive strength ratio of SRPG
cement to OPC (pure Portland cement) at 3, 7 and
28 days are 115.82%, 104.07% and 98.29%, respectively, which are much higher than slag and fly ash
cement. The mineral compositions mainly include
C2S, C2AS, C3S and C3A. Its harden hydration
structure can be described as AFt is framework
filled by gel-like CSH and AH3, which formed the
dense network structure and exhibited superior
mechanical performance.


*("$%
Silicon-rich, phosphogypsum, decomposition, supplementary cementitious material, waste
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Phosphogypsum (PG) is an industrial byproduct discharged from the production of phosphoric acid by the wet process [1-2]. It is composed
mainly of calcium sulfate dihydrate (CaSO4·2H2O)
and some impurities, such as phosphates, fluorides,
sulfate ions and organic matters [3-5]. Those harmful impurities have negative influence on properties
of PG, which cause the reusing proportion to be
very low. Vast majority of PG is dumped in large
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Research showed that PG can completely decompose at temperature above 1300°C, so the energy consumption of its completely decomposition is
very high. In order to better realize the energy conservation and emissions reduction, more attention
has been paid to lower calcination temperature for
the recycling efficiency of waste PG. However,
when calcination temperature is below 1300°C,
there will always be left undecomposed CaSO4.
Those residual CaSO4 will lead to volume expansion and cracking for usage of supplementary cementitious material (SCM) at longer age. Some
existing literatures on SCM made from PG focus on
using PG as an activator providing sulphate for the
cementitious system, and find that excess unused
CaSO4 will result in cracking [15-16]. Consequently, some remedial measures of adding fiber to protect cracking have to be taken. This not only increases the cost of disposal, but also greatly hinders
the large scale applications of PG.
Based on this, the aim of this investigation is
to determine the feasibility of SRPG used as green
SCM. A large amount of CaO from SRPG decomposition will react with Al2O3 and SiO2 in fly ash
to form more cementitious calcium silicate at the
process of calcination. In addition, the high levels
of Si in SRPG would exhibit considerable enhancement in the production of more active silicon
aluminum minerals. An appropriate carbon amount
added as raw material will promote the decomposition of SRPG. Considering the preparation of hydraulic cementitious materials, additionally adding
a small amount of natural gypsum as a cement
retarder is necessary. Therefore, the purpose of this
paper did not aim at completely decomposition of
SRPG, but investigate a reasonable range of its
decomposition thus residual CaSO4 can be used as
cement retarder, which reduce the extra natural
gypsum addition. In current study, the use of SRPG
to produce a high-performance SCM was reported
and effect of its replacement on the hydration production, microstructure, as well as mechanical
properties of SRPG-SCM were experimentally
evaluated.


&$%! &"%

+;/93+4: The sample of SRPG used in the
study was originated from a phosphate fertilizer
plant (Yunnan province, China). The chemical
composition of the major elements in oxides form
for SRPG, fly ash, slag, Portland cement clinker
were determined according to Chinese National
standard GB/T 176-2008 by the methods for chemical analysis of cement and results are listed in
Table 1. Active carbon produced by Tianjin
Fengchuan Chemical Reagent Technologies Co.,
Ltd in PR China was used in this study.


Chemical
composition
SiO2
CaO
Al2O3
Fe2O3
MgO
SO3
TiO2
MnO
Loss on Ignition (LOI)
∑

SRPG

Fly
ash

Slag

12.04
29.68
0.52
0.11
0.33
39.20

50.87
4.18
14.75
11.43
3.97
1.26

36.49
37.38
12.30
1.17
8.60
0.12

Portland
cement
clinker
21.43
64.22
4.95
3.29
3.32
0.66

18.04

12.88

1.73
0.77
1.05

1.41

99.92

99.34

99.61

99.28


?8/935/6;+4 897-/.<9/ "8;35+4 ./:316
079%$#% Based on our previous study [17],
we find that hydraulic modulus (HM) had a close
relationship to the compressive strength. The best
way to achieve a good performance for SRPG-SCM
was to select the proper modular values in an optimal range, instead of using the same proportion for
different raw materials. Dosage of SRPG and fly
ash were controlled according to HM which was
calculated by equation (1):
 =
1

1 ( )1 +
(  2 +  2 3 +  2 3 )1 +

2
2

() 2
(  2 +  2 3 +  2 3 )2

(1)
Where m1 and m2 are the amounts by weight
of SRPG and fly ash, respectively, (CaO)1 and
(CaO)2 are the content of CaO of SRPG and fly ash,
respectively, and (SiO2+Al2O3+Fe2O3)1 and
(SiO2+Al2O3+Fe2O3)2 are the content of SiO2,
Al2O3, Fe2O3 of SRPG and fly ash, respectively.

'$ 
#9/::/.:+584/:



Samples with SRPG, fly ash and activated
carbon were prepared in accordance with Table 2,
and were well-mixed then ground in the ball mill
machine (Nanchang General, XMQ-240×90) for 2
min. Adding 10% (by mass of the mixture) of tapwater, the mixture was pressed and molded into
cake samples of 40 mm in diameter and 21 mm in
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thickness. The mud cakes were divided into four
parts and each of them weighed about 5.5g (Fig. 1),
then were calcined for the required temperature and
holding time in the muffle furnace (Beijing
Yongguangming Co., SRJX-4-13). After calcination and cooling at room temperature in air, the
clinkers were ground with a fineness of 80 μm
sieve residue less than 10%.

diffractometer (D/max-2200) with Cu Kα radiation
to understand the crystalline phases. Step scans
were performed over the range of 5-80° 2Ɵ at a
scanning rate of 5° 2Ɵ per minute. Scanning electron microscope (SEM, Quanta200, FEI) with an
energy dispersive spectroscopy (EDS, EDAX) was
used to study the morphology and the elemental
analysis of the samples. All samples were stuck to
mount on an SEM sample holder using stick tape
and were coated with a layer of gold prior to
imaging.

&/:;361 5/;27.: The chemical composition
of materials was performed according to Chinese
National standard GB/T 176-2008 by the methods
for chemical analysis of cement.
The content of free lime (f-CaO) was measured according to Chinese National standard GB/T
176-2008 by the ethylene glycol method.
The compressive strength tests were carried
out at the ages of 3, 7, 28 days according to Chinese
National standard GB 175-2007 by the methods for
the components of slag Portland cement and other
composite Portland cement. For each mix, at least
three 30 mm cube specimens were tested in compression machine with 300 kN capacity under load
control at a loading rate of 18 kN/min.
The hydration of the samples was terminated
by alcohol drenching at 7 and 28 days. X-ray powder diffraction (XRD) analysis was carried out with

$%'&%!%'%%"!

)$+6.% +6+4@:3:70%$#The mineral composition carried out by XRD and the typical morphology observed by SEM for SRPG particles are presented in Fig. 2 and Fig. 3, respectively.
As can be seen, Fig. 2 demonstrates that the main
crystalline phase of SRPG is CaSO4·2H2O and SiO2,
which is consist with the chemical compositions of
raw material given in Table 1. From Fig. 3, we can
know that the particles of SRPG are irregularly
agglomerated together and most of them present the
rhombic and hexagonal shapes.


& 
%-2/5/709/+-;376-76.3;376:+6.-75876/6;./:316079%$#% 

Sample
ID
S1
S2
S3
S4
S5
S6
S7
S8
S9

Calcination
Temperature
(°C)
1200
1200
1200
1220
1220
1220
1240
1240
1240

Holding
Time
(min)
30
35
40
30
35
40
30
35
40

Activated
Carbon
(wt.%)
10
12.5
15
12.5
15
10
15
10
12.5

'$ 
)$8+;;/9670%$#

HM

SRPG
(wt.%)

Fly ash
(wt.%)

1.3
1.5
1.7
1.7
1.3
1.5
1.5
1.7
1.3

76.72
77.25
77.12
79.39
72.46
79.45
75.04
81.66
74.59

13.28
10.25
7.88
8.11
12.54
10.55
9.96
8.34
12.91

'$ 
% 35+1/70%$#8+9;3-4/:
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2+9+-;/93A+;376 70 %$#%  %"  0
+" -76;/6; +6. ./-7587:3;376 9+;/ The decomposition rate of gypsum was determined as the
difference of SO3 in mass between raw material and
SRPG-SCM. The content of SO3 was determined
according to Chinese National standard GB/T 1762008 by precipitation with barium sulphate gravimetric method. The decomposition rate (α) was
therefore calculated using the equation (2):
 −
(2)
α ( % ) = 1 2 ×100%

complete decomposition in this study. Consequently, proper residual undecomposed CaSO4 in SRPG
can not only be used as cement retarder, but also
improve strength due to contribute to the formation
of ettringite (AFt). Optimum decomposition will be
determined according to the compressive strength
of hardened pastes discussed in the following
section.

/-2+63-+4 8978/9;3/: 70 2+9./6/. 8+:;/:.
SRPG-SCM (S1-S9, Table 2) was added to replace
cement to evaluate theirs effect on the compressive
strength. The total SO3 content was controlled as
3.0% according to Chinese National standard GB
175-2007, and insufficient SO3 content was supplemented by adding the natural gypsum. The mix
proportion of Portland cement clink was 60%. For
comparison purpose, fly ash, ground granulated
blast furnace slag and pure Portland cement clinker
were also used at a constant replacement ratio to
prepare Portland-fly ash cement (PFA), Portlandslag cement (PS) and pure Portland cement (P). The
mix proportions of all the mixtures are illustrated in
Table 4.
Paste samples were mixed in a standard laboratory mixer, and then cast into molds of 30 mm
cube specimens. All paste samples were prepared
with a constant water-to-binder ratio (w/b) of 0.27
determined in accordance with Chinese National
standard GB/T1346-2011. After 24 h, they were
demolded and cured in temperature of (20±1) 
and relative humidity at (90±5) % for different
ages. The compressive strengths development of
different batches at a different age is graphically
illustrated in Fig. 4. The results reported are the
average of three compression tests at 3, 7 and 28
days.

1

Where s1 and s2 are the content of SO3 in raw
meal and resulting clinker respectively.
SO3 and f-CaO content of SRPG-SCM are
shown in Table 3. Based on the SO3 content, the
decomposition rate was calculated by equation (2)
and the results are also demonstrated in Table 3.
As demonstrated in Table 3, the f-CaO content
of SRPG-SCM was far lower than 1.0% which
could not cause the disqualification of cement
soundness, so completely meet the requirement as
cement supplement.
It is seen that the decomposition rate of SRPG
attained over 80%, except the sample S8, nearly
90% for sample S4. The higher decomposition has
a positive effect on firing of active mineral in clinker. PG starts to decompose at 1000~1030°C, maximum decomposition rate at 1180°C, and complete
decomposition above 1300°C [18]. Oxidation,
strong reduction and neutral atmosphere go against
decomposition of PG [19], so the addition of activated carbon and fly ash can promote the decomposition by providing certain reduction atmosphere.
Practice shows that the complete decomposition of PG is very difficult and causes complicated
technology and high cost, thus the decomposition
will be controlled in a reasonable range instead of

& 
%" 0+"+6../-7587:3;3769+;/70:+584/:
SO3 (%)
f-CaO (%)
α (%)

S1
6.09
0.018
84.46

S2
4.60
0.015
88.27

S3
4.33
0.053
88.95

Samples
S5
5.30
0.020
86.48

S4
4.19
0.050
89.31

S6
5.71
0.023
85.43

S7
5.03
0.018
87.17

S8
8.51
0.058
78.29

S9
4.48
0.016
88.57


& 
3?./:316897879;376>;
Sample ID
M1
M2
M3
M4
M5
M6
M7
M8
M9
PSa
PFAb
Pc
a

SRPG-SCM
38.55
37.20
36.95
36.80
37.80
38.20
37.60
39.95
37.10
0
0
0

Slag
0
0
0
0
0
0
0
0
0
35.22
0
0

Fly ash
0
0
0
0
0
0
0
0
0
0
35.22
0

PS: Portland-slag cement. b PFA: Portland-fly ash cement. c P: pure Portland cement.
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Cement clinker
60.00
60.00
60.00
60.00
60.00
60.00
60.00
60.00
60.00
60.00
60.00
95.22

Natural gypsum
1.45
2.80
3.05
3.20
2.20
1.80
2.40
0.05
2.90
4.78
4.78
4.78
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 " 



   


According the results given by Fig. 4, as expected, all mixtures show an increase in strength
with curing time. The 3-, 7- and 28-day-old compressive strength of pure Portland cement was
58.36 MPa, 79.76 MPa and 100.8 MPa, respectively.
39.38 MPa, 54.28 MPa and 67.34 MPa for slag
cement; 19.26 MPa, 30.66 MPa and 45.62 MPa for
fly ash cement. The results indicated that for the 3day-old specimens, mixture M2 and M9 have a
relatively lower compressive strength, but are still
higher than fly ash and slag cement. Mixtures M3-7
exhibit a compressive strength that is similar or
close to that of the control pure Portland cement
and M1 obtains the highest strength, reaching
67.59MPa. At 7 days aging, compressive strength

of all of mixtures has a better improvement and M1
is still higher 4% than pure Portland cement. At 28
days, compressive strength for all of samples has
obvious increase and the difference between them
is further reduced and all of them outclass that of
fly ash and slag cement. Specially, we noted that,
the highest compressive strength was regained as
99.11 MPa at mixture M1 nearly equivalent to that
of pure Portland cement. Meanwhile, it is possible
to find that, mixture M3 with M4 have relatively
lower compressive strength at later ages. This ascertainment is explained by the decreasing amount
of fly ash, which is not favorable for long-term
strength development.




'$ 
7589/::3=/:;9/61;2:./=/4785/6;7053?;<9/:+; +6. .+@74.

'$
)$8+;;/9670:+584/% 
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36/9+4-7587:3;376+6.579827471@+6+4
@:3: %$#%  According to the discussion in
section 3.2.2, the compressive strength performance
of mixture M1 prepared by sample S1 is good at
early and later ages, so sample S1 was chosen to
analyze by XRD to determine its mineralogical
compositions (Fig. 5).
It can be seen that a series of calcium silicate
and calcium aluminate compounds were formed,
such as C2S, C2AS, C3S and C3A. C3S and C3A
contribute to the early strength, but C2S and C2AS
generate significant contribution to the later
strength. C3S can be found at 1200°C calcination
temperature in SRPG-SCM due to a large number
of solvent mineral formed from fly ash which promotes C3S formation. CaO derived from the decomposition of SRPG reacted with Al2O3 and SiO2
rooted in fly ash to form C2AS at the beginning,
after that regenerated into C3A. The peak of a spot


of CaSO4 crystal in XRD pattern indicated that the
decomposition of SRPG in sample S1 is relatively
complete and SiO2 and Al2O3 in fly ash can benefit
the decomposition of SRPG except providing certain reducing atmosphere. At the same time, undecomposed SRPG retained in SRPG-SCM can
promote C3A hydrate into AFt. This leads to increase the compressive strength of hardened paste
at early and later ages, which is consistent with the
experiment results in section 3.2.2. Besides, the
morphology and elemental analysis of SRPG-SCM
by SEM-EDS as shown in Fig. 6. Microstructural
and element analysis showed that its morphology is
amorphous and incomplete crystallization, and the
main elements include Ca, Al and Si.
+9./6/.8+:;/: By means of XRD pattern,
the constituents of sample M1 and pure Portland
cement (P) at 28 days were identified (Fig. 7).





Element
Wt%

O

Al

Si

33.6
14.6
13.7
6
0
3
At%
51.5
13.2
11.9
0
5
7
'$
+% 35+1/70:+584/% +6.,3;:%9/:<4;:

'$
)$8+;;/96:70 +6.#+; .+@
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P

S

Ca

Fe

1.8
3
1.4
4

1.8
0
1.3
7

31.2
6
19.0
9

3.1
3
1.3
7
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+ % 35+1/:70

Element
O
S
Si
Ca
Wt%
29.18 7.30 6.62 49.27
At%
48.76 6.08 6.30 32.86
'$
+;-<9361+1/70 .+@:,3;:%:8/-;9<5





'$
+,% 35+1/:70 +;-<9361+1/70 .+@:
As shown in Fig. 7, the main mineralogical
species presentin M1 at 28 days include Ca(OH)2,
AFt, C2ASH8 and AH3. Compared to P sample, the
intensity of diffraction peaks of AFt in M1 is much
higher. The reason could be M1 contains more
silicate aluminate compounds that can produce
more AFt, which have positive contribution to the
early compressive strength. Because the hydration
of C2AS is relatively slow, only a spot of C2ASH8
can be found at 28 d. C2ASH8 is beneficial to the
growth of the long-term strength of the paste.
Meanwhile, AH3 generated by the hydration of
C3A, in the original, will be transformed into amorphous alumina hydrate gel, as increasing of time,
then will be nucleated into gibbsite, therefore a
small amount of AH3 can be detected in the hydration product at 28 d.
The fracture surface and elements identification of M1 was analyzed by SEM-EDS. The microstructural images at curing age of 3 and 28 days are
shown in Fig. 8-9, respectively.
SEM together with EDS analysis indicated the
presence of large quantity of rod-like AFt being
evident in localized areas (Fig. 8). At 3 days, the
AFt crystallites are mostly short and thick rod like
and their length is about 2-4 μm. These crystallites
generally distribute in the gaps and the pit hole,

intertwining, overlapping each other and growing
into a network shape, which makes the structure of
the paste compact and has a positive role in promoting the strength significant improvement at the
early age. The image also, on the other hand, indicates that the paste has a porous structure which
provides space for crystallization of the hydrates.
With increasing of the hydration time, which
can be seen from the picture of Fig. 9, more and
more hydration products appeared at 28 days. Dendritic and lamelliform CSH (Fig. 9(a)) and hexagonal-prismatic Ca(OH)2 (Fig. 9(b)) were observed,
which fills the pore and are favorable to the development of long-term strength.
The high strength performance of SRPG-SCM
can be made the following interpretation: in the
early hydration process, AFt is formed and gel-like
AH3 and CSH filling in the crystals. With the
growth of hydration, AFt is increased and the denser network structure with different kinds of hydrates is formed, enhancing the strength. In addition, C2ASH8 as the hydration product of C2AS has
a certain role in promoting later strength. In a word,
the hydration structure of SRPG-SCM can be summarized as AFt crystal is framework filled by gellike CSH and AH3, which favors the formation of
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the dense network microstructure and superior
compressive strength.
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"!'%"!%
The feasibility of SRPG as a raw ingredient in
the production of high-performance compressive
strength characteristics of SCM is experimentally
evaluated in this paper. Based on the results obtained, the following conclusions can be drawn:
1. Based on the mechanical properties, the optimal preparation condition was calcination temperature at 1200, holding time at 30min, activated
carbon content at 10% and HM at 1.3. Under this
condition, the f-CaO content was far lower than
1.0%. The decomposition rate of SRPG was
84.46% and the 3-, 7- and 28-day-old compressive
strength ratio compared to pure Portland cement
were 115.82%, 104.07% and 98.29% respectively,
which were much higher than slag and fly ash cement. In comparison to conventional resource utilization of SRPG, the firing temperature can be
greatly decreased and residual CaSO4 in SRPG can
not only be used as cement retarder, but also contribute to the formation of AFt, which benefits the
energy saving and emissions reduction.
2. In accordance with the analysis of XRD and
the observation of SEM-EDS, the main mineral
constituents of SRPG-SCM are C2S, C2AS, C3S and
C3A. Ca(OH)2, AFt, C2ASH8 and AH3 can be regarded as its main hydration products at 28 days.
According to its microstructure and composition,
the formation of AFt as framework filled by gel-like
CSH and AH3 may contribute to the enhanced
compressive strength of SRPG-SCM.
!"( !&%
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Lignocellulose is a renewable biomass resource, widely used in the fermentation. A reasonable pretreatment method is the key to reducing production costs and promoting the efficient transformation of lignocellulose. In this paper, the uniform
design method was used to optimize the corn straw
using aluminum trichloride, and the components and
the structure of corn straw were analyzed. The optimum treatment conditions were as follows: the concentration of aluminum trichloride was 0.3 mol/L,
the reaction temperature was 170 °C, the reaction
time was 30 minutes, and the ratio of liquid to solid
was 15:1 mL/g. Under these optimal conditions, the
enzymatic hydrolysis results showed that the yield of
the reducing sugar was 46.6%, which was higher
than that of corn straw without pretreatment. The
non-stereoregular material content decreased significantly, and the relative content of cellulose increased by 7.95%. X-ray diffraction (XRD) and
scanning electron microscopy (SEM) results showed
that the spatial structure of the straw was destroyed
and the relative crystallinity of the cellulose decreased. After pretreatment, Fourier transform infrared spectroscopy (FTIR) results demonstrated that
the functional groups had undergone significant
changes, and the hydrogen bonds were destroyed,
which is favorable for the molecular adsorption of
cellulase.



include three parts: cellulose, hemicellulose, and lignin, in which cellulose can be hydrolyzed by cellulase to produce glucose, and further fermentation
produces lactic acid, ethanol, and other products;
hemicellulose is created through hemicellulose hydrolysis. Galactose, arabinose, and maltose can be
further converted to xylitol, organic acids, and other
industrial products. In addition, lignin can be used to
produce oxalic acid, anticoagulants, etc., so the comprehensive uses for lignocellulosic raw materials
will be able to help alleviate the global economic crisis and environmental problems [4, 5, 6].
Two main problems occur in the conversion of
lignocellulose into industrial products: the dense
spatial structure of lignocellulose and the crystalline
structure of cellulose itself seriously hinder the efficient adsorption of cellulase, and the yield of cellulase sugar through enzymatic hydrolysis is low, and
this process is expensive, which is not conducive to
industrial applications. Therefore, an efficient pretreatment process is the key for the large-scale production and use of lignocellulose [7, 8, 9, 10, 11, 12,
13, 14, 15].
Compared to the current pretreatment method,
the metal ion solution method is an effective pretreatment method, with low energy consumption, being stable and cheap, and it is easy to recover. After
metal ion solution treatment, lignocellulose, hemicellulose, and lignin were reduced, the macro and
microstructure were destroyed, and the cellulase
molecules and substrate contact surface area increased, which could significantly increase the efficiency of enzymatic hydrolysis [16, 17]. At present,
the factors that affect the metal ions are the size of
the material, metal ion concentration, reaction time,
reaction temperature, liquid to solid ratio, and the
moisture content of the material. We performed a
multidimensional comprehensive study of metal ion
treatment and established various factors for the pretreatment of enzymatic reduction of the sugar yield,
and developed in a relevant mathematical model,
which provided a reference conducive to the technology of metal ion solution pretreatment of lignocellulose.

&$ !
Lignocellulose, corn straw, pretreatment, metal ions, aluminium




" #"
At present, about 400,000 kinds of lignocellulosic raw materials exist in the world. These materials, which are used in the fermentation, chemical,
and other industries, have the benefits of being rich
sources, easily available, inexpensive, and renewable [1, 2, 3]. Lignocellulosic raw materials mainly
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spectroscopy (FTIR) were used to observe and analyze the structure, morphology, and intermolecular
and intramolecular bonds of maize straw. The XRD
scanning range was 10–50°, the acceleration voltage
was 40 kV, the current was 150mA, the step was
0.02°/2θ, and the scanning speed was 4°/min. The
SEM accelerating voltage was 10 kV; the FTIR scanning range was 400-4000 cm-1.

!9(90890*(1 3(1>808 ,9/4+ The experimental data were analyzed by using the Origin 8.0
and DPS7.5 data processing system software.


!#"!!#!!

5902:2 *43+090438 The pretreatment of
corn straw with aluminum chloride was performed
using the uniform experimental design and the test
results are shown in Table 1. DPS software was used
to analyze the experimental results shown in Table
2. The equation used was: Y = 0.103 – 0.028X3 +
0.029X4 – 0.002X1 x X1 + 0.002X2 x X2 + 0.005X3
x X3 + 0.002 X1 = X2 + 0.002X1 x X4 + 0.008X2 x
X3 – 0.008X2 x X4 – 0.006X3 x X4, where R =
0.9997, F = 144.6099, and S = 0.0032. We showed
that the equation could be well fitted for the hydrolysis process of the treated aluminum trichloride solution. The effect of each factor on the yield of the
reducing sugar in the pretreatment of aluminum trichloride solution were as follows: X2X3 > X3X4 >
X2X4 > X4 > X3X3 > X1X1 > X3 > X2X2 > X1X4
> X1X2, which indicated that a certain interaction
existed between the various factors. The optimum
conditions were: an aluminum trichloride concentration of 0.3 mol/L, a ratio of solid to liquid of 1:15, a
reaction temperature of 170 °C, and a reaction time
of 30 min. Under these conditions, the yield of the
enzymatic reducing sugar reached 362.13 mg/g,
which was 46.6% higher than that of the untreated
raw material.

In order to provide a reference for future studies, we focused on the pretreatment process of metal
ions in a solution of corn straw. The technological
conditions of the aluminum chloride metal ion solution were optimized using uniform experimental design. The enzymatic hydrolysis, composition, and
structure of the corn straw, before and after pretreatment, were also compared and analyzed.


" !"!

(<(9,70(18Corn straw was collected from
Zhong Liangshan, Chongqing, China, and was naturally air-dried, hammer-type crushed, and 60 parts
were selected as the research samples, and dried at
105 °C.
,11:1(8,Cellulase was purchased from Ningxia Hebi Biotechnology Co., Ltd., which hydrolyzes
natural plant cellulose to produce cellobiose, fiber
oligosaccharide, and glucose.

=5,702,39(1,80.3Aluminum chloride solution concentration (X1), solid-liquid ratio (X2), reaction temperature (X3), and reaction time (X4)
were investigated. The raw material of corn straw,
which was sieved through a standard sieve, was
treated according to the experimental design conditions. The treated materials were collected and
washed five times with deionized water and then
dried at 105°C for cellulase hydrolyzate.

3(1>90*(1 ,9/4+ The reducing sugar concentration in the enzymatic solution of corn straw
and the components in corn straw were determined
based on 3,5-dinitrosalicylic acid colorimetry [18]
and the National Renewable Energy Laboratory
(NREL) method [19].
X-ray diffraction (XRD), scanning electron microscopy (SEM), and Fourier transform infrared

" 
#30-472+,80.3-479/,(1:203:2*/1470+,*473897(</>+741>808574*,88(3+7,85438,;(1:,8</,7,% 08
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" 
,8:1984-,=5,702,39(1+(9(574*,88,+<09/6:(+7(90*541>3420(17,.7,88043
(790(1477,1(90434,--0*0,39
r(y,X3) = –0.9700
r(y,X4) = 0.9838
r(y,X1*X1) = –0.9774
r(y,X2*X2) = 0.9549
r(y,X3*X3) = 0.9822
r(y,X1*X2) = 0.9505
r(y,X1*X4) = 0.9536
r(y,X2*X3) = 0.9984
r(y,X2*X4) = –0.9946
r(y,X3*X4) = –0.9978



9
3.9899
5.4879
4.6235
3.2173
5.2334
3.0576
3.1668
17.8215
9.5939
15.1606

5
0.0575
0.0316
0.0437
0.0845
0.0346
0.0924
0.0869
0.0031
0.0107
0.0043

" 
42548090434-*473897(<(3+9/,8(251,897,(9,+)>(1:203:2970*/1470+,841:9043

Cellulose
Hemicellulose
(g)
(g)
Untreated
0.151
0.189
Treated
0.163
0.146
Note: 0.600 g of each sample was used for component analysis.
Corn Straw

Lignin
(g)
0.076
0.136

Soluble Matter
(g)
0.175
0.148

Ash
(g)
0.009
0.007


#  
4:70,797(38-47203-7(7,+85,*9748*45>" +0--7(*904385,*97:24-*473897(<(3+2,39(10438
97,(9,+(470.03(1(3+)(1:203:2*/1470+,97,(9,+
and the internal structure was seriously damaged by
the action of the metal ions, and the soluble material
content was reduced by the destruction of the cell
structure. Due to the destruction of the adhesive
layer, the cellulose crystal structure had changed,
and the corn straw material was too much exposed,
so that the rate of reducing sugar production increased.

The results showed that the corn straw treated
with aluminum chloride solution was greatly improved over the untreated corn straw. The particle
size of the corn straw material is the main factor affecting the mass transfer in the enzymolysis solution
[20, 21]. If the particle size of the material is too
small, it is not conducive to the growth of fungus in
the fermentation industry. If the particle size is too
large, the cellulase enzyme and substrate contact
area becomes smaller, which is not conducive to the
penetration of cellulase solution, resulting in a lower
yield of the enzymatic reduction of sugar.

" 3(1>808FTIR spectroscopy which has
been widely used to confirm polysaccharides, determine structure and investigate complex and intermolecular interactions [22, 23]. The absorption at
3369 and 2925 cm-1 which are attributed to C-H
stretching, respectively, corresponding to the aliphatic moieties in cellulose and survived lignin (or
hemicelluloses), and the C-H bending occurs at 1375
cm-1. Two absorption bands at 1164 and 898 cm-1
arise from C-O-C stretching at the b-(1/4)-glycosidic
linkages. As seen in Figure 1, the cellulose before
and after handling the absorption peak strength
changed significantly, but the positions of the peaks
remained unchanged, which showed that a new functional group peak did not appear in the infrared

42543,393(1>808Table 3 shows the corn
straw content when either treated or not with aluminum trichloride solution. The content of cellulose after treatment with aluminum trichloride was 7.95%
higher than that of untreated raw materials, but the
amount of hemicellulose and soluble matter decreased by 22.75% and 15.43%, respectively.
After the pretreatment of the corn straw with
aluminum trichloride solution, the content of each
component in the material changed. The reason for
this might be that the hemicellulose became loose
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#  
%7(>+0--7(*904385,*97:24-*473897(<(470.03(1(3+)97,(9,+<09/(1:203:2*/1470+,



cellulose, caused its intermolecular or intermolecular hydrogen bond to rearrange [25] resulting in the
fiber recrystallization, and may be the reason for the
decrease in its relative crystallinity.

!3(1>808 Figure 3 shows a macroscopic
view of the corn straw when untreated and when
treated with aluminum chloride solution once the
best pretreatment process conditions were analyzed.
The appearance of corn stover showed obvious
changes. The corn straw surface structure was
smooth, cellulose uniform, smooth and orderly.
However, its anti-structure had significant changes
after being treated with aluminum chloride solution,
and the material’s surface structures were loose, and
clear holes, pits, and cracks appeared. These results
were corroborated by the XRD analysis results,
which indicated that the metal ion solution was a better pretreatment in terms of the destruction of the
structure of the raw materials and the reduction of
the crystallinity of cellulose.
From the results of SEM, the metal ion solution
pretreatment not only damaged the surface structure
of the corn straw, but also increased the surface pore
size. In addition, these results are supported by the
chemical composition analysis, and the FTIR and
XRD results, which indicated that the regular structure of corn straw played an important role in improving the yield of reducing sugar. After the aluminum trichloride solution treatment, the surface became rough and uneven, and the pore size became
larger, which is beneficial for the subsequent contact
of the cellulase molecules with the material, and improved the yield of the enzymatic hydrolysis of corn
straw.


#!!


()
#  
!*(3303.,1,*974320*748*45>!5(99,7384-
*473897(<(:397,(9,+(3+)97,(9,+<09/
(1:203:2*/1470+,

spectrum of cellulose after the treatment of aluminum chloride solution. A non-cellulose derivative
was produced, indicating that the aluminum trichloride solution was a non-derivative of the corn straw
cellulose chemical solvent.
% 3(1>808Figure 2 shows the XRD patterns of corn straw, both when treated and untreated
with aluminum trichloride solution. The basic shape
of the material diffraction pattern did not change after pretreatment with aluminum trichloride solution,
indicating that the crystal structure of the maize
straw had not changed after pretreatment. However,
when the diffraction angles 2θ were 16°and 22.5°,
the crystallinity of the treated by aluminum trichloride solution decreased. According to Segal [24], the
crystallinity of the corn straw raw material was calculated to be 68.72°, and the crystallinity of the aluminum trichloride solution was 53.65 °.
The crystallinity of the corn straw treated with
aluminum trichloride solution decreased, indicating
that the layer of the corn straw material was not only
degraded, but the structure of the material was damaged. The relative crystallinity of the cellulose was
53.65°, which was lower than that of the raw material by 15.07°. The process of aluminum trichloride
solution pretreatment, with the degradation of hemi-

The results showed that the optimal concentration of aluminum trichloride solution was 0.3 mol/L,
the ratio of liquid to solid was 15:1 mL/g, the reaction temperature was 170 °C, and the reaction time
was 30 minutes. The enzymatic reducing sugar yield
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increased by 46.6% after treatment with aluminum
chloride solution. The chemical composition and
FTIR confirmed that the relative content of hemicellulose and soluble matter decreased and the relative
content of cellulose increased by 7.95%, and the enzymatic hydrolysis sites increased after treatment
with aluminum trichloride solution. The results of
XRD and SEM analysis demonstrated that the cellulose crystallinity of the corn straw decreased and the
spatial structure was destroyed, causing the structure
to become fluffy and disordered, which is beneficial
to the adsorption of the cellulase.
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It is important to inhibit Algal bloomsby efficacy methods, which is caused water stench and
threaten human health seriously. The strain of  
 fungus may be one of the bio-treatment ways to
do this, in particular, the      
  Its algicidal ability on algae was studied by
three main inﬂuence factors:    fungus dosage, pH value and DO. The results showed that the
    content of eutrophication water decreased 92.24% within 24 h under the optimum conditions that 250 mg/L at pH 7.0 for 7.0 mg/L. Pretreated eutrophication water was investigated by algal cells dehydrogenase activity, soluble protein
content and malondialdehyde. It was seen that decrease in algal cells dehydrogenase activity and soluble protein content and an increase in MDA content, which were associated with the decrease in
chlorophyll-a content. These results indicated that
the fungus could destroy the algal cell and inhibit the
algae blooms.



nutrient removal difficult [6]. Among them, the removal of algae and control their growth is the focus
of prevention and treatment of eutrophication water
[7, 8, 9]. Presently, the removal of algae was divided
into physical, chemical and biological methods.
Physical method is through a physical way to weak
or eliminate algae breeding conditions or precipitation to remove algae. And the advantage of the process is removed fast in short time, but the high cost,
hard operational and long-run period, may caused
secondary pollution. Chemical method is used the
chemicals to remove algae [10]. The main mechanism of action was divided into pre-oxidation and
non-oxidative Method. The process of chemical
method is relatively simple and easy to operate features [11], but it’s easy to cause secondary pollution
and accelerate algal toxins release, which was often
used as an adjunct technology or emergency control
technology. Biological approach is through cultivating plants, animals or microorganisms to control and
cleavage algae [12].
In summary, among the removal of algae methods, the physical and chemical methods were not
completely for the high input costs, secondary pollution, and poor security shortcomings [13, 14] but the
biological was low cost and safety, which was considered to be the promising approach on removing
algae bloom.
  fungus, which have been confirmed
that could easily and effectively remove algae. To
date, however, there is still no comprehensive study
on the       . The overall
goal of this work was to investigate the feasibility of
removing algae by      . In
order to evaluate the effects of algicidal ability, 
 fungus dosage, initial pH value and DO on algicidal and also discussed the antioxidant enzyme assays of water after the treatment by    
  .

(& "#
Eutrophication water,   fungus, algicidal ability,
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The basic meaning of eutrophication is excess
nutrients, specifically referring to lakes, reservoirs,
bays and other enclosed, semi-enclosed bodies of
water [1, 2]. Due to the enrichment of nitrogen, phosphorus and other nutrients, resulting in some of the
characteristics of algae and other aquatic abnormal
plant breeding, water transparency decreased, dissolved oxygen content reduced, massive death of
aquatic organisms, and deteriorated water quality,
and ultimately the entire aquatic ecosystem was unbalance [3, 4, 5] So Eutrophication problem has become the world widespread environmental
problems.
It is very difficulty and costly to solve Eutrophication water, mainly for the complexity sources and

$"#$ #

*:.82*39 *5- 78.7*8*:265 &*:.8 9*473.
Eutrophication water was collected from Fu Niu
lake, and the average of chlorophyll-a content was
80.0ug/L (Chong Qing, China). 
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//.,:6/-2//.8.5:=12:.86:/;50;9-69*0.65
*302,2-*3./A,2.5,?
Data are expressed as mean ± SD (n = 3).

%" 
//.,:6/-2//.8.5:252:2*37<*3;.65*302,2-*3
./A,2.5,?
Data are expressed as mean ± SD (n = 3).

;50*3 9:8*259 *5- 4*25:.5*5,.   
    was provided by Institute of
Microbiology (China). The strain was maintained on
potato dextrose agar (PDA) plates for 5 days, stored
at 4 ºC, and subcultured every month. After 5 days,
the mycelia mats in one plate were used as an inoculum for further algicidal experiment.

>7.824.5:*3 -.9205 The batch liquid tests
were conducted in 5000 mL Beaker containing eutrophication water. To evaluate the effects of the optimal parameters and the environmental factors on
algicidal ability, the experiments were carried out
with different initial white rot fungus dosage (50
mg/L, 100 mg/L, 150 mg/L, 200 mg/L 250 mg/L,
300 mg/L), initial pH values (3.0,5.0, 7.0, 8.5, and
9.0) and DO (2 mg/L,4 mg/L,6 mg/L,8 mg/L and 10
mg/L). Controls throughout the experiments were
the same cultures as testing groups only without inoculating mycelial mats. The algicidal experiments
were conducted at 30.0 ºC.

5*3?:2,*3 4.:16-9 $6:*3 ,1368671?33*
,65:.5:Total chlorophyll-a extracted with 90% acetone and determined according to the Repeated
Freezing and Thawing-Extraction Method [15].

dehydrogenase activity and soluble protein content
in the supernatant was determined by triphenyl tetrazolium chloride-dehydrogenase reduction method
and Coomassie brilliant blue-G250 method [16].
And the lipid peroxidation product, malodialdehyde
(MDA), was tested by thiobarbituric acid method
[17].

#:*:29:2,*3*5*3?929The removal efficiency of
chlorophyll-a content (R) was calculated as follows:
R = (Co –Ct)/Co *100%
(1)
Where R is the percentage of chlorophyll-a
content (%), Co is the initial chlorophyll-a content
(ug/L), and Ct is the chlorophyll-a content after treatment (ug/L). All the above experiments were carried
out in triplicate, and the data were reported as the
average of three separate experiments ± SD (n = 3).


"#%$##%## 

5B;.5,. 6/252:2*3 =12:. 86: /;50;9 -69*0.
65,1368671?33*The fungus was investigated at different cell dosage (100 mg/L, 150 mg/L,
200 mg/L, 250 mg/L and 300 mg/L) in 5000 mL
Beaker with Non-sterile environment. Results
showed that the reduction of chlorophyll-a was considerable. The average of chlorophyll-a removal
rates under different initial white rot fungus dosage
after 24 h were 68.44%, 78.22%, 84.94%, 92.17%,
and 89.01%, respectively. In the Fu Niu Lake, the
average of chlorophyll-a content in August was
tested at approximately 100 ug/L. The dosage of
     
strain is about 250
mg/L may be of great practical in inhibiting algal
blooms. Since more than 90% of the chlorophyll-a
could be removed within 24 h, and the use of this
fungi to control algal blooms may be both efficient
and feasible.

264*99 6/ 4?,.32*3 7.332,3. The mycelial
pellicle was ﬁltered by polycarbonate ﬁlters (25 mm
in diameter, 0.22 um in mesh) at 0, 4, 8, 12, 18, 24,
36and 48 h, rinsed with sterilized deionized water,
and dried using a freeze dry system (FREEZONE-6,
LABCONCO). The weight of each dried mycelial
pellicle sample was measured. The system without
the algae (BG11) served as control.

5:26>2-*5:.5@?4.*99*?9For each culture,
25 mL were collected and centrifuged (8,000 rpm)
for enzyme activities tests. The activity of algal cells
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%" 
//.,:6/-2//.8.5:252:2*3 ,65:.5:65*302,2-*3
./A,2.5,?



Data are expressed as mean ± SD (n = 3).

%" 
//.,:6/67:24;4,65-2:265965*302,2-*3
./A,2.5,?
Data are expressed as mean ± SD (n = 3).

  strain was inﬂuenced by DO, especially under the 2.0 mg/L.
The DO is about 7.0 mg/L to 10.0mg/L in the
Fu Niu lake. According to the results of our test, this
is an optimum condition for     
 strain to effectively inhibit algal blooms.

30*3 ,.339 -.1?-860.5*9. *,:2<2:? #63;+3.
786:.25,65:.5:*5-*365-2*3-.1?-. ,65:.5:6/
*302,2-*3 9:8*25     

Since algal cells finally decreased after treated with
      in Non-sterile environment, in order to test that algal cells were lysed
by the fungal strain under the optimum conditions
that 250 mg/L at pH 7.0 for 7.0 mg/L. We measured
the antioxidant enzyme algal cells dehydrogenase
activity (DHA), soluble protein content and
malondialdehyde (MDA). 
     strain could rapidly remove 90% chlorophyll-a within 24 h. After 10
days of test, the chlorophyll-a content of the natural
water blooms in the Fu Niu lake was evaluated. The
average of chlorophyll-a removal rates under the optimal condition after 24 h were 92.74% (Figure.4).
This indicated that      
strain may be a great potential to inhibit harmful algal bloom.
Dehydrogenase activity (DHA), which was an
indicator to express the activity of the algae and animal tissue cell [19]. After 10 days of test, it can be
seen that the average of dehydrogenase activity reduced rates under the optimal condition after 24 h
was 68.92% (Figure.5). This suggested that   
    strain may be effectively
degrade the dehydrogenase activity, inhibit the synthesis of chlorophyll a and inhibit the algal grow finally.

//.,: 6/ 252:2*3 7 <*3;. 65 ,1368671?33*
The 250mg/L of white rot fungus dosage was investigated at different pH (3.0, 5.0, 7.0, 8.5, and 9.0) in
5000 mL Beaker with Non-sterile environment. The
pH was adjusted using 1.0 N HCl/NaOH and the
changes in pH values were all no more than 0.5 [18].
After 24 h of cultivation, the chlorophyll-a content of the natural algal blooms in the Fu Niu Lake
was tested. Results showed that the reduction of
chlorophyll-a was considerable. The chlorophyll-a
content decreased at pH 3.0, 5.0, 7.0, 8.5 and 9.0.
The average of chlorophyll-a removal rates with different initial pH after 24 h were 88.12%, 93.22%,
87.25%, 82.00%, and 83.41%, respectively. In the
algae-fungi co-culture groups (Figure 1), over 80%
of chlorophyll-a was removed after incubation at pH
values of 3.0 to 9.0. These showed that the algicidal
ability of       strain was
not significantly inﬂuenced by pH change, and it had
a broad adaptation in acid and alkali environments.
The pH is about 7.0 to 7.5 in the Fu Niu Lake.
According to the results, it is practical for Phanerochaete chrysosporim strain to inhibit algal blooms.

5B;.5,. 6/ 252:2*3   ,65:.5: 65 ,13686
71?33* The 250mg/L of white rot fungus dosage
and 7.0 of initial pH value was investigated at different DO (2.0, 4.0, 6.0, 7.0, and 9.0) in 5000 mL
Beaker with Non-sterile environment.
After 24 h of cultivation, the chlorophyll-a content of the natural water blooms in the Funiu Lake
was evaluated. Results investigated that the reduction of chlorophyll-a content was apparent. The chlorophyll-a content decreased at DO 2.0, 4.0, 6.0, 7.0,
and 9.0. The average of chlorophyll-a removal rates
with different initial DO after 24 h were 49.14%,
84.55%, 86.22%, 90.81%, and 87.27% (Figure.3),
respectively. Since the white rot fungus is an aerobic
fungi, the algicidal efﬁciency of    
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//.,:6/67:24;4,65-2:265965-.1?-860.5*9.
*,:2<2:?
Data are expressed as mean ± SD (n = 3).

%"
//.,:6/67:24;4,65-2:265965*30*.963;+3.
786:.25
Data are expressed as mean ± SD (n = 3).


%"
//.,:6/67:24;4,65-2:2659654*365-2*3-.1?-.



Data are expressed as mean ± SD (n = 3).

membrane of cells and chloroplast structure, and
caused MDA content increase.


 %# #

     is a fungal strain
that efﬁcient inhibit and decrease the algal blooms.
In this study,      showed
a high algicidal ability against algal blooms in eutrophication water and a great possible for practical
use. Under pH 7.0 values,    fungus dosage
250mg/L, and DO 7.0, 92% of the chlorophyll-a content could be removed within 24 h. The increase in
MDA content and decrease algal cells dehydrogenase activity (DHA), soluble protein content activity
and the chlorophyll-a content indicated that the algae
was not only efﬁciently inhibited but also severely
destroyed by the fungus. Therefore, this fungus
shows a huge algicidal ability against the natural water blooms in the Fu Niu lake.

Algae soluble protein, as an important indicator
of algae growth, is involved in the body's metabolic
enzymes, and it is necessary to test its content to understand the overall metabolism of algae when it
subjected to external stress [20, 21]. After 10 days of
test, it can be shown that the average of Algae soluble protein reduced rates under the optimal condition
after 24 h was 52.27%. This suggested that   
    strain may be effectively degrade the algae soluble protein, block the supply of
nutrients algal cells and caused the algal death
finally.
Algae organ senescence or suffered injuries often occur membrane lipid peroxidation. MDA is the
final product of the membrane lipid decomposition
[22], which is an important biochemical indicator for
the damage of membrane oxidative, and its content
can reflect the degree of plant suffered injury. After
10 days of test, it can be shown that the average of
MDA increased rates under the optimal condition after 24 h was 91.10 %. This indicated that  
   
strain may be damage the
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Eutrophication and frequent algal blooms have
become serious ecological problems. White-rot
fungi have been considered as possible microorganisms for controlling algal blooms. In this study,
     FACHB-1301,   
sp. FACHB-1083, and      
FACHB-507 co-cultured with the white-rot fungus
    . All algal cells were
damaged within 48 h of coculture.  
apparently decreased the chlorophyll-a content, dehydrogenase activity, and soluble protein content but
increased the malondialdehyde content of the algal
cells. These results indicate that the algae were
greatly inhibited and severely damaged by the fungus. In conclusion,   can effectively
remove algal cells and inhibit algal blooms.



growth of     has become a hot
topic at home and abroad in recent years.
The present study aims to investigate the feasibility of using the white-rot fungus  
 as an effective method to prevent algal
blooms.


$"#$ #
30*3 ,;3:;8.9     
FACHB-1301(C.o),      FACHB-1083
(O.s.), and       FACHB-507
(S.q.), which are dominant species in the Fu Niu
Lake in China, were provided by the Freshwater Algae Culture Collection of the Chinese Academy of
Sciences. All strains were maintained in an illumination incubator for 7 days at 25°C on a 12 h/12 h
light/dark cycle with approximately 90umol photons
m-2s-1provided by cool-white fluorescent lamps to
achieve exponential growth. 
The growth medium for    
(FACHB-1301) was AF-6. It was contained of 140
mg NaNO3, 5 mg K2HPO4, 10 mg KH2PO4, 10 mg
CaCl2·2H2O, 22 mg NH4NO3, 30 mg
MgSO4·7H2O,2 mg Fe-citrate, 2 mg citric acid,2 μg
Biotin, 10 μg Thiamine HCl, 1 μg Vitamin B6, 1 μg
Vitamin B12,0.4 g MES, 6 mL Trace mental solution
(PIV), and 994 mL distilled water (pH 6.6). The PIV
solution was composed of 750 mg Na2EDTA, 41 mg
MnCl2·4H2O, 5 mg ZnCl2·7H2O, 4 mg
Na2MoO4·2H2O, 97 mg FeCl3·6 H2O, 2 mg CoCl2·6
H2O, and 1000 mL distilled water.
The growth medium for     
(FACHB-1083) was BG-11. It was contained of 150
mg NaNO3, 4 mg K2HPO4, 5.8 mg Na2SiO3•9H2O,
0.6 mg citric acid, 0.6 mg ferric ammonium citrate,0.1 mg EDTA, 7.5 mg MgSO4•7H2O, 3.6 mg
CaCl2•2H2O, 2 mg Na2CO3, A5 solution +Co 0.1
mL, and 99.9 mL distilled water (pH7.5). The A5 solution was comprised of 286 mg H3BO3, 181 mg
MnCl2•4H2O, 22mg ZnSO4•7H2O, 7.9 mg
CuSO4•5H2O, 3.9 mg Na2MoO4•2H2O, and 100 ml
distilled water.

(& "#
Water eutrophication, algicidal ability, chlorophyll-a content,     



$" %$ 

Water eutrophication has become a major environmental problem in China and the world [1, 2] and
a serious threat to the global water security. With the
increasing demand of people for high-quality drinking water, algal blooms caused by algal toxin contamination have become a serious concern. Therefore, considerable effort has been exerted to reduce
the degree of eutrophication.  have attracted increasing attention as a biological agent to
control algal blooms [3, 4, 5, 6].
 is a filamentous fungus [7, 8].
Bacteria have approximately 1000 types, including
      and  
. White-rot fungi demonstrate a unique metabolic type and degradation mechanism for extracellular macromolecules [9, 10, 11] and various contaminants. The ability of these fungi to inhibit the
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$6:*3 ,1368671?33* ,65:.5: Total chlorophyll-a was extracted with 90% acetone and determined according to the Repeated Freezing and
Thawing-Extraction Method [12].

5:26>2-*5:.5@?4.*99*?9For each culture,
25 mL were collected and centrifuged (8,000 rpm)
for enzyme activities tests. The activity of algal cells
dehydrogenase activity (DHA) and soluble protein
content in the supernatant was determined by triphenyl tetrazolium chloride-dehydrogenase reduction method and Coomassie brilliant blue-G250
method [13]. And the lipid peroxidation product,
malodialdehyde (MDA), was measured by thiobarbituric acid method [14].

#,*55250.3.,:86542,869,67?#Scanning electron microscopy was conducted to analyze
the micro-structural changes and surface characteristics of untreated and pretreated by PC. Samples of
untreated and treated algal cell were studied using a
TESCAN VEGA II LMU scanning electron microscopy. The representative images of untreated and
treated by PC reported here were acquired with a 20
kV accelerating voltage.

#:*:29:2,*3 *5*3?929 All determinations were
carried out in triplicate and the mean values were
presented. The removal efficiency of chlorophyll-a
content (R) was calculated as follows:
R = (Co –Ct)/Co *100%
Where R is the percentage of chlorophyll-a
content (%), Co is the initial chlorophyll-a content
(ug/L), and Ct is the chlorophyll-a content after treatment (ug/L). All the above experiments were carried
out in triplicate, and the data were reported as the
average of three separate experiments ± SD (n = 3).

The growth medium for     
 FACHB-507 was SE. It was contained of 25
mg NaNO3, 7.5 mg K2HPO4•3H2O,7.5 mg
MgSO4•7H2O, 2.5 mg CaCl2•2H2O, 17.5 mg
KH2PO4,2.5 mg NaCl,40 ml Soil extract, 0.5 mg
Fecl3•6H2O, 0.2 mg EDTA-Na The A5 solution was
comprised of 286 mg H3BO3, 181 mg MnCl2•4H2O,
22mg ZnSO4•7H2O, 7.9 mg CuSO4•5H2O, 3.9 mg
Na2MoO4•2H2O, and 100 ml distilled water. Soil extract preparation methods were comprised three
steps. Firstly, taken 200g soil in a beaker, and add
1000 ml distilled water in it, and then heated it for 3
hours in a boiling water bath, cooled, precipitate 24
hours, this process is continuously carried out three
times, finally, the supernatant was sterilized in an autoclave, and then save backup at 4 °C refrigerator.

;50*3 9:8*259 *5- 4*25:.5*5,. 
 was provided by Institute of Microbiology
(China). The strain was maintained on potato dextrose agar (PDA) plates for 5 days, stored at 40°C,
and subcultured every month. After 5 days, the mycelia mats in one plate were used as an inoculum for
further algicidal experiment.

512+2:265 :.9:9 6/ -2//.8.5: ,65-2:2659 65
-2//.8.5:*30*397.,2.9Batch liquid tests were conducted in a 5000 mL beaker containing the dry
weight of   (250 mg/L). Controls
throughout the experiments were the same cultures
as the test groups but without  . The
inhibition tests were conducted at thermostat artificial aeration, temperature artificial aeration, and aeration room temperature naturally immobilized
white-rot fungus reactor under the conditions of pH
7.0, 7.0 mg/L dissolved oxygen, and 12:12 h
(light:dark) cycle. All experiments were conducted
in triplicate.

 























%" 
//.,:96/:1.8469:*:*8:2/2,2*3*.8*:265 8.*,:68*8:2/2,2*3*.8*:265 8.*,:68*5-*.8*:2658664
:.47.8*:;8.5*:;8*33?2446+232@.-=12:.86:/;50;98.*,:68 8.*,:6865*302,2-*3:24.
Data are expressed as mean ± SD (n = 3).
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:.47.8*:;8.5*:;8*33?2446+232@.-=12:.86:/;50;98.*,:68 8.*,:6865*302,2-*3.//2,2.5,?
Data are expressed as mean ± SD (n = 3).
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//.,:96/:1.8469:*:*8:2/2,2*3*.8*:265 8.*,:68*8:2/2,2*3*.8*:265 8.*,:68*5-*.8*:2658664
:.47.8*:;8.5*:;8*33?2446+232@.-=12:.86:/;50;98.*,:68 8.*,:6865-.1?-860.5*9.*,:2<2:?
Data are expressed as mean ± SD (n = 3).

The chlorophyll-a content of   
  FACHB-1301(C.o),     FACHB1083 (O.s.), and      
FACHB-507 (S.q.) were measured after the treatment of thermostat artificial aeration (25°C), artificial aeration, and aeration room temperature naturally immobilized white-rot fungus reactor. The
chlorophyll-a content was reduced in the three reactors, especially in the thermostat artificial aeration
reactor. This result suggests that using  
 with a thermostat artificial aeration reactor
is an economical and feasible way to control harmful
algal blooms in the future.
Dehydrogenase activity (DHA) indicates the
activity of algal cells and animal tissue cells [15, 16].

"#%$##%## 
The algicidal time of the three algal species
from the Fu Niu spring was evaluated after the treatment of thermostat artificial aeration (25°C), artificial aeration, and aeration room temperature naturally immobilized  reactor. 
    FACHB-1301(C.o),    
FACHB-1083 (O.s.), and     
FACHB-507 (S.q.) under the three reactors were all
destroyed, especially in the thermostat artificial aeration reactor. This result suggests that using 
 with a thermostat artificial aeration
reactor is an efficient way to control harmful algal
blooms.
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The dehydrogenase activity of    
  FACHB-1301(C.o),      FACHB1083 (O.s.), and       
FACHB-507 (S.q.) were tested after the treatment of
thermostat artificial aeration (25°C), artificial aeration, and aeration room temperature naturally immobilized white-rot fungus reactor. The TPF was reduced in the three reactors, especially in the thermostat artificial aeration reactor. This result suggests
that utilizing   with a thermostat artificial aeration reactor is an effective way to decrease the dehydrogenase activity, reduce chlorophyll-a content, suppress algal growth, and thus inhibit algal blooms in the future.
Soluble protein, as an important indicator of algal growth, is involved in the production of im-





"

portant metabolic enzymes [17, 18]. Measuring soluble protein content is important to understand the
overall metabolism of algae under external stress.
The soluble protein content of    
FACHB-1301(C.o),      FACHB-1083
(O.s.), and       FACHB-507
(S.q.) were measured after the treatment of thermostat artificial aeration (30°C), artificial aeration, and
aeration room temperature naturally immobilized
white-rot fungus reactors. The soluble protein content was decreased in the three reactors, especially in
the thermostat artificial aeration reactor. This result
implies that   with a thermostat artificial aeration reactor is a good method to reduce
soluble protein content, block nutrient supply algal
cells, and finally trigger algal death.
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//.,:96/:1.8469:*:*8:2/2,2*3*.8*:265 8.*,:68*8:2/2,2*3*.8*:265 8.*,:68*5-*.8*:2658664
:.47.8*:;8.5*:;8*33?2446+232@.-=12:.86:/;50;98.*,:68 8.*,:6865*30*3963;+3.786:.25,65:.5:
Data are expressed as mean ± SD (n = 3).
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//.,:96/:1.8469:*:*8:2/2,2*3*.8*:265 8.*,:68*8:2/2,2*3*.8*:265 8.*,:68*5-*.8*:2658664
:.47.8*:;8.5*:;8*33?2446+232@.-=12:.86:/;50;98.*,:68 8.*,:68654*365-2*3-.1?-.
,65:.5:
Data are expressed as mean ± SD (n = 3).

752

"!

 #   



    



*+



,-


./
%"
//.,:96/:1.8469:*:*8:2/2,2*3*.8*:26565-2//.8.5:*30*3,;3:;8.98?7:671?:**  *30*.,
*5-   .:8.*:.-+-/*30*3,;3:;8.=2:1/;50*3/2349
Algal cells that undergo senescence or suffer
injuries often experience membrane lipid peroxidation. MDA, the final product of membrane lipid decomposition, is an important biochemical indicator
of oxidative membrane damage [19]. MDA content
reflects the degree of injury suffered by a plant. The
MDA content of       FACHB1301(C.o),    . FACHB-1083 (O.s.), and
     FACHB-507 (S.q.) were

tested after the treatment of thermostat artificial aeration (30°C), artificial aeration, and aeration room
temperature naturally immobilized white-rot fungus
reactor. The MDA content increased in the three reactors, especially in the thermostat artificial aeration
reactor. This result indicates that using  
 can damage cell membrane and chloroplast
structure, improve MDA content, and finally trigger
algal death.
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#SEM micrographs of the three algal species from the Fu Niu spring treated through thermostat artificial aeration were captured at 2000× magnification [20, 21]. The surface of untreated algal
cells was regular and compactly arranged. However,
the algal cells of Cryptomonas obovata FACHB1301(C.o), Oscillatoria sp. FACHB-1083 (O.s.), and
Scenedesmus quadricauda FACHB-507 (S.q.)
treated by white-rot fungus with thermostat artificial
aeration showed abnormal morphology, expansion,
irregular edges, protoplast and cell wall separation,
and even cell wall rupture. The algal cells were completely dissolved that only a few algal cells were observed under a microscope.


 %# #

  is a fungal strain that efficiently inhibits algal blooms. In this study,  
 with thermostat artificial aeration (25 °C)
showed higher algicidal effects than artificial aeration and aeration room temperature naturally immobilized white-rot fungus reactors on  
    FACHB-1301(C.o),     
FACHB-1083 (O.s.), and     
FACHB-507 (S.q.) from the Fu Niu spring. The
chlorophyll-a content of the three algal species decreased by 90% within 48 h of treatment. The fungus
decreased the DHA and soluble protein content,
while increased the MDA content of the algae. These
results suggest that the algae were greatly inhibited
and severely damaged by the fungus. SEM images
show that the algal cells were completely dissolved
and destroyed. Therefore,   with a
thermostat artificial aeration reactor shows a promising algicidal agent against     
FACHB-1301(C.o),      FACHB-1083
(O.s.), and       FACHB-507
(S.q.).
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most common pathological deficiency in the community. Thyroid hormones regulate oxidative metabolism and thus play an important role in the
production of free radicals [1]. They also regulate
the synthesis and destruction of enzymatic (enzymes such as SOD, CAT, GSH-Px) and nonenzymatic antioxidants (such as vitamins E and C,
glutathione, uric acid, ferritin, transferrin and ceruloplasmin). Changes of (in) enzymes and nonenzymes substance affect the redox balance in the
body [2].
Royal jelly is a nutrient secreted by the hypopharyngeal and submandibular glands of worker
bees and it is necessary for the development of
queen bee. Royal jelly contains 12-15 % protein,
10-16 % sugar, 3-6 % lipid, free amino acids, vitamins, minerals and fatty acids [3]. In various studies, it has been shown to have antitumor, antiinflammatory, antioxidant, antiallergic, antiaging,
antibacterial, antihypertensive effect and cell proliferative activity [4, 5]. Royal jelly, widely used in
the field of food and cosmetics in recent years, is
now used as an alternative product in the field of
medicine for the treatment of many diseases. However, in the review of literature, no studies were
found showing the effect of royal jelly on hypothyroidism.
The objective of this study was to investigate
serum levels of TNF-α, lipid profile, oxidative
stress markers, antioxidant enzymes and haematological parameters in royal jelly in hypothyroid rats.


%#$ %!$

837+6<  Forty Wistar Albino male rats used
in this study (weighing 250-350 g) were obtained
from Yuzuncu Yıl University Experimental Animal
Breeding Unit. The rats used in the study were
housed in cages, with fresh food and water adlibitum with the temperature being set at 22 ± 2 ° C,
with a 12 h light/dark cycle (light on at 7:00 am)
during the test. The study was carried out in accordance with the code of ethics, with the approval
of the Local Ethics Committee of the Animal Experiments of Van Yuzuncu Yıl University.


Royal jelly is a product of bees and contains
proteins, carbohydrates, fats, free amino acids,
vitamins and minerals. In this study, the effect of
royal jelly on TNF-α levels and oxidant-antioxidant
systems in hypothyroid rats induced by propylthiouracil (PTU) were investigated.
Forty rats were randomly divided into four
groups each containing 10 rats as control, royal
jelly, PTU and PTU + royal jelly groups. At the end
of the experiment, hematological parameters, sT3,
sT4 and serum lipid profile, levels of TSH, TNF-α,
GSH, MDA, GSH-Px, SOD and CAT were determined. The levels of sT3 (p <0.001) and sT4 (p
<0.001) were significantly decreased and TSH
levels (p <0.05) increased in PTU and PTU + royal
jelly groups compared to control group. There was
a decrease in triglyceride levels (p <0.05) and an
increase in LDL (p <0.01), RBC (p <0.05), HCT (p
<0.01) and HGB (p <0.01) in PTU + royal jelly
group compared to the PTU group. Levels of TNFα, GSH and GSH-Px, CAT, SOD were not significantly different between groups. As a result, increase in oxidative stress was not detected in hypothyroid rats induced by PTU. Therefore we could
not observe the effect of royal jelly on oxidative
stress. In hypothyroidism, royal jelly had positive
effects on triglycerides, RBC, HCT and HGB. Especially for the treatment of anemia in hypothyroidism royal jelly may be recommended. This is a
preliminary study that shows the effect of royal
jelly on hypothyroidism. There is a need for further
studies on this issue.



*(!#$
Hypothyroidism, Oxidative Stress, Propylthiouracil,
Royal jelly, Tumor Necrosis Factor-α, Hematological
parameters

 %#!&%! 
Hypothyroidism is a pathological condition in
which the overall metabolic deceleration results
from the lack of thyroid hormone and which is the
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837+6 =;/+=7/8= +8. <+7:6/ -966/-=398
The animals were randomly divided into 4 groups:
First group; Control group (10 rats): Rats were
fed with standard rat diet and water in the same
environment with the other groups for 51 days.
The second group; Royal jelly group (10 rats):
Animals were fed with standard rat diet for 51 days.
Royal jelly (Civan Beekeeping, Turkey) was given
intragastrically gavage at a dose of 100 mg / kg /
day [6] for 30 days from the beginning of the fourth
week (22nd day).
The third group; Propylthiouracil group (PTU
group) (10 rats): Rats were fed with standard rat
diet for 51 days. Starting from the first day, % 0.05
PTU was added to drinking water until the end of
the study [7].
The fourth group; Propylthiouracil + royal jelly group (PTU + royal jelly group) (10 rats): Animals were fed with standard rat diet for 51 days.
Starting from the first day, % 0.05 PTU was added
to drinking water until the end of the study. Royal
jelly was given intragastrically gavage at a dose of
100 mg / kg / day, for 30 days from the beginning
of the fourth week (22nd day).
The live weights of all animals were weighed
and recorded. From the beginning of the study, the
food and water consumption of all groups was also
measured and recorded.
Three weeks after the start of the experiment
(21st day), blood samples were taken from two
randomly selected animals from each group. Based
on the levels of TSH, sT3 and sT4, groups 3 and 4
(PTU-given groups) were diagnosed with hypothyroidism. Royal jelly group and the PTU + royal
jelly group which hypothyroidism induced by PTU,
was started to be given royal jelly at the dose of 100
mg / kg / day by intragastric gavage the beginning
of the fourth week (22nd day) and continued until
the end of the study. At the end of the experimental
application, blood samples were taken in anticoagulated and non-anticoagulant tubes by cardiac puncture from all rats under ketamine anesthesia.

Kit No: 201-11- 5104) activities were determined
using ELISA kits.

$=+=3<=3-<  In the analysis of the data, "SPSS
Statistic 20" package program was used. Kruskal
Wallis test was also used for statistical analysis of
all parameters. It is possible to say that there is a
statistically significant difference between the
groups when the p (sign) values of the Kruskal
Wallis test are smaller than 0.05.


#$&%$
In this study, PTU was added to drinking water as a chemical agent to induce experimental
hypothyroidism in rats. Three weeks after the start
of the experiment (21st day), blood samples were
taken from randomly selected two animals from
each group and TSH, sT3 and sT4 levels were
measured. The levels of sT3 and sT4 in groups PTU
and PTU+ royal jelly were determined as <1 pg /
mL and <0.40 ng / dL, respectively. It was also
found that TSH levels of these groups increased
about twice compared to the control group. On the
basis of these results, it was assumed that the given
dose of PTU was sufficient to create hypothyroidism and continues throughout the study.
Live weights of all animals were weighed at
the beginning and end of the experiment. The mean
live weights of the control and royal jelly group
increased (p<0.05) and the live weights of the rats
in the PTU and PTU + royal jelly group decreased
(p<0.05) at the end of the experiment (Figure 1).
At the end of the experiment, significant decrease in food consumption of PTU and PTU +
royal jelly groups was observed (p <0.01), although
there was no significant difference in food consumption of control and royal jelly groups
(Figure 2).
At the end of the experiment, no significant
difference was found in water consumption of all
groups (p> 0.05) (Figure 3).
Serum sT3, sT4 levels of rats in PTU, PTU +
royal jelly groups were significantly lower than
control group (p <0.001) and TSH levels increased
significantly at the end of the experiment, (p <0.05)
(Table 1). The PTU + jelly group showed decreased
triglyceride levels (p <0.05) and increases in LDL
(p <0.01), RBC (p <0.05), HCT (p <0.01) and HGB
(p <0.01) compared to the PTU group (Table 2 and
Table 3).
At the end of the experiment, there was no
significant difference between the mean values of
rats serum TNF-α, GSH, MDA levels and GSH-Px,
SOD, CAT activities in all groups (p>0.05)
(Table 4).

39-2/73-+6 +8. :2B<396913-+6 +8+6B<3< 
Hematological parameters (WBC, PLT, RBC,
HCT, HGB, MCV and MCHC) were analyzed by
blood counter apparatus in blood samples taken
with anticoagulant tubes. sT3, sT4, cholesterol,
triglyceride, HDL, VLDL levels were measured in
the autoanalyzer, and LDL values were calculated
according to the formula of LDL = Cholesterol(HDL + Triglyceride / 5). TSH (Elabscience, Kit
No: E-EL-R097696T), TNF-α (SunRed, Kit No:
201-11-0765), MDA (Elabscience, Kit No: E-EL006096T), GSH (Elabscience, Kit No: E-EL002696) levels were measured using ELISA kits,
SOD (SunRed, Kit No: 201-11-0169), CAT (SunRed, Kit No: 201-11-5106) and GSH-Px (SunRed,
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% 
%2/7/+8?+6>/<90</;>7<%<%+8.%$6/?/6<90;+=<38=2/-98=;96;9B+64/66B
"%&+8."%&;9B+64/66B1;9>:<
98=;96
#9B+6/66B
"%&
"%&#9B+6/66B 
n
X ± SX
n
X ± SX
n
X ± SX
n
X ± SX
p
<%:1 7
7
1.81±0.35 a
7
1.85±0.30 a
6
<1.00 b *
6
<1.00 b *
.001
<%81 .
7
0.76 ±0.12 a
7
0.76±0.13 a
6
<0.40b **
6
<0.40 b **
.001
%$81 7
7
7.36±1.90 a
7
8.39±4.00 a
6 15.01±4.95 b
6
14.02±6.14b
.017
a,b: Different letters in the same row are statistically significant
*Since autoanalyzer <1 values could not be read, the values for the statistical analyses were accepted as 1 pg / mL.
** Since autoanalyzer <0.40 values could not be read, the values for the statistical analyses were accepted as 0.40 ng / mL

% 
%2/7/+8</;>7-296/<=/;96=;316B-/;3./'+8.6/?/6<90;+=<38-98=;96;9B+64/66B
"%&+8."%&;9B+64/66B1;9>:<
n

98=;96
X ± SX

n

#9B+6/66B
X ± SX

296/<=/;96
7 64.00±6.15 bc
7 58.00± 13.00 c
71 .
%;316B-/;3./
7 92.00 ± 41.00 a
7 58.00±33.00 ab
71 .
24.00±2.00 b
7
25.00±2.00 b
71 . 7
'
a
7 23.00±14.08
7
11.70±6.60 b
71 .
21.60±5.50 b
7 21.80±13.10 b
71 . 7
a,b,c: Different letters in the same row are statistically significant



n

"%&
X ± SX

n

6

72.00 ±5.00 ab

6

82.00±10.00 a

.001

6

73.00±25.00 a

6

29.00± 4.00 b

.042

6

30.00±3.00 a

6

29.00±5.00 a

.011

6

14.60±4.90

ab

27.60±6.10

b

6

6
6

"%&#9B+6/66B
X ± SX

5.70±0.80

b

46.80±6.60



p

.033

a

.003

%
%2/7/+8("%#%'6/?/6<90;+=<38-98=;96;9B+64/66B"%&+8.
"%&;9B+64/66B1;9>:<
n

98=;96
X ± SX

n

#9B+6/66B
X ± SX

n

(
7
4.10±1.20 a
7
4.40±1.80 a
6
A  

a
a
"%A
 7 741.00±52.00
7 693.14±42.22
6
#
7
8.19±0.45 a
7
7.98±0.83 a
6
A

7
43.00±3.60 ab
6
%
7 45.60±2.20 a
1 . 7
15.50±0.60a
7
15.50±1.30 a
6
'0
7 55.96±1.74 a
7
54.05±1.85 ac
6

7 34.31±0.57 a
7
34.97±0.88 ac
6
1 .
a,b,c: Different letters in the same row are statistically significant

"%&
X ± SX

n

2.50±1.30 a

6

387.00±133.00

b

"%&#9B+6/66B
X ± SX
3.10±0.90 a


p

.104
b

6

405.00±166.00

6.88±0.54 b

6

7.93±1.05 a

.001
.028

35.90±2.60 c
12.80±0.70 b
52.98±1.68 bc

6
6
6

40.40±4.50 b
14.40±1.70 a
50.96±1.45 b

.005
.007
.018

35.68±0.84bc

6

36.21±0.57 b

.021



%
%2/7/+8?+6>/<90;+=<</;>7% D$6/?/6<+8.$"A$!%+-=3?3=3/<38-98=;96
;9B+64/66B"%&+8."%&;9B+64/66B
n
% D
81 
$
C1 7

81 7
$"A
81 7
$!
81 7
%
81 7

98=;96
X ± SX

n

#9B+6/66B
X ± SX

n

"%&
X ± SX
569.66±108.54

n

"%&#9B+6/66B
X ± SX

a

6

482.09±24.10 a

.086

P

7

479.24±20.00a

7

541.16±56.49 a

6

7

57.76±7.17 a

7

65.50±15.89 a

6

63.37±12.72 a

6

57.59±7.46 a

.248

7

373.75±41.74 a

7

380.81±91.95 a

6

386.64±62.81 a

6

340.74±71.72 a

.449

7

84.55±11.98 a

7

87.13±7.37 a

6

98.97±33.85 a

6

99.56±36.21 a

.447

7

36.49±4.77 a

7

36.42±4.77 a

6

44.42±11.10 a

6

39.26±2.93 a

.381

7

76.49±13.31 a

7

80.20±8.15 a

6

76.77±17.16 a

6

82.06±19.92 a

.952
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increase in triglycerides. HDL and free fatty acids
decreased, LDL increased. Mobilization of free
fatty acids slowed down [12, 13]. How the regulation of plasma cholesterol levels by royal jelly can
be made is unclear. One possible mechanism is the
proteins that are abundantly found in royal jelly.
These proteins reduce plasma cholesterol, LDL and
small VLDL levels. Royal jelly shows its reducing
effect on the level of blood cholesterol by increasing the gene expression of the low-density lipoprotein receptor in the liver [14]. It reduces the cholesterol level by reducing the absorption of cholesterol
in the gastrointestinal system and increasing the
elimination of cholesterol in the bile [15]. It regulates the level of cholesterol by suppressing hepatic
cholesterol synthesis [16]. Also unsaturated fatty
acids in the royal jelly, like trans-10-hydroxy-2decanoic acid, arachidonic acid, essential fatty
acids, royal jelly acid, regulates lipid metabolism
[17]. In hypothyroidism, the lipid profile changes
have been shown in various studies [3, 8]. However, this situation is changeable depending on the
upper limit of TSH and during hypothyroidism
time. In general, there is an increase in the level of
cholesterol, triglyceride and LDL levels in hypothyroidism. In this study, although the lipid profile of
the rats with hypothyroidism (PTU group) seems to
be different, only HDL levels were found to be
higher than controls (p <0.01) and no significant
difference was found for the levels of cholesterol,
triglyceride, VLDL, LDL. The levels of triglyceride
(p<0.05) and VLDL (p <0.05) were significantly
decreased, cholesterol (p<0.001), HDL (p<0.05)
and LDL (p <0.01) increased in PTU+royal jelly
group compared to control group. Also, it was determined that the triglyceride level of the PTU +
royal jelly group decreased compared with the PTU
group (p <0.05) and the level of LDL was increased
compared with the PTU group (p <0.01). Since
LDL levels are usually calculated in a mathematical
form, the lower the triglyceride level in this formula, the higher the LDL level. Since the triglyceride
level in the PTU + royal jelly group was very low,
the level of LDL was found to be higher based on
this formula. According to these results, it is obvious that low dose of royal jelly given in hypothyroide (based on the doses in the studies in other
literatures) reduce the level of triglyceride. From
this situation, various proteins, vitamins (niacin),
unsaturated fatty acids, trans-10-hydroxy-2decanoic acid, arachidonic acid, essential fatty acids
in royal jelly can be responsible [17]. In addition,
royal jelly can be enhancing VLDL uptake by influencing the activity of hepatic lipoprotein receptors [3]. Recent studies have also shown that small
VLDL is the strongest independent factor in predicting disease progression and associated with
atherosclerotic progression more than traditionally
accepted atherogenic lipoprotein LDL particles
[18]. It has been reported that royal jelly reduces

Rats are used in various animal models for experimental thyroid dysfunction. Hypothyroidism is
created by surgical removal of thyroid glands (thyroidectomy) or destruction by antithyroidal drugs
such as PTU or methimazole. In this study, PTU
was added to drinking water as a chemical agent for
rats to produce experimental hypothyroidism and
they received drinks during the test. The levels of
sT3 and sT4 in groups PTU and PTU+ royal jelly
were determined as <1 pg / mL and <0.40 ng / dL,
respectively. It was also found that TSH levels of
these groups increased about two folds compared to
the control group. Based on these results, it was
assumed that the given dose of PTU was sufficient
for the formation of hypothyroidism. And this was
continued throughout the course of the study. Because, hypothyroidism is diagnosed with low serum
sT4 level and concomitant high TSH level [8] from
the beginning of the fourth week, the group that
was hypothyroidized with PTU was given royal
jelly for 30 days. At the end of the experiment,
there was no significant difference between the
levels of serum sT3, sT4 and TSH of rats in PTU
and PTU + royal jelly group.
In the experimental hypothyroidism induced
by PTU, the live weight, food and water consumption of hypothyroidism groups decreased at the end
of the experiment compared with controls [7].
Chang et al. [9] reported that feed consumption and
live weight decreased in rats with hypothyroidism
undergoing surgical intervention (thyroidectomy).
These animals had the highest food consumption
group when they were treated with T4. Because
thyroid hormones not only increase metabolic rate,
but also appetite. Ishii et al. [10] reported that
phosphorylation of hypothalamic AMPK (AMPactivated kinase) stimulated hyperphagia when
injecting 4.5 nM / kg (s.c.) T3 to male rats. In the
presented study, it was found that a mean body
weight decreased in PTU group 51.27 g and 42.47 g
in PTU+royal jelly group (p <0.05). The average
food consumption of PTU group decreased by 24.9
% (p <0.01) and water consumption decreased by
7.3 % (p>0.05). The rats in the PTU + royal jelly
group were found to decrease food consumption by
33 % (p <0.01) and water consumption by 10.9 %
(p>0.05). Although the average food consumption
of rats in the PTU + royal jelly group is less than
PTU group, the decrease in mean body weight is
less than in the PTU group. This may be due to the
fact that the royal jelly is an important nutrient and
contain proteins, sugars, lipids, free amino acids,
vitamins, minerals and fatty acids.
In hypothyroidism lipoprotein lipase activity
in adipose tissue is normal or low. Decreased hepatic lipase activity also causes normal or elevated
triglyceride levels [11]. There is a high level of
cholesterol in hypothyroidism. There may be an
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the atherosclerosis risk by lowering small VLDL
levels [3]. For this reason, the significant decrease
in the level of triglyceride in the group of hypothyroidism in which royal jelly is given is very remarkable because it reduces the risk of arteriosclerosis. Since there are no studies showing the effect
of royal jelly on hypothyroidism, comparison was
not possible. Due to the positive effects of royal
jelly on lipid metabolism in healthy individuals [3,
19], it has been concluded that royal jelly administration in hypothyroidism after the administration
of hormone replacement or with thyroid hormones
can be more beneficial.
Thyroid hormones, which also increase the
amount of erythrocyte 2,3-diphosphoglycerate,
cause the oxygen saturation curve to shift in favor
of tissue. It is thought that thyroid hormones also
directly stimulate erythropoiesis other than, erythropoiesis mechanisms and basal metabolism. Other
effects of thyroid hormones on erythrocytes are
increase in glucose-6 phosphate dehydrogenase
activity and hemoglobin A2 level and decrease in
osmotic fragility [20]. The effect of thyroid hormones on white blood cells is even more light [21].
Şimşek et al. [22] found that when rats were given
royal jelly at a dose of 300 mg / kg / day for 15
days, at the end of the study, especially in royal
jelly group, their RBC, HGB, HCT levels were
found to be significantly higher than controls (p
<0.05) and thus expressed that the royal jelly could
be used as a supporting antioxidant substance in
anemic patients.
It has been reported that thyroid hormones
regulate hematopoiesis in the bone marrow and that
hematologic parameters change in thyroid disorders
[23]. Anemia, leukopenia, and thrombocytopenia
are frequently seen during the progress of hypothyroidism. Several investigators have reported mildmoderate, normocytic, macrocytic, or microcytic
anemia in hypothyroid patients and experimental
animals [24, 25], also have report that, a decrease in
leukopenia and immune response following thyroidectomy [26]. In this study, although the number
of WBC in the hypothyroid group with PTU decreased rather compared to the controls, the significance was not determined statistically. Also, the
low number of red blood cells, hemoglobin level,
hematocrit value, and MCV value in the PTU group
are indicative of the presence of mild micrositer
anemia and the presence of thrombocytopenia also
supports the literature. The mild anemia found in
the PTU group may be caused by a decrease in
erythropoietin level due to reduced tissue oxygen
requirement due to hypothyroidism and a decrease
in basal metabolism. Christ-Crain et al. [26] report
that plasma erythropoietin levels decrease in hypothyroidism. It was observed that RBC (p <0.05),
HCT (p <0.01) and HGB (p <0.01) levels in the
PTU + royal jelly group were significantly higher
than the PTU group and close to the level of control

group. The PLT and WBC values, which are significantly reduced in the PTU group compared to the
control group. Although there was a rise in the PTU
+ royal jelly group, it was not a statistically significant difference between the PTU group and the
PTU + royal jelly. Findings obtained from this
study are consistent with the findings of Şimşek et
al. [22]. It seems that even a small dose of 100 mg /
kg / day royal jelly given compared to other studies
raises RBC, HCT, HGB levels and reduces the
severity of anemia. Especially for the treatment of
anemia in hypothyroidism royal jelly may be recommended.
TNF-α is a proinflammatory cytokine that
stimulates the acute phase reaction. It induces apoptotic cell death and inflammation, inhibits tumor
growth and viral replication [27]. TNF-α is a multifunctional cytokine, which is regulated by bioactivity TNF-α binding receptors. It is produced
mainly from activated macrophages, T lymphocytes
and natural killer cells. Receptors of TNF-α have
been shown in thyroid follicle cells and it has been
emphasized that TNF-α and its receptors are involved in the cytotoxic mechanism by the destruction of thyroid in autoimmune thyroid diseases [28].
When the mean TNF-α levels were compared in
this study; there was no significant difference between the groups (p> 0.05). Hazzaa et al. [29]
found high levels of TNF-α in hypothyroid rats
compared to euthyroid rats but it was not detected
in this study.
Thyroid hormones regulate oxidative metabolism and in this way play an important role in the
production of free radicals [1]. They also regulate
the synthesis and destruction of enzymatic and nonenzymatic antioxidants. Changes of their levels
affect the redox balance in the body. One of the
main effects of thyroid hormones is increased mitochondrial respiration. This results in up-regulation
of ROS production that leading to oxidative damage in membrane lipids [9]. It has been shown that
royal jelly has 29 antioxidative peptides and antioxidant activity against lipid peroxidation in vitro
[30]. These antioxidant proteins in royal jelly are
effective for reducing oxidative stress caused by
reactive oxygen species in disease states such as
cancer, hypertension, diabetes, asthma and depression [31].
In many studies it is reported that hypothyroidism is associated with oxidative stress and increases lipid peroxidation [7, 8, 18, 32], there are
studies that show hypothyroidism does not cause
oxidative stress [33, 34]. MDA level was assessed
as an oxidative stress marker in this study. When
the mean MDA levels between the groups were
compared, there was no significant change in MDA
levels and the difference between the groups was
not statistically significant (p> 0.05). Also, levels of
GSH and GSH-Px, SOD, and CAT activities, which
are antioxidant enzymes, were not significantly
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different between the groups (p> 0.05). According
to these findings, no increase in oxidative stress
was observed in experimental hypothyroidism induced by PTU. Therefore, significant change was
not observed in antioxidant defense systems.
As a result, oxidative stress increase could not
be detected in rats with hypothyroid induced by
PTU. Therefore we could not observe the effect of
royal jelly on oxidative stress. In hypothyroidism,
royal jelly was found to have positive effects on
triglyceride from biochemical parameters, RBC,
HCT and HGB, from hematological parameters.
Especially for the treatment of anemia in hypothyroidism royal jelly may be recommended. There is
a need for further study on this subject, since this is
a preliminary study of the effect of royal jelly on
hypothyroidism.
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living systems. Consequently, people are unavoidably exposed via inhalation, skin permeation or ingestion of contaminated food [2, 3]. These chemicals
cause adverse effects by affecting the physiological
and behavioral systems in non-targeted organisms
throughout the World [4-6]. Therefore, the presence
of these chemicals in the environment is a global issue which may pose a threat to living systems.Intensive use of pesticides causes also pollution of food
and groundwater. Dispersions of pesticides in air,
water, soil and organisms cause various physical,
chemical and biological changes. At the same time,
pesticides can be easily dispersed into the tissues in
the body by being easily absorbed by oral, dermal
and respiratory means [7].
There are some studies related to the effect of
pesticides taken in different ways into human body
to antioxidant and other enzyme systems. For example, Diken et al. (2017) investigated   the effects of some pesticides on glutathione-S transferase
activity [8]; Karadağ and Kaplan (2016) the effect of
deltamethrin and alpha cypermethrin pesticides on
bovine liver catalase activity [9]; Gencer et al.
(2012)    the effects of some herbicides and
fungicides on human erythrocyte carbonic anhydrase
activity [10]; Hopa et al. (2011) the inhibitory effects
of some pesticides on human erythrocyte glucose-6phosphate dehydrogenase activity [11]; Arslan et al.
(2011)   the effects of some antibiotics on enzyme activity of carbonic anhydrase from bovine
erythrocytes [12]; Nadaroğlu and Demir (2009) 
  the effects of chlorpyrifos and parathion-methyl
on some oxidative enzyme activities in chickpea,
bean, wheat, nettle and parsley leaves [13]; Doğan et
al. (2014) the effect of sodium tetraborate on antioxidant enzymes under   conditions [14]; Doğan
(2006)   the effects of some pesticides on carbonic anhydrase activity of Oncorhynchus mykiss
and Cyprinus carpio carpio fish [15].
AChE plays an important role in the cholinergic system including nerve impulse transmission in
synapses, and it hydrolyses acetylcholine (ACh) into
choline and acetic acid [16]. ACh is an important
neurotransmitter at post synaptic membranes and
neuromuscular junctions. AChE is typically synthesized in nerve, muscle and some blood related cells.
The enzyme has been localized outside the cell of

Acetylcholinesterase (AChE) inhibitors are
widely used for a variety of medical, agricultural and
public health purposes. Consequently, exposure is
highly possible during lifetime. Therefore, the aim
of this study was to investigate   the effects of
pesticides such as cypermethrin, fenpropathrin, 1,1D-methylpiperidinium chloride, N-(phosphonomethyl)gylcine, β-naphthoxyacetic acid, lambdacyhalothrin, deltamethrin, and 2,4-dichoroplenoxy
acetic acid on AChE activity obtained from bovine
braine. Pesticides showed different effects on AChE
activity. The AChE enzyme was inhibited by cypermethrin, fenpropathrin, 1,1-D-methylpiperidinium
chloride, N-(phosphonomethyl)gylcine, and β-naphthoxyacetic acid pesticides and activated by lambdacyhalothrin and deltamethrin pesticides. 2,4-dichoroplenoxy acetic acid pesticide did not alter the activity of AChE enzyme. AChE activity was inhibited in
a concentration-dependent manner, and calculated
IC50 values for cypermethrin (IC50=24.45 mM),
fenpropathrin (IC50=16.95 mM), 1,1-D-methylpiperidinium chloride (IC50=69.09 mM), N-(phosphonomethyl)gylcine (IC50=585 mM), and β-naphthoxyacetic acid (IC50=16.34 mM).
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Pesticides commonly used throughout the
world are chemicals used as agriculture, industry,
domestic and war materials. They are highly toxic
compounds. The broad use of the pesticides in agriculture leads to a serious public health issue with
about 3,000,000 acute intoxications and over
200,000 fatalities annually worldwide, mostly in developing World [1].Due to the increase in agricultural and industrial use, pesticides are among the
most important environmental pollutants. Small
amounts remaining in the environment after agricultural use have been detected in ground, foodstuffs,
drinking water and sea life, posing a potential risk to
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homogenized in tris buffer (50 mM, pH = 7.4, 300
mM sucrose) 10 times its weight. The homogenate
was centrifuged at 1000 g for 10 minutes and the resulting supernatant was used for experimental purposes.

.;.9526*;276 7/ 1 ,;2=2;? AChE activity was assayed according to the method described
by Ellman et al. (1961). The rate of hydrolysis of
acetylthiocholine at pH 8.0 was measured at 412 nm
with a Perkin Elmer Lambda-35 UV-Visible Spektrofotometre. For AChE activity, the reaction was
started by adding of 100 µL of 0.01 M dithiobisnitrobenzoic acid (DTNB), 20 µL of 0.075 M acetylcholine substrate and 50 µL of supernatant into 2.83
mL of 0.1 M phosphate buffer (pH = 8.0). The total
volume was 3 mL. The same assay for kinetic analysis was repeated with the addition of different
amounts of supernatant [24].

612+2;276 7/ 1 ,;2=2;? Inhibition of
AChE activity was measured according to the spectrophotometric method developed by Ellman et al.
(1961). Briefly, in this method, 140 µL of 0.1 mM
sodium phosphate buffer (pH 8.0), 20 µL of DTNB,
20 µL of test solution and 20 µL of AChE solution
were added by multichannel automatic pipette in a
96-well microplate and incubated for 15 min at 25
0
C. The reaction was then initiated with the addition
of 10 µL of acetylthiocholine iodide. The hydrolysis
of acetylthiocholine iodide was monitored by the
formation of the yellow 5-thio-2-nitrobenzoate anion
as a result of the reaction of DTNB with thiocholines, catalysed by enzymes at a wavelength of 412
nm utilising a 96-well microplate reader. The experiments were carried out in triplicate. The results were
interpreted by calculating IC50 values [25].


!"$#""$""

both nerve and muscles in inducible tissues [7]. The
AChE in the brain can be a target for toxic chemicals
[17], and these chemicals cause disruption of nerve
function and excessive ACh accumulation by inhibiting the AChE enzyme [18]. Therefore, AChE can
be a biomarker in the evaluation of neurotoxic
changes [19].
A variety of usages of AChE inhibitors
(AChEIs) are common in medicine and agriculture
[2]. AChE inhibitors are used in the treatment of various disorders such Alzheimer's disease, glaucoma,
smooth muscle weakness and autonomic nervous
system functions. AChE's catalytic activity is very
high, it converts 25,000 ACh per second into choline
and acetic acid. The choline formed is transferred
back to the nerve centers to form new ACh molecules [7]. AChEIs are also used as pesticides for the
elimination of insects that pose a threat to public
health, agriculture and gardening [2]. To our
knowledge, there are few studies that show the effect
of some pesticides used in agriculture on AChE activity. AChEIs inhibit cholinesterase, increasing the
level and length of ACh action. For example, Goncalves et al. (2010) studied    acute effects of
several pharmaceutical drugs (diazepam, clofibrate,
clofibric acid) and detergents (sodium dodecyl-sulphate and benzalkonium chloride) on cholinesterases
from gambusia holbrooki [20]; Matozzo et al. (2006)
the effects of 4-nonylphenol (xenoestrogen) and
chlorpyrifos (organophosphorus pesticide) on AChE
activity in the clam Tapes philippinarum [21]; Gyori
et al. (2017) the inhibitory effects of four neonicotinoid active ingredients on AChE activity [22]; Lee
et al. (2015) inhibitory effects of biocides on transcription and protein activity of AChE in the intertidal copepod Tigriopus japonicas [23]. Therefore,
the aims of this study were to investiage the inhibition and/or activator effects of pesticides such as cypermethrin, fenpropathrin, 1,1-D-methylpiperidinium chloride, N-(phosphonomethyl)gylcine, βnaphthoxyacetic acid, lambda-cyhalothrin, deltamethrin, and 2,4-dichoroplenoxy acetic acid used in agriculture on AChE activity obtained from bovine
brain, to calculate IC50 values of pesticides showing
inhibitory effect, and to compare the inhibitory powers of pesticides with that of AChE enzymes in the
literature.

The kinetic constants of the AChE enzyme
were calculated from Lineweaver-Burk equation using the acetylcholine substrate and given in Table 1.
Figure 2 shows a linear relationship between points.
The Km and Vmax values for the acetylcholine substrate were calculated as 0.33 mM and 3333 EU /
mL.min, respectively.

#!"#"

*;.92*4All reagents used in this study were
of analytical grade and obtained from Sigma-Aldrich. The structures of the pesticides used in the
study have been given in Figure 1.

.;17-: >;9*,;276 7/ 1 The bovine
brain used in the study was supplied fresh from the
slaughterhouse, immediately brought to the laboratory and stored at -20 ° C until use. The brain was

# 
26.;2,,76:;*6;:/791
5 (mM)
0.33
%5*> (EU/mL.min)
3333
In this study, inhibition effects of pesticides
used for different purposes in agriculture were investigated on AChE enzyme. AChE plays a significant
role in the outgrowth of axons, synapto genesis, migration of neurons, hemopoietin stress responses and
cell apoptosis. Major effects of AChEIs are due to
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Lambda-cyhalothrin

Fenpropathrin

Cypermethrin

β-naphthoxyacetic acid

N-(phosphonomethyl)glycine

Deltamethrin

1,1-dimethylpiperidinium chloride
$! 
#1.:;9<,;<9.7/8.:;2,2-.:


$! 
#1.,<9=.7/ %*0*26:; (")/791.6@?5.
carboxyl group and organophosphate group. The effects of these functional groups on AChE were different from each other. Pesticides such as cypermethrin, fenpropathrin, 1,1-D-methylpiperidinium
chloride, N-(phosphonomethyl)gylcine, and β-naphthoxyacetic acid inhibited AChE activity while
lambda-cyhalothrin and deltamethrin increased

their action on the parasympathetic nervous system,
causing slow heart rate, low blood pressure, bronchial hypersecretion/constriction, gastrointestinal
hypermobility, and decreased intraocular pressure
[2]. The pesticides used have different functional
groups such as cyanide, quaternary ammonium salt,
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AChE activity. 2,4-dichoroplenoxy acetic acid pesticide did not alter the AChE activity. When the results are examined, it is seen that the molecular structure is more effective in inhibition than functional
group. For example, cypermethrin and fenpropathrin
having a cyanide functional group inhibited the
AChE activity, while lambda-cyhalothrin and deltamethrin activated the AChE activity. Also, β-naphthoxyacetic acid with carboxyl functional group inhibited AChE activity, while 2,4-dichoroplenoxy
acetic acid did not alter AChE activity.

Figures 3 and 4 show the effects of concentrations of different pesticides used in the study on
AChE activity. The effects of pesticides showing inhibition effect (Figure 3) on AChE activity are in a
concentration dependent manner. The calculated
IC50 values from % activity-inhibitory concentration
graphs have been given in Table 2. When the values
in Table 2 are examined, it can be seen that the IC50
values of the pesticides showing the inhibitory effect
were different from each other. The fact that these
values is different may be the result of the interaction
between the enzyme and the inhibitor.
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 (mM)
Cypermethrin
inhibitor
24.45
Fenpropathrin
inhibitor
16.95
Lambda-cyhalothrin
activator
--1,1-D-methylpiperidinium chloride
inhibitor
69.09
2,4-dichoroplenoxy acetic acid
inactive
--N-(phosphonomethyl)gylcine
inhibitor
585
β-naphthoxyacetic acid
inhibitor
16.34
Deltamethrin
activator
--disturbance, chest pain, and cyanosis that may reverse within a few weeks. However, at a 90%–100%
inhibition level, respiratory or cardiac failure occurs
resulting to death [2,3]. When a decrease in AChE
activity occurs, acetylcholine accumulates in synapses and this event causes physiological impairment
in many functions including feeding, swimming and
behavior [26]. The occurrence of AChE inhibition
may be related to lower AChE expression [27, 28]
and causes neurotoxic alterations in the nervous system [29]. Previous studies indicated that pesticides
may cause AChE inhibition in fish tissues [27,
28, 30].
When the results in Figure 3 are examined, it
can be said that the lambda-cyhalothrin and deltamethrin pesticides increase AChE activity and exhibit
activator behavior. In this case, these pesticides increase the AChE activity, accelerating the conversion of acetylcholine into choline and acetate and
preventing the increase of acetylcholine in the brain.
The results in Table 2 have shown that the 2,4dichoroplenoxy acetic acid having carboxylic acid
functional group does not alter the AChE activity.
This may be due to the absence of an interaction between the active site of the enzyme and the functional group of 2,4-dichoroplenoxy acetic acid. Similar results were found for BDCEE pesticide by Bukowska et al. (2018) [31].

IC50 values for cypermethrin, fenpropathrin,
1,1-D-methylpiperidinium chloride, N-(phosphonomethyl)glycine, and β-naphthoxyacetic acid pesticides showing inhibitory activity were calculated as
24.45, 16.95, 69.09, 585 and 16.34 mM, respectively. When these values are examined, it can be
said that the pesticide that inhibits the most AChE
activity is β-naphthoxyacetic acid, followed by
fenpropathrin, cypermethrin, 1,1-D-methylpiperidinium chloride, and N-(phosphonomethyl)gylcine
pesticides. Again, it can also be said that the inhibition power of β-naphthoxyacetic acid and
fenpropathrin pesticides are approximately equal to
each other. These results indicate that the amount of
acetylcholine will increase by inhibiting AChE activity in the bovine brain. Except for N-(phosphonomethyl)gylcine, the IC50 values of the other inhibitors used in this study were higher than the IC50 of
ACT (IC50=75.2 mM and 85.4 mM) [22]. Comparing these data it can be concluded, that pesticides
used in this study can represent a substantial environmental risk primary to pollinator organisms. It
has been postulated that inhibiting AChE activity by
50%–60% may result to weakness, headache, dizziness, nausea and salivation that commonly resolve
within 1–3 days. At a 60%-90% inhibition level,
moderate-intensity symptoms are seen including diaphoresis, vomiting, diarrhea, tremors, ambulatory
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From the above results it was determined that i.
pesticides having the same functional group showed
different effects on AChE enzyme, ii. pesticides such
as cypermethrin, fenpropathrin, 1,1-D-methylpiperidinium chloride, N-(phosphonomethyl)gylcine, and
β-naphthoxyacetic acid, inhibited AChE activity, iii.
lambda-cyhalothrin and deltamethrin pesticides increased AChE activity, iv. 2,4-dichoroplenoxy acetic acid did not have an effect on the AChE activity
as an inhibitor and/or activator, v. the most effective
inhibitors were β-naphthoxyacetic acid and
fenpropathrin pesticides, and vi. the amount of acetylcholine in the brain would increased in the inhibition case and the amount of acetylcholine would decrease in the activator case. In conclusion, the obtained results indicated that pesticedes such as cypermethrin, fenpropathrin, 1,1-D-methylpiperidinium
chloride, N-(phosphonomethyl)glycine, and β-naphthoxyacetic acid could cause neurotoxic changes by
affecting physiological and biochemical functions in
the bovine brain.
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maximum crop productivity. After the green revolution, chemical nitrogen fertilizers were utilized as
an unconsciously for high crop yield in the agricultural applications. However, these practices were
negatively affected not only soil fertility, but also
human and environmental hazards over the last
decades [5, 6, 7].
Microorganisms have many different key roles
in biomass production, tolerance to heavy metals
and salinity, antibiotic production ability, soil fertility and nutrient uptake in plants [8]. Plant Promoting Growth Rhizobacteria (PGPR) is well known
microorganism groups which have colonized on
rhizosphere, plant roots and surface for beneficial
effects to plant growth and enhance the uptake of
nutrients by plant. PGPR mechanisms are grouped
in two groups as direct and indirect. The direct
growth promoting mechanisms are as follows;
nitrogen fixation; phosphate solubilization; phytohormones production, etc. [8-13]. The nitrogen
fixation is one of the most promising mechanisms
nowadays for agricultural approaches all over the
world. The conversion of atmospheric dinitrogen to
ammonia plays a pivotal role in plant growth and
development [14]. But, there are no plant species to
assume this important role. Biological nitrogen
fixation is a unique and specific ability of prokaryotes and realized highly diverse group bacteria and
archea which are called as diazotrophs [1].
According to the literature many different bacteria species are described. "(,$2-! "2$0 8-2-
! "2$0, 8-1.(0(**3+,
"(**31, *-120(#(3+, ,2$0
-! "2$0, '(8-!(3+ and 1$3#-+-, 1, are well
known genera which have a critical role in Biological Nitrogen Fixation (BNF) [15-19]. BNF is realized by some of the prokaryotic organisms with
nitrogenase enzyme. This enzyme is involved in
nitrogen fixation, a vital step in the global nitrogen
cycle and also, it has been reported that nitrogenase
enzyme play important roles in the biological nitrogen fixation process for the biological activities of
soil [2, 8, 20, 21].
The bacterial and archea nitrogenase enzyme
complex were known as natural system and highly
important role for the reduction of N2 to NH3 which
is encoded by a ,(% gene family. During the last
decades, the ,(% genes have been reported from
variety soil bacteria such as *$!1($** -672-" and

Plant Growth Promoting Rhizospheric Bacteria (PGPR) are one of the most potential biofertilizer agents in agricultural applications. Biofertilizers
have been used instead of chemical fertilizers last a
few decades in the all over world because of their
beneficial effects and crucial role in plant growth
and health. There are many well know mechanisms
are used for identification of active PGPR strains.
Nitrogen-fixation is one of the most important
mechanism between them. To date, the detection of
nitrogen-fixing bacteria has been performed by the
many various conventional methods. Recently,
from a molecular perspective, 2'$ ,(% gene has
been widely used as a marker gene for microbial N2
fixation. In this context, the aim of the present
study was to evaluate the usability of the ,(% gene
specific primer sets for the selection of local nitrogen-fixing PGPR strains from agricultural areas in
Erzurum. In this regard, our present study was
conducted to test the presence ,(% gene specific
primer sets for determination of nitrogen-fixing
capabilities of bacterial isolates from the agricultural regions of Erzurum. Consequently, the designed
primer sets in the literature (nifH1/nifH2, Kadino/Emino and F2/R6) were used for detection of
,(% gene. According to the PCR results, 5 bacteria
with nifH1/nifH2 primer set, 2 bacteria with F2/R6
primer set, 1 bacteria with Kadino/Emino primer set
were successfully amplificated.
$"
PGPR, nitrogen-fixation, ,(% gene, 16S rRNA

 ! 

Nitrogen (N2) is a fundamental element for all
living organisms on the earth and deficient element
for enzymes, proteins, nucleic acids and chlorophyll
there for it has key role in plant growth [1, 2]. 78%
of the atmospheric air is nitrogen, but this atmospheric nitrogen in the gaseous state can not be used
directly by the plants [3, 4]. Most of the soil around
of the world are limited in nitrogen and usability of
nitrogenous chemical fertilizers are required for
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8-2-! "2$0 4(,$* ,#(( 8-1.(0(**3+ + 8-,$,1$
and "$2-! "2$0 #( 8-20-.'("3. It is known that
approximately 20 genes in bacteria are responsible
for the nitrogen fixation mechanism (,(% , ,(% 
,(% ,(% ,(%, ,(%, ,(%, ,(%, ,(%, ,(%, ,(%
,(% $2"). Of those genes, the ,(%gene is responsible for encoding the dinitrogenase reductase, which
is the most conserved gene in the operon. However;
the ,(% gene region is the most extensive sequenced marker gene to identify bacterial N2 fixation mechanisms [21-27].
With the development of bioinformatic studies, gene specific approaches for the detection of
PGPR strains can give results shorter and would be
low cost. The aim of this study was to evaluate the
detection of nitrogen fixing bacteria with conventional and molecular methods. In terms of molecular perspective, ,(%gene region, closely related to
bacterial nitrogen fixation was monitored by using
PCR with the primers available in the literature.


  

300*(7.32&2).630&7.323+5-.=364-*5.(63.0
6&140*6Soil samples were collected from agricultural areas in Erzurum-Turkey. The samples were
brought to the laboratory (Molecular Biology and
Bacteriology Research Laboratory of Biology Department, Atatürk University) aseptically. Then
serially diluted soil samples (10-1-10-7) were spread
onto Lauria Bertani (LB) agar to scrutinize isolation
of bacterial strains.

this method, bacterial cultures were grown in LB
agar. 2-3 loop of bacterial cultures were transferred
to the sterile 1.5 ml eppendorf tubes. 1000 µl of
STE buffer was added for cell lysis. The tubes were
homogenized by vortexing at 2500 rpm then centrifuged 10000 rpm for 10 minutes at +4 °C. The
supernatant was removed and this process was
repeated until the supernatant clear. Then, 500 µl of
STE buffer was added onto the pellet after that the
buffer was thoroughly mixed with pellet by pipetting with a micropipette. The tubes were incubated
for 30 minutes in a water bath at 75 ° C. Then, they
were removed from the water bath. 50 μl of 10%
SDS and 7 μl of proteinase K was added. The tubes
were incubated for 60 minutes in water bath for
protein lysis. After incubation, 5 M NaCI and 0.1
volume of % 10 CTAB / 0.7 M NaCl were added
and the tubes were incubated for 15 minutes in
water bath. After the incubation in a water bath,
200 µl of phenol-chloroform-isoamylalcohol
(25:24:1) was added and centrifuged 10.000 rpm
for 10 minutes at +4 °C. The supernatants were
transferred to new sterile eppendorf tubes. 0.1 volume %10 CTAB/0.7 M NaCl were added to tubes
and incubated in a water bath for 15 minutes. After
the final incubation in a water bath, chloroformisoamylalcohol (24:1) was added to the tubes. The
tubes were overturned in a stirrer for 15 minutes at
the room temperature and centrifuged 16.000 rpm
for 10 minutes. Supernatants were transferred to
new sterile tubes again 0.6 volume isopropanal was
added to tubes and store at
-20 °C for overnight. After the storage process, the tubes were centrifuged 16.000 rpm for 15
minutes and supernatants were discarded in this
step. 500 µl of % 70 ethanol (-20 °C) was added
and centrifuged at 16.000 rpm for 15 minutes at 4
°C. After centrifugation, the samples were kept at
room temperature to evaporate the ethanolic residue
for 2-3 hours. After the evaporation, 50-70 µl of TE
added and waited for 30 minutes at room temperature.
Finally, 2-3 μl of RNase was added to the purified DNA samples and stored at 4 °C for further
studies [29, 30].

140.+.(&7.32 3+   5 5*,.32 +531
5-.=364-*5.( '&(7*5.&0 6&140*6 The 16S rRNA
gene regions were amplified with polymerase chain
reaction for molecular identification of the bacterial
isolates.
In
this
reaction,
27F
(5’AGAGTTTGATCMTGGCTCAG-3’) and 1492R
(5’-CGGTTACCTTGTTACGACTT-3’) were used
as forward and reverse primers, respectively. The
reaction was carried out in a 30 µl reaction mixture
containing; 1.2 µl of dimethyl sulfoxide (DMSO),
0.6 µl MgCl2, 0.6 µl of dNTP, 3 µl of forward primer and 3µl of reverse primer, 0.3 µl of Taq DNA,
3 µl of 10XPCR buffer, 15.3 µl of distilled water, 3
µl of DNA template. The reaction was performed

*7*51.2&7.32 3+ 2.753,*2 +.;.2, (&4&'.0.
7.*6 :.7- (329*27.32&0 1*7-3) Nitrogen fixing
potentials of the strains were determined by using
Nitrogen Free Medium (NFM). The NFM medium
contained the following ingredients per liter (g/L):
20 g sucrose, 0.01 g FeSO4·7H2O; 0.5 g
MgSO4·7H2O, 0.1 g CaCl2, 0.2 g NaCl, 0.005 g
Na2MoO4, 0.5 g KH2PO4, 18 g agar and 1000 ml
distilled water.
The medium was autoclaved at 121 ◦C for 15
minutes and then the medium was mixed well and
poured to petri dishes (Alaylar 2017). Nitrogen
fixing bacteria were analyzed according to the their
shape on the NFM after 2 days incubation at 28 ◦C.
)*27.+.(&7.323+&(7*5.&0630&7*6329*2
7.32&0)*27.+.(&7.32Morphological, physiological
and biochemical characterization studies of bacterial isolates covered observation of cell morphologies, size, motility, gram property, endospore formation, NaCl and pH tolerance, gelatin hydrolysis,
oxidase and amylase activities [28].

30*(80&5 )*27.+.(&7.32  630&7.32
Genomic DNA isolation of bacterial isolates were
performed according to the a modified method. In
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nitrogen fixing bacteria were chosen with conventional method. After the this step, 16S rDNA gene
sequencing analyses were successfully done. The
detailed data were given in Table 1. According to
the results; nitrogen fixing bacteria were assigned
to NCBI database such as; 1 1$3#-+-, 1 sp., 1
"(**31 +$& 2$0(3+ 1
"(**31 2-7-,$,1(1, 1
1$3#-+-, 1 sp., 1 "(,$2-! "2$0 sp., 2
"(**31
"$0$31, 1 ,2$0-! "2$0"*- " $, 1 6(&3-! "2$0(3+
and 1
"(**31 sp. and also non-nitrogen fixing
bacteria were assigned to the NCBI database. The
detailed data were shown in Table 2.
From molecular perspective, the ,(% gene region was detected with nifH1/nifH2, Kadino/Emino
and F2/R6 specific primer sets for soil microorganisms in the literature, respectively. The detailed
primer sets information was given in Table 3. According to the conventional method; nitrogen fixing
(+) and nitrogen fixing (-) bacteria were divided
into two groups and for each group of bacteria was
prepared for PCR conditions. The effectiveness of
specific primer sets for detection of ,(%was tested
on 10 nitrogen fixing (+) and 10 nitrogen fixing (-)
bacteria. Optimum PCR conditions were prepared
according to the primer annealing and melting temperature. After the PCR optimal conditions, 5 of 10
nitrogen fixing (+) with nifH1/nifH2 primer set, 2
of 5 nitrogen fixing bacteria with F2/R6 primer set
1 of 10 nitrogen fixing bacteria with Kadino/Emino
bacteria were shown amplification in the PCR reaction. However, none of the 10 nitrogen fixing (-)
bacteria were amplificated with nifH1/nifH2, F2/R6
and Kadino/Emino primer sets.

with an initial step at 95 ºC for 2 min, and 36 cycles
of 1 min at 94 ºC, 1 min at 54 ºC, 2 min at 72 ºC,
followed by a final 5 min extension step at 72 ºC,
then brought down to 4 ºC.
2&0<6.6 3+  453)8(76 Amplified PCR
products were detected by QIAxcel® advanced
analysis system and sequenced by Macrogen Inc.
BLAST Netherlands). The nucleotide BLAST
(Basic Local Alignment Search Tool) search program of NCBI was used to determine the nucleotide
sequence homology and compared to other bacterial
sequences
available
in
the
GenBank®
(http://blast.ncbi.nlm.nih.gov./blast.cgi).
! 
Soil samples were collected from agricultural
areas in Erzurum and prepared for isolation steps.
Following the isolation steps, 120 different bacterial strains were isolated from soil samples according
to the information obtained from not only colony
morphologies but also morphological, physiological
and biochemical properties. Then, the nitrogen
fixing capabilities of strains were determined by
using Nitrogen Free Medium (NFM).
70 of the 120 bacteria have been realized biological nitrogen fixation on NFM with conventional
method. Experiments were divided into two groups
such as nitrogen fixing bacteria and non-nitrogen
fixing bacteria. 10 of the 70 reference nitrogen
fixing bacteria and 10 of the 50 reference non-




-*.)*27.+.(&7.323+2.753,*2+.;&7.325*+*5*2(*.630&7*6

3)*681'*563+
*67.(5335,&2.616
TAGEM15-70-B1
TAGEM15-70-B2
TAGEM15-70-B3
TAGEM15-70-B11
TAGEM15-70-B15
TAGEM15-70-B23
TAGEM15-70-B24
TAGEM15-70-B32
TAGEM15-70-B33
TAGEM15-70-B35

*2&2/
((*66.32281'*5
MG584444
MG584445
MG584446
MG685679
MG685683
MG685816
MG685817
MG685825
MG685826
MG685828

*5(*27
.)*27.+<
99
100
100
100
99
100
100
100
100
100

036*674-<03,*2*7.(
5*0&7.9*
1$3#-+-, 1sp.
"(**31+$& 2$0(3+
"(**312-7-,$,1(1
1$3#-+-, 1sp.
"(,$2-! "2$0sp.
"(**31"$0$31
"(**31"$0$31
,2$0-! "2$0"*- " $
6(&3-! "2$0(3+
"(**31sp.



-*.)*27.+.(&7.323+2322.753,*2+.;&7.325*+*5*2(*.630&7*6

3)*681'*563+
*67.(5335,&2.616
TAGEM15-70-B4
TAGEM15-70-B9
TAGEM15-70-B10
TAGEM15-70-B12
TAGEM15-70-B17
TAGEM15-70-B18
  
TAGEM15-70-B20
TAGEM15-70-B21
TAGEM15-70-B22

*2&2/
((*66.32281'*5
MG584447
MG584452
MG584453
MG685680
MG685685
MG685686
MG685687
MG685688
MG685814
MG685815
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*5(*27
.)*27.+<
100
100
100
99
100
99
100
100
99
100

036*674-<03,*2*7.(
5*0&7.9*
"(,$2-! "2$0!-34$2((
6(&3-! "2$0(3+sp.
"(**31sp.
"(**31"$0$31
"(,$2-! "2$0*5-%%((
,2$0-! "2$0sp.
"(,$2-! "2$0*5-%%((
"(,$2-! "2$0)-',1-,((
"(,$2-! "2$0 sp.
,2$0-"-""31sp.
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5.1*5&1*
nifH2/nifH1
Kadino/Emino
F2/R6

35:&5) > >
TGYGAYCCNAARGCNGA
TGYGAYCCIAARGCIGA
TGYGAYCCIAAIGCIGA

 
5.1*56*7686*).27-.6678)<
*9*56* > >
ADNGCCATCATYTCNCC
GCRTAIAIIGCCATCATYTC
TCIGGIGARATGATGGC


!

&5,*7*2*
,(%
,(%
,(%

*+*5*2(*
(Gaby and Buckley 2012).
(Gaby and Buckley 2012).
(Gaby and Buckley 2012).

tive methods for the detection of potential PGPR
strains [39]. Recent studies have been focused on
gene specific studies as newly designed primer sets
for rapid detection of related genes which are associated with PGPR mechanisms. For instance;
Sugitha and Kumar (2009) have identified ,(% genes
of heterotrophic and endophytic diazotrophs. Bruto
et al. (2014) have reported PGPR genes on a broad
scale and evaluated many genes for nitrogen fixation (,(%, ,(%, ,(% ), phosphate solubilization
(.// , .// , .// , .//, .//, .//), ACC
deamination ( "#) and auxin synthesis ((.# and
..# ). Alaylar et al. (2018) have designed a specific primer set for detection .// gene [23, 36, 40].
According to the literature, it was reported that ,(%
gene related specific primer sets nifH1/nifH2, Kadino/Emino and F2/R6 can be amplificated 84%,
86%, 92% respectively, when these primer sets are
applied to soil bacteria [24]. In the current study;
same primer sets (nifH1/nifH2, Kadino/Emino and
F2/R6) were utilized for detection of ,(% gene
from soil samples which were collected from agricultural areas in Erzurum. However, the PCR amplification ratio were not similar as mentioned Gaby and Buckley 2012. According to our results, 5 of
10 bacteria showed amplification in the PCR reaction with nifH1/nifH2 primer set ( "(**31 +$& 
2$0(3+ TAGEM15-70-B2, "(**31 2-7-,$,1(1 TAGEM15-70-B3, 1$3#-+-, 1 sp. TAGEM15-70B11, "(,$2-! "2$0 sp. TAGEM15-70-B15,
"(*
*31 "$0$31 TAGEM15-70-B23). 1 of 10 bacteria
have amplificated with Kadino/Emino primer set
(1$3#-+-, 1 sp. TAGEM15-70-B11) and 2 of 10
bacteria have amplificated with F2/R6 primer set
(,2$0-! "2$0 "*- "  TAGEM15-70-B32,
"(**31
sp. TAGEM15-70-B35). Furthermore, none of the
primers sets (the existing in literature) were not
amplificated with nitrogen fixing (-) bacteria which
were determined by the conventional method as a
non-nitrogen fixing bacteria.


!

The world population has been increasing over
the last decades. According to the recent researches,
this population rate may reach 9.1 billion by 2050.
As a result of this situation, food production needs
to be increased for an additional two billion people
[29-32]. With the discovery of the green revolution,
it aims to use industrialized agricultural products
together with research, development and technology transfer initiatives. Furthermore, it has aimed to
produce a maximum agricultural product for increasing population growth and spread throughout
the world. The use of chemical fertilizers is the
result of this trend. At the beginning, the usage of
chemical fertilizers had a positive effect on crop
productivity in the agricultural areas. However,
excessive usage of chemical fertilizers was caused
to chemical pollutants which have the potential risk
to for human health and environmental hazards,
especially on sustainable soil fertility [6, 9, 33].
Modern agricultural approaches have face to
different type difficulties such as; loss of soil fertility, fluctuation of climate factors, increasing of
pathogens and detrimental chemical products. Scientists have focused on eco-friendly and sustainable
alternative solutions after the understanding of the
overexploitation of chemical fertilizers which have
irreversible damages to the environment. Soil microorganisms (Bacteria, Fungi, Algae, etc.) are
utilized as alternative solutions to overcome the
decreased crop production. Among these potential
soil microorganisms, rhizobacteria are one of the
most promising group which are termed as plant
growth promoting rhizobacteria (PGPR). In this
regard; PGPR can be used to boost crop productivity, soil and plant health and promote plant growth
without environmental contamination [34-36].
Biological nitrogen fixation is one of the most
crucial mechanisms used by PGPR. PGPR acts as
general biofertilizers that enhance the availability
and uptake of nutrients for plants by biological
conversion of microbial processes. Biological nitrogen fixation is occurred solely by prokaryotes [2,
37, 38].
Conventional methods are widely used to investigate PGPR properties of soil bacteria and these
methods were successfully used many PGPR mechanisms such as; nitrogen fixation, phosphate solubilization, indole acetic acid production, ACC deaminase production and siderophore production
[12, 26, 38]. Instead of conventional methods, PCR
based molecular techniques can be used as alterna-

Consequently, ,(% gene is the most significant marker gene used to identify nitrogen fixing
bacteria. Many different primer sets have given in
the literature for the detection of ,(% gene, but the
primer sets can not give same amplification rate
because of genetic variation. It is better to design
newly primer sets according to the bacteria locality.
PCR based techniques can be used as an alternative
method for the detection of potential PGPR strains
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instead of the conventional method as they are fast,
low cost and promising techniques for agricultural
applications.
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Microbial fuel cell-electro-Fenton (MFC-electro-Fenton) technology is an electro-Fenton system
in the cathode of MFC. It generates electricity and is
pollution-free under mild reaction conditions from
organic compounds in wastewater [5]. The added
Fe2+ into MFC along with oxygen acts as an electron
acceptor to produce hydroxyl radicals with a high
oxidation potential (•OH, E=2.80 V) [6], which can
oxidize harmful substances and transform them into
CO2, H2O or mineral salts by chain reactions with
many organic pollutants (Eq.(1), (2), (3)) [7].
O2 + 2H+ + 2e− → H2O2
(1)
(2)
H2O2 + Fe2+ → Fe3+ + OH− + •OH
RCHO + •OH → R• + H2O + CO2
(3)
These reactions do not cause secondary pollution, thus raising worldwide interest. However,
MFCs also have a few constraints, such as low output power, high cost, and relatively large internal resistance [8]. Within MFC, the oxygen solubility in
water is low and limits the availability of electron
acceptors to electrode [9], which leads to the requirement of precious metal catalysts. Moon et al. [10]
and Oh et al. [11] modified graphite cathodes with
platinum to increase the output power of MFC, however, the cost of MFC was also increased.
Nowadays, the exploration of cheap catalysts
has received more and more attention. Laccase is an
oxidoreductase enzyme that contains a copper active
center [12] and is widely used in the degradation of
phenols, aromatic amines and dyes pollutants [7, 13,
15]. Moreover, it is a green and low-cost biocatalyst,
and its catalytic process involves single-electron oxidation of the substrate [14]. That is being said, laccase transfers electrons from substrate reactions to
oxygen molecules from water [15]. Meanwhile, the
enzymatic copper ion is reduced and the substrate is
oxidized. Generally, the redox potential of Cu2+/Cu+
is only 0.15 V in water, but this potential will become greater than 0.68 V after laccase catalyzes ion
oxidation [16]. If the cathode is modified by laccase,
the electrons are targeted to be transferred to oxygen
molecules in the cathode, promoting H2O2 production. And the copper ions of the enzyme center combine H2O2 to generate more •OH that degrades polyether wastewater faster when the substrate is reduced
(Eq.(4), (5)) [17]. It is known that laccase can catalyze a wide range of substrates by complexation and

In this study, a dual-chambered microbial fuel
cell (MFC) was constructed to treat polyether
wastewater for the first time. With laccase-modified
cathode, the degradation rate of chemical oxygen demand (COD) in the wastewater from the cathode
chamber achieves 68.1% at a pH of 4.0 within 24 h,
69.8% higher than that of unmodified carbon felt
cathode (40.1%), indicating a favorable approach to
promoting polyether wastewater treatment. We also
find the proposed MFC-electro-Fenton technology
generates more electricity with the maximum output
voltage of 548 mV and produces the maximum H2O2
concentration of 3.14 mg L-1, 9.6% and 25.6% higher
than those of unmodified carbon felt cathodes, respectively. Modification of the cathode in MFC with
laccase is promising for the degradation of polyether
wastewater.


*)"$%
Microbial fuel cells, Polyether wastewater, Laccase, electro-Fenton

!&$"'&"!

Polyether, also known as polyether polyol, is
formed by compounds containing active hydrogen
groups (glycerol, etc.) and epoxide (e.g. ethylene oxide, propylene oxide, butene oxide) in the presence
of a catalyst by polymerization [1]. The composition
of polyether wastewater is complex with a high
chemical oxygen demand (COD, generally 10~30 g
L-1) and contains toxic ethylene oxide and propylene
oxide [2]. Polyether wastewater is refractory and will
endanger the organism in the river and even the ecological system if it is directly discharged. However,
there is little literature on polyether wastewater treatment. P. Cañizares et al. removed polyether polyols
by means of ultrafiltration, which led to an obvious
increase of Total Organic Carbon rejection [3]. Zhihong Chang et al. degraded polybenzimidazole
membranes using electro-Fenton with an external
power supply, which, however, consumed electric
energy [4].
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immersed in the above-mixed solution and immobilized for 12 h in a 4% CaCl2 solution.

the products are environmentally friendly [18].
However, free laccase has high solubility, poor reusability and variability inactivation in water [19]. To
solve this problem, immobilization of laccase by sodium alginate is an effective way to modify cathode
[19].
(4)
Cu2+ + H2O2 → Cu+ + O2•- + 2H+
Cu+ + H2O2 → Cu2+ + OH− + •OH
(5)
Therefore, in this paper, we focus on the combined process of MFC-electro-Fenton technology
with laccase modified cathode to degrade polyether
wastewater, compare its performance with the unmodified carbon felt cathode cell, and exam its electricity generation performance and the removal of
polyether wastewater. To the best of our knowledge,
this is the first study to report a favorable method for
polyether wastewater degradation by MFC-electroFenton technology. We also study the parameters
that may affect the degradation of polyether
wastewater such as initial pH values and concentration of Fe2+, H2O2, laccase.


&$%! &"%

$/+1/7<;+7.-2/63-+5;Polyether waste-water (COD: 20000±200 mg L-1) was obtained from
Fuling Bawang New Material Development Co. Ltd.
in Chongqing, and stored away from light before the
experiment. Rhodospirillum rubrum remains were
sampled from Wujiang River in Chongqing. Sodium
alginate was purchased from Tianjin Fuchen Chemical Reagent Factory. 

=+5-2+6,/:/.  -87;<:=-<387 The
two chambers of MFC were cube structure (4.5×5×6
cm3, 135 mL) made of organic glass (acrylic plexiglass factory, Shanghai). The volume of solution in
these two chambers was 110 mL. The diluted polyether wastewater solution (COD: 10000±200
mg L-1) was used as the substrate of the microorganism in the anode chamber. The two chambers were
separated by proton exchange membrane (Nafion
117, Dupont USA) with a sectional area of 25 cm2
[6]. Anode and cathode of MFC were carbon felt
(Beijing carbon plant) and laccase (Queer Biological
Engineering Company, Anhui) modified carbon felt,
respectively. The external resistance of the MFC was
1000 Ω, and the cathode chamber was purged with
air(120ml/min). The constructed device scheme is
shown in Figure 1.

2/63-+5+7+5A;3;COD was determined at 1,
2, 4, 8, 12, 24h through COD speed measurement
(Shengaohua, Jiangsu). The sample solution was adjusted to a pH value of 10±0.2 adding 1 M NaOH
solution and was separated by centrifuge (Ankc
TGL-16C). Then the supernatant liquid was determined by COD, where  is the initial COD and 
is the COD at a given reaction time of [20]. The
concentration of H2O2 in the cathode was determined
through an H2O2 colorimeter (LOVIBOND-ET8600,
Germany) at 528 nm. 

5/-<:8-2/63-+56/+;=:/6/7<;Cell voltage
(U) was measured by a voltmeter (UT30) every one
hour after the MFC was started. The Current Density
() is defined as  (mA cm-2)/, where  (mV)
is output voltage,  (cm2) is the surface area of the
electrodes [21], and (Ω) is external resistance.


$%'&%!%'%%"!

00/-< 80 5+--+;/68.303/. -+<28./ 87 <2/
./1:+.+<38780985A/<2/:?+;</?+</:Sodium alginate is a type of hydrophilic natural colloid [22]
and good for laccase immobilization, as it is nontoxic and inexpensive, and has high porosity and fast
mass transfer property [23]. The free laccase in solution can be immobilized on the surface of carbon felt
by sodium alginate and calcium chloride, which is
helpful to maintain the laccase activity and enhance
the degradation of polyether wastewater. Fig.2
shows the COD degradation and second-order degradation kinetic model of polyether wastewater in 24
h by SA/CF, L/SA/CF and carbon felt cathodes. In
Fig.2(a), the maximum degradation of polyether
wastewater is 68.1% by L/SA/CF cathode. However,
the maximum degradation of polyether wastewater
is only 35.4% and 40.1% by SA/CF cathode and carbon felt cathode, respectively. The experimental data
from Fig.2(a) were fitted to second-order kinetic
model and the results are revealed in Fig.2(b). It is
obvious the degradation rate of polyether wastewater
is the fastest (=2.5×10-5 mol-1 dm3 s-1) with the
L/SA/CF cathode, followed by carbon felt cathode
and SA/CF cathode. This is due to the reason that
laccase promoted more •OH, which accelerates the
degradation of polyether wastewater. Furthermore,
the degradation rate of polyether wastewater by carbon felt cathode (=8.6×10-6 mol-1 dm3 s-1) is faster
than that of SA/CF cathode (=7.5×10-6 mol-1 dm3
s-1). It can be concluded that sodium alginate alone
has little impact on the degradation of COD, however, the laccase modified cathode along with sodium alginate can promote the degradation.


#:/9+:+<387 80 -+<28./; 80 5+--+;/ ;8.3=6
+5137+</ -+:,87 0/5<  %  +7. ;8.3=6+513
7+</ -+:,870/5<% SA/CF cathode: a carbon
felt was immersed in 10 mL of 2.5% sodium alginate
and immobilized for 12 h in a 4% CaCl2 solution.
L/SA/CF cathode: 0.11g of laccase was mixed
with 10 ml of 2.5% sodium alginate solution (laccase
concentration: 1 mg mL-1). Then a carbon felt was
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Operation conditions: current density: 0.049 mA cm-2; Fe2+ concentration: 10 mM; pH: 4.0; laccase concentration: 1 mg mL-1.
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Operation conditions: L/SA/CF: current density: 0.049 mA cm-2; Fe2+ concentration: 10 mM; pH: 4.0; laccase concentration: 1
mg mL-1; carbon felt cathode: current density: 0.049 mA cm-2; Fe2+ concentration: 10 mM; pH: 3.0.



00/-< 80 5+--+;/ 68.303/. -+<28./ 87 2A
.:81/79/:8@3./-87-/7<:+<387The output voltage
is the potential difference of the external resistance,
which reflects the output of MFC. When the voltage
is lowered than 100 mV, the solutions in the anode

and cathode chambers are replaced, and one full circle was denoted. Each cycle lasts for about 144 h. As
shown in Fig.3(a), the voltage variation of the carbon
felt and L/SA/CF is displayed in a cycle. Firstly, both
voltage curves grow and become stable after 32 h.
The stability time lasts for another 45 h before the
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We can see from Fig. 4(b) that at a pH value of
3.0, the degradation rate achieved the fastest
(k=7.2×10-6 mol-1 dm3 s-1), making it an ideal pH
condition for the degradation of polyether
wastewater by carbon felt cathode in MFC. When
pH rises to 10, the degradation rate constant decreases from 7.2×10-6 mol-1 dm3 s-1 to 4.8×10-6
mol-1 dm3 s-1, which indicates that a high pH value
does not facilitate the degradation of polyether
wastewater.

00/-<80/ -87-/7<:+<38787<2/./1:+.+
<387 80 985A/<2/: ?+;</?+</: As shown in Fig.5,
FeSO4·7H2O was added to regulate the concentration of Fe2+ from 0 mM, 1 mM, 2 mM, 5 mM, 7 mM,
10 mM, to 12 mM, affecting the degradation of polyether wastewater. As the concentration of Fe2+ increases (from 1 mM to 10 mM), the COD degradation rate rises from 36.7% to 51.9%, implying that
the concentration of Fe2+ exerts a positive influence
on the degradation rate. Because the reduction of oxygen to H2O2 was confirmed in the airbubbling-cathode MFC. The increase of Fe2+ concentration improves the yield of •OH. On the contrary, when the
concentration of Fe2+ reaches 12 mM, COD degradation rate drops to 44.7%. This shows that the concentration of Fe2+ is not the higher the better. Because excessive Fe2+ would also cause hydroxyl radical loss associated with Fe2+ oxidation as shown in
Eq. (7) [25]. 
Fe2++•OH →Fe3++ OHk4.3×108M-1S-1 (7)
The maximum COD degradation rate of 51.9%
can be achieved at a Fe2+concentration of 10 mM,
making it an ideal condition for the degradation of
polyether wastewater by carbon felt cathode in MFC.

00/-< 80 " -87-/7<:+<387 87 <2/ ./1:+
.+<38780985A/<2/:?+;</?+</:,A5+--+;/68.3
03/.-+<28./The operation conditions of MFC-A,
MFC-B, MFC-C, MFC-D and MFC-E were shown
in Table 1. 

voltage begins to drop. This voltage variation indicates good performance of MFC. The maximum
voltage is 548 mV by laccase modified-cathode,
which is 9.6% higher than that of carbon felt cathode. In addition, the concentration of H2O2 is measured by sampling at the following reaction time: 1,
2, 4, 8, 12 and 24 h, and the concentration of H2O2
versus time is shown in Fig.3(b). With the operation
of the MFC, the concentration of H2O2 increases
gradually. The highest concentration of H2O2 is 3.14
mg L-1 by the laccase-modified cathode, which is
25.6% higher than that of carbon felt cathode. This
is because Nafion film in the cathode can facilitate
electron exchange between the electroactive domain
of laccase and the electrode [24]. Furthermore, laccase could transfer electrons to oxygen molecules in
the cathode and enhanced the electron transfer in the
system, promoting the H2O2 generation and improving the output voltage of the whole system. Therefore, the laccase-modified cathode can improve the
electricity generation performance of MFC by increasing the concentration of H2O2.

00/-< 80373<3+5 9 87 ./1:+.+<387 437/<3-;
80985A/<2/:?+;</?+</:Fig. 4 shows the relationship of initial pH values of the solution (3, 4, 7, 10)
and the degradation of polyether wastewater in 24 h.
As it can be seen in Figure 4(a), the maximum degradation rate of COD in polyether wastewater is
36.7% at a pH value of 3.0, the most beneficial environment to the microbial electro-Fenton reaction.
The increase of pH values lowers the degradation
rate of polyether wastewater. When the pH value
ranges from 3 to 10, the degradation rate of polyether
wastewater drops from 36.7% to 23.5%. The experimental data in Fig.4(a) are subjected to second-order kinetic model and the reaction rate constant values of different pH values can be derived from the
following equation (Eq.(6)) [25].

1
1
−
= 
  0

(6)

where is the rate constant.
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Open circuit: current density: 0.049 mA cm-2; Fe2+ concentration: 1 mM; pH: 4.0.
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Operation conditions: current density: 0.049 mA cm-2; Fe2+
concentration: 10 mM; pH: 4.0; laccase concentration: 1
mg mL-1.

Operation conditions: current density: 0.049 mA cm-2, pH:
3.0.
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Fe2+(mM)
Circuit
H2O2 addition (mg/(L)
MFC units
O2
MFC-A
Present
1.0
Open
0
MFC-B
Absent
1.0
Close
0
MFC-C
Present
0
Close
0
MFC-D
Present
1.0
Close
0
MFC-E
Present
1.0
Close
3.0



ence of high concentration H2O2 facilitates the formation of •OH, thus increasing the degradation rate
of wastewater.


"!'%"!%

Fig. 6 showed the degradation of polyether
wastewater with five units of MFC (MFC-A, B, C,
D, E) with the same carbon felt anodes in 24 h by
L/SA/CF cathode. Only 5% of the wastewater is degraded in MFC-A at the open circuit, which indicates
that the electrode material itself barely influence the
adsorption of wastewater, as no electron reaches the
cathode and no •OH is produced. On the other hand,
polyether wastewater can be degraded by 9% in
MFC-B without filled O2 and by 11.3% in MFC-C
without Fe2+. MFC-D can degrade 62.2% polyether
wastewater in the presence of both O2 and Fe2+ under
closed circuit. More interestingly, polyether
wastewater is degraded by 92.1% in MFC-E, where
3 mg L-1 of H2O2 is added every one hour for 13 h.
We believe that electrons, O2 and Fe2+ are the essential conditions for the formation of electro-Fenton in
MFCs. MFC-B and MFC-C perform poorly due to
the lack of O2 or Fe2+ to form H2O2 and promote the
production of •OH. In addition, laccase alone in
MFC-D can hardly transfer electrons without O2,
hindering the reduction of copper ions and catalysis
of organic pollutants. It is worth noting that the concentration of H2O2 plays a key role in the degradation of polyether wastewater. In MFC-E, the pres-

In this study, we successfully constructed an
electro-Fenton system in the cathode of MFC for the
effective treatment of polyether wastewater. We find
that laccase can promote the electron transfer to increase the output voltage and the concentration of
H2O2, which plays a key role in the degradation of
polyether wastewater. Furthermore, pH values and
the concentration of Fe2+ influence the COD degradation of polyether wastewater in MFC-electro-Fenton units. Modification of the cathode in MFCs with
laccase is promising for the degradation of polyether
wastewater.
!") !&%
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Composting technology is a widely used
harmless and reclamation technology of animal
manure. Many researchers have demonstrated that
concentrations of antibiotics excreted with feces
and urine can be significantly decreased during
incubation of manure. For instance, it has been
shown that compost could effectively remove tetracycline antibiotic residue in livestock and poultry
manure [15]. Moreover, content of chlortetracycline
was reduced by 92% in poultry manure and 27% in
pig manure during incubation under aerobic conditions [6]. Although composting has been considered
as a feasible method for degradation of antibiotics
in manure, studies on this aspect are still limited
[16, 17].
In recent years, there is increasing concern
about a new type of surfactant. This is called biosurfactant, which is produced from the metabolic
process of microorganisms under certain conditions
[18, 19]. Extensive research has been conducted on
biosurfactants that can promote degradation of
organic pollutants such as polycyclic aromatic
hydrocarbons (PAHs), petroleum hydrocarbons
(PHCs), and polychlorinated biphenyls (PCBs).
However, the influence of biosurfactants on degradation of antibiotics in composting are vague because of limited relevant research. The current
study was conducted to investigate the positive or
negative role of biosurfactants in the degradation of
oxytetracycline (OTC), chlortetracycline (CTC) and
roxithromycin (RX) during composting.

The role of biosurfactants in degradation of
oxytetracycline (OTC), chlortetracycline (CTC) and
roxithromycin (RX) during composting was firstly
investigated. The study indicated that biosurfactants
had a positive role in degradation of OTC, CTC and
RX during composting. The addition of biosurfactants into compost could obviously enhance degradation of OTC, CTC and RX. An increase in biosurfactants resulted in an increased degradation rate
of three antibiotics (OTC, CTC and RX). Particularly, degradation rate of three antibiotics by rhamnoilpid treatments was higher than by alkyl polyglycosides treatments with the same dosage. Under
different ecological factors such as temperature,
moisture, pH, organic matter and TN, and considering seed germination rates, biosurfactants could not
only improve composting efficiency and shorten
composting time, but also improve compost quality.
$" 
Biosurfactant, antibiotics, biological degradation, compost

 

A wide range of antibiotic residue in aquatic
and terrestrial environments has been detected due
to the worldwide application of antibiotics [1-4].
The main pollution sources of antibiotics residue in
the environment are either human pharmaceuticals
via wastewater treatment plants or veterinary antibiotics via application of animal manure and manure-based compost to agricultural land [5-7]. Millions of tons of antibiotics are used for livestock
and poultry breeding every year in China [8]. However, about 30-90% of veterinary antibiotics are
excreted with livestock manure in their original
form [9-13], which results in major potential harm
to living organisms and human health [14]. More
attention has been paid to the control of antibiotics
residue in livestock and poultry manure [3].



:3*4.0*16&/ 0&6*4.&/5 In this experiment,
chicken manure was collected from a livestock
farm in Shenyang, Liaoning Province. Three types
of antibiotic residue were found in this manure, and
the residual concentration of OTC, CTC and RX
reached 0.32, 0.20 and 0.11 mg kg-1, respectively.
Rice husk was obtained from a rice processing plant
in Shenyang. The main properties of these materials
are listed in Table 1.
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-;5.(&/&1)(-*0.(&/3423*46.*52+0&6*4.&/5
+24(203256.1,
Material
Chicken
manure
Rice husk

C

N

C/N

Moisture
content

31.77%

1.40%

22.69

84.38%

40.56%

0.70%

57.94

9.19%

to dry the manure sample through a freeze drier.
After freeze-drying, 1.00 g sample was weighed
into a centrifuge tube and 10 mL EDTA-McIlvaine
extract was added. The sample was blended through
a vortex mixer at 2500 r min-1 for 10 seconds. It
was then put in an ultrasonic bath for 15 min. Centrifugation was carried out by a refrigeration centrifuge at 4500 r min-1 for 15 min. The supernatant
was collected in a test tube. The above extraction
step was repeated twice and the supernatant was
combined. The combined supernatant solution was
filtered through a 0.45 μm glass fiber, passed
through HLB solid phase extraction column that
had been activated in advance with 10 mL methanol
and was then vacuum dried for 5 min. Methanol
was used to elute solid phase extraction. The sample tube was evaporated under N2 and added with 1
mL methanol to constant volume for determination.
Antibiotic concentration in supernatant was measured by HPLC. The column was C 18. Mobile
phase A was 0.01 M oxalic acid and B was acetonitrile with a flow rate of 1 mL min-1.


The drugs (OTC, CTC and RX) for composting and biosurfactants (rhamnoilpid, and alkylpolyglycosides) were purchased from Nanjing Duly
Biotech Co., Ltd., with a purity of over 98%. The
standard chemicals (OTC, CTC and RX) were
obtained from Sigma-Aldrich Co. LLC.
203256.1, *:3*4.0*16 The chicken manure and rice husk were poured into the composting
device and spiked with three antibiotics (OTC, CTC
and RX) at the same concentration of 20 mg kg-1.
The moisture percentage of composting was 65% at
first and C/N ratio was adjusted to 25:1 by adding
rice husk. In order to observe the effects of different
biosurfactants with various dosages on degradation
of three antibiotics, this experiment included five
composting treatments, namely CK (no biosurfactants), T1 (50 mg kg-1 rhamnoilpid), T2 (100 mg
kg-1 rhamnoilpid), T3 (50 mg kg-1 alkyl polyglycosides) and T4 (100 mg kg-1 alkyl polyglycosides).
The manure materials of the five treatments
were incubated in containers for 24 days. Timetemperature control mode was used to control ventilation. During the composting period, compost
temperature was monitored daily by a digital thermometer in the centre of the manure materials. A
total of 100 g of samples were withdrawn from
each treatment at days 0, 2, 4, 6, 8, 10, 12, 14, 16,
18, 20, 22 and 24 of composting period. The test
parameters were antibiotic concentration, percentage of moisture, pH, organic matter and total nitrogen (TN). At the last day, the percentage of seed
germination experiment with leaching solution of
manure was carried out to evaluate availability of
manure.

  

-* 42/* 2+ '.2574+&(6&165 )74.1, (203256
Figure 1 illustrated changes in concentration of
antibiotics during composting period with different
treatments of biosurfactants. With an increase of
composting days in all treatments, contents of antibiotics in compost samples reduced gradually. During 0 to 14 days, contents of OTC, CTC and RX
decreased rapidly. After 14 days, contents of OTC,
CTC and RX reduced slowly. The composting
process could reduce residuals of antibiotics in
compost samples. The current study was in good
agreement with these previous studies. For example, during the 24 days compost process in CK
treatment, contents of OTC, CTC and RX decreased from 21.55, 20.38 and 20.74 mg/kg to 9.03,
7.33 and 9.80 mg/kg, respectively. The degradation
rate of OTC, CTC and RX in CK treatment was
58.10%, 64.03% and 52.75%, respectively. Previous studies have demonstrated that incubation of
animal manure under a variety of composting conditions resulted in a significant decrease of extractable antibiotic concentrations [23-25]. For
instance, it showed that over 60% of 4 kinds of
sulfonamides were degraded in 35 d of aerobic
composting [26]. Kim demonstrated that there was
a significant decrease in concentration of tetracyclines, sulfonamides and macrolides during composting in both bench-scale and field scale investigations [7]. Bao found that composting could effectively promote depletion of CTC whether in aged or
spiked manure [6].

1&/;5.5 The percentage of moisture was
measured by drying to constant weight in an oven
at 105°C. The pH was measured according to 1:10
(w/w) compost: water extract ratio by a HQ40d
multi parameter digital analyzer. Organic matter
was measured by oxidation with potassium dichromate (K2Cr2O7) [20]. Total N in the compost was
determined by Kjeldhal digestion using concentrated H2SO4, K2SO4 and HgO, and analyzed by Kjeldhal method [21].
To determine three antibiotics (OTC, CTC and
RX) concentrations, the manure samples were extracted for analysis using the method described by
Hu. [22]. Vacuum freeze-drying method was used
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The biosurfactants could improve removal rate
of antibiotics. The concentration of OTC, CTC and
RX in biosurfactant treatments was all lower than
that in CK treatment (Figure 1). For example, content of OTC in CK and T1 decreased from 21.55
and 21.52 mg kg-1 to 9.03 and 7.10 mg kg-1, respectively. With an increase in dosage of biosurfactants,
degradation rate of 3 antibiotics increased. For
instance, at 24 days, content of CTC in CK, T1 and
T2 was 7.33, 6.26 and 5.29 mg kg-1, and degradation rate was 64.03%, 69.28% and 73.71%, respectively. Comparing rhamnoilpid with alkyl polyglycosides treatments illustrated that degradation rate
of three antibiotics in the former was higher than in
the latter under the same dosage of the added biosurfactant. Compared with that among CK, T2 and
T4, degradation rate of RX was 52.75%, 68.62%
and 65.57%, respectively. Treatment efficiency was
sequenced as follows: T2 > T4 > T1 > T3 > CK.

in T2 was higher than that of T1 during the compost
period besides day 10. For example, at day 16,
temperature in T1 and T2 was 37°C and 40°C,
respectively. As for alkyl polyglycosides treatments, temperature in T4 was higher than that of
T3. For example, at day 16, temperature in T3 and
T4 was 36°C and 38°C, respectively. For the same
type of biosurfactant, increasing dosage could contribute to increasing compost temperature. Temperature in rhamnoilpid treatments was higher than
that of alkyl polyglycosides treatments. Ingerslev
showed that temperature increase was helpful to
degrade antibiotics [27]. In our study, temperature
in biosurfactants treatments (T1, T2, T3 and T4)
was all higher than in CK treatment besides day 10.
Adding biosurfactants in composting process could
promote the rise of pile temperature, and improve
maturity of time and temperature.
The pH value in composting process in five
treatments decreased at first, and at the later stage
of compost, stack pH increased gradually. At the
beginning of compost, organic matter utilized by
microorganisms was abundant, microbial bred
quickly, and organic acids produced by microbial
activities made pH decline in stacking. In Figure 2c
showed that changing trends of pH in five treatments were similar, indicating that material composition was the key factor influencing pile pH
change. Adding biosurfactants could make stack pH
maintain a suitable range advantageous for a rapid
degradation and stability for the material. At the
end of compost, pH in CK, T1, T2, T3 and T4 were
7.39, 7.27, 7.23, 7.41 and 7.44, and pH sequenced
as follows: T4>T3> CK>T1>T2. The pH of day 24
indicated that alkyl polyglycosides treatments (T3
and T4) could increase pH of compost piles and
rhamnoilpid treatments (T1 and T2) could decrease
pH of compost piles compared with CK treatment.
The change of organic matter in five treatments was illustrated in Figure 3a. Organic matter
in four biosurfactant treatments was all higher than
in CK treatment except day 2. Added biosurfactants
could promote material availability. For example, at
day 16, organic matter in rhamnoilpid treatments
T1 and T2 were 70% and 78%, which were all
higher than CK (64%). In the composting process,
effects of rhamnolipid treatments were better than
those of alkyl polyglucosides treatments under the
same dosage. Organic matter in compost dependent
on aerobic microbial gradually decomposed into
simple inorganic compounds, and released biological required energy. Some organic matter was transformed into nutrients for cell synthesis of microorganisms. As time passed, organic matter first decreased rapidly and then became steady. As nutrients in the earlier period of compost were rich and
microbial activities were high, decomposition of
organic matter was rapid. Later, since easily degradable material had been decomposed, it was

-&1,*52+*(2/2,.(&/+&(62459.6-6-*&)).
6.212+'.2574+&(6&165.16-*(2032563*4.2) The
initial moisture content in the compost was about
65%, and along with the compost reaction, moisture
content decreased gradually. It was illustrated in
Figure 2a that moisture content of CK, T1, T2, T3
and T4 treatments reduced to 53.07%, 50.55%,
46.12%, 51.42% and 48.28%, respectively, at the
end of compost. Generally, moisture content in
rhamnoilpid treatments decreased the most, next
was in alkyl polyglycosides treatments, and moisture content in CK decreased slightly. For rhamnoilpid treatments, moisture content in T1 was
higher than that of T2 during the compost period
besides day 8. For example, at day 16, moisture
content in T1 and T2 was 55% and 49%, respectively. As for alkyl polyglycosides treatments,
moisture content in T3 was higher than that of T4.
For example, at day 16, moisture content in T3 and
T4 was 53.72% and 53%, respectively. For the
same type of biosurfactant, increasing dosage could
contribute to decreasing moisture content of compost. At the end of compost, for example, day 2224, for the same dosage of biosurfactant, moisture
content in rhamnoilpid treatments was lower than
that of alkyl polyglycosides treatments.
During the compost process, room temperatures fluctuated between 23°C and 33°C. The initial
temperature in piled compost with five treatments
was all 24°C. It was illustrated in Figure 2b that a
similar tendency existed in changes of temperature
in five treatments. From day 2, temperature in all
treatments increased rapidly. At day 6, temperature
reached its highest (Figure 2b). In the compost
process, almost 7 days in temperature exceeded
50°C, and after day 10, temperature decreased
gradually. After day 14, fluctuation of temperature
in all treatments was small. At last, temperature in
five treatments was roughly the same as room temperature. For rhamnoilpid treatments, temperature

833

"!

 #  



    


66.00

CK
T1
T2
T3
T4

64.00
62.00

Moisture (%)

60.00
58.00
56.00
54.00
52.00
50.00
48.00
46.00
44.00
0

5

10

15

&

20

25



days

75
70

CK
T1
T2
T3
T4
T5

65

Temperature ()

60
55
50
45
40
35
30
25
20
0

5

10

15

20

25



days

'
7.60
7.40
7.20
7.00

pH

6.80

CK
T1
T2
T3
T4

6.60
6.40
6.20
6.00
5.80
0

5

10

15

20

25

days

(

  
-&1,*52+02.5674*&6*03*4&674*'&1)3(.1).++*4*1664*&60*165)74.1,(203256.1,3*4.2)2+
0&174*

834

"!

 #  



    


95.00

CK
T1
T2
T3
T4

90.00

Organic matter (%)

85.00
80.00
75.00
70.00
65.00
60.00
55.00
0

5

10

15

&

20

days
CK
T1
T2
T3
T4

17.00

16.50

16.00

-1

Total nitrogen (g kg )

25

15.50

15.00

14.50

14.00
0

5

10

15

20

25

days

'
  
-&1,*52+24,&1.(0&66*4&&1)'.1).++*4*1664*&60*165)74.1,(203256.1,3*4.2)2+0&174*



difficult for microorganisms to utilize the remaining
material. Then content of organic matter gradually
achieved stability.
Stable N effectively kept nutrients of fertilizers. It indicated that when adding biosurfactant in
the composting process, nitrogen loss was less than
in CK treatment at the end of compost (Figure 3b).
TN in T2 treatment was all higher than in CK
treatment during the whole composting process. For
the other three treatments (T1, T3 and T4), during
day 0-4 and 22-24, TN in biosurfactants treatments
(T1, T3 and T4) was higher than in CK treatment.
At the end of compost, TN content in CK, T1, T2,
T3 and T4 was 13.98, 14.57, 15.86, 14.60 and
14.81 g kg-1, and TN was sequenced as follows: T2
> T4 > T3 > T1 > CK. When the dosage of biosurfactant was 50 mg kg-1, TN in rhamnolipid treatment (T1) was lower than in alkyl polyglucosides

treatment (T3). While the dosage of biosurfactant
was 100 mg kg-1, TN in rhamnolipid treatment (T2)
was higher than in alkyl polyglucosides treatment
(T4).
2:.(.6; 2+ (203256*) 0&174* '; ).++*4*16
'.2574+&(6&165 Seed germination method was a
direct determination of composting ecotoxicology.
Seed germination rate in different treatments was
listed in Table 2. Seed germination rate in CK, T1,
T2, T3 and T4 was 80%, 95%, 100%, 90% and
97%, and the seed germination rate in five treatments followed the sequence: T2 > T4 > T1 > T3 >
CK. Treatments containing biosurfactants had higher seed germination rate when compared with that
in CK. At the same biosurfactant dosages, seed
germination rates in rhamnolipid treatments were
higher than those of alkyl polyglucosides treat-
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Biosurfactants used in the composting process
could improve composting efficiency. Desorption
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matter from composting particles into compost gap
liquid phase, thus indirectly reducing compost time.
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The addition of biosurfactants into compost
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Based on the orthogonal test of the compressive
and flexural mechanical properties of the recycled
concrete block of type 190, the impacts of the four
important factors in the mix ratio on the basic mechanical properties are discussed. This research presents the regular patterns of the influence of each
factor on the strength and then puts forward an optimum mix proportioning method of recycled concrete
block. Based on the result of the analysis of the orthogonal test, it is found that the compressive
strength of recycled concrete block is linear with
bending strength. Through the regression analysis, a
regression equation is obtained, so as to provide reference for mix proportion optimization with the recycled concrete block.

of construction waste is processed. So a large number of construction waste landfill sites are saved,
thus saving a lot of land.
After construction wastes are crushed,
screened, washed and classified, clay, the wood and
other impurities are separated from the waste concrete. Then the wasters are made into aggregate.
Wherein the aggregates made from discarded concrete because of their physical properties better are
more utilized. They are mixed with certain proportion and gradation to form recycled aggregates. Then
the recycled aggregates replace the natural aggregates with some or all of them. It would be easier and
more relevant to mention that recycled aggregates
are used the same way as conventional natural aggregates. As a composite material, each component,
properties, and mix proportion have important influence on the physical and mechanical properties of recycled concrete. For example, the reduction in density is caused by the attached (old) mortar of the recycled aggregates. Researches show that water usage
per unit volume, water-cement ratio, recycled coarse
aggregate replacement ratio and recycled fine aggregate replacement ratio have significant influence on
the performance [4-9]. In order to research the influence of the factors and find the optimum mixture ratio, compression and bending orthogonal tests were
carried out on type 190, single hole recycled concrete blocks are made. An & 8% 9 orthogonal experiment method is chosen to optimize the combination
of the four aforementioned factors. The correlation
between the compressive and flexural strength were
analyzed, and the regression equation obtained based
the results of the orthogonal test.


#!"#"

2@<=:. !*<28 8/ !.,A,5.- 87,:.<.58,4
:<18087*5<.;<9:80:*6In order to research the
influence of each factor, water usage per unit volume, water-cement ratio, recycled coarse aggregate
replacement ratio, recycled fine aggregate replacement ratio are chosen as four factors, and three levels
are chosen for each factor, for the orthogonal testing.


(&!"
Recycled concrete block, mix proportion, optimization, orthogonal test
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Construction wastes mainly refer to the solid
waste, including waste concretes, brick slags, etc. In
recent years, the productions of construction wastes
have been increased rapidly. Their processing requires a lot of rubbish piling and landfill space. In
addition, they easily pollute the environment. At the
same time, the quantities of natural building resources such as river sand and gravel are decreasing
sharply. Therefore, recycling waste materials and
mitigation of natural resources exploration is an issue that needs to be solved. Practice has proved that
using construction waste to produce recycled aggregate for recycled concrete block production is one of
the most effective ways [1-3]. The resource recovery
of construction waste not only enables limited resources to be recycled but also solves the problem of
environmental protection and resource shortage.
With the use of recycled aggregate, a large number
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 #1.-.;2078/<1.<1:..5.>.5;8/?*<.:=;
*0.9.:=72<>85=6.The water usage per cubic meter concrete with coarse aggregate of 5 - 10mm is
130 - 150 $for pebble concrete and 140 160 $for gravel concrete [10]. Harsh concrete
commonly is used to make concrete block, the
"Specification for mix proportion design of ordinary
concrete" [11] suggest a water amount of 180
$. Based on the results of the study, the three levels
in this experiment are set as 130 $, 140
$and 150 $.

  #1. -.;207 8/ <1. <1:.. 5.>.5; 8/ ?*<.:
,.6.7< :*<28 The water-cement ratio for recycled
concrete block which are given respectively by the
Chinese standard JGJ55-2011, Jianzhuang Xiao,
Weisheng Shan is 0.49, 0.382, 0.52 [11-13]. Based
on the data above, the three levels of water-cement
ratio are set as 0.4, 0.45 and 0.5.

of the orthogonal experiment takes 40%. So, according to the Table 2, the nine tests are A1B1C1D1,
A1B2B2D2, A1B3C3D3, A2B1C2D3, A2B2C3D1,
A2B3C1D2, A3B1C3D2, A3B2C1D3, A3B3C2D1. Each
mix proportion test produces five specimens, and totally, 90 specimens are made for the whole orthogonal experiment (the specimens for compressive
strength test is  4  5 , the specimens for bending strength test is  4  5 ).

#.;<68-.5The mixing and curing tap water
comes from city water of Xi'an. The concrete is made
with a PC32.5 composite Portland cement. The natural coarse aggregate and fine aggregate come from
Weihe River. The recycled coarse and fine aggregates are produced by Xi'an Xinshengyuan sediment
recycling Ltd. The waste concrete used to produce
recycled coarse and fine aggregate are produced
from the demolition of structures of a factory premises, which are crushed by jaw crusher and screened
into particle sizes greater than 10mm,5-10 mm and
less than 5 mm. The grain size of recycled fine and
coarse aggregate used in this experiment are less
than 5 mm and 5-10 mm respectively, and both come
from the same batch of waste concrete through
screening. According to the Chinese standard GJG
52-2006 [14], the main performance indexes are determined. The test specimens are single hole of recycled concrete blocks. The sizes of type 190 locks are
all 390 mm (length), 190 mm (width), 190 mm
(height). The wall thickness is 30 mm, rib is 30 mm
thick, hollow rate was 48%; they are gray slits of
4mm on both ends of block on the ceiling, as shown
in Fig. 1. The recycled concrete blocks adopt natural
curing. Produce recycled concrete blocks using natural conservation. The blocks need to be maintained
for 28 days. During this period, they are watered regularly, and stamped with plastic film outside to prevent water evaporation.

 #1.-.;2078/<1.<1:..5.>.5;8/:.,A,5.-
,8*:;.*7-/27.*00:.0*<.:.95*,.6.7<:*<28According to the target of the experiment, the values of
the three levels of recycled coarse and fine aggregate
replacement ratios are set the same as 40%, 70% and
100%. Based on the above analysis, the orthogonal
test level is shown in Table 1. According to the four
factors A, B, C, D and three levels of every factor,
the & 8% 9 orthogonal test table (Four factors- three
levels table) is designed, as shown in Table 2.
Where, the number 9 represents nine rows, which indicates that it is need to arrange nine tests; numeral
4 represents four columns, which indicates that the
table can arrange four factors; number 3 indicates
that every factor are all three levels. In the experiment, the interaction between the four factors of A,
B, C, D is not considered. According to the method
of Chinese standard JGJ55-2011 gives, the sand ratio


# 
:<18087*5<.;<5.>.5<*+5.
Factor
Level
1
2
3

Test
1
2
3
4
5
6
7
8
9

A
Water usage per unit
volumekg/m3
130
140
150

B
Water-cement
ratio
0.4
0.45
0.5

A 8'$ 9
130 (1)
130 (1)
130 (1)
140 (2)
140 (2)
140 (2)
150 (3)
150 (3)
150 (3)

C
Recycled coarse aggregate
replacement ratio (%)
40
70
100

D
Recycled fine aggregate
replacement ratio (%)
40
70
100


# 
:<18087*5<.;<<*+5.
B
0.40 (1)
0.45 (2)
0.50 (3)
0.40 (1)
0.45 (2)
0.50 (3)
0.40 (1)
0.45 (2)
0.50 (3)

Note: Figure in bracket means the level of factor.
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C (%)
40 (1)
70 (2)
100 (3)
70(2)
100 (3)
40 (1)
100 (3)
40 (1)
70(2)

D (%)
40 (1)
70(2)
100 (3)
100 (3)
40 (1)
70(2)
70(2)
100 (3)
40 (1)
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*869:.;;287<.;<+.7-270<.;<
$! 
#1./*25=:.,1*:*,<.:2;<2,;8/+58,4

#.;< :8,.;; *7- "9.,26.7 *6*0. #A9.
869:.;;2>.9.:/8:6*7,.<.;<The test is carried
out using a RFP-03 type intelligent dynamometer.
The indication error of the pressure testing machine
is less than 2%. The loading rate, exerted in the specimens' center, is of 10 - 30 . The failure characteristics are showed in Fig. 2(a). Upon failure, the
maximum load P is recorded. The compressive
strength values are calculated using formula (1). The
average compressive strength are presented in
Table 3.
.
5
(1)
-(
Where, R is compressive strength of specimen
(MPa); P is failure load (N); L is compression surface length (mm); B is the compression surface
width (mm).

.7-270 9.:/8:6*7,. <.;< Bending test and
compression test are carried out in the same pressure
testing machine. The specimen is loaded at a rate of
250  of loading until failure. The failure characteristics are showed in Fig. 2(b). When the specimen reach its failure, the maximum load P is rec-



orded and subsequently used to determine the bending strength by using formula (2). The Average
bending strengths were presented in Table 3.
$.7 5
(2)
#(, 1
7
Where,  is bending strength of specimen
(MPa); P is failure load (N); L is axis distance between the two pressure points (mm); B is specimen
width (mm); H is specimen height (mm).


!"$#""$""

!*70. *7*5A;2; 8/ <1. 8:<18087*5 <.;< According to Table 3, the range analysis results of compressive(bending) strength are shown in Table 4.
Where, K means the sum of the average strength of
the specimens with the same factor and level; k
means the average value of the strength corresponding to each level. In the same column, range is the
difference between the largest number and the smallest number in" # $ . Through the Table 4, it can
be seen that the range of each row is different, which
shows that the changes of different factors have a
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different effect on the test indexes. Comparison of
range of each factor, it can be seen:
(1) For the compressive strength, Range  6
 6  6 . Row D has the maximum range, which
means that it is the major factor. Row C has the second maximum range and it is an important factor.
Row B and Row A have the second minimum and
minimum range, and they are secondary factors. So
the sequence of factors from the primary to the secondary is D-C-B-A. Meanwhile, since $ 6 # 6
" (factor A)," 6 $ 6 #(factor B)," 6 # 6
$ (factor C)," 6 # 6 $ (factor D), so the optimal
combination scheme is A3B1C1D1.
(2) For the bending strength, Range  6  6
 6 . Row D has the maximum range, which
means that it is the major factor. Row C has the second maximum range and it is an important factor.
Row B and Row A have the second minimum and
minimum range, and they are secondary factors. So
the sequence of factors from the primary to the secondary is D-C-B-A. Meanwhile, since $ 6 # 6
" (factor A)," 6 # 6 $(factor B)," 6 # 6
$ (factor C)," 5 # 6 $ (factor D), so the optimal
combination scheme are A3B1C1D1or A3B1C1D2.
(3) From above, the sequence of factors from
the primary to the secondary is D-C-B-A, and the optimal combination scheme is A3B1C1D1.The optimal
combination scheme A3B1C1D1 is not implemented
in the nine experiments. It suggests that optimal results not only reflect the 9 experimental information
which have been made, but also reflect the whole
81experimental information.

7*5A;2; 8/ <1. 27/5=.7,. 8/ >*:28=; /*,<8:;
5.>.5;87<1.;<:.70<1The influence of change of
the four major factors levels on the strength are

shown in Figure 3, the vertical axis is the compressive strength and flexural strength, the abscissa is the
change of 4 main factors. 
As can be seen from the Figure 3, the relationship between various factors and the mechanical
properties of recycled concrete blocks are as follows:
(1) Water usage A: with the increase of the water usage, the two strengths also increase. When water usage is 150kgm-3, the strengths reach the highest
point. (2) Water cement ratio B: when the water cement ratio is 0.4, the two strengths all get the maximum strength. With the increase of water cement ratio, the compressive strength decreases at first and
then increases, but the growth rate is not be significant; the bending strength shows a downward trend.
(3) Recycled coarse aggregate replacement ratio C:
with the increase of recycled aggregate replacement
rate, the two strengths are all decrease, and the rates
of decline are not great. The recycled coarse aggregate replacement ratio effect on mechanical properties of recycled concrete block shows a slow descending tendency. (4) Recycled fine aggregate replacement ratio D: the two strengths decline with the
increase of recycled fine aggregate. When recycled
fine aggregate replacement rate is between 40%70%, the compressive performance falls quickly;
when the replacement rate is between 70%-100%,
the compressive performance decreased more
slowly. It is basically linear decrease. When the recycled fine aggregate replacement rate is 40%, compressive and bending strength respectively in the
four curves of all the strength is the highest; when
the recycled aggregate replacement rate is 100%, the
two strengths are all the lowest. It shows that recycled fine aggregate content on mechanics performance influence is bigger.

# 
#1.,869:.;;2>.;<:.70<1*7-+.7-270;<:.70<18/:.,A,5.-,87,:.<.+58,4
Factor
Test
1
2
3
4
5
6
7
8
9

A
(kg/m3)
130 (1)
130 (1)
130 (1)
140 (2)
140 (2)
140 (2)
150 (3)
150 (3)
150 (3)

B
0.40 (1)
0.45 (2)
0.50 (3)
0.40 (1)
0.45 (2)
0.50 (3)
0.40 (1)
0.45 (2)
0.50 (3)

C
(%)
40 (1)
70 (2)
100 (3)
70(2)
100 (3)
40 (1)
100 (3)
40 (1)
70(2)

D
(%)
40 (1)
70(2)
100 (3)
100 (3)
40 (1)
70(2)
70(2)
100 (3)
40 (1)

Average compressive
strength (MPa)
5.06
2.87
1.93
3.20
3.54
3.25
3.28
3.33
4.83

Average bending
strength (MPa)
1.56
1.01
0.75
1.07
1.22
1.13
1.14
1.20
1.24

# 
#1.:*70.*7*5A;2;8/,869:.;;2>.+.7-270;<:.70<1
Factor
K1
K2
K3
k1=K1/3
k2=K2/3
k3=K3/3
Range
Optimal combination

A (kg/m3)
9.86(3.32)
9.99(3.42)
11.44(3.58)
3.29(1.11)
3.33(1.14)
3.81(1.19)
0.52(0.08)
A3(A3)

B
11.54(3.77)
9.74(3.43)
10.01(3.12)
3.85(1.26)
3.25(1.14)
3.34(1.04)
0.60(0.22)
B1(B1)
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C (%)
11.64(3.89)
10.90(3.32)
8.75(3.11)
3.88(1.30)
3.63(1.11)
2.92(1.04)
0.96(0.26)
C1(C1)

D (%)
13.43(4.02)
9.40(3.28)
8.46(3.02)
4.48(1.34)
3.13(1.34)
2.82(1.01)
1.66(0.33)
D1(D1or D2 )
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,*,<8:27/5=.7,.*7*5A;2;-*,<8:27/5=.7,.*7*5A;2;
$! 
7*5A;2;,1*:<8/<1.27/5=.7,.8/>*:28=;/*,<8:;5.>.5;87<1.;<:.70<1
# 
%*:2*7,.*7*5A;2;8/8:<18087*5<.;<8/,869:.;;2>.+.7-270;<:.70<1
Factor
A
B
C
D
Error
Total

Sum of deviation
square
0.52 (0.0115)
0.63 (0.0705)
1.51 (0.1096)
4.65 (0.1795)
0.50 (0.0100)
7.81 (0.3811)

Degree of
freedom
2(2)
2(2)
2(2)
2(2)
2(2)
8(8)

Average sum of
deviation square
0.26 (0.0058)
0.32 (0.0353)
0.76 (0.0548)
2.33 (0.0898)
0.25 (0.0050)
—

Value
of F
1.04 (1.147)
1.28 (7.047)
3.04 (10.86)
9.32 (17.95)
—
—

Critical
value

0.1 (2, 2) = 9
—
—

Significance
--#
*
—
—

Optimization
program
A3
B1
C1
D1
—
—

Note: * the most significant; #more significant; -- not significant



analysis are m=4, / 5 , n=9. According to the orthogonal test Table 2 and results of orthogonal test
Table 3 and Table 4, the variance analysis is carried
out. When the significant level α=0.1, 0 8+ * 9 5
! " 8 9 5 . Through the comparison of each factors of F value and! " 8 9 5 , ) is greater than
9, so D is the major factor that affects basic mechanical performance of the recycled concrete; C is an
important factor; B and A are secondary factors.
When the analysis of variance is done, the preferred
embodiment takes the maximum value of each factor
K corresponding to the level. The final results are
shown in Table 5. Table 5 shows that, A3B1C1D1 is
the optimal program.

Based on the above analysis, the combination
A3B1C1D1 is the optimal combination, which is used
for water 150 kg/m3, water cement ratio is 0.4, the
replacement rate of recycled fine aggregate and recycled coarse aggregate replacement rate are
all 40%.
%*:2*7,. *7*5A;2; 8/ 8:<18087*5 <.;< Variance analysis is a statistical method through which
the main factor and optimal combination can be selected from various controllable factors. According
to the principle of the analysis of variance, the orthogonal test is the non-interacting test of four factors and three levels. The parameters of variance
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!.0:.;;287*7*5A;2;-2*0:*6
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!.0:.;;287*7*5A;2;According to the test data
in Table 3, the least-squares linear regression analysis are done, the regression analysis results are
shown in Fig.4, The one-knob linear regression
equation is:
 5 3  2  
(3)
Through Fig.4it can be seen that compressive strength and bending strength have a linear relationship and have a high imitation degree.
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Experiments were conducted over the experimental fields of Erciyes University with Göynük 98
dry bean cultivar (   L.) in randomized blocks split-split plots experimental design with
4 replications during 2015 and 2016 growing seasons. Humic acid (HA) treatments (two applications,
2 kg da-1) were placed in main plots, microbial fertilizer (MF) treatments (two applications, phosphatesolubilizing    C26) were placed in
subplots and phosphate rock (PR) treatments (4 applications, 29.3% P2O5, 0, 7.5, 15 and 22.5 kg da-1)
were placed in sub-subplots. Plant and soil samples
were taken from the experimental plots for the analyses of yield and yield components. HA, MF and PR
treatments had different effects on investigated parameters of dry beans. As the average of the years,
plant heights, the first pod heights, number of pods
per plant, number of seeds per plant, number of seeds
per pod, seed yield, harvest index values, biological
yields, hundred-seed weights and seed protein ratios
varied respectively between 42.95-53.65 cm, 10.1613.90 cm, 13.85-24.85, 38.64-59.83, 2.36-3.16,
173.8-314.3 kg da-1, 31.25-39.73%, 274.4-382.0 kg
da-1, 38.92-43.10 g and 22.93-24.94%. The greatest
yield was obtained from the greatest phosphate rock
dose applied together with humic acid and microbial
fertilizer. All treatments significantly increased seed
yields as compared to the control group (173.8 kg
da-1). It was concluded based on present findings that
22.5 kg da-1 (29.3% P2O5) phosphate rock together
with humic acid and microbial fertilizer could be recommended for both organic and conventional dry
bean farming.

!&$"'&"!

Bean pods are consumed fresh and seeds are
consumed dry. Bean seeds are quite rich in protein,
thus commonly used in human nutrition. Plant vegetative parts are also used in feed industry ( 
  L.). With all these attributes, bean is considered as a significant legume crop [1, 2]. Together
with increasing world population, healthy and balanced nutrition have become a significant issue especially in developing countries. Average protein
consumption per capita worldwide is 70.9 g [3, 4]
and a quality and balanced nutrition can be mentioned when 60% of such a quantity was plant and
40% was animal originated [4]. Worldwide, 22% of
plant-originated proteins and 7% of carbohydrates
used in human nutrition is supplied from edible legumes; 38% of proteins and 5% of carbohydrates used
in animal nutrition is supplied from again edible legumes [5, 6]. Among the edible legumes, dry bean is
cultivated over 29.392.817 ha land area worldwide
and annual production is 26.833.394 tons. With such
a quantity of production, dry bean has the first place
among edible legumes [7]. In Turkey, dry bean is
cultivated over 897.221 da land area and annual production is 239.000 tons. With that production, dry
bean has the third place among edible legumes of
Turkey [8]. Organic dry bean production was practiced in Turkey in 2017 and 1.622,63 tons organic
dry bean was produced annually [9]. As it was in
conventional farming, macro and micronutrient
needs limit the agricultural production also in organic farming. Among the macro nutrients, phosphorus is generally immobile, thus plant phosphorus
uptake from the soil and mobility is quite limited
[10]. In organic farming, phosphate rock can be used
as a source of phosphorus. However, low solubility
level of phosphate rock promoted the use of bacteria
in agricultural practices. Bacteria have a significant
place among microbial fertilizers. Bacteria play an
important role in nitrogen fixation, plant hormone
and vitamin synthesis, in prevention of ethylene

)("$%
Bean, humic acid, microbial fertilizer, organic farming,
phosphate rock, yield components
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synthesis, improvement of nutrient uptake and resistance to stress conditions, promotion of plant
growth and development through increasing solubility and mineralization of organic phosphate [11, 12,
13]. Previous researchers reported that phosphatesolubilizing microorganisms transformed phosphate
rock or insoluble phosphorus forms into soluble
forms through acidization, chelating or exchange reactions [14, 15, 16]. In this way, greater and easier
uptake is provided for phosphorus with limited availability in soils [16, 17, 18]. Of the organic fertilizers,
humic and fulvic acids have colloidal characteristics;
they can easily bound to sand, silt and clay-like soil
fractions, thus improve aggregate formation and soil
texture [19, 20, 21, 22, 23]. Humic and fulvic acids
with their positive impacts on soil physical, chemical
and biological characteristics significantly increase
plant yield and quality [23].
In this study, effects of phosphorus-solubilizing bacteria and humic acid (a significant soil stabilizer) treatments on phosphorus availability were investigated through the experiments conducted to determine the effects of these treatments on dry bean
yield and yield parameters. Potential use of present
treatments in organic dry bean farming was also investigated.

organic-certificated “Humanica”) was supplied from
Yeditepe University. Humanica contains 40% organic matter and 50% total humic and fulvic acid.
Phosphate-solubilizing bacteria of  
C26 was used as the microbial fertilizer. In the first
year, experimental soils had 7.70% clay, 8.82% silt
and 83.98% sand and available phosphorus level was
3.63 kg da-1; in the second year, experimental soils
had 13.94% clay, 12.48% silt and 73.58% sand and
available phosphorus level was 5.36 kg da-1.
As compared to long-term averages, monthly
average temperatures throughout the vegetation periods varied ± 2 °C (Table 1). However, daily maximum temperatures in July (Table 2) negatively influenced initial flowering, pollination and pod-set of
plants from the 12th of the June especially of the second year. With regard to precipitations per square
meter, May of the second year had almost 2.5 times
greater precipitation than the long-term average.
Experiments were conducted in randomized
blocks split-split plots experimental design with 4
replications. Experiments were set on 12th of May of
the first year and 9th of May of the second year. Humic acid treatments (two applications, 2 kg da-1)
were placed in main plots, microbial fertilizer treatments (two applications, phosphate-solubilizing  
  C26) were placed in subplots and
phosphate rock treatments (4 applications, 29.3%
P2O5, 0, 7.5, 15 and 22.5 kg da-1) were placed in subsubplots (2 × 2 × 4 × 4 = 64). Sowing was performed
as to have 0.45 m row spacing and 0.10 m on-row
plant spacing. There were 6 rows in each plot and
row length was 3 m. Sprinkler irrigation was performed initially to prevent a duff layer and thus to
have homogeneous emergence. Following weed
control practices and earthing-up, drip irrigation was
used to meet plant water needs. At the end of the experimental period, 10 plants were sampled from each
plot taking side effects (one row from both sides and

&$%! &"%

Experiments were conducted over the experimental fields of Erciyes University Agricultural Research and Implementation Center (38° 42' 54 N; 35°
32' 45 E and 1086 m above sea level) in Kayseri
province during the vegetation periods of the years
2015 and 2016. Göynük 98 bean cultivar was used
as the plant material of the experiments. Phosphate
rock containing 29.30% P2O5 was supplied from
Gübretaş Co. and humic acid (plant-originated and
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0.5 m from top and bottom of the plots) into consideration. These samples were used to analyze yield
and yield parameters (plant height, the first pod
height, number of main branches per plant, number
of pods per plant, number of seeds per plant, number
of seeds per pod, seed yield, biological yield, hundred-seed weight and seed protein ratio) [24, 25].
Resultant data were subjected to variance analysis
with Genstat software and Duncan’s multiple range
test was used to compare significant means [26].

first year and 22.84 in the second year). As compared
to control group without any treatments, 104.5%
greater value was observed in the first year and
56.8% greater value was observed in the second
year. In general, single microbial fertilizer and humic acid treatments significantly increased number
of pods per plant (Table 3). Previous researchers also
reported increasing number of pods per plant with
potassium humate [36] and phosphorus [28, 29]
treatments.
In the first year of the experiments, the lowest
number of seeds per plant was obtained from PR3
(38.90 seeds) dose without humic acid and microbial
fertilizer treatments, but the treatment was placed
into the same statistical group with the control (44.18
seeds) treatment. On the other hand, as compared to
control treatment, all the other treatments increased
number of seeds per plant. The greatest values were
obtained from HA + MF + PR2 (75.55 seeds) and
HA + MF + PR3 (74.65 seeds) treatments and they
were placed into the same statistical group. Parallel
results were also observed in the second year. However, increasing temperatures from the Mid-July, coinciding with intensive flowering and pod set periods
of the plants (Table 2) significantly reduced the number of pods per plant (Table 3). In any cases, humic
acid and microbial fertilizer treatments significantly
increased number of pods per plant. As compared to
control treatment, significantly increasing number of
pods per plant values were observed with increasing
phosphate rock doses. Previous researchers also reported significant increases in number of pods per
plant with humic acid [30], humic acid and phosphorus [31], phosphorus and phosphorus-solubilizing
bacteria [33] and humic acid and rhizobium bacteria
[37]. It was also reported in previous studies that use
of phosphorus sources with plant growth-promoting
bacteria [38], use of phosphates-solubilizing bacteria
with chemical fertilizers [34] and use of phosphorus
with bio-fertilizers [39] significantly improved plant
yield parameters.
Number of seeds per pod values varied between
2.48-3.86 in the first year and between 1.92-2.46 in
the second year (Table 3). Bean plants were negatively influenced by high temperatures especially at
flowering and pollination periods [40]. As compared
to the first year, higher temperatures of second year
decreased number of seeds per pod. In general, as
compared to control treatments, humic acid and microbial fertilizer treatments did not increase number
of seeds per pod significantly.
The lowest seed yield was obtained from the
control group in both years (214.8 kg da-1 in the first
and 133.0 kg da-1 in the second year). As compared
to control treatment, all treatments increased seed
yields. Parallel results were observed in both years.
In humic acid and microbial fertilizer treatments,
seed yields increased with increasing phosphate rock
doses. The greatest value was obtained from HA +
MF + PR3 treatments in both years (395.9 kg da-1 in

$%'&%!%'%%"!

Variance analysis revealed that humic acid +
microbial fertilizer + phosphate rock (HA + MF +
PR) triple interactions had insignificant effects on
number of main branches per plant and seed protein
ratio in both years; insignificant effects on hundredseed weight in the first year, but significant effects
in the second year (P ≤ 0.05); significant effects on
number of seeds per plant in the first year (P ≤ 0.01),
but insignificant effects in the second year; significant effects on number of pods per plant in the first
(P ≤ 0.05) and the second year (P ≤ 0.01). HA + MF
+ PR triple interactions had significant effects on the
other yield parameters in both years (P ≤ 0.01)
(Table 3).
The greatest plant height was obtained from
HA + PR3 treatments in the first (52.15 cm) and the
second year (55.25 cm) of the experiments. The
shortest plant height was obtained from the control
groups without any treatments (37.93 cm in the first
and 48.00 cm in the second year). Plant heights increased with increasing phosphate rock doses. As
compared to control treatments, increasing phosphate rock doses increased plant heights of humic
acid and microbial fertilizer treatments (Table 3).
Complying with the present findings, increasing
plant heights were reported with humic acid treatments Shaaban et al. [27] and increasing phosphorus
doses [28, 29].
In plots only with increasing phosphate rock
doses, the first pod height continuously increased
with increasing phosphate rock doses and the greatest first pod height was obtained from PR3 treatments (12.36 cm in the first year and 13.50 cm in the
second year). The lowest value was obtained from
HA treatment (9.73 cm) in the first year and from
HA + MF treatment (10.00 cm) in the second year.
Similarly, in humic acid and HA + MF treatments,
the first pod height increased with increasing phosphate rock doses (Table 3). Previous researchers reported increasing first pod heights with humic acid
[30], humic acid and phosphorus [31], phosphorus
and sulphur [32], phosphorus sources and phosphorus-solubilizing bacteria [33, 34] and phosphate rock
treatments [35].
The greatest number of pods per plant was obtained from HA + MF + PR3 treatments (26.85 in the
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Seed Protein
Ratio (%)

20,54
23,438
22,763
23,955
21,91
23,423
24,275
22,515
22,138
24,243
22,625
23,338
23,13
23,888
22,788
22,698
22,852
23,106
22,88
23,078
21,929 b
23,748 a
23,113 a
23,126 a
ns
ns
ns
*
ns
ns
ns

Seed Protein
Ratio (%)

Biological
Yield (kg/da)

HundredSeed Weight
(g)
HundredSeed Weight
(g)

Harvest
Index (%)

297,3 d
39,841
313,2 c
42,201
331,4 b
40,703
361,4 a
40,56
364,1 c
40,969
481,7 a
41,754
428,3 b
41,383
436,9 b
39,935
314,1 d
40,151
340,6 c
40,691
409,9 a
41,006
367,7 b
39,756
408,3 d
41,353
433,0 c
42,457
487,5 b
41,059
504,8 a
41,028
376,8
40,918
408,2
40,938
342
40,615
443,1
41,242
345,9 40,578 ab
392,1
41,776 a
414,3 41,035 ab
417,7
40,320 b
**
ns
**
ns
ns
ns
**
**
**
ns
**
ns
**
ns

Biological
Yield
(kg/da)

Harvest
Index (%)

Seed
Yield (kg/da)

Number of
Seeds per
Pod

Seed Yield
(kg/da)

Number of
Seeds per
Plant

214,8 d 29,77 ab
277,6 b 30,55 a
305,9 a 29,56 b
263,8 c 24,51 c
300,5 c 26,13 c
335,3 a 27,41 b
315,2 b 31,81 a
284,3 d 31,93 a
243,8 d 27,92 c
288,8 c 28,20 c
320,3 a 31,20 a
296,3 b 30,21 b
326,0 d 30,058
344,0 c 30,403
359,4 b 30,173
395,9 a 30,585
287,2
28,956
321,8
29,842
276,4
28,987
332,6
29,811
271,3
28,468
311,4
29,139
325,2
30,683
310
29,306
**
**
**
**
*
ns
**
**
**
**
**
**
**
**

Humic Acid (+)

Humic Acid (-)

PR0
48,00 c 10,25 d 14,57 b 33,11 bc
2,28
133,0 b 34,58 b 251,5 b 38,000 b
25,325
PR1
51,75 b 11,75 c 15,88 ab 35,22 ab
2,23
156,0 a 33,10 b 316,1 a 40,750 a
25,37
PR2
52,50 ab 12,75 b 15,98 ab 35,41 a
2,23
158,8 a 38,08 a 258,5 b 39,750 a
25,725
PR3
54,00 a 13,50 a 16,85 a 32,29 c
1,92
157,0 a 37,88 a 257,5 b 39,563 a
25,918
Microbial
PR0
49,00 b 11,50 bc
14,65
34,68
2,38
147,5 c 38,50 b
235,7
39,500 b
25,003
Fertilizer (+)
PR1
49,25 b 13,25 a
15,55
36,01
2,32
158,0 b 39,65 ab
240,5
40,800 a
25,135
PR2
48,75 b 12,00 b
16,35
36,21
2,22
165,3 b 39,60 b
253,4
40,625 ab
25,253
PR3
51,75 a 11,25 c
16,7
36,08
2,17
179,8 a 42,25 a
245,3
40,188 ab
25,488
Microbial
PR0
52,75 b 13,00 c
18,05
39,28
2,18
178,5 b 39,38 b 274,9 ab
41,875
24,648
Fertilizer (-)
PR1
53,00 b 13,50 bc
16,87
41,13
2,46
181,0 b 41,58 ab 254,3 b
42,042
25,118
PR2
55,00 a 13,75 ab
17,26
40,25
2,35
202,3 a 42,60 a 274,8 ab
41,208
25,36
PR3
55,25 a 14,25 a
17,21
35,51
2,07
196,3 a 40,33 ab 291,0 a
41,083
25,355
Microbial
PR0
48,50 c 10,00 c 17,17 c 39,03 c
2,29
181,0 d 37,83 c 297,8 a 41,708 c
24,503
Fertilizer (+)
PR1
49,00 c 13,00 b 18,59 bc 41,27 b
2,23
203,5 c 45,80 b 241,0 bc 43,750 a
24,818
PR2
51,75 b 13,25 b 20,19 b 43,44 a
2,15
220,5 b 49,20 a 227,7 c 43,292 ab
24,943
PR3
55,00 a 14,50 a 22,84 a 45,02 a
1,98
232,8 a 47,33 ab 259,2 b 42,083 bc 24,985
Humic Acid (-)
50,63
11,96
15,815
34,874
2,216
156,8
37,953
257,3
39,897
25,402 a
Humic Acid (+)
52,34
13,07
18,523
40,616
2,214
199,4
43,003
265,1
42,13
24,966 b
Mic. Fer. (-)
52,74
12,76
16,584
36,523
2,214
170,2
38,438
272,3
40,534
25,352
Mic. Fer. (+)
50,23
12,27
17,754
38,967
2,216
186
42,519
250,1
41,493
25,016
General
PR0
49,41
11,21
16,109
36,526 2,283 a
160
37,569
264,9
40,271
24,869 b
Means
PR1
50,69
12,68
16,722
38,406 2,306 a 174,5
40,031
263
41,835
25,110 ab
PR2
51,93
12,84
17,445
38,825 2,238 a 186,5
42,369
253,6
41,219
25,320 a
PR3
53,92
13,33
18,399
37,223 2,034 b 191,3
41,944
263,2
40,729
25,436 a
Humic Acid (A)
**
*
**
**
ns
ns
**
ns
**
*
Mic. Fer. (B)
**
*
*
*
ns
**
*
**
**
ns
AxB
ns
*
*
ns
**
ns
ns
ns
ns
ns
ANOVA
Phosp. Rock (C )
**
**
**
**
**
**
**
ns
**
*
AxC
ns
**
ns
ns
ns
*
**
**
ns
ns
BxC
*
**
*
**
ns
**
**
*
ns
ns
AxBxC
**
**
*
**
ns
**
**
**
*
ns
Values followed by the same letters in each microbial fertilizers are not significantly different at P ≤ 0.05 level. * and ** significant at P ≤ 0.05 and 0.01
level, respectively; ns, not significant.
2016

Microbial
Fertilizer (-)

3,37
3,18
3,39
3,07
3,86 a
2,90 b
3,31 bc
3,25 c
3,84 a
3,22 b
3,29 bc
2,84 c
3,01 ab
2,48 c
3,39 a
2,78 bc
3,289
3,104
3,273
3,12
3,518
2,944
3,341
2,984
ns
ns
*
**
ns
*
**
Number of
Seeds per Pod

Number of
Seeds per
Plant

Number of
Pods per Plant

13,13 b 44,18 b
17,05 a 54,35 a
18,28 a 61,60 a
12,65 b 38,90 b
14,90 c 57,58 a
22,90 a 66,38 a
20,15 b 66,58 a
13,00 d 42,20 b
13,18 d 50,63 bc
18,00 b 58,00 b
20,65 a 67,78 a
16,55 c 47,00 c
19,78 c 59,58 b
25,33 a 62,70 b
22,30 b 75,55 a
26,85 a 74,65 a
16,506 53,969
20,328 61,984
16,184 52,803
20,65
63,15
15,244 52,988
20,819 60,356
20,344 67,875
17,263 50,688
*
*
**
**
*
ns
**
**
**
**
**
ns
**
**

Number of
Pods per
Plant

First Pod
Height
(cm)

Plant Height
(cm)

37,93 d 10,07 c
42,65 c 11,29 b
46,38 b 11,63 ab
49,53 a 12,36 a
45,63 b 11,69 b
49,10 a 12,61 a
44,50 c 10,81 b
42,95 d 9,74 c
38,35 d 9,73 c
41,98 c 10,32 bc
47,53 b 10,87 ab
52,15 a 11,67 a
38,05 c 10,52 c
44,30 b 12,41 b
47,55 a 12,21 b
43,35 b 13,31 a
44,831 11,274
44,156 11,378
44,559 10,991
44,428 11,662
39,988
10,5
44,506 11,658
46,488 11,381
46,994 11,767
*
ns
ns
*
**
**
**
**
**
**
**
**
**
**

First Pod
Height
(cm)

Treatments

Humic Acid (+)

Humic Acid (-)

PR0
PR1
PR2
PR3
Microbial
PR0
Fertilizer (+)
PR1
PR2
PR3
Microbial
PR0
Fertilizer (-)
PR1
PR2
PR3
Microbial
PR0
Fertilizer (+)
PR1
PR2
PR3
Humic Acid (-)
Humic Acid (+)
Mic. Fer. (-)
Mic. Fer. (+)
General Means
PR0
PR1
PR2
PR3
Humic Acid (A)
Mic. Fer. (B)
AxB
ANOVA
Phosp. Rock (C )
AxC
BxC
AxBxC

Year

2015

Microbial
Fertilizer (-)

Plant
Height (cm)

Year

Treatments

&
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the first and 232.8 kg da-1 in the second year). Humic
acid-treated plots had 12.05% and 27.17% greater
seed yield than non-humic acid-treated plots in the
first and second year of the experiments, respectively. Microbial fertilizer treatments increased seed
yields by 20.33% and 9.28% in the first and second
year of the experiments, respectively. Humic acid
and microbial fertilizer treatments increased seed
yields significantly. Seed yields of bean plants increased with increasing phosphorus doses. The
greatest seed yield was obtained from HA + MF +
PR4 treatment (Table 3). Wahid et al. [41] reported
the greatest seed yield for humic acid + poultry litter
+ phosphate rock treatments. Sharma et al. [42] reported significant increases in yields with the combined use of phosphate rock and phosphate-solubilizing bacteria. Present findings comply with the results of Doğan et al. [31], Malik et al. [39], Erman et
al. [37], Sharar et al. [29], El-Gizawy and Mehasen
[34].
Greater harvest index values were observed in
humic acid and microbial fertilizer-treated plots than
in untreated plots in both years. In general, harvest
index values increased with increasing phosphate
rock doses, but the greatest value was obtained from
PR2 doses (Table 3). Present findings comply with
the results of Singh et al. [33].
With regard to biological yield, except for HA
+ MF interaction, all treatments yielded increasing
values in the first year as compared to control
groups. With increasing phosphate rock doses, the
greatest biological yield (504.8 kg da-1) was obtained
from HA + MF + PR3 treatment (Table 3). Humic
acid and microbial fertilizer-treated plots had significantly greater biological yields than untreated plots.
In general, significant increases were observed in biological yields with increasing phosphate rock doses
in the first year, but the differences in biological
yield values of the treatments were not found to be
significant in the second year. Humic acid treatments
increased biological yields in both years of the experiments. Similarly, Shaaban et al. [27] reported increasing biological yields with humic acid and 10%
NPK fertilizer as compared to untreated control
group.
While the lowest hundred-seed weight was obtained from the control group without any treatments, the greatest value was obtained from HA +
MF + PR2 treatment (Table 3). In general, humic
acid and microbial fertilizer treatments increased
hundred-seed weights. Both the single treatments
and interactions increased hundred-seed weights as
compared to control groups. Present findings on
hundred-seed weights comply with the results of
Doğan et al. [31], Malik et al. [39], Erman et al. [37],
Sharar et al. [29], El-Gizawy and Mehasen [34].
Seed protein ratios varied between 20.54024.275% in the first year and between 24.50325.918% in the second year. With regard to seed protein ratios of phosphate rock doses, the lowest value

was obtained from the PR0 dose in both years and
the greatest value was obtained from PR1 dose in the
first year and from PR3 dose in the second year, but
the ratios obtained from the other doses were placed
into the same statistical group (Table 3). As compared to control group, all treatments increased seed
protein ratios. Haghighi et al. [43] reported increasing seed protein ratios with humic acid treatments.
Chesti et al. [44] reported that organic and inorganic
phosphorus sources significantly increased seed protein ratios of mung beans as compared to control
group and phosphorus-solubilizing bacteria-treated
plots had 8-13% greater protein ratios than the control plots. Zafar et al. [36] indicated that different
phosphorus sources and plant growth-promoting
bacteria significantly increased seed protein ratios as
compared to control groups.
"!'%"!%

Present findings revealed that humic acid, microbial fertilizer and phosphate rock treatments significantly increased yield and yield parameters of
dry beans. Especially for seed yields each treatment
significantly increased seed yields as compared to
control group without any treatments. In both years,
the greatest yield was obtained from HA + MF + PR3
treatments. Therefore, this treatment could be recommended for high yields in both organic and conventional bean farming.
!"( !&%
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The present article reviews the scientific literature on the influence of organic and conventional farming as well as organic fertilizer source
(plant-based vs. animal-based) on soil health. Additionally, the role of tillage practices (conservational
vs. conventional) in soil performance is studied.
Research shows that organic farming systems potentially enhanced soil health through improved soil
respiration-CO2 (soil health indicator), soil organic
carbon, cation exchange capacity, soil water content
as well as soil microorganism’s (fungi, bacteria and
nematodes) activity and abundance. Conversely,
organic systems had lower yield compared to conventional. Organic farming sources also significantly affected soil health. Plant-based fertilizers (e.g.
corn and alfalfa meal) also improved soil health
(respiration-CO2), organic matter %, nutrient availability and fruit quality. But, animal-based fertilizers (e.g. fish meal, chicken manure and blood meal)
significantly increased marketable yield compared
to plant-based ones, especially, in short-run projects. Tillage practices have also an impact on soil
quality variables (physical, chemical and biological
properties). Conservation tillage (no-till and strip)
practices improve soil penetration resistance, organic carbon, and biota biomass, density, activity and
diversity. In fact, conservation tillage practices
increased soil microorganism (bacteria, fungi and
nematode) activity and abundance and also available nutrients in comparison to conventional tillage.
However, conservational tillage practices lead to
higher soil compaction and greater number of rootfeeding nematodes (harmful to plant roots). Overall,
organic farming systems can successfully improve
soil health but may not be the best choice for farmers whose essential short-term objective is a higher
yield. Also, organic growers with a primary focus
on yield should not use plant-based fertilizers (e.g.
alfalfa).

Organic farming is considered as a good agricultural system because it improves soil pH, nutrient availability, soil biota, soil structure and reduces
plant-parasitic nematodes [1]. For example, conventionally grown   "  accumulated more cadmium in their leaves, whilst organic
ones were richer in some beneficial nutrients [2].
However, there was no clear effect of the fertilizer
used (organic vs synthetic) on the elemental composition of fruits [2]. Kamau et al. [3] found that
species diversity of microorganism, such as arthropods, was higher in organic fields than in conventional ones. In addition, organic manure had positive effects on growth, physiological parameters
and also on quality and quantity of essential oil of
    [4]. Recent studies have
shown that organic fertilizer sources (plant-based
vs. animal-based) also influence soil health [5].
Organic fertilizer from plant sources, such as alfalfa
(  va), are an ideal choice for enhancing soil chemical composition and head quality of
globe artichokes ("    ). But those
from organic animal sources (fish meal and chicken
manure) reached a higher yield and net return in
sort-term (2 years) compared to plant-based fertilizers [5].
Adopting sustainable agriculture practices,
such as cropping systems, cover crops and conservation tillage (e.g. no-till, reduced, strip), can lead
to improvements in soil physical and chemical
properties, and crop yield [6]. Conservation tillage
practices improve soil fertility, specifically in the
top soil surface (0–5 cm) and increase root density
in comparison to conventional tillage (ploughed
soil) [7]. While the conservational tillage had no
significant yield advantage over the conventional
tillage in rice ( "# !), it resulted in significant advantages in terms of reducing production
cost and labor use, and therefore resulted in increases of farmer incomes [6]. Field margin strips
and non-inversion tilled soil (conservative tillage)
resulted in higher earthworm numbers and more
species than adjacent arable fields under mouldboard ploughing (conventional tillage) [8]. In this
review, our objective was to evaluate the role of
organic farming and tillage practices in soil health.

$#
Conservational farming, microorganism, nematodes, soil
chemistry, strip tillage.
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tural resources and provide healthy products for
consumers [14-16]. Recently, several research studies have been conducted to assess the sustainability
of organic farming and improve its performance.
The total energy required for organic farming systems, consumer acceptance, organic substrate for
soilless culture, and the impact of this farming
system on soil, plant and human health have been
used as measures for the analysis [16-18]. For example, organic product consumption trends assessment revealed that product price and income level
were the main factors driving the organic marketing
[16].
Organic cultural practices have the potential to
improve soil biota biodiversity (e.g. arthropod) [3].
In fact, organic farming systems (2 years) significantly improved the soil health (e.g. soil respiration-CO2) by 20 times when compared to conventional systems [14]. As a result, shoot nutrient composition (N, P, K, Mg, and Fe) can be potentially
improved [19]. Organic farming significantly enhanced soil properties by improving soil organic
carbon, cation exchange capacity, soil water content, and pH (0–20 cm depth) as well as nutrient
availability (Table 1) [14, 20-25]. Bassouny and
Chen [13] concluded that organic farming is the
most efficient cultural practice to improve soil
physical properties, compared with conventional
(mineral fertilizers), specifically, in the root rhizosphere. In fact, this study revealed that organic
fertilizers resulted in significant increase in soil
water retention capacity (SWRC) at most potential
and plant-available water content [13]. In addition,
SWRC was higher across all soil depths with organic fertilizers under dry and wet periods [13]. The
application of combined organic fertilizer + NPK
mineral in Tianjin areas, China showed higher soil
organic carbon and soil total N content over inorganic N plot [26]. They concluded that organic
manure along with mineral (inorganic) N is a perquisite to sustain the crop performance and improve
C and N sequestration of wheat–maize cropping
systems [26]. In olive cultivation, organic fertilization and vertical tillage (vertical to slope) increased
soil moisture by 24.18% at 20-40 cm compared to
traditional and chemical fertilizers [27]. In addition,
the highest olive yield has been gained from trees
fertilized with organic manure (olive yield,
34.5kg/tree). Therefore, integration of organic (cattle manure) and inorganic fertilizers could be recommended as a viable option to increase fertilizer
use efficiency, balance the supply of essential nutrients and lower the heavy metals content in plant
tissues (e.g. wheat), such as in grain [28]. The inoculation of Azotobacter bacteria along with half of
the dose of N supplied through vermin-compost and
the remaining half of N supplied through inorganic
chemical fertilizers significantly improved chemical, physical and biological properties in the soil,

Soil quality or soil health depends on soil
physical, chemical, and biological properties [9].
For measuring soil quality (health) normally different soil quality indicators are being used, such as
microorganism abundance, which has been considered as a key factor for sustainable agriculture [10].
Farming systems, such as organic vs. conventional,
conservational vs. conventional tillage significantly
affect soil health (Figure 1) [3, 11]. For example,
growing collard ( ) and kale
() greens in organic farms (chicken manure) improved soil fertility and soil physical
properties which led to a higher yield [12]. Annual
applications of chemical and organic fertilizers to
kale and collard grown in clay soil for 14 years
revealed that organic treatment was more efficient
in improving physical characteristics of soil compared to conventional treatments [13].
107)05-10%. -..%+)
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Farming systems can be classified into organic
and conventional systems. Organic farmers normally use plant and animal compost with few or zero
chemical products. Conversely, conventional growers use chemical fertilizer for plant production. The
main goal of organic farming is to sustain agricul-
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1-.',)/-'%.',%3%'5)3-:%5-10*13'107)05-10%.%0(13+%0-'*%3/-0+4945)/4
Soil type
Variable
Organic
Conventional
Range
Mean
Range
Mean
-1
N (g·kg )
0.73-1.26
0.95
0.80-1.16
0.94
P (mg·kg-1)
16-339
125
14-273
111
K (mg·kg-1)
90-588
309
95-669
284
2.1-11.2
4.73
1.7-10.8
4.20
Ca+2 (g·kg-1)
Mg+2 (mg·kg-1)
144-1200
551
94-900
471
5.5-67.2
46.2
4.3-66.5
44.6
Zn (mg·kg-1)
64-178
121
28-171
100
Na (mg·kg-1)
Fe (mg·kg-1)
24-80
52.0
23-70
46.5
Cu (mg·kg-1)
1.3-33.3
19.5
1.2-31.6
17.9
pH
5.7-8.2
6.6
5.5-8.1
6.4
OM (%)
0.9-2.1
1.5
0.6-2.0
1.3
Data were from Leskovar and Othman [14], Escanhoela et al. [20], Mäder et al. [21], Mangalassery et al. [22], Suja et al.
[23], Maqueda et al. [24], Leogrande et al. [25].


which in turn improved yield and quality of strawberry ( $ ) fruits and sustained
soil health [29]. A greater amelioration of soil
properties was reached when almonds (   
 ) were sustained by organic farming, whereas
the mineral (conventional) led to a significant discharge of C and N water soluble compounds, which
could become an ecological problem because these
compounds are considered potential contaminants
for surface groundwater [30]. However, the inorganic farming produced higher grain and straw
yields than organic farming systems [31].
The adoption of organic farming systems by
growers is controversial. Previous studies showed
that organic farming has the potential to improve
soil physical, chemical and biological properties
and also reduce environmental pollutants. In addition, fruit quality from organic farming is normally
better than those from conventional (chemical fertilizers) systems. However, the total marketable yield
from conventional farming is usually higher than
from organic farming [14]. Additionally, organic
growers encounter many regulations and restriction
in terms of using pesticides. They are usually restricted to use biological control or organic products. These approaches are not usually effective
when compared to chemical pesticides. As a result,
the pest infection could be significant and difficult
to control in organic fields compared to conventional ones. In overall, organic culture is the best
farming system to improve soil health and fruit
quality, but it may not be the best choice for growers when yield is the essential short-term objective.

.%05 %0( 0-/%.%4)( 3+%0-' 163')4
There are different types of organic fertilizer
sources, including animal-based and plant-based
fertilizers. Organic fertilizers, poultry manure and
sheep droppings were the best sources of fertilizers
among the organic sources evaluated [31]. Growing
media with 40 % spent mushroom substrate + 60 %

chicken manure compost in the nursery period and
the rate of 10 tons spent mushroom substrate + 10
tons chicken manure compost ha−1 in the net house
period resulted in the best yield and fruit quality of
honeydew melon [32]. Omari et al. [33] evaluated
eight plant species (  , #
 ,     
, , ,
  and    ) in combination with chicken manure. They found that
among the eight plant-species tested, 
  proved superior in terms of the cumulative
inorganic N release, but showed minimal impacts
on crop productivity and soil microbial biomass.
However, yield improvements and microbial activity enhancement were much more related to the
cooperation between the plant materials, especially
#, and chicken manure addition to
the soil [33]. Farmers normally grow alfalfa for
forage and soil fertility, specifically in organic
farming systems. Therefore, the role of alfalfa as a
builder of soil organic matter and conservation of
the soil fertility will likely gain more ecological and
economical importance in the future for soil conservation and sustainable agriculture [34].
Healthy soil is characterized by a good storage
of available nutrients (e.g. N, P, K), higher organic
matter and lower electrical conductivity. Plantbased fertilizers normally have lower soil electrical
conductivity compared to animal-based fertilizers
(Table 2) [5, 23, 35, 36]. This is an attribute of the
external salt supplement which is normally added to
animal diet in order to improve the productivity
[37]. A short-term study (two years) conducted
using animal-based (fish meal, chicken manure and
blood meal,) and plant-based (alfalfa meal) organic
fertilizers revealed that soil amendment with plantbased fertilizers (alfalfa) had higher soil health
(respiration CO2) and OM % compared to animalbased organic fertilizers [5]. However, chicken
manure and fish meal fertilizers resulted in higher
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needs to be at the optimal levels before performing
any tillage practices. The tillage type (strip, no-till)
will affect the frequency of tillage used. Generally,
input costs and profitability are a priority for many
farmers, so economic concerns are essential factors
for the adoption of any approach. However, the
influence of the new management practice on soil
quality (health) and environment will also influence
the farmers` choice to adopt strategic tillage. It is
recommended that strip tillage operation should
occur after legume crop to increase the capacity of
soil microbes to release nitrogen and reduce nitrogen losses and ease of handling small stubble quantity [39].
Several studies have potentially shown that
conservational tillage is better than conventional
tillage. For example, strip tillage had positive influence on soil chemical properties in the top layer of
the soil and increased wheat biomass until the tilling stage, as well as improved long-term soil fertility [7]. Both, rice and maize planted sequentially on
permanent beds and strip tillage, have higher yield
and net income compared to conventional tillage
practices [6]. Zero-till in rice–based cropping systems had a positive influence on soil organic C–
pools, macro–aggregate formation and carbon stock
in aggregates [38]. Tillage practices` influence on
soil penetration resistance were noticed across the
soil profile [40]. In the silt loam field, conservation
farming system (no-tillage) showed greater penetration resistance than conventional one (plow treatments), for the top 20 cm soil depth [40]. However,
the no-tillage plots were significantly more compacted than those exposed to minimum (conservational) and plow (conservative) tillage practices
across the soil profile [40]. A long-term study (10
years) revealed that soil compaction in conservation
tillage system (no ploughing) in the top 15 to 30 cm
soil layer was higher than conventional ploughing
[7]. In fact, earthworm activity in both systems
(conservation and conventional) were similar after
10 years of tillage practices [7]. Although ST significantly increased total nematodes, it also increased root-feeding nematodes (harmful to plant
roots), compared to conventional systems [11]. In
apple orchards, the density of soilborne entomopathogenic fungi from organic fields was higher
in the fallow tillage practices than those from sward
strip (Figure 2) [41]. Overall, conservation tillage
can potentially improve soil health and fruit quality
by increasing soil microorganism (bacteria, fungi
and nematode) activity and abundance and available nutrients. Conversely, conservational tillage
practices can lead to higher (compared to conventional) soil compaction, as well as a higher number
of root-feeding nematodes which is known to be
harmful to plants.

yield compared to alfalfa meal. In addition, the cost
input using alfalfa fertilizers (total fertilizer ha-1)
was higher in comparison to the animal-based fertilizers (fish meal, blood meal, and chicken manure).
For plant-based (alfalfa) fertilizers, the application
cost per one ha was $9620, while the cost for animal-based ones, was $4030 for blood meal, $3640
for chicken manure and $5720 for fish meal. Interestingly, artichoke head quality analysis showed
that alfalfa meal had higher chlorogenic acid and
cynarin than animal-based fertilizers [5]. However,
the assessment of four organic fertilizer studies
showed that soil fertilized with animal-based organic sources had higher N, P, K, Mg+2 and Ca+2 (Table 2). In summary, plant-based fertilizers (e.g.
alfalfa) can be the best choice for improving soil
respiration (soil health indicator) and fruit quality
but they are not an ideal option for organic growers
whose main concerns are the increase of yield and
lowering the costs of fertilizers.


 
Soil health (quality) depends remarkably on
physical and chemical components of soil. Tillage
practices significantly affected the quality of the
soil with an impact on the chemistry (organic carbon, N, P content) and physical properties of soil
(soil penetration resistance, visual soil profile observation), as well as soil microorganism (earthworms, bacteria, fungi) biomass, density, activity
and diversity [7, 11]. Intensive conventional tillage
practices of rice–growing areas in South Asia resulted in a destructive effect on soil physical properties and a reduction in soil organic carbon as well
as a decrease in crop yield [38]. Therefore, it has
been recommended to develop a sustainable alternative cropping tillage system [38]. Development
of no-tillage enhanced farmers cultivating and controlling larger lands with lower cost inputs (energy,
labor and machinery [34]. As a result, soil erosion
greenhouse gas emissions were reduced [39]. Anecic earthworm species (i.e.
  )
which are considered as important contributors to
soil functioning, were virtually absent in mouldboard ploughed soil (conventional system) regardless of their presence in nearby field margin strips
or in soil under non-inversion tillage [8]. A longterm study on tillage practices (2009-2015) revealed that watermelon (     cv. Magestic) grown under strip tillage had higher soil
total bacteria (49%), active bacteria (27%), active
and total fungi (37%) and nematodes (275%) compared to conventional tillage [11].
The critical issues of tillage practices are to
determine the best timing and frequency. Tillage
practices timing is very difficult to coordinate and
depends on the interactions between soil water
content and tillage type. Soil moisture content
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**)'51*13+%0-'*)35-.-:)34163')%0-/%.&%4)(742.%05&%4)(1041-.2).)'53-'%.'10(6'5-7-59
13+%0-'/%55)3%0(41-./-0)3%.4'1/214-5-10
Organic fertilizer source
Animal-based
Plant-based
pH
6.84
6.15
Organic matter (%)
4.41
3.36
1521
1186
Electrical conductivity (µmho·cm-1)
Total N (%)
0.40
0.22
431
184
P (mg·kg-1)
K (mg·kg-1)
458
442
Ca+2 (mg·kg-1)
6391
4146
408
234
Mg+2 (mg·kg-1)
Data represent the mean value of 4 studies; Othman and Leskovar [5], Suja et al. [23], Chang et al. [35] and FernandezSalvador and Strik [36].
Plant-based fertilizers were, alfalfa meal, soybean meal, pea residue compost, and corn steep liquor (corn wet-milling). Animal-based fertilizers were, chicken manure, cattle compost, pig compost, fish meal and Blood meal.


! 
1-./)%0()04-591*'1.10-:)()051/12%5,1+)0-'*60+-*31/13+%0-'%0('107)05-10%.*%3/-0+1*
-07)45-+%5)(13',%3(4-06453-%
Both farming systems were subject to two tillage practices, fallow and sward strip. Bars with different letters are significantly
different [41].


!

ing a higher yield. In addition to farming systems
(conventional and organic), organic farming
sources also markedly have an influence on soil
health. While animal-based (e.g. fish meal, chicken
manure and blood meal) significantly increase
marketable yield, plant-based (e.g. alfalfa meal)
organic fertilizers improve soil health (respiration
CO2), OM % and fruit quality. In addition, input
costs of using plant-based fertilizers are higher than
the useage of animal-based ones. Therefore, plantbased fertilizers (e.g. alfalfa) are not an ideal option
for organic growers whose primary concerns are
yield and cost of fertilizers. Tillage practices also
influence soil health through their impact on soil
physical (soil penetration resistance, visual soil
profile observation), chemical (organic carbon, N, P

Farming systems, organic vs. conventional,
conservational vs. conventional tillage significantly
influence soil health. Research studies have shown
that organic farming systems significantly enhanced
soil health through improved soil respiration-CO2,
soil organic carbon, cation exchange capacity, soil
water content as well as soil microorganism’s activity and abundance. However, yield from conventional farming is usually higher than those from
organic systems. Therefore, organic farming systems are recommended to improve soil health and
fruit quality, but it may not be the best choice for
farmers whose main short-term objective is reach-
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content) and biological (biota biomass, density,
activity and diversity) properties. Conservation
tillage (e.g. strip tillage) had higher soil microorganism (bacteria, fungi and nematode) activity and
abundance and available nutrients compared to
conventional tillage. But, conservational tillage
practices such as no-tillage and strip tillage lead to
higher soil compaction, as well as a higher number
of root-feeding nematodes.
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The effects of different conditions such as
light intensity, humidity, weather and stigma life on
the seed setting rate of tea trees were studied. The
response surface model is used to study the influence relationship between different factors. The
results show that the weather is sunny, the temperature and humidity are suitable, and it is suitable for
morning hybridization. Pollination once can eliminate pollination; sunny hybridization is best; When
shedding, the flowers on the robust lines should be
selected for hybridization, and the phosphorus and
potassium fertilizers should be appropriately increased.



a survey, there are more than 200 kinds of “most
representative” and distinctive commercial products
of finished tea in China market alone [2-6]. Attempts have been made to classify tea leaves in
many different ways, such as by form, tenderness of
tea leaves, cultivation region, manufacturing process, production season, and/or sensory profile [7].
Based on the processing methods and sensory
qualities of products, the six types of tea were defined as green, yellow, dark, oolong, white, and
black teas [8, 9]. Three types are widely available
on the global markets and more often cited as nonfermented (green tea), semi-fermented (oolong tea),
and completely fermented (black tea) [10].
Significant advances in tea breeding have been
achieved in China [11-15]. Nevertheless, to match
and satisfy the diverse requirements of domestic
and international markets, it is necessary to improve
breeding efficiency and breed more excellent cultivars. In the near future, more attention should be
paid to precise identification and screening of genetic resources, development of molecular breeding
technologies, a deep understanding of the genetics
of important agronomic traits, quality and resistance.
Improving the seed setting rate of tea plant is
beneficial to improve the breeding efficiency. At
the same time, tea seeds are rich in unsaturated fatty
acids, tea polyphenols, plant sterols, squalene, vitamin E and other functional components, can be
processed and developed suitable for edible highgrade woody vegetable oil and other important
products, which is of great significance for the
comprehensive utilization of tea plant resources. At
present, there are few studies on the fruit setting
rate of tea plants.
In this paper, the effects of different conditions such as light intensity, humidity, weather and
stigma life on the seed setting rate of tea trees were
studied. The response surface model is used to
study the influence relationship between different
factors. The tea trees are used as oil. Results from a
factory acceptance test showed that the quality of
the oil refined using the optimized temperatures
was similar to that of oil refined traditionally.

  
Hybridization, tea, activity, fruiting



  

Tea (Camellia sinensis (L.) O. Kuntze) belongs to family Theaceae and evergreen tree or
shrub that grows up to 10-15 m tall in the wild and
0.6-1.5 m under cultivation. The leaves are short
stalked, light green, coriaceous, alternate, ellipticobovate or lanceolate, with serrate margin, glabrous, or sometimes pubescent beneath, varying in
length from 5 to 30 and about 4 cm wide. Mature
leaves are brighter green in color, leathery and
smooth. Flowers are white, fragrant, 2.5-4 cm in
diameter, solitary or in clusters of two to four. They
have numerous stamens with yellow anthers and
produces brownish-red, one- to four-lobed capsules.
Each lobe contains one to three spherical or ﬂattened brown seeds. It is also a source of biologically active compounds (e.g. catechins, caffeine, flavanones, phenolic acid, vitamins etc.) that help in
preventing a wide variety of diseases [1].
Tea is the most widely consumed beverage in
the world after water. China is the homeland of tea
and the birthplace of tea culture, its production and
export rank first in the world. Today more than 60
countries are producing different teas. According to
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The parents who participated in the cross were
Maoxie, Benshan, Huangdan and Meizhan. The
hybrid female tree is selected from the flower buds
that can be opened and not opened on the day of the
bud white period. The specific operation procedure
is to divide the white flower buds with the tweezers
to remove the stamens, and then the collected fathers are open on the same day. The stamen pollen
of flowers is evenly spread on the female injection
head, then put on kraft paper or film bag to secure
the insects or ants into the powder, remove the bag
after 3 days of pollination, investigate the fertilization rate, and investigate in different seasons. Fruit
and young fruit shedding rate, and the seed setting
rate was investigated in October (harvest period). In
order to explore artificial hybridization to improve
pollination rate, the experiment used self-crossing,
orthogonal and reverse cross three hybrid methods.
Method treatment, there are bagging without male
self-crossing, de-male pollination hybridization, demale pollination immediately, no male pollination,
the day of the day after the male-in-a-day pollination, morning pollination, afternoon pollination,
pollination once and pollination twice.

Fig.1-6 shows effect of light intensity and humidity on the seed setting rate. When light intensity
and humidity increase, the seed setting rate increases. The best seed setting rate is 35.11%. The results
of four combinations of different insemination
methods revealed that there was a difference in the
effect of emasculation and no pollination on the
insemination rate, but the difference was not obvious; the combined insemination rate of pollination
and pollination was not significant. In addition to
the pollination rate of pollination and pollination in
the afternoon, there is a downward trend in fertilization rate, and pollination in the afternoon has a
greater impact on insemination. Therefore, the
artificial hybridization in the flowering period is
suitable for the insemination and fertilization in the
suitable period of temperature and humidity before
flowering in the morning, while in the glare or in
the afternoon, the pollination is less than the pollination of the flower stigma.
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Fig.7-12 shows effect of weather and stigma
life on the seed setting rate. The worst seed setting
rate is 4.20%. The reason for the low seed setting
rate of tea tree artificial hybridization is mainly
affected by the natural fruit drop characteristics of
tea tree, the maturity of maternal and the affinity of
male parent, the hybrid insemination method and
the management measures after hybridization.
Therefore, in the artificial hybridization of tea trees,
we should pay attention to the following measures:
First, choose the parental high rate of parenthood
and parents with good parental affinity to improve

the seed setting rate; second, choose the weather is
fine, the temperature and humidity are suitable, the
light is soft. The morning hybridization is appropriate. It is not necessary to repeat pollination once
pollination. Thirdly, in order to reduce the large
amount of young fruit shedding, the flowers on the
strong lines should be selected for hybridization,
and attention should be paid to the management of
fertilizer and water during spring and summer tea.
Increase the phosphorus and potassium fertilizer to
prevent the excessive growth of nutrient growth
caused by partial application of nitrogen fertilizer.
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The effects of different conditions such as
light intensity, humidity, weather and stigma life on
the seed setting rate of tea trees were studied. The
response surface model is used to study the influence relationship between different factors. The
results show that the weather is sunny, the temperature and humidity are suitable, and the light hybridization is suitable for morning hybridization. Pollination once can eliminate pollination; sunny hybridization is best; When shedding, the flowers on
the robust lines should be selected for hybridization, and the phosphorus and potassium fertilizers
should be appropriately increased.
When light intensity and humidity increase,
the seed setting rate increases. The best seed setting
rate is 35.11%. The worst seed setting rate is 4.20%.
This study will provide theoretical basis for the
breeding of new tea plant varieties and tea seed
production.
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Due to their presence in high quantity in soil,
heavy metals are usually toxic to plants. In this
study, we investigated the effect of different Nickel
(Ni) concentration on the germination rate and various biochemical parameters of the two different varieties of Basmati Rice. For this purpose, seeds were
treated with 0, 250, 500 and 1000 ppm solution of
Nickel Chloride. The germination rate of rice decreases which could be due to the cell wall peroxides
activity of seedling root of rice. Ni uptake increases
with the increase in Ni concentration due to the metabolic activity of the plants. Ni accumulation in seed
coat cause Na and Ca contents of rice plants to decrease. A direct correlation among the Ni concentration and the various contents like chlorophyll, carotenes, and protein was found. Results indicated that
susceptibility of the two rice varieties i.e. Basmati
370 and Super Basmati towards Ni are different. It is
concluded that although Ni contamination has a significant role in the dietary value of rice, however, the
elevated quantity of Ni in soil may be lethal to the
growth of this plant by causing damage to the biological pathways related to different biochemical parameters investigated here.

cannot generate active oxygen directly however it
can act as a catalyst for oxidation and produce oxidative stress in plants [1]. Generally, Ni and its salts
do not cause any kind of systematic poisoning, but it
has been identified and suspected as a carcinogen
[2]. It is a micronutrient required at very low concentration for plants [3] but its high concentrations are
known to inhibit plant growth [4].
Rice, wheat and maize are the three leading
food crops of the world. Rice is the most important
staple food for half of a human race. In terms of
world rice production, it ranks third after wheat and
maize [5]. Different rice varieties are widely distributed in the humid tropics and subtropics areas of Africa, Asia, Central and South America and Australia
[6]. Rice is the most important grain with respect to
nutrition and calories intake, providing more than
one-fifth of the calories consumed worldwide by humans [7].
Many anthropogenic activities such as mining,
sewage, traffic, agriculture activities and ariel
transport cause the contamination of land by heavy
metals. Soil microbial activity, soil fertility and yield
decrease with the excessive metal concentration. The
yield of crops is reduced with the accumulation of
heavy metals in soil, which in terms is related to the
accumulation of xenobiotics and other chemical elements [8, 9].
Nickel is important for the normal growth of
plants and animals, although it is a non-essential element and is present in substantial quantity in all living organism. Its absence and presence in the plants
highly affect the life-cycle of the crops especially
rice. Many biochemical and physiological processes
are also affected by the higher concentration of Ni
which causes the plant growth inhibition [10].
Nickel is present in both the vegetative part and seed
of the rice, therefore, they act as a source for the primary and secondary consumer [9]. Natural soil, ultramafic rocks, mining and industrial activities increase the level of Ni in the environment [10]. Metal
treatment, especially Nickel, decreases the Na, K,
Ca, and Mg content of the plants particularly in the
shoots, indicating that metals not only affect the nutrient uptake but also affect the nutrient distribution

*)"$%
Basmati Rice, Carotenes, Germination rate, Nickel Chloride, Protein, Toxicity
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Nickel is a heavy metal, present in trace amount
in the environment. It is an essential element for the
plant growth at optimum concentration but on the
other hand, has toxic effects on the plant growth
when in excess. The critical toxicity level of Ni in
crops is in range of > 10 µg g-1 dry weight (DW) in
sensitive, and 50 µg g -1 DW in moderately, tolerant
species [1]. At toxic concentrations, Ni interferes
with numerous physiological, anatomical and morphological processes. Ni is a non-redox metal and
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/=/;738+=398 90 #;9=/38< Protein contents
were determined by using the method of Chibnall
and Williams with minor modifications [16, 17]. 0.5
g of dried plant material was taken digestion flask
and to it 1.0 g of digestion mixture containing copper
sulphate, iron sulphate and potassium sulphate was
added, followed by addition of 10 ml of H2SO4. The
solution was heated until it became clear, cooled and
diluted to 25 ml with distilled water. 40 ml of Boric
acid was taken in a volumetric flask and pink color
appear in the solution by the addition of methyl red
indicator. It was transferred to the digestion flask
containing the plant digestion mixture. The digest
was then shifted to the distillation assembly and to
the digestion mixture 10 ml of 50% NaOH solution
was added. The distillation was completed in 6
minutes by observing of the change of color of boric
acid, which turns yellow as ammonium borate was
formed. This indicates the trapping of nitrogen in the
form of ammonium hydroxide. The boric acid with
trapped NH3 was titrated with 0.1N H2SO4. The boric acid color having NH3 changed again from yellow to pink. Percent of protein was calculated using
the following formula.

to the different parts of plants [11]. The inhibition
effect of Ni on the root growth is higher as compared
to the shoots because the Ni inhibits the root respiration due to the shortage of carbohydrate metabolism.
Nickel reduces the mobilization of the seed carbohydrate, the sucrose level and also the other soluble
minerals in the roots of rice [12]. It also affects the
seed germination; as during the imbibition it enters
the seed. Studies have shown that Ni also alters the
partial redistribution of minerals in the seed that occurs during germination [13].
Rice is a good source of energy all over the
world. It ranks higher than other cereals because of
carbohydrates, digestible energy and net protein utilization [14]. German and Swiss researchers produced β-carotenes from rice, which are used to treat
vitamin A deficiency [15]. One of the most important effects of nickel is on protein metabolism.
Total protein contents and total nitrogen contents of
the plant increases with Ni. Nickel affects the natural
coloration of the crop plants by affecting the pigments contents, especially chlorophyll and carotenoids. In the detached rice chlorophyll destruction by
Ni is more affected in the dark than in the light [13].
Pakistan is one of the largest producers of rice in the
world. Among the most famous varieties grown in
Pakistan include the Basmati, known for its flavor
and quality. To the best of our knowledge, this is the
first report on investigating the effect of Ni on the
Protein, total Nitrogen, Chlorophyll and Carotenoids
contents, and minerals like sodium and calcium level
in the two different varieties of Basmati rice.


/=/;738+=398 90 &9=+6 ";1+83- !3=;91/8
Total organic nitrogen was determined by using the
method of Nier and Bremner with some modifications [16, 17]. 0.5 gm of dried plant sample was
taken followed by the addition of 0.7 gm of digestion
mixture and 10 ml of sulphuric acid. This solution
was heated until the frothing becomes ceased. After
cooling the solution 50 ml distilled water was added
to it. 40 ml of boric acid was taken in a flask mixed
with indicator followed by the addition of 10 ml of
32 % NaOH to the digest. The color of boric acid
was changed from pink to yellow, indicate the
trapped N2 in the form of ammonium hydroxide.
The boric acid having the trapped ammonium
was titrated with 0.1 N H2SO4. The color changed
again to pink. The percent total organic nitrogen was
calculated by the formula.

&$%! &"%

%//./;738+=398Two varieties of rice (Super Basmati and Basmati 370) were obtained from
the National Agriculture Research Center (NARC)
Islamabad. Seeds were made sterilized in the 5%
NaOCl solution for 5 to 7 min, then rinsed with distal
water and dried in air at room temperature. Seeds
were allowed to germinate in the sterilized Petri
plates containing two folds filter papers soaked in the
control solution of NiCl2 of 250, 500 and 1000 ppm.
Seeds were then incubated in a growth chamber at
room temperature. Three replicates each with 20
seeds were used for each treatment. Seed germination was evaluated after every 12 hours for 5 days.
After 36 hours, seeds started to germinate. After one
week, radicals emerged from both varieties of rice.
Seedlings were shifted to water culture where plants
were fully grown within three weeks. The stress of
Ni in the form of nickel chloride, i.e. 250, 500 and
1000 ppm was given to the fully growing plants for
18 hrs, the plants were then rinsed with distilled water and dried. The dried plants were chopped to get
the powder which was used for further analysis.


/=/;738+=398 90
3-;9 6/7/8= !3
Welz and Sperling [18] used the atomic absorption
spectroscopic method for the determination of heavy
metals. A stock solution of 1000 mg/l was prepared
by weighing 1.273 g of nickel oxide and dissolved in
a minimum volume of 10% v/v HCl and was diluted
with the de-ionized water up to 1000 mg/l standard
stock solution. After the instrument was standardized by the working standards, Ni concentration was
determined in the plant solution in mg/g.
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+Standard solution of 1000mg /L of Na and Ca
was prepared by dissolving 2.542g of NaCl and
1.91g of CaCl2 in deionized water, and the volume
was made up to 1000 ml in a volumetric flask. Working standard of 2.5, 5.0 and 10.0 mg/l, respectively
were prepared from 1000 mg/l standard stock solution. After preliminary standardization of the flame
photometer by the working standard solutions, the
concentrations of Na and Ca were determined in
plant samples.

/=/;738+=398 90 269;9:2@66 +8. +;9=/
893.<Chlorophyll and Carotenes contents were determined by the Lichtenthaler, H.K., Wellburn
method in which 105 mg of MgO was added to the
dry plant sample to neutralize the plant acid and prevent the formation of α−pheophytin [19]. 3.0 ml of
methanol was added and homogenized for 2 hrs. The
turbid pigment extract was transferred to 5 ml graduated centrifuge tube and the volume made up to 5
ml with methanol. It was centrifuged for 5 min at 500
rpm at room temperature. The supernatant was transferred to a 1-cm path length cuvette and absorbance
reading was recorded against a blank with a spectrophotometer at three different wavelengths, i.e., 653
nm (α−chlorophyll using 100% acetone), 666 nm
(β−chlorophyll using 100% acetone) and 470 nm
(carotenoids).
To determine the pigment contents, measured
absorbance values were multiplied by 5 to obtain the
total amount of chlorophyll “α” chlorophyll “β” and
carotenoids contained in the 5 ml extract. The chlorophyll “α”, chlorophyll “β” and total carotenes in
methanol was calculated by the formula.
Cα = 15.65 A666 – 7.340 A653
Cβ = 27.05 A653 – 11.21 A666
Cx+c = 1000 A470 – 2.860 Cα – 129.2 Cβ/ 245

$%'&%!%'%%"!

Our results showed that nickel uptake is increased with increasing its concentration which is in
coincidence with the earlier reports that the nickel is
easily absorbed when supplied in ionic form (Ni 2+)
[20]. The absorption of Nickel is also dependent
upon the nickel concentration [21]. The two Rice varieties used here showed slightly different accumulation of Ni at different concentrations (Figure 1).
Previous reports also explained that different species
and genotypes have different capacity for heavy
metal accumulation [22, 23]. Seed germination is the
first stage in the life of a plant. It was observed that
the germination of seeds is enhanced at low concentration of Ni but as its concentration increases the
seed germination reduced gradually (Figure 2). Previous studies also reported similar observations
where the wheat growth was positively affected with
Ni at lower concentration while adversely affected at
higher concentration [24]. This may be due to the
suppression of the activities of hydrolytic enzymes
or due to entering of the Ni ion into the embryonic
tissue [25]. Effect of heavy metals on germination of
seeds increasing malondialdehyde content and electrolyte leakage [26]. Ni stress has been reported to
affect photosynthetic pigments, lessen yield and
cause accumulation of Na , K and Ca in mung bean
[27]. Nickle is highly accumulated in rice plants resulting in the decrease of the root and shoot length
with reduced content of K, Mg, and Ca in plant. We
also checked the absorption of Na and Ca in the presence of different Ni concentrations. Our results
showed that Ni doesn’t have any significant effect on
the absorption of Na (Figure 3) however, with an increased level of Ni the concentration of Ca reduces
(Figure 4) in both varieties of the rice used here. In
an earlier study the indirect toxicity of Ni was attributed to the artificial deficiency of other metals
such as Ca, Mg, Fe and Zn as resulted by its competition with these cations [25]. Plant growth is being
influenced by the high levels of the nickel that cause
toxicity but as nickel is micronutrient its presence in
low concentration may improve the rice plant growth

%=+=3<=3-+6 8+6@<3< The results were expressed as the mean values ± standard deviation of
three parallel replicates. The mean values were separated at confidence level p≤0.05 by applying the
one-way analysis of variance (ANOVA) using
Tukey’s multiple range test.
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in terms of seedling length , accumulation of biomass, seedling index and basal diameter. The results
of previous study also showed that at higher concentration the toxicity of nickel inhibit the hydrolysis of
proteins and RNA by suppressing the performance
of RNase and Protease, also the activity of ribonuclease decreased in roots and shoots. It was declared
that the level of RNA in shoots and roots of cultivars
of rice was prominently increased with the growing
NiSO4 concentration. An increased contents of soluble protein was perceived in seedlings treated with
Ni2+ as compared to inherent seedlings. The proline

contents was also enhanced after the period of 5-20
days in shoots and roots of rice seedlings with the
increasing NiSO4 concentration in growth environment. Whereas by enhancing the Ni2+ concentration,
the shoot and root parts of rice seedlings exhibited
22-24% and 37-39% reduction in protease activity in
first 20 days of seedlings [28]. In most species of
plant ribonuclease, protease and amylase enzyme activity are the causes of decreasing of growth and seed
germination in different crops so nikle is regarded as
to be toxic [29].
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The presence of Ni is essential at the micro
level for the nitrogen fixation, but we observed that
at higher concentration the nitrogen and protein level
decreases as the concentration of nickel increases
(Figure 5 and 6). It was found that the nickel concentration affected the Super Basmati more than the
other variety Basmati 370 in terms of nitrogen and
protein content (Figure 5 and 6). Ni has proven to be
vital for the nitrate/ammonia assimilation and symbiotic nitrogen fixation in plants. Ni deficiency in
plants results in the disruption of nitrogen metabolism. It is found that Ni is an essential element for
higher plants development. In the absence of Nickel,
plants accumulate much urea in their leaf tips that
cause necrotic spots [30]. Among the others, the possible reason behind the decline in protein content
could be due to the degradation of proteins as a result
of Ni stress [31]. In both varieties of rice treated with
NiCl2 a reduction was observed in total organic nitrogen contents. Nitrogen is the precursor of amino
acid which in turn reduces the protein contents due
to the limited availability of nitrogen. It suggests that
nickel at lower concentrations stimulated but at
higher concentrations inhibited the synthesis of the
enzyme especially those related to the oxidative
stress mechanism [31, 32].





We also checked the effect of Ni accumulation
on the chlorophyll and carotenes content of the two
rice varieties. Our results showed a gradual decrease
in the chlorophyll α and β, and carotenes content of
the seedlings (Figure 7-9). Effect of Ni toxicity was
greater on the main chlorophyll i.e. α than β. Also,
Super Basmati variety was found more susceptible
to Ni toxicity in terms of these pigments contents.
The decrease in the chlorophyll and carotene concentration could be because Ni effect proteins (enzymes) which are responsible for the biosynthesis of
chlorophyll contents, lipids, soluble and photosynthetic pigment due to oxidative stress [33]. According to Dhir et al. [34] decline in the level of chlorophyll may be attributed to i) reduced Fe concentration ii) disturbance of the enzymes involved in the
biosynthesis of these pigments iii) competition of the
heavy metals with Mg for chlorophyll. Several other
studies also reported [35-37] the decline in the level
of chlorophyll due to Ni toxicity. The result of our
study are also in corroboration with the previous
findings of Ahmad and Ashraf [29] as they reported
that nickel made toxic effect on different plants by
stressing the protease, amylase, and ribonuclease activity which ultimately retard seed germination and
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growth of many plants. Nickle also exert a drastic
effect on the digestion and It has been reported to
affect the mobilization and digestion of stored food
like carbohydrates and proteins in germinating
seeds, [11, 38] which retard root length, plant height,
dry and fresh weight, enzyme activity and chlorophyll content. In mung beans the decreased yield,
photosynthetic pigments and gathering of Na+, Ca2+
and k+ are also affected by the nikle stress. In germinated seeds, the digestion and movement of major
food sources i.e. protiens & corbohydrates are also
affected by the nikle application [27].

We analyzed the effect of increasing Ni quantity on different biological parameters of the two
commonly utilized rice varieties i.e. Basmati 370
and Super Basmati. Our results showed that increasing the Ni quantity in the growth medium compel the
plants to absorb more Ni. The germination rate of
both varieties decreased when the Ni concentration
was raised to 1000 ppm which indicate that in higher
quantity Ni may interrupt the biological pathways responsible for the normal growth of the plant in the
early stage of life. These results are further supported
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by the reduced level of chlorophyll, carotenes, and
proteins in the two varieties of rice used here.
In comparison to Na, Ni showed an antagonistic relationship with Ca by reducing its absorption by
the plant. Na absorption was only reduced when the
Ni concentration reached to 1000 ppm which indicate that in comparison to monovalent ions Ni may
have high competition with divalent ions for crossing the biological membranes.
Finally, our results demonstrated that different
varieties of the same plant may respond differently
to Ni toxicity as showed here that uptake of Ni was
higher in Super Basmati rice which consequently affected the analyzed parameters more adversely in
this rice variety than the Basmati 370. Further research is needed to understand the underlying mechanism of different crop varieties to Ni toxicity.
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Methoxy aromatic compounds are important
chemical intermediates with wide applications in industry, agriculture, and medicine. In this study, the
production of bio-oil rich in methoxy aromatic compounds via microwave pyrolysis of   
   (EP) branch was investigated in the temperature range of 300–500 ºC. The results showed
that 400 °C was the optimum temperature to achieve
the highest yield of bio-oil (28.4 wt.%), where the
concentration of methoxy aromatics in the biooil
reached to 70.4 area%. The addition of Na2CO3 and
K2CO3 has led to increases in the bio-oil yields. During the microwave pyrolysis of EP, Na2CO3 and
K2CO3 increased the selectivity of methoxy aromatics in the bio-oil, while NaOH showed a negative impact on the selectivity of methoxy aromatics. Based
on the findings of the study, the reaction pathways of
methoxy aromatic compound formation during pyrolysis were proposed.

chemicals.
Methoxy aromatics such as eugenol (2-methoxy-4-(4-propenyl) phenol), vanillin (4- hydroxyl-3methoxybenzaldehyde), syringol (dimethoxyphenol), and guaiacol (2-methoxyphenol) are the major
pyrolysis products of lignin, formed via cracking of
phenyl-propane units of the macromolecule lattice.
Shen et al. [8] found that compounds such as guaiacol and syringol are the predominant methoxy aromatics in bio-oils derived from lignin pyrolysis.
Methoxy aromatics are aromatic hydrocarbons containing one or more methoxy (–OCH3) group on the
benzene ring. Researchers also refer to methoxy aromatics containing hydroxyl groups in general as
phenolic compounds [9]. Methoxy aromatics are valuable chemical intermediates with numerous applications in food, agrochemical, and pharmaceutical
industries [10, 11]. Lignocellulosic biomass is very
attractive for the production of methoxy aromatics,
due to their unique aromatic structure, relative abundance, and low cost [12]. Nevertheless, there are few
systematic studies on the mechanism of formation of
and selectivity of methoxy aromatics during pyrolysis of woody biomass, particularly under microwave
pyrolysis conditions.
Microwave pyrolysis is regarded as a promising pyrolysis method for efficient conversion of biomass to value-added products [13]. To facilitate the
conversion of biomass, catalysts are commonly used
during pyrolysis in order to improve the yield and
selectivity of fine chemicals in the bio-oil [14-16].
Mamaeva et al. [17] carried out catalytic pyrolysis of
lignocellulosic biomass in the presence of activated
carbon and lignite char and reported the highest concentration of phenolics (61.2 area%) was achieved at
300 °C. The phenolic compounds consisted of phenols and methoxy aromatics, such as guaiacol (2methoxy phenol), 4-ethyl-2-methoxy phenol, 2methoxy-3-(2-propenyl) phenol, 2-methoxy-4-propyl phenol, and 2-methoxy-4-(1-propenyl) phenol.
Phenol and guaiacol contents were in the range of
0.77–1.64 mg/g and 0.18–0.58 mg/g bio-oil, respectively. Amutio et al. [18] detected a total phenolic
content of 26.25 wt.% and guaiacols content of 3.88
wt.% in the bio-oil derived from fast pyrolysis of eu-

,*"%&
Woody Biomass, Catalytic Microwave Pyrolysis, Methoxy Aromatics, Alkali Catalyst


!'%"('"!

Biomass has attracted increasing interests as a
renewable alternative energy source to fossil fuels
[1-3]. Woody biomass is one of the most abundant
biomass resources, consisting mainly of cellulose,
hemicelluloses, and lignin. Lignin contains numerous methoxy substituted phenolic structures [4],
which account for 15–30% of dry woody biomass
[5]. Significant progress has been made in the production of bio-oil from woody biomass via pyrolysis
[6]. However, these bio-oils cannot be directly used
as fuel due to their high oxygen content, corrosive
nature, high viscosity, and instability. Consequently,
they need to be further chemically modified through
complementary processes before use [7]. The high
functionality and oxygenated nature of lignin render
it suitable for the production of valuable aromatic
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(EP) sawdust used in this study originated from
South China. The EP samples were ground and
sieved into a particle size range of 74-140 µm. The
proximate analysis of EP was as follows: moisture,
0.37 wt.%; volatile matter, 81.37 wt.%; fixed carbon,
18.06 wt.%; and ash content, 0.57 wt.%. The ultimate analysis of EP on dry ash free (daf) basis was
measured using a Euro Vector Euro EA elemental analyzer, and the results are as follows: carbon, 53.20
wt.%; hydrogen, 6.32 wt.%; nitrogen, 0.23 wt.%;
and oxygen, 40.25 wt.%. Analytical0-gade reagents
SiC, NaOH, K2CO3, Na2CO3, and NaHCO3 were
purchased from China National Biotech Group. SiC,
a chemically inert microwave absorber, was used as
a benchmark to contrast the catalytic performance of
other catalysts [21]. SiC was ground and sieved into
74-140 μm particles before mixing with biomass
samples. During catalytic microwave pyrolysis experiments, EP was mixed with an alkali solution at a
4:1 mass ratio and stirred for 2 h. The slurry was then
dried at 105°C in a vacuum oven for 12 h.

calyptus sawdust, mainly formed during the decomposition of lignin. Similar results were reported by
Heidari et al. [19]. Alkali and alkaline earth metals
have been used as catalysts to improve bio-oil quality and promote the formation of phenolics [20, 21].
The formation of bio-oil rich in methoxy aromatics from       was recently
studied by Xu et al. [22] using a fixed-bed reactor
and in the presence of alkali catalysts NaOH and
Na2CO3 at temperatures of 300-500 °C. The highest
concentration of methoxy aromatics in bio-oil was
63.4 area%, which was achieved at 400 °C in the
presence of Na2CO3. In previous studies, the decomposition of pine sawdust at moderate temperatures
resulted in the formation of guaiacol with concentrations as high as 46.0 area% at 400 °C [23]. Further
increasing of pyrolysis temperature led to the conversion of guaiacol to phenolic compounds, which
was attributed to the removal of methoxy (–OCH3)
side chains from the aromatic ring. Peng et al. [24]
found the content of phenols with –OCH3 groups attached to the aromatic rings decreased from about
40% to about 3% with increasing pyrolysis temperature from 350°C to 550°C, where the strong alkali
(NaOH) greatly promoted the scission of –OCH3.
The formation of methoxy aromatics in bio-oil during pyrolysis is directly related to the temperature
and the type of catalyst. Some studies have focused
on the formation mechanism of phenol and its derivatives in order to increase the selectivity of target
products in the bio-oil [25,26]. The formation of
such compounds is due to the breakage of various C–
C and C–O–C ether bonds (β–O–4 or/and α–O–4) of
lignin [27]. The thermal decomposition of simple
low molecular weight lignin compounds has been
previously studied to elucidate the mechanism of
formation of phenolic and methoxy aromatic compounds. Among them, guaiacol-based models, with
methoxyphenol substituents and coniferyl alcohols,
have drawn more attention than other lignin monomers [11]. However, studies based on lignin-related
models are mainly focused on the mechanism of the
formation of phenol, and the details concerning the
polymerization and cracking of the methoxy group
(–OCH3) are not well documented.
The main objective of this study was to understand the formation pathways of methoxy aromatic
compounds during microwave pyrolysis of  
    (EP), focusing on the impact of alkali catalysts on the mechanism of formation and selectivity of methoxy aromatics. The findings of this
study may pave the way for the development of efficient pyrolysis technologies for the conversion of
woody biomass, in particular, eucalyptus sawdust
processing wastes, to value-added fine chemicals.

C<1=591:?-8 91?4;0> Pyrolysis experiments were carried out using a custom designed
quartz reactor, which was placed in a microwave
oven (Tangshan Microwave Thermal Instrument
CO. Ltd., China) with a power output of 1000 W and
frequency of 2.45 GHz. The schematic diagram of
the experimental apparatus and the detailed experimental procedure can be found elsewhere [28]. During pyrolysis experiments, high-purity nitrogen with
a total flow rate of 200 mL/min was used as the carrier gas. About 8.0 g of sample was loaded into the
reactor in each experimental run. Biomass was
blended with SiC at a mass ratio of 8:2. The temperature of the sample was measured by a thermocouple
inserted into the sample bed from the top of the reactor. Pyrolysis experiments were conducted isothermally at 300, 350, 400, 450, and 500°C. The temperature of the sample bed was measured at 2 s intervals, and the samples were held at the final temperature for 30 min. The final temperature of the sample
was maintained by the microwave oven using an automatic temperature/power control system. The volatiles were passed through three consecutive condensers placed in an ice-water bath and containing
dichloromethane. Distillation was used to separate
the dissolved organic bio-oil fraction from the dichloromethane after pyrolysis. Pyrolysis experiments were repeated twice, and the experimental results were found to be highly reproducible. The
yields of bio-oil and char were calculated by directly
weighing the products, and the gas yield was calculated by difference using the following equation:
gas =100 %- char- bio-oil
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where  denotes to the selectivity of desired
product ,  is the peak area of the desired product
measured by GC-MS, and  is the total peak area of
the bio-oil GC-MS spectra.
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where gas is the theoretical yield of gas (%),
char is the yield of char (%), bio-oil is the yield of biooil.
#=;0@/? -:-8D>5> 91?4;0> The chemical
composition of bio-oil was analyzed via gas chromatography-mass spectrometry (GC-MS, Thermo Scientific ISQ). The details of the GC-MS analysis procedure can be found elsewhere [22]. Chemstation
software was used for acquiring and processing the
bio-oil composition data. Compound identification
was done by comparing the mass spectra of individual compounds to a spectral database. Semi-quantitative analysis was carried out to compare the distribution of the compounds in bio-oils obtained under
different experimental conditions. In order to quantitatively analyze the content of methoxy aromatics
in the bio-oil, a standard calibration curve was generated for five typical methoxy aromatics. The standard samples were purchased from Aladdin-Reagent
(Shanghai Biotech Group, China), and included 2methoxyphenol (guaiacol), 4 - hydroxy- 3- methoxybenzaldehyde (vanillin), 4-vinyl-2-methoxyphenol,
4-hydroxy-3,5-dimethoxybenzaldehyde (syringaldehyde) and 2,6- dimethoxyphenol. Standard solutions
with concentrations of 20-100, 20-80, 200-1000,
200-1200 and 400-1000 mg/L, respectively, were
prepared by dissolving the standard samples in dichloromethane. The mass content of methoxy aromatics in the bio-oil was then calculated using the
standard calibration curves. The gaseous products
were analyzed using gas chromatograph (TRACE
1300, Thermo Scientific). The selectivity of compounds in the bio-oil was calculated using the following equation:
 =  / (- ) ×100%

221/?>;2?19<1=-?@=1;:?41<=;0@/?D5180>
-:0 ?41 /;9<;>5?5;:> ;2 .5;;58 The pyrolysis
product yields (bio-oil, bio-char, and gas) during microwave pyrolysis of EP at different temperatures using SiC as the microwave receptor at an EP:SiC ratio
of 8:2 are shown in Fig. 1 With increasing pyrolysis
temperature, the char yields decreased from 52.5
wt.% at 300 °C to 34.0 wt.% at 500 °C. A monotonic
increase in the gas yield from 25.5 wt.% at 300 °C to
43.1 wt.% at 500 °C was observed. Microwave pyrolysis at higher temperatures favored the formation
of non-condensable gases [29]. This can be attributed to the secondary pyrolysis reactions, during
which the cracking of primary pyrolysis vapors takes
place, yielding light gases [30]. The water content of
bio-oil generally decreased with pyrolysis temperature and ranged between 12 wt.% and 14.3 wt.%,
which was consistent with previous studies [31].
When EP was pyrolyzed at 300-500°C, the bio-oil
yield ranged between 22.0wt.% and 28.4 wt.%,
where the maximum value of 28.4 wt.% was obtained at 400°C. The decrease in bio-oil yield during
microwave pyrolysis at temperatures above 400°C
indicated that some pyrolysis volatiles underwent
thermal cracking to form gaseous products [23]. The
temperature of 400°C was therefore considered the
optimum pyrolysis temperature for obtaining the
highest bio-oil yield from EP under pyrolysis conditions used in this study.

(2)

(% 
'41/4-:31>5:?41D5180>;295/=;B-A1<D=;8D>5><=;0@/?>;2#->-2@:/?5;:;2?19<1=-?@=1
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Fig. 2 shows the composition of bio-oil derived
from microwave pyrolysis of EP as a function of pyrolysis temperature. The compounds in the bio-oil
derived from microwave pyrolysis of EP were classified into four major groups of oxygen-containing
aliphatic compounds, oxygen-containing aromatic
compounds, aliphatic hydrocarbons, and aromatic
hydrocarbons. As can be seen, methoxy aromatics
were the predominant proportion of the oxygen-containing compounds. The GC-MS results showed that
the bio-oil derived from microwave pyrolysis of EP
mainly consisted of oxygen-containing compounds,
while the concentrations of aliphatic and aromatic
hydrocarbons were less than 5 area%. The highest
yield of oxygen-containing compounds, including
aromatics and aliphatics (98.8 area%) was obtained
at 400°C. In all samples analyzed, the concentration
of oxygen-containing aromatic compounds was
higher than that of oxygen-containing aliphatic compounds and reached the maximum value of 84.2
area% at 400°C. Majority of oxygen-containing aromatic compounds were methoxy aromatics, accounting for 70.4 area% of the bio-oil (Fig. 2). The high
concentration of methoxy aromatics in bio-oil of EP
can be attributed to the high content of lignin in
woody biomass [18]. These results were consistent
with the literature data on bio-oil obtained from pyrolysis of EP [24, 32]. The content of methoxy aromatics decreased with further increasing of temperature from 400°C to 500°C, while the content of ox-

ygen-containing aliphatic compounds showed an opposite trend. The results show that methoxy aromatics obtained during primary pyrolysis of EP decomposed at elevated temperature, forming other aromatic compounds.
The major chemical compounds detected in the
bio-oil of EP are listed in Table 1 as a function of
temperature. The pyrolytic bio-oil consisted of a
complex mixture of organic compounds. Oxygencontaining aromatic compounds were mainly comprised of methoxy aromatics and phenols. Methoxy
aromatics comprised 34.5-46.7% of bio-oil, depending on the temperature at which the bio-oil was obtained. Most of the methoxy aromatics listed in Table
1 have great market value. For instance, 4- hydroxyl3-methoxybenzaldehyde can be used in pharmaceuticals and food spices and has been produced via pyrolysis of softwoods [27]. High concentrations of
2methoxyl phenol, 2-methoxyl-4-vinyl phenol, and
3,4-dimethoxy phenol were obtained from microwave pyrolysis of EP at 400°C. However, the concentration of the methoxy aromatics decreased with
pyrolysis temperature. Similar trends were previously observed by Vasalos et al. [33]. The oxygencontaining aromatic compounds with free methoxy
groups were primarily phenol or alkylphenol, which
increased with temperature. Based on these results,
400 °C was chosen as the optimum temperature for
pyrolysis of EP, at which bio-oil with the highest
concentration of methoxy aromatics was obtained.
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GC-MS (area%)
300 °C
350 °C
400 °C
450 °C
Oxygen-containing aliphatic compounds
2-Pentanol,5-(2-propynyloxy)1.33
1.21
1.15
1.29
D-Allose
7.93
3.76
3.58
5.79
Ethanol,2-(octadecyloxy)0.28
0.22
0.19
0.26
l-Gala-l-ido-octose
0.37
0.10
0.05
0.05
1,6-Octadiene,3-ethoxy-3,7-dimethyl
0.18
0.09
0.07
0.10
1-Heptatriacotanol
0.12
0.07
0.03
0.25
1-Hexadecanol,2-methyl
0.12
0.06
0.05
0.09
3-Trifluoroacetoxypenta decane
0.34
0.42
0.37
0.32
3-Cyclopropylcarbonylox ytetradecane
0.09
0.10
0.08
0.09
1-Heptatriacotanol
2.47
1.43
0.18
1.43
Total
13.23
7.46
5.75
9.67
Oxygen-containing aromatic compounds- Methoxyaromatics
Phenol, 2-methoxy1.63
2.51
2.67
2.49
Creosol
2.03
3.07
4.4
4.5
4-hydroxy-3-methoxybenzaldehyde
0.8
0.66
0.73
0.81
Phenol,4-ethyl-2-methoxy0.51
1.61
1.89
2.04
2-Methoxy-4-vinylphenol
1.24
1.42
1.50
0.89
Phenol, 2,6-dimethoxy3.76
3.61
3.85
4.63
1,2,4-Trimethoxybenzene
7.75
5.66
3.14
3.05
1,2-Benzenediol,3-methoxy
1.46
4.79
7.06
3.72
Phenol,2-methoxy-4-(1-propenyl)-, (Z)1.4
1.69
1.51
1.43
Phenol,2,6-dimethoxy-4-(2-propenyl)11.81
9.72
6.45
7.32
Benzaldehyde,4-hydroxy-3,5-dimethoxy1.3
1.59
1.05
1.1
Ethanone,1-(4-hydroxy-3,5-dimethoxyphenyl)2.93
4.06
4.15
3.39
3,5-Dimethoxy-4-hydroxyphenylacetic acid
1.07
1.29
1.56
0.49
3,5-Dimethoxy-4-hydroxyphenethylamine
1.43
1.07
1.13
1.09
Phenol, 3,4-dimethoxy1.56
1.59
2.9
1.64
Phenol,2-methoxy-4-propyl
0.92
1.42
2.68
1.97
Total
41.6
45.76
46.67
40.56
Oxygen-containing aromatic compounds- Others
Phenol, 3-methyl0.38
0.41
0.62
0.78
Phenol
2.02
2.98
3.99
3.76
Phenol, 2,6-dimethyl2.76
3.39
3.42
3.57
Phenol, 2,3-dimethyl0.21
0.24
0.38
0.77
Phenol, 2,5-dimethyl0.19
0.25
0.39
0.57
Phenol, 2,3,6-trimethyl0.49
0.63
0.92
1.11
Phenol, 2-ethyl-6-methyl0.31
0.85
0.94
1.37
Phenol, 3,4-dimethyl
0.16
0.62
0.74
0.69
Total
6.52
9.37
11.4
12.62
Aliphatic and Aromatic Hydrocarbons
Octadecane,3-ethyl-5-(2-ethylbutyl)0.13
0
0
0
tert-Hexadecanethiol
0.12
0.06
0
0
Octadecane,3-ethyl-5-(2-ethylbutyl)0.10
0
0.05
0.26
6b,8a-Dihydrocyclobut[a] acenaphthylene
0.41
0
0
0
2H-Tetrazole, 2-methyl0
1.24
0
0
Z-1,9-Hexadecadiene
0
0.05
0.13
0.12
17-Pentatriacontene
0
0.05
0.05
0
2,4,4,6-Tetramethyl-6-phenyl-2-heptene
0
0.23
0.05
0
Oxetane, 2-propyl0
0.92
1.07
0.21
Amphetamine-3-methyl
0.15
0.57
0
0
Phenethylamine, p,à-dimethyl
0.03
0.76
0
0
17.alfa.,21á-28,30-Bisn orhopane
0.45
0.68
0
0
Phenanthrene
0.28
0.24
0.22
0.26
Cyclopentane,1-ethenyl-3-ethyl-2-methyl
0.70
0
1.10
0
1H-Indene, 1-methylene0
0
0
0
1,5,5-Trimethyl-6-methylene-cyclohexene
0
0
0
0
Acenaphthylene
0
0
0
0
Styrene
0.05
0.2
0.13
0.02
3-Methylphenylacetylene
0.05
0
0
0.53
Total
2.47
5
2.8
1.4
Compounds
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500 °C
1.58
7.95
0.13
0.06
1.42
1.42
1.39
1.11
1.03
2.89
18.98
2.54
1.77
0.78
0.96
1.34
4.01
4.31
0.94
1.43
8.03
1.14
2.8
1.37
1.23
0.98
0.82
34.45
1.31
4.78
4.10
1.25
1.02
1.23
1.54
1.08
16.31
0
0
0
0
0
0.11
0.41
0
0
0
0
0
0.09
0
0.04
0.42
0.18
0
0
1.25
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300 °C

350 °C

GC-MS area%
400 °C

450 °C

500 °C

8.8

12.4

14.7

23.8

25.1

20.4

31.3

42.2

25.4

20.3

17.6

28.5

24.2

17.7

9.6

81.1

66.9

55.0

R

R1

OH

-coumaryl
R

OH

OCH3

coniferyl
R

H3CO

OH

OCH 3

sinapyl
Total
46.8
72.2
R refers to –CH=CH–CH2OH; R1 refers to –H, –OH or –CH3.
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;:/1:?=-?5;:93 ;29-5:91?4;CD-=;9-?5/>5:?41.5;;58;.?-5:102=;995/=;B-A1<D=;8D>5>
-?05221=1:??19<1=-?@=1>
Temperature
(°C)
300
350
400
450
500

2-methoxyphenol
mg/L

area%

16.5
20.8
21.3
21.5
22.0

1.6
2.5
2.7
2.5
2.5

4-hydroxy-3methoxybenzaldehyde
mg/L area%
15.0
14.9
14.0
16.8
17.4

0.8
0.7
0. 7
0.8
0.8

2-methoxy-4vinyl-phenol

3,5-dimethoxy-4hydroxycinnamaldehyde

2,6-dimethoxyphenol

mg/L

area%

mg/L

area%

mg/L

area%

16.8
16.9
15.9
15.3
16.7

1.2
1.5
1.1
0.9
1.3

16.0
15.0
15.2
15.2
15.8

1.4
1.0
1.1
1.1
1.2

24.0
24.5
25. 3
27.7
27.6

3.8
3.6
3.9
4.6
4.0

while the concentration of the oxygen-containing aromatic compounds derived from -coumaryl unit
showed an increasing trend. The decomposition of
coniferyl and sinapyl alcohol units at higher temperatures lead to the formation of phenols. Similar results were reported by Peng et al. [24]. These results
indicated the extent of deoxygenation for methoxy
groups at higher temperatures (>400°C).
The product diversity and complexity of bio-oil
makes an accurate quantitative analysis of the specific chemical components difficult and time-consuming, largely due to the requirement for multiple
calibrations of a plethora of chemicals [34]. In this
study, calibration curves were established for the major methoxy aromatics in bio-oil. The calibrated values of five major methoxy aromatics in bio-oil are
shown in Table 3 as a function of pyrolysis temperature. The results showed that the concentration of 2methoxyphenol in bio-oil ranged between 1.6 and
2.7 area%, which was equivalent to a yield of 16.522.0 mg/L. 2,6-dimethoxyphenol was the major
methoxy aromatic in bio-oil derived from pyrolysis
of EP in the presence of SiC. Its concentration

The main building blocks of lignin include
monomers, such as -coumaryl (containing at least
one hydroxyl group and no methoxy groups), coniferyl (containing one methoxy group) and sinapyl
alcohol (containing two methoxy groups) [11, 25].
The decomposition of lignin may result in the formation of phenols and methoxy aromatic compounds under certain experimental conditions. Table
2 shows the concentration of phenolics and methoxy
aromatics in bio-oil, which were formed during the
decomposition of -coumaryl, coniferyl, and sinapyl
alcohol units of lignin at different temperatures. During non-catalytic pyrolysis, the concentration of coumaryl-derived compounds (mainly phenol and
alkylphenols) increased monotonically from 300 °C
to 500 °C and reached a maximum of 25.1 area% at
500 °C. The concentration of methoxy aromatics derived from coniferyl and sinapyl alcohol units increased with pyrolysis temperature and reached
maximum values of 42.2 area% and 24.2 area% at
400 °C, respectively. At temperatures above 400 °C,
coniferyl and sinapyl alcohol units decomposed,
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the yield of CH4 and concentration of methoxy aromatics and phenolics in bio-oils as a function of the
type of catalysts at 400 °C. The concentration of
methoxy aromatics in bio-oil derived from non-catalytic microwave pyrolysis of EP was 70.4 area%. In
the presence of strong alkali catalysts such as NaOH,
phenolics were the major constituents of bio-oil, indicating that NaOH favored the cracking of methoxy
groups, leading to the formation of CH4 and phenolics. The formation of CH4 during pyrolysis was
mainly attributed to the release of methoxy groups,
due to the rupture of C−O bond during lignin decomposition [38]. Compared to non-catalytic pyrolysis,
NaOH promoted the formation of CH4, which was
accompanied by a decrease in the concentration of
methoxy aromatics in bio-oil. These results indicate
that higher selectivity of phenolics in bio-oil was obtained in the presence of NaOH.
With the addition of medium alkali catalysts
such as K2CO3 and Na2CO3, the relative concentration of methoxy aromatics in bio-oils increased from
65.4% to 78.1 area% and 78.7 area%, respectively,
showing a positive impact of these catalysts on the
selectivity of methoxy aromatics in bio-oil. This was
accompanied by a decrease in the concentration of
the phenolics in bio-oil. Mamaeva et al. [28] postulated that strong alkali additives, such as NaOH and
KOH, increased the yield of phenolics at the expense
of methoxy aromatics via decarboxylation or decarbonylation reactions. Compared to NaOH, the addition of K2CO3 and Na2CO3 significantly decreased
the concentration of CH4 in pyrolysis gas. Using NaHCO3 as the catalyst during microwave pyrolysis resulted in decreased selectivity of methoxy aromatics,
where the total concentration decreased to 64.2
area%. These results imply that the alkali catalysts
has a profound impact on the composition of pyrolysis products.
The selectivity of methoxy aromatics () and
phenolic compounds () in bio-oil as a function of
the type of catalyst were calculated using Eq. (2) and
the results are shown in Table 4. As seen, the selectivity of methoxy aromatics increased significantly
in the presence of medium alkali catalysts, compared
to non-catalytic pyrolysis. The selectivity of methoxy aromatics reached 78.8 and 132.9 when K2CO3
and Na2CO3 were used during microwave pyrolysis,
respectively. It may be concluded that the use of the
medium alkali catalysts significantly promoted the
selectivity of methoxy aromatics in the bio-oil. The
strong alkali catalyst i.e. NaOH, however, significantly increased the selectivity of phenolic compounds at the expense of methoxy aromatics. The selectivity of methoxy aromatics in bio-oil was enhanced by alkali catalysts in the following order:
Na2CO3 > K2CO3 > NaHCO3 > NaOH.




ranged between 24.0 mg/L and 27.7 mg/L at different temperatures. The key challenge of biomass thermochemical conversion is to achieve high yields and
selectivity of target compounds. These valuable
compounds have significant economic benefits after
separation and purification [35]. In order to increase
the selectivity of methoxy aromatics, appropriate
catalysts need to be used. In this study, alkali catalysts were used to yield of methoxy aromatics in biooil during microwave pyrolysis of EP.
221/?>;2-87-85/-?-8D>?>;:?4105>?=5.@?5;:
;2<D=;8D>5><=;0@/?>The addition of various catalysts may influence the yield and composition of pyrolysis products during pyrolysis of biomass [36].
Fig. 3 shows the influence of alkali catalysts, i.e.
NaOH, K2CO3, Na2CO3, and NaHCO3 on the distribution of microwave pyrolysis products at 400 °C.
During non-catalytic pyrolysis experiments and in
the presence of SiC, the bio-char, bio-oil, and gas
yields were 41.6 wt.%, 28.4 wt.%, and 30.0 wt.%,
respectively. When NaOH was used as the catalyst
during microwave pyrolysis experiments, the char
yields were generally higher than that of non-catalytic pyrolysis and other alkali catalysts. However,
the addition of NaOH resulted in a decrease in the
total bio-oil yield, and a relatively low bio-oil yield
of 21.6 wt.% was obtained. Compared to the noncatalytic and NaOH-catalyzed pyrolysis, the presence of K2CO3 and Na2CO3 led to higher bio-oil
yields of 32.1 wt.% and 32.7 wt.%, respectively.
Conversely, the char yields decreased to 38.5 wt.%
and 36.5 wt.%, respectively. The addition of NaOH
increased the char yield, while a lower char yield was
observed in the presence of Na2CO3. It has been reported that alkali treatment promotes the depolymerization of lignin into small oligomers and monocyclic molecules [20, 37]. The positive impact of alkali
carbonate salts on the yield of bio-oil was in good
agreement with our previous study [28]. During pyrolysis, biomass thermally decomposed to small
fragments by retro-aldol condensation reactions,
forming unsaturated compounds [20], which were
subsequently polymerized to form bio-oil in the
presence of medium alkali catalysts. In the presence
of NaHCO3, the char, bio-oil, and gas yields were
38.5 wt.%, 28.3 wt.%, and 33.2 wt.%, respectively.
In comparison with non-catalytic pyrolysis, the biooil yield did not change significantly during NaHCO3 catalyzed microwave pyrolysis. However, the
formation of non-condensable gases and water were
promoted in the presence of NaHCO3, while the biochar yield decreased slightly.

221/?>;2-87-85/-?-8D>?>;:?41>181/?5A5?D;2
91?4;CD -=;9-?5/> The yield of CH4 gas during
pyrolysis of EP is believed to be associated with the
conversion of methoxy aromatics into phenol during
the secondary reactions. Fig. 4 shows the changes in
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#=;<;>10 =1-/?5;: <-?4B-D> ;2 ?41 2;=
9-?5;:;291?4;CD-=;9-?5/>-:0<41:;85/> The
experimental results of this study suggested that
methoxy aromatics were mainly formed during the
primary decomposition of EP. Most of the primary
pyrolysis products of woody biomass retain their
substitution patterns from lignin polymers, i.e.
coumaryl-type, guaiacol-type and syringol-type

units [39], which can be divided based on the number
of –OCH3 groups on the phenolic ring. Both guaiacol-type and syringol-type units are quite reactive,
forming phenolics via free radical coupling reactions
during secondary pyrolysis [40]. Lignin molecules
can be split into radicals, terminating the condensation reactions of the intermediates.

(% 
';?-8D5180>;295/=;B-A1<D=;8D>5><=;0@/?>;2#->-2@:/?5;:-8;2/-?-8D>?>-? E

(%
'41/4-:31>5:?41D5180-:0/;:/1:?=-?5;:>;291?4;CD-=;9-?5/>-:0<41:;85/>B5?4
?41?D<1;2/-?-8D>?>-? E
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'41>181/?5A5?D;2?;?-891?4;CD-=;9-?5/>



No catalyst
46.1
0.6

'

-:0<41:;85//;9<;@:0> 5:?41.5;;58->-2@:/?5;:;2

?41?D<1;2/-?-8D>?

NaOH
28.7
33.1

K2CO3
2.6
76.8

Na2CO3
17.4
132.9

NaHCO3
4.2
50.9

(%
#=;<;>10/4195/-8=1-/?5;:<-?4B-D>0@=5:3<=59-=D-:0>1/;:0-=D01/;9<;>5?5;:;2853:5:
Fig. 5 shows the major reaction pathways leading to the formation of primary and secondary pyrolysis products during the decomposition of lignin. In
the presence of a catalyst, different free radicals are
formed by thermal scission during pyrolysis. Free
radicals are active intermediate with high internal
energy that have short half-lives in the system. The
homolytic mechanism of free radical reactions consists of four major steps: initiation, propagation, termination of the radicals, and condensation [41]. The
strong alkali catalyst, NaOH, supplies hydroxyl radicals (•OH) to the pyrolysis system, which may combine with the hydrogen radical (•H). The hydrogen
radical may be derived from the breakage of the C–
H bond in the methoxy (–OCH3) and hydroxy (–OH)
groups. When NaOH was used as the catalyst during
pyrolysis of EP, coumaryl-type units were the main
bio-oil component. Therefore, strong alkali catalysts
are not beneficial to the formation of methoxy aromatics during pyrolysis. However, an electron withdrawing group (C=O) in the molecules of K2CO3 and
Na2CO3 causes the adjacent carbon and oxygen to
form an electron-deficient center. Compared with the
oxygen and carbon free radicals, the formation of
carbonate ions (CO32−) is more probable during pyrolysis. The carbonate ions inhibit the homogenization of the chemical bonds, stabilizing the methoxy
groups (–OCH3) in the lignin structure. As a result,
medium alkali catalysts promote the formation of
methoxy aromatics in primary pyrolysis. Guaiacol-,

syringol- and phenol-type compounds were the primary products of pyrolysis. During pyrolysis, guaiacol- and syringol-type compounds may also be converted into phenol-type compounds when methoxy
functional group (-OCH3) is removed. During secondary pyrolysis, guaiacol-type compounds may be
readily converted into quinones through the reactions of retro-ene elimination and may further form
catechol- and phenol-type compounds.
Guaiacol-type compounds are the predominant
products in the bio-oil during primary pyrolysis of
EP. One possible route for the formation of guaiacol
is the elimination of aryl-alkyl linkage, producing
carbon-centered radicals and coupling reactions with
H-donation from lignin-derived volatiles [8]. Scission of thermally unstable enols on the side-chain of
lignin and condensation reactions may also lead to
the formation of guaiacol-type compounds. The production of some guaiacol-type compounds may also
result from the breakage of syringol-type compounds by removal of methoxy groups. Guaiacoltype units with unsaturated alkyl side-chain structures, such as 4-hydroxy-3-methoxybenzaldehyde
(vanillin), are likely formed via dehydration and
polymerization of the C–C linkage on the side-chain.
Guaiacol-type units with saturated alkyl side-chain
structure, such as 4-methylguaiacol, 4-ethylguaiacol,
and 4-propylguaiacol, are likely formed via cleavage
of the C–C linkage on the side-chain or from the hydrogenation of 4-vinylguaiacol and 4-allylguaiacol.
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Syringol-type derivatives are formed due to the
elimination of the side-chains from the lignin monomers, which cannot be formed from the structure of
guaiacol-type compounds. Methoxy radicals are
mainly responsible for the formation of methane and
methanol through relevant free-radical chain-reactions, rather than participating in the formation of syringol structures with carbon-centered radicals during pyrolysis [42]. Another possible route for the formation of syringol-characteristic compounds during
pyrolysis is the cracking of aryl-alkyl-aryl bonds in
lignin. However, syringol-type compounds with unsaturated functional groups, such as 4-hydroxy-2,6dimethoxybenzaldehyde, were formed during pyrolysis, mainly due to the alkyl chain rearrangement reactions.
The release of volatile compounds is mostly
due to the instability of the propyl chains and the
methoxy substituents of the aromatic rings during
pyrolysis. The reactions may take place inside the
char matrix or in the gas phase, producing low molecular weight species, such as CO, CO2, CH4, H2,
and CH3OH at higher temperatures during both primary and secondary pyrolysis.
It is reported that the diversity of the aliphatic
side-chain structures from guaiacol-type units is
higher than that of syringol-type units [8]. In order
to gain a better understanding of the formation mechanism of methoxy aromatics and reaction pathways
during pyrolysis of EP, the conversion of guaiacoltype compounds to phenolic compounds during secondary pyrolysis reactions was further investigated.
Based on the thermal stability of chemical functionalities, the major reaction pathways of guaiacol-type

units during the secondary pyrolysis reactions are
proposed in Fig. 6. The C−O bond is the weakest in
the methoxy group (247 kJ/mol), while the C−O
bond in the phenolic hydroxyl is the most thermally
stable (414 kJ/mol) [43]. As a result, methoxy aromatics and light condensable species are the major
products during primary pyrolysis of EP. The methoxy group (–OCH3) on the aromatic ring is an important source for the formation of the phenolics during the second pyrolysis via free radical coupling reactions [44]. The methoxy group at the -position of
the hydroxyl group is highly reactive, and different
fragmentation reactions result in the substitution of
the methoxy group with –OH, −CH3, or −H groups
[45]. The molecular weight of the volatiles is generally reduced during secondary reactions. Secondary
homolytic reactions may facilitate the formation of
quinone, phenol, and catechol.
Phenol can be formed by elimination of formaldehyde and radical induced rearrangement from 2methoxyphenol through R2 in Fig.6. The removal of
the aldehyde group produces CO and H2 during pyrolysis. Another route for the formation of phenol is
the demethoxylation and decarbonylation of lignin
monomeric units. The methoxy group (–OCH3) is initially cleaved from the aromatic ring to generate the
oxygen radical and methyl radical (•CH3) by R3 in
Fig. 6. The hydrogen from the methyl radical is abstracted, leading to the formation of phenol, along
with the release of a methylene radical [8].
Three chemical reaction pathways may be responsible for the formation of catechol units, as
shown in Fig. 6. The first reaction pathway, starting
from guaiacol, methane, and -quinone, can be
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Bio-oil rich in methoxy aromatics was produced through microwave pyrolysis of EP at the optimum temperature of 400 °C. The selectivity of
methoxy aromatic compounds was improved by the
addition of moderate alkali catalysts. Pyrolysis of EP
in the presence of Na2CO3 and K2CO3 led to increased bio-oil yields and the selectivity of methoxy
aromatic compounds in the bio-oil. The catalytic activity of the alkali catalysts was identified to be in
the following order: Na2CO3 > K2CO3 > NaHCO3 >
NaOH. The concentration of methoxy aromatics in
bio-oil reached to the maximum of 78.7 area% in
presence of Na2CO3. The mechanism of the formation of methoxy aromatics and phenolics during
the pyrolysis of EP was proposed.
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lost, and the fragmentation of ecosystems has intensified. Unreproducible genes, species and ecosystems are disappearing at an unprecedented rate in human history [1]. Biodiversity conservation and sustainable development have attracted widespread attention from current international and government
scholars.
China has been studying biodiversity assessment indicators since the 1990s. Steenweg R. [2]
equalizes the indicators of biodiversity measurement; Metzger M.J. et al. [3] proposed the wetland
ecosystem evaluation system; Geijzendorffer I.R. [4]
applied the pressure-state-response evaluation
method to evaluate the changes of forest biodiversity; Ojaveer H. [5] detail the remote sensing methods for forest biodiversity. From the research on the
assessment and monitoring of ecosystem diversity at
home and abroad, different regions and countries
have established monitoring and evaluation indicators at different scales according to the monitoring
objectives. However, due to the vague ecological implications of monitoring and evaluation indicators,
the lack of data and the difficulty of access, and the
lack of methodological techniques, there are many
shortcomings in the monitoring and evaluation of
ecosystem diversity [6].
This paper focuses on the following three aspects of the forest ecosystem and its diversity in
Hunchun City. Firstly, this paper systematically describes the characteristics and classification of forest
ecosystems and species diversity; Secondly, this paper uses remote sensing technology to construct a
forest ecosystem monitoring and evaluation framework, and expounds the core identification method.
Finally, the example of this paper monitors and evaluates the species diversity changes in Hunchun City
in the past 11 years.


%#$ %!$

Biodiversity is the foundation on which humans depend. However, in the past century, due to
population expansion and excessive consumption of
resources, unprecedented damage has been caused to
global biodiversity. And the loss of biodiversity is
not just a regional or national event, it is a global
event. Relative to limited time, capital and manpower input, people urgently need to quickly and effectively assess biodiversity from different scales,
identify hot spots for conservation, and provide basis
for biodiversity conservation and decision-making.
Therefore, this paper mainly uses the remote sensing
and GIS technology to establish an ecosystem classification system from the ecosystem level, and analyze the characteristics of ecosystems, carry out regional ecosystem diversity assessment research, and
take the forest remote sensing image of Hunchun
City as an example to study the change characteristics of urban forest species diversity in 2007~2018.
At the same time, the corresponding conservation
measures of species diversity were actively explored.
*(!#$
Forest ecosystem, Species diversity, Remote sensing monitoring
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Biodiversity is the result of the evolution of life
on Earth after billions of years and is the material
basis for human survival and development. However, human activities with economic growth as the
primary target have caused changes in the ecological
environment, directly leading to the massive disappearance of biological resources. The most important biodiversity for human survival has been seriously threatened. In the past 200 million years, the
natural extinction rate of species has disappeared
every 27 years, and more than 90 species of vertebrates have been extinct every century. Human activities have accelerated the speed of species extinction, a large number of species and genes have been

:=0>? 0.:>D>?08> ,9/ >;0.40> /4A0=>4?D
.3,=,.?0=4>?4.> :=0>? 0.:>D>?08 .7,>>414.,?4:9
>D>?08-,>0/:9=08:?0>09>4928:94?:=492Ecosystem classification is the basis for the study of ecosystem structure and function, and is the basis for restoring degraded ecosystems and rational and 
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degree of diversity in nature, a function of time and
space. Biodiversity includes four levels: genetic diversity, species diversity, ecosystem diversity and
landscape diversity. Biodiversity at different levels
and levels is interrelated and interrelated. The next
level of life entities adopt different combinations to
form higher level and level of biodiversity. The combination of different forms of species affects the diversity of biomes, ecosystems and even landscapes.
Specifically as shown in Table 1 [8].

effective use of natural resources. The classification
of ecosystems can provide an effective classification
method and standard for remote sensing surveys of
ecosystem diversity, so that ecological remote sensing can be widely applied to China's ecological environment monitoring, environmental warning, evaluation and planning. This study classified the ecosystems of the study area according to the following
methods and basis: The main basis for the classification of the first-level ecosystem is the degree of human impact and the type of land use [7]. The secondary ecosystem is mainly divided based on the type of
vegetation cover. The main basis for the classification of tertiary ecosystems is topographical features
and vegetation types. The details are shown in
Fig. 1.

#08:?0 >09>492 8:94?:=492 ,9/ 0A,7@,?4:9
80?3:/>#08:?0>09>4928:/07 The information
transmitted between them, the ecological factors affecting the vegetation species and the information
transmitted by the satellite can establish a certain relationship, and the relationship can be used to determine the forest species. The modeling methods of remote sensing monitoring species mainly include remote sensing parameters and species fitting methods, remote sensing data and process fusion methods, reference plotting methods, and artificial neural
network methods. The study found that the visible
and near-infrared bands have obvious effects on
chlorophyll; Microwaves can penetrate natural vegetation and surface soil to a certain depth, can be
used for estimation of vegetation (especially trunks,

7,>>414.,?4:9:1 >;0.40> /4A0=>4?D Biodiversity is the sum of all life on Earth and the end result
of biological evolution in the past 100 million years.
It includes a variety of different types of plants, animals and microorganisms on the planet and the genes
they possess and the ecosystems that make up these
organisms and their environment. “Biodiversity” includes all the plants, animals, microbial species and
all ecosystems on Earth and the ecological processes
they form. It is a broad concept for describing the
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accuracy and analyze the spatial pattern of species,
and analyze the changes of forest species in the region, and objectively evaluate the effects of forestry
construction in Le County.
(5) Draw a spatial distribution map of the species - use statistical analysis to analyze the regional
distribution pattern of forest species. The spatial distribution map of forest species in each period was
obtained by regression kriging method, and the quality of afforestation and forestation in Lexian County
and its effect on carbon sinks were objectively evaluated [9]. The specific evaluation process is shown
in Figure 2.

#08:?0 >09>492 .7,>>414.,?4:9 Remote sensing image classification is an important means of remote sensing information extraction. Research on
classifier and classification method is one of the
hotspots of remote sensing application technology
research. The choice of classifier directly affects the
classification accuracy, and the choice of the optimal
classifier is often affected by many factors. Such as
study area, remote sensing data characteristics, training samples, classification methods.

branches), and can also be used to estimate forest
species. Vegetation spectrum is closely related to
vegetation structure (leaf structure, chlorophyll content, needle angle, leaf distribution, etc.). In addition,
it is also affected by topographic factors, vegetation
coverage, atmospheric radiation, and so on. The
method of estimating the species by lidar has also received increasing attention. There are more and more
reports on the application of optical and microwave
remote sensing methods to estimate species of complex forest ecosystems.
#08:?0 $09>492 >>0>>809? This study intends to use a combination of field surveys and remote sensing image interpretation. Using technology
as the basic means, the vegetation index is the independent variable, the forest species is the dependent
variable, and the correlation between the two is used
to establish a model to estimate the forest species.
Combining with two remote sensing images, the forest species in the study area were dynamically monitored to observe the effect of the study area on carbon sinks. The main research methods in this paper
are:
(1) Collect data - consult the literature on forest
species and read a large number of domestic and foreign forest species. Collect and collate relevant data
from Le County and drawings related to forest species.
(2) Survey plots—Investigate information on
topographic factors such as elevation, slope, and aspect of typical plots in the study area, and investigate
plot information for plots.
(3) Processing remote sensing images—Geometry, atmosphere, and radiation correction of remote
sensing images, image cutting and splicing according to administrative boundaries, image enhancement, and supervised classification to extract vegetation information. Use the data to extract terrain information such as slope, aspect and elevation.
(4) Establish remote sensing model to estimate
forest species - combine the results of field survey
data and remote sensing image interpretation, fit the
remote sensing inversion species model, estimate the
forest species in the study area, and test the model

  ,C48@8 7460743::/ 80?3:/ Assume
that the various distribution functions are normally
distributed and select the training area. Calculate
various statistical eigenvalues based on known training samples, establish a multi-dimensional normal
distribution model, and then calculate the belonging
probability of each type of sample to be classified,
find the class with the highest probability of each
pixel, and return the pixel for this class. However,
the distribution of samples on remote sensing images
is often not normal. If the quality of the training sample is not good or not ideal, the result will be biased.
According to the theory of probability and statistical
analysis, the probability of the category attribute of
the vector X should be greater than the probability of
its attribute in other categories. If there are m categories,
then
the
discriminant
function
(  ,  = 1, 2,3, ) satisfies:

% 
7,>>414.,?4:9:1-4:/4A0=>4?D
Level

Explanation

Genetic
diversity

The basis of biodiversity, representing the ability of
species to evolve and adapt to new environments

Species
diversity

The core of biodiversity is a measure of regional
biodiversity, referring to the sum of species (animals,
plants, microorganisms, etc.) and species changes in a
given area.

Ecosystem
diversity

Diversity of habitats, biomes and ecological processes within the biosphere and diversity of habitats,
biomes and ecological processes within ecosystems

Landscape
diversity

Diversity of landscape spatial structure, temporal
dynamics and functional mechanisms
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Effect
The more genetic variability within a population, the more
complex the genetic structure, the stronger the ability to resist
human disturbance, and the stronger the ability to adapt to the
external environment.
Conducting experiments to monitor the relationship between
loss of species diversity and changes in ecosystem function,
indicating the impact of species diversity and the function of
controlling ecosystems
The interaction between the various components within the
ecosystem and its external environment determines the
dynamic dynamics of the ecosystem, in constant
development, change and succession.
Reflecting the diversity of biodiversity at the landscape level
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Data Sources

Remote sensing
image proces sing

Sample survey data
Obtain single wood
biomass

Land, forest
classification

Establish a singlewood biotype model
Biomass remote sensing
factor extraction

Estimating the number
of species in the plot

Establish a biological
remote sensing model

Recommended
model accuracy

Analysis of trends in forest
species divers ity over time
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Where parameter μ  represents the statistical

(  ) ≥ (  ,  ≠ ,  = 1, 2,3,, );  ∈ 
(1)
Where,  represents the -th category attribute;
(  ) represents the probability that the

mean of category  ;

 =1

Where (  ) represents the probability of occurrence of category  (prior probability), and it is
usually assumed that the prior probabilities of each
category are equal;
(   ) represents the probability of occurrence of the vector in the category  , and there is
a specific function expression under the condition
that the statistical distribution form of each category
is known;
Usually assuming that each category of data
follows a normal distribution, then (   ) can be
expressed as:
1

∑



(2π )  /2

(2π )  /2 represents the

  #,9/:8 1:=0>? 4/09?414.,?4:9 A random
forest consists of multiple randomly generated decision trees. Therefore, random forests are also known
as random decision trees. The random forest algorithm is an improvement of the decision tree algorithm. The self-adaptive resampling technique is
used to randomly select samples and features for the
random construction of multiple decision trees. For
each element to be classified, each decision tree established must be related to its category. The final
output of the random forest is the most classified of
all decision tree classification results. The algorithm
principle is shown in Figure 3.
Compared with traditional decision tree methods, random forests are easier to mine data rules and
have greater generalization capabilities. In addition,
the advantages of random forests are also: non-parameterization, high prediction accuracy, fast speed,
high efficiency and easy parallelization, strong practicability, not easy to over-fitting, simple model, and
versatility. It has high-dimensional processing capability, can overcome data loss and noise, and can
solve category imbalance problems [11].


vector X belongs to the  category;
According to the Bayesian formula, there are:
(   )  (  )
(2)
(   ) = 
(
)
(
)





∑



1/2

1/2


covariance matrix of category  , which can be estimated by training samples [10].

vector X belongs to the  category (a posteriori
probability);
(  )represents the probability that the

(   ) =

∑

−1
1
exp[− (  − μ ) ∑  (  − μ )]
2

(3)
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D1

Original
training data

Randomization

D2

T1

T2

*
Step 3: Combine the decision
tree

Step 1: Create a random vector

D(t)

Tt

Step 2: Establish a decision
tree using random vectors
&# 
"=49.4;70:1?30=,9/:81:=0>?,72:=4?38

Data collection time
December 2007
December 2009
December 2011
December 2014
December 2016
December 2018

% 
%30/,?,;,=,80?0=:1>,?0774?049?30>?@/D,=0,
Satellite identification
Sensor identification
Landsat-8
TM
Landsat-8
TM
Landsat-8
TM
Landsat-8
TM
HJ-1A
CCD
Landsat-5
TM

Track number
121/56
121/56
121/56
121/56
454/33
121/43





Hunchun City Border

Hunchun City Border

Construction land

Shrub

Water

Bare land

Arable land

Coniferous forest

Woodland

Broadleaf forest
Non-forest land
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Imager

Band number
Band 2
Band 3
Band 4

Band
Green band
Red band
Near infrared

Wave length
0.57-0.63
0.68-0.72
0.71-0.90

Resolution
30
35
35

ETM+

Band 5

Mid-infrared

1.58-1.81

20

Band 6

Mid-infrared

2.09-2.35

25

Band 7

Micron full color

0.58-0.93

15
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Main function
Distinguishing vegetation
Used to observe roads
Distinguishing wet soil
Better contrast between different
vegetation
Distinguish rocks and minerals
Used to enhance resolution and
provide resolution
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tm4 can reflect a large amount of vegetation information and is mainly used to estimate the number of
organisms [13]. Therefore, band 2, band 3, band 4,
and band can effectively identify forest biomass.
Based on this theoretical basis, this study selects the
single-band 2, 3, 4, and band as one of the independent variables. Band 5 has a good contrast for different vegetation types and can be used for classification and identification of different forest types.

,>0 >?@/D -,>0/ :9 =08:?0 >09>492 8:94
?:=492 #08:?0 >09>492 /,?, ,.<@4>4?4:9 This
study selected the fifth satellite Landsat 5 launched
by the US Landsat series on March 1, 1984. The satellite's thematic mapper (TM) contains seven bands,
except for the thermal infrared band of 60 m, the remaining bands are 30 m, and the return visit period
is 16 days. It has become the most widely used and
most effective source of remote sensing information
for Earth resources satellites in the world, especially
suitable for medium-scale long-term sequence observations. Considering the long-term changes, the
monitoring data should be as consistent as possible
to avoid errors in the monitoring due to phase inconsistency [12]. Based on the archived data of the Lingbei Rare Earth Mining Area, the study is based on 46 years, and the data parameters are shown in
Table 2.
The forest remote sensing image of Hunchun
City is used as the data source. The remote sensing
image of the ground object classification image and
the forest remote sensing image is shown in
Figure 4.

#08:?0 >09>492 1,.?:=> It can be seen from
Table 3 that the ETM+ resolution 15 m image is
more suitable for identifying the forest level information, and the use of each band is shown in Table
3. The green band band 2 can effectively distinguish
vegetation, and the red band band 3 is the main absorption band of chlorophyll. The near-infrared band

$;0.?=,7 .3,=,.?0=4>?4.> ,9,7D>4> In remote
sensing classification, spectral features are the main
basis for classification of features. Based on the
spectral characteristics of typical terrestrial types
and major forest types on SPOT5 and GF-1 images,
we analyze the spectral differences and spectral domain class separability of each category on different
data sources and different phase images.
Figures 5 show the spectral curves of the major
forest types on the SPOT5 and GF-1 images, respectively. SPOT5 images showed obvious characteristics of vegetation spectral response “peak and valley” in Pinus tabulaeformis, Pinus armandi, Japanese
larch forest, deciduous broad-leaved forest, other deciduous broad-leaved mixed forests and other woodland types. Other forest land (including no standing
woodland, unforested land, etc.) is different from
other types due to the influence of surface coverage
and environmental factors. Pinus tabulaeformis,
Huashan pine forest, and Japanese larch forest are all
coniferous forests. The spectral responses in green
(Band 1) and red band (Band 2) are almost
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No.
1
2
3
4
5
6

% 
$;0.40>.,7.@7,?4:9;,=,80?0=>:11:=0>??D;0>=010=09.0/49?34>>?@/D
Species
a
b
Cedar
0.41
21.55
Coniferous mixed forest
0.59
24.59
Coniferous and broad-leaved mixed forest
0.73
18.21
Broad-leaved mixed forest
0.81
922
Hard wide, mixed wood
0.68
8.12
Masson pine, Yunnan pine
0.56
1.06
%
3,920>:10.:>D>?08/4A0=>4?D49>?@/D,=0,

2018
2007
Single
Simple
General
Rich
Extremely rich





single

simple

general

rich

Extremely rich

\
0
0
0
0

0
\
0
0
0

0
0
\
4.89
1.23

0
0
2.19
\
28.36

0
0
0.56
9.33
\

The biomass of the plot was calculated by plot
survey and biomass model coefficients. For the
mixed forest, calculate the biomass of each major
tree species to obtain the plot biomass.

$;0.40> /4A0=>4?D ,>>0>>809? According to
the ecosystem diversity assessment method, the ecosystem diversity of Hunchun City from 2007 to 2018
was obtained. The most diverse areas are mainly distributed in the mountainous areas at the boundary of
the study area, including Baiyun Peak, Heyun Peak,
Sanyang Peak, Lanfeng, Maer Peak and Xieyang
Peak in the south, and Ailao Mountain in the south;
The most abundant areas of ecosystem diversity
have a common feature of relatively high elevation,
and the ecological environment is less affected by direct humans, maintaining good natural or semi-natural. The ecosystem type is rich, and the vegetation
coverage and production capacity of the ecosystem
are better.
In the past 11 years, the ecological diversity of
the study area has changed more and the conversion
area is larger. The grid of decline in ecosystem diversity is mainly distributed in the western part and
the central part of Luoping Mountain. The grid with
improved ecosystem diversity is mainly distributed
in Maanshan and northwestern parts of the northeastern part of the district. The decline in the diversity of
mountain ecosystems indicates that the pressure on
mountain ecosystems has increased and the stability
of ecosystem diversity has declined. Its main ecological functions and service functions are bound to decline. The improvement in the diversity of ecosystems may be due to the implementation of some protection and restoration measures under the influence
of human factors, which has improved their situation.

completely overlapped, and there are differences in
the near-infrared band (Band 3). Compared with Japanese larch forests, the spectral characteristics of Pinus tabulaeformis and Pinus armandi forest are
slightly different in the near-infrared band (Band 3)
and the short-wave infrared band (Band 4). The deciduous broad-leaved forest has significant characteristics in the near-infrared band (Band 3), while
other deciduous broad-leaved mixed forests and
other forests have little difference in the near-infrared band (Band 3). Figure 5 also illustrates that the
experimental area is primarily a forest type. Except
for deciduous broad-leaved forests, other forest
types are limited in SPOT5 summer image spectral
domain, which is difficult to meet the requirements
of fine identification.
$;0.40>/4A0=>4?D>@=A0D:9>49270B::/For
the species research data of each forest type, this
study mainly uses the conversion coefficient model
for research:
 =  × + 
B is the species per hectare (  /  2 ) and V is
the amount of storage per hectare ( 3 /  2 ). a, b is
the parameter. This model obtains the species per
hectare of the aboveground part of the vegetation.
According to the field survey and the secondclass survey data of forest resources in the study
area, the following information is obtained: The
main forest types in the area are pure Chinese fir,
pure pine forest, pure bamboo and mixed forests of
these three species, and most of them are artificial
pure forests. Therefore, this study can refer to five of
the species calculation parameters of 21 forest types
(see Table 4) [14].
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Based on remote sensing monitoring technology, this paper uses Landsat/TM images from Landsat5 satellites from 2007 to 2018 to extract relevant
information and use the ecosystem diversity assessment system to evaluate the ecosystem diversity of
the study area over the past 11 years. According to
the comprehensive evaluation results, the overall situation of ecosystem diversity in the study area is better, but the transition between the diversity status is
frequent, and the overall situation rises first and then
decreases, but the overall trend is decreasing. In order to better protect the biodiversity of the study
area, combined with the special circumstances of the
study area, we should first strengthen the protection
and management of nature reserves and improve the
protection system of the research area, which is more
effective in biodiversity conservation. In order to reduce the damage of local residents to the diversity of
natural ecosystems, investment in agricultural science and technology should be increased to improve
land utilization and ecological agriculture. Develop
ecotourism, promote the importance of biodiversity
conservation, and reduce the destructive effects of
tourism on biodiversity. Coordinating the development and utilization of natural resources and economic benefits, we can establish a long-term mechanism for the coordination of resource development,
regional economic development and biodiversity
conservation.
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As an important part of lifeline project, bridge
structure has obvious impact on the smooth progress of earthquake relief work due to its postearthquake integrity and timely reparability. The
seismic fragility of an engineering structure refers
to the possibility of different degrees of damage of
the structure under the action of earthquakes with
different strengths, or the probability of the structure to reach or exceed a certain limit state. The
extra-long-span bridge is very different in structure
performance from the conventional span bridge
especially under the action of earthquake, and it is
impossible to make accurate judgments on the
structural performance and damage of the extralong-bridge with previous analysis methods and
experience. Therefore, it is very important for the
extra-large-span bridge to analyze the seismic behavior of the structure, especially the sequence of
earthquake damage and the probability of damage
under earthquake action. On the basis of summarizing and analyzing previous research works, this
paper takes a long-span steel truss arch bridge as an
example, establishes a full-bridge finite element
model, and analyzes its seismic fragility under
random earthquake situation in terms of the damage
form, damage indicators and risk assessment with
the numerical simulation method. The study results
show that the probability of bridge seismic damage
increases with the increase of service life, and the
bridge is more prone to damage along with its longitudinal bridge, showing certain ductility during
the damage process and small probability of complete damage. The results of this paper will provide
a reference for further study on the risk assessment
of seismic fragility of bridge structures under random earthquake.



Structural seismic response analysis and structural damage analysis are collectively referred to
seismic fragility analysis, which indicates the possibility of different degrees of damage under the
action of earthquakes with different strengths, or
probability of the structure reaches or exceeds a
certain limit state. It quantitatively describes the
seismic performance of engineering structures from
the perspective of probability, and macroscopically
reflects the relationship between ground motion
intensity and structural damage degree, and provides necessary basis for determining the weak
links of structures, seismic strengthening and risk
assessment. In view of the low seismic fortification
standards in the past and the imperfect seismic
design theory, the lack of seismic capacity of bridges and the time-varying structural performance
caused by the comprehensive effects of environmental factors, in order to properly evaluate its
seismic performance, In order to reasonably evaluate its seismic performance, it is necessary to study
the seismic vulnerability of bridge structures [1].
The seismic performance of extra-span beams is
more complex than that of general bridges, and
more work is needed in theoretical analysis, numerical simulation and model tests. As a structural
seismic performance evaluation method, seismic
fragility analysis can reflect the probability that the
structural response exceeds the specified damage
limit state under the action of different intensity
earthquakes. Research on seismic fragility based on
performance objectives makes the content of structural resistance research considering earthquake
disaster prevention and control more clear. Combined with conventional resistance research theory,
it is currently the frontier subject of international
structural disaster prevention research.
The fragility curve is defined as the probability that a structure will be damaged by a particular
state under the action of a certain level of seismic
intensity. The fragility curve expresses the seismic
capacity of the structure in the form of a probability
distribution function. The structural reliability index
or failure probability is used to measure the fragility
of the bridge structure under a given level of earth-

%# 
Seismic fragility analysis, Extra-span-bridge structure,
Random earthquake, Risk assessment
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quake. The fragility curve takes into account the
uncertainties involved in structural capabilities and
ground motion parameters. With the development
of bridge seismic fragility, the following analysis
methods have been formed: expert fragility analysis
method, empirical fragility analysis method and
theoretical fragility analysis method. The theoretical fragility method is the main direction of current
research, including three main parts: simulation of
ground motion input; finite element model of
bridge considering uncertainty of bridge structure
parameters; seismic response analysis of bridge
structure, and fragility formation by regression
analysis curve [2]. The process of seismic fragility
analysis of bridge structures is the process of establishing the relationship between structural damage
and seismic intensity. Commonly used ground
motion intensity parameters for seismic fragility
analysis of bridge structures include ground peak
acceleration (PGA), spectral acceleration (Sa),
seismic intensity (SI), and spectral acceleration
intensity (ASI). From the perspective of the expression of the analysis process, the fragility analysis
method can be roughly divided into two categories:
calculating the fragility index and establishing the
fragility curve [1].
On the basis of summarizing and analyzing
previous research works, this paper takes a longspan steel truss arch bridge as an example, establishes a full-bridge finite element model, and analyzes its seismic fragility under random earthquake
situation in terms of the damage form, damage
indicators and risk assessment with the numerical
simulation method. The research results of this
paper provide a reference for further study on the
risk assessment of seismic fragility of bridge structures under random earthquake. The detailed chapters are arranged as follows: Section 2 introduces
the research methods and principles; Section 3
expounds damage form discrimination of extralong-span bridge structures under random earthquake; Section 4 determines damage index of extralong-span bridge structures; Section 5 is conclusion.

  (ω ) =   (ω )   (ω ) ρ  ( , ω )

ω


 (ω )

(1)

Where () and () are the self-power
spectrum of the measuring point, )(,w) is the
coherence function of the ground motion of j and k,
and d is the projection distance of the two points in
the direction of seismic wave propagation; (*) is
the seismic wave velocity.
Through the Fourier transform, the seismic acceleration response of a linear single degree of
freedom system in the frequency domain can be
expressed as:
ω
1 + 4ξ 2 ( ) 2
ω
(2)
  (ω ) =
0
2
⎡
ω 2⎤
ω
2
2
⎢1 − ( ) ⎥ + 4ξ  ( )
ω  ⎥⎦
ω
⎢⎣
The non-stationary stochastic process model
can be obtained by multiplying a stationary stochastic process model by a time envelope function;
according to the basic principle of probability theory, the Fourier mean spectrum of the proposed
model is:
(3)
 [|  (  , ω ) |] = ∫  (  , ω )  (  )


Where () is the joint probability density of
the random variable ; & is the value space of the
random variable.
Since the standard response spectrum is given
in the seismic design specification, the above power
spectrum model is used to generate random ground
motion.
The relationship between the standard design
response spectrum and the power spectrum model
must be found; the standard deviation spectrum of
the acceleration Fourier spectrum is defined as:

σ [|  (  , ω ) |] =

∫ {  (  , ω ) −  [|  (  , ω ) |]}

2

(4)

For the convenience of seismic fragility analysis, % can assume that the logarithmic standard
deviation is a fixed value in all IM ranges and is
calculated by the following formula [5]:

∑



2

⎡ln(  ) − ln( ) ⎤
⎣
⎦
(5)
β |  =
 −2
Where ' " represents the logarithmic
standard deviation of the seismic response in a
given IM range; Di is the peak of the demand response of the structure under the action of the -th
seismic wave; is the number of times of nonlinear
dynamic analysis.
The structure will produce two kinds of damages under the action of earthquake. One is that the
displacement, strength or ductility of the structure
exceeds a certain limit for the first time and causes
the structural damage to exceed the damage. Second, the structural properties deteriorate due to the
low-cycle fatigue damage of the structure. The
cumulative damage caused by the structural failure

! ! 
+9.4*8 '3* 57/3)/51+8 .>8/)'1 7+1'9/43
8./58 '3* 24*+1/3- Generally, the actual engineering site can be simulated as an equivalent linear
single degree of freedom system, and the base motion is taken as the input quantity, then the absolute
reaction quantity of the single degree of freedom
system is the ground motion process. When the
linear single degree of freedom system is input in
one-dimensional ground motion, the dynamic equation described by the absolute response quantity can
be expressed as [3, 4]:

987

 =1

"!

 #







    


ter the correlation between the ground motion intensity index and the maximum seismic response
and structural damage. In the seismic analysis of
the structure, the statistical analysis can be made
more convergent according to the well-correlated
ground motion intensity index; the variance of the
seismic demand ' can be determined as follows:

is defined by the damage criterion expressed by the
linear combination of maximum deformation and
cumulative hysteresis of the member. The damage
index is defined as:
δ
β
(6)
=  +

δ  δ   ∫
In the formula, $ is the maximum deformation experienced by the member, $ is the ultimate deformation under the monotonic load, $=#
is the cumulative hysteretic energy; ! is the yield
strength, and ' is the energy consumption factor.

:2+7/)'1 8/2:1'9/43 '1-47/9.2 Suppose
that the seismic requirements of different components obey the lognormal distribution. If the random vector =(1, 2, 3, ...,  ) is used to represent the seismic demand vector of n components,
then the edge distribution of  obeys the lognormal
distributed. Logarithmic transformation of each
element in =(), then the random vector =(1,
2, 3, ..., ) obeys a normal distribution. If it is
assumed that the joint probability distribution also
obeys the normal distribution, then only the mean
vector model can be established. The correlation
coefficient in the model can be replaced by the
correlation coefficient between the response values
of the components:
 ⎡⎣ln(   ), ln(   ) ⎤⎦
(7)
ρ =
 ln(   )  ln(   )



β  = ∑ [(   ) − ( μ  ) ]



ρ=

 =1
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Where  is the seismic demand under the vibration intensity IM.
Ground motion can generally be simulated using a non-stationary stochastic process. If the
ground motion is assumed to be a stationary random process, the model is used, and its self-power
spectral density function is:
  (ω ) = (ω 2 − ω 2 ) + 4ξ 2ω 2 ω 2 + (ω 2 − ω 2 ) + 4ξ 2ω 2ω 2
2

 "!  " 

'2'-+ ,472 */8)7/2/3'9/43 4, +=97'143-
85'3 (7/*-+ 897:)9:7+8 :3*+7 7'3*42 +'79.
6:'0+ '2'-+ ,472 */8)7/2/3'9/43 A largespan steel truss arch bridge is taken as an example
for modeling. The upper span of the main bridge is
50 m, 80 m, and 50 m, the height of the middle pier
is 15 m, the pier is made of vase-shaped pier, the
height of the pier is 13 m, and the upper section is
the continuous section with variable section. Beam,
the venue is the second category. The cast-in-place
box girder is made of C30 concrete, the side pier
and the middle pier are C50 concrete, and the cap is
made of C40 concrete. The ordinary steel bars of
the piers are made of HRB335 steel bars, and the
main bars are 32mm in diameter. The simulation of
the established finite element model is realized by
software. The element type adopts fiber beam element, the stress-strain relationship of concrete
adopts model, and the stress-strain relationship of
steel bar adopts ideal stress-strain relationship.

−)

(9)



∑ ( −  )
 =1

2

(11)
Where *, (, *, ( are the filtering parameter
and 0 is the factor representing the seismic
intensity.
In the traditional reliability method, the fragility of the structure is identified as the probability
that the seismic action exceeds the structural resistance, that is, the failure probability; and the
damage curve basically conforms to the lognormal
distribution, which can be optimized according to
the lognormal distribution:
⎡
⎛  ⎞⎤
1
(12)
 =  ⎢
ln ⎜  ⎟ ⎥
⎢⎣ β 2 + β 2 ⎝  ⎠ ⎥⎦
Where ' is the standard deviation of the
lognormal distribution of seismic action; ' is the
standard deviation of the lognormal distribution of
structural resistance.

−  )( −  )
2

(10)

 =1

Where, v[(), ()] represents the covariance, and [()]=% represents the variance
of ().
Park-Ang indicator DPA, as shown below [6]:


(8)
 =  + β 


Where  is the maximum displacement of
the component; du is the ultimate displacement; 
is the hysteresis energy; ! is the shear force of the
component; ' is the empirical coefficient, which is
related to the axial compression ratio and the reinforcement ratio.
In the calculation, ! and  are given according to the unit shear force and displacement
peak in the time history analysis, du is obtained
from the integral curvature limit of the bottom
section of the unit, and the empirical coefficient ρ
can be obtained according to the following formula:

∑(

2

2



Where  piece response value or damage index value;  is the ground motion intensity parameter value;  and  are the mean values of
the sample values  and , respectively.
The greater the correlation coefficient, the bet-
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bility of the cable-stayed model bridge under various performance levels and improves the seismic
capacity of the cable-stayed model bridge. Under
the seismic input, the cable-stayed model bridge
transition pier and the auxiliary collapsed soil are
prone to serious damage or even complete damage.
The cable-stayed bridge tower is likely to have
minor damage and moderate damage, and it is not
easy to cause serious damage.

4*+1 +89'(1/8.2+39 In the random seismic
response analysis, although the input and response
are non-deterministic, the conversion of the power
spectrum between them is deterministic. Whether it
is a stationary excitation or a non-stationary excitation, it is not necessary to give an explicit expression of the frequency response transfer function,
and it is not necessary to consider the phase difference between the input and the response. When the
input power spectrum is excited, the square of the
magnitude of the response can be obtained. The
power spectrum of the response, in turn, can be
used to find the probability characteristics such as
mean and variance. The basic idea of solving the
seismic response of long-span bridges under multipoint excitation with random ground motion is to
decompose the ground acceleration power spectrum
matrix into the sum of the products of the vectors.
Then construct the virtual excitation from this vector and solve the structure through deterministic
analysis. The dynamic response under virtual harmonic excitation is used to determine the power
spectral density function of the structural dynamic
response. One of the most critical steps is to
achieve the decomposition of the input ground
motion power spectrum matrix [4].
Figure 2 shows the damage probability of different case with various PGA value. When the local
vibration peak acceleration is 0.35 g, the probability
of slight damage of the bearings is 74%, 83%, 87%,
the probability of medium damage is 59%, 63%,
74%, respectively; the local vibration peak acceleration PGA is 0.55 g. The probability of minor damage to the support is about 100%, the probability of

Commonly used ground motion intensity parameters include peak acceleration, peak velocity,
spectral acceleration value corresponding to the
basic period, and the like. The correlation coefficient of 4 type damage form under different seismic
intensity parameters is shown in Figure 1. Different
ground motion intensity parameters have a great
impact on the probabilistic earthquake demand
model and the establishment of seismic fragility
curves. Therefore, it is important to choose reasonable ground motion intensity parameters. Since the
peak acceleration is the high-frequency quantity
that characterizes the seismic wave, it is not suitable for the bridge damping system with long basic
period, and the spectral acceleration value is not
suitable for analyzing the seismic fragility of each
component in the bridge system with different basic
periods. At the same time, previous studies have
pointed out that compared with the peak acceleration, the peak velocity has higher computational
efficiency for the establishment of the probabilistic
seismic demand model, and that is, the seismic
response value of the component with higher fitness
can be obtained with less seismic input [7].
The upper beam has cracks in the artificial
wave of the site with a PGA rating of 0.3 g. The
comparison is recorded in the vertical bridge to the
crack. The auxiliary pier is cracked at the artificial
wave with a PGA level of 0.5 g, so it is verified in
the transverse bridge. The fragility of the beam on
the cable-stayed model under the action of earthquake is greater than that at the bottom of the auxiliary pier of the longitudinal bridge to the seismic
cable-stayed model bridge. After the viscous damper is installed, the fragility of the pier and the pylon
under minor damage, moderate damage, serious
damage and collapse damage is less than the fragility when the damper is not added, so the longitudinal viscous damping the device greatly reduces the
overall fragility of the bridge and improves the
mechanical performance of the bridge under the
action of the longitudinal bridge. The longitudinal
viscous damper plays a very good energyconsuming role, which reduces the damage proba-
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the analysis, it can be seen that the overall variation
trend of the four damage overshoots of the main
tower a section is basically the same as that of the
main tower B. After the ground motion intensity Sa
is 0.315 g, the probability of slight damage to the B
section is close to 100%. Up to 75% of the cases
may cause moderate damage, the probability of
serious damage is about 33%, the probability of
entering complete damage is 17%, and the margin
from moderate to severe damage is large, because
the curvature limit of moderate damage there is a
big difference between the index and the curvature
limit index of severe damage. The risk of complete
damage to this section is still very large. As the
ground motion intensity Sa increases, the possibility of four types of damage to the C section increases. After the same ground motion intensity, the
probability of slight damage to the C section is
significantly higher than other damage conditions,
and the growth probability of each damage probability curve appears in different ground motion
intensity intervals, and the probability of slight
damage is at the seismic level. When Sa is 0.18 g, it
has begun to grow rapidly. The probability of moderate damage begins to increase when Sa is 0.24 g,
while the probability of severe damage and complete damage is always slow in the interval of
earthquake intensity. When the local vibration intensity level reaches the maximum Sa value of
0.315 g, the probability of minor damage to the B
section is still as high as 84%, the probability of
causing moderate damage is 63%, the probability of
reaching serious damage is 24%, and the probability of complete damage is less than 6% (Figure 3).

medium damage is 95%, 88%, 93%, and the probability of serious damage is 85%, 77%, and 849%,
respectively. The probability of complete damage is
72%, 83%, 92%; when the peak acceleration reaches 0.65 g, the probability of complete damage of the
bearing reaches 100%. Therefore, the bearing is
more susceptible to damage than the pier and the
pylon under the action of the earthquake, and the
probability of increasing with the increase of the
ground motion is very fast.
Comparing the fragility curves obtained by the
two methods shows that the bridge is in the case of
failure and collapse, and the nonlinearity is decisive, the fragility curve will change with the degree
of damage. In the research, the pier is idealized to
be a vibration system. The seismic records are input, the damage index of the pier is calculated, and
the ground motion index and the damage index are
established. The damage curve, then the researcher
developed a simplified analysis method of numerical simulation for the theoretical fragility curve. In
this study, four typical piers and two bridge structures were considered, and nonlinearity was used.
The time history analysis, combined with the
ground motion parameters and structural damage
indicators, constructs the theoretical fragility curve
of the log-positive distribution type. According to
the research results, the simplified analysis method
is explored, and the fragility curve of the nonisolated type bridge is explored. The simplified
method does not require analysis of dynamic response and nonlinear static force. It only needs to
grasp the strength and height of the pier structure. It
is more commonly used in the evaluation of nonisolated bridge stews, as long as the bridge types
are the same and the characteristics are similar.
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will break first, which is in line with the bridge
According to the existing experience, when
design principle. The increase of the scouring depth
the reinforced concrete structure is subjected to
reduces the lateral stiffness of the foundation, and
earthquakes, the main bridge spans the middle, the
its horizontal seismic capacity gradually decreases.
bottom of the tower and the top of the tower are
When the horizontal seismic capacity is less than
affected by the huge earthquake. The reaction conthe horizontal seismic capacity of the pier, the
trol points include the horizontal displacement of
foundation may first break, which changes the
the main bridge and the middle bridge. Vertical
bridge design intention. When the scouring does not
displacement, mid-span bending, horizontal disoccur, the probability of damage to the pile foundaplacement of the tower top, bending moment at the
tion is much greater than that of the bridge pier.
bottom of the tower, shearing force at the bottom of
When the damage reaches a certain depth, the probthe tower bottom, axial force at the bottom of the
ability of damage to the pile foundation is greatly
tower and bending moment of the pier. The specific
increased, and the probability of failure of the pier
failure modes include the mid-span bending of the
is similar, and the probability of the first failure of
main beam, the buckling of the bridge cross-bridge,
the pile foundation is near. As the depth of erosion
the failure of the pylon along the bridge, and the
increases, the probability of failure of pile foundabending failure of the anchor pier. To this end, this
tion increases and the probability of failure of
paper selects the top of the tower, the middle beam
bridge piers decreases [9].
and the bottom of the tower as the control criteria to
study the random dynamic response of the bridge
7/9/)'1 /39+7,')+ ,7'-/1/9> '3'1>8/8 Under
structure under various ground motion input modes.
the excitation of five kinds of ground motions, the
Under the random earthquake, the displacement
vertical shear of the main beam has strong volatiliresponse of the control point of the cable-stayed
bridge has obvious random fluctuations than the
ty. The internal mechanism is caused by the differinternal force response. In addition, the probability
ent vertical forces provided by the dense stay cables
density curve of the random seismic response from
to the main beam. The vertical shear force of the
the displacement and internal force of each control
main beam is violently abrupt along the main beam.
point is far from the common normal distribution,
In the position of the tower of each main tower, the
and the probability distribution of the structural
vertical shear force of the main beam shows a peak,
response is an irregular curve [8].
and there are sharp peaks near the no-correlation
As the peak acceleration of the ground inzone in the span of each span. The maximum shear
creases, the probability of damage to the pier and
force of the full-bridge main beam is in the tower.
pile foundation increases significantly. In the abThe vertical shear force of the main girder varies
sence of scouring, the probability of failure of the
with the vertical wave displacement of the main
pier is significantly greater than the probability of
beam. That is, when the local seismic wave velocity
failure of the pile foundation. Therefore, under the
increases, the vertical shear response of the main
action of earthquake, it is very likely that the pier
beam increases gradually, but it is not proportional
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median value, the smaller the logarithmic standard
deviation, the smaller the probability of a certain
damage state, that is, the less vulnerable the structure [11]. It is assumed that the logarithmic standard deviation of the different structural fragility
models is the same under the same ground motion
intensity. The smaller the median value is, the
smaller the probability of reaching or surpassing the
damage state is, that is, the structure is less vulnerable [12].

to the apparent wave velocity. Because there is a
differential relationship between the vertical bending moment and the vertical shearing force, the
relationship between the bending moment response
of the main beam and the shear wave velocity of the
main beam has a corresponding relationship with
the shear response, and also increases with the
apparent wave velocity of the ground motion. The
vertical bending moment response of the main
beam gradually increases non-uniformly.
The most unfavorable axial force of the section is calculated by simulation, and then the bending moment-curvature curve of the section is obtained according to the relationship between the
axial force and the bending moment as shown in
Figure 4. The four damage curvatures of the section
are obtained from the equivalent bilinear model for
calibration. It can be seen from the figure that when
the curvature is 0.0002637 (1/m), the section has
slight damage; when the curvature is 0.003851
(1/m), the section has developed to moderate damage; when the curvature is 0 at 0.05479 (1/m), the
cross section appears severely damaged; when the
curvature is 0.02684 (1/m), the cross section is
completely destroyed. According to the capability
demand ratio model method, the probability curves
of the four types of damage appearing under the
different intensity earthquakes of the main tower
and the transition pier section are obtained. In order
to more clearly understand the damage of the main
tower section and the transitional pier section under
earthquake action, the probability curves of different sections in the same damage state are compared
to analyze the fragility of the earthquake under the
action of earthquake [10].
The logarithmic standard deviation of the fragility model characterizes the magnitude of the
change in the probability of damage to the structure, and reflects the gradual degree of the fragility
curve in the graph. It is assumed that the bit values
of the different structural fragility models are the
same. Under the influence of the ground motion
intensity greater than the median value, the probability that the structure with a smaller logarithmic
standard deviation will have a certain damage state,
that is, the more vulnerable the structure. Under the
action of the ground motion intensity less than the

"  
On the basis of summarizing and analyzing
previous research works, this paper takes a longspan steel truss arch bridge as an example, establishes a full-bridge finite element model, and analyzes its seismic fragility under random earthquake
situation in terms of the damage form, damage
indicators and risk assessment with the numerical
simulation method. The study results show that the
probability of bridge seismic damage increases with
the increase of service life, and the bridge is more
prone to damage along its longitudinal bridge,
showing certain ductility during the damage process
and small probability of complete damage. The
theoretical fragility method is the main direction of
current research, including three main parts: simulation of ground motion input; finite element model
of bridge considering uncertainty of bridge structure parameters; seismic response analysis of bridge
structure, and fragility formation by regression
analysis curve. Under the excitation of five kinds of
ground motions, the vertical shear of the main beam
has strong volatility. The internal mechanism is
derived from the different vertical forces provided
by the dense stay cables to the main beam. The
vertical shear of the main beam is violently abrupt
along the main beam. The seismic reinforcement
priority of the bridge depends not only on the structural performance of the bridge, but also on the
development level of the national economy, the
socio-economic importance of the bridge, the position of the bridge in the transportation network, and
the ground motion parameters of the site where the
bridge is located. It is assumed that the bit values of
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the different structural fragility models are the
same. Under the influence of the ground motion
intensity greater than the median value, the probability that the structure with a smaller logarithmic
standard deviation will have a certain damage state,
that is, the more vulnerable the structure; Under the
action of the ground motion intensity less than the
median value, the smaller the logarithmic standard
deviation, the smaller the probability of a certain
damage state, that is, the less vulnerable the structure.
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Among these approaches, fabricating protective
coatings on the surface of metal is considered as an
effective and economical strategy [2]. As one of the
most important materials, epoxy resins are widely
applied in adhesive, coatings and structure materials because of their high modulus, excellent adhesive, good corrosion resistance and superior chemical stability [3]. Unfortunately, the microporous
inherently forms along with the evaporation of
solvent in the curing process [4], which results in
the failure to provide long-term corrosion protection service of epoxy resin and restricts its application in the field of corrosion resistance coatings. A
large number of studies have been carried out to
solve this issue by incorporating nanofillers (i.e.
TiO2 [5], montmorillonite [6] and graphene fillers
[7, 8]) into epoxy matrix.
The anti-corrosion enhancement of traditional
two-dimensional (2D) anti-corrosion coatings mainly depends on the chemical and physical properties
of embedded fillers in the matrix. The aspect ratio
of oriented fillers plays a crucial role in improving
the corrosion resistance of composite coatings,
which can enhance the barrier capacity and extend
the diffusion pathway of aggressive medium. Compared with conventional fillers, such as glass flake
[9], mica, micaceous iron oxide [10], basalt and
zinc oxide flake, two-dimensional nanofillers with
higher aspect ratios, which are conductive to anticorrosion reinforcement in composite coatings and
have attracted much more attention.
Graphite nanoplatelet (GNP) as a graphenederived nano-crystal material consists of few graphene stacked layers (normally less than 10 atomic
layers), representing semi-metallic and lowdimensional characteristics with the thickness a few
nanometers while plane scales include range up 100
μm [11]. The ideal layered graphene and its derivatives such as graphene oxide are naturally impermeable ultrathin 2-dimensional barriers against gas
transports [12]. The innovative method to achieve
the controlled gas permeability in films is preparing
polymer nanocomposites by filling graphite nanoplatelets into pertinent polymer matrix. The composite gas-tight nanofillers in the resulting nanocomposites increase the material tortuosity of the gas
transport pathway and thus enlarge the diffusion
pathway, resulting in the remarkable improvement
of the gas barrier and separation characteristics [13,

In this study, graphite nanoplatelets/epoxy
composite anticorrosive coating was prepared by
using waterborne epoxy resin emulsion as the matrix and graphite nanoplatelets as filler. In order to
improve the dispersibility of graphite nanoplatelets,
the graphite nanoplatelets were firstly oxidized at
high temperature, and the suitable oxidation conditions were selected by infrared spectroscopy. The
results showed that the calcined graphite microsheets had better oxidation effect at 700°C for
0.5 h; The graphite nanoplatelets were promoted to
be dispersed, and the graphite microsheets surfacetreated with the CS-311 coupling agent were respectively prepared by using three different dispersing agents. The best type of dispersant was discussed by metallographic microscopy and sal-fog
corrosion testing. The results show that the anticorrosion coating with dispersant BYK-190 has the
best dispersion effect and corrosion resistance.
After determining the dispersant, a series of anticorrosion coatings were prepared using graphite
nanoplatelets as a single variable. Through salt
spray test, metallographic microscope test, electrochemical test, mechanical property test and other
tests, the influence of the amount of graphite nanoplatelets on the performance of anticorrosive coatings was discussed, and the optimum amount of
graphite nanoplatelets was determined. The results
show that: 0.8% graphite nanoplatelets anticorrosion coating has good dispersion effect, and
has the best corrosion resistance, and also has good
mechanical properties such as hardness and impact
strength.
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Anticorrosive coating, waterborne epoxy resin, graphite
nanoplatelets, oxidation treatment technology
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Corrosion, the prime criminal for metal materials damage, is a worldwide troublesome issue and
brings huge losses to national economy every year
[1]. Many attempts have been conducted to increase
the corrosion protection of metallic materials.
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"A50-=598=;1-=718=92!# In order to enable GNP to be well dispersed in aqueous coatings,
GNP was first oxidized to introduce oxygencontaining polar groups to increase the affinity of
GNP to water. This experiment adopts the method
of high temperature calcination, which is simple,
easy to operate, low in cost and suitable for largescale industrial production. Burned to 0.5 h, 1 h, 1.5
h at 500 ° C and 700 ° C, respectively. Finally, six
groups of calcined GNPs were obtained, which
were recorded as GNPO1 (500°C, 1.5 h), GNPO 2
(500°C, 1 h), GNPO 3 (500°C, 1.5 h), GNPO4
(700°C, 0.5 h), GNPO5 (700°C, 1h) and GNPO6
(700°C, 1.5 h). In order to analyze the change of
oxygen-containing functional groups of GNP after
calcination, infrared spectroscopy was performed
on GNPs before and after treatment in each group.
The results are shown in Figure 1.
It can be seen from Fig. 1 that the range
around 3448 cm-1 is the stretching vibration absorption peak of the hydroxyl group; the bending vibration absorption peak belonging to C-OH at 1620
cm-1; and the vibration absorption peak belonging
to the ether group at 1080 cm-1. It is the absorption
peak of CO2 around 2341 cm-1. It can be seen that
the GNP after calcination is oxidized to varying
degrees. The comparison of the curves of each
group in Figure 1 shows that the oxidation degree
increases with the oxidation time at 500°C, which is
mainly caused by the oxidation reaction of some
reactive groups on GNP at high temperature, forming an oxygen-containing group; When it is raised,
the oxygen-containing group is increased. At
700°C, GNPO4 (700°C, 0.5 h) has the best oxidation effect, and the time is prolonged. The oxygencontaining group is slightly reduced, which is mainly due to the oxygenation at high temperature. The
group is fully gasified and decomposed. Therefore,
this experiment uses 700°C, calcination time 0.5 h
as GNP oxidation treatment.
The microscopic morphology of the sample
GNPO4 (700°C, 0.5 h) and the original sample
under high temperature oxidation under the optimal
conditions, which are shown in Fig. 2.
It can be seen from Fig. 2 that GNP is a sheet
structure before and after high temperature oxidation, and its surface has many folds, warps and
folds. The plane size is different, and it can be seen
that its diameter is relatively high, so it can exert its
efficiency. It can block the shielding effect and can
be used as antiseptic effect when added to the coating. It can be seen from the high-magnification
GNP photo of high temperature oxidation in Fig.
2(b) that the GNP layer is thin and the layers are
uneven. The surface of GNP after high temperature
oxidation is rougher and the interlayer spacing
becomes larger, indicating that the GNP after high
temperature oxidation becomes more loose, because

14]. The GNP is an extraordinary reinforcement
material being capable of improving mechanical,
thermodynamic and electric properties of polymer
matrix, and attracts high study interest of the effective GNP dispersed and composite in polymer matrix on gas selectivity and percolation properties
[15-17].
In this paper, waterborne epoxy emulsion
(EP203) was used as the resin matrix, and GNP was
added as an anti-corrosion aid to prepare GNP/
epoxy composite anticorrosive coating. In order to
improve the dispersibility of GNP, GNP was firstly
subjected to high temperature sintering oxidation
treatment. The suitable oxidation conditions were
selected by infrared spectroscopy. The surface
treated oxidized GNP was prepared by dispersing
agent BYK-190. A series of anticorrosive coatings
were prepared by changing the amount of GNP.
Through corrosion resistance test, mechanical property test, scanning electron microscope (SEM),
metallographic microscope, Tafel polarization
curve and other tests, the influence of the amount of
GNP on the performance of anticorrosive coatings
was discussed, and the optimal GNP dosage was
determined.
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&>;2-/1 =;1-=718= 92 !#   534 =17
:1;-=>;1 9A50-=598 =;1-=718= The high temperature calcination oxidation method is simple and the
production safety is strong. In this experiment,
GNP was calcined at 500°C and 700°C, respectively. The oxidative functional groups were analyzed
by infrared spectroscopy for different degrees of
calcination of GNP. The morphological characteristics of GNP were compared by SEM observation.

  &>;2-/=-8= =;1-=718= GNP with better
oxidation effect was selected as anti-corrosion aid.
In order to increase its dispersion in waterborne
epoxy emulsion, ultrasonic dispersion treatment
was carried out with CS-311 titanate coupling
agent, KH550, KH560 and KH570 silane coupling
agent. The dispersion uniformity was observed by a
metallographic microscope, and the stability was
examined by a test tube in a test tube.
#;1:-;-=598 92 !#:9AB 97:9<5=1 8
=5/9;;9<5?1 9-=583< The treated GNP and the
water-based epoxy resin EP203 are prepared according to a certain ratio of the coating. After the
coating preparation is completed, the carbon steel
plate is polished with a sandpaper, and then wiped
with alcohol. Uniform spraying on a carbon steel
plate using a spray gun, and drying at 80°C * 3 h.
The coating thickness should be controlled at 50 ±
5 μm.
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chip pretreated with titanate coupling agent CS-311
is enhanced, which is beneficial to dispersion in
waterborne coatings, while others The poor dispersion of the three groups will affect the integrity of
the coating and matrix and the compactness of the
oxide film, which is not conducive to corrosion
protection.
It can be seen from Fig. 4 that the stability of
GNP in water after treatment with different coupling agents is different, and different degrees of
sedimentation occur with time. The effect of
KH560 was the worst. There was obvious stratification in 1h. After 12h, the GNP treated by KH560
also showed obvious sedimentation. CS-311 had
the best effect and maintained high stability at 24h.
In summary, the titanate coupling agent CS311 not only helps to improve the dispersibility of
the filler, but also prevents the sedimentation of the
pigment and filler, and increases the effect of GNP
in the aqueous coating. Therefore, this experiment
used CS-311 to modify GNP.

the interlaminar pressure generated under high
temperature conditions exceeds the van der Waals
force between the GNP sheets, thus causing GNP to
swel and stripped.

&>;2-/1 =;1-=718= 92 !#. In order to further improve the dispersibility of graphene in waterborne coatings, reduce agglomeration, and
achieve a small amount of high-efficiency antiseptic effect, in this experiment, the surface modification of the coupling agent was carried out on GNP
after oxidation. Separated by CS-311 titanate coupling agent, KH550, KH560, KH570 silane coupling agent for 0.5 h, the dispersion effect is shown
in Fig. 3 and Fig. 4.
It can be seen from Fig.3 that the dispersibility
of GNP in water after treatment with different coupling agents is different, and the GNP dispersion in
KH550 group and KH560 group is poor. The dispersion of KH570 group is relatively good, while
the dispersion of CS-311 group is more uniform,
indicating that the hydrophilicity of graphite micro-
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221/= 92 05<:1;<-8= 98 05<:1;<598 -80 /9;
;9<598;1<5<=-8/1 In the process of coating configuration, the dispersant plays a very important role
in the dispersion of pigments and fillers. In this
experiment, BYK190, BYK2015 and TEGO747
were used as dispersants for GNP to prepare waterborne epoxy resin coatings, and each group of coat-

ings was observed using a Leica microscope. The
result is shown in Fig. 5.
It can be seen from Fig. 5 that the three dispersants BYK2015, BYK190 and TEGO747 have
better dispersion effects on the GNP in the coating,
and are basically uniformly dispersed. Especially
the BYK190 is better dispersed.
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(a) TEGO747

(a) Blank

(b) BYK190
(%
9-=583/9;;9<59892 4


(b) 0.4%

(c) BYK2015

(c) 0.6%
(d) 0.8%

(%
9;;9<59892-8=5/9;;9<598/9-=583<@5=405221;18=!#09<-31<29;

(e) 1.0%
4

better anticorrosive effect. Therefore, BYK190 is
used as a dispersant in this experiment.

The effect of anti-corrosion coating prepared
by different dispersants on the anti-corrosion performance was tested by salt spray test. The results
are shown in Fig. 6.
It can be seen from Fig. 6 that after 72 h, the
coatings of different formulations began to show
different rust conditions. The TEGO747 group and
the BYK2015 group had a large amount of rust, and
the pitting around the fork was more serious, which
was mainly due to the poor dispersing effect. The
corrosion of BYK190 group near the fork is lighter
than the previous two groups. Therefore, the use of
dispersant BYK190 as a dispersant in the formulation can help the anticorrosive coating to achieve

221/= 92 !# 09<-31 98 :;9:1;=51< 92
!#1:9AB /97:9<5=1 -8=5/9;;9<5?1 /9-=583<
After surface treatment of GNP after oxidation
treatment, a series of waterborne epoxy anticorrosive coatings with different GNP contents were
prepared by adding dispersant BYK190. The coatings were tested for corrosion resistance, gloss and
hardness, and the amount of GNP. The effect of
membrane properties was analyzed. The corrosion
of the paint film after different GNP for 120 h is
shown in Fig. 7.
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higher the self-corrosion potential of the coating,
the lower the self-corrosion current density, indicating that the coating is more protective.
It can be seen from Fig. 8 that when the modified GNP is added to the coating, the corrosion
potential of the coating is significantly positively
shifted. When the addition amount of the graphite
microchip is 0.8%, the corrosion potential is shifted
to the maximum, indicating that the anticorrosive
coating of this amount is corrosion resistant. The
best is because the addition of GNP greatly changes
the anti-penetration performance of the coating and
enhances the corrosion resistance of the coating.
Continue to increase the amount of GNP added, and
the corrosion potential of the coating decreases, due
to excessive GNP consumption. The phenomenon
of agglomeration resulting in a decrease in corrosion resistance coincides with the results of the
previous salt spray test. It is precisely because of
the agglomeration of GNP that the corrosion potential of the anticorrosive coating is lowered.
At the same time, as the amount of GNP added in the GNP/epoxy coating increases, the corrosion current of the coating system decreases first
and then increases. When the amount of GNP is 0.8
wt% of the epoxy, the corrosion current is small;
continue to increase GNP. The amount of addition,
the corrosion current of the coating is on the rise.

It can be seen from Fig. 7 that the anticorrosion effect of the treated graphite microchip
coating film is remarkable; after the salt spray erosion for 120 h, the corrosion of different coatings
appears. With the increase of the content of the
graphite micro-sheet, the anti-corrosion effect first
After the enhancement, the anti-corrosion effect is
best at a content of 0.8% by weight. Since the
graphite microchip has a sheet conjugate structure
at a suitable amount, the layer stacking can form a
dense barrier layer. The anti-penetration ability and
anti-corrosion performance of the reinforced coating on H2O, O2 and corrosive ions. The reason why
the 1.0wt% anti-corrosion effect is deteriorated may
be due to the agglomeration in the coating to cause
defects on the surface, and the defect is easy to
form. The local corrosion of the battery directly
accelerates the electrochemical corrosion process,
so the macroscopically shows a significant rust
phenomenon.
#96-;5C-=598 />;?1 Fig. 8 is a chemical polarization curve of a modified graphite microchip
with different content of coating in a 3.5% NaCl
solution. The self-corrosion potential thermodynamically reflects the difficulty of corrosion of the
material, and the self-corrosion current kinetically
reflects the speed of the corrosion rate [18]. The
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The reason may be that the sheet structure of
GNP can form an effective anti-corrosion barrier
layer in the coating to effectively control the corrosion reaction rate, and thus the corrosion current is
reduced, but when the GNP is excessive, due to its
agglomeration in the coating layer Defects appear
on the surface, and the defect is likely to form a
local corroded battery, which directly accelerates
the electrochemical corrosion process, which increases the rate of electron transfer, and accelerates
the corrosion. In addition, too many GNPs overlap
each other to form a partial conductive path. To
some extent, the transfer of electrons is accelerated,
the corrosion current is increased, and the corrosion
resistance is lowered. Therefore, the coating has the
best corrosion resistance when the amount of GNP
is 0.8 wt% of the epoxy.

[4] Zaman, I., Phan, T.T., Kuan, H.-C., Meng, Q.,
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In this experiment, GNP was first oxidized by
high temperature calcination. After detection and
analysis, the oxidation effect was better at 700 °C
for 0.5 h. Comparing and testing the GNP dispersions treated with four different coupling agents
(CS-311, KH550, KH560, KH570), it was found
that CS-311 is a good surface treatment agent for
graphite microchips in aqueous conditions; Anticorrosion coatings, through the Leica microscope
observation and salt spray test, found that the
BYK190 group had the best dispersion effect; a
series of anti-corrosion coatings were prepared by
changing the amount of GNP. Through the salt
spray test, metallographic microscope test, electrochemical test and other performance tests, the influence of the amount of GNP on the performance of
the anti-corrosion coating was discussed, and the
optimal GNP dosage was determined. The results
show that the anti-corrosion coating with 0.8wt%
GNP has good anti-corrosion effect and the corrosion resistance is the best.
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are better preserved due to the low process temperature, and the quality of the product is very close to
its fresh state [7–10].
In recent years there has been increased interest
in food products that are minimally processed and
which have not lost their fresh or near-thawed flavor
due to the high demand for natural and nutritional
physiology in terms of consumer preferences. 
  causes serious economic damage, both in
the final stages of production, and due to its ability
to develop during storage, causing decay, and difficulties in processing the product. For this reason, ultrasonic applications and antifungal applications
provide good potential for pasteurization of liquid
foods, especially fruit juices (red grape juice), by inactivating pathogenic microorganisms.
The aim of this study was to investigate and
compare the effect of non-thermal ultrasound and
natamycin antifungals on some quality parameters
and pathogen   inactivation and the
effects of hurdle technology on red grape juice.

In this study, the effect of different combinations of   inactivation in red grape
juice was investigated. Some effects on quality parameters were investigated during storage. The best
results were achieved at the end of storage with a reduction of 2.4 log (CFU/ml) in combination with natamycin (12.5 ppm) and ultrasound (5 min, 80 W, 26
kHz and 60 amplitude). During the storage period,
there were no significant changes in pH, titration
acidity, brix, total color value changes and sensory
values. Total monomeric anthocyanin, total phenolics, flavonoid amounts and total antioxidant substance (TEAC) decreased during the storage time.
Increases in the amount of HMF were observed during storage. Natamycin and ultrasound applications
were found to be successful against  
and some quality parameters.



*)#%&
Antioxidant,   , red grape juice, phenolic
compound, ultrasound

!'% &"!'#&

!,>0<4,7= Natamycin (pimaricin), commercially available as antifungal produced by fermentation of     , was used in the
study.   mildew strain obtained from
Bolu Abant İzzet Baysal University/Faculty of Agriculture and Natural Sciences/Plant Protection Department / Phytopathology Department was used. In
the study, Hielscher's UP200St (200 W, 26 kHz) ultrasonic device was used.

?4.0 ;<0;,<,>4:9 ,9/ ><0,>809>= Grapes
were purchased from a local market in Tekirdag/Turkey. Washing was carried out with vinegar to minimize the microorganism loads carried on the grape
skin. Fresh fruit were crushed and screened using a
commercial blender (Waring Blender, USA). Juice
was filtered through a single layer of muslin cloth to
filter out seeds, coarse particles and impurities. The
control sample was heated at 85 °C for 2 minutes.
Sonication treatments were performed with different
amplitudes and times. Juice was diluted with distilled water (ratio 1:1), and the juice was stored at 4
°C prior to processing. Red grape juice samples



"'%#('#"

  (teleomorph:   
  ) is an airborne plant pathogen with a necrotrophic lifestyle that attacks more than 200 plant roots
worldwide [1, 2].   produces enzymes, toxins and other low molecular weight compounds such
as oxalic acid that break down the cell wall [2].
Natamycin was first isolated in 1955 from the
culture of      (a mold in soil
samples from Natal, South Africa) [3]. Natamycin is
a polyene that acts to bind membrane sterols by disrupting membrane permeability [4, 5].
Ultrasonication is defined "using vibration energy to form sound waves with frequency of 20,000
Hz or more per second" [6, 7]. The most important
advantage of ultrasonication over thermal processing
is that it provides inactivation of spoilage and unwanted enzymes with pathogenic microorganisms;
the taste, smell, textures and nutrients of the product
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ml with three parallel to the PDA medium. The same
procedure was repeated for the control example. The
media were allowed to incubate at 25 °C for 4-6 days
in the incubator. Then mold colonies (20-300 colonies) that developed as a result of incubation were
counted. Colony change was studied for one month
(1, 7, 14, 21, 30 days).

0>0<849,>4:9 :1 ; >:>,7 =:7?-70 =:74/=
<4A ,9/ >4><,>,-70 ,.4/4>B Soluble solids were
measured using a refractometer (ATAGO brand RX7000α model, Japan), and pH was measured using a
potentiometer (Hanna Instruments HI 2002 pH /
ORP, Romania). Measurements were made at 20 °C
and the results were expressed in Brix. The titration
acidity was potentiometrically determined by titration of the samples with 0.1 N NaOH solution to pH
8.1. A 5 ml sample was weighed and 50 ml of distilled water was added, then 10 ml of sample was
taken from the filtrate. The volume of NaOH was
converted to g tartaric acid per 100 mL of juice.

:7:<9,7B=4=Color analysis of the samples
was made using the Color Measuring Device (PCECSM 5 color measuring device) and a liquid container. Color L (darkness-lightness), a (foliage-redness), and b (blue-jaundice) color parameters are
given. Before measurements, the device was calibrated with a calibration plate [11]. The total color
change using the data from the analysis is as follows:
Chroma, C = ((a2 + b2)) 1/2 [12] (Hue angle) = tan-1
(b/a) [13], which indicates the angle of the surface
color, color index (CI) = (180-h) / (LC) [14].

0>0<849,>4:9:1>:>,78:9:80<4.,9>3:.B
,949The total monomeric anthocyanin content was
determined according to the pH differential method.
This method is based on the measurement of the
change in the absorbance values of the wavelengths
of anthocyanins with respect to the pH values of the
maximum absorbance. Absorbance readings were
made against pure water using an SP-UV/VIS300SRB spectrophotometer at the wavelengths
where the samples gave maximum absorbance. The
difference in the absorbance value of the diluted
sample was calculated using the following formula.
Total monomeric anthocyanin (mg/L) = A MW
Df 1000 / (Ɛ) ℓ
A= (Aλvis-max - A700)pH 1.0 - (Aλvis-max A700)pH 4.5
MW= malvidin-3-O-glycoside molecular
weight: 493.5 (gmol/l)
Df = Dilution factor
Ɛ = malvidin-3-O-glycoside absorption coefficient (28 000 L/(cm mol))
ℓ= Light path (1 cm) [15].

$:7B80<4. .:7:< ,9,7B=4= The samples were
diluted with distilled water according to the predetermined dilution factor similar to the determination

(control and sonicated) were kept in sterilized and
airtight media bottles, and stored at 4 °C until further
analysis.

&;:<0= =?=;09=4:9 MEA (malt extract agar)
was taken from the waiting cultures in the supernatant medium and was passaged on MEA bedded medium and incubated at 25 °C for 7 days. In the tubes
containing the previously prepared sterile 10 ml
0.05% Tween 80 solution, the tubes were incubated
at the end of the incubation. Mold spores were
counted under a 40-well objective microscope using
a Thoma slide. The sports suspensions were prepared to be 1x106 CFU / ml and plated using as a
pipette under aseptic conditions with a single point
cultivation on the PDA medium. Each juice sample
had a volume of 25 mL of grape juice artificially inoculated with 0.05 mL of spores suspension (1 × 106
CFU/mL).

0>0<849,>4:9:1",>,8B.498:?9>?=492
>304=6411?=4:9!0>3:/Twelve disk diffusions
were created with holes in 3 petri dishes using aged
media. Natamycin prepared at specific concentrations was added to the wells. The media were allowed to incubate at 25 °C for 4-6 days and the inhibitory zone area around the disc was measured and
the antifungal effect of natamycin was determined.
Potato Dextrose Agar (PDA, Merck 1.10130) nutrients were used to develop yeasts and molds for the
mold counts. The Petri dishes which were seeded
with the spreading method were kept at 25 °C for 4
to 6 days in an incubator for development.

0>0<849,>4:9:1>300110.>=:1?7><,=:94./0
@4.0=:9/4110<09>,8;74>?/0,9/:@0<>480:9:
><B>4=.490<0,7In this study, we attempted to determine the duration of treatment with the ultrasound
field device and how much amplitude exposure was
necessary. For this purpose, 0.85% physiological saline was used for our ultrasound device. Amplitudes
of 40, 50, 60, 70 and 80 were used in treatments with
duration of 1, 5, 10 and 15 minutes. The treated samples were seeded into the PDA medium with three
parallel paths using dilution solutions and incubated
at 25 °C for 4-6 days and the incubation colonies
were counted between 20 and 300 colonies.

917?09.0 :1 .:8-49,>4:9= :9 8:7/49:.?
7,>0/ <0/ 2<,;0 5?4.0 The spores of  
 strains stored at +4 °C were inoculated into the
red grape juice in sterile conditions. The obtained
spore juice was vortexed and homogenous distribution of mold spores was ensured. Combination studies were completed with Control (C), natamycin (N),
ultrasound (U) and natamycin + ultrasound (NU).
For example, 1 ml of fruit juice was added to the dilution. The dilution series was prepared and the
seeds were spread using a spreading method so the
slices obtained from the dilutions were taken as 0.1
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tubes were again mixed with the vortex, the contents
of the tube containing the barbituric acid solution
were recorded after waiting until the tube reached
maximum absorption at 550 nm in the spectrophotometer against the contents of the tube prepared as
a witness. Standard curry was prepared using solutions of HMF at concentrations of 5, 10, 15, 20, and
25 mg/L [20].

&>,>4=>4.,79,7B=4=All values were obtained
in triplicate and expressed as mean ± standard deviation (SD). The significant differences between
mean values of red grape juice samples were determined by analysis of variance (one-way ANOVA)
using Tukey’s HSD (Honestly Significant Difference) test at a significance level of p < 0.05. Statistical analysis was conducted using SPSS 22.0 software (SPSS Inc., Chicago, USA).

of total monomeric anthocyanin. Of this solution, 2.8
mL was taken and placed in two separate spectrophotometer cuvettes. A 0.2 mL bisulfite solution was
added to the dilution in the cuvettes and another 0.2
mL of distilled water was added and allowed to
equilibrate for 15 minutes. After 15 minutes to 1
hour after the addition of the bisulfite solution, the
absorbance of the solution in both cuvettes were
measured at 420 nm, Aλ Vis-max and 700 nm wavelengths against distilled water. The color intensity of
bisulfite was calculated with the absorbance value
read from the sample before any procedures. An SPUV/VIS-300SRB spectrophotometer was used for
absorbance measurements. The analysis is based on
the definition of "color intensity" and "polymeric
color" values. With the help of these values, a "polymeric color percentage" is calculated as a third criterion.
Color Intensity= [(Avis-max– A700) + (A420- A700)]
(Df)
For polymeric color, the absorbance value of
the sample with bisulfide applied was calculated using the following equation.
Polymeric color = [(Avis-max– A700) + (A420A700)] (Df)
Polymeric color ratio (%) = Polymeric
color/Color density × 100 [16].

0>0<849,>4:9:1>:>,7;309:7=,9/>:>,717,
@:9:4/=The total amount of phenolic material was
modified spectrophotometrically with the Folin-Ciocalteu method. The results are given as gallic acid
equivalent (GAE) [17]. The total flavonoid content
was modified with the aluminum chloride colorimetric analysis method. Total flavonoid content was expressed as mg catechin equivalents (CE) per liter
[18]. In total flavonoid analysis, the experiments
were carried out with 3 replicates and the average of
the results was taken. The results are found from the
standard calibration curve.

0>0<849,>4:9 :1 >30 >:>,7 ,9>4:A4/,9> .,
;,.4>B'The Trolox equivalent antioxidant
capacity (TEAC) method, which is used for the determination of ABTS + radical cation capture activity, is a widely used method in dietetics. The total
antioxidant capacity determination was made by
modifying a published method [19].

0>0<849,>4:9 :1 3B/<:AB80>3B7 1?<1?<,7
!The method is based on the reaction of HMF
with barbituric acid and p-toluene to form a red-colored compound and measuring the resulting color
density with the colorimetric method. Two milligrams of red grape juice were transferred into two
different glass vials, and then 5 mL of p-toluidine 1
solution was added. After the mixture in the tubes
was vortexed, 1 mL of dyslide water was used as a
witness in the first tube and 1 mL of barbituric acid
solution was added to the second tube. After the

%&( '&"&(&&#"

!4.<:-4:7:24.,7,9,7B=0=The effect of 
  strain against antifungal natamycin at different concentration was determined by the disk diffusion method. Inhibition (mm) and natamycin concentrations in the inhibition zone around the disc
over time are shown in Table 1.

'  
'304934-4>4:9C:9088:1   ,>
/4110<09>.:9.09><,>4:9=:19,>,8B.49
4=6
"?8-0<













",>,8B.49
;;8
50
25
12.5
6.25
3.13
1.56
0.78
0.39
0.2
0.1
0.05
0.02

934-4>4:9
+:9088
23.67±0.58
18.67±1.15
14.33±1.15
10.33±0.58
7.33±0.58
3.00±0.58
1.33±0.58
0
0
0
0
0

As shown in Table 1, when the inhibition zones
formed over time in the disk diffusion test with different concentrations were examined, an average
zone formation of 23.67 mm around was observed
disk number 1. With natamycin concentration of 25
ppm, an 18.67 mm zone was found around the 2nd
disc. The inhibition zone formation progressively reduced in proportion to the decrease in natamycin
concentration. No effect was detected around the
disks numbered 8-12. In general, 50 ppm, 25 ppm
and 12.5 ppm of natamycin were found to produce a
strong inhibition zone. Since the amount of natamycin was the least effective and the most effective was
12.5 ppm, it was decided to use as the concentration
in the later stages of the study.
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:9><:7






7.17±0.14 aA
7.24±0.04 aA
7.25±0.03 aA
7.22±0.07 aA


7.09±0.12 aA
7.11±0.06 aA
7.10±0.07 aA
6.99±0.04 aA

8;74>?/0
 
6.90±0.05 aAB
5.88±0.2 bB
5.73±0.09 bB
5.68±0.24 bB

 
7.06±0.08 aA
7.08±0.04 aA
7.08±0.06 aA
6.98±0.07 aA

 
6.89±0.04 aAB
5.75±0.16 bB
5.61±0.01 bB
5.31±0.01 cC

  
 
6.62±0.3 aB
5.81±0.03 bB
5.57±0.15 bB
5.51±0.11 bBC

All the data are expressed as mean±SD (n = 3)
Different capital letters in the same row and lower-case letters in the same column show statistically significant differences (p<0.05).

'  
%0=?7>=:1.3,924929,>,8B.49,9/?7><,=:?9/.:8-49,>4:9=:@0<>4807:2(87

,B=


7.13±0.11aA

7.22±0.03abA
 7.25±0.02abA
 7.22±0.04abA

7.29±0.01bA

"
5.94±0.10aB
6.01±0.12aB
6.07±0.05aB
6.04±0.05aB
6.12±0.02aB

:2/4110<09.0
1.19
1.22
1.17
1.19
1.17

(
5.93±0.07aB
5.93±0.11aB
5.94±0.10aB
5.90±0.06aB
5.95±0.04aB

:2/4110<09.0
1.20
1.29
1.30
1.32
1.35

"(
5.36±0.05aC
5.52±0.07aC
5.50±0.14aC
5.56±0.02aC
5.59±0.13aC

:2/4110<09.0
1.77
1.70
1.75
1.66
1.70

All the data are expressed as mean±SD (n = 3)
Different capital letters in the same row and lower-case letters in the same column show statistically significant differences (p<0.05).

Natamycin was found to be effective in a study
using the agar disk diffusion method with 
  and     for kashar
cheese [21]. In a study of the effect of cheese microflora on mold, they reported MIC values between 10
ppm and 40 ppm between species [22]. In another
study conducted, the MIC value was found to be at
least 10 ppm for the effects on microflora in 10 farm
cheese and soft cheeses [23]. Concord and Niagara
red grape juice were treated with 10 or 20 ppm natamycin and 250 ppm DMDC (dimethyldicarbonate)+5 or 10 ppm natamycin. As a result of the
study, the combination of DMDC+natamycin provided better results with extended shelf life [24].
With 10 to 40 ppm of natamycin, apple, orange and
pineapple juice had delayed growth of yeast strains
[25]. Similarities and effects are observed for the
MIC values when we compared the literature with
the results of our study.
The lowest log difference was 0.09 log
(CFU/ml) compared to the control sample and the
highest difference was 1.71 log (CFU/ml). When the
effect of amplitude increases compared to the control
sample on   at different times is examined, the effect is increased as amplitude increases and time increases. At the end of the applications, it was determined that as the amplitude
amount increased, the ultrasonic factor caused an increase in power (watt) and temperature in the sample. Considering the temperature measurements,
power balance and logarithmic decreases during
time and amplitude application, the decision was
made to continue use 5 minutes, 80 W, 26 kHz and
60 amplitude applications for the remainder of the
study.
The effects of ultrasound and natamycin on 
  strain in red grape juice were evaluated

by preliminary studies. Natamycin (12.5 ppm) and
ultrasound (5 minutes, 80 W, 26 kHz and 60 amplitude) were obtained as results of this study, and the
results were observed logarithmically (Table 3).
Statistically significant differences were found
in logarithmic changes of C, N, U and NU applications during the days after treatment (p<0.05). There
was no statistically significant difference in the logarithmic changes between the N and NU applications
at the end of the time interval from the first day to
the 30th day (p>0.05). At the end of the first day, the
maximum reduction occurred with the NU application of 1.77 log (CFU/ml). In practice, at the end of
the 30th day,   was treated with NU
application with 1.70 log (CFU/ml) as an anti-water
effect compared to the control sample. In general,
when the effects of   on water supply
during the storage period are examined, the order is
NU> U> N.
In a study, ultrasound (61 amplitude, 7.5 min)
treatment applied to tomato juice showed a decrease
of 5 log (CFU/ml) in total yeast load compared to the
control sample [26]. In a study of the combined antimicrobial and ultrasound effect, they reported a decrease of 5 log (CFU/ml) at 14 days using ultrasound
(20 kHz, 130 W, amplitude 40-100%) on citrus extract and benzoate for inhibition of   
 pathogen in orange juice [27]. In a study of
orange juice, microbial inactivation of 3.37 log
(CFU/ml) and 8 log (CFU/ml) at the end of application was achieved with ultrasound (24 kHz, 100 μm,
5 minutes, 50 °C) for inactivation of     
K12 [28]. For the inactivation of     
 spores in orange juice (100%; 20.20
W/ml; 60 min, 78 °C), microbial inactivation of 4,4
log (CFU/ml) was achieved with high-pressure pretreatment (600 MPa, 15 min, 39 °C) [29].
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more effective for the inactivation of  
 .

$3B=4.:.3084.,7 ,9/ -4:,.>4@0 .:8;:?9/
,9,7B=4=8;,.>:1,;;74.,>4:9=:9;>:>,7=:7
?-70=:74/=<4A,9/>4><,>,-70,.4/4>BChanges
in pH, Brix and total titratable acidity (gr tartaric
acid/100 ml) values of red grape juice with C, N, U
and NU treatments were evaluated over 1 month (1st
day, 7th day, 14th day, 21st day, 30th day) (Table 4).
At the end of the study, there were no statistically significant differences in pH and TA values between the treatment samples (p> 0.05). At the end of
the first day, the pH value of the C sample was 3.78
and the NU sample was 3.79 (p> 0.05).
Red grape juice samples were subjected to ultrasound (24.4-61 amplitude, 0-10 minutes, constant
frequency of 20 kHz and a pulse duration of 5 seconds). The researchers did not detect any significant
difference in pH due to ultrasound (p>0.05) [35].
They found that ultrasound and enzymatic treatments were used to increase the yield of banana
juice, and the effect of ultrasound treatment on pH
was reduced [36]. In our study, no change caused
this much of a reduction.
In a study of the physicochemical properties of
strawberry juice subjected to ultrasound treatment at
different times, it was concluded that there was no
significant effect on pH [37]. In studying the effects
of total phenol, flavonoid and antioxidant properties
during the storage of carrot-red grape juice mixture
with ultrasound applied, there was no significant effect of treatment when the pH varied between 4.85
and 4.86 [38]. In a study of the effect of ultrasound
(28 kHz, 70% amplitude, 30, 60 and 90 min) on
grapefruit juice quality parameters, no statistically
significant difference was found for the pH value
(p>0.05) [39]. Throughout the literature review it
was found that ultrasound application does not cause
a significant change in pH, as in our study.

During the application of ultrasound, the disintegration of intracellular particles is faster than the
disruption of the cell walls and ultrasound breaks
down mitochondria rapidly due to thin membrane
fragmentation [30]. The effect of sonication on microbial inactivation (     and 
  ) was examined and it was concluded
that the mechanism of inactivation was mainly dependent on chemical effects [31]. It was reported that
the antimicrobial mechanism of action of ultrasound
is based on the formation of cavities as well as reactive species and free radicals. The cavitation effect is
dependent on liquid properties (vapor pressure, surface tension, viscosity) and can be reduced at larger
amplitudes, and a temperature increase above 50 °C
reduces the density of cavitation affecting microbial
inactivation. Ultrasound lethal pathology includes
wave amplitude, intensity, power and temperature.
In the case of temperature-ultrasound, wall rupture
or disintegration and cytologic deterioration of organelles occur [32].
Because of its high affinity for ergosterol, natamycin is irreversibly bound to membranes, leading
to membrane hyperpermeability, rapid leakage of essential ions and peptides, and consequently to cell
lysis [33]. It was reported that the inactivation effect
of ultrasound treatment on antimicrobials depends
on the nature of the antimicrobial agent and concentration, culture medium, pH, aw, amplitude, ultrasound power and microorganism [32]. However, the
use of ultrasound as a single inactivation method can
be limited by benefits observed with thermosonication, manosonication or other combinations. Single-use ultrasonics require the use of high-intensity
sound, energy and time [34]. In our study, combined
use (NU) provided more success compared to individual use (N, U). When we compare our study with
the literature, it was found that the combination of
moderate heat, antimicrobial agent and ultrasound is

'  
3,920=49;:<4A,9/'4><,>4:9,.4/4>B2<>,<>,<4.,.4/
<0/2<,;05?4.0
,B=

87@,7?0=:1>30><0,>809>=,;;740/>:


:<4A

"

'
14.25±0.01aA
14.30±0.01aB
0.55±0.01abA
14.27±0.01abA
14.31±0.01abB
0.55±0.01abA
14.28±0.01bA
14.32±0.01abB
0.55±0.01abA

14.28±0.01bA
14.32±0.01bB
0.54±0.01aAB

14.29±0.01bA
14.31±0.01abB
0.56±0.01bA

(
"(
,B=
:<4A
:<4A
;
'
;
'
aA
aC
aAB
aA

3.78±0.01
14.33±0.01
0.54±0.01
3.79±0.01
14.33±0.01aC
0.52±0.01aB

3.78±0.01aA
14.33±0.01aC
0.55±0.01aA
3.78±0.01aA
14.34±0.01aC
0.54±0.01aA
14.33±0.01aB
0.54±0.00aA
3.78±0.01aA
14.34±0.02aB
0.53±0.02aA

3.78±0.01aA
14.34±0.01abB
0.54±0.01aAB
3.78±0.01aA
14.34±0.01abB
0.53±0.00aB

3.78±0.01aA
14.35±0.01bC
0.53±0.01aB
3.79±0.01aA
14.36±0.01bC
0.53±0.01aB

3.79±0.01aA
All the data are expressed as mean±SD (n = 3)
Different capital letters in the same row and lower-case letters in the same column show statistically significant differences (p<0.05).



;
3.78±0.01aA
3.78±0.01aA
3.78±0.01aA
3.78±0.01aA
3.79±0.01aA

'
0.55±0.01aA
0.55±0.01aA
0.55±0.01aA
0.55±0.01aA
0.56±0.01aA

1016

;
3.78±0.01aA
3.78±0.01aA
3.78±0.01aA
3.78±0.01aA
3.79±0.01aA
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and NU applications (p>0.05). No statistically significant differences were found in the b values of NU
samples of red grape juice on days 1 and 7 (p>0.05),
while significant differences were found for the
other days (p<0.05). The largest reduction was for
the b value of 1.1% in control samples.
At the end of the treatment, there were statistically significant differences for ΔE values in the application of natamycin between the C sample and the
other applications during the storage period
(p<0.05), while there were no statistically significant
differences between U and NU applications
(p>0.05). No statistically significant differences
were found in Chroma (C) values at 1, 7 and 14 days
and 14, 21 and 30 days for ultrasound samples of red
grape juice (p>0.05). There were no statistically significant differences in the h and CI values for natamycin samples of red grape juice on days 1, 7, 14
and 30 and on days 14, 21 and 30 (p> 0.05). It was
determined that all samples had decreases in L, a, b,
ΔE, C and h values over time from the first day.
Throughout the storage process CI exchanges, reductions and increases were detected. The greatest
change was detected for the NU application, and the
least change was for the N application.
Color is a visual indicator that evaluates the
quality of fruit juices during processing and storage
and plays an important role in consumer satisfaction
[39]. Compared to traditional thermal sterilization
methods, it was stated that non-thermal sterilization
provides better protection for food, flavor and color
of juice [44].
In one study, researchers reported an increase
in L value in watermelon juice treated with thermosonication. They stated that the precipitation of unstable particles in fruit juice due to thermosonication
treatment may be responsible for the increase in L
value [45]. However, in another study, it was reported that the increase in L value may be due to the
increase in the cloud water value of the fruit juice
due to the effect of the sonication resulting in homogenization [46]. A reduction in the L value of the
juice revealed that the redness resulted in a darkening color [47]. In our work, it is deduced that the variation in L values may be due to factors determined
by the other researchers.
Researchers suggested that a reduction in the
values of fruit juices is associated with the breakdown of anthocyanins and the formation of maillard
reaction products [48]. In our study, the reduction in
values was minimal and was thought to be due to the
same reasons. 0 °, 90 °, 180 ° and 270 ° color angles
(h) indicate red, magenta, yellow and blue respectively. Fluctuations in the h value of fruit juices during storage can be explained by the change in phenolic compounds. In our study, red grape juices have
a reddish color because their hue angle is about 36 °.
Regarding the changes in color intensity, ultrasound may be associated with the increase in phenolic compounds in processed specimens, because

At the end of the treatment, there were statistically significant differences in the brix values between the control sample and the other applications
during the storage period (p<0.05). Compared to the
C sample, the percentage change in brix values at the
end of 30 days was N (0.14%), U (0.42%) and NU
(0.49%), respectively. Although statistically significant differences were observed, we found that there
was very little effect when we examined the percent
changes. The quality parameters of pear juice under
ultrasound (25, 45 and 65 °C; 10 min; 20 kHz; 70%
amplitude) and commercial pasteurization conditions were evaluated. The authors found that there
were no significant changes in brix values [40]. In a
study of the effect of ultrasound application on the
quality parameters of purple cactus pear ( 
 ) juice, there was a statistically significant
difference in the brix values after different durations
(control 12.52; treatment 12.05-13.33), but there was
little differences between the values [41]. Red grape
juice samples were subjected to ultrasound (244-61
amplitude, 0-10 min, a constant frequency of 20 kHz
and a pulse duration of 5 second). There was no significant difference between brix values after ultrasound (p> 0.05) [35]. Similarities are observed with
our study.
As shown in Table 4, no statistically significant
differences were found between C sample and N application at the end of one month of storage (p>0.05).
However, at the end of the 30th day, statistically significant differences were found between the other
applications (p<0.05). Researchers have shown that
TA is not altered by ultrasound and ozone use when
studying non-thermal combination treatments (ultrasound and ozone) for the processing of acai (
  ) juice. They found that no statistical significance for different treatments and parameters
(p>0.05) [42]. In a study of the effects of ultrasound
(22 kHz for 10 min, 22 kHz for 20 min, 24 kHz for
10 min and 24 kHz for 10 min) on the physicochemical, aroma profile and sensory properties of lactic
acid and fermented mulberry juice, samples were analyzed for TA (p≥0.05) [43]. As in the study we conducted, in the literature review it was concluded that
the application of ultrasound does not have a significant effect on the TA value.

8;,.>:1,;;74.,>4:9=:9.:7:<The changes
in the color values of red grape juice with C, N, U
and NU applications were examined during one
month and the results are shown in Table 5. At the
end of the treatment, statistically significant differences were determined between the C sample and the
L values of other applications during the storage period (p<0.05). It was determined that all samples experienced a decrease in L values over time from the
first day.
No statistically significant differences were
found during the storage period for the values of U
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the vacuoles and phenolic materials in the cell periphery can be released by cavitation and breaking of
the cell wall. In addition, the hydroxyl radical
formed during ultrasound processes can affect the
hydroxylation of the aromatic ring of phenolic compounds at ortho-, meta- and para- positions [49]. It
was reported that the cavitation induced during sonication contributed to the changes in the fruit juices
[46]. The changes in color intensity in our study are
similar to those predicted by researchers.

8;,.> :1 ,;;74.,>4:9= :9 >:>,7 8:9:80<4.
,9>3:.B,949 ,9/ ;:7B80<4. .:7:< ,9,7B=4= The
changes in the total amount of monomeric anthocyanins (mg mal-3-gly/L) and the degradation
measures of anthocyanins in red grape juice with N,
NU applications and C samples were examined over
one month and evaluated in the Table 6. At the end
of the treatment, statistically significant differences
were found in the total amount of monomeric anthocyanins between the C sample and other applications
throughout the storage period (p<0.05). In NU application, the total monomeric anthocyanin decreased
from 41.54 mg mal-3-gly/L to 39.54 mg mal-3gly/L. Over a period of one month of storage, the
amounts of anthocyanins were found to decrease
over time. At the end of the one-month period, there
was a 3.6% decrease in NU application compared to
the C sample.
At the end of the treatment, statistically significant differences were found in the amount of color

intensity between the C sample and the other applications throughout the storage period (p<0.05). At
the end of the treatment, there were no statistically
significant differences in the polymeric color values
between the C and N applications over (p>0.05),
while statistically significant differences were found
for U and NU applications (p<0.05). At the end of
the one-month period, there was a 2.8% decrease for
the NU application compared to the C sample. At the
end of the treatment, there was no statistical difference in the polymeric color ratio values between the
C sample and the other applications during the storage period (p>0.05). There was an increase in polymeric color values after a period of one month. The
percentage increase is in the following order; 2.44;
1.48; 1.18; and 1.69.
In a study of antioxidant and quality changes in
fruit juices during shelf life, the amount of total monomeric anthocyanin in red grape juice decreased
over time [50]. In another study, the amounts of
monomeric anthocyanins were found to decrease
during storage in black grape concentrates [51]. Decreases during storage are in line with our study. It
was reported that ultrasound application to fruit
juices deteriorated quality parameters such as the
color and content of ascorbic acid and anthocyanin
in strawberry juice [46] and that it had little effect on
the content of anthocyanin in blackberry juice [52].
The cavitation density of the ultrasound process can
be evaluated by the formation of H2O2. The presence
of H2O2 can then lead to oxidation of the anthocyanins, which is reported to cause degradation [53].
' 
3,920=49>30 ,-D3,9/@,7?0=,1>0<><0,>809>=,;;740/>:<0/2<,;05?4.0
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,B=








38.07±0.01aA
38.06±0.01aA
38.02±0.01bA
37.87±0.01cA
37.88±0.01cA

,
18.45±0.01aA
18.44±0.02abA
18.43±0.02abA
18.43±0.01abA
18.41±0.01bA

-
13.29±0.03aA
13.29±0.03aA
13.27±0.01aA
13.24±0.01aA
13.14±0.01bA


38.06±0.01aA
38.06±0.01aA
38.06±0.01aB
38.06±0.01aB
37.95±0.01bA

,
18.36±0.02aB
18.36±0.02aB
18.36±0.02aB
18.36±0.02aB
18.27±0.01bB

-
13.23±0.02aB
13.22±0.01aB
13.18±0.01bB
13.17±0.01bcB
13.14±0.01cA


37.85±0.00aB
37.85±0.00aB
37.84±0.01aC
37.81±0.01bC
37.62±0.00cB

,
17.55±0.01aC
17.54±0.01aC
17.52±0.01aC
17.52±0.01aC
17.52±0.06aC

-
12.85±0.01aC
12.85±0.01aC
12.78±0.01bC
12.77±0.01bC
12.74±0.01cB


37.83±0.03aB
37.83±0.03aB
37.81±0.00aD
37.76±0.01abD
37.62±0.12bB

,
17.86±0.02aD
17.86±0.02aD
17.85±0.01aD
17.85±0.01aD
17.84±0.01aD

-
12.92±0.01aD
12.91±0.01aD
12.89±0.01bD
12.87±0.01cD
12.82±0.01dC


22.74±0.02aA
22.73±0.03aA
22.71±0.01aA
22.69±0.01aA
22.62±0.00bA
"

22.63±0.02aB
22.63±0.02aB
22.61±0,02aB
22.60±0.02aB
22.51±0.01bB
(

21.75±0.00aC
21.75±0.01aC
21.69±0.01abC
21.68±0.00bC
21.66±0.05bC
"(
C
22.04±0.02aD
22.03±0.02abD
22.02±0.01abD
22.00±0.01bD
21.96±0.02cD

3
35.77±0.04aA
35.78±0.04aAB
35.75±0.04aAB
35.70±0.01aA
35.52±0.02bA


9.41±0.04aA
9.41±0.04aA
9.43±0.04aA
9.50±0.01cA
9.47±0.02bA

ΔE
0.11±0.04aA
0.10±0.04aA
0.12±0.02aA
0.21±0.01bcA
0.16±0.01abA

3
35.77±0.06aA
35.76±0.04aA
35.68±0.03abA
35.64±0.03bB
35.71±0.02abB


9.35±0.06aB
9.35±0.04aB
9.34±0.03aB
9.34±0.03aB
9.34±0.02aB

ΔE
1.02±0.02aB
1.01±0.02aB
1.05±0.02aB
1.03±0.00aB
1.02±0.09aB

3
36.22±0.02aB
36.23±0.03aC
36.10±0.01bC
36.10±0.02bC
36.04±0.09bC


8.93±0.02aC
8.93±0.03aC
8.91±0.01aC
8.92±0.02aC
9.02±0.09bC

ΔE
0.73±0.03aC
0.73±0.02aC
0.73±0.01aC
0.70±0.01aC
0.72±0.05aC

3
35.88±0.03aA
35.86±0.02aB
35.83±0.03abB
35.78±0.03bD
35.70±0.02cB


9.13±0.03aD
9.12±0.02aD
9.13±0.03aD
9.15±0.03abD
9.22±0.02bD

All the data are expressed as mean±SD (n = 3)
Different capital letters in the same row and lower-case letters in the same column show statistically significant differences (p<0.05).
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'300110.>:1,9>3:.B,949=:9<0/<0/2<,;05?4.0:@0<>480,=,<0=?7>:1/4110<09>,;;74.,>4:9=
>:>,7.:9>09>:18:9:80<4.,9>3:.B,949.:7:</09=4>B;:7B80<4..:7:<;:7B80<4..:7:<<,>4:


"

$:7B80<4.
.:7:<

$:7B80<4.
.:7:<
<,>4:

1.83±0.01aA
1.82±0.01abA

0.73±0.01aA
0.73±0.02aA

39.71±0.51aA
39.93±0.72aA

':>,7
.:9>09>:1
8:9:80<4.
,9>3:.B,949
44.65±0.37aA
43.36±0.98abA



43.12±0.27bA

1.80±0.01bA

0.73±0.01aA

40.56±0.70aA

42.59±0.54bA




41.71±0.20cA
41.01±0.27cA

1.80±0.01bA
1.75±0.01cA

0.73±0.01aA
0.71±0.01aA

40.37±0.46aA
40.68±0.19aAB

41.77±0.71bcA
40.13±0.27cB

:7:<
/09=4>B

$:7B80<4.
.:7:<

$:7B80<4.
.:7:<<,>4:

1.70±0.02aB
1.69±0.01abB
1.66±0.02bcB
1.65±0.01cdB
1.62±0.01dB

0.71±0.01aA
0.71±0.01aA
0.70±0.01abB
0.69±0.01abB
0.68±0.01bB

41.69±0.87aB
41.90±0.62aB
42.05±0.38aB
42.02±0.18aB
42.18±0.60aB

,B=

:7:<
/09=4>B




':>,7
.:9>09>:1
8:9:80<4.
,9>3:.B,949
44.71±0.27aA
44.06±0.31aA

,B=

(







':>,7
.:9>09>:1
8:9:80<4.
,9>3:.B,949
42.18±0.73aB
41.01±0.57abB
41.01±0.79abB
40.95±0.27abAB
39.77±0.20bB

':>,7
.:9>09>:1
8:9:80<4.
,9>3:.B,949
41.54±0.44aB
41.01±0.27aB
41.13±0.44abB
40.24±0.20bcB
39.54±0.10cB

:7:<
/09=4>B

$:7B80<4.
.:7:<

$:7B80<4.
.:7:<
<,>4:

1.83 ±0.01aA
1.82±0.01abA
1.80±0.01abc

0.73±0.01aA
0.73±0.02aA

39.82±0.56aA
39.86±1.04aA

0.72±0.01aA

39.93±0.36aA

1.80±0.01bcA
0.72±0.01aA
1.77±0.02cA
0.72±0.02aA
"(

40.00±0.48aA
40.41±0.75aA

A

:7:<
/09=4>B

$:7B80<4.
.:7:<

$:7B80<4.
.:7:<
<,>4:

1.71±0.01aB
1.69±0.01abB
1.67±0.01bcB
1.64±0.02cdB
1.63±0.02dB

0.71±0.01aA
0.70±0.01abA
0.70±0.01abB
0.69±0.00bB
0.69±0.01bB

41.52±0.51aB
41.50±0.48aAB
41.80±0.20aB
42.16±0.39aB
42.22±0.88aB

All the data are expressed as mean±SD (n = 3)
Different capital letters in the same row and lower-case letters in the same column show statistically significant differences (p<0.05).

' 
110.>:1,9>3:.B,949=:9<0/2<,;05?4.0:@0<>480,=,<0=?7>:1/4110<09>,;;74.,>4:9=;309:74.=
17,@:9:4/=,9/,9>4:A4/,9>!


,B=

$309:74.=
827

7,@:9:4/=
827







382.22±2.75aA
379.05±0.00abA
372.70±2.75bcA
369.52±4.76cA
369.52±4.76cA

69.12±0.41aA
68.64±0.00abA
68.40±0.41bcA
68.40±0.41abA
67.93±0.00bA
(

,B=

$309:74.=
827

7,@:9:4/=
827







364.76±0.00aB
363.17±2.75aB
356.83±2.75aB
356.83±7.27aB
358.41±2.75aB

68.64±0.00aA
68.40±0.41aA
68.17±0.41aA
68.17±0.41aA
67.21±0.00bAB

"

9>4:A4/,9>
'
88:7
'<:7:A 
18.25±0.73aA
17.83±0.00aA
17.41±0.73aA
17.41±0.73aA
16.99±0.73aA
9>4:A4/,9>
'
88:7
'<:7:A 
17.83±0.00aA
17.83±0.00aA
16.57±0.00bB
16.57±0.00bA
16.15±0.73bA

!
827

$309:74.=
827

7,@:9:4/=
827

1.62±0.07aA
1.65±0.04aA
1.68±0.11aA
1.73±0.04aA
1.75±0.02aA

380.63±2.75aA
375.87±2.75abA
375.87±2.75abA
371.11±5.50bcA
366.35±2.75cA

!
827

$309:74.=
827

7,@:9:4/=
827

1.68±0.11aA
1.75±0.02aB
1.77±0.02aA
1.80±0.07aA
1.82±0.04aA

366.35±2.75aB
363.17±2.75abB
356.83±2.75bcB
353.65±2.75cB
353.65±2.75cB

68.88±0.41aA
68.64±0.00abA
68.17±0.41abA
67.93±0.00bA
66.98±0.41cB

69.12 ±0.41aA
68.64±0.00abA
68.40±0.41abA
68.40±0.41abA
67.69±0.41bAB
"(

9>4:A4/,9>
'
88:7
'<:7:A 
18.25±0.73aA
17.83±0.00aA
17.83±0.00aAB
16.99±0.73aA
16.99±0.73aA
9>4:A4/,9>
'
88:7
'<:7:A 
17.83±0.00aB
17.41±0.58abB
16.57±0.00abcC
16.15±0.58bcB
15.73±0.58cB

!
827
1.64±0.09aA
1.69±0.04aAB
1.71±0.05aA
1.74±0.02aA
1.76±0.04aA

!
827
1.68±0.09aB
1.76±0.04abB
1.78±0.02abA
1.81±0.05abA
1.83±0.04bA

All the data are expressed as mean±SD (n = 3)
Different capital letters in the same row and lower-case letters in the same column show statistically significant differences (p<0.05).

The polymeric color is a measure of the intensity of the polymerization and browning of the anthocyanin. The percentage of the ratio between the
polymerized color and the color intensity is used to
determine the percentage of polymeric color added
by the polymerized anthocyanins [54]. The percentage of polymeric color determines the resistance of
the anthocyanin to bisulfite bleaching and indicates
the level of polymerization of the anthocyanin [55].
As the polymeric color ratio increases, it is understood that the monomeric anthocyanins disintegrate
and the dark-colored pigments increase; in short, the
natural color degrades [19]. This increase in the
amount of polymeric color is thought to be due to the

condensation of anthocyanins with other phenolic
compounds [56, 57].

8;,.>:1,;;74.,>4:9=:9>:>,7;309:7=,9/
>:>,717,@:9:4/=Changes in the total content of phenolic substances (mg GAE/L) and total flavonoid
substances (mg CE/l) in red grape juice with U, N,
NU applications and in C samples were measured
over one month and are shown in Table 7.
At the end of the treatment, statistically significant differences were found in the total content of
phenolic substances (mg GAE/L) between the C
sample and the other applications throughout the
storage period (p<0.05). It was determined that the
content of total phenolic material decreases over
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8;,.> :1 ,;;74.,>4:9= :9 >:>,7 ,9>4:A4/,9>
.,;,.4>B'The changes in total antioxidant
amounts, TEAC (mmol Trolox/L) and HMF (mg/L)
values, of red grape juice with U, N, NU applications
and C samples were examined for one month and the
results are shown in Table 7.
At the end of the treatment, statistically significant differences were found between the C sample
and the other applications, except N, for TEAC
(mmol trolox/L) throughout the storage period
(p<0.05). During the storage period, 17.83 mmol
Trolox/L was detected on the first day of NU application and 15.73 mmol trolox/l was detected on the
30th day with a decrease of 11.8%. It was determined that the total antioxidant TEAC (mmol
trolox/L) decreases over time during storage.
Investigators found that the antioxidant activity
value in 7 commercial red grape juices was within
the range of TEAC 3.2-19.9 mmol trolox/l [64]. The
findings obtained are consistent with our study. In
one study, ultrasound application on red grape juice
resulted in a decrease in total antioxidant amount as
the ultrasound time and temperature increased [65].
Studies have shown that the decrease in the amount
of antioxidant substance due to the increase in ultrasound time can be caused by the deterioration of carotenoids to a great extent [52]. In our study, the best
result over time was found for the ultrasound application. Researchers concluded that ultrasound application reduces the degradation of components with
antioxidant properties [66].

8;,.> :1 ,;;74.,>4:9= :9 =09=:<B 10,>?<0=
Calculations according to the mean scores given by
panelists for the sensory characteristics are given in
Table 8. No statistically significant differences were
detected related to changes in sensory analysis at the
end of the one-month storage period (p>0.05).

time during the storage period. Decreases between
day 1 and day 30 of the samples were determined.
The percentages are 3.3%, 3.8%, 1.7% and 3.5%, respectively.
At the end of the treatment, there were statistically significant differences in the total content of
flavonoid substances (mg CE/L) between the C sample and the other applications during the storage period (p<0.05). During the storage period, it was determined that the content of total flavonoid substance
decreases with time. In the case of NU application,
the decrease from 67.93 mg CE/L to 66.98 mg CE/L
from the 1st day to 30 days in the samples is shown
as percentages as 1.7%, 2.1%, 2.1% and 2.8%.
In previous investigations, the total amount of
phenolic substances in commercial grape juice was
found to be 705-1117 mg/L in Brazil and 270-3433
mg/L in Spain and our study was compatible with
these intervals [58]. In previous studies, the amount
of flavonoid in red grape juice was found to be
within the range 0.38-86.4 mg/L [59–61] and our
study seems to be compatible with this interval. After 8 months of storage of black-red grape juices, the
total amount of phenolic substances decreased by
8%, 8% and 27%, respectively, in samples stored at
5, 30 and 40 °C [51]. In studying the effect on total
phenolic substance, flavonoid and antioxidant properties of carrot-red grape juice mixture with ultrasonication during storage (1-90 days), the content of total phenolic substances and total flavonoids decreased with increasing storage period but were
found to be better than the control sample [38]. The
explanation for the reduction in total phenolic content during storage may be that the phenolic compounds are affected by condensation or degrade and
that some compounds in the red grape juice may also
increase by reacting with folin reactives [62, 63].
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&09=:<B@,7?0=:1>30><0,>809>=>:<0/2<,;05?4.0
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:7:<
4.90±0.32a
4.90±0.32a
4.82±0.42a
4.89±0.32a
4.80±0.42a
4.90±0.32a
4.82±0.42a
4.89±0.32a
4.80±0.42a
4.80±0.42a
4.82±0.42a
4.89±0.32a
4.90±0.32a
4.80±0.42a
4.91±0.32a
4.78±0.42a
4.90±0.32a
4.80±0.42a
4.82±0.42a
4.78±0.42a

:9=4=>09.B
4.90±0.32a
4.90±0.32a
4.91±0.32a
4.78±0.42a
4.90±0.32a
4.90±0.32a
4.82±0.42a
4.78±0.42a
4.90±0.32a
4.90±0.32a
4.82±0.42a
4.89±0.32a
4.90±0.32a
4.80±0.42a
4.82±0.42a
4.89±0.32a
4.80±0.42a
4.80±0.42a
4.91±0.32a
4.78±0.42a

&09=:<B,9,7B=4=
#/:<
',=>0
4.90±0.32a
4.90±0.32a
4.80±0.42a
4.90±0.32a
4.91±0.32a
4.82±0.42a
4.89±0.32a
4.78±0.42a
4.90±0.32a
4.80±0.42a
4.80±0.42a
4.90±0.32a
4.91±0.32a
4.82±0.42a
4.89±0.32a
4.78±0.42a
a
4.80±0.42
4.80±0.42a
4.80±0.42a
4.80±0.42a
a
4.82±0.42
4.73±0.48a
4.89±0.32a
4.67±0.48a
a
4.90±0.32
4.90±0.32a
4.80±0.42a
4.90±0.32a
4.82±0.42a
4.73±0.48a
4.78±0.42a
4.67±0.48a
4.90±0.32a
4.80±0.42a
4.80±0.42a
4.90±0.32a
4.82±0.42a
4.82±0.42a
4.89±0.32a
4.78±0.42a

090<,7/84==4:9
5.00±0.00a
5.00±0.00a
5.00±0.00a
4.89±0.32a
4.90±0.32a
5.00±0.00a
4.91±0.32a
4.89±0.32a
5.00±0.00a
4.90±0.32a
4.82±0.42a
4.78±0.42a
4.90±0.32a
4.80±0.42a
4.82±0.42a
4.89±0.32a
4.90±0.32a
4.80±0.42a
4.91±0.32a
4.67±0.48a

All the data are expressed as mean±SD (n=3); The letters in the same column indicate statistically significant differences (p<0.05).
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Although cranberry juice had a statistically significant reduction in all parameters tested (color,
odor, taste and general quality) after ultrasound treatment applied to nectar, orange juice, and carrot-red
grape juice, generally the product remained outside
the rejection limits [38, 67, 68]. Studies have shown
that cavitation caused by ultrasound contributes to
the color and taste of fruit juices. The positive effect
of the ultrasound process is attributed to the removal
of oxygen [69]. In our study, as in some studies in
the literature, sensory properties were not affected by
natamycin and ultrasound applications.


#" (&#"&

In this study, the applicability of an ultrasound
pasteurization method and antifungal natamycin,
which is a non-thermal technology, as an alternative
to thermal preservation and processing methods used
in processing red grape juice and red grape juice with
bioactive components was investigated. In this study
of red grape juice, natamycin and ultrasound treatments were successful individually and in combination against   . In some of the quality
parameters examined, ultrasound and natamycin applications are generally expected to meet expectations. It is considered more useful to investigate the
use of ultrasound technology for red grape juice in
combination with other preservation methods. In order to be able to use ultrasound technology effectively in the food industry, more experiments should
be performed and costs should be noted in model environments.
"#) !"'&
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agent and natural food additive in East Asia. There
are three types of color pigments produced by
Monascus species; red pigments (rubropunctamine,
C21H26NO4 and monascurubramine, C23H27NO4);
yellow pigments (ankaflavin, C23H30O5 and
monascin, C21H26O5) and orange pigments
(monascorubrin, C23H26O5 and rubropunctatin,
C21H22O5) [1]. These pigments which improve the
color and sensory characteristics of foods are produced by Monascus species by esterification of
SRO\NHWLGHFKURPRSKRUHVDQGȕ-keto acids [2, 3].
Industrial scale bioprocesses require inexpensive carbon, nitrogen sources and trace elements as
substrate for microorganisms. Since the use of
synthetic media in industrial bioprocesses is not
economically feasible, inexpensive and sustainable
substrates should be selected for producing bioproducts at low prices [1, 4]. There are various
studies on the synthesis of Monascus pigments
from inexpensive carbon and nitrogen sources such
as potato powder [1] , bakery waste [3], jackfruit
seed [5], grape waste [6], sugarcane bagasse [7, 8],
wheat [9], sweet potato [10], corn steep liquor (as
nitrogen source) [11], prickly pear juice [12] and
corn cob [13].
Residual beer is the waste beer from brewing
process which has almost the same composition as
the final product (bottled beer). Residual beer originates mainly from; a) beer not meeting the filling
volume specifications; b) beer with incorrect labels;
c) returned beer that has not been sold, d) the exploding bottles in the pasteurizer or in the bottling
area; e) beer not meeting the quality specifications
due to temperature problems in the tunnel pasteurizer. Residual beer disposed into sewage results in
high cost of wastewater treatment and loss of raw
material. [14].
It would be beneficial and interesting to consider residual beer as a substrate in bioprocesses
due to its rich content of carbohydrate, nitrogenous
compounds, vitamins and minerals. However, there
is no literature about the utilization of residual beer
as a substrate in biotechnological processes. This
study aimed to examine the effect of factors such as
shaking speed, medium volume, nitrogen source,
inoculation ratio, initial pH on red pigment synthesis by M.purpureus CMU001 in submerged fermen-

ABSTRACT
This paper describes the production of red
pigment by Monascus purpureus CMU001 in submerged fermentation system using residual beer as
an inexpensive substrate. Alcohol and CO2 removed residual beer supplemented with 7.5 g/l of
monosodium glutamate was used as the fermentation medium. Shaking speed and medium volume
was found to affect red pigment synthesis by
M.purpureus. Maximum red pigment production of
18.54 UA510nm was obtained with 200 rpm shaking
speed, 50 ml of the fermentation medium, initial pH
of 7.0, inoculation ratio of 2% (v/v). Several nitrogen sources were screened, and the highest pigment
synthesis was obtained with monosodium glutamate. Promising results were obtained with corn
steep liquor and yeast extract when used as the
nitrogen source in pigment production. The optimum monosodium glutamate concentration was
found to be 7.5 g/L. Kinetics of pigment and biomass formation was determined under the optimized fermentation conditions over a fermentation
period of 8 days. This is the first article that evaluates residual beer for pigment synthesis using
M.purpureus in the submerged fermentation system.
KEYWORDS:
Monascus purpureus, natural pigment production, red
pigment, residual beer, submerged fermentation, nitrogen
source.

INTRODUCTION
In recent years, the food industry has focused
on the production of natural pigments from plants
and microbial sources since synthetic pigments are
potentially hazardous to human health and the
environment. Microbial pigments have become
more important than plant-derived pigments in the
food industry since plant-derived pigments have
limited water solubility and are instable against
light and heat [1]. Monascus pigments, produced by
Monascus species, are used as a natural coloring
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initial pH (3.0-8.0), inoculation ratio (1-6% (v/v)),
MSG concentration (2.5-12.5 g/L) and nitrogen
sources (monosodium glutamate, malt sprouts, corn
steep liquor, peptone, urea, ammonium sulfate
((NH4)2SO4) and yeast extract) at a nitrogen
concentration equivalent to 7.5 g/L MSG were
tested for Monascus pigment production.
Scanning Electron Microscopy (SEM).
Apreo scanning electronic microscobe (Thermo
Fisher Scientific, USA) was used to investigate the
morphology of the Monascus pigment powders.
Centrifugation was used to separate the mycelia
from the fermentation broth. The samples for SEM
analysis were obtained by freeze drying (13.33 Pa
absolute pressure) of the cell free filtrate at -48 °C
using a pilot scale lyophilizator (Armfield, FT 33
Vacuum Freeze Drier, England). Before
observation, the samples were sputter coated with a
thin layer of gold (10 nm) in vacuum evaporators.
The voltage of SEM was set at 10 kV. The sample
micrographs were obtained by using different
magnifications [16].

tation. This is the first study that investigates in
detail, the use of nutrient-rich residual beer in red
pigment production by Monascus purpureus using
submerged fermentation technique.

MATERIALS AND METHODS
Microorganism and culture media. Monascus purpureus CMU001 was supplied by Professor
Saisamorn Lumyong from Chiang Mai University,
Department of Biology. The culture was maintained
on potato dextrose agar (PDA) (Merck, Germany),
SUHVHUYHG DW  Û& DQG VXE-cultured every three
weeks. The culture was sporulated on petri dishes
containing PDA at 30 °C for 7 days. Spores for
inoculation of the fermentation medium were collected by scratching the surface of the PDA petri
dishes under aseptic conditions with sterile deionized water. The spore suspension obtained which
was used to inoculate the fermentation medium
contained 1.8×106 spores/ml.
Culture medium (50 ml) was residual beer obtained from a local brewery. Alcohol and CO2 was
removed from the residual beer and 5 g/l of monosodium glutamate (MSG) (Sigma, Aldrich, USA)
was added to the culture medium as the nitrogen
source. The pH of the culture medium was adjusted
to pH 6.0 by using 1 N potassium hydroxide and
sterilized at 121 °C for 15 minutes. Incubation of
the culture medium was done in a rotary shaker
incubator operated at 200 rpm, 30 °C for 4 days.
The culture medium was homogenized using an
Ultraturrax homogenizer (Janke and Kunkel, IKA
T25, Staufen, Germany) at 9,500 rpm for 1 min
under aseptic conditions and used as inoculum for
the production medium at a level of 2 % (v/v).
The residual beer was supplied by a local
brewery. Alcohol (4.87± 0.09 %, v/v), extract
(3.09± 0.14 %, w/w), protein (0.45± 0.00 %), ash
(0.20± 0.01 %) content of residual beer were determined according to the official procedures
935.30B, 920.57, 920.53 and 920.54 respectively
[15]. CO2 was separated by the separatory funnel
and ethanol was removed from residual beer by
distillation unit.

Analytical methods. At the end of
fermentation, the biomass was seperated from the
fermentation medium by filtration through
Whatman No:1 and the cell -free filtrate was
centrifuged (Hettich Universal 320 R, Tuttlingen,
Germany) at 8000 rpm / 10 min. UV-VIS
spectrophotometer (Thermo Scientific, Genesys
10S UV-VIS) was used to determine the
extracellular pigment concentration by using the
supernatant obtained after the centrifugation.
Spectrophotometric measurements were done at
510 nm wavelength and pigment concentration was
measured considering the dilution factor. Values
obtained were expressed as specific unit of
absorbance (UA510nm) [17].
Cell growth was evaluated gravimetrically.
Monascus mycelia and fermentation broth were
separated by using preweighed filter paper
(Whatman No:1) under vacuum. After washing
twice with distilled water, the filter paper was dried
to a constant weight at 65 °C in the dry oven
(Memmert, UN 55) and weighed on an analytical
scale.
Phenol-sulfuric acid method [18] was used to
estimate the content of total sugar in the
fermentation medium.
The statistical significance was analyzed using
the SPSS program (SPSS Inc., SPSS Statistics 17.0,
Chicago, USA). The experiments were tested analysis of variance (ANOVA) by the Tukey's test. The
data reported are the average values (± standard
deviation) of three replicate experiments. The values were considered to be statistically significant
when they were within the 5% confidence interval
(P <0.05).

Fermentation conditions. The production
medium had the same composition with the culture
medium except that it contained 7.5 g/l of MSG
(unless otherwise stated) as the nitrogen source in
order to enhance red pigment formation. The fermentation experiments were done in a rotary shaker
incubator (Gerhardt, Thermoshake) operated at 200
rpm, 30 °C for 8 days. The volume of the culture
medium was 50 ml and fermentation experiments
were done in 250 ml Erlenmeyer flasks. Biomass
growth and pigment synthesis were determined at
equal time intervals. Different initial fermentation
volume (25-100 ml), shaking speed (100-250 rpm),
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10.28, 11.22, 10.58 g/L were obtained in 25, 75 and
100 ml media volumes.
Since the shake flasks are aerated on the surface, gas-liquid mass transfer starts from the surface
of the rotating bulk liquid and the liquid film on the
wall of the flask. Air enters the headspace of the
shake flask systems through flask closure. Oxygen
transfer from the headspace into microorganisms
occurs through the liquid film at the gas-liquid
interface and the liquid film layer surrounding the
cells. Therefore the maximum oxygen transfer rate
in shake flask fermentation systems depend on
factors such as the agitation speed, liquid volume
(filling volume), shaking diameter, the type of flask
(baffled, non-baffled), the type of flask closure,
rheological properties of culture fluid [19, 21-23].
There are no studies in the literature about the
effect of shaking speed and medium volume on red
pigment synthesis by M.purpureus. The results of
the present study show that the optimum conditions
for pigment production were 50 ml working volume
with an agitation speed of 200 rpm.

RESULTS AND DISCUSSION
Effect of shaking speed and medium volume on pigment synthesis. The shake flask method is a simple and low cost method which is used
widely in fermentation and bioprocess optimization
studies [19]. Shaking speed and medium volume
are two important parameters which affect oxygen
transfer rate in shake flask cultures. Hence, the
effect of shaking speed and liquid volume on pigment synthesis by M.purpureus was investigated in
residual beer medium. In order to find the effect of
shaking speed on pigment formation, fermentation
trials were done in a rotary shaker incubator operated at 100, 150, 200 and 250 rpm. Alcohol and CO 2
removed residual beer with 7.5 g/L of MSG was
used as the fermentation medium. Fermentation
was done in 250 ml shake flasks containing 50 ml
of fermentation medium at 30 °C, pH 7.0 for 8
days. As seen in Fig. 1a, maximum pigment production of 18.44 UA510nm was obtained at a shaking
speed of 200 and decreased slightly above this
shaking speed. Shear stress was considered to be
the major factor for the decrease of pigment
production at 250 rpm shaking speed. At the lowest
shaking speed value of 100 rpm, larger and clumpy
pellet formation of M.purpureus was observed,
indicating mass transfer problems. Biomass concentrations of 7.02, 11.31, 12.12 and 11.57 g/L were
obtained at shaking speed values of 100, 150, 200,
and 250 rpm, respectively. It was concluded that
shaking speed values higher than 150 rpm had no
effect on biomass production at the shaking speed
range worked in this study.
Lv et al. [20] produced yellow pigments from
M.purpureus in submerged fermentation using corn
starch as the carbon source. They used different
shaking speeds in pigment production and found
the highest pigment formation at 180 rpm. They
found that higher and lower shaking speeds resulted
in lower pigment concentrations. When the shaking
speed was increased from 60 to 240 rpm, a higher
biomass concentration was achieved. Cellular
growth was inhibited at higher shaking speeds than
240 rpm, probably due to formation of intense shear
forces.
Fermentation experiments were done using
different medium volume (25-100 ml) in 250 ml
Erlenmeyer flasks. As seen in Fig. 1b, the highest
pigment synthesis of 18.52 UA510nm was obtained in
50 ml fermentation medium. The pigment production values of 11.17, 18.53, 15.96, 12.86 UA510nm
were obtained with media volumes of 25, 75 and
100 ml, respectively. The decrease of pigment production in 25, 75 and 100 ml media volumes might
be due to the lower gas-liquid mass transfer area
causing lower oxygen transfer to fermentation liquid and finally to Monascus mycelia. The highest
biomass concentration of 12.12 g/L was in 50 ml of
fermentation medium. Biomass concentrations of

Effect of initial pH on pigment synthesis.
Media pH plays an important role in red pigment
synthesis by M.purpureus since the chemical modification of orange pigments produces extracellular
and water-soluble red pigments at high pH values in
the presence of suitable nitrogen source [24]. The
effect of initial pH of fermentation medium was
studied in pH values 3.0-8.0 by using residual beer
as the fermentation medium. Medium volume and
shaking speed were 50 millilitres and 200 rpm,
respectively which were found to be optimum in the
previous set of experiments. As seen in Fig. 1c, the
highest pigment production of 18.54 UA510nm was
obtained at an initial pH of 7.0, and lower pigment
formation was observed at higher or lower pH values. No growth and pigment synthesis was detected
in the fermentation medium with an initial pH of
3.0. Our results clearly showed that initial pH of
fermentation medium had a significant effect on
pigment production of M.purpureus. Parallel to the
results of this study, Wong et al. [25] reported
M.purpureus produced more red pigments in fermentation medium having final pH values higher
than 6. Mukherjee and Singh [26], stated that
M.purpureus produced more red pigments at pH
values of 6.0-8.0. Kang et al. [24] used MSG as the
nitrogen source in a two-stage Monascus fermentation for pigment synthesis. They stated that pH
significantly influenced the uptake of MSG by
Monascus cells and the transfer of water-soluble
red pigments from the cells into the extracellular
medium. They found that the low pH almost terminated the secretion of extracellular pigments out of
cells to the fermentation medium. Parallel to these
results, Chen and Johns [27] worked on the batch
culture of M.purpureus and found that intracellular
and extracellular red pigment synthesis was higher
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gen source. The highest pigment production of
18.54 UA510nm was observed when the fermentation
medium was inoculated with 2 % (v/v) of culture
medium. As seen in Fig. 1d, poor pigment production values were obtained at lower or higher inoculation ratios. Babitha et al. [5] investigated pigment
formation by M.purpureus from jackfruit seed using solid-state fermentation. They found that low
inoculum concentration produced insufficient biomass and lower product concentration whereas high
inoculum concentration yielded excessive biomass
with depleting the nutrients in the fermentation
medium that are necessary for product formation.
Although inoculum concentration affects mycelial growth, morphology and product formation
characteristics, there are no reports about the effect
of inoculum ratio on red pigment synthesis in submerged fermentation. Our results demonstrated that
inoculation ratio significantly influenced red pigment synthesis by M.purpureus.

at pH 6.5 than at pH 4.0. Orozco and Kilikian [28]
investigated the synthesis of red pigments by
Monascus purpureus in a dual phase fermentation
system. They obtained 11.3 U of red pigment production at pH 8.5 after a biomass growth phase at
pH 5.5 in batch fermentation experiments. They
stated that alkaline medium induced the excretion
of intracellular pigments to the fermentation medium. Prajapati et al. [29], studied the effects of different parameters on pigment synthesis by
M.purpureus in submerged fermentation using the
statistical methodology and found the maximum
pigment production at pH 8.5.
Effect of inoculation ratio on pigment synthesis. To determine the effect of inoculation ratio
on pigment synthesis, 1-6 % (v/v) of culture medium was used to inoculate the residual beer fermentation medium. MSG at a concentration of 7.5 g/l
was added to the fermentation medium as the nitro-

FIGURE 1
Effect of various parameters on red pigment synthesis by Monascus purpureus CMU 001 through
submerged cultivations (Fermentation conditions: 30 °C, 8 days). (a) shaking speed (rpm), (b) medium
volume (ml), (c) initial pH, (d) inoculation ratio (% v/v).
The standard deviation of each experimental point ranged from ±0.01 to ±0.16.
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FIGURE 2
Effect of nitrogen sources (equivalent nitrogen base) on cell growth and red pigment synthesis
(Fermentation conditions: 30 °C, 8 days, pH 7.0, 200 rpm). The standard deviation of each experimental point ranged from
±0.01 to ±0.10. CSL corn steep liquor, AS ammonium sulfate, MS malt sprouts, MSG mono sodium glutamate, PEP peptone,
YE yeast extract, URE urea.

FIGURE 3
Effect of MSG concentration on cell growth and red pigment synthesis
(Fermentation conditions: 30 °C, 8 days, 200 rpm). The standard deviation of each experimental point ranged from ±0.01 to
±0.12.

sources were tested in fermentation experiments:
malt sprouts (MS), 17.85; corn steep liquor (CSL),
20.40; peptone (PEP), 5.06; urea (URE), 1.53; yeast
extract (YE), 6.49 and .ammonium sulfate (AS)
3.40. Each nitrogen source contained the same
amount of nitrogen as in 7.5 g/l of MSG. Figure 2
shows that MSG was the most preferred nitrogen
source yielding the maximum pigment production
of 18.45 UA510nm. Corn steep liquor and yeast extract also showed good results on pigment production. The pigment production values of 16.25
UA510nm and 14.01 UA510nm were obtained with corn
steep liquor and yeast extract, respectively. Other
nitrogen sources were not utilized effectively by
M.purpureus for red pigment production. All the

Effect of nitrogen sources on pigment synthesis. Many researchers have reported that the
nitrogen source significantly influenced the characteristics and concentration of Monascus pigments
produced [29, 30]. Residual beer fermentation experiments were carried out in shake flask cultures to
determine the effect of several nitrogen sources on
biomass growth and pigment synthesis by
M.purpureus. Nitrogen sources were tested in the
fermentation medium to contain the same amount
of nitrogen present in 7.5 g/l MSG. Two % (v/v)
culture suspension was used to inoculate the fermentation medium. Fermentation experiments were
carried out in shake flasks at 30 °C, pH 7.0 for 8
days. The following concentrations (g/l) of nitrogen
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MSG as the nitrogen source and studied a two-stage
Monascus fermentation. They stated that orange
pigments were biosynthesized by fermentation and
red pigments appeared as a result of non-enzymatic
catalysis of orange pigments with ammonia residues of MSG. Pastrana et al. [32] used a synthetic
medium containing glucose as the carbon source to
produce pigments by M.ruber. They obtained the
highest pigment synthesis using MSG as the nitrogen source. Zhang et al. [33] found that glutamate
and glycine were the most suitable nitrogen sources
for the growth of Monascus.
On the contrary, Prajapati et al. [29] studied
pigment production in synthetic Yeast and Mold
(YM) broth by M.purpureus and found that tryptone yielded more red pigment than MSG. Silveira
et al. [6] used grape waste as a low-cost substrate
for pigment synthesis in submerged fermentation
using M.purpureus . They employed factorial design and response surface methodology to optimize
the concentrations of grape waste, peptone and
MSG. They found that peptone was more significant than MSG for pigment synthesis and MSG
yielded high pigment concentrations only in combination with high peptone levels. Hamano and
Kilikian [11] used a fermentation medium containing glucose as the carbon source to produce Monascus pigments. They found that MSG and corn steep
liquor were important for red pigment synthesis by
M.ruber. The highest pigment production (20.7 U)
was obtained in a fermentation medium composed
of 10 g/L glucose, 7.6 g/L MSG and 5 g/L corn
steep liquor.

nitrogen sources yielded similar biomass concentrations with malt sprouts and MSG giving the highest
biomass concentrations of 12.42 and 12.16, respectively. Hence it was concluded that all the nitrogen
sources tested were effectively used for biomass
production by M.purpureus.
Based on the above findings, various concentrations of MSG were tested in residual beer medium to maximize the pigment synthesis. MSG concentration was used in the range of 2.5-12.5 g/L in
shake flasks at 30 °C, pH 7.0 for 8 days. Maximum
pigment formation of 18.45 UA510nm was obtained
at MSG concentration of 7.5 g/l. MSG concentrations higher than 7.5 g/l resulted in a gradual decrease in pigment synthesis. Similar biomass
concentrations
were
obtained
at
MSG
concentrations higher than 5.0 g/L, hence it was
concluded that MSG concentration had no effect on
biomass concentration after 5.0 g/L (Fig. 3). Lee et
al. [30] used submerged culture technique to
determine the effect of various nitrogen sources on
red pigment synthesis by M.purpureus. They
obtained maximum pigment production when MSG
was used as the nitrogen source and second best
production with ammonium nitrate and sodium
nitrate. They stated that although MSG yielded the
highest pigment concentration, it produced lower
amount of biomass compared to other nitrogen
sources. They also found the optimum MSG
concentration as 1.5 g/L and stated that increased
MSG concentrations increased biomass but
decreased pigment production.
There are various reports in the literature
about the effect of nitrogen sources and especially
MSG on pigment synthesis by Monascus spp. MSG
is essential for red pigment production since orange
pigments produced by M.purpureus are chemically
converted into red pigments (rubropunctamine and
monascorubramine) that are soluble in water in the
presence of MSG. Most of the pigments produced
by Monascus spp. are intracellular and they are not
soluble in water. MSG can replace ammonia molecule in the orange pigment to produce extracellular
and water-soluble red pigment derivatives at neutral
pH. Not only orange pigments, but hydrophobic red
pigments can react with MSG residues and chemically converted into red pigment derivatives that are
soluble in water [24]. Sharmila et al. [1], used potato powder as an inexpensive carbon source for red
pigment synthesis by M.purpureus and optimized
the composition of fermentation medium by using
response surface methodology. They found that
MSG, potato powder, ZnSO4·7H2O and K2HPO4
were significant medium components. They obtained the maximum pigment synthesis by using 6
g/L of MSG as the nitrogen source. Meinicke et al.
[31] used Monascus ruber to produce red pigments
using glycerol as a substrate, and they stated that
the most significant parameter for pigment synthesis was MSG concentration. Kang et al. [24] used

Kinetics of red pigment production by
Monascus purpureus. Residual beer medium containing 7.5 g/l of MSG was used to investigate the
kinetics of M. purpureus growth and pigment synthesis. Fermentation was performed in 250 ml
shake flasks containing 50 ml of fermentation medium at 30 °C, pH 7.0. As seen in Fig. 4, red
pigment synthesis started early in the exponential
growth phase and reached a maximum value of
18.48 UA510nm on the 8th day of fermentation. Many
researchers have also showed growth associated
characteristic of Monascus pigment synthesis [1,
20, 30]. The red pigment concentration decreased
after the 8th day of fermentation possibly because of
their chemical decomposition, transformation into
other products and/or oxidation by oxidative enzymes present in the microorganism. Lee et al. [30]
also found a growth associated pigment production
profile and obtained maximum red pigment production of 13.37 UA500nm after 80 h of fermentation.
They stated that although Monascus pigments were
polyketides, the polyketide pathway did not lead
exclusively to secondary metabolite production.
Sharmila et al. [1] used potato powder to produce
red pigments by M. purpureus and obtained maximum red pigment production (6.94 ODU/ml) at the
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144th h of fermentation. Meinicke et al. [31], obtained 7.38 UA480nm of pigment production after 7
days of fermentation using glycerol as the substrate.
The variation in the literature for pigment production may be related to several variables such as the
microorganism, substrate, nitrogen source, fermentation system and finally the method of pigment
estimation.
The dry biomass weight increased steadily
during the 8 days of fermentation period and then
declined. Maximum biomass concentration of
12.165 g/L was obtained at the 8th day of fermentation. The carbohydrate content of residual beer
fermentation medium consists mainly of longer
glucose chains called dextrins which are starch
degradation products originating from the mashing
process in malt production. Dextrins cannot be
utilized by Saccharomyces spp. for ethyl alcohol
production and contributes to the extract and taste
of the final product (beer). The total sugar concentration decreased in the course of fermentation
proving that dextrins were utilized by M.purpureus
for growth and pigment synthesis.
During the first 3 days of fermentation, the pH
of the medium slightly reduced from 6.7 to 5.2 and
then increased up to pH 8.0 at the end of the fermentation. This increase of pH at the final stage of
fermentation was probably the deamination of amino acids by M.purpureus yielding ammonia in the
fermentation medium.
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Xu et al. [16] studied spray drying of Monascus
pigments encapsulated with maltodextrin in combination with three other carrier agents which were
propylene glycol, mannitol and polyglycerol ester.
Scanning electron microscopy analyses demonstrated that Monascus pigment particles treated with
maltodextrin showed smooth and regular microstructures. Hence further studies will be focused on
the treatment of pigment solution with different
encapsulating agents in order to change the morphology of pigment particles.

CONCLUSIONS
Residual beer, which originates mainly from
the bottling plant of a brewery, has not been exploited for the production of high value products. In
the present study, alcohol and CO2 removed residual beer was used as the fermentation medium and
the effect of shaking speed, medium volume, inoculation ratio, initial pH and various nitrogen sources
on natural red pigment synthesis using M.purpureus
were investigated. The experimental results obtained showed that process parameters, as well as
the nitrogen source, used affected red pigment
synthesis by M.purpureus. Maximum red pigment
production of 18.54 UA510nm was obtained under the
optimized conditions. This paper is the first research on the evaluation of residual beer for the
production of natural pigments. The results of the
present study will open avenues for the management of residual beer which is important from the
economic and environmental standpoint. Future
research should aim at the scale-up of red pigment
production and stability modelling of pigment produced.

Scanning electron microscopy photographs
of lyophilized Monascus pigment particles. Scanning electron microscope photographs of pigment
particles are given in Fig. 5. Monascus pigment
samples for SEM analysis were obtained by lyophilization as described previously. As seen in Fig. 5,
the pigment samples showed an irregular, heterogenous, sponge like structure with a high porosity.

FIGURE 4
Batch fermentation profile for mycelial growth and red pigment synthesis under the optimum culture
conditions by Monascus purpureus CMU 001
(Fermentation conditions: 30 °C, pH 7.0, 200 rpm, 7.5 g/L MSG). The standard deviation of each experimental point ranged
from ±0.01 to ±0.17.
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a

b

FIGURE 5
Scanning electron photomicrographs showing the outer morphology of Monascus pigment powder.
(a) magnification ×3 000, (b) magnification ×5 000.
[4] Pleissner, D., Qi, Q., Gao, C., Rivero, C.P.,
Webb, C., Lin, C.S.K. and Venus, J. (2016)
Valorization of organic residues for the production of added value chemicals: a contribution to the bio-based economy. Biochemical
Engineering Journal. 116, 3-16.
[5] Babitha, S., Soccol, C.R. and Pandey, A.
(2007) Solid-state fermentation for the production of Monascus pigments from jackfruit seed.
Bioresource Technology. 98(8), 1554-1560.
[6] Silveira, S.T., Daroit, D.J. and Brandelli, A.
(2008) Pigment production by Monascus purpureus in grape waste using factorial design.
LWT - Food Science and Technology. 41(1),
170-174.
[7] 6LOYHLUD 67 'DURLW '- 6DQW¶$QQD 9 DQG
Brandelli, A. (2013) Stability modeling of red
pigments produced by Monascus purpureus in
submerged cultivations with sugarcane bagasse. Food and Bioprocess Technology. 6(4),
1007-1014.
[8] Hilares, R.T., de Souza, R.A., Marcelino, P.F.,
da Silva, S.S., Dragone, G., Mussatto, S.I. and
Santos, J.C. (2018) Sugarcane bagasse hydrolysate as a potential feedstock for red pigment
production by Monascus ruber. Food Chemistry. 245, 786-791.
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ation to economic development and poverty alleviation [1, 2]. Now, the poverty alleviation has been
taken as one of the three major battles for building a
well-off society in China. Located in the southwestern border of China, Yunnan is a province of frontier,
ethnic, mountainous and poverty-stricken “four in
one”. There are four contiguous destitute areas in
Wumeng Mountain, rocky desertification area, western Yunnan border area and Tibetan area. By the end
of 2015, there were 88 poverty-stricken counties in
Yunnan Province, ranking first in China; 4.71 million were established in the poverty-stricken population, ranking second in the country, with a poverty
incidence rate of 14.03%. Recently, the Yunnan government has issued a series of documents to win the
battle for poverty alleviation and development. In
particular, it actively implements the concept of “Lucid waters and lush mountains are invaluable assets”,
innovates PES and poverty alleviation mechanism,
integrates forest ecological benefit compensation
fund of central and provincial finance, natural forest
resource protection project, grassland ecological
protection subsidy reward, and key ecological functions. Through the implementation of PES, such a
district transfer payment, returning farmland to forests and grassland projects, water ecological management and soil and water conservation funds, people's livelihood and the situation of environment
have been improved. In 2018, 88 poverty-stricken
counties in Yunnan Province planted 348,667 hm2 of
forest, lifting the forest coverage rate of the province
reached 60.47%. The number of PES households in
the province's poverty-stricken households was
395,500, and the average households enjoyed a compensation of 457.18 CNY. In this paper, we uses the
three-stage DEA model to evaluate the efficiency of
payment for environmental service for poverty alleviation in Yunnan. As the research proceeds, we also
ask whether equity, rather than efficiency, might in
fact be the greatest advantage arising from PES
policy.
We define effectiveness as the achievement of
poverty alleviation and other basic public services to
what would have been achieved in the absence of the
PES intervention. The United Nations Millennium
Ecosystem Assessment (MA2005, TEEB2009) [3, 4]
proposes that human beings can obtain four benefits

Efficiency is the core issue of ecological compensation. Based on the data in 2016-2018, this research uses the three-stage DEA model to evaluate
the efficiency of payment for ecological services
(PES) for poverty alleviation and other public services in Yunnan. The results show that in recent
years, the poverty alleviation efficiency of PES in 16
cities in Yunnan has been increasing. In 2018, the
comprehensive technical efficiency of 16 cities
reaches 0.963, the technical efficiency reaches 1, the
scale efficiency reaches 0.963, and the three indicators of the 12 cities have reached 1. Through SFA
analysis of the impact of per capita GDP and the proportion of added value of tertiary industry on the
number of PES households and per capita compensation funds, it is found that management efficiency
plays a decisive role in poverty alleviation efficiency.
After eliminating background factors and random
disturbances, the pure technical efficiency and scale
efficiency are improved, and the technical efficiency
is all reached 1, indicating that the improvement of
pure technical efficiency is the main factor for the
improvement of comprehensive technical efficiency.
The comprehensive technical efficiency of the four
concentrated contiguous areas in the border areas of
western Yunnan, Wumeng Mountain, Diqing Tibetan Area and rocky desertification area are 0.977,
0.977, 0.981, and 1, indicating that improvement is
necessary in the use of PES for poverty alleviation in
western Yunnan and Wumeng Mountain Area.



)( #$
Three-stage DEA, PES, efficiency evaluation, precision
poverty alleviation
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China's deep poverty areas are typical areas
where poverty is concentrated and the ecological environment is fragile. Since 1986, China government
has decided to reform the past poverty alleviation
methods, from simple living relief to poverty allevi-

1035

#"

  $  



  !




 %1.8;.=2,*5*7*5B<2< Such as, a paper [12]
analyzed the ecological conservancy poverty connotation and its operation mode from the four strategic
significance and five types of ecological poverty alleviation, and proposed a new development trend of
ecological poverty alleviation.

  !852,B -.<207 Some research [13] design
five docking mechanisms and typical ways of demand compensation based on the case analysis of
forestry, including the connecting of the poor and
PES objects, the connecting of poverty alleviation
areas and PES areas, the connecting of industrial
poverty alleviation and PES measures, the connecting of poverty degree and PES standards, the connecting of poverty alleviation policies and PES.

 !.;/8;6*7,..?*5>*=287 Such as, Qian Li
[14] uses three-stage DEA model and super-efficiency DEA model to analyze the poverty alleviation
performance of the poverty-stricken areas in Dabie
Mountains, Anhui Province, to judge the impact of
different environmental factors and analyze the performance of 12 counties from 2012 to 2016 in accordance with the specific spatial distribution of performance. Generally, we cannot use simulation experiments to evaluate the effectiveness of a policy.
Economists often use a variety of econometric tools
to estimate the treatment effect of policies by means
of "quasi-experiment". In recent years there has been
an exponential growth in the number of publications
related to theory and applications of Data Envelopment Analysis (DEA).For overlooking the impact of
environmental factors and random noise on the efficiency evaluation, some authors successively discussed how to use three-stage DEA Model to calculate compensation efficiency. There are already several other bibliographies in the area of DEA which
have been reported in the existing literature [15-18].
The aim of poverty alleviation and development is to
consolidate the foundation of economic and social
development in poverty-stricken areas, raise the income level of the poor, and further improve the efficiency of the PES funds. Through literature review,
it is found that scholars have made some achievements in the research of policy design and operation
mechanism of PES poverty alleviation. But relevant
practice is few, especially the performance evaluation based on actual poverty alleviation effect is not
enough. This paper aims to take the practice of 16
cities in Yunnan Province from 2016 to 2018 as an
example, and make an empirical analysis on the efficiency of fund utilization of PES poverty alleviation to enrich the research results of PES.

from eco-environmental services, which can be
broadly divided into four categories: culture, regulation, supply and support. Among them, cultural services include providing entertainment and leisure,
aesthetic appreciation and relaxation for human beings. Regulating services include impacting climate,
preventing and controlling floods, controlling diseases, decomposing garbage, maintaining air and
water quality. Supplying services include providing
human resources such as food, drinking water, wood
and fibre. Support services include providing basic
ecological functions related to biological processes
such as soil formation, photosynthesis and nutrient
cycling. PES systems represent an important way to
effectively manage fund-service resources as public
goods, and that this represents a significant departure
from conventional market institutions [5]. Some articles [6-7] analyze the role of ecological theory and
practice in poverty alleviation and environmental
protection, and points out that the functions of ecosystems can protect the poor from hunger, lacking of
clean drinking water and efficient sources, death
from preventable diseases and unnecessary natural
disasters. Generally speaking, there are two important effects of PES. Firstly, PES often produce
“absolute additionality” [8]. If the areas where “additionality” occurs are not included in the evaluation,
it is possible to overestimate the efficiency of the implementation of eco-compensation schemes. Further
explanation has been made to the concepts of relative
and absolute "gains" [9], which defined "relative
gains" as the share of changes brought by PES, and
"absolute gains" as the total share. Secondly, poverty
alleviation is another important effect of PES. PES
effectively plays a role of the government's policy
tool by providing compensation to the poor [10].
However, some study [11] points out that the poverty
alleviation effect of PES is not clear. Because the
livelihoods of the poor are relatively single and more
dependent on the ecological system, PES may have
a negative impact on the poor by widening the income gap, thus more conducive to the groups with
better living conditions than the poor.
Through the integration of ecological protection compensation and precision poverty alleviation
work, PES poverty alleviation realized the balance
of interests between ecological protection areas and
ecological benefits areas. In many underdeveloped
regions of China, due to the strict environmental protection policy, the development opportunities have
been lost. On the other hand, the environmental protection activities have brought about the improvement of the overall environmental benefits, which
deserves fair and reasonable compensation. At present, the PES plays an important role in the key ecological functional areas, forests, grasslands, river and
other fields. Many China scholars have carried out a
lot of research on PES and poverty alleviation, concentrated in three aspects: theoretical analysis, policy design and performance evaluation.
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efficiency value calculated by BCC model is comprehensive technical efficiency (TE), which can be
further decomposed into scale efficiency (SE) and
pure technical efficiency (PTE), TE= SE×PTE.)

$=*0. $2625*;$68-.5.52627*=.<.7?2
;876.7=*5 /*,=8;< *7- <=*=2<=2,*5 782<. The performance of decision-making units is affected by
management inefficiency, background factors and
statistical noise, so it is necessary to separate these
three effects. The main objective of the second stage
is to decompose the relaxation variables of the first
stage into the above three effects. SFA regression
functions can be constructed as follows (taking input-oriented as an example):
 =  (  ; β ) +ν  + μ ;  = 1, 2,,  ;  = 1, 2,, 
(2)
is the relaxation value of the item input of
the first decision-making unit;  is the environment
variable, and  is the coefficient of the environment
variable; +  is the mixed error term,  is the random interference, is the inefficiency of management. The random error term ~(0,σ2) represents
the influence of random interference factors on input
relaxation variables, and assumes it obeys the normal
distribution truncated at zero, ~+(0,σ 2).
The purpose of SFA regression is to eliminate
the influence of environmental factors and random
factors on efficiency measurement, so that all decision-making units can be adjusted to the same external environment. The adjustment formula is as follows:

The three-stage DEA model [19-22] is a nonparametric method which combines the traditional
data envelopment analysis (DEA) and stochastic
frontier analysis (SFA) to calculate the computational efficiency. It contains the advantages of the
above two methods. Drawing on the research results
of DEA theory and model in environmental efficiency summarized before [21-25], we evaluate the
efficiency of PES for poverty alleviation in 16 cities
of Yunnan Province, in order to reflect utilization efficiency of compensation and labor resource.
$=*0.  7*5B<2< 8/ 72=2*5 //2,2.7,B @2=1
=;*-2=287*58-.5DEA model can be divided
into input-oriented and output-oriented. Generally
speaking, in most three-stage DEA model literature,
the variable return BCC model with input-oriented is
chosen to evaluate the initial efficiency of the firststage DEA model with output data. For any decision
making unit, the input-oriented dual BCC model can
be expressed as:
 θ − ε     − +



+ 



⎧
λ + − = θ
⎪∑
=
⎪
⎪
 ⎨ ∑ λ −  + = 
⎪ =
⎪λ ≥  −  + ≥ 
⎪
⎩



(1)

(j = 1,2,3...n denotes the decision making unit.
X and Y are input and output vectors respectively. θ
is the efficiency value obtained. If θ is less than 1,
the decision making unit is not DEA effective. The
∧

∧

(3)

  =   + [max(  (  ; β  )) −  (  ; β  )] + [max(ν  ) −ν  ]  = 1, 2,,  ;  = 1, 2,, 


% 
?*5>*=2877-.A$B<=.68/!8?.;=B55.?2*=287//2,2.7,B8/!$
First-level indicators

Input indicators for poverty alleviation

Capital
Labor

Social benefit
Output indicators for poverty alleviation
Environmental benefit

Second-level indicator
Household PES funds (CNY)
Number of PES households
Decrease of incidence of poverty
Rural per capita net income (CNY)
Number of beds per 1,000 people
Enrolment rate of primary
school-age children (%)
Forest coverage rate (%)
Rate of good air quality (%)
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72=2*5//2,2.7,B.?.58/!$/8;!8?.;=B55.?2*=28727 2=2.<8/)>77*7!;8?27,.

Kunming
Qujing
Yuxi
Baoshan
Zhaotong
Lijiang
Puer
Lincang
Chuxiong
Honghe
Wenshan
Xishuangbannan
Dali
Dehong
Nujiang
Diqing

Integrated Technical
Efficiency
0.395
1
1
1
1
0.585
1
0.8
0.567
0.778
1
1
1
1
0.412
0.248

2017
Pure Technical
Efficiency
0.449
1
1
1
1
1
1
0.813
1
0.778
1
1
1
1
0.634
0.334

Scale
Efficiency
0.881
1
1
1
1
0.585
1
0.984
0.567
0.999
1
1
1
1
0.651
0.74



2018
Pure Technical
Efficiency
1
1
1
1
1
1
1
1
1
1
1
1
1
1
0.68
1

Scale
Efficiency
0.804
1
1
1
1
0.633
1
0.924
0.725
0.884
1
1
1
1
0.555
1

*=*<8>;,.<Since the policy of PES for poverty alleviation has been implemented formally since
2016, we use panel data from 2016 to 2018 to calculate the efficiency in 2017 and 2018. All the data
come from Yunnan Statistical Yearbook, Yunnan
Poverty Alleviation Office and the Yearbook of 16
cities and related information disclosure data. The
DEA model requires that the selected indicators
should not be negative, so the indicators of poverty
incidence should be expressed by the decrease range
compared with the previous year. The measurement
software is DEAP 2.1 and Frontier 4.1.


#$&%$

.<,;29=2?.<=*=2<=2,<Figure 1 shows the comparison of incidence of poverty in 16 cities of Yunnan Province since the implementation of PES poverty alleviation policy in 2016. Nujiang with the
highest incidence of poverty dropped from 40.72%
to 32.52%, Yuxi City with the lowest incidence of
poverty dropped from 3.99% to 0.13%, and Kunming City with the greatest decline of poverty incidence, with a decline of 13.05%.

%1. 2;<= $=*0.  692;2,*5 #.<>5=<
DEAP2.1 software was used to analyze the level of
poverty alleviation efficiency and scale compensation changes of 16 cities in Yunnan Province. The
results are shown in Table 2. The scale efficiency is
the main driving force of technological efficiency
progress without excluding background factors and
random disturbances. There are 9 cities, including
Qujing, whose comprehensive technical efficiency,
pure technical efficiency and scale efficiency are all
1. They are at the forefront of production, while Diqing's three efficiencies are relatively low. Their
comprehensive technical efficiency is only 0.248,
which is the lowest level in the province.


(   is input after adjustment;   is input be∧

Integrated Technical
Efficiency
0.804
1
1
1
1
0.633
1
0.924
0.725
0.884
1
1
1
1
0.377
1

∧

fore adjustment; [max(  (  ; β  )) −  (   ; β  )] is
adjustment of external environmental factors;

[max(ν  ) −ν  ] is the same level for all decisionmaking units.)
$=*0. .//2,2.7,B*7*5B<2<8/*-3><=.-
279>=8>=9>= ?*;2*+5.< The input variables obtained by the stage 2 are used to replace the original
input variables, and the efficiency of each decisionmaking unit is calculated again. At this time, the efficiency has eliminated the influence of environmental factors and random factors, which can better reflect the real level of poverty alleviation efficiency.

?*5>*=28727-.A*7-+*,40;8>7-?*;2*+5.<
The evaluation of the efficiency of PES in poverty
alleviation is mainly to analyze the role policy in the
process of poverty alleviation, and to provide reference for management and decision-making. Therefore, when constructing the efficiency evaluation index system, we should combine the reality of poverty alleviation and tackling the key problems, and
follow the principles of scientificity, systematicness,
representativeness and availability. Referring to the
eight indicators of the United Nations Millennium
Goals, a more reasonable index system of poverty
alleviation efficiency of PES was established, including four first-level indicators and eight secondlevel indicators, as shown in Table 1.Among the indicators, environmental variables refer to the factors
that have an impact on the efficiency of poverty alleviation of the evaluation subjects, but can not be
subjectively controlled by the evaluation subjects.
The two background variables include: (1) the level
of economic development expressed by per capita
GDP; (2) the economic structure expressed by the
proportion of the service sector.
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2017
Coefficient
Constant term
Per capita GDP
the proportion of service sector
Sigma-squared
Gamma
Log likelihood
LR test of the one-sided error

Number of PES
households
-34197.19***
(-162.42)
0.0623
(0.54)
623.32*
(4.03)
81057820***
(81053641)
1***
(267.56)
-158.77
4.64*

2018
Household
PES funds
-1157.06
(-2.03)
0.0015
(0.60)
21.40
(2.42)
175030***
(173312)
1***
(160526.79)
-107.86
8.49***

Number of PES
households
-10598.57***
(-10903)
-0.0028
(-0.05)
191.02
(2.51)
14830539***
(14830540)
1***
(155974.88)
-143.95
6.84**

Household
PES funds
-383.71***
(-382.83)
-0.0005
(-0.21)
7.42**
(5.18)
19439***
(19440)
1***
(30867.33)
-89.97
8.62***

(Data are collected by this study; T value is an index to test whether explanatory variables have significant effects on the
explanatory variables; and ***, **, *means that the level of significance is 1%, 5% and 10%.)



% 
.?.58/98?.;=B.52627*=287.//2,2.7,B8/!$27 ,2=2.<8/)>77*7!;8?27,.*/=.;-3><=6.7=

Kunming
Qujing
Yuxi
Baoshan
Zhaotong
Lijiang
Puer
Lincang
Chuxiong
Honghe
Wenshan
XishangBanna
Dali
Dehong
Nujiang
Diqing

Integrated Technical
Efficiency
1
1
1
1
1
0.867
1
1
0.861
0.999
1
1
1
1
0.998
0.981

2017
Pure Technical
Efficiency
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Scale
Efficiency
1
1
1
1
1
0.867
1
1
0.861
0.999
1
1
1
1
0.998
0.981



Integrated Technical
Efficiency
1
1
1
1
1
0.781
1
0.999
0.847
1
1
1
1
1
0.778
1

2018
Pure Technical
Efficiency
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Scale
Efficiency
1
1
1
1
1
0.781
1
0.999
0.847
1
1
1
1
1
0.778
1

%1.=12;-<=*0.;.0;.<<287;.<>5=<The
adjusted input variables and original output variables
are put into the BCC model of the first stage for processing, and the poverty alleviation efficiency of
PES after eliminating background factors and random disturbances in the third stage is obtained. The
efficiency of poverty alleviation by PES has changed
in Table 4. Taking the data of 2017 for example, the
average values of comprehensive technical efficiency, pure technical efficiency and scale efficiency
of the first 16 cities were 0.799, 0.876 and 0.900, respectively. After the adjustment, the total technical
efficiency of the first 16 cities reached 0.982, 1.000
0.982, especially the net technical efficiency all
reach 1. This shows that after eliminating background factors and random disturbances, pure technical efficiency and scale efficiency have been improved, and technical efficiency has been significantly improved. Pure technical efficiency is the
main factor to improve overall technical efficiency.
From the perspective of regional composition, the
comprehensive technical efficiency of the four areas
in Western Yunnan border mountainous area,

%1. $.,87- <=*0. $ ;.0;.<<287 ;.<>5=<
With two environmental factors as independent variables and two input relaxation variables as dependent variables, the regression results of SFA regression parameters are obtained by Frontier 4.1 software, as shown in Table 3. The regression coefficients of the proportion of service sector pass the test
of significance level, which shows the redundancy of
background variables in Yunnan's PES for poverty
alleviation. In the SFA regression, the gamma values
of the input relaxation variables are all 1, which indicates that the results of SFA are meaningful. From
the gamma value of background variables, it can be
concluded that management efficiency item plays an
absolute role in the two input factors and affects the
efficiency of poverty alleviation. In 2017, the regression coefficients of background variables on the
number of PES households and the investment of
compensation funds per household are positive,
while in 2018, the regression coefficients are negative, which indicates that increasing background variables in 2018 will help reduce the amount of input
of relaxed variables and reduce the waste.
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respectively, which indicated that the PES for poverty alleviation in rocky desertification area was the
highest, while the PES in Wumeng mountainous
area and Western Yunnan area was the highest. From
the time dimension, the comprehensive technical efficiency of 12 cities reached 1 in 2018, which increased compared with 2017. In summary, the practice of poverty alleviation by PES in Yunnan shows
that this policy has played an important role in helping poverty alleviation in poverty-stricken areas. The
proportion of PES households has reached 97.01%.
A total of 56,200 archival ecological forest protection workers have been employed and 232,400 poverty-stricken households have been steadily increased. In summary, we are offering preliminary
theory to propose that observed poverty alleviation
efficiency based on evidence from 16 cities in Yunnan, and the following suggestions are put forward.

Wumeng mountainous area, Diqing Tibetan area and
rocky desertification area are 0.977, 0.977, 0.981 and
1 respectively (Qujing, Honghe and Chuxiong are
divided into two regions, each calculated by 50%
weighted), indicating the PES of rocky desertification area. The efficiency of funds for poverty alleviation is the highest, while the average comprehensive technical efficiency in Western Yunnan is low.
The comprehensive technical efficiency of Lijiang is
the lowest, which is only 0.867. This indicates that
there is still room for improvement in the efficiency
of funds for poverty alleviation of PES in Western
Yunnan. From the time dimension, the comprehensive technical efficiency of 12 cities reached 1 in
2018, however, the comprehensive technical efficiency of Lijiang and Nujiang decreased, which
needs to pay attention and strengthen.


 &$ $&$% $

 ==.7=287<18>5-+.9*2-=8=1.<,2.7=2/2,
;.<.*;,18/.,85802,*5,869.7<*=287 Based on the
theories of ecology, economics and sociology, a precise study on ecological compensation at various
scales is carried out, and a scientific and rational
mode of poverty alleviation is designed according to
the economic and social characteristics of different
regions, different types and different groups and the
endowments of resources and environment.

The three-stage DEA model is used to estimate
the poverty alleviation efficiency of 16 cities in Yunnan Province from 2017 to 2018. After eliminating
background factors and random disturbances, the actual efficiency is reflected. The results are as follows:
(1) Through the first stage DEA model test, we found
that in 2017, the average comprehensive technical
efficiency, pure technical efficiency and scale efficiency of 16 cities in Yunnan were 0.799, 0.876 and
0.900. Without adjustment, there are 9 cities, including Qujing, whose comprehensive technical efficiency, pure technical efficiency and scale efficiency
are all 1, and scale efficiency is the dominant factor
to improve the comprehensive technical efficiency.
(2) The gamma value of background variables is 1
through the analysis of the second stage SFA regression, which indicates that the level of management
efficiency plays a decisive role in the two input factors and affects the efficiency of poverty alleviation.
In 2017, the regression coefficients of background
variables on the number of PES households and the
investment of compensation funds per household are
positive, while in 2018, the regression coefficients
are negative, which indicates that increasing background variables in 2018 will help reduce the waste
of input variables. (3) After eliminating background
factors and random disturbances, it is found that the
pure technical efficiency and scale efficiency have
been improved, and the technical efficiency has been
significantly improved. Before adjustment, scale efficiency is the dominant factor of comprehensive
technical efficiency, while after adjustment, the improvement of pure technical efficiency is the dominant factor of comprehensive technical efficiency. In
terms of regional composition, in 2017, the comprehensive technical efficiencies of the four areas in
Western Yunnan border mountainous area, Wumeng
mountainous area, Diqing Tibetan area and rocky
desertification area were 0.977, 0.977, 0.981 and 1,

 (.<18>5-<=;.70=1.7=1.:>*7=2=*=2?.;.
<.*;,187;.<8>;,.<.7?2;876.7=.,87862,*7-
<8,2*5 +.7./2=< ,869.7<*=28768-.6.,1*72<6
<=*7-*;-<*7-/8;6<8/!$ Especially in the accounting of compensation standards, we should consider not only market-oriented factors such as economic development demand and price change index
in poor areas, but also non-market factors such as
ecological protection cost and development opportunity cost. For the areas where the value of ecological services is relatively easy to estimate, the PES
standards in different ecological fields are determined based on the value of ecological environmental services and natural resources in the region. According to the requirement of the state for compiling
the balance sheet of natural resources, two kinds of
regional and external natural resources and environments are formulated for each kind of natural resources and environments in the region. Price forms
a unified and different PES standard in the region.
Establish the performance appraisal system of ecological compensation based on GEP, we can scientifically evaluate the effect and efficiency before and
after the implementation of PES.
  !;868=. =1. ;./8;6 8/ =1. 9;89.;=B
;201=<<B<=.68/7*=>;*5;.<8>;,.<*7-5*B;201=<
/8>7-*=287 /8; =1. -2?.;<2/2.- ,869.7<*=287
6.,1*72<68/ .,85802,*5 9;8=.,=287 +.7./2=< We
should explore the inter-provincial and inter-city adjustment mechanism of urban and rural construction
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land indicators, and establish compensation mechanism for ecological land and construction land function replacement.
 69;8?.=1.<>998;=2700>*;*7=..6.,1
*72<68/!$/8;98?.;=B*55.?2*=287 Through the
dynamic monitoring of system arrangement, law enforcement and pattern design, the sustainability and
operability of the policy of PES for poverty alleviation will be enhanced. In the process, we should formulate reward and punishment mechanism to improve the enthusiasm of poor eco-protectors and ecobeneficiaries in eco-protection. Punishment shall be
imposed on those areas where the task of poverty alleviation has not been completed and the efficiency
of the use of ecological compensation funds is at the
bottom. To reduce compensation funds or limit the
promotion of responsible officials as punishment
measures, improve the awareness of ecological compensation and precise poverty alleviation in poor
areas.
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IFEDJ7D;EKI9EC8KIJ?ED?DBEMJ;CF;H7JKH;F>7I; 
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;NF;H?C;DJ7B9EC8KIJ?EDJ?C;?I7II>EMD?D ?=  
)N?:7J?ED 7D: J;CF;H7JKH; H?I; ;NF;H?C;DJ
KD:;H B;7:?D= C;J>E: E< 9E7B I7CFB;I 97D >;7J KF
J>; 9E7B I7CFB;I KD:;H J>; ;NJ;HD7B ;DL?HEDC;DJ 
KH?D=J>;J;IJ J>;>;7J<BEMD;;:;:<EH9E7BI7C
FB; ?=D?J?ED 9EC;I <HEC J>; I;B< ;NEJ>;HC?9 >;7J
<BEM E< 9E7B I7CFB;I 7D: >;7J <BEM <HEC ;NJ;HD7B
;DL?HEDC;DJ D7C;BO GIKCG?IEJ>;HC7B:?<<;H;D9;G9E7B ?D
M>?9>  GIKC ?I J>; JEJ7B >;7J <BEM D;;:;: <EH 9E7B
I7CFB; ?=D?J?ED  G9E7B ?I J>; I;B< ;NEJ>;HC?9 >;7J
<BEME<9E7BI7CFB; 7D:G?IEJ>;HC7B:?<<;H;D9;?IJ>;>;7J
<BEMFHEL?:;:8OJ>;IOIJ;C I97D8;I;;D<HEC
?=   7 L;HJ?97B 7IOCFJEJ; ?I F7H7BB;B JE 3 7N?I 
1>;D J;CF;H7JKH; :?<<;H;D9; ?I ˘  G?IEJ>;HC7B :?<<;H
;D9;?I˘ M>;DJ;CF;H7JKH;:?<<;H;D9;?IR7IOCF
JEJ;L7BK; 7IM?J>J>;IK<<?9?;DJJ;CF;H7JKH;:?<<;H
;D9; 9ED:?J?ED  >;7J H;B;7I;: J>HEK=> 9E7B ENO=;D
9ECFEI?J;H;79J?EDM?BB:;B?L;HJEJ>;;NJ;HD7B;DL?
HEDC;DJ J>HEK=> J>;HC7B JH7DIC?II?ED  D7C;BO 
G?IEJ>;HC7B :?<<;H;D9;G9E7B?IR KD:;H M>?9> >;7J M?BB
DEJ8;799KCKB7J;: 9E7BI7CFB;IFEDJ7D;EKI9EC
8KIJ?EDM?BBDEJ>7FF;D M>;H;7I M?J>J>;7C8?;DJ
J;CF;H7JKH; ?D9H;7I?D=  ;NF;H?C;DJ7B 9EC8KIJ?ED
J?C;M?BB8;I>EHJ;H J>;B;7:?D=J;CF;H7JKH;:?<<;H
;D9; M?BB 8; ?D<?D?J;  D7C;BO  G?IEJ>;HC7B :?<<;H;D9; M?BB
8; ?D<?D?J;  7D: J>; ;NF;H?C;DJ7B 9EC8KIJ?ED J?C;
M?BB 8; ?D<?D?J;BO 9BEI; JE  /D:;H IF;9?<?9 CE:;B
9ED:?J?EDI M>;D;NEJ>;HC?9>;7J<BEM8OEN?:7J?ED
H;79J?ED ;GK7BI J>;HCEBOJ?9 >;7J <BEM E< 9E7B I7C
FB;I  J>; J;CF;H7JKH; :?<<;H;D9; ?D J>?I F7F;H ?I
97BB;: 7I J>; B?C?J J;CF;H7JKH; :?<<;H;D9; E< 9E7B
IFEDJ7D;EKI9EC8KIJ?ED 
#DEH:;HJE97B9KB7J;J>;B?C?JJ;CF;H7JKH;:?<
<;H;D9;E<9E7BIFEDJ7D;EKI9EC8KIJ?ED EDJ>;ED;
>7D:  J;IJ ;NEJ>;HC?9 >;7J <BEMI KD:;H :?<<;H;DJ
J;CF;H7JKH;I E< 9E7B I7CFB; ED J>; 87I?I E<  
J;IJ ED J>; EJ>;H >7D:  9EC8?D?D= J>; 87I?9
ADEMB;:=; ?D >;7J JH7DI<;H 7H;7 M?J> 9>7H79J;H?IJ?9
E<J;IJ;GK?FC;DJ 9H;7J;7>;7JJH7DI<;HCE:;BM?J>
7C8?;DJ J;CF;H7JKH; BEM;H J>7D 9E7B I7CFB; J;C
F;H7JKH; JE 97B9KB7J; J>; J>;HCEBOJ?9 >;7J <BEM KD



:;H:?<<;H;DJJ;CF;H7JKH;:?<<;H;D9;9ED:?J?EDI 7D:
J>;D  87I;: ED J>; 9>7H79J;H?IJ?9 J>7J ;NEJ>;HC?9
>;7J <BEM ?I ;N79JBO ;GK7B JE J>; J>;HCEBOJ?9 >;7J
<BEM 7D:97B9KB7J;J>;B?C?JJ;CF;H7JKH;:?<<;H;D9;
E<9E7BI7CFB;KD:;H9E7BIFEDJ7D;EKI9EC8KIJ?ED 
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CED= L7H?EKI J>;HC7B 7D7BOI?I C;J>E:I
M?:;BO7FFHEL;:8OH;I;7H9>;HI ?DJ>?IF7F;H -;J7
H7C   '?9HE 97BEH?C;J;H  H7D9; ?I 7:EFJ;: JE
9ED:K9J GK7DJ?J7J?L; H;I;7H9> <EH J>;HC7B F;H<EH
C7D9; E< 9E7B I7CFB;I ?D J>; EN?:7J?ED FHE9;II 
<J;HJ>;IJ7HJE<J>;;NF;H?C;DJ J>; 97BEH?C;
J;H M7I KI;: JE GK7DJ?J7J?L;BO J;IJ J>; >;7J <BEM E<
J>; 9E7B I7CFB; :KH?D= J>; M>EB; EN?:7J?ED 7D:
>;7J?D=FHE9;II 7D:J>;H;B7J?EDI>?F9KHL;8;JM;;D
J>; ;NEJ>;HC?9 9>7H79J;H?IJ?9I E< J>; J;IJ;: 9E7B
I7CFB;7D:J>;J;CF;H7JKH;M7IIJK:?;: 
.>;H; 7H; C7DO ;NF;H?C;DJ7B 9ED:?J?EDI J>7J
7<<;9JJ>;J;IJH;IKBJIE<;DJ>7BFOL7BK;E<9E7BI7C
FB;I  IK9> 7I I7CFB; M;?=>J  I7CFB; F7HJ?9B; I?P;
7D: EJ>;H ;NF;H?C;DJ7B 9ED:?J?EDI  IE J>; ;NF;H?
C;DJ7B9ED:?J?EDI7H;EFJ?C?P;: )DJ>;FH;C?I;E<
<KBBO9EDI?:;H?D=J>7JJ>;J;IJH;IKBJIM?BB8;7<<;9J
;:8O C7DO?D<BK;D9?D= <79JEHI 7I;H?;IE<;NF;H?
C;DJ7B 9ED:?J?EDI 7H; IKCC7H?P;: 7D: :?I9KII;: 
7D:<?D7BBOJ>;;NF;H?C;DJ7B9ED:?J?EDI<EHJ>;HC7B
F;H<EHC7D9; J;IJ E< 9E7B I7CFB;I 7H; EFJ?C?P;: 
CED=J>;C J>;I7CFB;M;?=>J?II;JJE  = J>;
>;7J?D= H7J; ?I I;J JE  Q C?D  J>; F7HJ?9B; I?P;
9ED:?J?EDE<9E7BI7CFB;?I CC CC 7D:
J>;97HH?;H=7I<BEMH7J;?I CB C?D56 

*&7+03:7*675*68076B7H=;DKC8;HE<;N
F;H?C;DJ7B :7J7 I>EM J>7J  KD:;H :?<<;H;DJ >;7J?D=
H7J; 9ED:?J?EDI  J>; EN?:7J?ED >;7J?D= FHE9;II E<
9E7BI7CFB;I?I799ECF7D?;:8O:?<<;H;DJ>;7J<BEM
:;DI?JO M>?9><KHJ>;HB;7:IJE:?<<;H;DJ;NEJ>;HC?9
?DJ;DI?JO  EH ;N7CFB;  J>; >;7J?D= H7J; E<  Q
C?D 7:EFJ;: ?D J>; 78EL; 7D7BOI?I DEJ EDBO J7A;I
?DJE799EKDJJ>;FHE8B;CE<;NF;H?C;DJ7BF;H?E: 
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8KJ 7BIE J7A;I ?DJE 799EKDJ J>; H;B7J?L;BO IK<<?9?;DJ
H;79J?ED E< 9E7B ENO=;D H;9EC8?D7J?ED  M>?9> 97D
7FFHEN?C7J; J>; ;NEJ>;HC?9 9ED:?J?ED :KH?D= J>;
IFEDJ7D;EKI 9EC8KIJ?ED E< H7M 9E7B  .>; J;IJ H;
IKBJI7H;I>EMD?D ?=  .>;:;J7?B;:7D7BOI?I?I7I
<EBBEMI 
EDI?:;H?D= J>7J J>?IF7F;H C7?DBO IJK:?;I J>;
IFEDJ7D;EKI 9EC8KIJ?ED 9>7H79J;H?IJ?9I E< 9E7B
I7CFB;I7JJ>;BEMJ;CF;H7JKH;EN?:7J?EDIJ7=; J>;
7D7BOI?IJ;CF;H7JKH;IJ7=;E< ;NF;H?C;DJ?II;J
JE   Q  .>; >;7J <BEM E< 9E7B I7CFB; ?D
7<EI? E7B '?D; ?D9H;7I;I =H7:K7BBO M?J> J>;
?D9H;7I; E< J>; J;CF;H7JKH; E< J>; 9E7B I7CFB; 
I>EM?D=7D;NFED;DJ?7B=HEMJ>JH;D:7I7M>EB; 7I
I>EMD?D ?=  .>?I?I:K;JEJ>;<79JJ>7JM?J>J>;
?D9H;7I;E<J>;J;CF;H7JKH;E<J>;9E7BI7CFB; J>;
CEB;9KB7H IKH<79; 79J?L?JO ?D9H;7I;I JE 7 :?<<;H;DJ
;NJ;DJ  7D: J>; CEH; 79J?L; IJHK9JKH;I E< J>; 9E7B
CEB;9KB; IKH<79; J>;IJHED=;HJ>;EN?:?P7J?ED .>;
>?=>;H J>; J;CF;H7JKH; E< J>; 9E7B I7CFB; ?I  J>;
CEH; 79J?L;BO J>; <KD9J?ED7B =HEKFI ?D J>; 9E7B
CEB;9KB;IF7HJ?9?F7J;?DJ>;H;79J?ED 7D:J>;=H;7J
;H J>; >;7J <BEM  I>EM?D= 7 DED B?D;7H ;NFED;DJ?7B
=HEMJ>JH;D:5 6 -?D9;J>;7:?787J?9IFEDJ7D;EKI
9EC8KIJ?ED J?C; E< 9E7B I7CFB;I 7J   Q ?I
97B9KB7J;: ?D J>?I F7F;H  799EH:?D= JE ;NF;H?C;DJ7B
H;GK?H;C;DJI  ?D EH:;H JE :;J;HC?D; J>; B?C?J J;C
F;H7JKH;:?<<;H;D9;E<9E7BIFEDJ7D;EKI9EC8KIJ?ED
7J Q?DJ>;;GK?FC;DJCE:;BE<J>?I;NF;H?C;DJ 
J>; JEJ7B ;NEJ>;HC?9 >;7J <BEM E< 9E7B I7CFB;I 7J
 Q ?I   CM  IE J>; IF;9?<?9 ;NEJ>;HC?9 >;7J
<BEME<9E7BI7CFB;I?I CM = 

!.180&7.32 &2&0<6.6 3+ (3&0 64327&2*386
(31'867.32-?CKB7J?ED?IJ>;87I?9C;J>E:<EHJ>;
IJK:O E< 9E7B IFEDJ7D;EKI 9EC8KIJ?ED 56  EC
8?D;: M?J> J>; ;NF;H?C;DJ7B >;7J JH7DI<;H FHE9;II
7D: 87I?9 FH?D9?FB; E< >;7J JH7DI<;H  7 >;7J JH7DI<;H
CE:;B ?I 8K?BJ 8O KI?D= )'-)& 'KBJ?F>OI?9I
IE<JM7H; JE <KHJ>;H I?CKB7J; J>; >;7J JH7DI<;H FHE
9;II ?D J>; CE:;B  7D: 9ED:K9J :OD7C?9 J;IJ E<

J>;HCEBOJ?9 >;7J <BEM 87I;: ED :?<<;H;DJ J;CF;H7
JKH; :?<<;H;D9; 9ED:?J?EDI E< J>; ;NF;H?C;DJ7B
CE:;B 
.>; :?<<;H;D9; I;JJ?D= E< J>; <?D?J; ;B;C;DJ
C;I>?D= 9ED:?J?EDI DEJ EDBO :?H;9JBO 7<<;9JI J>;
97B9KB7J?ED?DJ;DI?JO 8KJ7BIE97D97KI;;HHEHI?DJ>;
I?CKB7J?ED H;IKBJI 56  'E:;B?D= J>; ;NF;H?C;DJ7B
;GK?FC;DJ 7I 7 FHEJEJOF;  9EDI?:;H?D= J>; 9>7D=;I
J>;9>7D=;I?DJ>;<?;B:?DLEBL;:?DJ>;9EDD;9J?ED
E< 9E7B I7CFB;  9EFF;H J7DA 7D: 7?H :KH?D= >;7J
JH7DI<;H ?J?I7H;=?EDFHED;JE78HKFJ9>7D=;I?DJ>;
J;CF;H7JKH;<?;B: .>;H;<EH; J>;H;IKBJIE<C;I>?D=
I>EM J>7J J>; C;I>?D= 7J J>; @KD9J?ED E< I;L;H7B
:EC7?DI7FF;7HICEH;9ECF79J 7D:J>;J;JH7>;:H7B
C;I>?D=>7I7=EE:;<<;9J 
EHJ>;CE:;BC;I>?D= ?DM>?9>J>;J>H;;C7
J;H?7BI E< 9E7B I7CFB;  9EFF;H 97D 7D: 7?H <EHC 7
9EC8?D7J?EDH;IF;9J?L;BO J>;CE:;B?I:?L?:;:?DJE
J>H;; :EC7?DI 9EDJ7?D?D= 7 JEJ7B E<  ;:=;I  
8EKD:7H?;I7D:L;HJ?9;I CED=J>;C J>;C?D
?CKCC7IIE<C;I>;B;C;DJ?I   J>;7L;H7=;
C7IIE<C;I>;B;C;DJ?I  J>;J;JH7>;:HED?I
  J>; JH?7D=KB7H M7L; ?I   J>; ;:=; ;B;
C;DJ ?I   7D: J>; L;HJ;N ;B;C;DJ ?I   .>;
9KHL7JKH;<79JEH?I  J>;D7HHEMH;=?EDH;IEBKJ?ED
?I  J>;C7N?CKC;B;C;DJ=HEMJ>H7J;?I  J>;
C7N?CKC;B;C;DJI?P;?I  7D:J>;C?D?CKC
;B;C;DJI?P;?I
 .>;FH;:;<?D;:I?P;?II;JJE
8;CEH;H;<?D;: 
#D EH:;H JE :;J;HC?D; J>; J>;HCEF>OI?97B F7
H7C;J;HI D;;:;: ?D J>; I?CKB7J?ED  7I C;DJ?ED;:
78EL; 7I;H?;IE<87I?9J>;HCEF>OI?97BF7H7C;J;HI
E< J>; ;NF;H?C;DJ7B I7CFB;I M;H; GK7DJ?J7J?L;BO
J;IJ;:KI?D=7IK?J78B; CE:;BE<B7I;H9ED:K9JEC;
J;H #D7::?J?ED J>;87I?9?D<EHC7J?ED78EKJ9EDL;D
J?ED7B J>;HCEF>OI?97B FHEF;HJ?;I E< EJ>;H 87I?9
C7J;H?7BI?II;B;9J;:<HECJ>;IOIJ;C #DJ>?IF7F;H 
J>; J;IJ ED 7:?787J?9 IFEDJ7D;EKI 9EC8KIJ?ED J?C;
E< 9E7B I7CFB;I M?J> J;CF;H7JKH; H7D=?D= <HEC
 Q JE  Q ?I IJK:?;:  7D: J>; ;NEJ>;HC?9 >;7J
<BEME<9E7BI7CFB;I7J:?<<;H;DJJ;CF;H7JKH;I?IDEJ
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<;H J>;L7H?7J?EDH7D=;E<>;7J<BEM:;9H;7I;I=H;7J
BO 7D:?JJ;D:IJE8;=;DJB;=H7:K7BBO 
99EH:?D= JE J>; :;<?D?J?ED E< J>; B?C?J J;C
F;H7JKH; :?<<;H;D9; E< 9E7B IFEDJ7D;EKI 9EC8KI
J?ED  J>; >;7J <BEM =;D;H7J;: 8O 9E7B I7CFB;I DE
BED=;H799KCKB7J;IM>;DJ>;J>;HCEBOJ?9>;7J<BEM
?I;N79JBO;GK7BJEJ>;;NEJ>;HC?9>;7J<BEME<9E7B
I7CFB; KD:;H J>; =?L;D IF;9?<?9 9ED:?J?EDI  7I;:
EDJ>;FH;L?EKIIJK:OEDJ>;>;7JH;B;7I;FHE9;IIE<
9E7B I7CFB; ?D 7<EI? E7B '?D; :KH?D= EN?:7J?ED
J;CF;H7JKH; H?I; FHE9;II  J>; H;IKBJ I>EMI J>7J J>;
;NEJ>;HC?9>;7J<BEME<;L;HO =9E7BI7CFB;?I
 M M>;D J>; 9E7B I7CFB; ?I 7J  Q  J J>;
I7C;J?C; KD:;HJ>;FH;C?I;E<9E7BJ;CF;H7JKH;7J
 Q M>;DJ>;I?CKB7J;:>;7JJH7DI<;H=E;IJE 
C?D 7D:J>;7C8?;DJJ;CF;H7JKH;?IBEM;HJ>7D9E7B
J;CF;H7JKH;   Q  J>7J ?I  M>;D J>; EKJ;H 7?H
J;CF;H7JKH; E< J>; 9EFF;H J7DA ?I BEM;H J>7D J>;
J;CF;H7JKH; E< J>; >?=> J;CF;H7JKH; FE?DJ E< 9E7B
I7CFB;   Q  J>; J>;HCEBOJ?9 >;7J <BEM E< 9E7B
I7CFB;?I M JJ>?IJ?C; J>;;NEJ>;HC?9>;7J
<BEME<9E7BI7CFB;?I;GK7BJEJ>;J>;HCEBOJ?9>;7J
<BEM  M>?9> @KIJ C;;JI J>; :;<?D?J?ED E< J>; B?C?J
J;CF;H7JKH; :?<<;H;D9; E< 9E7B IFEDJ7D;EKI 9EC
8KIJ?ED #J97D8;9ED9BK:;:J>7JJ>;B?C?JJ;CF;H7
JKH;:?<<;H;D9;E<I;B< 9EC8KIJ?EDE<9E7BI7CFB;?D
7<EI? E7B '?D; ?I   Q KD:;H J>; 9ED:?J?ED
J>7J9E7BI7CFB;?I7J Q?DJ>?ICE:;B 

;4*5.1*27&05*6*&5(-3+.637-*51&0).++*5
*2(*0*&).2,(3&06&140*.,2.7.32#DJ>?I9>7FJ;H 
J>; J;IJ IOIJ;C E< 7:?787J?9 IFEDJ7D;EKI 9EC8KI
J?EDJ?C;E<9E7B87I;:EDJ>;?IEJ>;HC7B:?<<;H;D9;
B;7:?D=C;J>E:?I7:EFJ;: 7D:J>;?=D?J?ED;NF;H?
C;DJIE<9E7BI7CFB;IKD:;H:?<<;H;DJ9ED:?J?EDIE<
B;7:?D=J;CF;H7JKH;:?<<;H;D9;7H;97HH?;:EKJ87I;:
ED ?IEJ>;HC7B :?<<;H;D9; B;7:?D= C;J>E:  #D 7::?
J?ED  9EC8?D;: M?J> J>; 97B9KB7J;: B?C?J J;CF;H7
JKH; :?<<;H;D9; E< 9E7B IFEDJ7D;EKI 9EC8KIJ?ED ?D
J>;FH;L?EKIF7F;H J>;DKC;H?97B<?JJ?D=7D7BOI?IE<
J>; B;7:?D= J;CF;H7JKH; :?<<;H;D9; 7D: J>; ;NF;H?
C;DJ7B 9EC8KIJ?ED J?C; ?I 97HH?;: EKJ 8O KI?D= 7
B7H=;DKC8;HE<;NF;H?C;DJ7B9EC8KIJ?EDJ?C;:7J7
KD:;H:?<<;H;DJB;7:?D=J;CF;H7JKH;:?<<;H;D9;9ED
:?J?EDI  7D: J>; H;=KB7H?JO M?J>?D J>; J;IJ H7D=; E<
FEI?J?L; >;7J <BEM ?I <KBBO ;NFBEH;:  J>KI J>; 7:?7
87J?9IFEDJ7D;EKI9EC8KIJ?EDJ?C;E<9E7BI7CFB;I
97D8;97B9KB7J;: ,;<;HJE ?= <EHIF;9?<?9MEHA
<BEME<B;7:?D=J;CF;H7JKH;H?I; 

;4*5.1*27&0 45.2(.40* &2) )*9.(* .>;
C7?D IOIJ;CI ?DLEBL;: ?D J>; J;IJ IOIJ;C <EH 7:?7
87J?9IFEDJ7D;EKI9EC8KIJ?EDJ?C;E<9E7B87I;:ED
?IEJ>;HC7B :?<<;H;D9; 7H; IEB?: >;7J?D= <KHD79;
?D9BK:?D= >?=> J;CF;H7JKH; H;79J?ED <KHD79; 7D:
9EDJH7IJ <KHD79;  CED?JEH?D= 7D: JH79A?D= IOIJ;C
7D:=7II7CFB;9EBB;9J?ED7D::;J;9J?EDIOIJ;C 7I
I>EMD?D ?=  



J>;I7C; IEJ>;FH;H;GK?I?J;9E7BJ;CF;H7JKH;9ED
:?J?ED <EH 97B9KB7J?D= J>; B?C?J J;CF;H7JKH; :?<<;H
;D9;E<9E7BIFEDJ7D;EKI9EC8KIJ?EDI>EKB:8;I;J
JE Q8O:;<7KBJ ? ; J>;J>;HCEF>OI?97BF7H7C;
J;HI E< 9E7B I7CFB;I 7J  Q I>EKB: 8; I;J ?D J>;
9E7B 8E:O :EC7?D ?D J>; CE:;B  .>; ?D?J?7B 9ED:?
J?EDI7H;J>;9E7B:EC7?DJ;CF;H7JKH;E< Q7D:
J>;7?H:EC7?DJ;CF;H7JKH;E< Q.>;8EKD:7HO
9ED:?J?EDI7H;J>;?DB;JIF;;:E<CB C?D7D:J>;
EKJB;JFH;IIKH;E<* 
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I I>EMD ?D ?=   J>; J;CF;H7JKH; 9>7D=;
9KHL;I9EHH;IFED:?D=JE;79>FEI?J?ED7JJ>;J?C;E<
I I I I I  I I I I I 
  I 7D:  I ?D J>; >;7J JH7DI<;H FHE9;II E< J>;
CE:;BM;H;H;9EH:;:H;IF;9J?L;BO CED=J>;C J>;
J;CF;H7JKH;7JJ>;>?=>J;CF;H7JKH;FE?DJ:;9H;7I;I
=H7:K7BBO M?J> J>; >;7J JH7DI<;H  7D: J>; J;CF;H7
JKH; 7J J>; >?=> J;CF;H7JKH; FE?DJ :;9H;7I;I E8L?
EKIBO7JJ>;IJ7=; M>;DJ>; ?D?J?7BJ;CF;H7JKH;:?<
<;H;D9;?IB7H=; 1?J>J>;>;7JJH7DI<;H J>;J;CF;H7
JKH; :?<<;H;D9; 8;JM;;D J>; JME CED?JEH?D= FE?DJI
:;9H;7I;I=H7:K7BBO 7D:J>;:;9H;7I?D=IF;;:E<J>;
>?=>J;CF;H7JKH;FE?DJ?DJ>;9;DJH7BH;=?ED=H7:K
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to human society. Nowadays, while China's economy is developing rapidly, the environment is also
suffering severe damage. Every day, a large amount
of pollutants are produced. For example, the backward development of rural areas has led to serious
air quality hazards in small chemical fertilizer plants
and pesticide plants. The environmental data monitoring equipment used in large livestock pastures is
backward and not well monitored, resulting in increased livestock costs and lower incomes. The
chemical industry, the thermal power generation industry, etc., are not in place due to environmental
monitoring, and a large amount of pollutants are
emitted into the air every day. Therefore, environmental monitoring and trend analysis are becoming
more and more important [1, 2].
At present, the trend analysis of environmental
monitoring has become one of the hot spots for researchers at home and abroad, and has achieved certain research results [3, 4]. Moschet et al. [5] constructed a comprehensive mining model framework
for soil environmental monitoring based on a comprehensive mining method of environmental monitoring process, based on data warehouse and workflow mining technology. Scholz et al. [6] developed
the short-term and medium-term planning for environmental monitoring quality management, and established a quality management information sharing
platform and QC indicator evaluation system to analyze environmental testing data. Literature [7] and
literature [8] reviewed the research results of chemo
metrics, computer tomography, FTIR spectrum analysis, spatial concentration distribution monitoring of
atmospheric pollutants, passive remote sensing monitoring, etc., and then analyzed the pollution trend of
environmental detection data. Ibekwe et al. [9] used
the single factor method as the core method to analyze the change trend of water quality in urban drinking water sources. In the literature [10], the fuzzy
water quality index evaluation system is constructed
by using the fuzzy inference system, and the water
quality monitoring data is analyzed. Li et al. [11] established a fuzzy neural network environment monitoring trend analysis model by combining the relative membership degrees of neural networks and
fuzzy theory, and achieved good results. Literature

The traditional environmental monitoring trend
analysis algorithm is difficult to adaptively collect
data information of various types of environmental
detection, and cannot reliably transmit the monitored
data in real time, and the trend analysis of the environmental detection data is unreasonable. In particular, the traditional environmental monitoring trend
analysis algorithm has high complexity, and parameter setting requires a lot of resources. In order to
solve the above problems, this paper proposes an environmental monitoring trend analysis algorithm
based on the Internet of Things visualization technology. The algorithm first divides the environmental monitoring area into several different clusters.
Each cluster collects various types of environmental
monitoring data, and different types of sensors can
be set according to the data of environmental monitoring. Then, the mobile agent node is set in the monitoring area, a real-time two-dimensional positioning
table is established according to the network energy
consumption, the Rosen gradient projection method
is used to select the optimal path, the mobile plan is
constructed, and the collected data is collected and
forwarded to the control center. Finally, the control
center analyzes the trend of the data detected by the
environment to achieve the purpose of environmental monitoring. The simulation shows that the proposed algorithm can not only visualize the changes
of environmental detection trends, but also realize
remote data collection and transmission for environmental monitoring, and the overall energy consumption of the algorithm is low, with real-time and reliability.
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With the development of society, the natural
environment is becoming more and more important
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[12] fully demonstrated the efficiency of BP artificial neural network in environmental detection trend
analysis. They used artificial neural network BP
model as the research method to classify the variation trend of water quality of the main stream and
main tributaries of the Yangtze River. Kong et al.
[13] used the combined neural network and Bayesian
concept to analyze the trend of environmental detection and obtained good results.
However, the above research results neglect the
monitoring and processing mechanism when the environment is polluted. They are all research data fusion and mining problems, and do not involve data
collection and monitoring. Internet of Things technology is a hotspot in the past two years. It is an
emerging wireless network technology. With the
continuous development of MEMS technology and
communication technology and sensing technology,
Internet of Things technology is widely used in life
production and military field. Multi-sensor networks
are an aspect of the Internet of Things, which is a
wireless network of self-organizing methods.
Therefore, based on the Internet of Things technology, this paper first divides the monitoring area
into several different clusters. Each cluster collects
various types of environmental monitoring data, and
different types of sensors can be set according to
monitoring needs. Secondly, set up the mobile node,
establish a real-time two-dimensional positioning table according to the network energy consumption,
and use Rosen gradient projection method to select
the optimal path to construct the mobile solution,
send the data to the control center, and analyze the
data by the control center to achieve environmental
monitoring. The goal of simulation and mathematical analysis show that the technology realizes remote

data collection and transmission for environmental
monitoring, with real-time and reliability, and meets
the needs of people for simplification, intelligence,
and visualization of environmental monitoring.
" !"!

805*073,96-:/,5:,85,:6-"/05.9(5+5
<08654,5:(3 650:6805. 6+,3 5:,85,: 6-
"/05.9:,*/5636.>The Internet of Things (IoT) is
a large-scale scientific and technological concept in
the interdisciplinary and infinite space-time field
that has emerged in recent years [14]. It is a new network technology based on the Internet to develop
two interaction modes: “object interaction” and “human-computer interaction” [15]. 
IoT technology covers a wide range, not a revolutionary and disruptive innovation of technology,
but an infiltration and integration of existing and diverse technologies [16, 17]. From a communication
perspective, the Internet of Things can be divided
into three levels as shown in Figure 1: the perception
layer, the transport layer, and the application layer
[18].
IoT technology is very suitable for various
types of environmental protection industry applications, monitoring and intelligent information analysis, and using the Internet of Things to monitor environmental status and pollution monitoring and early
warning, with low deployment cost, short network
organization time, convenient operation and maintenance in the future, etc. advantage. Therefore, this
article applies the Internet of Things technology to
environmental monitoring.
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805*073, 6- ,5<08654,5:(3 4650:6805.
46+,3 In general, environmental monitoring and
trend analysis mainly have two aspects of demand.
First, it is real-time monitoring of the quality of the
environment. The main difficulty is that the monitoring scope is very large; the types of monitoring objects are not fixed, and they are adjusted according
to the changes of the environment at any time; the
frequency requirements for collecting data are different; the second is the real-time feedback and regulation of pollution in the monitoring target area.
When the environment is polluted, it is necessary to
find the source of the pollution and locate it in time,
and give a treatment plan. In order to meet the above
two requirements, it is necessary to ensure that the
data acquisition and monitoring system has a wider
coverage area, avoiding the loss of data in some
blind spot areas, and has certain robustness and selfadaptive ability to meet different environmental
monitoring information. Type collection is required.
At the same time, the Internet of Things technology
is very suitable for various types of environmental
protection industry applications, monitoring sensory
information and intelligent analysis, and using the
Internet of Things to monitor environmental status
and pollution monitoring and early warning, with
low deployment cost, short network organization
time, and convenient operation and maintenance in
the later period. Etc. The architecture of the sensor
network is shown in Figure 2, including sensor
nodes, gateway nodes, and user interfaces.
According to the Internet of Things technology,
a certain number of multi-sensors are deployed in the
environmental monitoring area, and the Internet of
Things is formed by a self-organizing method. Then,
the mobile agent node is used to select the optimal
path according to the ROSEN gradient projection
method as the proxy cluster head. The spare cluster

head node after the failure of the cluster head node
in a node or a cluster ensures that the collected data
can be transmitted in real time and reliably, that is,
the robustness of the environment monitoring IoT is
enhanced.
5:,85,: 6- "/05.9 !,3,*:065 -68 5<0865
4,5:(3 650:6805. 3.680:/49 Environmental
monitoring research objects cover a large area and
need to adapt to outdoor long-term collection work
and complex and variable climate environment.
Therefore, the wireless network required for the design of the algorithm must have the following characteristics: wide network topology, high reliability
for outdoor climate change, low power consumption
to meet the working time, number of nodes to control
costs, monitoring points and collection points Distance meets the requirements.
Table 1 lists the four types of networks that are
common to the Internet of Things, and they have
their own characteristics. According to the characteristics and requirements of our environmental monitoring system design, it can be seen that the ZigBee
network type is more suitable for the construction of
the monitoring system network. ZigBee network can
work in three different frequency bands [19], long
working hours and low power consumption are more
suitable for long-term outdoor working environment, with self-organizing network function, network topology can cover a large area of the lake surface, and the cost is not suitable. The other three networks are difficult to meet the needs of actual monitoring in terms of working hours and costs, and are
more suitable for mobile phones, PDAs, laptops and
other mobile devices in urban life. Therefore, this paper chooses ZigBee network as the wireless communication network for environmental monitoring.
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647(809656-*644655:,85,:6-"/05.95,:=6829
Network Type

Transmission
distance(m)

Network characteristics

ZigBee network

Close range, low complexity, self-organizing, low
power consumption, low data rate, low cost

10~100

Bluetooth network

Low power consumption, small size, low cost

10~30

Wi-Fi network

3G network

High transmission speed, long transmission distance,
high reliability
Large amount of transmitted data and long
transmission distance cover a large range of 3G
networks in cities. There are four standards:
CDMA2000, WCDMA, TD-SCDMA, WiMAX

5<08654,5:(3 650:6805. "8,5+ 5(3>909
3.680:/4(9,+655:,85,:6-"/05.9",*/563
6.>7:04(37(:/6- !.8(+0,5:7861,*:065
4,:/6+In this section, the sensor nodes in the cluster set up a two-dimensional positioning table based
on their own energy consumption. The table contains
two types of data, time and space. Then, the ROSEN
gradient projection method [21] is used to select the
optimal path, and the mobile solution is constructed
to make the mobile agent. The node can consume
relatively least energy in the shortest time, reach the
cluster and collect the data collected by other sensor
nodes in time and forward it to the control center.
The basic working principle of the ROSEN gradient projection method is shown in equations (1)
and (2).
(1)
 =  (  ,  )
max
'
(2)
   = 1 (  −  ) / ( max − min ) / 
Where R is the polling iterative object matrix,
and the analysis matrix is recorded as  after projection. Based on the projections of equations (1) and
(2), the candidate path can be obtained from equation
(3) and then the optimal path can be selected according to equation (4).
φ () =  ∈[(3 − γ )π ,(3 + 2γ )π ], γ = −1,...,  (3)

Work
time
6~24
months
Several
weeks

Application
focus
Monitoring and
control
Cable substitute

76~122

Hours

Web, Email, image

More than 1000

Hours

A wide range of
sounds and data

5<08654,5:(3 4650:6805. 786.8(4 )(9,+
655:,85,:6-"/05.9:,*/5636.>The Internet of
Things-based environmental monitoring system is
mainly composed of four parts: various types of data
acquisition sensor nodes, cluster head nodes, mobile
agent nodes, data control and analysis centers. A
wireless short-range communication data transmission function module is installed on all sensors. After
the multi-sensors in the clustering area collect various types of environmental monitoring data, the data
is sent to the clustered cluster head node [20], or the
mobile agent node, cluster head node or mobile
agent node that can be detected will be the collected
data is aggregated and forwarded to the Control and
Analysis Center.
Figure 3 shows the deployment of an environmental monitoring network based on the Internet of
Things. As can be seen from Figure 3, in the monitoring of the Internet of Things, the monitoring area
is divided into several clustering areas, each cluster
has a cluster head node, and a number of mobile
agent nodes are set in the entire network, which is
collected on the one hand. The data aggregated by
each clustered cluster head node, on the other hand,
avoids the failure of a clustered cluster head node,
resulting in blind spots in the monitoring area, resulting in network failure and real-time monitoring.
The frame structure of the algorithm is shown
in Figure 4. According to the division of the monitoring area, a plurality of clustering areas for collecting environmental data information, the sensor
nodes in the area adopt a wireless self-organizing
manner to form a network topology. Among them,
several wireless clustering sensor networks are connected and communicated through the cluster head
node, and the cluster head node has the function of
converging data, and parsing and processing the data
in the clustered area collected. The sensor nodes in
each clustering area include a data acquisition module, a data transmission module, a pollution source
real-time monitoring module, and a mobile agent detection module. The cluster head node periodically
collects real-time energy and energy consumption
information of all nodes in the area, constructs a
space-time two-dimensional table based on ROSEN
gradient projection, and updates the table in real
time. When the node energy is about to be exhausted,

(4)
= ∑ ( −   )2 + (  −  ) 2 /  
According to the ROSEN gradient projection
method, a projection matrix based on the spatialtemporal relationship of sensor nodes is constructed.
Let M be an m × n matrix with a rank of m and y be
an arbitrary n-dimensional vector make:
(5)
 =   (   ) −1 

 −1
(6)
 = 1 −  (  ) 
According to the matrix M, the time variable P
can be obtained, and the spatial variable is Q. Py is
the projection of the vector y on the subspace generated on the time vector of the matrix M, and the P
value is obtained; Space vector Qy represents the
projection Qy of the vector y on the null space of M,
so the combination of (6) and 7) The spatial variable
Q value is available. The Mobile Agent node selects
the best path based on a two-dimensional positioning
table consisting of P and Q.
(7)
 = 0
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it is forwarded to the control and the analysis center.
The main task of the Control and Analysis Center is
to receive data and feedback control information to
each cluster head node and analyze the trend of
the data.

analysis of the algorithm is tested. During the experiment, the pH values of the electrolytes with different concentrations prepared were monitored. The PH
value monitoring results are shown in Table 2. As
the number of sensor nodes increases, the data transmission collected and transmitted to the main control
center is relatively stable. It can be seen that after
transmission, the PH value after data analysis by the
algorithm proposed by this paper is compared with
the standard PH value, and it is found to be relatively
stable. It shows the robustness of the algorithm in
this paper.


!#"!!#!!
5<08654,5:(3 7(8(4,:,8 4650:6805. :,9:
In this paper, the PH value is the experimental monitoring object, and the accuracy of the detection and
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Node
1
2
3
4
5
6
7
8
9
10

Longitude
121.991
121.956
121.906
121.856
121.806
121.806
121.856
121.906
121.956
121.991

Latitude
30.876
30.869
30.875
30.869
30.920
30.920
30.920
30.920
30.920
30.920

PH standard value
2.50
4.50
6.50
8.50
10.50
8.50
6.50
4.50
2.50
3.50
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The pH value analyzed by the algorithm
2.53
4.71
6.35
8.76
10.73
8.71
6.52
4.29
2.16
3.63
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No
de
1
2
3
4
5
6
7
8
9
10

Actual
temperature
27.11
27.11
27.11
27.11
27.11
27.11
27.11
27.11
27.11
27.11

Algorithm analyzed
temperature
27.21
27.11
27.21
27.11
27.21
27.21
27.11
27.21
27.11
27.21

In this paper, 50 sensor nodes are randomly deployed, and each 10 sensor nodes form a cluster.
Therefore, 5 cluster head nodes, 1 control center, and
5 mobile agent nodes are set up. In the experiment,
the environment monitoring sensor node, cluster
head node and mobile agent node are set to have the
same transmitting power and communication distance, because 10 sensor nodes in one cluster collect
different types of data to form a multi-sensor network, so the experiment It is assumed that their energy and the power of the transmitted data are different. When the sensor node transmits data over the
wireless link, the channel rate is 1 Mbps, the propagation delay is 1.5 μs, and the data packet sent by the
network layer is 8150 bits. All acknowledgment information and control information during transmission are assumed to be 400 bits and are fixed change.
For the space-time two-dimensional positioning table, the time variable P ranges from 0 seconds to 10
seconds, and the spatial variable Q ranges from 0
meters to 50 meters, according to equations (5), (6)
and (7). If the calculation result is outside the range,
it is considered that the node cannot communicate
with the cluster head node or the mobile agent, that
is, the node dies.
Figure 7 shows the network as a whole when
the system is applied to the above-mentioned monitoring area, using the EM-IOT algorithm and literature [10], literature [11], literature [12], and literature
[13] in the 1500-second monitoring process. Comparison of energy consumption changes, it can be
seen that the simulation statistical analysis results
show that the network energy consumption of all algorithms is gradually increasing, and the comparison
algorithm decreases when it is about 700 seconds.
This is because some cluster head nodes fail and the
network is paralyzed, and there is a blind zone, that
is, some nodes cannot send data. The EM_IOT algorithm proposed in this paper adopts the mobile agent
proxy mechanism. When the cluster head node is
found to be invalid, it can move to the clustering area
and keep the data transmission normally. Therefore,
the reliability of data analysis is guaranteed.
The energy consumption of a mobile Agent
node in 1500 seconds and the time spent in the moving process are shown in Figures 6 and 7. Comparing
the two figures, it can be found that the node is about
900 seconds. For EM-IOT, the energy consumption
is significantly reduced. This is because the ROSEN
gradient projection method finds the optimal path according to the space-time two-dimensional positioning table. Reach the clustered area in a short time,
reconstruct the topology of the multi-sensor network, and continue to maintain data transmission.
Therefore, it can be found that the algorithm proposed in this paper has real-time and reliability data
for remote monitoring and transmission of environmental monitoring, and can accurately analyze the
data, and the overall energy consumption of the network is low.

Error
rate
0.035
0
0.035
0
0.035
0.035
0
0.035
0
0.035

" 
0./:05:,590:>:,9:(5(3>909
No
de
1
2
3
4
5
6
7
8
9
10

Actual light
intensity
272.0
273.0
273.0
275.0
279.0
281.0
287.0
294.0
294.0
296.0

Light intensity analyzed
by the algorithm
272.0
274.0
275.0
276.0
277.0
278.0
282.0
290.0
292.0
294.0

Error
0
1
2
1
4
3
5
4
2
2

Select the temperature as the experimental
monitoring object, and then select multiple consecutive sampling (ie multi-node sampling). Place a thermometer nearby, test the actual temperature, compare the actual temperature with the temperature analyzed by the algorithm, and compare the results. As
shown in Table 3, the temperature error rate is less
than 0.01. The results analyzed by the algorithm are
consistent with the facts and reach the expected
Temperature parameters multi-node, real-time test
results.
Select the light intensity as the experimental
monitoring object, and then select multiple consecutive samples, there are multi-node sampling. Place a
special light intensity tester nearby to test the actual
light intensity, and compare the light intensity analyzed by the algorithm. The results are shown in Table 4. The light intensity error value is less than 6,
and the error rate is less than 0.02. The analyzed results are consistent with the facts, achieving the expected multi-node, real-time test results of the illumination intensity parameters.
3.680:/4 7,8-684(5*, :,9: In this section,
the environmental monitoring algorithm proposed in
this paper (denoted as EM-IOT) performs performance analysis and evaluation on the throughput of
the entire network, the throughput of the clustered
area, and the energy consumption of the mobile
agent node and its moving time. The algorithm proposed in this paper has real-time and reliability for
remote monitoring and transmission of environmental monitoring, and the overall energy consumption
of the network is low.
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The Internet-based environmental monitoring
trend analysis algorithm combines wireless communication technology, embedded technology and Internet of Things technology, and utilizes the powerful data storage and analysis advantages of the server
to quickly and remotely monitor and multi-sample
multiple parameters in the environment with fast, accurate, scientific monitoring and scientific analysis
of environmental parameters. This paper proposes an
environment monitoring trend analysis algorithm
based on IoT technology for node deployment and
clustering based on Internet of Things technology.
The algorithm can be divided into several clusters
according to the size and characteristics of the monitoring area. Each cluster is communicated in a selforganizing manner, and each sensor node has a selection of data types to be monitored in the environment clustering area, and the sensor node is adopted.
The data within the system is transmitted to the control and analysis center to analyze the trend changes
of the environmental monitoring data to achieve the
purpose of environmental monitoring. Simulation
and mathematical analysis show that the algorithm
can switch control between different types of collected data according to monitoring requirements
and analyze the trend of monitoring data, which is
energy-saving, efficient and easy to manage.
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data, so as to achieve the sustainable development
of the commercial economy. Under this background
and new situation, making full use of big data can
effectively make more scientific business decisions
for enterprises, and at the same time can excavate
potential business value [2]. However, environmental pollution control is the main problem faced by
our country in recent years. The destruction of the
ecological environment caused by economic development has further aggravated the crisis facing the
ecological environment, and it is inevitable to control the ecological environment pollution [3].
Experts and scholars have different opinions
on how to grasp the situation of ecological environment pollution and find suitable methods to
control it. Therefore, the application of big data in
the treatment of ecological environment pollution
has become a research hotspot [4]. Large environmental data will become an important basic platform for environmental management. Relying on
the comprehensive decision-making and management technology of large environmental data, it can
effectively improve the level of environmental
management and decision-making, and promote
cross-regional and multi-media collaborative comprehensive environmental management [5]. This
paper systematically reviews the development of
environmental management in China and the new
requirements of environmental management in the
new era, summarizes the progress of environmental
big data technology and its application at home and
abroad, and analyses the application and demand of
environmental big data technology in the field of
environmental management and decision-making in
China. In addition, the application prospects and
prospects of environmental big data technology are
put forward in order to promote the application and
research of large data technology in the field of
environmental management in China and provide
basic support for related research work.

With the increasingly prominent complexity
of environmental problems and the state's great
attention to ecological environment protection,
traditional environmental management and decision-making methods have been difficult to meet
the needs of environmental governance in the new
era. Promoting big data technology and its application is an important national strategy. Environmental big data technology is one of the hot research
fields of environmental science. It will promote the
gradual change of environmental management to
dynamic, digital, networked and refined. Based on
the background of the era of big data, and based on
the collaborative governance of environment, this
paper explores the roles of different subjects in the
collaborative governance of environment from the
perspectives of government, enterprises and citizens, and analyses the impact of big data on different subjects of environmental governance. It is
pointed out that along with the deep integration of
large data and environment cooperative governance
mechanism, we should construct the main linkage
mechanism, top-level promotion mechanism, interest-driven mechanism and social participation
mechanism.



(' "#
Big data technology, environmental data, pollution control, innovative application

$" %$ 
Big data is the product of the current scientific
and technological economic development. Through
big data, we can achieve high-quality analysis,
apply specific data to specific industries for detailed
analysis, and get the development trend or results,
in order to make a correct and consistent judgment
of future industrial development [1]. In the context
of economic globalization, the big data environment has brought great impact on the commercial
economy. Therefore, the commercial economy is
also striving to find a unified way in the era of big

->-4785-6< 7. -6>1:765-6<)4 *1/ ,)<)
<-+06747/A)6,1<;)8841+)<1761/,)<)+7667<)
<176 )6, 3-A <-+06747/1-; Big data generally
refers to the collection of data that cannot be perceived, acquired, managed, processed and served
by traditional IT technology and software and
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MapReduce, Hadoop and other technology platforms has become the basic platform of big data
analysis, which promotes the application of big data
technology into Cloud 2.0 era marked by analysis
as a service.
Typical big data applications and their comparisons see Table 1.

8841+)<176 8:7;8-+< 7. -6>1:765-6<)4 *1/
,)<) The core concepts and key technologies of
large data are applied to the field of environment,
collecting, integrating, storing, analyzing and applying large amounts of environmental data. Nowadays, the rapid development of environmental information technology promotes the application of
environmental big data technology. Massive environmental data can be perceived and collected
through acoustic sensors, biosensors, chemical
sensors, RFID technology, satellite remote sensing,
video sensing, optical sensors, artificial monitoring
and so on [9]. These provide a basis for the application of big data to environmental protection, and
big data technology brings new opportunities to
solve the current complex environmental problems.
By using the Internet of Things technology to process and integrate the perceived environmental
monitoring and environmental management data,
and then using appropriate data analysis methods to
process, check and verify, the large environmental
data system can be applied to environmental system
simulation, dynamic evaluation and comprehensive
decision-making system.
The technology and application of environmental big data will promote the transformation of
environmental management to integration, digitalization, and refinement. With the rapid development
of Internet, environmental monitoring, remote sensing observation and Internet of Things technology,
the mode of environmental data generation is
changing to the stage of automatic perception system. The environment big data system will construct the important information base of the complex environment system with large area, cross
department and multi-media by collecting, processing, storing and fusing multi-source and massive
data,
sharing,
interacting
and

hardware tools in tolerable time. It has the characteristics of large scale, variety and fast processing
speed. Big data is one of the hottest research fields
and emerging industries in the world [6]. It is expected to achieve technological breakthroughs and
innovations in the fields of scientific research and
teaching, environmental protection, engineering
technology, land security, biomedicine and so on.
Big data is a new stage of information development. With the convergence and integration of
information technology and human production and
life, the rapid popularization of the Internet, global
data shows the characteristics of explosive growth
and massive agglomeration, which has a significant
impact on economic development, social governance, national management and people's lives.
Big data technology and its application process mainly include data acquisition, mining, processing and management, big data analysis and so
on [7].
(1) Data acquisition and mining is one of the
important characteristics of large data. Data acquisition is the important foundation of large data
technology and application. At present, the commonly used big data acquisition technologies include satellite remote sensing, sensors, radio frequency classification, Internet and mobile platforms, etc. Large data mining and acquisition are
realized based on 3S, Internet of Things, network
crawler and other technologies.
(2) Data processing and management, mainly
completes data processing, cleaning, denoising and
checking. Generally, through clustering or correlation analysis, combined with the verification of
actual observation data, the useless or wrong outlier
data are filtered out. Build parallel and efficient
large data management system, such as distributed
file system GFS, distributed database BigTable, to
achieve the unified management, retrieval, invocation and interconnection of massive data sharing
[8].
(3) Big data analysis is the core part of big data processing process, generally including machine
learning, intelligent algorithm, statistical analysis
and system modeling. Cloud computing has become the latest technology and trend of big data
analysis. Cloud computing platform represented by
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Application area
Computational
science
Economics
Social network
mobile data
Internet of things
Internet
Multi-media

Classic case

Number of users

Reaction time

Data capacity

Reliability

Accuracy

Bioinformatics

Small amount

Slow

TB

Middle

Very high

Mass

Fast

GB

Very high

Very high

Massive
Massive
Mass
Massive
Massive

Fast
Fast
Fast
Fast
Fast

PB
TB
TB
PB
PB

High
High
High
High
High

High
High
High
High
Middle

High frequency
trading
Facebook
Mobile phone
Sensor
News website
Video website
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cific and clear. To quote the useful management
theory, management skills and technology application of big data will help the deep development of
big data in environmental public governance, and
let more people learn big data, use big data to improve management level, and protect the ecological
environment on which we live.

0):)+<-:1;<1+;)6,8:7*4-5;7.*1/,)<)16
-+7-6>1:765-6<)4 8744=<176 +76<:74 0):)+<-:
1;<1+;7.*1/,)<)16<0-+76<:747.-+747/1+)4-6>1
:765-6< 8744=<176   1/0<-+0 )6, 6<-441/-6<
!:16+184- High-tech and intellectualization are the
foundation and root of the development of ecological environment crisis management. High-tech and
intellectualization are also the product of the development of modern science and technology society.
Intelligence of big data can fully display the intellectualization and sci-tech attributes of the internal
environment of big data. Currently, high-tech and
intellectualization are not only reflected in the connection with the Internet, but also are not equivalent
to the use attributes of high-end science and technology. That is to say, after the development of the
ecological environment crisis management system,
we should ensure that the use of big data is easy to
understand, and then ensure the effective development of high-tech and intelligent big data. Big data
is compared with traditional information systems as
shown in Table 2.

synthesizing applications. As a new technological
means and thinking mode, large environmental data
can effectively link massive and interrelated environmental information, realize the dynamic response and timely feedback of economic and social
activities-pollution emissions and environmental
quality, and make environmental management
gradually change to dynamic, digital, networked
and refined. The advantages of applying big data to
solve environmental public governance problems
are shown in Figure 1.
Due to the obvious technical advantages of
large data, such as real-time monitoring in the process, accurate and efficient conclusion-making, it
can be timely and accurate analysis in dealing with
basic public environmental monitoring in peacetime
or major emergency environmental events, effectively avoiding inefficient decision-making [10]. As
the main provider of environmental public services,
government departments have strong guiding significance in environmental governance. The analysis of large environmental data, on the one hand,
can provide information-based analysis methods
and techniques for decision-making judgment of
managers, and has clear and targeted guidance
recommendations [11]. On the other hand, through
the study of large environmental data, the dissemination of academics can be inspired. Through the
study of sharing and interaction of learning, the
direction and method of research can be more spe-

Accurate

Early prediction

Efficiency

Analysis
processing

Immediate decision
Real time
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758):1;76;*-<?--6*1/,)<))6,<:),1<176)416.7:5)<176;A;<-5;
Category
Infrastructure
Network environment
Data acquisition

Traditional information system
Decentralized independence
Single computer or LAN

Data storage
System function

Decentralized storage, lack of sharing

Analytical methods

Causality analysis based on a small
number of samples

Big data
Unified cloud computing platform
Internet, mobile internet
Using sensors, network crawlers and
other tools to collect data
Centralized storage and full sharing
Solving multiple complex business
problems
Causality analysis based on a small
number of samples

Paper reports or charts

Data visualization

Mainly by manual input
Decentralized single business problem

Presentation

Regional Development Strategy,
Environmental Protection Objectives,
Policies and Systems, Standards and
Norms, Cost-effectiveness, Technological
Progress and Environmental Risk Control

Environmental management and
comprehensive decision-making

Environmental
management control

Large data technology
and its application

Complex System Model and
Resources and Environment
Bearing Capacity

Large data analysis and
application

Data Cleaning, Fusion and
Verification, Validation of Large
Data Platform Management
System, Data Sharing

Data processing and
manangement

Environmental Monitoring,
Sensors, Internet Data
Mining, Sample Survey

Data acquisition and mining

%" 
)16.=6+<176,1)/:)57.-6>1:765-6<)4*1/,)<);A;<-5
  !:16+184- 7. ;=;<)16)*141<A Sustainable
development is the social development criterion
that all trades and professions must strictly abide by
in our country. The sustainable development of big
data requires not only meeting the needs of contemporary people, but also ignoring the needs of
future generations on the basis of not reducing
environmental quality and not destroying natural
resources [12]. The core of big data in guiding the
sustainable development of ecological environment
crisis management is the coordinated development
of social economic interests, the extensive needs of
the public, and the rational use of natural resources.

  !:16+184- 7. -..1+1-6+A The principle of
efficiency is not only measured by its economic
productivity, but also by the degree to which peo-

ple's basic needs are met. It is the integration and
overall efficiency of human overall development.
The efficiency of this paper means that the guidance and guidance of big data in the management of
ecological environment crisis should pay attention
to high efficiency and high quality, so as to ensure
the guiding role of big data in the management of
ecological environment crisis.
The main functions of the environment big data system are shown in Figure 2.
!:7*4-5; 7. *1/ ,)<)16 -6>1:765-6<)4 +:1
;1;5)6)/-5-6< $0-+76+-8<7.-6>1:765-6
<)4 8744=<176 +76<:74 ?1<0 *1/ ,)<) 6--,; <7 *-
158:7>-, In recent years, more and more people
in our country pay attention to the management and
development of ecological environment crisis, but
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how to carry out the management of ecological
environment crisis, the integration of big data and
the management of ecological environment crisis is
obviously insufficient. Our country has a vast territory and a large population. Regarding the local
government, it is necessary for the local government and management to actively manage the ecological environment crisis in order to avoid facing a
greater problem of ecological environment crisis
management [13]. Influenced by such realistic
factors as knowledge, the governments and relevant
departments in some regions of China are not fully
aware of the application of big data in the management of ecological environment crisis, and it is
difficult to correctly use big data, and lack of structural understanding of the management of ecological environment crisis, thus affecting the development of ecological environment crisis management
under big data.
For our country's ecological crisis management structure, water pollution is 23%; air pollution
is 52%; vegetation pollution is 5%; others are 10%.
Air pollution is the main direction of ecological
crisis management in China at present, but in contrast, other governance structures are insufficient,
while the ecological structure imbalance caused by
the loss of animals and plants is rarely covered, as
shown in Figure 3.

data with the management of ecological environment crisis. In addition, for some people who have
been engaged in the management of large data
ecological environment crisis, they will also face
the treatment of family and other social relations,
and the time for the system to improve personal
professionalism is less. If the unit can not provide
training for them, it will also affect the professionalism of large data ecological environment technicians.

 )<)+744-+<176)6,;<)<1;<1+;7.4):/-,)
<) -+7-6>1:765-6< As mentioned above, the
research root of big data ecological environment
crisis management lies in big data, that is, a large
number of real-time and scientific data are integrated together to carry out big data analysis, and then
to analyze the situation of ecological environment
crisis in detail, and then to carry out ecological
environment crisis management. There are still
some structural deficiencies in the collection and
statistics of big data in the process of ecological
environment crisis management in China, and the
data need to be further improved to ensure the better use of big data in the management of ecological
environment crisis.
The main sources of large data ecoenvironmental crisis data in China are operation
reporting devices accounting for 23%; computer
generated data accounting for 13%; user generated
data accounting for 20%; video, audio, etc. accounting for 15%; others accounting for 29%. From the
point of view of data acquisition and proportion, the
large data sources of ecological environment crisis
management in China still need to be improved and
strengthened, as shown in Figure 4.

  )+3 7. 8:7.-;;176)4 <)4-6<; Big data is
the product of the development of high-tech industry and Internet economy in recent years. At present, the quantity and quality of the relevant personnel in the management of large data ecological
environment are insufficient, which greatly affects
the management of large data ecological environment crisis. There is no way to really integrate big

%" 
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Data aware layer

The environmental information of the designated area is collected by
monitoring point equipment. Miniaturized high-sensitivity
instruments are used to monitor and evaluate the meteorological
conditions, air quality, soil environment, hydrological quality and
surrounding ecological environment of the environment.

Data aggregation layer

Through the access of different interfaces and the conversion of
different protocols, the effective access of various devices can be
realized. For the upper layer, the difference between heterogeneous
data is shielded, and the management of the upper layer to the lower
layer is transparent.

Network interconnect
layer

Media for monitoring data and controlling information transmission.
Using the wide area connection ability of the network, the remote
data transmission can be realized.

Intelligent processing
layer

Real-time access to massive streaming data, large data storage
management and collaborative analysis of multi-source data, and
provide support services for upper application decision-making.

Application decision
layer

Through the platform, the comprehensive integration of multisource massive data can be achieved, high-quality data services can
be provided, environmental monitoring network can be effectively
managed, and data base can be provided for pre-service.
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which provides the public capabilities required for
the application of the Internet of Things, thus building a stable, reliable, secure and scalable network
system. The large data environment monitoring
system based on Internet of Things technology is
shown in Figure 5.

76;<:=+<176 7. 778-:)<1>- 6>1:765-6
<)4 7>-:6)6+- -+0)61;5 16 1/ )<) :)
With the development of society, environmental
problems have become more and more complicated. Environmental data are scattered among different departments and subjects, which makes the
solution of the problem need the joint participation
of multiple subjects. Mechanisms are also needed to
ensure the active participation of all parties and
promote cross-border collaboration among different
subjects, and to seek a solution framework for environmental problems based on data-driven technology. By analyzing the application requirement of
environmental monitoring and combining the characteristics of comprehensive perception, reliable
transmission and intelligent control of the Internet
of Things, a high-density monitoring network platform based on the Internet of Things is constructed,

!:16+18)4 4163)/- 5-+0)61;5 The report of
the Nineteenth National Congress of the Communist Party of China pointed out that we should
focus on solving outstanding environmental problems and build an environmental governance system with the government as the leading body, enterprises as the main body, social organizations and
public participation. The objective situation of
environmental pollution and its control in China
makes it the only way for environmental governance to introduce the synergy among multiple subjects through the construction of the main body
linkage mechanism. The main body linkage mecha-
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nism supported by the environment protection big
data platform can fully pay attention to the external
effects among the related subjects, combine the
information indicators of various data, and establish
a multi-domain index fusion Association model. On
the basis of overall analysis, corresponding plans
and objectives should be formulated to form multisubject and multi-level cooperative governance to
achieve maximum inclusiveness and sharing. The
lack of core technology and basic technology and
insufficient support for data sharing at the national
level and laws and regulations level in China require the government to speed up the promulgation
and improvement of policies and regulations, improve top-level design, and increase policy support
for the development of environmental information
big data technology. By optimizing the industrial
environment and strengthening policy support, the
government and enterprises should be encouraged
to cooperate in the development of large data technology, financial institutions should be supported in
the development of large data technology enterprises, and social investment should be directed towards large data industry. Strengthen the cooperation between governments and departments to promote the flow of environmental protection information. Enterprises that adopt a cooperative attitude, take an active part in environmental governance, upgrade and transform by relying on big data
technology will be given preferential policies, tax
relief and so on. To protect citizens' legitimate
rights, relying on the Internet and other technical
means, reduce the cost of citizens' participation,

improve citizens' willingness to participate, and
encourage citizens to actively contribute suggestions for environmental governance. Depending on
the flexible and numerous characteristics of citizens, we can monitor the pollution behavior of
enterprises around us at any time, and form the
main linkage mechanism of top-level government
promotion, enterprise benefit-driven and effective
citizen participation, as shown in Figure 6.
$784->-4,:1>16/5-+0)61;5 The problems
encountered in human development need to be
solved through technological progress. The change
of government from "statistical government" which
is dominated by control to "digital government"
which is dominated by service in the information
age is the inevitable choice of social technological
progress and the objective requirement of changing
the concept of environmental governance. As the
leader of the coordinated environmental governance, the national environmental protection department should actively establish a global view of
green development, ideologically break down the
barriers of departmental interests, and use a macro
perspective and unified standards to make the flow
of information between departments and platforms
more smoothly. Efforts should be made to form a
national-level big data strategy that conforms to the
current situation of China's environmental problems
and is universally applicable and instructive and
belongs to China. The central government should
actively guide local governments to plan
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scientifically and orientate reasonably according to
their own conditions, run the thinking of big data
through the whole process of local environmental
governance, promote the flow of environmental
protection data between the upper and lower levels
and parallel flow, and form a new pattern of environmental governance in which the central and
local governments reasonably divide labor and
cooperate with each other. The government can
formulate relevant policies and regulations, relying
on the technological advantages of enterprises and
social institutions under the principle of risk control, actively promote the marketization of data
applications, reduce data management costs and
improve data fusion efficiency through government
procurement and service outsourcing. Promote and
improve the construction and operation of environmental protection big data platform. Through the
analysis and mining of the production and pollution
data of enterprises, the characteristics of the correlation between the relevant data are studied, the
relevant model is established, the operation efficiency and operation cost of the treatment facilities
are obtained, and the real sewage discharge situation of enterprises is judged, which improves the
scientificity and accuracy of decision-making. For
similar enterprises with high pollution emissions,
the government can adopt fines, taxes and other
means to prompt enterprises to make timely adjustments.

6<-:-;<,:1>-6 5-+0)61;5 Under the guidance of economic rationality, enterprises need to
improve the interest-driven mechanism in order to
maximize their own economic interests and enhance their willingness to participate in environmental governance. The government should improve the reputation mechanism of enterprise pollution control, publish timely and accurate pollution
data and information of enterprise pollution treatment, punish enterprise's dishonest behavior in
environmental management, and praise law-abiding
enterprises. The environmental protection department relies on big data technology to construct and
improve the third party governance information
platform, and timely discloses the basic situation of
third party governance institutions, governance
projects, project acceptance and other contents.
Enterprises with low efficiency in pollution control
are encouraged to hand over the responsibility of
pollution control to the third party in the form of
payment. We should guide the active participation
of social capital, promote the specialization, industrialization and professionalization of pollution
control, and promote the upgrading and development of environmental services, environmental
protection technology and environmental protection
infrastructure construction. The direct responsibility
of polluting enterprises for pollution control can be
transformed into indirect economic responsibility,

which can wholeheartedly invest in the production
and research of products, and improve the economic benefits of enterprises. The specialization and
scale of third-party governance institutions will
bring about the progress and development of environmental governance technology. Because of the
problem of pollutant charges, the third-party governing bodies will strictly supervise the concentration, density and total amount of pollutants, save
the cost of administrative supervision, and ensure
that the large data platform for environmental protection collects real and effective data, so as to
achieve win-win situation among enterprises, governments and third-party governing bodies.
=4<1>)<16/+7587=6,<)4-6<;?1<0*1/,)<)
According to the first national report on big data
talents, there are 460,000 big data talents in China.
It is expected that in the next three to five years,
there will still be more than 1.5 million shortcomings in big data professionals in China as shown in
Figure 7. In the Employment Social Platform Leadership Talent Trend Report 2017, big data professionals are still in short supply, and in the industries
involved, government management personnel are
even less than 1%. Therefore, it is particularly important to pay attention to the talent training of big
data. In the training of big data talents, data science
research, big data application and development
engineers, big data analysts, big data security research and development talents are all in short
supply. Traditionally, big data is only related to
high technology. According to the data survey of
China Data Industry Analysis Network, the cost of
R&D in industries with big data needs is still low.
For example, in 29.F11% of R&D departments,
there are about 1-10 people. This also reflects the
application needs of big data from another level,
which will not be limited to large companies, but
will be applied to all walks of life in the future.
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imental environmental quality monitoring service is
shown in Figure 8.
For example, Table 3 is a data query performance test table based on HBase, and Figure 9 is a
performance test result chart. Looking at Figure 9,
we find that with the same total number of data
records, the response time of query data increases
correspondingly with the increase of the number of
records of query results. When the number of query
results is the same, with the increase of the total
number of data records, the response time of query
data increases correspondingly, but the overall
response time of query data is stable in
milliseconds.

Because the performance of the system is
mainly affected by the query and import of monitoring data, the performance test mainly focuses on
the performance test of data query and import. The
data import performance test mainly tests the running time of data import according to different data
magnitude, while the data query performance mainly aims at the response time of the test system when
the total number of data records is different and the
total number of records of the final query result set
is different. The topological structure of the exper    

    

 

 
 
 

…

 

 
 
    


  
 
 

…
 


 


 


 


%"
$78747/A7.-6>1:765-6<)49=)41<A5761<7:16/*=;16-;;

$ 
6>1:765-6<)4);;-;;5-6<8-:.7:5)6+-<-;<);-,)<)

Total number of data records (million)
1
1
1
1
10
10
10
10
100
100
100
100
1000
1000
1000
1000
5000
5000
5000
5000

Total number of data query results
1
10
100
1000
1
10
100
1000
1
10
100
1000
1
10
100
1000
1
10
100
1000
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Response time (ms)
38
41
55
62
47
50
67
86
50
53
70
86
52
56
79
95
95
56
82
103
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Total number of data records
(million)
1
1
1
1
10
10
10
10
100
100
100
100
1000
1000
1000
1000

Total number of
data query results
1
10
100
1000
1
10
100
1000
1
10
100
1000
1
10
100
1000
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Response
time (ms)
34
37
55
169
60
67
74
132
223
226
245
268
1898
1902
1917
1995
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information technology, big data has a very broad
application prospect in the field of ecological environmental protection. We need the joint efforts of
the whole society to support the application of big
data in all aspects, so that it can make breakthroughs in the development of core technology and
the application of information technology. Only in
this way can we promote the healthy, rapid and
effective development of big data, and further improve the technology and information application of
big data in the management of ecological environment crisis, so that big data can better serve the
treatment of ecological environment pollution and
contribute to the protection of ecological environment in China. How to guide and cultivate the
growth and maturity of other subjects under the
leadership of the government, and how to construct
an institutionalized, normalized and intellectualized
mechanism of environmental pollution cogovernance through in-depth agreement with large
data, still need to continue to explore and excavate.

Figure 10 is the performance test result chart,
and Table 4 is the Oracle-based data query performance test data table. Looking at Figure 10, we find
that when the total number of data records is below
tens of millions, the query data can be completed in
milliseconds. When the total number of data records reaches tens of millions, the response time of
data query increases rapidly, and the query can be
completed in seconds.


 %# 
This study enumerates and analyses the typical
cases of environmental protection big data in the
innovation of environmental pollution prevention
and control management, and puts forward the key
points of opening, sharing, standards and integration of environmental protection big data in the
innovation of environmental pollution prevention
and control management. As a new generation of
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Coincidentally, the government solutions to these
two problems both point to the regulation of coal
production. In 2013, the State Council issued “the
action plan for the control of air pollution” [8] and
“advice about promoting the smooth operation of
coal industry” [9], respectively, putting forward
policies and measures such as accelerating clean
energy utilization and curbing the disorderly growth
of coal production. However, the present situation
of the coal market in recent years shows that the
regulatory measures directly targeting coal production have not achieved the desired effects. For example, the phenomenon of sustained coal oversupply still appeared in 2014.
Starting from the demand side may provide an
effective way to solve these problems. On the one
hand, in the current case of China’s coal overcapacity and oversupply, demand plays a more decisive
role for the actual consumption. Hence, scientific
analysis and reasonable regulation of the future
trend of coal demand in China is more conducive to
the realization of “desirable” coal consumption for
coping with the current resources and environment
predicament. On the other hand, the scientific prediction of coal demand could also provide the theoretical basis and reference for relevant departments
to formulate production regulation policies, avoid
the volatility in the coal market, and help enterprises reduce unnecessary inventories. Therefore, it is
very necessary to continuously explore and improve
research on the coal demand forecast.
At present, there are many studies on forecasting the coal demand of China. Early studies focusing on this topic could date back to the 1990s. For
example, Chan and Lee used Engle–Granger’s
ECM, Hendry’s ECM and the general-to-specific
method to forecast the coal demand of China from
1995 to 2000 [10]; Peng is among the early researchers who used the artificial neural network
method to predict the coal demand of China based
on coal consumption data from 1978 to 1994 [11].
In the last 10 years, there has been a sharp increase
in related studies regarding China with diversified
methods. It can be seen that, econometric models
are always very popular, mainly including the
Bayesian vector autoregressive methodology [12],
cointegration model [13], etc. Besides these models
heavily relying on mathematical statistics, the input–output analysis, a widely applicable approach

China’s residential sector has experienced rapid electrification and gasification. However, coal
still accounts for a large share of energy use, especially in the north. In this paper, a level dataset is
used to estimate the price and income elasticities of
aggregate coal demand. We find that future income
growth may help to induce switching from coal.
Demand is becoming more price elastic as incomes
grow. Our results provide benchmarks and parameters for policy simulation research. Countermeasure
to protect the environment is proposed.



(' "#
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Coal is a fundamental energy and an important
industrial raw material of China, which plays an
influential role in the development of China’s
economy and society [1]. With the rapid growth of
energy demand, China’s coal production has increased continually. In 2013, the coal production in
China reached 3.68 billion tons, accounting for
76% of the nation's total primary energy production
and nearly half of the world's coal production [2].
At present, China is in a stage of rapid industrialization and urbanization, so energy demand will continue to increase [3, 4]. However, oil and natural
gas resources in China are relatively scarce [5], and
it will take a long time before new and renewable
energy could be employed on a large scale [6].
Therefore, coal will still be the main energy source
in China for a long time in the future.
However, the current coal industry in China
faces double pressures. On the one hand, years of
highly intensive development and utilization of coal
resources has led to a destroyed ecological system
and a polluted atmosphere [7]. Especially in recent
years, the nationwide range of serious haze problem
has attracted wide attention by the whole society
toward the manner of coal production and utilization. On the other hand, since 2012, China’s coal
industry has had structural overcapacity, so prices
fell and enterprises fell into management difficulty.
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ta, ratio of secondary industry value-added to GDP,
the total amount of imports and exports) of all provinces are obtained from various years of provincial
Statistical Yearbooks and China Compendium of
Statistics 1949-2018.
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based on economic principles, was also used in the
practice of coal demand forecasting [14, 15]. In
recent years, the artificial intelligence methods
were equally favored by the researchers due to their
strengths in data simulation, such as artificial neural
network [16], genetic algorithm and particle swarm
optimization. Because of its less requirement on
data, the time series model, such as GM (gray model) model, has kept being popular as well. Up to
now, however, there is still not a recognized most
effective method that is best for China's national
conditions. Moreover, it is difficult to directly compare the results from different studies for the following reasons.

From the modeling practice, a large number of
researchers established various energy models for
demand forecasting. Comparing all of the existing
methods simultaneously in one study may overwhelm and distract the readers. Therefore, this
study only focused on the mainstream models.
In recent years, coal consumption has increased year by year. From 2000 to 2017, coal
consumption increased from 2,625 million tons to
44.21 million tons, an increase of 67.1%, with an
average annual growth rate of 7.7% (Fig.1 and 2).
The influence of industrial restructuring on
coal consumption has also been attracting interest
from researchers. For instance, Chan and Lee revealed that besides national income and price, the
change of industrial structure is also an important
factor affecting the coal consumption of China [17].
Similarly, Lin et al. [18] also investigated the influence of industrial restructuring on China’s coal
consumption and further predicted the coal demand.
In recent years, actively developing the tertiary
industry and adjusting the industrial structure has
become a priority for the government. Hence, this
study also takes the industrial structure change as
one of the factors (Fig.3 and 4).

$"#$ #

*=* In recent years, China’s economic
growth has been fueled by rapid increases in coal
consumption. According to the China Energy Statistical Yearbook, coal consumption has accelerated
since the mid-1990s, and the average annual growth
rate of coal consumption in China was as high as 10
percent during the 10th Five-year Plan. Currently,
China’s coal consumption accounts for approximately 50% of world level.
We utilize provincial data in the estimations
and forecasts. The provincial total coal consumption data from 2000 to 2017 are extracted from the
China Energy Statistical Yearbooks 1999–2018.
Provincial population data are collected from the
China Statistical Yearbooks 1999–2018. Other
socioeconomic indicators (including GDP per capi-
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and the maximum of these was used in the pessimism scenario. And, since even the smallest economic growth rate for China assumed in the SSPs is
greater than the one in the 13th FYP, the minimum
annual average growth rate of world’s GDP from

For Fig.5 and 6, as for alternative scenarios,
when setting the factor of economic growth, the
annual GDP growth rates after 2010 and the ones
from different SSPs (Shared Socio-economic Pathways scenarios) during 2016–2020 were compared,
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SSPs during 2016–2020 was used in the optimism
scenario. As for investment factor, according to the
slight increasing trend of coal production and consumption in 2017, investment in mining and washing of coal sector during 2016–2020 was assumed
to be the same with that in 2015 in the pessimism
scenario while the maximum annual decreasing rate
of investment in mining and washing of coal sector
during 2011–2015 was used in the optimism scenario. As for the energy structure, the minimum and
maximum of the annual increment of the ratio of
renewable energy to total energy consumption
during 2011–2015 was used in the pessimism and
optimism scenario, respectively. As for the indus-

trial structure, the minimum and maximum of the
annual decrement of the ratio of value-added in
industry to GDP during 2011–2015 was used in the
pessimism and optimism scenario, respectively.
The model have relatively optimal predicted
effects for China's total coal demand of 2000–2017.
The relative errors covering the whole period of the
model are shown in Fig. 7. For all three forms, it
can give good solutions, with MAPE close to or
below 2% and the other two statistics at a lower
level. Moreover, from the view of the characteristics of the algorithm, it has a faster convergence
speed compared with the other optimization algorithms and has good stability.
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#=;.70=1.7 =*5.7= 9885 *7- .<=*+52<1 27,.7
=2?.6.,1*72<6 Talents are the driving force and
cornerstone of the development of the industry.
Only by ensuring good talents can the industry
develop and survive in accordance with the established track and strategy. Therefore, for the coal
industry, it is particularly important to strengthen
the talent pool. Talents can be found in the industry
through talent assessment or examinations. They
can also be introduced from universities, research
institutes, etc., while cultivating and exploring
young talents and setting up leading groups. The
office also arranges the backbone to be responsible
for talent introduction and reserve work, and do a
good job in implementing the work to ensure that
the talents introduced or reserved better serve the
coal sector and retain talents. At the same time, the
establishment of a reward mechanism can increase
incentives, increase staff salaries, increase competition bonuses, and increase year-end bonuses.

8*088-38+27=.,1785802,*52778?*=28727
,8*5 9855>=287 6*7*0.6.7= Technological innovation is a very important task. For coal pollution
management, it is necessary to do a good job of
technological innovation. Only in this way can we
reduce the large amount of investment and personnel investment, so that under the influence of high
technology, we can protect the environment and
create an ecological environment. Beautiful and
environmentally friendly China. In order to achieve
this goal, the leaders must first carry out management work in a highly responsible spirit, organize
planning and design work, formulate development
plans and plans, and carefully organize personnel to
do management work. Secondly, do a good job of
mobilizing management personnel, strengthen publicity, widely mobilize the masses to participate in
the treatment of coal pollution, and go all out to do
a good job in coal pollution control.


 %# #

8 *7 .//.,=2?. ,8>7=.;6.*<>;. =8 9;8=.,=
=1..7?2;876.7= Coal, as the basic energy source
in China, has played a huge role in ensuring the
country’s economic and social development. However, in recent years coal has reentered the public
view with all kinds of negative images. The first is
the environmental problem. The long-term highly
intensive exploitation of coal has led to surface
subsidence, water resource destruction, coal gangue
accumulation, soil and water loss, vegetation destruction, wetland reduction, etc. Meanwhile, the
massively extensive use of coal is one of the main
sources of air pollutants. The second one is carbon
mitigation pressure. In June 2015, in the Intended
Nationally Determined Contribution (INDC) submitted to the United Nations, China pledged to peak
its CO2 emissions by around 2030 and increase the
proportion of non-fossil fuel energy in total primary
energy consumption to about 20%. These announcements have put forward a great challenge to
the coal-dominant energy system of China.
Therefore, it is widely proposed that the consumption of coal should have a ceiling, i.e., a peak.
The recent first meeting of the Central Leading
Group on Financial and Economic Affairs made it
clear that efforts should be made to adjust the energy structure, reduce coal consumption, and increase
the use of clean energy.
#=;.70=1.7270 <>66*;A *7- *-?8,*,A
@8;4 First of all, we must find the key reasons for
the existence of coal pollution environment. The
environmental management department must assume good management responsibilities and earnestly perform its management duties. It is necessary to select a reasonable personnel composition to
ensure that the management personnel carry out
propaganda work in accordance with the determined plan, innovate thinking in propaganda,
change the old propaganda mode, avoid public
misunderstanding, and strengthen the management
of coal pollution environment.
#=;.70=1.79.;<877.5=;*27270 Because it is
not aware of the environmental pollution of coal, it
will not pay more attention to training. If this situation is maintained for a long time, the quality of the
air environment will not be effectively managed. In
the long run, the degree of damage and damage will
be irreparable. We must attach great importance to
strengthening personnel training. We should proceed from the actual situation of environmental
management, make planned plans and plans, fully
consider the ability and level of management personnel, and continuously enhance the skills and
level of management personnel.

This study utilizes panel data for 29 Chinese
provinces from 2000 to 2017 to investigate the
determinants of coal consumption in China, and
forecasts of coal consumption for 2013–2020 are
conducted based on the estimation results.
China’s residential sector has experienced rapid electrification and gasification. However, coal
still accounts for a large share of energy use, especially in the north. In this paper, a level dataset is
used to estimate the price and income elasticities of
aggregate coal demand. We find that future income
growth may help to induce switching from coal.
Demand is becoming more price elastic as incomes
grow. Our results provide benchmarks and parameters for policy simulation research.
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China’s traditional treatment of domestic waste
such as landfill, composting and incineration has
problems such as high pollutant emissions and low
utilization rate. In order to realize the clean treatment
and resource utilization of domestic garbage, waste
gasification technology has received extensive attention from researchers at home and abroad. However,
China’s current energy structure is characterized by
“rich coal, lean oil, and less gas.” This energy structure determines that China’s energy consumption
can only be dominated by coal. The conversion of
coal gasification to natural gas has become an important strategic option. The use of domestic waste
methanation reaction to produce methane gas, the
formation of synthetic natural gas can achieve the
purpose of turning waste into a waste of life. The key
issue in the methanation process is how to improve
the selectivity and yield of methane and prevent the
carbon deposition of the catalyst from deactivating.
The development of efficient methanation catalysts
is one of the focuses of methanation technology research. Since coal fly ash contains a large amount of
silicon and aluminum sources, the supported
methanation catalysts commonly have carriers
Al2O3, SiO2, ZrO2 and TiO2. Although the carrier has
no catalytic activity, it has a significant effect on the
activity of the catalyst. Therefore, in this study, coal
fly ash was used as a catalyst carrier inducer for the
methanation reaction of domestic waste, and Ni was
used as the active component to prepare a Ni-coal fly
ash (Ni-CFA) catalyst with coal fly ash carrier inducer. The catalytic performance of methanation of
Ni-coal fly ash used in different coal fly ash was
studied. At the same time, the stability and performance evaluation of Ni-coal fly ash (Ni-CFA) catalyst were also tested. The results show that the catalytic performance of methanation of Ni-coal fly ash
(Ni-CFA) catalyst increases with the increase of coal
fly ash dosage, and Ni- coal fly ash has better carbon
deposition resistance.



In recent years, as environmental problems
have become more prominent, the effects of smog
have attracted the attention of most parts of China.
In order to alleviate the contradiction between current development and environmental protection and
solve the problem of increasingly serious haze pollution in China, we should seek methods from the
root causes. Urban domestic waste is also a resource
that has been misplaced by people. The main ingredients are kitchen waste, waste paper, waste plastics,
waste fabrics, waste glass, grass, lime, bricks, and
metal. The treatment methods are the three types of
sanitary landfill, composting and incineration. Although these methods have been developed over the
past hundred years, there are many technical problems that need to be solved [1]. If it can be used reasonably, it will not only change waste into treasure,
but also increase economic benefits. Today, garbage
is considered to be the most promising “urban deposit” that is inexhaustible. The comprehensive utilization of waste is an important means to realize
waste recycling and reduction. The ways of recycling domestic garbage mainly include material recovery, material conversion and energy conversion.
Coal fly ash comes from waste slag discharged
from coal-fired boilers such as thermal power plants.
As the current energy demand increases, the output
of coal fly ash also increases. As the most basic and
most abundant fossil fuel in China, coal is used in
China for power supply and winter heating. Coal is
not a clean energy source [2]. A large amount of
combustion will cause the formation of harmful substances such as sulfides and nitrides, accompanied
by the generation of small particles such as dust. According to statistics, China's annual output of coal fly
ash is about 260 million tons, but the utilization rate
is only about 30%. Moreover, coal fly ash is mainly
used in the fields of building materials, agriculture,
road construction and the like. A large amount of ash
is accumulated in the ash storage yard, which occupies a large amount of land resources and also seriously pollutes the surrounding environment. Therefore, how to turn coal fly ash into waste and realize
its comprehensive utilization has become an im-
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ash discharged from coal-fired power plants has increased year by year, making it become one of the
industrial wastes with a large displacement in China.
Coal fly ash is mostly composed of a glass sphere
structure and is a loose solid aggregate. The average
particle size of a single coal fly ash particle is 40 microns, the particle size is about 2.5-300 microns, the
solid density is about 2-2.3 t/m3, the bulk density is
about 550-658 kg/m3, and the porosity is generally
60-70%. Due to the structural properties of the coal
fly ash, the carrier which can be a methanation catalyst has a relatively large specific surface area and a
good pore structure [6].

53-891+ <)89- /)81.1+)9154 9-+04525/>
Synthetic natural gas technology refers to the
technology of converting carbonaceous resources
into methane by using corresponding equipment
according to the methanation reaction principle.
Domestic garbage gasification refers to the process
of simple pretreatment of domestic garbage through
molding or crushing, and then gasification into
methane gas under the action of a certain
temperature and gasification agent. Similar to coal
gasification, the domestic waste gasification process
mainly goes through four stages, namely the drying
stage, the pyrolysis (cracking) stage, the oxidation
stage and the reduction stage.The temperature in the
oxidation stage can be as high as 1000-2000°C,
mainly because the remaining domestic garbage is
pyrolyzed, and reacts with the air to release a large
amount of heat, which can be used for drying,
pyrolysis and reduction of domestic garbage. In the
reduction stage, under the condition of lack of
oxygen, the remaining domestic garbage and CO2
and H2O are reduced to form combustible gas such
as methane [7]. The schematic diagram of the
domestic garbage gasification process is shown in
Fig. 1.

portant research direction in the field of environmental protection. Coal fly ash and municipal solid waste
are the two main bodies in solid waste. The production of coal fly ash blocks consumes a lot of heat,
and the chemical energy in the waste just meets this
need [3]. If the two are combined, not only can save
a lot of coal, but also provide a new way for waste
recycling.
From the perspective of material conversion,
we will methanize domestic waste, produce methane, further synthesize natural gas, turn waste into
waste, and realize comprehensive utilization of resources. Since coal fly ash contains a large amount
of silicon and aluminum sources, the commonly
used carriers for supported methanation catalysts are
Al2O3, SiO2, ZrO2 and TiO2. Although the carrier has
no catalytic activity, it has a significant effect on the
activity of the catalyst. TAO, Miao, et al. [4] prepared a Ni-SiO2 catalyst with fine and uniformly dispersed Ni grains, which exhibited a good synthesis
gas methanation activity during the reaction. MUNNIK, Peter, et al. [5] used TiO2 as a carrier and
loaded Ni and Co bimetals as active components. In
the experiment of removing CO from reforming oil
and gas, it was found that increases CO conversion
and methane selectivity at low temperatures.
Methanation reaction that can be inhibited at high
temperatures. Therefore, the hospitalization reaction
can be selectively performed over a wide temperature range. Each of the carriers has more or less selfdefects, which greatly affects the catalytic performance of the catalyst prepared by the carrier. In order to obtain a catalyst with more comprehensive
catalytic properties, researchers are looking at the
composite carrier. It is more common to add TiO2 or
ZrO2 to A12O3 or SiO2to prepare a composite carrier.
The main oxide composition of coal fly ash is: SiO2,
Al2O3, FeO, Fe2O3, CaO, TiO2 .
Therefore, in this study, coal fly ash was used
as a catalyst carrier inducer for the methanation reaction of domestic waste, and a Ni-coal fly ash catalyst with coal fly ash carrier inducer was prepared.
The catalytic performance of methanation of Ni-coal
fly ash used in different coal fly ash was studied. At
the same time, the stability and stability of the Nicoal fly ash catalyst were tested. It is hoped that this
study will provide new ideas for the comprehensive
utilization of domestic garbage and coal fly ash.

#>4/)8 3-90)4)9154 7-)+9154 )4, +)9)2>89
+)771-7The main components of the synthesis gas
obtained by gasification, conversion and purification
of carbonous resources such as coal and domestic
garbage are H2, CO, CO2, CH4, H2O and inert gas N2
or Ar. The composition of the gas varies with the
gasification technology, and the composition of the
gas changes after the synthesis gas passes through
the methanation reactor. The CH4 concentration is
significantly increased while producing a certain
amount of carbon deposits in the catalyst bed. The
methanation reaction system thus required to be
calculated is a multicomponent system involving a
gas-solid two phase. The reactions that may occur in
this reaction system are as follows:
CO+3H2=CH4+H2O
(1)
(2)
CO+H2O=CO2+H2
2CO=C(S)+CO2
(3)
2CO+2H2=CH4+CO2
(4)
CO2+4H2=CH4+2H2O
(5)

5)2 .2> )80 ,53-891+ <)89- /)81.1+)9154
9-+04525/> 3-90)4)9154 7-)+9154 )4, +)9)2>89
+)771-7 !756-791-8 )4, +5365819154 5. +5)2 .2>
)80Coal fly ash is fine ash collected from the flue
gas after coal combustion. The coal fly ash is the
main solid waste discharged from coal-fired power
plants. The main oxide composition of coal fly ash
in thermal power plants in China is: SiO2, Al2O3,
FeO, Fe2O3, CaO, TiO2 and so on. With the development of the power industry, the amount of coal fly
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$ 
)14+0-31+)2+53654-4985.-=6-713-49)2+5)2.2>)80
Al2O3
CaO
Cl
Fe2O3
SO3
Na2O
18.2
8.76
14.98
7.94
0.51

CH4=C(S)+H2
(6)
CO+H2=C(S)+H2O
(7)
CO2+2CO=3C(S)+2H2O
(8)
CH4+2CO=3C(S)+2H2O
(9)
CH4+CO2=2C(S)+2H2O
(10)
Ni-based catalysts have attracted a lot of attention due to their high CO2 methanation activity and
low cost. The Ni-based catalysts studied were
mainly supported catalysts, and the catalytic performance was significantly affected by the support and
additives. Common carriers for Ni-based methanation catalysts include: SiO2, Al2O3, TiO2, La2O3, and
ZrO2.The structure and chemical properties of the
carrier have a great influence on the catalytic activity. The structure of the support can affect the dispersion of the active component of the load, and the
suitable support structure can also improve the stability of the catalyst and the carbon deposition resistance [8]. At the same time, the electronic structure of the support material largely determines the
interaction between the support and the active component, and also has a significant effect on the reducibility of the catalyst precursor material; The electronic structure of the support also affects the adsorption and activation properties of the catalyst pair, and
even the rate control step that directly affects the
methanation reaction.


$"#$ #

Others
5.31

mainly contains SiO2 and Al2O3 components, and
can provide a large amount of silicon and aluminum
sources for the methanation reaction of domestic
garbage. Due to the rich content of them, a large
amount of Si and Al active sites are provided for the
chemical reaction, which facilitates the smooth progress of the catalyst adsorption carrier for the
methanation reaction.
At present, the physical or chemical modification treatment of coal fly ash mainly involves roasting, sulfuric acid modification, initiator A modification and sodium carbonate modification. Based on
laboratory conditions, this study selected physical
methods to modify coal fly ash, that is, to modify
coal fly ash by roasting. The undisturbed coal fly ash
was placed in a muffle furnace and uniformly heated,
and the temperature was raised to an end temperature
of 300, 400, 500, 600, 700, 750, 800, and 850°C, respectively, and calcined for 120 min, and taken out.
After cooling to room temperature, the modified coal
fly ash is obtained by pulverizing through an 80
mesh screen.
53-891+ /)7*)/- According to China's
statistics, the proportion of municipal solid waste,
that is, kitchen waste accounts for 60%, waste paper
accounts for 20%, rubber and plastic accounts for
15%, and the remaining components account for 5%
(slag, fiber, etc.). After strict proportioning, it is
pulverized into 2 cm size, and the average moisture
content of the garbage is 46.2%.

=6-713-49)2 3)9-71)2 675+-8814/ 5)2 .2>
)8035,1.1+)915497-)93-49 The coal fly ash used
in the experiment was taken from a thermal power
plant in Jiangyou City, Sichuan Province. The main
chemical composition is shown in Table 1. It can be
seen from the analysis in Table 1 that the coal fly ash

!7-6)7)91545.1+5365819-8:66579-,
+)9)2>89 <190 ,1..-7-49 +5)2 .2> )80 +549-49
Dissolving a certain amount of Ni(NO3)2•6H2O in a
certain amount of deionized water, and keep the
concentration of Ni(NO3)2•6H2O in water at
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0.5mol/L. Immerse the already processed coal fly
ash in it. The mixture was mixed at room
temperature for 2 h, aged for 12 h, dried at 150°C for
12 h, then calcined at 550°C for 2 h, taken out,
ground, compressed, and crushed to obtain a NiCFA composite supported catalyst. At the same
time, particles having a particle size of 60 to 80 mesh
were taken for the activity evaluation of the catalyst.
Among them, the metal nickel has a mass fraction of
18%. Each catalyst is labeled C0, C1, C2, C3, C4,
C5 according to the mass fraction of coal fly ash in
the carrier, and the mass fraction of Ni and coal fly
ash is shown in Table 2.

!75+-88 .57 67-6)714/ 3-90)4- /)8 .753
,53-891+<)89-/)81.1+)9154Based on gasification
technology and methanation technology, this study
proposes a process flow for gasification of methane
into domestic waste. It mainly includes four parts:
gasification, synthesis gas purification, methanation
and gas upgrading, as shown in Fig. 2.
+91;19> -;)2:)9154 5. 1+5)2 .2> )80
+5365819- 8:66579-, +)9)2>89 The methane gas
was mixed by a mass flow meter and passed into a
stainless steel fixed bed reactor having an inner
diameter of 8 mm. The temperature of the furnace
was controlled by a precision temperature automatic
controller, and the temperature of the catalyst bed
was measured by a precision temperature measuring
thermocouple. The loading of the catalyst was 150
mg and diluted with an equal volume of quartz sand.
Before carrying out the activity evaluation of the
catalyst, the catalyst was firstly reduced in a 4
mL/min H2 atmosphere at 600°C for 2 h, and the
heating rate was 5°C /min. The temperature was then
lowered to 220°C in a N2 atmosphere. Then, the gas
path is switched to H2, CO, and CH4 three-way gas,
and
the
raw
material
gas
ratio
is
H2:CO:CH4=0.8:0.45:0.25 (volume ratio), and the
pressure is gradually increased to 1.5 MPa. The
reaction temperature was 200 to 500°C, the heating
rate was 5 °C/min, and the reaction gas space
velocity was 10000 h-1. The reaction product was
subjected to condensation in a cold trap to remove
water, and then analyzed by gas chromatography.
The reaction products were simultaneously detected
by mass spectrometry. Each reaction temperature
was stable for 1.0 h and then sampled for analysis [911]. The calculation formulas for CO conversion rate
 , CH4 selectivity   4 and CH4 yield 4 are as
follows:

−
(11)
  =  2,  2,  × 100%
 2,

$ 
)88.7)+91545.1)4,+5)2.2>)80,:714/90-
-=6-713-49
Items
C0
C1
C2
C3
C4
C5

Mass fraction
of Ni (%)
100
80
50
30
15
10

Mass fraction of
coal fly ash (%)
0
20
50
70
75
90

..-+9 5. +)2+14)9154 9-36-7)9:7- 54
),8576915414,:+-, +)9)2>91+ 6756-791-8 5. +5)2
.2>)80The undisturbed coal fly ash was placed in a
muffle furnace and uniformly heated to a final
temperature of 300, 400, 500, 600, 700, 750, 800 and
850°C, taken out after roasting, and cooled to room
temperature. 10 g of each of the coal fly ash samples
prepared above were weighed, and 10 g of coal fly
ash dried at 105°C and 10 g of unmodified coal fly
ash were weighed. Pour 10 plugged conical flasks
containing 100 mL of domestic landfill leachate.
After shaking with a horizontal oscillator, the CODCr
and the chromaticity of the filtrate were measured
after standing and filtered, and calculating the
removal rate.
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 4 =
 4 =

 4 ,

× 100%

 2, −  2,
   4
100

"#%$##%## 

..-+9 5. +)2+14)9154 9-36-7)9:7- 54
+)9)2>91+ 14,:+9154 6756-791-8 5. +5)2 .2> )80
),857*14/1The effect of calcination temperature
on the adsorption capacity of coal fly ash is shown
in Fig. 3.
It can be seen from Fig. 3 that as the calcination
temperature increases, the removal rates of CODCr
and chromaticity increase gradually, and rise to the
highest at 800°C. The removal rate and the chroma
removal rate of the original coal fly ash are much
higher. This may be because after calcination at 800
°C, the particle size of the coal fly ash increases, the
specific surface area increases, and the adsorption
pores also increase, so the adsorption capacity is enhanced; However, as the temperature increased to
850°C, the removal rate of CODCr and chromaticity
decreased significantly. Coal fly ash produces crystallized body weight due to high temperature sintering. This phenomenon indicates that the specific surface area of coal fly ash decreases with increasing
temperature. Therefore, in order to increase the specific surface area of the coal fly ash, the performance
of the catalyst carrier in the methanation reaction is
increased. So, in this study, the final calcination temperature for the pretreatment of coal fly ash was set
to 800°C.

(12)

× 100%

(13)

=6-713-49)2 ,)9) 675+-8814/ The gas
collected by the experiment is mainly composed of
H2, CO, CH4 and a small amount of CO2. In order to
quantitatively analyze the composition changes of
each gas per unit time, the definition is as follows:
))7*54+54;-781547)9-  Carbon conversion rate  refers to the percentage of the mass
of carbon-containing gas (CO, CO2, CH4) generated
in a certain time t to the mass of carbon contained in
the coal sample, %.Where , is the reaction time,
min;is the quality of domestic garbage, g; is the
mass fraction of carbon in domestic waste, %;  is
the volume of gas generated during the reaction time
t, L; , 2 ,  4 refers to CO, CO2, CH4 volume
fraction, % in time .

 =

12 × ∫  × ( + 2 +  4 )
0

22.4 ×  ×

× 100%

(14)

* -90)4- 8-2-+91;19>  4  Methane selectivity  4 refers to the percentage of CH4 produced
in a given time t to the effective gas (H2, CO, CH4).


 4 =



∫  ×
0

∫



0

 4



 ×( 2 +  +  4 )

$ )4)2>818 5. 1+5)2 .2> )80 +5365819-
8:66579-, +)9)2>89 Table 3 shows the specific
surface area and pore volume of the catalysts with
different coal fly ash contents.
It can be seen from Table 3 that the specific surface area and pore volume of C2 are the largest. As
the content of coal fly ash in the carrier increases, the
specific surface area and pore volume of the catalyst

×100% (15)
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temperature reaches above 550°C, CO2 is detected in
the exhaust gas, and this part of CO2 may be derived
from the water gas shift reaction and the CO
disproportionation reaction. Therefore, choosing a
suitable temperature is critical to increasing the
catalytic activity of the methanation catalyst.Under
the conditions of the reaction, when the temperature
is 500 to 600°C, the selectivity of each catalyst is
relatively good.

$ 
$-=9:7)26756-791-85.+)9)2>898<190,1..-7-49
+5)2.2>)80+549-49

gradually decrease. This may be because the Ni particles are filled in the pores of the coal fly ash, blocking part of the pores of the coal fly ash, resulting in
a decrease in specific surface area and pore volume.
Therefore, the specific surface area and pore volume
of the catalyst affect the key factors of the activity of
the methanation catalyst.
..-+95.1+5)2.2>)80+5365819-8:66579-,
+)9)2>89 <190 ,1..-7-49 +5)2 .2> )80 +549-49 54
+)7*54 +54;-78154 7)9- The activity of the
prepared coal fly ash carrier composite catalyst was
evaluated in this study. The gasification conditions
of domestic garbage are a reaction pressure of 1.5
MPa and a reaction gas space velocity of 10,000 h-1.
When the ratio of raw material gas was fixed, the CO
conversion and CH4 selectivity of catalysts with
different coal fly ash contents at different reaction
temperatures were investigated. The effect of NiCFA composite supported catalysts with different
coal fly ash content on carbon conversion is shown
in Fig. 4.
It can be seen from Fig. 4 that the CO conversion rate of each catalyst increases with increasing
temperature. At a reaction temperature of 600°C, the
CO conversion of the C1 and C2 catalysts reached
100%, while the conversion of the catalyst without
the composite carrier was only 55%.

Specific surface
area A (m2/g)
208
254
311
149
117
106

Sample item
C0
C1
C2
C3
C4
C5

Pore volume v
(mL/g)
0.663
0.504
0.449
0.316
0.259
0.201

The experimental results in Fig. 4 and Fig. 5
show that the introduction of coal fly ash has a good
promoting effect on the improvement of carbon conversion rate of domestic waste gasification. With the
increasing content of coal fly ash in the catalyst, its
carbon conversion rate continues to increase, indicating that high content of coal fly ash is conducive
to the conversion of domestic waste gasification.
When the coal fly ash loading is 50% (C2), that is,
the ratio of Ni and coal fly ash is 1:1, the carbon conversion rate of domestic waste gasification is the
highest. The change trend of methane selectivity is
the same as that of carbon conversion. As the coal
fly ash loading increases, the amount of methane
production continues to increase. When the coal fly
ash loading is 50%, that is, the ratio of Ni and coal
fly ash is 1:1, the methane selectivity increases to
91%. Therefore, the Ni-coal fly ash composite supported catalyst has good catalytic activity.

..-+95.1+5)2.2>)80+5365819-8:66579-,
+)9)2>89 <190 ,1..-7-49 +5)2 .2> )80 +549-49 54
3-90)4- 8-2-+91;19> The effect of Ni-CFA
composite supported catalysts with different coal fly
ash content on methane selectivity is shown in
Figure 5. It can be seen from Fig. 5 that the CH4
selectivity of each catalyst increases first and then
decreases with increasing temperature. The
selectivity of each catalyst reached a maximum at
500-600°C, after which selectivity began to
decrease. During the experiment, when the reaction
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China is a developing country and is subject to
economic conditions, science and technology. Landfill is the most important way of garbage disposal in
most cities in China at this stage. However, due to
unregulated disposal methods and low investment,
landfill gas and leachate problems are prominent,
and the immediate and potential hazards to the environment are great. Frequent garbage pollution accidents have seriously damaged the balance of urban
ecosystems. The disposal of domestic garbage has
become an urgent social problem. Therefore, the
production of synthetic natural gas from urban domestic waste can not only realize the resource utilization of waste, but also have important significance
for alleviating the shortage of domestic natural gas
supply and ensuring China's energy security. However, the domestic waste gasification and synthesis
natural gas system itself is more complicated, and
there is still much to be studied in depth. The introduction of coal fly ash carrier inducer has a significant effect on the surface properties of Ni catalyst
and the methanation performance of domestic waste.
The experimental results of this study show that the
dispersion degree of active nickel in the Ni-coal fly
ash composite supported catalyst is improved, the
metal-support interaction is weakened, the specific
surface area of the catalyst is increased, and the CO
methanation activity of the catalyst is also improved.
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plastic deformation, Chang et al. [3] presented a
CEB model accounting for the plastic deformation
of asperity, which served as a basis for mechanical
modeling of connection interface with the impacts of
plastic deformation taken into account. However,
step change occurs to the contact pressure and contact load for CEB model where critical deformation
is caused. Pugliese et al. [4] took the view that the
pressure on a connection interface is a constant after
plastic yield occurs to asperity, meaning that the
hardness material (H) and the area of contact could
meet the equation of geometrical deformation. Based
on this, he put forward the AF model of complete
plastic contact. Zhao Yongwu et al. [5] adopted the
plate spline interpolation method to model contact
pressure, contact load and contact area, which contributed to the smooth and continuous change to elastic-plastic contact behavior (the pressure, load and
area of contact) for asperity. Brake [6] used Hermit
interpolation method to determine the relationship
between contact behavior and contact deformation.
Despite not considering the smoothness of contact
pressure, ZMC model has a wide application to research the continuous rigidity on interface. The
power of contact pressure derived from using plate
function and Her-mit interpolation method is 3.5 and
3 respectively, which would be prone to causing
Runge effect within the limit of elastic-plastic deformation upon contact. This leads to the maximum
contact pressure exceeding the limit H on the
strength of material, which is against the law of monotone change of contact pressure. Xu Chao et al. [7]
utilized the elliptic curve interpolation method to describe the pattern of change to the elastic-plastic contact pressure but the equation was overly complicated.
To address the drawbacks, this paper adopts
power function to describe the relationship between
the elastic-plastic contact behavior and the elasticplastic contact deformation, prior to the use of mathematical statistics analysis to model the mechanical
contact on rough interface. A comparison is made of
our proposed model to the model raised in the literatures. Based on this, a research will be conducted
into the impact of varying plasticity indexes on the
relationship between the load of normal contact on
rough interface and the average distance of contact.



Aiming at the elasto- plasticity character of the
elasto- plastic contact, this paper discusses the relationship among different constitutive models. Based
on the equivalent Mohr- Coulomb yield criterion, its
application in Ansys 18.0 is realized only by the conversion of materials’ parameters. In the mean time,
this paper also demonstrates the relationship between the converted material’s parameters and the
original material’s parameters. And it is verified that
it can replace Mohr- Coulomb yield criterion feasibly and can be used to simulate elasto-plastic contact
materials by analyzing the example of an elastoplastic contact slope with obvious slip surface. Its
calculation results are too small and conservative. Finally, this paper also proposes that the equivalent
Mohr-Coulomb yield criterion should be used to
simulate the elasto- plastic contact materials for
slope engineering with obvious slid surface and high
displacement accuracy requirement.



&$ !
Finite element, Elasto - plasticity, Contact model, Yield
criterion




" #"
The complex mechanism and behavior of connection interface is considered as being a major
cause of complicated non-linear dynamical behavior. For the complexity of mechanical behavior on
the connection interface, of which the difficulty
arises from a direct experimental observation, it has
long been challenging how to approach mechanical
modeling of connection interface.
Based on how elastic-plastic contact behaves in
asperity, mathematical statistical method is widely
used by numerous scholars to approach mechanical
modeling of rough interface. Based on the theory of
elasticity and geometrical theory, Hertz put forward
two functions of describing how elastic contact behaves mechanically for sphere [1]. Based what had
been recommended by Hertz, Green-Wood et al.
managed to present a GW model of normal contact
on rough interface [2]. In accordance with the plasticity theory as well as the space conservation law of
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6/3)/5+ 4, </+1* /3 8.+ 4(0+)8 ;/8. +1'78/)
51'78/))438')8The object of elastic-plastic contact
has different yield strength to metallic materials, the
volume stress of which is quite influential to cause
its yield surface to act as a conical surface in the main
stress space. Therefore, the selection of elastic-plastic contact object shall account for the impact of volume stress. In practice, the principles of elastic-plastic contact object used for engineering are diverse,
including Mohr-Coulomb yield criterion, Broad
Mises criterion, Drucker-prager yield criterion and
the likes. Of them, Mohr-Coulomb yield criterion is
applied the most for the longest.
The conditions of Mohr-Coulomb yield crite-

In this case, the yield surface is spherical on the surface π so the Mohr-Coulomb yield criterion is simplified into a broad Mises criterion. Therefore, where
the value of

π , the equation (5) results to,
6
2sin ϕ
6 cos ϕ
α=
,
=
3 ( 3 − sin ϕ )
3 ( 3 − sin ϕ )
Where

3

(

3 sin ϕ
3 cos θσ − sin θσ sin ϕ

)

1 +  2 −

3 cos ϕ
3 cos θσ − sin θσ sin ϕ

=0

(1)
Where, ϕ represent the cohesive strength

1 represents the first invariable for stress tensor,  2 repreand internal friction angle respectively.

sents the second invariable for stress tensor,

θσ

rep-

resents the Lord angle. In Mohr-Coulomb yield criterion, the yield surface in the main stress space
shows as a pyramid surface but with an irregular
hexagon intersection, where the central line and the
isocline overlap. It is an equilateral hexagon with unequal angles on the π surface, the area of which is,

3 ( 6 cos ϕ − 2 1 sin ϕ )
=
9 − sin 2 ϕ

2

(2)

The conditions of broad Mises criterion can be
expressed the same way,
(3)
 = α 1 +  2 −  = 0
Where α represent a constant relating to

the cohesive strength (c) of the elastic- plastic contact material and the internal friction angle ( ϕ ). The
broad Mises criterion shows a conical surface in the
main stress space and is spherical in the π surface,
the radius  of which is,

 = 2  2 = 2 (  − α 1 )

(4)

A comparison between equations 1 and 3 reveals that,
3
sin ϕ
3
α=
,
3 cos θσ − sin θσ cos ϕ

=

3 cos ϕ
3 cos θσ − sin θσ cos ϕ

6 ( 6 cos ϕ − 2 1 sin ϕ )

=
π
2 3π ( 9 − sin 2 ϕ )

, =

(5)
Where the Lord angle θ σ is a constant,

θσ =

(6)
The yield function derived from this parameter
passes through the circum circle of the external angle
points in an irregular Mohr-Coulomb hexangular
pyramid on the π surface. This function is called
external angle point circum conical D-P yield criterion, which has been extensively used in a range of
large-sized finite element commercial Sofeware like
Ansys, Marc, Nastran and the likes, as the yield criterion for materials. A study reveals that, the results
of computation through the large-sized finite element commercial software for slop stability analysis
are significantly larger than that using the MohrCoulomb yield criterion. Thus, a revision is required
for its yield criterion to improve its precision in computation [9].
Considering that numerical computation is encountered with a difficulty arising from the MohrCoulomb yield criterion that shows a diamond conical surface in the yield surface of the main stress
space, the findings made by Zheng Ying et, at is then
used to facilitate equal-area conversion adhering to
the Mohr-Coulomb yield criterion. The equilateral
hexagon with unequal angles on the surface π is
transformed into a circle of the same area, contributing to a spherical surface formed in the main stress
space. The computational results using this converted yield criterion is discovered in some studies
to be relatively similar to using the Mohr-Coulomb
yield criterion, for which it is capable of meeting the
precision requirement in engineering works. So it is
called the equivalent Mohr-Coulomb yield criterion,
which also falls into the category of D-P criterion
[10] and shows a circle on the surface π .
Based on the equivalent assumption, the detailed parameters for the equivalent Mohr-Coulomb
yield criterion are,
The equivalent radius  , ,

expressed in the following format [8].
=

varies, we can derive a series of con-

ical yield surface of different size, suggesting a variety of different D-P yield criterions. Thus, D-P yield
criterion turns into a special form of broad Mises criterion.

1 2θσ , which can be

rion involve invariables

θσ

α

The yield function F is,
,
6 3 cos ϕ

are irrelevant to θ σ , but relevant to the parameters

2 =

of the elastic- plastic contact material respectively.
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2 3π ( 9 − sin ϕ )
2

−

2 3 sin ϕ

(7)

2 3π ( 9 − sin 2 ϕ )

1
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We could derive,
2 3 sin ϕ
2 3π ( 9 − sin 2 ϕ )

(9 + 2 3π ) sin ϕ − 54sin ϕ + 81 −18
2

6 3 cos ϕ

1 +  2 −

2 3π ( 9 − sin 2 ϕ )

=0

The equivalent conical Lord angle
θσ = arcsin

4 2 sin 2 ϕ − 4 ( 2 − 3)( 3 + sin 2
2 ( 3 + sin 2 ϕ )

Based on the inequality above, we derive,

θσ ,
ϕ ) − 2  sin ϕ

ϕ , = arcsin
, =

among:

=

α=

π ( 9 − sin 2 ϕ )

,

2 3π ( 9 − sin ϕ )
2

6 3 cos ϕ

, =

2 3π ( 9 − sin 2 ϕ )

To apply the equivalent Mohr-Coulomb yield
criterion to Ansys 5.7, it’s required that the cohesive
strength of elastic-plastic contact object (c) as well
as the internal friction angle ( ) are converted to the
material parameters required as input for Ansys 5.7,
as shown below in the equation (10). The cohesive
strength of elastic-plastic contact object is defined as
c, whereas the internal friction angle is defined as .
The parameters required as input to Ansys 5.7 are

,ϕ ,.

Based on the relationship between the

=

2 3 sin ϕ

2 3π ( 9 − sin 2 ϕ )
6 3 cos ϕ

2 3π ( 9 − sin 2 ϕ )

=
=

2sin ϕ ,

3 ( 3 − sin ϕ , )
6, cos ϕ ,
3 ( 3 − sin ϕ , )
(9)

The values of material parameters

 ϕ
,

,

re-

quired as input for Ansys 5.7 are,
9 cos ϕ
, =
2
⎡3sin ϕ + 2 3π 9 − sin 2 ϕ ⎤ − 81sin 2 ϕ
⎢⎣
⎥⎦
9sin ϕ
ϕ , = arcsin
3sin ϕ + 2 3π 9 − sin 2 ϕ

(

)

(

)

(10)
Represents the internal friction angle inside the
elastic-plastic contact object, with its value being of

00 ≤ ϕ ≤ 900 ,sin ϕ ∈ [0,1],

< arcsin sin ϕ = ϕ

9 cos ϕ
2

⎡3sin ϕ + 2 3π ( 9 − sin 2 ϕ ) ⎤ − 81sin 2 ϕ
⎣⎢
⎦⎥

<

9 cos ϕ
81 − 81sin 2 ϕ

=

Figure 1 shows the auxiliary basic structure of
a planetary roller screw. Screw A is of multiple
thread with helix angle. Nut B has triangular-shaped
internal thread, with the same half angle as the roller,
which has single-lined thread to increase the area of
contact. Its spiral surface is machined to show a
spherical contour with a larger radius of contact. It
has the same spiral angle as the nut to ensure no relative axial displacement of the roller inside the nut.
Meanwhile, to remove the inclination moment of the
roller caused by the helix angle, we adapt the roller
to have a straight gear D at both ends to engage with
the internal gear ring E. A roller bracket F is fitted to
make the roller evenly distributed around the contour. A spring washer G is used to fix the roller
bracket. H is the seal ring, I is the positioning pin and
J is the nozzle for lubrication.
The contact analysis of the planetary roller
screw provides a basis for the subsequent analysis of
friction, lubrication and abrasion. Thus it is necessary to analyze the state of its contact, for which
ABAQUA software is used in this paper to make a
single-thread engagement calculation of the planetary roller screw.
To save time on computation, we are limited to
the calculation of a single-thread engagement for
simplifying the model. Figure 10 shows the geometrical model of a single-thread engagement on the
planetary roller screw. This screw consists of 5 rollers, for which a fifth of the nut and screw is selected
for analysis. The redundant part is removed to reduce
the grid divisions.

equivalent Mohr-Coulomb yield criterion and the
external angle point circum conical D-P yield criterion, we derive the following equation,

α=

9sin ϕ

3sin ϕ + 2 3π ( 9 − sin 2 ϕ )

It’s indicated from above that the average values are actually lower than the original parameters
following the conversion of the parameters of the
elastic-plastic contact object. Based on the principles
of applying finite element strength reduction method
to deriving slope safety coefficient, we know that the
slope safety coefficient derived by using the equivalent Mohr-Coulomb yield criterion is constantly
lower than results of computation using the external
angle point circum conical D-P yield criterion


!#"!!#!!

6 3

2 3 sin ϕ

3sin ϕ + 2 3π ( 9 − sin 2 ϕ ) > 9

∴

(8)

3π < 0

from which we de-

rive below the constant inequality,
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thread of the planetary roller screw is as shown in
Figure 5 (a). The center of the contact ellipse is
within the surface formed by roller and nut axles.
Figure 5(b) shows a magnified contact part of the
nut, with its stress intersection shown in Figure 5(c).
This indicates that the center between the roller and
the nut contact ellipse and that between the spherical
center of the roller and the contact area of the screw
are not located in the same line as described in most
literatures. On the contrary, the center between the
roller and the contact area of the screw deviates from
the central line. Figure 5 shows the stress distribution
for the contact area of screw. All components involved in the model are fitted based on the actual positional relationships. Nevertheless, the original position of contact for the roller thread is at the top of
the thread rather than being adjacent to the pitch line
of thread, which is not conducive to extend the service life for the planetary roller screw. This is required for further theoretical analysis for any possible structural improvement.

#  
".+-+42+86/)'124*+14,8.+51'3+8'6<6411+6
7)6+;;/8.'7/3-1+8.6+'*3-'-+2+38


#  
".+-6/**/:/7/43/38.+)438')8'6+'



#  
".+,/3/8++1+2+3824*+14,8.+51'3+8'6<6411+6
7)6+;;/8.'7/3-1+8.6+'*3-'-+2+38

#!!
The following points are now concluded from
the analysis and calculations above:
(1) Based on the assumption of rigid sliding
mass and discounting the basic structural relationship of stress and strain of the elastic-plastic contact
object, the Limit Equilibrium Method is only capable of deriving the slope safety coefficient, without
knowing the stress in the computed area and the

Figure 2 indicates the results following grid division of the planetary roller screw. We adopt
C3D8R and C3D4 to do this job. Figure 3 shows that
a total of 403702 units are derived for the engagement part.
Figures 5 shows the computational results using finite elements. The contact area for the nut
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distribution of displacement. Nevertheless, the finite
element method is capable in this respect, to determine the stress and displacement distribution of
slope, along with the stress-concentrated area and the
location of a maximum displacement.
(2) The various slop safety coefficients using
different computational methods are: the external
angle point circum conical D-P yield criterion has
the biggest, followed by the Limit Equilibrium
Method and the equivalent Mohr-Coulomb yield criterion in descending order.
(3) The equivalent Mohr-Coulomb yield criterion is used to substitute Mohr-Coulomb yield criterion, which is workable to simulate the stability of
the slope made up of the elastic-plastic contact object. It shows a relatively smaller computational result, for which it’s practical in application given the
current improvement on domestic conditions economically to reduce relevant engineering hazards.







(4) Finite element method is applied to determine the stress distribution on the structure surface,
which is significant to analyzing slope stability of
elastic-plastic contact object with visible displacement surface and optimizing the design of supporting structure. So the Limit Equilibrium Method
doesn’t compare in this respect.
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long-term strategic program of China's railway, the
national railway network displayed by eight vertical
lines and eight horizontal lines gradually extends to
the western mountain region with high elevation.
Thus, the difficulty of railway construction and the
demand of related technology are continuous increasing, especially for the construction of railway
tunnels and bridges. Therefore, the traditional engineering geological methods can’t satisfy the demand
of the current railway construction, which led to the
prompt development of Building Information Modelling (BIM) technology for the whole life cycle of
railway construction projects. Now it has achieved
an effective contribution on the construction of project [1]. As for the railway tunnel project, establishing a 3D geological model for the tunnel area is the
basis of applying BIM technology, which is the
premise of achieving the subsequent informatization
construction and management. It is crucial for the
design, construction and management as well as the
maintenance of the railway tunnel [2].
The concept of 3D geological modelling originated in the late 19th century and was first proposed
and promoted by Simon Houlding [3], a Canadian
scholar. In essence, it is an approach of using computer technology and combining the geological information, geo-statistics, spatial information management and the visualization technology under the
three-dimensional environment to establish a mathematical model of reflecting the geological structure
and the internal property of the geological body. It
aims to display the actual geological environment in
a virtual method, and to carry out the numerical simulation and spatial analysis as well as to achieve the
scientific decision-making [3-5]. It is a frontier technology with interdisciplinary of involving computer,
geology, geographic information systems, geophysics, scientific visualization and soon. At present, the
investigations on 3D geological modelling mainly
focus on the modelling methods [6-10], 3D visualization [5, 11-13], 3D spatial database [14, 15] and
deeply application in system [16] and soon [17, 18].
And some available modelling software have been
developed in some specific industries, such as the
MicroLYNX, Gemcom, RC2, GOCAD in mining industry, the Petrel, CSI3D, Geomodeller3D in petroleum field [17]. They played a very important role in

In the current railway construction, the geological conditions of railway tunnels are complicated
and variable, and there are many unfavorable geological phenomena, which seriously restrict the development of 3D geological modelling technology in
railway industry. To overcome the restriction, this
paper selects CATIA, a high-level 3D modelling
software in the aerospace field, to build the 3D geological model for railway tunnel area. Firstly, the
method framework of modelling is presented, which
includes five steps: (1) collecting and preprocessing
the original modelling data; (2) establishing the
topographic surface; (3) building the interfaces of
strata; (4) creating the geological bodies; (5) incising
and verifying the geological bodies. The whole modelling program is processing on the basis of geological database and CATIA platform. Subsequently,
taking the Shigu mountain tunnel of Baoji-Lanzhou
High-speed Railway as an example to carry out the
actual engineering application, in which established
the 3D geological models of the entrance section,
exit section, No. 1 inclined shaft and No. 2 inclined
shaft of Shigu mountain tunnel as well as the whole
tunnel, and which satisfied the precision of construction drawing. Finally, the feasibility and reliability
of the above 3D geological modelling method are
verified by incising the established geological bodies
and comparing them with the original 2D geological
data. In conclusion, the 3D geological modelling
method is worthy of popularization and application
in practical engineering.



#"
3D geological modelling, CATIA software, digital elevation model (DEM), tunnel environment

 ! 

The geological conditions are very complex
and variable in China, especially in the western and
southern regions of China, where the various unfavorable geological phenomena are very serious and
critical. With the implementation of the medium and
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the oil exploration engineering and the mining engineering, which greatly promoted the development of
the industry and improved the productivity. However,
as for the railway industry, these software almost
can’t be applied directly because the combination
between their 3D geological modelling function and
the geological modelling demand in railway industry
is too bad [19]. In comparison, the engineering geological conditions of railway tunnels are more complicated, and the interfaces of strata continuously
varies with the geological conditions, so the modelling is very difficult, which restricts the development
of 3D geological modelling software in railway industry.
In consideration of that the BIM concept originates from the advanced manufacturing industry and
aerospace industry, so the cross-border application
of software perhaps could be an available option.
Actually, these advanced industries are also constantly generalizing their mature technologies and
software to all filed. Consequently, CATIA (Computer Aided Three-dimensional Interactive Application) gradually appears in the civil engineering industry and shows a good application prospect. Currently, CATIA is a popular advanced 3D software integrated CAD/CAE/CAM in the world, developed
by Dassault Group, the famous aircraft manufacturer.
Its 3D designing and displaying capabilities, including 3D modelling of geological survey data are very
powerful. It has so many users around the world [18].
Up to now, CATIA has successfully applied in the
field of construction, disasters [20], hydropower [18],
railway [21] and soon. However, as for the railway
tunnels, the existed researches mainly focus on the
3D designing of tunnel structure based on CATIA
[21-24]. And it was rarely reported for the 3D geological modelling of railway tunnel area on the basis
of CATIA. To this end, this work intends to apply
CATIA to create a 3D geological model for the railway tunnel area. As following, the method framework of modelling will be given first, and then the
application of actual engineering will be carried out
to verify the feasibility and reliability of the aforementioned 3D geological modelling method.

the topographic surface and the interfaces of strata in
order, finally creating the geological body and its
verification.

1..(&6,10$0'24(241&(55,0*1)6+(14,*,0$.
/1'(..,0* '$6$ The geological data generally can
be classified into two parts, vector data and text data,
for 3D geological modelling. As for the railway tunnel engineering, these data can generally be directly
required from the previous established geological
database. The vector data mainly refers to 2D maps,
including topographic maps, engineering geologic
plans, geologic sectional profiles (longitudinal section and cross-section), geologic column section of
borehole, hydrogeological tests, static surveys, test
pits etc., which are the fundamental data of importing into the 3D modelling platform. The textual data
mainly include the report of engineering geological
survey, identification tables of borehole core, and the
implementation outlines of geological advanced
forecast for tunnels. These data are used as auxiliary
materials of refining and extending the stratigraphic
interfaces for 3D geological modelling.
The preprocessing of modelling data mainly focuses on 2D maps in vector form, specifically the
normative processing of geological maps [18]. It
generally includes three aspects: (1) unifying the coordinate system, because the default coordinate of
CATIA is the world coordinate system, therefore,
the custom coordinates system of the relevant maps
need to be modified to the world coordinates system
to avoid collision after importing the maps; (2) as the
geologic sectional profiles only have the elevation
data and lack of coordinate information, they cannot
be associated with the geologic plans, so the position
of sectional profiles should be manually marked on
the geologic plans before modelling; (3) distinguishing the geological boundary lines, because the geological boundary lines belong to one layer in 2D geologic maps, however they must be subdivided into
different layers in 3D geological modelling, otherwise the geological boundary lines will be chaotic
and confusing.
56$%.,5+/(06 1) 6+( 6121*4$2+,& 574)$&(
The establishment of the topographic surface in the
method framework of 3D modelling proposed in this
paper relies on the digital elevation model. Definitely speaking, the digital elevation model (DEM)
is a collection of geospatial data for localization, i.e.,
it is an ordered numerical array of describing the spatial distribution about various information of the
earth surface [25, 26]. As a class of spatial data, it's
easy to achieve 3D visualization and statistical analysis on the basis of DEM. It is an effective method
and tool to construct landforms and to study the evolution process of landforms. Compared with the traditional numerical data such as contour topographic
maps, DEM has many advantages, such as the consistency of precision, the diversity of expression, the

  
As the Fig. 1 shown is the method framework
of modelling for the railway tunnel area based on
CATIA. Specifically, it includes five steps: (1) collecting and preprocessing the original modelling
data; (2) establishing the topographic surface; (3)
building the interfaces of strata; (4) creating the geological body; (5) incising and verifying the geological body. The whole modelling program is processing on the basis of geological database and
CATIA platform. That is to say, the workflow is
firstly importing the preprocessed geological data
into CATIA by an appropriate method, then building
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basing grid is the simplest one in structure of data
and also is the most widely used one in engineering
applications, but it is only applicable for the grid data.
The elevation matrix of the regular grid model can
be easily processed by a computer, so the programmatic operation and management are very convenient. However, its shortcoming is that it cannot accurately characterize the structure and details of terrain.
And the problem of data redundancy often occurs
[28]. According to the advantages and disadvantages
of aforementioned three modelling methods, the last
hybrid modelling method is mostly a mixture of TIN
model and Grid model. And the specific mixture way
can be from TIN to Grid or from Grid to TIN, which
depends on the actual characteristics of original data.
As the distribution characteristics of the current
railway tunnel is a striped shape, and most of tunnels
have a long length, located in a complex and variable
terrain. To make full use of the advantages of TIN
model and Grid model, and to avoid their shortcomings at the same time, this paper adopts the hybrid
modelling method from D-TIN to Grid to establish
the topographic surface of railway tunnel area.
Which means firstly creating a D-TIN model based
on the original discrete data, then generating the Grid
model by a suitable interpolation algorithm according to the D-TIN model. In further, the divide-andconquer algorithm was applied to obtain the D-TIN
model, its basic idea is simplifying the complex
problem into a simple one. Firstly, dividing the discrete data points into many subsets of easily triangulating, for example, one subset includes three or four
points. Then triangulating the every subset and applying the algorithm of local optimal procedure
(LOP) to ensure they are all triangulated to D-TIN
[28]. Finally, conquering the D-TIN of each subset
and forming the complete D-TIN model.

real-time of updating and the comprehensiveness of
scales [25]. Therefore, it has an excellent application
prospect in the informatization construction of
railway.
There are four main methods for establishing
the topographic surface models based on DEM, i.e.,
the modelling method of basing point, the modelling
method of basing triangle and the modelling method
of basing grid as well as the hybrid modelling
method of combining any two of the previous three
elements [25, 27]. The first one is the simplest, but it
is not practical. The second method is one of the
most important modelling methods because the triangulated network is one of the most basic networks,
which can be applied both for the regular distributed
data and for the irregular distributed data. In actual
engineering, since the original collected topographic
data are a lot of irregular distributed discrete points
under most of situation, so the modelling method of
basing triangle often evolves into the triangulated irregular network (TIN) in practice. Moreover, it has
been proved that the Delaunay triangulated irregular
network (D-TIN) is the best TIN model in theory
[28]. Therefore, the construction of TIN generally
comes down to the establishment of D-TIN. The biggest advantage of the TIN model is its variable resolution, which can change the density of sample
points based on the fluctuation of the terrain to minimize the amount of data and save the storage space.
In addition, TIN model has the ability to consider the
significant data points on surface (such as ridge lines,
valley lines, etc.). However, it just is these advantages that make the structure of data become so
complicated and inconvenient for the standardized
operations and management. And the real-time performance of calculating elevation is not as good as
that of the regular grids [28, 29]. The modelling of

!
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The basic steps of divide-and-conquer algorithm were shown in Fig. 2 [28]. Specifically, the
five steps are as following:
(1) Dividing data points: sorting the data points
in ascending order by the recursive sorting method
based on the coordinate of points, i.e., the points
have to meet the following inequality (1). Then dividing the whole data points into two subsets of having approximate number of points (If the number of
data points less than a given threshold, directly exporting the data points).
(1)
 ,  ≤  +1 ,  +1

(

) (

line, and then merging them from the bottom line to
the top line.
(5) Forming the complete D-TIN: merging the
sub D-TIN and forming the final D-TIN model.
After obtained the D-TIN data through the
above method, it is time to process it in further by an
appropriate interpolation algorithm to generate Grid
data, and finally to get the grid type of DEM. The
quality of interpolation algorithm directly affects the
precision of Grid data. In the early research, most of
them applied the linear interpolation method to calculate the elevation value of grid points falling in
each triangle. This algorithm is simple to implement,
but the quality of generated data is not very good.
For example, the obvious sharp corner occurs in the
intersection of two triangles, and when the triangles
are long and narrow or the dihedral angle of two triangles is very small, the sharp corner will be more
serious. Thus, the polishing interpolation algorithm
proposed by Jiayao Wang [28, 29] was applied in this
work, its actual effect has been fully verified in practice. Here is the specific process of polishing and interpolation.
(1) Establishing the topological relationship of
every triangle and its surrounding triangles, and saving as one file in order. (2) Determining the step size
and the polishing width of grid DEM data both in coordinate and in -coordinate. (3) Dividing each triangle of the D-TIN data into three sub-triangles
based on its center of gravity, then in each sub-triangle region, figuring out the sub-triangle of another
triangle having a common edge with the previous
one by the topological relationship, and polishing the
common edge of the two sub-triangles. It should be
noted that before performing the polishing

)

(2) Generating convex hull: using generation
algorithm of convex hull to calculate and generate
the convex hull of each subset. Here, this work applied the classic Graham’s Scan algorithm [30]. In
this algorithm, firstly finding the lowest point, which
is the starting point of the convex hull. And remaining n-1 vertices are sorted by polar angle in anticlockwise direction from the start point. If two or
more points are forming the same angle, then remove
all points of the same angle except the farthest point
from start. Secondly, connecting the remaining vertices in the anti-clockwise direction from the start
point and obtained one polygon. Thirdly, cyclically
removing the non-convex vertices one by one, then
reconnecting the all convex vertices and forming the
final convex hull.
(3) Triangulating the subsets: taking the convex
hull as the boundary of data, then triangulating every
subset and optimizing this operation by the algorithm of LOP to ensure them to be the D-TIN.
(4) Conquering the subsets: connecting the bottom line and top line of two subsets by thick solid
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interfaces of strata are the main content of 3D geological modelling. The strata are generally described
by curved surfaces. When the strata are relatively
simple without big change or the required accuracy
is not high, they can also be expressed by flats. The
complexity, particularity, and unknowns of geology
determine the diversity of geological modelling
method, so it’s difficult to establish all geological
models by applying a universal method [11, 24]. In
CATIA, there are many methods for establishing the
interfaces of strata. Commonly used are these of
stretching, sweeping, multi-section, free-style surface, meshing, mesh deforming, or deforming the
topographic surface. In practice, the modelling
method should be selected by the related geological
conditions.
Establishing the interfaces of strata can be divided into following four basic processes. Firstly,
transferring the format of the pre-processed 2D geological maps because most of these 2D maps cannot
be recognized by CATIA, which resulted in the failure of directly importing. Some feasible methods are
transferring the format of maps into the point cloud
data of ASCii free format, or importing by geological plug-in, or building some common script files for
data, such as STL file. Secondly, importing files into
CATIA platform, mainly including geologic plans,
geologic sectional profiles and drilling data, and
checking the topological relationship of data in further. Thirdly, selecting the appropriate method to
generate the specific interfaces of strata according to
the imported data and the geological features, and
then generating them. Fourthly, slightly modifying
the interfaces of strata on the basis of other geological materials (such as the survey report) and the experience of operator to make them more
reasonable [18].

used in geological modelling, especially for the 3D
geological modelling of railway tunnel area.
There are some demands on the related interfaces of strata should be satisfied for creating a geological body by Boolean operation. Firstly, it should
be absolutely right for the topographical relationship
of interfaces of strata. Secondly, the intersecting surface between the interfaces of strata and the cut envelope should be included into the interfaces of strata.
Otherwise, the operation will finish without results.
In addition, when the processed data is too large, the
Boolean operation may also finish without results.
At this moment, an available method is changing the
absolute coordinate to the relative coordinate, and
then the calculation will be achieved.

0&,5,0* $0' 8(4,):,0* 6+( *(1.1*,&$. %1':
To verify the accuracy and rationality of 3D geological models, it is necessary to incise the geological
bodies in the part assembly module of CATIA. Especially, when using some data with different precision
in the process of modelling, the verification will become more important. As a feedback, it demands that
the operators have to obey the modelling principles
of following high precision but not low one and
blocking modelling in the process of geological
modelling. And as for the expression of 2D materials
plotting in 3D geological modelling, the 2D materials should be taken as the compulsory constraint of
3D geological model. That is to say, the substantive
content of 2D materials can’t be modified in the process of 3D geological modelling. Otherwise, the phenomenon of 3D geological models contradicting
with the 2D geological materials will occur.
There are two main approaches to achieve the
incision of geological bodies. (1) Incising the geological bodies by straight line and polyline, i.e.,
firstly entering the assembly design module of
CATIA and importing the geological model as an existed part, then clicking the command of incision. At
the moment, a viewing window of cross-cutting will
appears to real-time view the strata of different sectional profiles. (2) Incising the geological bodies by
plane, it’s similar to the first one, except that the normal constraint needs to be selected in the definition
of incision.

4($6,10 1) 6+( *(1.1*,&$. %1': In CATIA,
the widely used method of creating 3D geological
bodies is Boolean operation, i.e., applying the manner of “cutting cakes” to create the geological bodies
based on the previous established interfaces of strata.
The geological body obtained by this method is a
hollow body wrapped by a closed mesh surface. In
addition, it is also applicable to directly generate a
geological body by using a closed interface of stratum, of course it is also a closed hollow body. When
the geological conditions are very simple, it is also
feasible to create a solid geological body by stretching the envelope. However, this method is rarely

! 

8(48,(9 As for the engineering geological
characteristic of railway tunnel area, an idea of 3D
geological modelling based on CATIA was proposed
in this paper, and its detailed processes and steps are
also presented in section 2. Here this work will verify the feasibility and reliability of aforementioned
3D geological modelling method based on the Shigu
mountain tunnel of Baoji-Lanzhou High-speed Railway. This tunnel located in a loess residual plane of
the southern of Weihe river in Baoji city. It crosses

calculation, all the grid points of falling in the subtriangle should be obtained firstly according to the
step size. Additionally, regarding the triangle as a
plane and calculating its elevation value. (4) After
polishing the every triangle, then the D-TIN data was
transferred into the Grid data and obtained the final
grid type of DEM data.
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profiles (1: 200) of entrance and exit, the longitudinal-section profiles of two inclined shaft (1: 200))
and the geologic column section of borehole. And
the later includes the report of engineering geological survey, the identification tables of borehole core,
and the implementation outlines of geological advanced forecast for tunnels. Then, preprocessing the
above 2D maps, which includes unifying the coordinate system, making the position of sectional profiles on the geologic plan, distinguishing the geological boundary lines.
After that, build the 3D geological model. Step
(2) is establishing the topographic surface. As aforementioned, the topographic surface is established
based on the DEM data. Since the original topographic data is non-uniform and discrete, the hybrid
modelling method from D-TIN to Grid is applied.
Firstly generating the D-TIN model by the divideand-conquer algorithm, then transferring it to the
Grid model by the polishing interpolation algorithm
and obtaining the final DEM data with the geological
precision of 2 meters. Noting that this kind of DEM
data can’t be recognized by CATIA, so this work
convers the DEM data to the point-cloud data of
ASCii free format. As following, importing the
point-cloud data into CATIA platform and generating the topographic surface showing in Fig. 3.
Step (3) is establishing the interfaces of strata.
Firstly importing the preprocessed geological plan,
longitudinal-section profiles, cross-section profiles
and drawing data to CATIA by a self-developed geological plugin. Subsequently, generating the interfaces of strata based on the imported data. Considering the layer’s characteristics of Shigu mountain tunnel, the following two modelling approaches are
used here as shown in Fig. 4. The first one is establishing surface by stretching, which is mainly used
in the two inclined shafts. The second one is building
surface by sweeping, it’s mainly used in the shallow
buried section, the entrance section and exit section
as well as the other section of Shigu mountain tunnel.
Additionally, in some situation, the controlling data
in cross-direction is insufficient. To solving this
problem, some geological cross-section profiles are
artificial created to support modelling. At the same
time, using the shape engraving function to slightly
modify the interfaces of strata based on the geological experience in small ranges.

the loess hills, there are three shallow buried regions,
namely Yinxiang river, Zhangjiagou, Liujiaogou.
The length of Shigu mountain tunnel is 4330 m,
starting from IDK639+430 to IDK643+760. The
maximum depth is about 133 m and the minimum
one is about 2.8 m. It’s a double-line tunnel with two
auxiliary inclined shafts, and the No. 1 inclined shaft
is 346 m, the No. 2 inclined shaft is 207 m.
The earth surface of Shigu mountain tunnel
area is covered by the soil of Quaternary and no bedrock exposed. The structure of soil layers is very
complicated, and a variety of soils are coexisted here,
especially in the entrance section and exit section as
well as the three shallow buried sections of tunnel.
The soil layer mainly filled by alluvial clay, fine sand,
medium sand, coarse sand, gravel sand, fine round
gravel and coarse gravel of Quaternary. The underlying bedrock is mudstone, conglomerate, sandstone
of upper Tertiary, and the layers are basically horizontal. The geological conditions along the whole
tunnel are extremely poor. The surrounding rocks all
belong to the classes of V and VI, and the length of
V-class surrounding rock is 3030 m, the other one is
1300 m. Moreover, the groundwater is relative prevail all over the area. Regarding all of this, Shigu
mountain tunnel is classified into I-class (the most
dangerous) risk tunnel, and the comprehensive difficulty of construction is extremely high. Therefore,
the 3D geological model with the accuracy of construction drawings is urgently needed. While the
complex and unfavorable geological conditions also
bring great difficulties to 3D geological modelling,
additionally it has to meet the accuracy of construction level. Fortunately, the area along the tunnel has
a relatively good tectonic background, the whole
tunnel is located in a large curved structural belt with
no fault and folds.
 *(1.1*,&$. /1'(..,0* According to the
above 3D geological modelling method based on
CATIA, here this work firstly takes the 2D geological maps and the textual materials of Shigu mountain
tunnel from the existed geological database. Specifically, the former includes the region topographic
map (1: 2000), the discrete original topographic data,
the engineering geological plan (1: 2000), the longitudinal-section profile (1: 2000), the cross-section
profile (1: 200), the enlarged longitudinal-section
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(a) Stretch

(b) Sweep

! 
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(a) Entrance section (114m)

(b) Exit section (150m)

(c) No. 1 inclined shaft (346m)

(d) No. 2 inclined shaft (207m)

(e) whole Shigu mountain tunnel (4330m)
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(2) As for the establishment of topographic surface, to make full use of the complementarity of TIN
model and Grid model, the hybrid modelling method
from D-TIN to Grid was applied. That is firstly
building the D-TIN model based on the original discrete data, then generating the Grid model by polishing interpolation algorithm. Importing the final
DEM data into CATIA found that the generated topographic surface has a high precision.
(3) In the actual engineering application of
Shigu mountain tunnel, established the 3D geological models of entrance section, exit section, two inclined shafts as well as the whole tunnel. And it was
verified that the established 3D geological models
not only agree with the original 2D geological materials, but also satisfy the precision of construction
drawing. That proved the feasibility and reliability of
the 3D geological modelling method developed in
this paper. And it is worthy of popularization and application in practical engineering.
(4) The experience of establishing the Shigu
mountain tunnel’s geological models also shows that
the accurate and complete 2D geological materials
are the necessary conditions for establishing an actual 3D geological model. Moreover, the operators
have to always obey the compulsory constraint principle of 2D materials on the 3D geological models in
the full process of modelling.
(5) This modelling also finding that it should be
investigated in further for how to achieve the quick
and no-loss conversion of 2D materials and 3D models. In addition, the coupling problem of data with
different precision also needs to be improved. The
3D geological modelling method based on CATIA is
very universal and applicable, it also can be used in
the exploration and development of oil and gas resources in further.

After established the interfaces of strata, Boolean operation was carried out to create the geological
bodies. Initially, this work tried to use the absolute
coordinate system to achieve the Boolean operation,
however the operation finished without results because the processed data is too big. The relative coordinate system was applied to instead of the absolute coordinate system. Finally, the following 3D geological models with the precision of construction
drawing were obtained as shown in Fig. 5.
The last step is verification on the established
3D geological models based on the original geological sectional profiles. Firstly importing the geological model to the assembly design module of CATIA
as an existed part, and then clicking the command of
incision. As shown in Fig. 6 shown is the viewing
window of cross-cutting, in which we can real-time
view the strata of different sectional profiles. It can
be found that the established 3D geological models
are basically consistent with the original 2D geological materials. In further, we also found that the precision of stretching method is better than that of
sweeping method. It could be the reason that the controlling surfaces of stretching method are originated
from the actual geological materials, while some of
controlling surfaces of sweeping method are created
by operator based on engineering experience. It
means the collected 2D geological materials should
be ample as soon as possible.
!

(1) Considering the particularity of 3D geological model of railway tunnels, a method framework
of modelling based on CATIA is presented. In which,
firstly importing the preprocessed geological materials into CATIA platform by an appropriate method,
subsequently establishing the topographic surface
and the interfaces of strata, finally creating the geological bodies. And the verification method on the
3D geological models is also included.
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This methodology could be applied to countries,
towns, households, and more recently to the university campuses. A campus can be essentially seen as
a living laboratory for the development of environment [1]. In order to assess the environmental impact of a university campus, ecological performance is to be monitored to raise awareness among
staff and students and to develop green campus
policies.
Along this line, a study was carried out at Gazi
University, aiming to calculate CF and EF values of
its main campus. In an attempt to contribute to a
better understanding of environmental impact of
university campus, the first part of the study focuses on the calculation of CF and EF for climatefriendly campus policy development and educational purposes to increase EF awareness for staff
and students. In the second part, CF and EF results
of Gazi University was compared with the results of
other university campuses located in developing
and developed countries to assess the effect of
development levels of countries on the sustainability of the campuses. Although there are several
campuses with available data of calculated CF and
EF in the US, Europe, and East Asia countries [2],
no university has published a comprehensive EF
analysis in Turkey focusing on EF and CF values of
campuses with respect to development levels of
countries.

University campuses should be forefront of
the mitigation and adaptation measures for climate
change. In order to assess the environmental impact
of a university campus, ecological (EF) and carbon
footprint (CF) analysis are useful tools. Along this
line, the first aim of the study is the calculation of
EF and CF values of Gazi University for sustainable campus policy development. Then, EF and CF
values of campuses with respect to development
levels of countries were compared and assessed.
Life cycle assessment (LCA) based on the ISO
14040 and 14044 series used for calculating environmental impacts in terms of EF. The study has
been conducted using LCA software package
SimaPro. Results indicated that; calculated EF
(15700 gha) for Gazi University is 408 times higher
than biocapacity of its physical capacity/area (38.5
ha). Transportation and electricity usage is the “hot
spots” for most environmental impacts. In the second part; EF are found higher in university campuses in high development indexed and medium development indexed countries when compared to very
high developed indexed countries.
*)"$%
Sustainable campus, ecological footprint, carbon footprint.
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LCA methodology was used for calculating
environmental impacts based on the ISO 14040 and
14044 series is used in this study. The study has
been conducted using LCA software package
SimaPro. In the first step of the analysis, carbon
and ecological footprint models of Gazi University
were established according to its emission sources,
categorized under 3 components.
Component 1 emission source:
• Fuel consumption of immobile equipment
(machines, etc.)
• Fuel consumption of mobile equipment
(vehicles, etc.)

Human wellbeing depends on the capacity of
earth’s natural systems to provide ecosystem goods
and services. However, since the mid-20th century,
we are endangering a number of key environmental
systems and exceeding “carrying capacity”. An
ecological footprint (EF) allows measuring and
analyzing resource consumption and waste produced compared to the reproduction capacity of
nature. Thus, brings humanity out of overshoot and
onto a potentially ecological path to manage the
consumption of food, energy and maintaining/
increasing the productivity of natural ecosystems.
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Finally, EF and CF were compared for different universities throughout the world based on
development indexes of the countries and data
availability. Human Development Index (HDI) is
used to measure development levels and includes
EF values to operationalize the similarities between
the university and its home country. The EF and
HDI represent strictly, yet widely accepted, metrics
for ecological sustainability and human development [6]. However, data availability for EF values
especially for the university campuses in countries
with ‘medium’ and ‘low’ human development (HD)
score is very limited. No research or related calculations were found to be conducted in most of the
countries having an HDI score of less than 50. The
data of 4 university campuses from countries with
‘very high human development’ (top 1-49 country),
3 from ‘high human development’ (top 50-105) and
2 from ‘medium human development’ (106-143)
were accessed and evaluated to compare EF values
and its components.


$%'&%!%'%%"!

-85813-+5 +7. +;,87 88=9;37= 80 +C3
'73?/;<3=BThe CF and EF values of Gazi University are presented in Table 1, with the breakdown of
components and contribution of each component by
percentage.
The total EF including transportation, heating,
electricity, and water consumption are was computed as 15700 gha. Considering campus area of 38.5
ha, staff and students exceed the production and
emission absorption ability of the campus area and
use 408 times higher biocapacity than that of its
physical capacity/area. EF is calculated as 2.84 gha
per capita. Gazi University Beşevler campus is
located at the heart of the capital city Ankara and as
stated by Klein-Banai and Theis [7] the ratio of
ecological footprint to land area is very high for a
highly urban university as compared to a rural university.
The total CF of Gazi University is 58300 tons.
This means 0.76 t of CO2 per capita (staff + students) are emitted to the atmosphere per year.
Figure 1 displays the EF of each emission
source of Gazi University. Transportation including
fuel consumption for University’s own vehicles as
well as private vehicles of the staff and students
accounts for the highest EF standing at 56.70% and
consists of 8900 gha. The next largest component
with considerable impact on EF is electricity consumption with 30.40% and heating follows with
12.92% consisting of 4770 gha and 2030 gha, respectively. Water use has a negligible impact on EF
for Gazi University, amounting only for 0.25% of
total campus emissions. More than half of the EF
comes from transportation.

Component 2 emission source:
• Electrical energy is taken from the network
or from the generator directly (emission factors are
used according to the type of energy production
system, e.g. wind farm)
Component 3 emission source:
• Transportation means of staff/students
• Business travels of personnel
• Waste disposal
• Procurement of goods and services by subcontractors out of the plant.
Emissions from shuttles and vehicles were
counted in Content 1 emissions, natural gas and
electric consumptions were counted in Content 2
emissions and emissions from transport of students,
waste and water consumption were evaluated in
Content 3.
The primary data were provided by the University accounting office; utilities such as water,
electricity, and heating were obtained in the form of
monthly invoices for the year 2013 and calculated
as yearly averages. These data have been used to
calculate the consumption of energy and materials
in the system. The information on the amount of
waste produced on the campus has been provided
by the Öztürk [3]. As regards to items for which
data was not available, such as consumption of
paper and personnel transportation, secondary data
obtained from the literature survey were used.
Based on the established model and calculations,
main carbon emissions of the university were identified. The calculations in the models were done
with the Intergovernmental Panel on Climate
Change 2007 GWP method. Greenhouse gas emissions (expressed as CO2-equiv. units) were quantified using the method, assuming a 100-years’ time
span.
In the context of LCA, the ecological footprint
of a product is defined as the sum of timeintegrated direct land occupation and indirect land
occupation, related to nuclear energy use and to
CO2 emissions from fossil energy use and cement
burning:
EF = EFdirect + EFCO2 + EFnuclear
The CO2 footprint estimates the additional biologically productive area required to sequester
atmospheric fossil CO2 emissions and calcination
CO2 from cement burning through afforestation
[4]. The sequestration area to be occupied is calculated by:
EFCO2 = MCO2. ((1-FCO2)/SCO2). EqEf
where EFCO2 is the ecological footprint of indirect land occupation by fossil- and cement-related
CO2 emissions (m2yr), MCO2 is the product-specific
emission of CO2 (kg CO2), FCO2is the fraction of
CO2 absorbed by oceans (–), SCO2 is the sequestration rate of CO2 by biomass (kg CO2 m2yr-1) and
EqFf is the equivalence factor of forests (–). This
results in an EF of 2.7 m2yr kg-1CO2 emitted [5].
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&8=+5
15700.00
100.0
58300.00
EF per ha
408.00
EF per person (staff + students)
2.84
CF per person (staff + students)
0.76

#/;-/7=80

55.0
12.90
31.70
0.10
0.25
100.0

*The model was established based on the data gathered from the university that 10 shuttles travel approximately 750000 km
per year. Calculations were based on the assumption that each shuttle carries 20 persons.
** According to the data gathered from the university, there are 18685 students. The assumptions for the calculations are
given below;
- 10% of the students accommodate in the dormitories or houses in the neighborhood.
- 40% of students travel by shuttles.
- 50% of students travel by public transportation.
*** The model was established based on the university’s waste generation and recyclable waste data obtained from the university.

'$ 
#/;-/7=+1/<80/+-2/63<<387<8>;-/08;37+C3'73?/;<3=B

'$ 
#/;-/7=+1/80-86987/7=<37+C3'73?/;<3=BD<?+5>/
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Similarly, as can be seen in Figure 2, transportation has the highest CF with 32.100-ton CO2 eq
and accounts for 55.0% of the total emission. The
next largest component with considerable impact on
CF is electricity consumption with 31.70% and
consisting of 18500-ton CO2 eq. The third component is heating with a rate of 12.90%. Water use
and waste do not have a large impact on CF of Gazi
University, only 0.25% and 0.10% respectively.
The percentage distribution of each component in
CF is comparable with the EF (except waste).
When other universities in the scope of this study
given in Table 2 are examined in terms of components contributing to EF and CF; the share of transportation on EF was found as high only at Leuven
University (Belgium). Direct energy use has the
highest impact on EF in other university campuses
examined. From Table 2, it is possible to say that

the contribution of the components of the EF does
not vary much with respect to the level of development of the countries.

69+-= 80 /?/5896/7= /?/5< 87  37
+69></< There is a considerable difference between the ecological footprints of developed and
developing countries [8]. Furthermore, the ecological footprint in developed countries seems to be
rising at a faster pace than in developing countries.
For example, the ecological footprint in developed
countries increased from 3.8 global hectares in
1961 to 5.3 global hectares in 2007, representing an
overall increase of 39 percent. By contrast, the per
capita ecological footprint in developing countries
increased from 1.4 global hectares in 1961 to 1.8
global hectares in 2007, representing an increase of
28 percent [9].


& 
"?/;?3/@80;/<>5=<80.300/;/7=>73?/;<3=3/<37.300/;/7=-8>7=;3/<

'73?/;<3=B
University of
Toronto at
Mississauga

8>7=;B

Canada

>6+7/?/589
6/7=7./A
$+74371

*/+;80
=2/<=>.B

9

2005



86987/7=<80
+<

Belgium

21

2010

Leon University, Campuz
de Vegazana
University
Algarve

26

2006

Total

Portugal

43

2013

Total

Cuba

67

2008

Gazi
University

Turkey

72

2013

Energy
Transportation
Water
Waste
Total
Energy
Transportation
Water
Waste
Total

North Eastern
University

China

90

2003

Central
Mindanao
University

Philippine

115

2014

SRM
University

India

130

2007

Transportation
Energy
Materials and waste
Water
Total

Energy
Transportation
Water
Total

*2013-Global Footprint Network data
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CO2 eq.



 

5049-9999
ton CO2 eq.
49.77
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0.05
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2.0
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69.4
4.0
0.2
8744.0-ton
CO2 eq.
44.22
17.83
0.05
0.01
2663.7 ton
CO2 eq.

Spain

Central
University
Marta Abreu
of Las Villas

 

Energy
Materials and waste
Water

Total

'73?/;
<3=B


16.1

Transportation
Energy
Materials and waste
Water
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8>7=;B

 

Transportation

Total

Leuven
University
College

 -+9
'73?

83.0
11.79
0.66
636.2



 

 



 

 





 

! 

 " 



   


Depending on that fact, it is aimed to review
the EFs of some universities including Gazi University (Turkey) with respect to development levels
of their home countries. It is hypothesized that, as
the development index of countries increases, EFs
of university campuses chosen in those countries
increase as well. Thus, it will be seen that if the EF
values calculated on university campuses parallel to
their countries’ EFs. Do university campuses really
be indicators of their countries? EFs of some universities, including Gazi University (Turkey), with
respect to development rankings of their home
countries are reviewed and summarized in Table 2.
As can be seen; EFs of university campuses
are comparably lower than that of their home countries, except for Philippines and India; which have
lowest rankings in HDI. Although universities are
described as small-scale cities, considering the
impact factors on the components of ecological
footprint, it is important to note that university
campuses are areas where no industrial and agricultural production, no tourism activities and no extensive settlement areas are present. Generally, campuses are highly urbanized areas hosting a significant number of academic and support facilities and
include interlinked academic areas, dormitories and
support services for dining, recreation, and cultural
purposes.
Additionally, the university is an important
site to implement sustainability practices, because
the autonomy of the governance structure allows
for more flexibility compared to the scale of a city
and even a municipality. With a smaller scale and
more structured administration, universities can
better reduce the cumulative effect of local environmental problems, an area where cities sometimes struggle [10, 11, 12]. Depending on that fact,
as sustainable development is being recognized
worldwide, the notion of constructing sustainable
campuses is now easier, compared to local or national scale. Therefore, university campuses are
well suited to initiate necessary changes to improve
environment-friendly practices. This would lead to
a situation where all members of the University
community become aware of the environmental
impact of their activities and develop a sustainable
approach in their works and lifestyles.
Another finding is; as the ranking of the countries in the HDI increases, their ecological footprints also increase. However, the opposite is true
for university campuses. That is, contrary to our
hypothesis; ecological footprints are higher in university campuses in high development indexed and
medium development indexed countries compared
to very highly developing indexed countries.
SRM University in India is the university that
creates the highest impact with 3.1031 EF/cap
among other universities with the lowest development rate in Table 2. This might be explained in
terms of education systems; developed countries

offer better educational opportunities. As the development levels of the countries increase, priority
given to education is increasing and the standards
of educational environments are also rising including improvement of the university campuses. Additionally, in developed countries, various actors
including environmental protection agencies, sustainability movements, university stakeholders as
well as student activism and NGOs push universities for greener campuses [13]. For example, in
2000 the US Environmental Protection Agency
issued an enforcement alert, which explained that
the agency was then holding colleges and universities to the same standards as the industry with regards to the issues of human health and environment [14]. An increasing number of universities
are increasingly highlighting their commitment to
sustainability on their websites and in specialized
reports [15, 16].
Furthermore, universities are particular and
unique in societal responsibility, more specifically
in terms of sustainable development and efficient
use of resources. For societies aspiring towards
sustainability, university campuses can play a leading role to support and increase the effectiveness of
environment-friendly actions, as such actions will
provide a model for the neighboring societies. Universities are identified as key hubs within cities for
innovation and environmental education, representing a precious opportunity for enabling the necessary behavioral change toward adopting more sustainable attitudes in daily lives [17].


"!'%"!
In the first part of this study, impacts of university campus on the environment based on EF
and CF values using life cycle assessment approach
is discussed. The results suggest that the main contributor to both EF and CF is transportation
(56.70% and 55% respectively) and next largest
component with considerable impact on EF and CF
is electricity consumption with 30.40% and
31.70%. Waste and water do not have a significant
impact on the EF value of Gazi University. These
findings were formed basis for advancing sustainable campus practices at Gazi University. Priorities
were set according to the current impact categories,
including the transportation plan, energy efficiency
action plan; water and waste management plans. In
order to reduce the environmental impacts, new
transportation plans and vehicle strategy of the
university have been considered. Replacement of
conventional lighting systems with solar panel
system beginning with the parking garage is estimated to reduce energy consumption by 20% at the
first stage. Solid waste management model has also
been considered to increase the rate of recycling in
collaboration with local authorities. Alternative
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waste reduction system that is used on the University of California, including compatible material
specifications for event food vendors, modified
collection systems and waste sorting was considered [18, 19].
Finally, Environmental Management Committee is established working directly with the Rectorate for the sustainable campus. Çelikdemir [20]
investigated the major characteristics of a sustainable university which plays a vital role in creating
sustainability of nations, starting from their own
community and region in Turkey and concluded
that; it is important for universities to enlighten
their students with the concept of sustainability to
provide sustainability in their own institutions and
regional sustainability as well. A behavioral change
through the stimuli prepared to raise awareness was
mostly seen with the academic staff, but there was
no positive change with the students [21, 22, 23].
Therefore the concrete numbers for EF and CF
found in this study will help students for better
understanding of impacts of daily campus life on
environment.
In the second part of the study, through comparative analysis, it could be concluded that the EFs
of university campuses are comparably small than
that of their home countries except for lowest HD
indexed countries; Philippines and India. University
campuses naturally have low environmental impacts and ecological footprints as there are no industries, no agricultural production, no tourism
pressure on campus area. Additionally, environmental awareness is high in the university community and autonomous management and decision
making mechanisms are other factors that affect the
ecological footprint of campuses to be lower than
that of countries. Ecological footprints are higher
on university campuses in high development indexed and medium development indexed countries
compared to very highly developing indexed countries.
However, it should be kept in mind that, as
stated by Klein-Banai and Theis [7], an ecological
footprint is site-specific analysis that depends on
factors related to the type of location (rural, suburban, urban), the scope (university, city, region,
nation), and the normative behavior of the specific
population. Therefore, the comparative sustainability of an institution must be evaluated in the larger
context of the location and its influence on the
surrounding environment.
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Turkey with 2 608 172 tons of annual production has a share of 7.2% in world pepper production
[3]. Plant yields are significantly influenced by
several factors. Plant nutrition is among the most
significant factors. High yields can be achieved
through appropriate and sufficient fertilization
programs [4]. However, excessive fertilization
results in both the yield losses and soil degradation.
Therefore, optimum fertilization quantities should
be determined to achieve optimum yields.
Low yield levels in pepper production are related to various factors. Insufficient or unbalanced
nutrition is among the most significant one of these
factors [5, 6]. In pepper production, attention
should be paid in fertilization practices to improve
the yield levels. Pepper-like vegetables uptake
significant quantities of nutrients from the soils.
Pepper yield and thus production largely depends on sufficient supply of nutrients. Mineral
plant nutrients, except for N, especially P and K
were reported to influence pepper growth and yield
[7]. Significant effects of potassium and phosphorus on yield and quality of fruits and vegetables
were also reported in previous studies [8, 9]. Following nitrogen, phosphorus and potassium are the
most significant nutrients influencing plant growth
and development. Phosphorus is a significant component of nucleic acid, phospholipid and ATP.
Sufficient phosphorus plays important roles in
energy transfer, photosynthesis, sugar transport,
plant growth and development, flowering, root
development and root resistance to pests and diseases [10]. Although potassium is not a structural
component of any organic molecules, it is a vital
nutrient with a great impact on plant growth, development, yield and quality. It plays a role in several
biochemical and physiological processes. Potassium has also significant contributions to photophosphorylation, enzyme activity, turgor pressure and
stress tolerance of the plants. With sufficient potassium nutrition, increasing fruit sizes, yields, soluble
solids content, ascorbic acid concentration, fruit
coloring and shelf life were reported [11].
Quantity of plant-originated amino acids, such
as proline, arginine and methionine are either directly or indirectly influenced by different stressors
[12]. These acids significantly improve plant

This study was conducted to investigate the
effects of different phosphorus and potassium doses
on yield and amino acid composition of Uygar F1
capia pepper   " " cultivar. In addition to soil available quantities, 5 different potassium doses (0, 1, 2, 4 and 8 kg K2O da-1) and 3 different phosphorus doses (0, 5 and 10 kg P2O5 da-1)
were applied in 3 replications under greenhouse
conditions. The greatest yield (4812.11 kg da-1) was
obtained from 4 kg da-1 K2O + 5kg da-1 P2O5 treatments and 75.85% increase was achieved in yield
as compared to the control treatment (0 kg K2O + 0
kg P2O5). The greatest number of fruits per plant
(21.77 fruits plant-1) was also obtained from 4 kg
da-1 K2O + 5kg da-1 P2O5 treatments. According to
results phosphorus and potassium play a great role
yield and amino acid composition of capia pepper.
But greater phosphorus and potassium doses increased amino acid quantities, but reduced yields.
%$ !
Amino acid composition, Capia pepper, Phosphorus,
Potassium, Yield

" #"
Pepper (  " " L.) is an important
vegetable worldwide. It is primarily used as spice
and also consumed as fresh vegetable. Pepper is
quite rich in carbohydrate and vitamins, thus has a
significant place in human nutrition especially in
developing countries [1]. Pepper is commonly consumed as fresh, pickle, paste, powder or flaked
pepper. Under-cover and open-field pepper production of Turkey is continuously increasing. According to TUİK data of the year 2015, pepper production of Turkey was 2 307 456 tons and this value
increased to 2 554 974 tons in 2018.
Capia pepper production was 879 775 tons in
2015 and the value reached to 1 128 060 tons in
2018 [2]. World total pepper production is 36 092
631 tons.
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potassium, 1, 2, 4 and 8 kg da-1 K2O (potassium
sulphate, 50% K2O) were applied. For phosphorus,
5 and 10 kg P2O5 kg da-1 (TSP, 46% P2O5) were
applied. Fertilizer doses were applied to soil at the
first fruit set period in a single application. Supplementary nitrogenous fertilization was not practiced
in control treatment since organic matter and nitrogen level of the soils were sufficient for optimum
yield.

!3.0 2&0<6*6 Soil texture was determined
with the aid of Bouyoucus hydrometer method [18].
Soil pH was determined in 1:2.5 soil:water suspension with a glass-electrode pH meter [19]. Soil lime
content was measured volumetrically with the aid
of a Scheibler calcimeter [20]. Organic matter content was determined in accordance with SmithWeldon method [21]. Plant available potassium
content was determined through extraction with
ammonium acetate and reading in an ICP-OES
device [22]. Available phosphorus content was
determined with the aid of Molybdophosphoric blue
color method in a spectrophotometer [23]. Soil
nitrogen content was determined by microkjheldahl method through wet-digestion in salicylic
acid + sulphuric acid + salt mixture [24].

1.23 (.) 2&0<6*6 Fresh fruit samples
were taken from all plants at the last harvest period
and preserved in a deep freezer at -20ºC for amino
acid analyses. The methods (HPLC method) specified in [25] and [26] were used to determine free
amino acid composition of the samples. In this
method, Agilent 1200 model HPLC equipped with
a single detector (UV) and Zorbax Eclipse-AAA
4.6 x 150mm, 3.5 μm (Agilent PN 963400-902)
column was used for free amino acid composition.

!7&7.67.(&0 2&0<6*6 Experiments were conducted in randomized plots design. Experimental
data were subjected to analysis of variance with
“SPSS 13.0 for Windows” software and significant
means were compared with the aid of LSD test at
0.05 significance level.


!#"!!#!!

++*(76 3+ 4-364-3586 &2) 437&66.81
75*&71*276 32 <.*0) 3+ (&4.& 4*44*5 Effects of
different fertilizer treatments on yield and number
of fruits per plant of capia pepper were found to be
significant (p<0.05).

growth and development and some of them also
significantly influence fruit taste and aroma [13]. It
was reported in previous studies that accumulation
of proline-like different amino acids may play a
great role in stress tolerance of plants [14].
Among the plant nutrients, potassium plays
important roles in plant stoma quantity and water
use, sugar transport and conversion into carbohydrates, enzyme activity, protein synthesis and seed
quality [15, 16]. There are several studies indicating
improved fruit yield, quality and chemical composition with potassium fertilizer treatments. It was also
reported for pepper and tomato that potassium fertilizer treatments significantly increased fruit yield
and quality [17].
Soil or foliar potassium treatments significantly improve yield and quality of different plant species. Significantly high plant height, number of
leaves, fresh weight, yield, number of fruits per
plant, plant sugar content and amino acid quantity
were reported with potassium sprays [17].
This study was conducted to investigate the
effects of different phosphorus and potassium doses
on yield and amino acid content of capia pepper.


" !"!
Experiments were conducted in polycarbonate
experimental greenhouses of Erciyes University
(38° 70' 54.48" N, 35° 53' 25.41" E). Greenhouse
indoor temperature and relative humidity values are
provided in (Table 1). Average indoor temperatures
varied between 20.14 - 27.24 °C and relative humidity values varied between 34.48 - 56.23%. Disturbed soil samples were taken from 0–30 cm soil
profile. Soil analyses revealed that experimental
soils were loamy in texture. Soils were unsaline and
slightly alkaline with medium organic matter and
lime contents and sufficient available phosphorus,
nitrogen and potassium levels (Table 2).
Seedlings of Uygar F1 capia pepper cultivar
were used as the plant material of the study. Seedlings were planted at 90 x 60 x 60 cm row and onrow plant spacing in two rows on 04.05.2016 and
transplanted into the greenhouse at 5-6 true-leaf
stage. The first harvest was performed on
30.07.2016 and the last harvest was performed on
14.11.2016. A total of 10 harvests were performed
throughout the growth season of the plants.
To determine the effects of different potassium and phosphorus doses, different doses were
applied based on available quantities in soils. For
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5**2-386*1327-0<.2)3355*0&7.9*-81.).7<&2)7*14*5&785*9&08*6

Months
Relative Humidity (%)
Temperature ºC

May
58.36
20.64

June
55.54
23.22

July
51.12
24.65
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August
45.27
26.87

September
41.48
22.77

October
46.86
19.18
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;4*5.1*27&063.0(-&5&(7*5.67.(6
Soil
Depth
0-30

Texture
(cm)
Loamy

pH
7.83

OM
(%)
3.21

Lime
(%)
10.45

EC
(dS M-1)
0.38

#


 

65.78

#

7.56

#

13.54


" 
++*(763+).++*5*27+*57.0.=*5632<.*0)3+(&4.&4*44*5
Yield
Yield
(Kg da–1)
(g plant-1)
Control
2736.49 b
1231.54 b
1 kg K
3955.65 a
1780.22 a
2 kg K
3863.56 a
1738.77 a
4 kg K
4050.21 a
1822.77 a
8 kg K
3886.03 a
1748.88 a
1 kg K + 5kg P
3828.25 a
1722.88 a
2 kg K+ 5kg P
3874.42 a
1743.66 a
4 kg K+ 5kg P
4812.11 a
2165.66 a
8 kg K+ 5kg P
4160.57 a
1872.44 a
1 kg K +10 kg P
3973.67 a
1788.33 a
2 kg K+10 kg P
4242.78 a
1909.44 a
4 kg K+10 kg P
3923.06 a
1765.55 a
8 kg K+10 kg P
4604.47 a
2072.22 a
* Different letters indicate significant differences at P <0.05.
Treatments

Number of fruits
(fruits plant-1)
12.33 b
17.33 a
18.00 a
17.66 a
18.11 a
18.22 a
18.11 a
21.77 a
19.33 a
17.66 a
18.55 a
19.11 a
20.77 a

Number of fruits
(fruits m–2)
27.40 b
38.51 a
39.99 a
39.25 a
40.24 a
40.48 a
40.24 a
48.39 a
42.95 a
39.25 a
41.23 a
42.46 a
46.16 a



flowering, ripening and yield of some vegetables
[36].
It was reported in previous studies conducted
with peppers that NPK treatments significantly
increased dry weight and marketable yields and
reported similar findings with the present study [37,
38].

In control treatments without fertilizers, yield
was measured as 2736.49 kg da-1 and number of
fruits per plant was identified as 27.40 fruits m-2
(Table 3). The greatest yield (4812.11 kg da-1) and
2165.66 g plant-1) and number of fruits per plant
(48.39 fruits m-2) were obtained from 4 kg da-1 K +
5 kg da-1 P treatments. As compared to the control
group, 75.85% increase was achieved in yield and
76.61% increase was achieved in number of fruits
with 4 kg K da-1+ 5 kg da-1 P treatments.
Considering the effects of single potassium
treatments, it was observed that treatments provided
significant increases in yields as compared to the
control treatments. The greatest yield (4050.21 kg
da-1) was obtained from 4 kg K da-1 treatment and
the greatest number of fruits (40.24 fruits m-2) was
obtained from 8 kg K da-1 treatment. The yield of 1
kg K da-1 treatment (3955.65 kg da-1) was similar
with the yield of 4 kg K da-1 treatment. Therefore,
differences in yields of singe potassium doses were
not found to be significant.
In this study, generally significant increases
were observed in yields with potassium treatments.
Present findings comply with the results of earlier
studies [27, 28, 29, 30]. Researcher [31] indicated
significant increases in pepper yields with N, P and
K treatments and reported similar yield values with
the present study.
Previous studies conducted with pepper and
similar vegetables reported that potassium fertilization treatments improved plant growth and chemical composition [32], yield and fruit quality [33],
increased yield and quality of capia pepper seeds
[34], linearly increased biomass, thus number of
fruits and fruit weight [35] phosphorus fertilizer
treatments provided significant increases in early

++*(76 3+ 4-364-3586 &2) 437&66.81
75*&71*276 32 &1.23 &(.) (31436.7.32 3+ (&4.&
4*44*5 Different K and P treatments yielded significant decreases in amino acid composition of the
plants (p<0.01). The greatest total amino acid content (95.99 pmol μl-1) was obtained from 4 kg K kg
da-1+ 10 kg P kg da-1 treatments and 37.29% increase was observed with this treatment as compared to the control group. With the present treatments, significant differences were also observed in
quantities of different amino acids. The greatest
asparagine, glutamine, histidine and thionine contents were obtained from 8 kg K da-1 treatments.
The greatest aspartate and leucine contents were
obtained from 8 kg K da-1+ 5 kg da-1 P treatments;
The greatest glutamate, serine, glycine, alanine,
methionine, phenylalanine, isoleucine, lysine and
proline contents were obtained from 4 kg K da-1+
10 kg da-1 P treatments; the greatest arginine, tyrosine, cysteine, valine, tryptophan and sarcosine
contents were obtained from 8 kg da-1 K+ 10 kg
da-1 P treatments (Table 4 and 5).
Amino acids are biostimulants that significantly reduce stress-induced damages on plant growth,
development and yield [39]. With increasing amino
acid quantities, increasing fruit diameter and
lengths [40], improved yield and quality were reported [41]. Present findings and previous studies
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significant increases in plant yield and quality [13,
42].
Increasing potassium doses increased total
amino acid contents. These findings comply with
the results of earlier studies [17] indicating increasing amino acid contents with potassium fertilizer
treatments.

revealed that phosphorus and potassium fertilizer
treatments improved plant amino acid quantities
and yields. Increasing amino acid quantities were
observed with increasing phosphorus and potassium
doses. In 4 kg da-1 K + 5 kg da-1 P treatment with
the greatest yield, 285 increase was observed in
total amino acid content as compared to the control
treatment. Increasing amino acid contents result in

Control
1 kg K
2 kg K
4 kg K
8 kg K
1 kg K +
5kg P
2 kg K+
5kg P
4 kg K+
5kg P
8 kg K+
5kg P
1 kg K
+10 kg P
2 kg K+10
kg P
4 kg K+10
kg P
8 kg K+10
kg P

Tyrosine

Alanine

Arginine

Thionine

Glycine

Histidine

Glutamine

Serine

Asparagine

Glutamate

Aspartate

Treatments

" 
++*(763+4-364-3586&2)437&66.81+*57.0.=*5632&1.23&(.)(31436.7.323+(&4.&4*44*5+58.76
4130μ0 

3.45f
3.76 e
3.88de
3.56 f
3.12 g

2.34 e
2.44 de
2.43 de
2.56 cd
2.65 bc

3.45 i
5.46 gh
6.12 cd
6.77 b
7.45 a

4.55 g
4.99 f
5.45 e
6.12 c
6.55 b

3.44 h
4.12 fg
4.55 bcd
4.66 abc
4.88 a

2.66 e
2.98 d
3.12 cd
3.44 ab
3.67 a

2.33 g
2.76 ef
3.11 cd
3.44 b
3.10 cd

4.55 e
5.11 d
5.66 c
5.88 bc
6.32 a

8.79 f
9.12 ef
9.45 de
9.66 d
10.34 b

14.35 d
15.44 c
15.66 c
17.75 a
16.55 b

0.78 f
0.88 cde
0.85 ef
0.97 bcd
0.99 b

3.88 de

2.50 d

5.33 h

5.11 f

3.98 g

2.88 de

2.70 f

5.02 d

9.21 e

15.24 c

0.82 f

5.77 c

9.45 de

16.23b

0.88 cde

6.13 ab

9.88 cd

17.66 a

0.98 bc

2.88
def
2.98
cde

4.12 c

2.65 bc

5.66 fg

5.45 e

4.32 def

3.11 cd

4.32 b

2.77 ab

5.90 de

6.12 c

4.45 cde

3.45 ab

4.55 a

2.65 bc

6.23 c

6.44 b

4.66 abc

3.56 a

3.15 c

5.88 bc

10.23 bc

16.56 b

1.11 a

5.20 d

9.50 de

15.44c

0.87 ef

4.02 cd

2.53 cd

5.65 fg

5.78 d

4.23 efg

3.02 cd

2.90
cdef

4.34 b

2.77 ab

5.88 ef

6.21 c

4.55 bcd

3.24 bc

3.44 b

5.60 c

10.15 bc

17.68 a

0.95 cde

4.45 ab

2.90 a

6.32 c

6.77 a

4.78 ab

3.55 a

3.99 a

6.11 ab

10.44 b

18.23 a

1.05 ab

4.12 c

2.89 a

6.20 c

6.12 c

4.89 a

3.62 a

3.45 b

6.32 a

11.03 a

17.69 a

1.14 a

* Different letters indicate significant differences at P <0.05.

2.12 e

2 kg K

1.76 def

0.82 cd

1.55 de

1.44 d

1.43 abc

2.44 d

4 kg K

1.87 cd

0.99 b

1.78 abc

1.92 b

1.33 cde

2.56 c

8 kg K

2.02 ab

0.93 bc

1.44 def

1.65 c

1.56 ab

2.78 ab

1.53 gh

0.60 f

1.24 fg

1.21 ef

1.04 fg

2.01 e

1.44 f
1.62
ef
1.78
cde
2.11
ab
1.87
bcde
1.60
ef
1.88
bcde
2.10
ab

1 kg K + 5kg
P
2 kg K+ 5kg
P
4 kg K+ 5kg
P
8 kg K+ 5kg
P
1 kg K +10
kg P
2 kg K+10 kg
P
4 kg K+10 kg
P
8 kg K+10 kg
P

1.66 efg

0.68 e

1.35 ef

1.35 de

1.15 efg

2.11 e

1.78 de

0.76 de

1.44 def

1.66 c

1.33 cde

2.45 d

1.84 cd

0.85 cd

1.87 ab

1.92 b

1.57 ab

2.66 bc

1.62 fg

0.78 de

1.32 fg

1.44 d

1.22 def

2.15 e

1.77 de

0.93 bc

1.65 cd

1.87 b

1.38 bcd

2.43 d

1.98 bc

1.11 a

1.93 a

2.11 a

1.62 a

2.88 a

2.14 a

1.18 a

1.77 abc

2.16 a

1.43 abc

* Different letters indicate significant differences at P <0.05

2.42 d



1124

2.32 a
1.72
de
1.98
bcd
2.11
ab
2.03
bc

Total
Amino
acid.
nmol/ul

1.77 f

1.14 efg

Proline

0.99 g

1.24 ef

Sarcosine

1.13 f

1.34 cd

Lysine

Leucine

1.11 g

0.67 ef

Tryptophan

0.56 f

1.55 gh

Methionine

1.44 h

1 kg K

Valin

Control

Cysteine

Isoleucine

Phenylalanine

Treatments

" 
++*(763+4-364-3586&2)437&66.81+*57.0.=*5632&(.)(31436.7.323+(&4.&4*44*5+58.764130
μ0 "&'0* (327.28*

2.88 e

7.68 g

0.23 f

69.92 f

2.93 e

7.99 fg

0.27 e

77.93 e

7.77 g

0.33 cd

82.92 d

9.32 c

0.36 bc

90.60 c

2.88 e

9.88 a

0.31 de

90.94 c

2.90 e

8.11 ef

0.24 f

77.15 e

8.35 e

0.35 bcd

82.51 d

9.44 bc

0.38 b

89.43 c

9.78 ab

0.31 e

91.79 c

8.11 ef

0.26 f

81.3 d

3.34 d

8.77 d

0.35 bcd

89.28 c

3.78 a

9.45 bc

0.43 a

95.99 a

3.41
bc

9.87 a

0.27 e

94.15 ab

3.32
cd
3.55
abc

3.11
de
3.45
bc
3.65
ab
3.54
abc

! 

 " 



   


"
355*0&7.3261&75.;+357-*5*0&7.326-.46'*7:**2.2(5*&6.2,437&66.8175*&71*276&2)+58.7&1.23
&(.)(327*276
K
0.102
0.599*
0.698*
0.745**
0.787**
0.904**

AS

GLU

ASP

SE

GL

AS
GLU
ASP
SE
GL
Hİ

Hİ

0.579*
0.023
0.372
0.258
0.242

0.517
0.800**
0.729**
0.774**

0.810**
0.923**
0.847**

0.889**
0.922**

0.935**

GLY

0.497

0.435

0.780**

0.677**

0.837**

0.832**

THE

0.821**

0.248

0.791**

0.843**

0.855**

0.936**

ARG

0.840**

0.376

0.886**

0.674*

0.857**

0.871**

AL

0.564*

0.451

0.881**

0.653*

0.840**

0.802**

TYR

0.887**

0.446

0.809**

0.627*

0,825**

0.817**

GLY

0.757*
*
0.954*
*
0.898*
*
0.826*
*
0.912*
*

THE

ARG

AL

0.856*
*
0.824*
*
0.817*
*

0.793
**
0.924
**

0.779
**

0.730**
0.779**
0.880**
0.725**

K
0.862**
0.681*
0.644*
0.727
0.772**
0.735**
0.722**
0.331
0.918**
0.231

CY

VA

ME

TR

PH

İS

LE

LY

CY
VA
ME
TR
PH
İS
LE
LY
SA
PR

SA

0.931**
0.783**
0.885**
0.858**
0.844**
0.731**
0.498
0.869**
0.487

0.856**
0.930**
0.802**
0.787**
0.685**
0.634*
0.746**
0.497

0.930**
0.836**
0.829**
0.871**
0.793**
0.711**
0.627*

0.815**
0.807**
0.859**
0.751**
0840**
0.573*

0.963**
0.782**
0.620*
0.763**
0.613*

0.802**
0.600*
0.797**
0.711**

0.773**
0.828**
0.691**

0.468
0.605*

0.605*

TAİ

0.786**

0.923**

0.891**

0.884**

0.942**

0.892**

0.915**

0.902**

0.691**

0.691**

PR

0.686*
*

* Correlations are significant at p <0.05. ** Correlations are significant at p <0.01.
Potassium fertilizer quantity (K), Cystine (CY), Valin (VA), Methionine (ME), Tryptophan (TR), Phenylalanine (PH), İsoleucine (İS), Leucine (LE), Lysine (LY), Sarcosine (SA), Proline (PR), Total Amino Acid Content (TAİ), Aspartate (AS),
Glutamate (GLU), Asparagine (ASP), Serine (SE), Glutamine (GL), Histidine (Hİ), Glycine (GLY), Thionine (THE), Arginine (ARG), Alanine (AL), Tyrosine (TYR).

ers should be applied together with phosphorus
fertilizers rather than single applications. For high
yield levels in capia pepper, 4 kg K da-1+ 5 kg P
da-1 treatment could be recommended (Table 3).
Greater doses increased amino acid quantities, but
reduced yields. Further research is recommended
for combined application of phosphorus and potassium under field conditions.


$"!

There were highly significant positive correlations between potassium treatments and total amino
acid quantities (r=0.786**). Increasing total amino
acid contents were observed with increasing potassium doses (Table 6). While significant correlations
were not observed between potassium treatments
and aspartate, glycine, tryptophan, lysine and proline contents, there were significant correlations
between potassium treatments and the other amino
acids (p<0.01 and p<0.05).
Potassium acts as a cofactor in amino acid accumulation in plants. Potassium plays significant
roles in conversion of some compounds and elements into amino acids [43]. Parallel to present
findings, decreasing glutamine and aspartate contents were reported under potassium deficiency
[44].
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In this study, investigating the effects of phosphorus and potassium treatments on yield and amino acid composition of pepper plants, it was concluded that for optimum yields, potassium fertiliz-
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ents are to be discharged into public sewage systems; however, if phenolic wastewater effluents are
to be released into inland water bodies, the maximum permissible discharge level of phenols in
these effluents is only 1 ppm [5, 6]. Furthermore,
the level of phenols in potable drinking water
should not exceed 1 part per billion according to the
United States Environmental Protection Agency
[7]. Thus, proper and effective treatment of phenolic wastewaters before reuse or discharge is an imperative task.
Therefore, development of sustainable treatment methods to deal with phenolic compounds in
industrial effluents is highly welcome [8]. Treatment efficiency is considered to be most important
sustainability criteria [9] when considering the
treatment technologies dealing with industrial effluents containing complex compounds. In this
regard, various physicochemical (e.g., coagulation,
adsorption, oxidation, etc.) [10] and biological
methods (e.g., fungal treatment, aerobic treatment,
anaerobic digestion, etc.) [11], have been developed
and applied for the treatment of industrial effluents
and these have shown various efficiencies for the
degradation or removal of phenolic compounds
[12].
Among the conventional methods for the
treatment of industrial effluents, activated sludge
(AS) has been widely adopted by various industries
[13]. However, promoting its efficiency for the
treatment of phenolic effluents is an important area
that has created much interest among the researchers and industries [14]. Increasing the efficiency of
such systems to deal with high strength industrial
effluents would effectively increase the reliability
of these methods to satisfy the ongoing need for
clean water resources and to decrease the treatment
operating costs, which is one of the main criteria
considered by several industries. Xavier et al. [15]
in a comparative study concluded that AS process
would present a high degree of efficiency for the
treatment of Kraft pulp and paper mill effluents,
higher than that of aerated lagoons, except for the
treatment of phenolic compounds. Such findings
point out the need to promote AS efficiency for
treating phenolic compounds while offering an
opportunity for their wider applications in complex
industrial effluents treatment.

Water pollution is one of the serious environmental problems threatening the sustainable development of human civilization. Many phenolic compounds are hazardous, toxic, endocrine disrupting,
mutagenic, teratogenic, and/or carcinogenic. They
also cause severe damages to marine ecosystem.
Accordingly, their removal from polluted
wastewaters prior to its discharge to the environment is a mandatory task. This work reports the
biodegradation of phenol with enhanced efficiency
in a sequencing batch reactor (SBR) after an acclimatization procedure with mixed culture activated
sludge. The effects of temperature, initial phenol
concentration, pH and time on phenol biodegradation were investigated. The system also showed
high degree of stability and resistance to a load
shock by increasing the initial concentration of
phenol from 500 to 1000 mg/L.
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Chemical and allied industries generate large
quantities of water polluted with high concentrations of several phenolic components. The concentration of phenolic compounds in the discharged
wastewaters can be as high as thousands part per
million (ppm), depending on the industrial source
of discharge [1]. Besides the high levels of phenolic
compounds in the generated wastewaters, large
quantities of phenolic wastewaters are also generated annually. It has been estimated, for instance, that
more than 10 million tons of phenols are yearly
discharged to the environment [2]. The discharge of
phenolic wastewaters to the environment without a
prior satisfactory treatment leads to many health
problems. Additionally, the discharge of phenolic
wastewaters to the environment leads to the contamination of soil, surface water, or/and groundwater [3, 4], threatening the harmony of the ecosystem. Accordingly, industrial wastewater effluents
should not contain more than 5 ppm if these efflu-
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Adoption of the most suitable methods to deal
with the highly polluted industrial effluents is considered a complicated problem, which involves
various sustainability aspects (i.e., technical, economic, environmental and social) [16]. In this situation, it is of high priority to explore and present the
treatment methods with high degree of efficiency
especially in terms of phenol degradation time as
well as phenol concentration and to satisfy the
sustainable development goals. Hence, the aim of
this work is to apply an acclimatization procedure
to the mixed cultures from an activated sludge
process in order to enhance the removal efficiency
of phenol at high concentrations up to 1000 mg/L.


" !"!

phenol. Finally, the phenol concentration was increased to 1000 mg/L at the last phase of the experiments. Samples were taken from the reactor at predetermined time intervals. The desired solids retention time (SRT) during SBR mode was set by controlling the amount of sludge wasted from the reactor in each cycle. The initial desired mixed liquor
suspended solids (MLSS) concentration was provided by incubating a certain amount of seeding
sludge into the reactor.


!#"!!#!!

,,+)7 3, 7+14+5(785+ Phenol degradation
experiments at room temperature (16–28 °C) were
carried out to explore the effect of temperature on
the biodegradation of phenols by the acclimatized
mixed enhanced culture under batch reactor mode.
Fig. 1 and 2 show the effect of operating temperature on phenol biodegradation. As can be observed,
at a phenol concentration of 250 mg/L, phenol was
completely biodegraded in both the experimental
conditions after 150 min of biodegradation test. In
the present study, effective biodegradation of phenol was achieved at room temperature (16–28 °C),
suggesting the high ability of acclimatized community for phenol biodegradation. As per our data,
room temperature condition was selected for phenol
biodegradation tests under SBR conditions.

Upon the completion of acclimatization phase,
the reactor was set to operate under sequencing
batch reactor (SBR) mode. The reactor was operated sequentially within a 12 h cycle including 15 min
of influent filling, 600 min of aeration, 30 min of
settling, and 15 min of effluent withdrawal. The
effluent was drawn from the middle port of the
reactor column (2.0 L) and the resulting hydraulic
retention time (HRT) was 24 h. The reactor was
operated for 5 days under SBR mode (10 cycles) at
250 mg/L of phenol with initial mixed liquor volatile suspended solids (MLVSS) = 1000 mg/L and
then for another 5 days (10 cycles) at 500 mg/L of
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,,+)73,/2/7/(04.+230)32)+275(7/32A sequencing batch reactor (SBR) was utilized to test
the phenol biodegradation using the previously
acclimatized activated sludge to degrade the phenol
concentrations of 250–1000 mg/L at pH ~5 and
room temperature conditions. Fig. 3 shows the
sequencing batch tests for phenol biodegradation
with acclimatized conditions enhanced the mixed
culture under various initial phenol concentrations.
Thus, acclimatized mixed culture sludge began
degrading the phenol without a time lag and almost
complete degradation occurred in 160, 190, and
250 min, respectively corresponding to removals of
81.73, 83.93 and 86.35% for initial phenol concentrations of 250, 500 and 1000 mg/L. Furthermore,
the average phenol biodegradation rates decreased
upon increasing the initial concentrations from
250 mg/l to 1000 mg/L, suggesting the bacteria
inhibition at high initial phenol concentrations. 

,,+)73, 7.+ 7/1+ There are some reports in
the literature for the biodegradation of phenol using
various types of biodegradation technologies both





aerobically or anaerobically. However, duration of
the biodegradation process was considered to be the
main barrier for wider application of some of the
conventional and novel treatment technologies.
As can be seen from Fig. 4, the phenol removal increased as time increased. phenol removal is
76% when the time is 130 min. Removals of 83.93
and 86.35% for initial phenol concentrations of
250, 500 and 1000 mg/L is obtained when the time
is 190, and 250 min.
,,+)73,4It can be seen from Figure 5 and
6 that after sufficient reaction, the phenol removal
decreases slightly with the increase of the influent
pH. However, even if the influent pH is below 5.0,
the phenol removal can be maintained above 80%.
Although the concentration of free H+ in the solution is extremely low at this time, the target contaminant can obtain a considerable removal rate.
Organics must combine with H+ while accepting
electrons to produce the final product. Then the H+
combined with the contaminant at this time can
only be supplied by the solvent.
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This study reports the highest phenol removal
with the mixed enhanced culture of activated
sludge. While the temperature changes from 16 to
28 °C did not have noticeable effect on the biodegradation of phenol with the acclimatized activated
sludge, the effects of initial concentration on the
extent of phenol biodegradation using a sequencing
batch reactor were considerable. The system displayed the resistance to the shock of increasing the
initial phenol concentration from 500 to 1000 mg/L
without considerable drop in the phenol removal.
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h+ + OH- ⎯
(IV)
⎯→ •OH
In sonolysis mechanism, the hydroxyl radicals
can be produced by the following equations [1619]. When water is irradiated with sonolysis, •OH
radicals are formed by thermolysis of H2O in the
collapsing bubble.
H2O ⎯
(V)
⎯→ •H + •OH

In this study, bacterial disinfection was investigated by using the sonolysis, photocatalysis and
sonophotocatalysis processes. For this purpose,
      Inaba NCTC 3661 strain was used
throughout the study. Compared to sonolysis and
photocatalysis, sonophotocatalysis was found to be
the most effective on disinfection. In addition, different wavelengths (254 nm and 365 nm) of ultraviolet lamps (UV) were evaluated on disinfection.
The wavelength of 254 nm was more effective than
365 nm on the disinfection. Moreover, the shortest
disinfection time was measured as 8 minutes in
sonophotocatalytic process at 254 nm wavelength.


H + O2 ⎯
⎯→ •HO2
2 •HO ⎯
⎯→ H2O2

•

⎯
⎯→ H2O2 + O2
H + H2O2 ⎯
⎯→ •OH + H2O
•

2 HO2

Safe water is fundamental for healthy lives
and its sustainability is obviously important. Ensuring the safety of present water sources requires
effective disinfection of wastewater. Among the
bacterial pathogens present in wastewater,   
  causes one of the most devastating human
disease, cholera [1-3].
Cholera transmission is primarily linked to the
ingestion of contaminated water. Various methods
have been developed for disinfecting the microorganisms from wastewaters before they reach the
natural water sources. Recently, advanced oxidative
systems have gained great attention. Photocatalysis
and sonolysis provide oxidative environment for
effective inactivation of bacteria [4-9].
In photocatalysis mechanism, upon irradiation,
the hydroxyl radicals can be produced as [10-15]:

The processes were performed in a Pyrex
glass reactor. Ultrasonic generator (Cole Parmer,
Ultrasonic homogenizer, 750 W, 20 kHz) with a
cup horn probe was used for sonolysis. Pen-Ray
UV lamps (Cole Parmer) were used as the radiation
source for photocatalytic experiments. The water
was circulated continuously within the water jacket
reactor by the constant temperature water circulator
to keep the temperature stabile. The required O2 for
the system was generated by a vacuum pump. The

(I)
(II)

h + H2O ⎯
⎯→ OH + H
•

+

(IX)

(X)
The great amount of the •OH radicals produced by sonolysis recombines into H2O2 at the
gas-liquid interface and in the cavitation bubble
before being transferred into the solution. Also,
compounds inside or in the purlieus of a collapsing
bubble may be exposed to pyrolytic decomposition
because of the high local temperature and pressure
[10, 16, 20]. When photocatalysis and sonolysis are
simultaneously used, greater hydroxyl radicals will
accumulate in the medium. Hence, the efficiency of
disinfection will be promoted.
The aim of this study is to achieve total disinfection of   Individual uses and simultaneous combination of photocatalytic and sonolytic
processes were evaluated. Also, different wavelengths were investigated in order to determine the
effect of wavelength on the disinfection of the bacteria.


   



 

+

(VIII)

•


 
Disinfection, Sonolysis, Photocatalysis, Sonophotocatalysis,     

TiO2 + hν ⎯
⎯→ e- + h+
e- + h+
⎯
⎯→ heat

(VII)

(III)

1134

#"

  $  



  !




constant parameters for comparing the sonolytic,
photocatalytic and sonophotocatalytic processes.
The effect of wavelength of the lamps was studied
in these processes.
The experimental wavelengths were 254 and
365 nm. The light intensity of both lamps was kept
constant at 44 W/m2. The disinfection rates of the
sonolytic process, photocatalytic and sonophotocatalytic processes at 365 nm wavelength were
graphed in Fig 1. After 15 min, the disinfection
rates were approximately 3.4x105, 8.5x103 and 0
cfu/ml for photocatalytic, sonolytic and sonophotocatalytic processes, respectively. The complete
disappearance was observed after 60 min for photocatalytic process, 40 min for sonolytic process and
15 min for sonophotocatalytic process. The highest
and the fastest disinfection was achieved by the
sonophotocatalysis. This can be attributed to the
amount of •OH radicals formed in the medium. As
known the hydroxyl radicals are powerful oxidizing
agents and attack to compounds and intermediates
[18-23]. There would be less •OH radicals in the
medium when these processes were used individually. Despite that, when they were used simultaneously, there would be more hydroxyl radicals in the
medium. Hence, they will be more effective for the
disinfection [11,13, 24]. As shown in the Fig. 1,
disinfection rate determined in sonolysis could be
higher than the disinfection rate obtained by the
photocatalytic process. The effect of sonolysis is
based on the •OH radicals, which occurred from the
homolysis of H2O. The exposure of water to sonolysis results in local hot spots (4000–5000 K) as
a consequence of the formation, growth and collapse of cavity bubbles containing entrapped gases
and vapors of the surrounding water [25, 26]. At
collapse, chemical reactivity is initiated through the
thermolytic decomposition of bubble contents into
the free radical species, and/or through the free
radical oxidation of dissolved solutes at the gas–

commercial TiO2 supplied by Degussa (P25) was
used as photocatalyst. According to the manufacturer’s specifications, P25 has an elementary particle size of 30 nm, a BET specific surface area of 50
m2/g and its crystalline mode was 80% anatase and
20% rutile.
   Inaba NCTC 3661 strain was used
throughout the study. The strain was grown aerobically in 250 ml flasks containing 100 ml of nutrient
broth at 37 °C on a rotary shaker overnight. The
final bacterial count was adjusted to 108 cfu/ml in
bacterial suspension for further use. The cell viability of bacteria was tested on the Plate Count Agar
(PCA). During the course of reactions, samples
were withdrawn from suspension at regular intervals for 60 min in triplicates. The viable count was
performed on PCA plates after serial dilutions of
the sample in phosphate-buffered solutions. All
plates were incubated at 37 °C for 24–48–72 h.
Amplitude of ultrasound energy as 60%
(55.03 W), 44 W/m2 the light intensity and 37 °C
temperature were used as the constant parameters
for the experiments. The reactor was isolated from
the outside light. Bacterial solution and 300 mg
TiO2 were introduced to the reactor. Experiments
were carried out by continuously stirring with the
magnetic stirrer. 5 ml samples of suspension were
withdrawn at regular intervals (15–30–45–60 min).
Samples were diluted nine times and each dilution
was spread on PCA. Sonolytic, photocatalytic and
sonophotocatalytic experiments were studied for
displaying the most effective process on
disinfection.


  
In this study, the initial bacterial concentration
108 cfu/ml, amplitude of sonolysis (60%) and light
intensity (44 W/m2) parameters were chosen as
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liquid interface or the bulk liquid [27, 28]. When
these bubbles collapse strongly on the catalytic
surface, they can make more holes and pores. The
surface area of catalyst can increase through these
holes and pores. In addition, catalyst surfaces can
be more cleaned by sonolysis. Thus, the surface
area of catalyst can increase for forming more •OH
radicals and more •OH radicals can occur on the
catalyst surface.
The disinfection rates of the sonolysis and
photocatalytic and sonophotocatalytic processes at
254 nm wavelength were graphed in Fig 2. After 8
min the disinfection rates were approximately
1x107, 5.7x102, and 0 cfu/ml for sonolytic, photocatalytic, and sonophotocatalytic processes, respectively. The complete disappearance was observed at
40th min for sonolytic process, 16th min for photocatalytic process and at 8th min for sonophotocatalytic process. The highest and the fastest disinfection occurred in the sonophotocatalytic process. For
254 and 365 nm wavelengths at the photocatalytic
and sonophotocatalytic processes, the similar results can be seen as the effect of processes. As seen
from the results, the sonolytic process has the least
effect among the other processes at 254 nm wavelength on disinfection. However, it has more effect
than the photocatalytic experiment used at 365 nm
wavelength on the disinfection. For example; after
10 min, the disinfection values were approximately
1.7x104 cfu/ml in sonolysis, 2.9x102 cfu/ml in photocatalysis and there were no bacteria seen at sonophotocatalytic processes used at 254 nm. In addition, after 10 min the disinfection values were approximately 1,7x104 cfu/ml in sonolytic, 2.7x107
cfu/ml in photocatalytic and 5,5x101 cfu/ml in
sonophotocatalytic processes performed at 365 nm.

It can be seen from the results that sonolysis has
more effect than photocatalysis used at 365 nm.
Having less effect by sonolysis than the photocatalytic disinfection used at 254 nm can be attributed
to the effect of short wavelength. In other words,
short wavelength is more effective than using sonolysis alone on disinfection. In addition, if the
experimental data of two wavelengths are compared, the highest and the fastest disinfection can be
obtained by the use of 254 nm wavelength. For
example; for photocatalytic process, approximately
105 cfu/ml concentration of the bacteria was obtained in 15th min at 365 nm, despite that the same
value was determined in 4th min at 254 nm. Furthermore, for sonophotocatalytic process, approximately 100 cfu/ml concentration of the bacteria was
obtained in 12th min at 365 nm, despite that the
same value was determined in 6th min at 254 nm.
The total disappearance of bacteria was obtained
after 60 min and 15 min at 365 nm for photocatalytic and sonophotocatalytic processes, respectively.
Also, the total disappearance of the bacteria was
obtained after 16 min and 8 min at 254 nm for photocatalytic and sonophotocatalytic processes, respectively. As seen from the results at 254 nm the
processes are more effective than at 365 nm. It can
be attributed to the shortness of the wavelength. It
is a general knowledge that the frequency increases
by the decreasing of the wavelength value. Therefore, the number of the wave passed in a second
will increase. Thus, the number of waves effected
to the bacteria increases. It is known that as the
wavelength decreases, the piercing and the devastating properties increase. So that, more bacteria
were disinfected at 254 nm.
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In this study, the most effective process was
sonophotocatalytic at 254 nm on the disinfection.
This can be attributed to the sonolysis as increment
of catalytic performance by cleaning the catalyst
surface. Thus, the chemical reactions can occur
easily on the catalyst surface. In addition, collapse
of cavitation generated by sonolysis produced at
high temperatures and pressures. They cause the
forming of •OH radicals by homolysis of water.
Hence, much more •OH radicals (generated from
photocatalysis and sonolysis) present in the
medium, are required for disinfection. In addition,
since the 254 nm has the more piercing and
devastating properties than 365 nm, the highest
disinfection rate was observed in this situation.
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In this study,     Inaba NCTC 3661
strain was used for investigating the disinfection of
bacteria by comparing the sonolytic, photocatalytic
and sonophotocatalytic processes. The effect of the
wavelength of light source was investigated. The
obtained results from this study can be summarized
as follows:
• At 254 nm and 365 nm wavelengths, the
most effective process was sonophotocatalytic
process on the disinfection due to generating more
•
OH radicals in this process.
• When the wavelengths were compared,
higher disinfection rate was obtained at 254 nm for
all processes due to having more piercing and devastating properties than the 365 nm because of the
shortness of wavelength.
• Sonolysis has the lower effect than the
photocatalytic disinfection used at 254 nm due to
the effect of short wavelength. Using short wavelength is more effective than using sonolysis alone
on the disinfection.
• The highest disinfection rate was observed
at 254 nm wavelength with using the sonolysis and
photocatalysis simultaneously (sonophotocatalytic
process). 
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cal wastewater treatment can effectively strengthen
the protection of the hospital and surrounding environment [1-3]. Modern hospitals need specialized
and high-quality medical waste temporary storage
room and transfer equipment, as well as space and
equipment for purification and treatment of medical
wastewater, so as to ensure that the waste management and transportation of hospital and the purification and transfer of wastewater can be completed
accurately, orderly and with good quality and quantity. With the development of modern hospitals and
the improvement of medical level, it is necessary
for hospitals to provide patients with more comfortable, safe and clean treatment and rehabilitation
environment, as well as excellent working environment for medical staff and logistics management
staff in hospitals. In order to improve the health
diagnosis and treatment level of the whole hospital,
the construction of safe, efficient and convenient
medical waste water treatment center is an essential
part of modern hospital and an important part of the
construction of diagnosis and treatment environment in hospital [4-6].

Medical wastewater is characterized by infectivity, radioactivity, toxicity and drug resistance. In
recent years, the total number of medical institutions, the number of beds, and the number of medical practitioners has increased rapidly, and the
amount of wastewater discharged has increased
dramatically. At present, the medical institution
wastewater facilities have played a positive role in
sewage pollution control, but there are many problems such as low ownership rate of treatment facilities, low treatment level, poor management and not
fully considering ecological and environmental
safety. This paper takes medical wastewater as the
research object, takes big data information as the
research background, and uses computer software
technology and environmental science technology
to complete the development of the interactive
system. K-means algorithm is adopted to study the
integration of big data interactive system of medical
wastewater treatment. Analyze the exceeding degree of medical wastewater treatment to cluster,
conduct secondary wastewater treatment, improve
the treatment rate of wastewater, and verify the
effectiveness of the algorithm through experimental
simulation, thus completing the integration study of
interactive system.



*1&8*) 6*7*&6(- 43 ;&78*;&8*6 86*&82*38
496(* 4+ 2*).(&1 ;&78*;&8*6 Medical waste
water mainly comes from the following sources:
washing waste water of medical appliances, waste
water with various kinds of infectious bacteria
generated in medical work (especially surgery),
waste water with radioactive elements generated by
radiology departments, domestic waste water of
medical workers, and waste water generated by
patients. Among them, the pollution is more serious
for the outpatient, ward, medical technology, laundry and mortuary sewage. In the ward's internal
medicine, surgery, gynecology, pediatrics, skin and
dentistry, there will be germs and viruses discharged with the wastewater. The hazardous materials of medical wastewater are multi-faceted, including not only acids, alkalis, various organic
substances, but also heavy metals, bacteria, viruses,
radioactive substances and so on, which may cause
great harm to the surrounding environment, such as
polluting soil and air. It harms the surrounding
animals and plants, especially crops, and is more

$# 
Wastewater Treatment, Medical Treatment, The Environment, Big Data, K – means

!"!
The level of medical wastewater treatment has
always been an important part of measuring the
quality of hospital treatment environment. Strict
medical wastewater treatment can improve the
diagnosis and treatment environment of the hospital
and thus improve the treatment effect of the hospital. The smooth level of medical wastewater treatment can effectively improve the logistics management of the hospital, and the standard of medi-
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likely to cause harm to the living and working people around, leading to cancer, deformity and other
conditions [7].

ary treatment effluent can also reduce the amount of
disinfectant and improve the disinfection effect due
to the improvement of water quality. The secondary
treatment methods used in hospital medical water
include biological contact oxidation method, biological rotary method, tower biological filter method and oxidation ditch method [9]. The typical
process is shown in Figure 2.

! ! 
64(*77 4+ 2*).(&1 ;&78*;&8*6 86*&82*38
  6.2&6< 564(*77.3, The primary sewage
treatment center for hospital wastewater treatment
usually includes septic tanks, sedimentation tanks,
double-layer sedimentation tanks or adjustment
tanks. In some small hospital wastewater treatment
centers, some do not have sedimentation tanks and
adjustment tanks, but use septic tanks as primary
treatment facilities. The effluent from the septic
tank passes through the grille, metering tank (or
collecting well) directly into the disinfection contact pool [8]. The primary processing self-discharge
and lifting process flow is shown in Figure 1.

  *(43)&6< 564(*77 When the primary
treatment of effluent from hospital wastewater
cannot meet the water quality requirements of the
discharge standard, a secondary treatment process
is adopted. That is, biological treatment is used to
remove organic pollutants such as COD, phenol,
LAS and so on from hospital sewage. The second-

Ward
wastewater

Septic tank

Grid

  *).(&1 ;&78*;&8*6 ).7.3+*(8.43 86*&8
2*38 564(*77 Hospital wastewater disinfection
refers to the process of killing bacteria, viruses,
parasite eggs and other harmful microorganisms in
hospital wastewater by physical or chemical methods, so that the number of microorganisms in water
meets relevant standards, and is an important link in
hospital sewage treatment. At present, there are two
main methods for disinfecting hospital wastewater:
physical method and chemical method. Physical
methods mainly include mechanical filtration, heating, freezing, radiation, micro-electrolysis, ultraviolet and microwave sterilization, and the most used
ultraviolet method. Chemical disinfection includes
chlorination and ozone disinfection, and chlorination includes liquid chlorine, hypochlorite and chlorine dioxide. The advantages and disadvantages of
related disinfection methods are compared in
Table 1.

Meter

siphon

Disinfection
tank

Professional
treatment
Wastewater
treatment

Urban
sewer

Excluded after
disinfection

Special ward
wastewater

" 
6.2&6<;&78*;&8*686*&82*38564(*77
Ward
wastewater

Septic tank

Grid
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425&6.7434+&):&38&,*7&3)).7&):&38&,*74+;&78*;&8*6).7.3+*(8.432*8-4)7.32*).(&1.378.898.437
Item

Ultraviolet (uv)

Ozone

Liquid chlorine

Bacteria
Virus
Spore

effective
partial effective
invalid

effective
effective
effective

effective
partial effective
invalid

Advantages

Short contact time,
easy to install and
maintain, less space,
continuous or intermittent operation, no need
for special management, no corrosion
problems, etc.

Short contact
time, no organic
chloride; Not
affected by PH:
increases dissolved oxygen in
water.

Has the continuous disinfection
effect; Simple
technology,
mature technology; Simple operation; Dosage is
accurate

Disadvantages

Large power consumption, lamp tube needs
to be replaced regularly, high requirements
for the quality of water
treatment, no followup bactericidal effect,
disinfection system
investment costs are
high

Dangerous operation and management; Complex operation;
Low yield; Energy consumption;
Relatively large
investment in
infrastructure
construction;
High operating
cost

Disinfection
effect

The effect is good and
the suspension concentration is required

Good results in
sterilization and
killing of viruses

Application

More use in the laboratory

Increasingly
widespread



 "!  "

Producing organic chlorides with
carcinogenic and
teratogenic
effects; The
treated water has
a chlorine or
chlorophenol
taste; Chlorine
gas is corrosive
and dangerous to
run
Can effectively
sterilize, the
virus killing
effect is poor
Common disinfection method



Sodium
hypochlorite
effective
partial effective
invalid

Low cost, safe
use, good sterilization effect and
residual chlorine
effect

Producing organic chlorides with
carcinogenic and
teratogenic
effects; It raises
the p-h value of
the water.
Transport storage is difficult,
not easy to longterm storage,
with the present
Easy, stable, and
costly to operate
Medium and
small water
projects

Chlorine
dioxide
effective
partial effective
invalid
Strong oxidation;
No organic
chloride is produced, simple
and convenient
to be put in,
good bactericidal
effect, no secondary pollution
to water body
Operation and
management
have certain
risks; Produce on
the land only and
use on the spot;
Complex production equipment; Operation
management
requirements are
high
Efficient, fast,
and broad spectrum disinfection
performance
Medium and
small water
projects

study mainly analyzes and processes medical
wastewater data, all of which are collected and
transmitted by the underlying monitoring equipment to form wastewater big data. Wastewater big
data has the following four typical characteristics:
(1)In order to meet the needs of comprehensive management, all hospitals will be connected to
the system in physical space. The number of
wastewater monitoring points far exceeds the number of factories; in time, each monitoring point will
transmit a large amount of wastewater treatment
data in real time;
(2)Diversity, different sources, different formats;
(3)Medical wastewater data is generated very
quickly;
(4)Dynamic, the types of wastewater elements discharged from major hospitals may change;
on the other hand, their content constantly changes
at different times.

*1&8*) 6*7*&6(- '&7*) 43 '., )&8& -&6
&(8*6.78.(7 4+ '., )&8& Big data refers to the collection of data that cannot be captured, managed
and processed by traditional data processing software within an affordable time. It is characterized
by massive data mining, but it must rely on cloud
computing distributed processing, distributed database, cloud storage and virtualization technology.
Features of big data:
(1)Volume, that is, the data is huge, and the
data reaches the PB level.
(2)Variety, which is a variety of data types,
includes not only traditional formatted data, but
also unformatted data such as videos, pictures, logs,
and geographic information from the Internet.
(3)Velocity, that is, the data is generated
quickly and processed quickly.
(4)Veracity refers to the qualitative requirements for data, which will directly affect the results
of data analysis.

-&6&(8*6.78.(7 4+ 2*).(&1 ;&78*;&8*6 '.,
)&8& The medical wastewater treatment in this

*7*&6(- 43 8-* .38*,6&8.43 4+ 2*).(&1
;&78*;&8*6 86*&82*38 '., )&8& .38*6&(8.43 7<7
8*2 *7.,34+2*&37 &1,46.8-2 '&7*) 43 '.,
)&8& K-means algorithm is a kind of clustering
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centroid selection will also lead to the randomness
of the cluster quality, which makes the clustering
effect of the k-means algorithm unstable. Generally
speaking, the centroid is chosen completely randomly, and the quality of the clusters is mostly
poor.

  .,- (42598&8.43&1 (478 K-means uses
an iterative method to continuously update the
centroid. Each iteration not only calculates the
value of the clustering criterion function (objective
function), but also recalculates the centroid of the
next round. After analysis, it is found that the essence of these two calculations is based on the
distance between two data points. Since each sewage data point is a 40-dimensional data, which is
considered as a medium dimension, the calculation
cost of the distance between such data points is
relatively large. Therefore, in the wastewater data
clustering, k-means has a large time cost and needs
to be further optimized.

algorithm. The so-called clustering means that
according to the similarity principle, data objects
with high similarity are divided into the same cluster and data objects with high dissimilarity are
divided into different clusters. The biggest difference between clustering and classification is that
the clustering process is an unsupervised process,
that is, the data objects to be processed do not have
any prior knowledge, while the classification process is a supervised process, that is, there are training data sets with prior knowledge. Through the kmeans algorithm, clusters with the number (k) specified by the user can be found, which are represented by the center of mass. It has many advantages,
such as fast convergence speed, easy to understand
the principle, suitable for a variety of data types and
so on. The flow chart is shown in Figure 3.
Start

*7.,3 4+ '., )&8& .38*6&(8.:* 7<78*2 +46
2*).(&1 ;&78*;&8*6   1,46.8-2 24)*11.3,
The k-means algorithm is applied to some problems
existing in the excessive clustering of medical
wastewater. Based on the characteristics of
wastewater data, appropriate improvements are
made to these problems. First, the outliers are removed by preprocessing. Secondly, for the
wastewater data with relatively high dimensions, a
method to reduce dimensions and simplify calculation is proposed, so as to reduce the shortcoming of
the k-means algorithm with large time overhead.
Finally, on the basis of selecting partial centroid
artificially, combining with k value, the k-means
algorithm is improved, and a centroid selection
method for waste water data is proposed. With this
artificial initialization centroid method, if the specified k is equal to 2, the initial centroid has been
manually selected, that is, one initial data center is
the data point represented by the maximum value,
and the other initial centroid is the data point represented by the minimum value; If k≥2, the method
selected at k=2 can be used to determine the two
initial centroid points, and the remaining k-2 centroids are specified by the mean method. It can
adapt well to the change of k value, and to some
extent improve the low-quality cluster caused by
completely random initialization centroid.
Data pre-processing, for the original sewage
index set A, compare all the indicators in A with
the national standard S, and pre-process it for the
next analysis. The processing of data point  is as
follows, where w is the dimension of the original
data and N is the number of entries of the original
data:

Input k

Select K centers
randomly

Points in the data set are
allocated

Y

Recalculate k centers

Center point change
N

End

" 
14;(-&684+02*&37
  *8*62.3&8.43 4+ 0 :&19* The k value
needs to be predetermined and entered as a
parameter.
 3.8.&1(*3864.)7*1*(8.43The selection of
centroid is the most critical step in k-means. The
selections are different and the clustering results are
often different. Most of the applications adopt the
random selection method. Since the centroid is
closely related to the cluster, the randomness of the

 = (

 −  
1 − 1 2 −  2
,
,..., 
) = ( 1 , 2 ...,  ) ,(i = 1, 2,.., N)
1
2


(1)
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In addition, the cluster of purple data points between the above two indicates moderate overshoot.
According to the overshoot warning, secondary
wastewater treatment can be carried out for this part
of water quality.


" 

Extracting data that don’t exceed the standard:
After data pre-processing, the data with all indicators not exceeding the standard are classified into a
group C0 of medical wastewater treatment that
don’t exceed the standard, and the remaining ones
are used for cluster analysis of over-standard.
Among them, the judgment of a certain data  is
as follows:
(2)
∀  (B ≤ 0) ∈ C0 ,(j = 1, 2,..., w,1 ≤ i ≤ N)

The management of modern hospital medical
waste water will be paid more and more attention
by all departments. The modern hospital wastewater treatment center will develop from the single
decentralized type to the centralized information
type. The research in this paper is relatively cuttingedge. It integrates ecological environment, big data
and other disciplines, and integrates medical
wastewater with big data to create a comprehensive
and intelligent medical wastewater treatment system, which realizes the application of big data in
the field of wastewater and lays a theoretical foundation for the research on wastewater treatment.

Clustering preprocessing of substandard data:
assign a unique label ID to each data, and map all
labeled cluster data E to F. Where, v is the new data
dimension after mapping, that is, the number of
substandard sewage indicators, whose value is
uncertain, between 0 and w:

E = ( 1 , 2 ...,  , ID) ⎯⎯⎯
→  = ( 1 , 2 ...,  , ID) ,(0 ≤ v ≤ w)

(3)
Substandard data clustering: for the mapped
data F, after k is specified, the improved k-means
algorithm is used for clustering.

#! 
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" 
*79184+7.291&8.43
  551.(&8.43 4+ '., )&8& .38*6&(8.43 .3
2*).(&1 ;&78*;&8*6 In this study, a comprehensive hospital is used to obtain wastewater data in
actual operation during the two years of 2016.082018.08. Assume that the number of specified k is
3, that is, the degree of over-standardization of
wastewater needs to be classified as mildly exceeded, moderately exceeded, and severely exceeded.
After calculation, the minimum wastewater data
point value is 0.01, and the maximum sewage data
point value is 0.73. The results of the k-means algorithm are shown in Figure 4. The x-coordinate is the
over-standardization number, the range is 1~47, and
the y-coordinate is the value of over-standardization
V . It can be seen from the figure that the top and
rightmost data points belong to the same cluster,
which respectively represent the situation that the
number of super-standards exceeds the standard and
the number of super-standards is too high, and the
number of super-standards is too high also belongs
to this cluster, the cluster represents a heavy excess.
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cline. This contributes to explain the production
decline law and take measures to effectively slow
down production decline [1-2].
To solve the problems of water cut rise and
production decline, B oilfield has undergone two
large well pattern infilling adjustments. After the
first improvement, the production of low permeability reservoirs which are difficult to use in the
early stage has been increased. After the second
improvement, the thin reservoirs are developed
with stratigraphic subdivision. After two densification adjustments, all kinds of hard-to-use reservoirs
in the block have been utilized to a certain extent,
thus ensuring stable production. At present, the
comprehensive water cut of a group of oilfields has
reached 95%. With the increase of water cut, the
production has gradually decreased, and the effect
of various measures has also decreased. In order to
develop effectively in ultra-high water-cut stage,
some measures must be taken. Therefore, to realize
the goal of stable production in oilfields, it is of
great significance to study the factors affecting
production decline in ultra-high water cut stage. For
reservoirs, there are many factors affecting production decline, and some factors are interrelated. In
the ultra-high water cut stage, the main factors
include production rate, reservoir seepage characteristics, reservoir pressure, oil-water viscosity ratio
and related measures. The research on production
decline can be traced back to the early 20th century,
Anrold et al. and Anderson et al. proposed the concept of production decline as early as 1908. In 1945,
based on early researchers’ work, Arps et al. proposed a set of empirical formulas for decreasing
production through many practical data, and they
are called Arps formula [3]. He innovatively summarized the law of decline into three classical decline models: exponential decline, hyperbolic decline and harmonic decline. In the following decades, experts and scholars in Russia and the United
States [4-6] also put forward a series of mathematical models to describe the decline of production. In
the 1980s, researchers in China used some systematic methods to study production decline, such as
Tong cycle model [7-8], GM (1,1) model [9]. In the
past decade, artificial intelligence (AI) has developed rapidly. By combining AI and other traditional

When the oilfield goes into the ultra-high water cut stage, the production will decline with different degrees, and various factors will influence
the declining rate. In this paper, through theoretical
analysis and numerical simulation, the influence of
three variables (relative permeability curve, fluid
recovery rate and oil-water viscosity ratio) on the
declining rate of reservoir in ultra-high water cut
stage are analyzed. Results show that the relative
permeability curve and fluid recovery rate still have
a great influence on the declining rate, and the
effect of oil-water viscosity ratio is weakened at the
ultra-high water cut stage. On the basis of single
factor analysis and multi-factor synthesis, the mathematical model of declining rate in block B is proposed. Results show that the calculated result is
almost the same as the field data. Our research can
provide theoretical support for the following step of
stimulation measures for water drive oilfields.



&$ 
Ultra-high water cut stage, declining rate, numerical
simulation, mathematical model

!"!
With the development of reservoirs, more and
more reservoirs begin to enter the stage of high
water cut or even extra high water cut. When reservoir development enters a period of ultra-high water cut, crude oil production will decline, and this
decline is uncontrollable. Natural decline rate is an
important evaluation index of oilfield development
level, and it is also one of the main parameters used
to formulate oilfield production tasks. How to control the decline rate has become a key issue for the
old oilfield to maintain stable production after the
oilfield enters the ultra-high water cut period. Also,
finding the influencing factors of the decline rate is
the basis of controlling the decline rate. Reservoir
decline law has significant influence on production
and ultimate recovery. Therefore, it is necessary to
study the internal factors affecting production de-
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lateral length is 1.2 km, vertical length is 0.8 km,
injection-production pattern type is anti-seven-point
injection-production pattern, oil-water well number
ratio is 2: 1, and injection-production well spacing
is 200 m. Based on the numerical model, the factors
affecting the decline rate in the ultra-high water cut
stage are studied [12, 15].

  +2'9/;+ +73+'(/2/9> :7;+ It is considered that relative permeability is linear with
saturation, so water content is also a function of
saturation [14, 16-17]. According to the definition
of water content, the relationship between water
content and saturation is given as follows:

methods, oilfield developers have proposed numerical simulation methods to study the law of reservoir decline rate. On the basis of fully simulating
reservoir conditions, the numerical simulation
method can conveniently study the law of production decline, and can be compared with theory and
experiment. By using the relevant numerical simulation software, the production decline law of the
oilfield can be clearly understood.
In this paper, the influence factors of reservoir
decline rate are studied by theoretical analysis and
numerical simulation. The mathematical model of
block B decline rate is established by mathematical
method, which provides theoretical support for the
study of the production decline in the ultra-high
water cut period of the block.


! ! 

+8+7;5/7 35*+2 A conceptual model which
can simulate actual reservoir characteristics is established according to the characteristics of oilfield
development. The model area is about 0.96 km2,
lateral length is 1.2 km, vertical length is 0.8 km.
The injection-production pattern type is anti-sevenpoint injection-production pattern, with the oilwater well ratio of 2: 1, and injection-production
well spacing of 200 m.

2:/*35*+2 The physical parameters of fluid
in formation are selected as the fluid parameters in
the model. The physical parameters of formation
crude oil are as follows: density is 0.86 g/cm3, viscosity is 13.2 mPa.·s, reservoir temperature is 60,
saturation pressure 10.0 MPa, volume coefficient
1.11 m3/m3, and oil-water viscosity ratio 20 is
mPa·s. The surface properties of crude oil are as
follows: density is 0.9 g/cm3, viscosity 20 mPa·s.
Formation water properties are as follows: total
salinity 42415 mg/L, water type NaHCO3. Through
the numerical model, taking the constant pressure
difference as an assumption, the factors affecting
the decline rate in the ultra-high water cut stage are
studied [10-11].


 "! 

')9578 ',,+)9/4- 9.+ 675*:)9/54 *+)2/4+ /4
9.+:297'./-.<'9+7):96+7/5* Reservoir simulation is a statistic method to analyze the influence of
different factors on the decline rate. The numerical
simulation can consider various factors comprehensively and provide a better basis for the next development of the oilfield [12-14]. This study studies
the effects of three factors, namely, relative permeability curve, fluid recovery rate and oil-water viscosity ratio, on the decline rate at ultra-high water
cut stage. The area of the model is about 0.96 km2,

 =

 (  )
 (  ) +

μ
 ( )
μ  

(1)
Where,  is water content;  and  are water phase relative permeability and oil phase relative permeability;  is water saturation;  and 
are water phase viscosity and oil phase viscosity,
mPa·s. Therefore, the relationship between relative
permeability and saturation of oil phase in ultrahigh water cut stage can be expressed as follows:

 (  ) =  +  ∗ 

(2)
Where, , are constants.
The relative permeability curves of four typical wells in this block are analyzed (Fig. 1). Different types of relative permeability characteristics are
observed. Firstly, the core permeability curves selected by each well are fitted, and parameters and
are obtained. The two-phase seepage interval of
well 1# is narrower and the oil-water phase seepage
drops rapidly with high iso-seepage point of 0.58.
The two-phase seepage interval of well 2# is wider
and the oil-water phase seepage changes moderately with and lower iso-seepage point of 0.52. The
two-phase seepage interval of well 3# is wider. The
oil phase seepage drops slowly, the water phase
rises faster, and the iso-seepage point is lower,
which is 0.48. The two-phase seepage of well 4# is
lower. The interval is wide, the oil-water phase
permeability changes slowly, and the isotonic point
is 0.54.
The effect of phase permeability curves of
four typical wells on the decline rate in ultra-high
water cut period is investigated. The decline rate
curves with a fixed production fluid velocity of 8%
are calculated respectively. The results are shown in
Fig. 2.
According to the results, the general trend of
decline rate of four wells is basically the same. The
decline rate of well 1# is the highest under the same
water cut condition, and that of well 4# is obviously
smaller than wells. This is mainly because the relative permeability curve of well 4# is steady and the
two-phase flow zone is relatively wide. The twophase flow zone of well 1# is narrow, the relative
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 ,,+)95,,2:/*+=97')9/5486++* The rate
of fluid extraction is one of the important factors
affecting the natural decline rate. The parameters of
controlling other influencing factors remain unchanged. Four kinds of fluid production velocities
(3%, 6%, 9% and 12%) are selected to study the
influence of different fluid production velocities on
the decline rate at the ultra-high water cut stage of
reservoir. The results are shown in Fig. 3.

permeability of oil decreases rapidly, and the phase
permeability of water rises rapidly. When the oilfield enters the ultra-high water-cut stage (>90%),
the variation difference between decline rates becomes smaller and smaller, but in the high water cut
stage, the difference is more significant. It shows
that the relative permeability curve has significant
influence on the change of water cut in ultra-high
water cut reservoir.
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In Fig. 4, we can see that at the high water cut
stage, the smaller of the oil-water viscosity ratio,
the larger of the decline rate. When the decline rate
curve of oil-water viscosity ratio is 10, the decline
rate is higher than that of the other two viscosity
ratios. The decline rate curve of viscosity ratio 30
and 50 is the almost same, which indicates that
when the oil-water viscosity ratio increases to a
certain extent, the impact on the decline rate will be
significantly weakened. In the ultra-high water-cut
stage, the oil-water viscosity ratio has less influence
on the natural decline rate. In short, at the ultra-high
water-cut stage, the difference between different
oil-water viscosity ratios will be smaller and smaller, and the deceleration rate will be closer and closer. But overall, the effect of oil-water viscosity ratio
on the decline rate cannot be ignored.

Results show that for the decline rate curve of
the same production rate, the decline rate decreases
with the increase of water cut after the high water
cut period. In the same water-cut stage, the greater
the speed of fluid extraction, the greater the decline
rate. After the ultra-high water-cut stage, the influence of the speed of fluid extraction on the decline
rate became less significant.
 ,,+)95,/2$'9+7#/8)58/9>'9/5The
production liquid speed is fixed at 4%. The decline
rate under three kinds of oil-water viscosity ratios
(10, 30, 50) is calculated. The effect of oil-water
viscosity ratio on the decline rate in high water cut
stage has been analyzed. The results are presented
in Fig. 4.
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In the formula,  is the decline rate, %; Δ is
the difference between the production at the end of
the stage and the beginning of the stage, 104 t; Δis
the change time, a;   is the oil production in the
first year.
When a reservoir enters a high water cut stage
(water cut is more than 60%), especially after a
very high water cut stage (water cut is more than
90%), the number of production wells, the thickness of the reservoir and the production pressure
difference generally do not change greatly. The
decline rate [8, 23-26] can be calculated as evolve
into,

4'2>8/85,9.+57+9/)'235*+2'4*')9:'2*+
)2/4+ 7'9+   +7/;'9/54 5, 9.+57+9/)'2 35*+2
Among these three factors mentioned in Part 3, the
water-bearing stage is regarded as the independent
variable, and the decline rate as the dependent variable. The other factors are regressed by non-linear
regression with the water-bearing stage and the
decline rate respectively, and then the comprehensive analysis is carried out after the change law is
obtained. After single factor analysis of production
rate, oil-water viscosity ratio and relative permeability, the relationship between decline rate and
various parameters is obtained. Then the single
factor analysis is transformed into the multiple
factors. Through mathematical method, the factors
are synthesized, and the total decline model is obtained. After regression analysis [18-20], the extremely-high water cut is obtained. The total decline rate model of the period is as follows:
=

 =

(5)
where,  1 is the oil production of the previous year, 104 t;  is the oil production of this year,
104 t.
A block in B oilfield is taken as a field example to be applied into our innovative decline model.
A block of B oilfield has entered the stage of ultrahigh water cut development. The water cut has
reached over 92%, the annual fluid recovery rate is
7.5%, the oil viscosity is 12.5 mPa. s, the water
viscosity is 0.764 mPa. s, the oil-water viscosity
ratio is 16.36, the porosity is 31.8%, and the regression parameters of relative permeability curve are
=1.86, =1.98. The irreducible water saturation is
0.29 and the residual oil saturation is 0.23. The
theoretical decline rate characteristics of the reservoir at different stages are calculated by using the
above decline model, and the results are compared
with the actual decline rate. The results are shown
in Fig. 5.

1.412 − 0.0712 + 0.000483 − 8.481 + 12.472
1 − 3.547 + 8.451 2 − 0.781 3 − 0.0243 + 0.001242

×(0.00034 μ 2 − 0.078μ  + 0.9877) × 0.575(  + )(  +   )

(3)
In the formula,  is the production rate;  is
the oil-water viscosity ratio; , are the exponents
of the regression equation of oil-water relative
permeability curve obtained by regression. ,  
are the residual oil and irreducible water saturation.

  +8:298 '4'2>8/8 According to reservoir
engineering, the decline rate of can be calculated as
[21-22]:
1 Δ
 Δ

(4)
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Results show that according to the comparison
of theoretical and practical results, although there
are some errors between the actual and theoretical
decline rates [27-29], the two trends are basically
the same, and the results are close. The main reason
for the error is that our model does not include all
factors that may influence the decline rate, such as
uneven production wells, complex heterogeneity of
reservoirs and so on. However, our calculations are
very close to the filed data, which verifies the reliability of our model.


"  " ! 
(1) The effects of relative permeability curve,
fluid recovery rate and oil-water viscosity ratio on
the decline rate of reservoirs in ultra-high water cut
stage are studied by numerical simulation. At the
same production rate, the relative permeability
curve is steadier. The wider of the two-phase flow
area, the lower of the decline rate. The greater of
the production rate, the greater of the decline rate.
At the ultra-high water cut stage, the oil-water viscosity ratio has less influence on the natural decline
rate.
(2) On the basis of single factor analysis, the
factors affecting the decline rate are synthesized to
determine the decline rate model of the target oilfield in the ultra-high water cut period. Compared
with the actual decline rate results, it is found that
the trend between the actual decline rate and the
theoretical decline rate is basically the same. This
verifies that our model is reliable and reasonable.
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The Longtan Formation of the Upper Permian
in the southwestern Guizhou Province is widely exposed in the area. From the northwest to the southeast, there are terrestrial, sea-continental and marine
sediments with thicknesses ranging from 0 to 543 m.
The mudstone intervals are thicker. Good shale gas
reservoir conditions. Through the reservoir characteristics of the Upper Permian Longtan Formation
shale in the southwestern Guizhou and the kerogen
(soul group and vitrinite, chitin group, inertin group),
organic carbon content (TOC) and organic maturity
(Ro) and other analytical studies. The results show
that the organic matter types of the shale in the Longtan Formation are mainly type II2, and II1 and III are
present. The organic carbon content is 4.54% on average and the organic carbon content is very good.
The maturity of organic matter averaged 2.03%, and
the degree of evolution was generally higher. The
Longtan Formation mud shale has low porosity and
low permeability, and the water medium has a certain softening effect on rock strength. The favorable
area is mainly located in the east of the ShuichengPu'an-Xingyi line.

has the basic geological foundation for the formation
of large-scale shale gas resources [6-10]. Rock gas
resources are huge [11-13]. However, the research
on petrological characteristics, physical properties,
pore structure and organic geochemical evaluation
of the Upper Permian Longtan Formation mud shale
reservoir is lacking [14-16]. Through the study of the
Upper Permian Longtan Formation shale in the
southwestern Guizhou, the kerogen (soul group and
vitrinite group, chitin group, inert group), organic
carbon content (), organic Maturity () and reservoir characteristics were analyzed to evaluate the
organic geochemistry of the shale shale and sort the
favorable areas. In order to play a reference role in
the development of the Upper Permian Longtan Formation shale gas in southwestern Guizhou.


" !"!
The southwestern part of Guizhou is located in
the southwest of Guizhou, including the graduated
city, Liupanshui City, and Anshun City [17-18]. The
sedimentary environment of the Upper Permian
Longtan Formation from the northwest to the southeast is characterized by the gradual change of the
continental-transitional-ocean phase, with the tidal
flat-lagoon phase as the favorable area for shale deposition [19]. It is a good shale gas development potential area.
The Upper Permian Longtan Formation in the
southwestern Guizhou Province has a wide range of
exposure, and it has a pseudo-integrated contact relationship with the lower Maokou Formation or the
Emeishan basalt group. The shale thickness ranges
from 0 to 521 m, which is a marine-continental transitional facies deposit. The lithology is mainly marl,
siltstone, sandy mudstone, mudstone and coal seam.
The mudstone interval is thick, and the shale is
thicker from west to east. The buried depth is the
largest in Xingyi, and gradually becomes shallower
in the north.



&% !
Organic matter type, Organic carbon content, Organic
matter maturity, Longtan Formation, favorable area
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As a new type of unconventional natural gas resource, shale gas has many characteristics such as
adsorption and release in the mechanism of accumulation, and it has the characteristics of self-generation, self-storage, self-protection and dense reservoir
[1-4]. At present, China's exploration, development
and utilization of shale gas resources are still at a preliminary stage [5]. Guizhou Province has just started
the investigation of shale gas resources, and there are
many sets of gas-bearing shale strata in Guizhou
Province. It has large thickness and wide range, and
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,85.,4 *53654,4: +09*80304(:054 ,>6,80
3,4: The kerogen component discrimination experiment was carried out in the coalbed methane laboratory of China University of Mining and Technology. Through the kerogen extraction experiment,
the solid kerogen composition was obtained and directly observed under a high-resolution microscope
to determine the composition of the kerogen.

8.(40* *(8)54 *54:,4: +,:,8304(:054 ,>
6,803,4:"The organic carbon content determination experiment in organic-rich shale was carried out at China University of Petroleum, and the
test instrument was a carbon-sulfur component analyzer. First, the shale collected in the field is pulverized to below 80 mesh. The inorganic carbon component is removed by repeated pickling, the sample
is dried, the combustion improver is added, and the
organic carbon content in the shale is obtained by
computer model measurement.

10-3 μm2. The Longtan Formation mud shale has low
porosity and extremely low permeability. There is a
weak correlation between porosity and permeability.

5*1 6/?90*(2 (4+ 3,*/(40*(2 */(8(*:,809
:0*9The results of the physical and mechanical test
results of the core samples of the Xingping 1 well
were analyzed (Table 1). Under normal temperature
and normal pressure conditions, the compressive
strength of the Longtan Formation mud shale is between 24.9 to 71.0MPa, the tensile strength is between 2.03 to 9.34MPa, the elastic modulus E is
(22.5~36.7) × 103MPa, and the Poisson's ratio is between 0.19 to 0.26, moisture content is between 0.06
to 2.70%.
Under the conditions of similar rock mineral
composition, there are differences in compressive
strength and tensile strength. It is speculated that under the influence of micro-cracks, when the rock is
damaged, the crack will become a weak surface. Under saturated water conditions, the compressive
strength and tensile strength are slightly reduced. It
can be seen that the water medium has a certain softening effect on the rock strength. The higher the porosity, the higher the water content and the greater
the influence.

8.(40*3(::,8:?6,The kerogen type index
method is one of the main indicators for classifying
the organic matter types of source rocks [20-22]. The
TI characteristics of the Upper Permian Longtan
Formation mud shale are between -35 and 52, and
the organic matter type is II2. The type is predominant, and II1 and III appear. The microscope figure
composition of the mud shale samples mainly
showed the chitin group, followed by the saprolite
group and the vitrinite group, and the inertia group
was less (Fig. 1). Among them, the husk group is
mainly composed of humic amorphous body and
chitin clastic body, the septic group is mainly composed of saprolite amorphous body and saprolite
clastic body, and the vitrinite group is mainly composed of unstructured vitrinite. Dark brown - black,
blue light excitation, no fluorescence display.

8.(40* (::,8 (:;80:? >6,803,4: 
The organic matter maturity experiment was carried
out in the Coalfield Geology Bureau of Jiangsu Province. The reflectivity of organic matter components
was determined by microscopic observation of the
obtained solid organic kerogen components. The
maturity of organic-rich shale is obtained by combining the maturity calculation formula.
!#"!

5*1304,8(25.?The lithology of the Upper
Permian Longtan Formation is mainly gray-black
mud shale, sandy mudstone, gray sandstone, argillaceous limestone and coal seam. According to the test
results of mud shale samples: quartz content is between 4.56% to 87.89%, average content is 31.79%;
feldspar content is between 0.00% to 16.77%, average content is 4.32%, mainly plagioclase; carbonate
rock The content is between 0.00% to 25.00%, the
average content is 2.99%; the iron mineral content is
between 0.00% to 30.72%, the average content is
11.12%, mainly pyrite, the next is siderite; the clay
mineral content is between 9.83% to 95.23%, the average content is 48.56%. The content of amorphous
in clay minerals is relatively high, with an average
content of 36.14%, mainly distributed in Qinglong
and Xingren areas. The crystals are mainly illite, followed by kaolinite and less montmorillonite.

,9,8<508 6/?90*(2 */(8(*:,809:0*9 Through
the testing of 21 core samples, the sediment density
of the Upper Permian Longtan Formation mud shale
is between 1.85 g/cm3 and 2.51 g/cm3, with an average of 2.20 g/cm3; the effective porosity is 0.13% to
3.15%. The average value was 1.18%; the average
value of the permeability was 0.0008 × 10 -3 μm2 to
0.26 × 10-3 μm2 and the average value was 0.0291 ×

8.(40*();4+(4*,Through the organic carbon content (TOC) test of 35 surface outcrops samples and 101 core samples, the organic carbon content (TOC) of the Upper Permian Longtan Formation
shale in southwestern Guizhou was 6.71% on average, generally greater than 3.00%. (Fig. 2). The organic carbon content (TOC) of the Upper Permian
Longtan Formation mud shale is higher.
On the plane, the high organic carbon content
area is mainly located in the first section of
Shuicheng-Panxian and Xingyi-Guanling and the
northwest of Weining, and the organic carbon content (TOC) is more than 4.00%. The low value zone
is located between Weining and Shuicheng with an
organic carbon content (TOC) of less than 2.00%.In
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the longitudinal direction, through the 2 core sample
of Pu'er sweet potato, Qinglong Yuanxing 301 hole
4 core sample, Pu'an Laodonghe 102 hole 2 core
sample, Xingping 1 well 99 core The sample had an
organic carbon content (TOC) test with a minimum
organic carbon content (TOC) of 0.60%, a maximum
of 22.30%, and an average of 4.54%. Among them,
95% of the samples have an organic carbon content
greater than 2.00%.

area, the organic matter maturity ranged from 0.86
to 2.91% with an average of 2.03%. Among them,
62.50% of the samples have maturity between 2.00%
and 3.00% (Fig. 3). The evolution of the Upper Permian Longtan Formation mud shale is generally high.
On the plane, the high value area with maturity
greater than 2.00% is mainly divided into
Shuicheng-Pu'an-Qinglong-Yufeng area and Xingyi
area; the low value area with maturity less than 1.00%
is mainly in the west of Weining and Panxian area.
In the longitudinal direction, the data showed that the
maturity increased with depth (Fig. 4) by testing the
organic maturity of the core samples of the Xingping
1 well and the Pu'an 2706 well.

8.(40*3(:;80:?At present, vitrinite reflectance (Ro) is the most widely used and most authoritative indicator of organic matter maturity. By testing 16 outcrop samples and 13 core samples in the


" 
!;8-(*,-,(:;8,95-85*13,*/(40*90495;:/=,9:,84;0@/5;54.:(4583(:0549/(2,;4+,8
4583(2:,36,8(:;8,(4+68,99;8,
Samples

density (g/cm3)

XY1-Li1-7
XY1-Li8-11
XY1-Li12
XY1-Li13
XY1-Li14-15
XY1-Li16
XY1-Li17-18
XY1-Li19
XY1-Li20
XY1-Li21-24
XY1-Li25
XY1-Li26
XY1-Li27
XY1-Li28
XY1-Li29-30
XY1-Li31-32
XY1-Li34
XY1-Li35-36
XY1-Li37-38
XY1-Li39
XY1-Li40
XY1-Li41-42
XY1-Li43
XY1-Li44-45

2.67
2.70
2.63
2.68
2.77
2.70
2.68
2.81
2.71
2.70
2.75
2.65
2.70
2.67
2.64
2.58
2.81
2.73
2.80
2.73
2.78
2.52
2.62
2.54

Moisture
content (%)
1.29
0.06
/
/
1.28
/
0.70
/
/
0.86
/
/
/
1.77
1.55
2.70
/
1.75
1.00
/
/
1.98
/
1.61

Compressive strength (MPa)
Natural
Saturation
48.00
31.00
71.00
34.70
57.30
45.10
66.30
62.30
31.10
/
/
66.90
39.40
/
/
/
/
59.90
30.00
61.10
30.60
/
/
/
/
34.10
/
48.10
38.00
/
/
/
/
/
/
56.70
36.40
/
/
30.30
/
/
/
26.10
/
/
33.30

Elastic Modulus (103MPa)
Natural
Saturation
25.90
/
34.00
27.50
36.10
32.80
37.00
/
36.70
/
/
/
27.90
24.80
/
/
/
/
/
/
26.30
19.50
/
/
/
/
/
/
22.50
20.50
/
/
/
/
/
/
26.10
22.10
26.30
/
/
/
/
/
/
/
/
22.90

tensile strength (MPa)
Natural
Saturation
5.19
3.27
8.39
4.62
/
/
7.82
5.31
8.92
4.25
/
/
4.73
2.51
/
6.76
4.66
/
7.50
3.53
5.57
/
/
3.45
9.00
/
2.03
0.93
4.09
0.98
3.81
1.94
8.57
/
7.56
4.16
7.86
5.37
9.34
6.43
3.17
1.24
/
/
2.87
1.69
/
2.90

#  
54.:(4583(:054)2(*19/(2,1,85.,40495;:/=,9:,84;0@/5;3(*,8(2:80(4.2,
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,9,8<508 6/?90*(2 */(8(*:,809:0*9 5- 54.
Shale Gas Exploration and Development (Trial), the
:(4 583(:054 The organic geochemical evaluaorganic carbon content of the Upper Permian Longtion of the Upper Permian Longtan Formation shale
tan Formation shale in southwestern Yunnan is very
in southwestern Guizhou was evaluated by three ingood.
dexes: kerogen type, organic carbon content (TOC)
In general, the higher the value of Ro, the
and organic maturity (Ro). The Longtan Formation
greater the amount of anger, the greater the relative
shale in southwestern Guizhou is rich in type II and
content of free shale gas, and the greater the yield of
type III kerogens, mainly type II. Hydrocarbon genshale gas [18, 26]. When Ro is greater than 1.0%, it
eration capacity and adsorption capacity are moderis easier to get angry. 1.0%~2.0% is regarded as anate.
gry window. When Ro is greater than 1.3%, dry gas
The total organic carbon content is an imis generated. When Ro is less than 0.5%, it is reportant indicator for the evaluation of hydrocarbon
garded as immature stage, and when it is 0.4%~0.6%,
source abundance and an important parameter for
it can be generated. Biogenetic gas. The type II kermeasuring hydrocarbon generation potential and hyogen life period Ro was 1.1%~2.6%. The average ordrocarbon generation [23-25]. The average carbon
ganic matter maturity (Ro) of the Upper Permian
content of the Upper Permian Longtan Formation in
Longtan Formation shale in southwestern Guizhou
southwestern Guizhou was 6.71%. Among them, the
was 2.03%, which was in the dry-dry period.
high value area on the plane exceeds 4.00%, and the

average value in the vertical direction is 4.54%. Ac,5*/,30*(22? -(<58()2, (8,( The organic
cording to the standard of organic carbon content of
carbon content (TOC) of the Upper Permian Longtan
Formation shale in southwestern Guizhou is between
potential shale in the Technical Regulations for

1164

! 

 " 



   


0.60% and 22.30%, with an average of 4.54%. The
organic matter maturity (Ro) is between 0.86 and
2.91% with an average of 2.03%. The areas with
TOC≥0.5% and Ro≥0.4% were classified as prospects, and the areas with TOC≥1.5% and Ro≥0.7%
were classified as favorable areas, and areas with
TOC≥2.0% and Ro≥0.7% were classified as core areas.
The geochemical favorable area of the Upper
Permian Longtan Formation shale in the southwestern Guizhou area is well developed in the eastward
area of the Shuicheng-Pu'an-Xingyi line (Fig. 5).


#!!
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and 12.11% respectively; the content of feldspar and
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porosity and extremely low permeability. Under saturated water conditions, the compressive strength
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rock strength. The higher the porosity, the higher the
water content and the greater the influence. The potential shale is rich in type II and type III kerogens,
mainly type II. The type of organic matter is mainly
type II2, and type II1 and type III appear.
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the dry-gas period. The geochemical favorable area
of the Upper Permian Longtan Formation shale in
the southwestern Guizhou Province is located in the
east of the Shuicheng-Pu'an-Xingyi.
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oil and gas resources such as tight oil and gas and
shale oil and gas, researchers have found that in the
process of multi-fracture synchronous expansion,
obvious stress interference phenomenon will occur
[5-6].
The main principle of multi-stage hydraulic
fracturing in horizontal wells is to inject a large
amount of fracturing fluid into the formation through
high displacement. The hydraulic fractures in each
fracturing section simultaneously initiate cracking
and extension, and activate the natural fracture system in the reservoir to form a complex fracture network [7-9]. Hydraulic fracturing can increase the
contact area between the fracture system and the reservoir rock matrix. In multi-stage hydraulic fracturing, cluster spacing is an important factor affecting
the propagation of multiple cracks. Under the condition of lower cluster spacing, the induced stress field
generated by the crack extension will hinder the adjacent crack propagation, thus forming an "inclusive" phenomenon. Under the condition of large
cluster spacing, the crack systems cannot communicate effectively [10-16]. In both cases, some reservoirs cannot be effectively modified. In order to
solve this problem, the predecessors established the
hydraulic fracture synchronous expansion model
through the boundary element theory, and studied the
change of stress field during the simultaneous expansion of hydraulic fracture. Overall, there are few
studies on the effects of interwell interference on the
dynamic propagation of cracks. In this paper, the injection wells and production wells in the actual production process of oilfields are taken as the research
object, and the dynamics of hydraulic crack propagation under water injection conditions are analyzed.
This study can provide theoretical support for the rational well spacing selection in the actual production
process of oil fields.


## '""

A,:)=41+ +:)+3 161<1)<176 )6, -@8)6;176
57,-4Compared with the traditional finite element
method in simulating crack propagation, the extended finite element method has the following

Hydraulic fracturing technology is an important technical means to realize the economic development of low-permeability reservoirs, and the
expansion path of hydraulic fractures will be affected by surrounding production wells or injection
wells. In order to study the crack propagation process under the influence of surrounding adjacent
wells (production wells, injection wells), we use the
extended finite element method to establish a twodimensional complete fluid-solid coupling model,
and analyze the dynamic propagation patterns of
cracks under different production conditions. The
experimental results verify the validity of the model.
Studies have shown that the hydraulic fracture extension path does not change with the change of the
pore pressure around the well when there is only a
production well or a water injection well around the
fractured well. Moreover, the geometry of the hydraulic fracture does not change with the change of
the production well, and the presence of the injection
well will make the crack wider and shorter. When the
injection well and the production well exist at the
same time, the expansion path of the crack will be
biased toward the injection well, and the crack will
become shorter and wider.
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Horizontal well multi-stage hydraulic fracturing technology is an important technical means to realize the economic development of unconventional
oil and gas resources. Many scholars have conducted
in-depth research on the problem of multi-fracture
expansion in horizontal well fracturing [1-4]. In the
early hydraulic fracturing process, due to the limitation of the construction scale, hydraulic fracturing
was usually conducted by equal spacing perforation,
and the hydraulic cracks were mainly plane cracks.
With the vigorous development of unconventional
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advantages [17-19]: (1) The expansion direction of
the crack tip can be judged according to the stress
state of the crack tip, and the direction is arbitrary;
(2) It is easier to define the crack initiation process;
(3) Overcoming the defects that need to be re-divided in the finite element calculation process; (4) it
has better convergence.
For crack propagation analysis, an enhancement function is introduced to characterize the dynamic expansion of hydraulic cracks. The enhancement function consists of two parts: a progressive
function and a non-continuous function. The progressive function is mainly used to characterize the
crack tip singular point; and the crack face displacement is characterized by a discontinuous function. Its
displacement function is [10, 19]:
0 I
8
;
(1)
N : O!PQ0: G O!P+: G N D O!P,D: R
:96

(5)
Where , , and  are the work done by the
cohesive element in the normal direction and the two
tangential directions, respectively; m2+m2 represents
the ratio of the work done by the two tangential
stresses to the corresponding displacements;
m3/(m2+m3) represents the work ratio of the work
done by the second tangential stress and the two tangential stresses. When the two tangential stresses
correspond to the same fracture energy, the Benzeggagh-Kenane criterion is based on [10, 19-22]:
(6)

4=1,.47?)6,;--8)/--9=)<176The flow of
the fracturing fluid within the fracture can be orthogonally decomposed into a tangential flow along the
fracture surface and a normal flow along the vertical
fracture surface. The normal flow equation for fracturing fluid from the fracture surface to the rock matrix is:
(7)
@ I @ O? H A P
Where:  represents the pressure in the crack,
N/m2;  represents the formation pressure, N/m2; 
is the leakage of fluid from the crack to the formation
within the unit surface area, m3/m2·s;  is the leakage
coefficient of the fluid, m3/N·s.
Based on the assumption that the fluid in the
crack is laminar and incompressible, the tangential
flow of the fluid can be expressed as follows:
7 )
?
(8)
? I H
& )!
Where  is the flow velocity along the length
of the crack, m/s;  is the viscosity of the fluid in the
crack, cp;  is the crack width, m.
The seepage process of fluids in the formation
obeys Forchheimer's law, and the permeability coefficient is defined as follows:
B
E I

(9)
O G # LC C P
Where is the permeability coefficient when
the formation is fully saturated, m/s;  is the coefficient related to saturation;  is the coefficient of the
influence of the permeation velocity of the reaction
fluid on the permeability coefficient.

D96

Where: () is a nodal shape function;  is a
displacement vector; and H() is a discontinuous
jump function of the crack surface; ,  are the extended degrees of freedom vector of the node, and
() is the elastic asymptotic function of the crack
tip.
The discontinuous jump function () of a
smooth continuous crack surface can be expressed as
[19]:

O3 H 3 P . J 
O!P I K

(2)
H
 
Where  is the Gauss point, * is the point closest to the distance x on the crack, and  is the unit
normal vector of the vertical crack surface at *.
The progressive function of porous media rocks
is:
D O!P

I
%
%
%
%
(3)
Q    %  % R





Where (, ) is the polar coordinate component
and the polar coordinate origin is at the crack tip.
In addition, in order to simulate the crack initiation process, a phantom point superimposed on the
position of the real node is introduced to characterize
the discontinuous features of the fracture unit. Before the rupture, the phantom point completely coincides with the real node [20-21]. When the unit is cut
by the crack, the phantom point and the respective
parts of the cut unit are recombined into new units.
In the crack initiation process, the secondary
nominal principal stress criterion is used to characterize the hydraulic crack initiation process. That is,
when the sum of the squares of the stress and the critical stress ratio in the three directions of the cohesive
unit is 1, the cohesive unit is broken and the hydraulic crack starts to crack.

4=1,;741, +7=8416/ /7>-:616/ -9=)<176
The cracking and expansion of hydraulic fractures is
the process of coupling the effective stress and pore
pressure of the rock skeleton. According to the principle of effective stress [12, 23]:
5I5
F G "A *
(10)
Where  represents the total stress, N/m2; (E
represents the effective stress, N/m2;  represents the
Biot coefficient.

(4)
The mixed mode ratio defined by energy mode
is defined as the damage evolution rule:
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The rock balance equation expressed in the
form of virtual work is:

propagation process, the area where the energy required for the rock to break is always the least [2426]. The reservoir pressure around the production
well is relatively low, and the compression of the formation rock is more serious, resulting in an increase
in the rock skeleton stress of the formation. However,
the reservoir pressure on the vertical bisector of the
two production wells is relatively high and the compression of the rock is relatively light. Therefore, the
energy required to break the rock is small, and the
crack is more likely to expand along this path.

M O  5 G -P  $1
>

(11)
H MO5  .= H /P
<

 $4 I 
Where  is the total stress matrix, N/m2; is the
physical force matrix, N/m2;  is the surface force
matrix, N/m2;  is the virtual work matrix, J.
The continuity equation for reservoir fluids is:
)
)
O 'C P G
(12)
 O'C 12 P I 
)
)3
Where  is the volume ratio of the reservoir
rock after deformation and before deformation; w is
the fluid density, kg/m3;  is the porosity;  is the
fluid seepage velocity, m/s.
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In this paper, we mainly study the variation law
of crack propagation pattern under the influence of
hydraulic cracks in surrounding production wells
and water injection wells. The combination of production wells and injection wells is shown in Table
1. The model used for numerical simulation is shown
in Fig. 1.
In order to reduce the influence of boundary
conditions, the length and width of the model are set
to 100 m, the horizontal wellbore is distributed along
the direction of the minimum horizontal stress (X direction), and the direction of the perforation is along
the direction of the maximum horizontal principal
stress (Y direction). The study assumes that the
petrophysical properties of the reservoir are isotropic
reservoirs, and the hydraulic fractures are not affected by natural cracks during the process of extension. The CPE4P plane pore compressive stress unit
was used to simulate the formation rock. The normal
displacement of the outer boundary of the model is
fixed to zero and the pore pressure remains unchanged. Table 2 shows the basic parameters of the
formation used in the numerical simulation.

  

$! 
=5-:1+)4;15=4)<1767.0A,:)=41+.:)+<=:-
8:78)/)<176

# 
75*16)<1767.8:7,=+<176?-44;)6,162-+<176
?-44;
Well A
Well B
Combination
Downhole fluid pressure (MPa)
1
10
10
2
15
5
3
80
80
4
85
75
5
80
10
6
No adjacent well interference
# 
);1+8):)5-<-:;7.<0-;<:)<=5
Model parameter
Value
Young's modulus (GPa)
20
Poisson's ratio
0.25
Pore pressure (MPa)
20
Permeability (mD)
2
Porosity (%)
10
Maximum horizontal stress (MPa)
35
Minimum horizontal stress (MPa)
30
Overburden pressure (MPa)
50

6)4A;1; 7. +:)+3 8:78)/)<176 57:80747/A
=6,-:<0-16<-:.-:-6+-7.),2)+-6<?-44;Figs. 2 (a)
and (b) show the extended morphological characteristics of hydraulic fractures under the action of two
production wells. It can be seen from the figure that
when the production pressure difference between the
production wells of A and B is 10 MPa, or the production pressure difference of A well is 5 MPa and
the B well is 15 MPa, the hydraulic cracks can extend straight along the direction of the maximum
horizontal principal stress. The main reason for the
above phenomenon is that during the crack


Figs. 2 (c) and (d) show the extended form of
hydraulic cracks under the action of two injection
wells. It can be seen from the figure that when the
water injection pressure of the injection wells of both

1169

#"

  $

 



  !




pressure is larger [23, 27]. The smaller the fracture
pressure of the reservoir rock, the better the dynamic
expansion of the hydraulic fracture. In addition, after
the crack is deflected to a certain extent to the water
injection well, it expands away from the injection
well. At this time, the pore pressure of the formation
near the bottom of the injection well is larger, the
fluid flow rate is faster, the saturation is higher, and
the crack generation ability of the fracturing fluid is
difficult, which has a repulsive effect on the crack.
Fig. 3 shows the comparison of the crack length
and the crack width in 6 cases when the fracturing is
applied for 1 500 s. It can be seen from Fig. 3(a) that
the two production wells have little effect on the hydraulic crack length and crack width. Fig. 3(b) shows
that under the action of two injection wells, the hydraulic crack will become short and wide. Under the
action of water injection pressure, the framework
stress will be reduced, so the formation rock is more
likely to deform and the crack width is increased [2829]. Under certain conditions of fracturing fluid displacement, the crack length will be reduced accordingly.

A and B is 80 MPa, or the water injection pressure of
the A well is 85 MPa and the water injection pressure
of the B well is 75 MPa, the hydraulic cracks can
extend straight along the direction of the maximum
horizontal principal stress. Although the pore pressure of the formation around the two wells is much
higher than that of the surrounding area, that is, the
skeleton stress is low, but the fluid flow rate of the
well is large and the saturation is high, and the crack
generation ability of the fracturing fluid is difficult
in this area. However, the fluid velocities on the vertical bisector of the two wells are lower, which is
conducive to the expansion of the crack.
Fig. 2(e) shows the results of dynamic expansion of hydraulic fractures under the action of a water injection well and a production well. It can be
seen from the simulation results that hydraulic fractures tend to expand to the area where the injection
wells are located. The main reason is that compared
with the production well, the pore pressure of the formation around the injection well is large, the skeleton stress between the rock particles is small, the
fracture pressure is low, and the water injection
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According to Fig. 3(c), compared with other
cases, under the combined action of the production
wells and the water injection wells, the influence of
the hydraulic crack length and the crack width is the
largest, and the crack becomes short and wide. On
the one hand, the rock skeleton stress is reduced due
to the injection well; on the other hand, the crack is
biased toward the injection well area during the turning process, and the crack is relatively difficult. Under the condition that the fracturing fluid is continuously injected, the crack width is increased significantly and the crack length is reduced.

=5-:1+)4 ;15=4)<176 :-;=4<; )6, >-:1.1+)
<176Based on the test data and results of Bruno and
Nakagawa [17], the hydraulic crack propagation process under the same conditions was simulated. During the simulation, the reservoir rock has a Young's



modulus of 30 GPa, a Poisson's ratio of 0.25, a porosity of 11%, a permeability of 0.04 mD, a fluid injection rate of 0.001 cm3·min-1, and a pore pressure
of 1 400 KPa. Comparing the experimental results
with the numerical simulation results, it is found that
the crack extension trajectory based on the extended
finite element theory is consistent with the experimental crack propagation trajectory, which indicates
the effectiveness of the proposed method.

$""
(1) In this paper, we established a two-dimensional complete fluid-solid coupling model by taking
the well group of water injection well and production
well as an example. At the same time, the extended
finite element method was used to simulate the
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hydraulic fracture propagation dynamics under production conditions.
(2) When only the production or injection wells
are present around the fracturing well, the crack
propagation path does not change. Moreover, the
change in length and width of cracks under the influence of production wells can be ignored. However,
the presence of a water injection well will make the
crack wider and shorter. When the injection well and
the production well exist at the same time, the expansion path of the crack will be biased toward the
injection well, and the crack will become shorter and
wider.
(3) The dynamic expansion mechanism of hydraulic cracks under water injection conditions was
analyzed. This study provides theoretical support for
the rational well spacing selection in the actual production process, and also provides a reference for
reasonably well network layout.
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Human papillomavirus (HPV), cervical intraepithelial neoplasia (CIN), invasive cervical cancer
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HPV is one of the most common sexually transmitted diseases. Also, non-sexual transmission of the
virus is often debated. It is also a major public health
problem because of its strong association with cervical cancer and precursor lesions. HPV is an environmental carcinogen that has the strongest relationship
with cancer. Virtually all cases of cervical cancer are
attributable to HPV infection. The early detection of
cervical HPV infection is thus very important for detecting cervical pathologies at the early stages in order to prevent the development of cervical cancer
and to decrease the number of deaths caused by cervical cancer.
The aim of our study is to evaluate the frequency of the occurrence of human papillomavirus
(HPV) in patients with cervical precancerous pathologies and cervical cancer in Çorum, a city in central
Anatolia, to compare the frequency of the occurrence
of HPV 16, 18, and other types in cervical intraepithelial neoplasia and malignancies and to evaluate
the success of screening tests for detecting precursor
lesions.
This cross-sectional study was conducted in the
Gynecology and Obstetrics Department of the Hitit
University Research and Training Hospital in Çorum
Province. The study comprised 347 patients with
cervical intraepithelial neoplasia or invasive cervical
cancer. The frequency of occurrence of HPV and the
HPV types was evaluated for each cervical pathology.
HPV type 16 was detected in 122 patients (45%
of the HPV DNA-positive group), HPV type 18 in
11 patients (4% of the HPV DNA-positive group),
HPV types 16 and 18 in 8 patients (3% of the HPV
DNA-positive group), HPV 16 in combination with
types other than HPV 16 and 18 in 17 patients (6%
of the HPV DNA-positive group), and at least one
type other than HPV 16 and 18 in 115 patients (42%
of the HPV DNA-positive group). At least one type
of HPV was detected in 149 (88.2%) of the 169 patients who had a Pap smear result reported as “no intraepithelial neoplasia or malignancy (normal, inflammation, or infection)”.
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Premalignant squamous lesions of the uterine
cervix are known as cervical intraepithelial neoplasia (CIN). The precursors of cervical cancer are
diagnosed by cervical biopsy and histological examination [1]. The detection and proper management of
cervical pathologies are important for preventing the
development of cervical cancer.
Cervical cancer screening programs facilitate
the recognition of precancerous lesions and the control of early disease. This can prevent the development of invasive cancer and decrease cervical cancer
mortality. The goal of a good screening test is to
identify and to diagnose the disease as early as possible before the development of symptoms. The use
of the Pap smear to screen for cervical cancer and
precancerous lesions became the standard approach
in the United States in 1941.
There is a significant relationship between cervical cancer, the fourth most common female cancer
worldwide, and the human papillomavirus (HPV), a
sexually transmitted disease and environmental carcinogenic agent [2-5]. Although sexual contact is the
most common way of transmission, HPV is also
transmitted by other means, albeit less. Detection of
HPV in female virgins, in children without evidence
of sexual abuse is the evidence of non-sexual transmission [6-9]. Vertical transmission from mother to
child and nosocomial infection, through transvaginal
ultrasound probes are other possible transmission
routes of HPV infection [10-13]. Almost all cervical
cancers have been found to be related to HPV infections [14]. Fifty percent of cervical cancers are associated with HPV 16, 20% with HPV 18, and 19%
with HPV 31, 33, 45, 52, and 58 [15, 16].
The demonstration of this strong relationship
between HPV and cervical pathologies has led to the
idea of using HPV DNA typing to screen for cervical
pathologies. The use of HPV typing both alone and
in combination with Pap testing has been shown to
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physicians or public health nurses in the hospital.
The first sample was collected with a brush and
transferred to a glass slide for conventional cytology.
The second was taken with a different brush and put
into 5 ml of Standard Transport Medium for HPV
DNA analysis. For the women who were found to be
HPV positive by Hybrid Capture 2 (Qiagen) assay,
Genotyping was performed with a CLART kit (GENOMICA).
All of the patients in the study were diagnosed
with cervical intraepithelial neoplasia or malignancy
by colposcopic examination. Colposcopy directed
biopsies were performed after 3% acetic acid solution application to the ecto-cervix. The colposcopy
findings were described on the basis of the criteria of
the International Federation of Cervical Pathology
and Colposcopy [19]. When the squamo-columnar
junction was visualized in its entire circumference
and the cervix could be evaluated completely, the
colposcopic examination was accepted as adequate
and satisfactory. Punch biopsies were taken from areas colposcopically identified as abnormal and/or
doubtful. A colposcopy directed biopsy was performed from the lesion area that had the worst features and was closest to the squamo-columnar junction after endocervical curettage. If no abnormality
was observed during colposcopy or if the colposcopic examination was unsatisfactory after endocervical curettage, 4 random biopsies were performed in the 3, 6, 9 and 12 o’clock regions of the
cervix.
The data were analyzed in IBM SPSS Statistics
for Windows, Version 22.0. (IBM Corp., Armonk,
NY, USA; License, Hitit University, Turkey). The
study data were presented as the means ± standard
deviations (s) and the percentage values. The
nominal variables were analyzed with the Pearson’s
chi-squared or Fisher’s exact test. A -value less
than 0.05 was considered statistically significant.

be more sensitive for recognizing cervical pathologies [17, 18].
The aim of this study was to evaluate the frequency of occurrence of HPV in patients with cervical precancerous pathologies and cervical cancer in
Çorum, a city in central Anatolia, and to evaluate the
success of screening tests for detecting precursor lesions. The study also compared the frequency of the
occurrence of HPV 16, 18, and other types in cervical intraepithelial neoplasia and malignancies.


&$%! &"%
This was a cross-sectional study. It was conducted in the Gynecology and Obstetrics Department of the Hitit University Research and Training
Hospital in Çorum Province between January 1st
2019 and October 1st 2019. All patients with cervical intraepithelial neoplasia and cervical cancer diagnoses on the basis of colposcopy directed biopsies
were included in the study. The patients provided
written informed consent for the diagnostic and surgical procedures and the use of their clinical data for
research.
The patients’ HPV DNA test results, Pap smear
test results, pelvic examination findings, and demographic data were obtained from hospital records.
Since 2014, women aged 30–65 have been encouraged to be screened for HPV DNA through the Turkish Ministry of Health screening program. Any patient who was found to be positive for HPV DNA
was referred to the third-stage medical center where
colposcopy directed evaluations could be performed.
The Gynecology and Obstetrics Department of the
Hitit University Research and Training Hospital is
the only location in Çorum at which colposcopies
can be performed.
The patients had undergone colposcopy directed biopsy for one of the following reasons:
• Positive HPV DNA test results for types 16
and/or 18.
• Any types of HPV DNA with squamous
cell anomalies in the cervico-vaginal smears and/or
any abnormal cervical examination findings.
• Pathological cervico-vaginal smear reports
even if HPV DNA screening was not performed.
• Pelvic examination investigating suspicion
of cervical pathology independent of cervical
screening results.
Patients who had CIN1, CIN 2, CIN 3, or invasive cervical cancer (cervical adenocarcinoma or
cervical squamous cell cancer) were included in the
study. The patients were divided into 6 groups according to age: 20–29, 30–39, 40–49, 50–59, 60–65
and >65 years. Three categories were created for the
HPV types: HPV type 16, HPV type 18, and other
HPV types.
Within the scope of the screening, two samples
were taken from each woman by the family

$%'&%

The study comprised 347 patients with cervical
intraepithelial neoplasia or malignancy: 183 patients
(52.7%) with CIN 1, 49 (14.1%) with CIN 2, 95
(27.4%) with CIN 3, 4 (1.2%) with cervical adenocarcinoma, and 16 (4.6%) with squamous cell carcinoma of the cervix. The mean age of the patients was
47.1 ± 10.8 years. Of the 347 patients, 273 (78%)
were HPV DNA positive, and 26 (7%) were negative. Forty-eight patients had not been tested for
HPV DNA.
HPV type 16 was detected in 122 patients (45%
of the HPV DNA-positive group), HPV type 18 in
11 patients (4% of the HPV DNA-positive group),
HPV 16 and 18 in 8 patients (3% of the HPV DNApositive group), HPV 16 in combination with another HPV type other than 16 or 18 in 17 patients
(6% of the HPV DNA-positive group), and at least
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one HPV type other than HPV 16 and 18 in 115 patients (42%).
There was no statistical difference between the
HPV DNA-positive and negative groups in terms of
demographic data (Table 1).
The distribution of pathologies by age group revealed that CIN 1 was the most common pathology
in all of the age groups. The most common pathologies were CIN 1 in the 40–49 and 50–59 age groups,


CIN 2 and CIN 3 in the 30–39 and 40–49 age groups,
adenocarcinoma in the >50 age group, and squamous
cell cancer in the >40 age group (Table 2).
HPV type 16 was found to have a significantly
higher occurrence in the 30–39 and 40–49 age
groups ( = 0.020). No significant difference was
found among the age groups in terms of the other
HPV types (Table 3).


& 
/681;+923--2+;+-=/;3<=3-<80#(!+7.#(!1;8>9<

Age (years)
Gravida (n)
Parity (n)
Abortus (n)
Duration of Marriage (years)
Coitus per Week (n)
Gynaecological Examination per life (mean) (n)
Urban (n)
Rural (n)
Urban (n)
Rural (n)
Positive (n)
Negative (n)

#+=28581A

CIN 1
CIN 2
CIN 3
Adenocarcinoma
Squamous cell ca.

#(!
98<3=3?/
46.4±9.8
2.2±2.1
1.2±1
0.4±0.1
14.1±12.3
2.50±1.6
6.7±6.5
#5+-/803;=2
157
116
#5+-/80;/<3./7-/
210
63
31+;/==/<684371
94
179

#(!
7/1+=3?/
50.2±10.3
2.5±1.8
1.5±1.
0.5±0.1
16.8±11.3
2±1.2
8.3±7.8

9
>0.05
>0.05
>0.05
>0.05
>0.05
>0.05
>0.05

15
11

>0.05

18
8

>0.05

6
20

>0.05

& 
3<=;3,>=38780-/;?3-+59+=285813/<+6871+1/1;8>9<
 
2
%1
1
%2
2
%2
0
%0
0
%0

 
50
%27
15
%31
30
%32
0
%0
2
%13

1/
 
53
%29
9
%18
20
%21
2
%50
3
%18

 
54
%30
15
%31
31
%33
0
%0
7
%43

 
18
%10
7
%14
10
%10
1
%25
2
%13

& 
3<=;3,>=38780#(=A9/<+6871+1/1;8>9<

 
6
%3
2
%4
2
%2
1
%25
2
%13


&8=+5
183
49
95

#  

4
16

1/


 
 
 
 
 
 
&8=+5

0
49
46
34
14
2
145
P=0.020
HPV-16
0%
34%
32 %
23%
10%
1%
0
6
7
4
1
1
HPV-18
19
P=0.869
0%
32%
37 %
21%
5%
5%
0
41
39
35
15
2
132*
P=0.106
HPV Other*
0%
31%
30%
27%
11%
1%
0
85
85
70
29
4
273
P=0.042
Any types of HPV
0%
31 %
31 %
26%
11 %
1%
*Only one type of HPV other than HPV 16 and 18 was observed in 111 patients. Two or more type of HPV other than HPV
16 and 18 were found in 21 patients.
#(&A9/
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Pathology


&
3<=;3,>=38780#(=A9/<+6871-/;?3-+537=;+/93=2/53+57/895+<3+<+7.6+5317+7-3/<
HPV-16
HPV-18
HPV-other
Total
Total
(+)
(-)
(+)
(-)
(+)
(-)
Count
1
3
4
0
4
4
0
4
Adenoca
% within hpv type
0,7% 1,5% 1,2% 0,0% 1,2% 1,2% 0,0% 1,8%
Count
61
122
183
11
172
183
78
105
CIN 1
% within hpv type 42,1% 60,4% 52,7% 57,9% 52,4% 52,7% 60,0% 48,4%
Count
25
24
49
4
45
49
18
31
CIN 2
% within hpv type 17,2% 11,9% 14,1% 21,1% 13,7% 14,1% 13,8% 14,3%
Count
54
41
95
4
91
95
32
63
CIN 3
% within hpv type 37,2% 20,3% 27,4% 21,1% 27,7% 27,4% 24,6% 29,0%
Count
4
12
16
0
16
16
2
14
Sq.cell ca
% within hpv type
2,8% 5,9% 4,6% 0,0% 4,9% 4,6% 1,5% 6,5%
Count
145
202
347
19
328
347
130
217
Total
% within hpv type 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0%
p
0.001
0.514
0.022

Total
4
1,2%
183
52,7%
49
14,1%
95
27,4%
16
4,6%
347
100,0%

&
3<=;3,>=38780-/;?3-+59+=285813/<37#(!98<3=3?/+7.-A=8581A7/1+=3?/1;8>9
/;?3-+5#+=28581A
#(&A9/
! 
! 
! 
./78-+;-3786+
%:>+68></55+
#( 
38
10
23
1
2
@3=2379+=28581A
41.8%
55.6%
63.9 %
100%
66.7%
#( 
5
1
2
0
0
@3=2379+=28581A
5.5%
5.6%
5.6 %
0%
0%
#( #( 
4
0
1
0
0
@3=2379+=28581A
4.4%
0%
2.8%
0%
0%
#( "=2/;
3
1
4
0
1
@3=2379+=28581A
3.3%
5.6%
11.1%
0%
33.3%
#("=2/;
41
6
6
0
0
@3=2379+=28581A
45.1%
33.6%
16.7%
0%
0%
91
18
36
1
3
&8=+5
100%
100%
100%
100%
100%
HPV 16 and one or more other HPV types, and 53
were positive for other HPV types. The distribution
of the cervical pathologies in the HPV DNA-positive
and cytology-negative groups are presented in Table
5. Of the 91 CIN 1 cases, 38 (41.8%) were in the
group with HPV 16, and 41 (45.1%) were in the
group with HPV types other than 16–18. Of the 18
CIN 2 cases, 10 (55.6%) were in the group with HPV
16, and 6 (33.6%) were in the group with HPV types
other than 16–18. Of the 36 CIN 3 patients, 23
(63.9%) were in the group with HPV 16, and 6
(16.7%) were in the group with HPV types other than
16–18.
Four patients had cervical adenocarcinoma,
and 16 had squamous cell carcinoma. Two of the patients with adenocarcinoma underwent HPV screening. One had HPV type 16, and the other was negative for HPV DNA. The cytology results of these patients were normal. Of the 16 patients with squamous
cell cancer, only 5 had undergone HPV DNA screening. Four had HPV 16, and 1 had an HPV type other
than 16 or 18.



Twenty of the 26 (76.9%) patients who
screened negative for HPV DNA were diagnosed
with CIN 1, 3 (11.5%) were diagnosed with CIN 2,
2 (7.7%) with CIN 3, and 1 (3.9%) with adenocarcinoma. One of the CIN 3 patients had a normal Pap
smear, and the other did not have a Pap smear. The
adenocarcinoma patient also did not have a Pap
smear.
When the HPV types of the patients with cervical pathology were examined, CIN 1 was found in
61 (42%), CIN 2 in 25 (17.2%), and CIN 3 in 54
(37.2%) of the 145 patients who tested positive for
HPV type 16 ( = 0.001). In the group of 130 patients
who were positive for any type of HPV other than 16
and 18, 78 (60%) patients had CIN 1, 18 (13.8%) had
CIN 2, and 32 (24.6%) had CIN 3 ( = 0.022; Table
4).
At least one HPV type was detected in 149
(88.2%) of the 169 patients who had had a Pap smear
result reported as “no intraepithelial neoplasia or malignancy (normal, inflammation, or infection).” In
this group, 74 patients were positive for HPV 16
only, 8 were positive for HPV 18 only, 5 were positive for both HPV 16 and 18, 9 were positive for
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cancer tested positive for HPV DNA. The worldwide
prevalence of HPV has been reported to be 1.4–
25.6% [29, 30]. The HPV DNA prevalence in various regions of Turkey was reported to be 2.7–8.5%
[31-33]. It was found to be 3.29% in the region in
which the present study was conducted [34].
The HPV genotype distribution varies geographically. However, the most common types
worldwide are HPV 16 and 18. Banura et al. found
the prevalence to be 75% in Ugandan women, with
51% having high-risk HPV infections. The most
common high-risk types, in descending order, were
HPV 52, 51, 18, and 16 [35]. In a study conducted in
the region in which the present study was performed,
the most common types were those other than HPV
16 and 18. HPV 16, HPV 18, and combinations of
the two accounted for 25.36% of the patients who
were positive for HPV [34]. The present study investigated the most common HPV types present in patients with cervical cancer and precursor lesions. In
accordance with the literature, the study found that
122 (45%) of 273 patients with cervical pathology
were positive for HPV 16 only, and 115 (42%) were
positive for one or more of types other than HPV 16
or 18.
In the group of patients with cervical pathology, HPV was seen most commonly in the women
aged 30–59. There was a significantly higher prevalence of HPV 16 in the 30–39 and 40–49 age groups
( = 0.020). No significant differences were found
among the age groups in terms of the other HPV
types. Dunne et al. illustrated the age distribution of
HPV in a study of 1,921 females aged 14–59. The
overall prevalence was 26.8%. The HPV prevalence
was 24.5%, 44.8%, 27.4%, 27.5%, 25.2%, and
19.6% among females aged 14–19, 20–24, 25–29,
30–39, 40–49, and 50–59, respectively [36].
In Turkey, since 2014, a community-based
screening program using HPV DNA has been carried
out. In a study conducted in Çorum province investigating the results of this survey in Corum province
between the years of 2016 and 2017 the HPV prevalence was highest in the 30–39 age group (4.2%) and
lowest in the 60–65 age group (2.9%) [37].
In the present study, CIN 1 was seen most commonly in the 40–49 and 50–59 age groups. CIN 2
and CIN 3 were seen in the 30–39 and 40–49 age
groups, adenocarcinoma in the >50 group, and squamous cell cancer in the >40 age group. Among
women who undergo cervical screening in the
United States, the annual incidence of CIN 1 is 4%,
and that of CIN 2 and 3 is 5% [38]. High-grade lesions are most commonly diagnosed in the 25–35
age group, and invasive cancers are typically diagnosed after age 40. Persistent infections and precancerous lesions develop within 5-10 year period from
less than 10% new HPV infections [39]. There is a
period of approximately 8–13 years between the diagnosis of invasive cancer and high-grade lesions.

HPV is one of the most common sexually transmitted diseases. More than 150 HPV types have been
sequenced and HPV is accepted as a major public
health problem because of its strong association with
cervical cancer and precursor lesions [20-22].
HPV DNA testing in cervical cancer screening
is now the first-line screening test recommended by
the European Union, the International Agency for
Research on Cancer, and the World Health Organization [23, 24].
One of the most important findings of the study
was that the Pap smear results of 149 of the 347 patients with cervical cancer or precancerous disease
were reported to be normal. Of these 149 patients, 91
had CIN 1, 18 had CIN 2, 36 had CIN 3, 1 had cervical adenocarcinoma, and 3 had squamous cell cancer of the cervix. Yalcin et al. compared the colposcopy directed biopsy results of women with normal cervical cytology and positive for either HPV16
only or HPV 18 only. The results showed that the
risk of developing high-grade lesions was higher in
the patients with HPV 16 than those with HPV 18
[25].
In the present study we compare the colposcopy directed biopsy results of women with normal cytology and either HPV types other than 16 and
18 or HPV 16 and/or 18 in combination with other
types. The study found that 41 of the 53 patients with
HPV types other than 16 or 18 had CIN 1, 6 patients
had CIN 2, and 6 had CIN 3. Because of the small
number of patients in the HPV 18 group and the limited number of cancer patients in the study group, the
results were not statistically significant.
Ozalp et al. found that the Pap smears of highrisk HPV-positive patients could be normal. They
concluded that the HPV DNA test was quite useful
in the early detection of cervical lesions [26]. In their
study Inal et al. found all CIN cases diagnosed by
pap smear were positive for HPV DNA but 1.5% of
cases with normal pap smear test result were positive
for HPV DNA. They concluded that the disagreement between these two tests could be due to error
in cytologic diagnosis [27].
It is known that there is a significant inter-observer variability for the interpretation of Pap
smears. Of the 20 patients with invasive cervical
cancer in the present study, 13 had had a Pap smear
as a screening test. Seven of the 13 Pap smears had
been reported as normal, and 1 as inadequate. Therefore, HPV DNA testing can be considered a more
objective screening tool. In addition, the use of Pap
smears in combination with HPV DNA screenings
increases the sensitivity and specificity of both tests
[28]. HPV DNA screenings require a smaller labor
force than do Pap smears.
In this study, 273 (91%) of the 299 patients who
had a HPV DNA screening and were found to have
an intraepithelial cervical pathology or cervical
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High-risk HPV types, such as 16, 18, 31, 33,
45, 52, and 58, are strongly associated with highgrade lesions (CIN 2, 3), persistence, and progression to invasive cancer. They may also be associated
with low-grade lesions. HPV 16 and 18 account for
25% of low-grade lesions, 50–60% of high-grade lesions and 70% of cervical cancers [40]. In this study,
CIN 1 was found in 42.1% and CIN 3 in 37.2% of
the 145 HPV type 16-positive patients ( = 0.001).
Of the patients with one or more types other than
HPV 16 or 18, CIN 1 was detected in 60%, and CIN
3 was detected in 24.6% ( = 0.022).
At the time that the screening tests and colposcopy directed biopsy were performed, it was emphasized to all the participating patients who had
negative HPV DNA and normal Pap smear screenings that they should be re-screened after 5 years.
The HPV DNA-positive patients with normal or
early-stage cervical intraepithelial neoplasia were
told that they should be re-screened after 1 year.
However, it was observed that the patients did not
comply with these follow-up instructions. The limitation of the present study is the absence of patient
follow-up data.
HPV 16 and 18 are known to be strongly associated with cervical cancer and precancerous lesions.
In this study it is seen that other HPV types also have
a strong relationship with precancerous lesions. Considering the prevalence of these HPV types in the society, also these patients should be followed very
carefully to prevent progression of precancerous lesions to invasive cancer.
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was the first to systematically summarize the sedimentary effects of earthquake events [2-4]. Since
then, a large number of scholars around the world
have also begun research on earthquake event deposition [5]. In the 1990s, the geologist's research focused on the characteristics and combination laws of
seismite in different sedimentary backgrounds.
These basic researches laid the theoretical foundation for future earthquakes event research [6-10].
Sedimentary studies of earthquake events after the
21st century entered a stage of diversified development. For example, analysis of fault activity, sedimentary environment, paleontological activities
through the use of seismites data [11-12]; and analysis of oil and gas significance of earthquake event
sedimentation through the use of core, stratigraphic
and reservoir data [13-22].
The Shanghe Oilfield is located in the central
uplift of the Bohai Bay Basin. It has a series of threelevel faults in its interior, forming a stepped structure
that descends in the south. According to previous
studies, these faults are mostly synsedimentary fault
with frequent activities [23-24]. Frequent tectonic
activities are bound to be accompanied by earthquake events. Predecessors have reported on the
characteristics of seismite in the area. The focus of
these studies is on the deformation characteristics of
soft sediments under the influence of earthquakes
and the structural combination of seismites [25-28].
Based on the latest drilling data and previous research results, this study explored the important impacts of earthquake events in the Sha 3 Member of
the Shanghe Oilfield on sedimentary evolution and
hydrocarbon accumulation.


#$$$#

The tectonic activity of the Shanghe Oilfield
during the sedimentary period of the Sha 3 Member
was strong, and earthquake events occurred frequently. The earthquake events left many records of
deformation in the strata, namely the seismite. The
formation of seismite is affected by many factors. In
this paper, combined with the structure and single
well sequence characteristics, the characteristics and
formation causes of seismites in the study area were
analyzed in detail. The results show that the sedimentary period of the Shahejie Formation in the
Shanghe Oilfield entered the deep depression period
with strong fault activity. Based on the sedimentary
model of the research area established by the previous, it is concluded that the earthquake event has an
important influence on the secondary differentiation
of the sand body in the study area. At the same time,
combined with the seismic distribution characteristics of different regions in the study area, the sedimentary pattern of earthquake events in the study
area was established. Finally, combined with the examples of reservoirs in the study area and the distribution characteristics of the seismites, the effects of
earthquake events on hydrocarbon accumulation
were analyzed.
('"#
Ancient earthquake event, seismites rock, Sha 3 Member,
Shanghe Oilfield
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The study of earthquake event deposition began
in 1969. Seilacher, A. [1] believes that the gradual
structural faults of the Miocene Monterey shale in
the California area were caused by earthquakes, and
first proposed "seismites" to represent these formations. In the 1980s, "Marine Geology" published
an album on "Earthquake and Sedimentation", which

"02498,6 2096924.,6 -,.52<9?8/ The structural location of the Shanghe Oilfield belongs to the
central uplift of the Jiyang Depression in the Bohai
Bay Basin (Fig. 1). Its tectonic pattern is controlled
by the tectonic evolution of the Bohai Bay Basin.
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#><?.>?<,6 10,>?<0= 91 =04=74>0= During the
core observation process, it was found that the soft
sediments in the strata in the study area have obvious
deformation characteristics and the deformation
structure is very rich. They differ from normal sedimentation, and the combination of analysis suggests
that paleo-earthquake events are triggers for soft sedimentary deformation. We mainly rely on the following two aspects:
(1) The fault activity during the sedimentary
period of the Sha 3 member of the Shahejie Formation in the Shanghe Oilfield is very strong, and
frequent tectonic movements have caused frequent
earthquake events in this sedimentary period.
(2) The combined features of the soft sediment
deformation structure in the study area are rich and
typical. Although Shanmugam, G. [29] summarized
21 triggering factors that can cause soft sediment deformation in 2016. However, with the exception of
ancient earthquake events, no triggering factor has
been shown to cause so many types of soft sediment
deformation structures. Therefore, it can be determined that the soft sediment deformation structure in
the study area is seismite.
There is also some controversy about the classification of seismite. Currently recognized by most
scholars is the classification of Qiao, X. [30], in 2009.
He divided the seismite into three broad categories
according to the type of structure: (1) The first type
is large-scale hard rock structures, such as splitting
mountains and caving stones, also known as the millstone structure; (2) The second type is the plastic

The structural form is high in the northwest, and
there is a step-like descending fault in the south [24].
The Cenozoic tectonic evolution of the Bohai
Bay Basin experienced the Paleogene rifting subsidence stage and the Neogene Quaternary post-rift
thermal settlement stage, and completed a complete
rifting cycle. The Paleogene rifting has the characteristics of curtain and gradual development, which
can be further divided into three rifting extension periods: namely, Kongdian-Sha 4, Sha 3, Sha 2 - Sha 1
- Dongying periods. After each rifting extension period, the basin generally experienced a brief regional
uplift and caused some of the pre-deposited strata to
be denuded, forming several micro-angle unconformities or parallel unconformities that can be compared within the region.
0>39/= $,<20>0/ 4==?0= During the Sha-3
sedimentary period, the tectonic movement was
strong and the earthquake events occurred frequently.
At present, the sedimentary studies on the earthquake events in the study area are mostly directed at
the development characteristics of the seismite [2527]. Research on how earthquake events in the study
area affect the sedimentary process and the impact of
earthquake events on hydrocarbon accumulation are
not sufficient.

#96?>498 Firstly, the cores of wells in different
locations are observed, and the characteristics of
seismites are analyzed. At the same time, combined
with the geological background, the factors affecting
the development characteristics of the seismite are
summarized. Based on the analysis of the characteristics of seismites in different tectonic locations and
the combination of previous studies, the influence
mechanism of seismic events on sedimentary patterns and accumulation patterns in the study area was
investigated.

%" 
#><?.>?<,669.,>49891#3,8230461406/
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  6,=>4. /019<7,>498 =><?.>?<0 This type
of construction is abundant in the study area. The
sediments under the action of the earthquake squeeze
each other, causing the sediments to liquefy and interspersed with each other. This type of structure in
the study area mainly includes liquefied sandstone
veins, wrinkle layering, pillow-like layer, sausage
structure and flaming structure.

4;?0140/@048 It is a kind of liquefied deformation structure formed by the irregular veins developed in the interbedded sediments of sand and mudstone piercing the surrounding rock. The liquefied
veins in the study area are rich in morphology, including liquefied sandstone veins and liquefied mud
veins. The size of the veins is usually 0.5 to 3 cm
wide and several centimeters to ten centimeters long.
Its morphology is more common in strips and intestines (Fig. 2c).

deformation structure of sediments dominated by
liquefaction and extrusion; (3) The third type is a
brittle deformation structure in which a small-scale
hard rock layer is ruptured under earthquake action.
The basis of this study is drilling core, the first type
of large-scale deformation structure cannot be observed, therefore, we mainly observe the second and
third types of small-scale seismite.
The core characteristics of the seismite in the
target layer of the study area are as follows:
 <4>>60/019<7,>498=><?.>?<0The brittle
deformation structure is a deformation structure of
the consolidated or weakly consolidated rock after
mechanical rupture due to strong earthquakes. Such
deformation structures in the study area are dominated by step-shaped faults and self-debris breccia.
#7,66 =>0:=3,:0/ 1,?6> Also known as a
grained normal fault, it is a structure in which a brittle rock layer is fractured by tensile forces (Fig. 2a).
It is widely developed in the study area, which also
indicates that the sediments were affected by strong
earthquakes during the sedimentary period of the
Sha 3 member of the Shahejie Formation.

<?7:60/-0//482Also known as a pleated
rock, it is a liquefied crimped structure. It refers to a
structure in which a thin layer, a strip-like rock layer
or a soft deposit in a liquefaction deformation undergoes warping deformation, while an overlying and
underlying layer is not affected. It differs from the
corrugated structure of the structural cause (usually
following the mechanical principle), while the warp
deformation of the earthquake causes it to be disordered (Fig. 2g).

6,7482=><?.>?<0 Under the action of earthquake, the mudstone layer of the bottom layer is subjected to the differential load force of the sandstone
layer and is compressed to form a flaming-like undulating structure (Fig. 2e).

#061/0-<4=-<0..4, Under the strong vibration,
the original sedimentary layer is broken, and the
shattered blocks are piled up in situ. Most of the fractured sediments are arranged in a bedding layer with
no obvious displacement, retaining the original fractured corners and the adjacent fractured block shape
(Fig. 2b).
880<.6,=>4.-<0..4, Different from the selfdebris breccia, under the action of earthquake, the incompletely consolidated rock formation is broken
and formed by a certain distance of migration
(Fig. 2f).

%" 
9<0.3,<,.>0<4=>4.=91=04=74>048>30#3, 07-0<91#3,8230461406/
Notes: (a) Small step-shaped fault, S13-107 well, 2438 m; (b) Self-crushing breccia, Shang 67 well, 2511.5 m; (c) Liquefied
sandstone vein, S13-351 well, 2492.12 m; (d) Earthquake turbidites, S67 well, 2506.5 m; (e) Flaming structure, S67 well, 2509
m; (f) Inner clastic breccia, S13-351 well, 2604 m; (g) Crumpled bedding, S13-351 well, 2486 m.

1184

! 

 "  



   



%" 
&0<>4.,6/4=><4-?>498.3,<,.>0<4=>4.=91=48260A066=04=74>048/4110<08>>0.>984.69.,>498=91
#3,8230461406/
 #04=79>?<-4/4>0 Earthquakes can not only
trigger soft sediment deformation structures, but also
activate various fluids. Observation of the core of the
target layer revealed that there is a turbidity sedimentary layer in the overlying strata of the seismite. This
turbidite accumulating symbiosis with the seismic
disturbance layer constitutes the main sand body in
the study area (Fig. 2d).

#><?.>?<,6 .97-48,>498 .3,<,.>0<4=>4.= 91
=04=74>0=The tectonic development of seismites is
influenced by many factors, such as the magnitude
of the earthquake, the diagenetic state of the sediment, the slope of the sediment, the buried depth and
the combination of lithology. In this study, the core
data of three wells in different locations were collected. The core was continuously taken in the upper
part of the Sha 3 Member, and a continuous single
well sequence was formed in the vertical direction.
Due to the different fault zones and structural locations of the three wells, the structural characteristics
of the vertical seismites are also different.
Well 13-107, located in the central uplift belt,
and adjacent to the second-level fault-Linzhou fault,
the structural position is more complicated for other
wells and the earthquake intensity is greater, so the
combination of seismite is richer. From top to bottom,

the four parts are: A3 liquefied vein, B3 liquefaction
deformation structure, C3 liquefied breccia and D3
step-shaped small faults (Fig. 3); Well 67, located on
the slope of the central uplift belt, is adjacent to a
three-level fault. Its seismite structure type is not
complicated by the 13-107 well, and is mainly divided into four parts: A2 liquefied vein, B2 flaming
structure, C2 self-debris breccia and D2 shock crack
layer (Fig. 3); Well 13-351, adjacent to a fourth-order fault, the seismite combination is relatively simple, only three parts are: C1 collapse structure, B1
seimic fold rock and A1 liquefied rock vein (Fig. 3).
The study of structural characteristics of seismites in
different tectonic locations can provide an important
basis for the establishment of sedimentary models
and hydrocarbon accumulation models based on
seismic action.

816?08.0 91 ,8.408> 0,<>3;?,50 0@08>= 98
3C/<9.,<-98 ,..?7?6,>498 Paleo-earthquake
events are usually determined by the sedimentary deformation structure retained in the rock formation.
However, the impact of earthquake events on the
sedimentation process is not limited to triggering
some sedimentary deformation structures, which
will affect the entire deposition process. For petroliferous basins, the structure is an important condition
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,<>3;?,500@08>/0:9=4>49879/0691#3,8230461406/* +
consolidated rock develops a certain brittle deformation structure. The liquefaction structure in the
middle is dominated by the tensile and sliding structures, and the unconsolidated sediment at the top will
migrate again under the action of earthquake. The g
area is far away from the source, and the slope is
smooth. The intensity of the earthquake is weak, and
it is impossible to affect the deep sediments with a
certain degree of consolidation. It mainly produces a
uniform liquefaction compaction on the unconsolidated sediments.

for hydrocarbon accumulation. The formation of the
structure is inseparable from the tectonic movement,
and the earthquake events are associated with the
tectonic movement. Therefore, earthquake events
have an important impact on hydrocarbon accumulation.

7:,.> 91 0,<>3;?,50 0@08>= 98 =0/4708>=
To analyze the impact of earthquake events on hydrocarbon accumulation in the study area, we must
first analyze the impact of earthquake events on the
sedimentation process in the study area [30]. In this
paper, the sedimentary model of earthquake events
in the study area was established. As shown in Fig.
4, the earthquake events have obvious influence on
the secondary differentiation of sediments in the
study area. The slope can provide the potential energy of the movement, which can cause the unstable
sand body of the delta edge to move to the deep lake
area. The sandstone is wrapped in mudstone to form
a lens body, which can form a lens body reservoir
(Fig. 4c), and can also excite various gravity flow
deposits (Fig. 4a, b).
In addition, by analyzing the characteristics of
seismites in different structural locations in the study
area, we divided the sediments into four regions according to the difference between the ancient geographical location and the distance from the source
(distance affected earthquake intensity) (Fig. 4).
The d area, no obvious slope and close to the
source. A compact brittle fracture structure is developed in the lower part of the sediment, and some
twisted plastic deformation structures are developed
in the middle part. The top unconsolidated rock is
uniformly compacted by the earthquake. The e area,
the main seismic zone of the fault zone, is mainly
composed of various fracture structures, and the
fracture structure has a large depth, a wide range, severe rupture and rich types. The f region is close to
the source and has a certain slope. The bottom-

7:,.>910,<>3;?,500@08>=98946,8/2,=
<0=0<@94<=Based on the previous studies on the oil
and gas reservoirs in the Shanghe Oilfield, combined
with the impact of the earthquake events on the sediments in this paper, the impact mode of seismic
events on hydrocarbon accumulation in the study
area was established (Fig. 5). The impact of earthquake events on the formation of oil and gas reservoirs is mainly reflected in the following aspects:
  7:,.> 91 0,<>3;?,50 0@08>= 98 3C/<9
.,<-98742<,>498 There are three main ways of hydrocarbon migration in the study area: vertical migration along faults, trajectory movement along sand
bodies, and combined migration modes of the above
two combinations. Faults play a decisive role in hydrocarbon migration, and fault activity is an important source of earthquake triggering. The closer
the fault zone is to the rock, the more intense the vibration, and the more complex the seismite structure.
As shown in Fig. 5, a and b are vertical migration
modes. a is the main channel that moves along the
fault, and b is the brittle seismite formed by the
strong vibration damage of the already consolidated
rock formation. It can be an auxiliary channel for oil
and gas migration and affect the formation of oil and
gas reservoirs. m is a lateral migration mode of oil
and gas, which can move along the interlayer
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fissures formed by earthquakes and the brittle
seismites near the faults, and then reach traps for oil
and gas accumulation. In Fig. 5, g+h is the composite
transport mode. The oil and gas migrate laterally
through the interlayer rupture structure, enters the
fault zone and then moves up through the fault zone
to reach the trap and then form a reservoir.

  7:,.> 91 0,<>3;?,500@08>= 98 946,8/
2,=,..?7?6,>498 Earthquakes can become an important source of gravity flow sedimentation and
stimulate the unstable sand bodies at the front end of
the delta to slide into the deep lake area [32]. Sandstone is encased in mudstone to form sandstone
lenses and can form sandstone lens reservoirs (Fig.
5c, d). Shattering breccia and brittle fracture structures can effectively improve reservoir physical
properties, and may also serve as a good reservoir for
oil and gas accumulation (Fig. 5e, o). In addition,
when the unconsolidated sediment is subjected to an
earthquake, it is again compacted and homogenized
(see the top liquefied compaction structure in Fig.
4d). The uniform liquefaction layer covers the fracture zone in the vertical sequence of the seismite. It
can also be used as a good cover layer over the reservoir formed by seismic rupture (Fig. 5f, p).
Combined with the actual analysis of oil and
gas reservoirs in the study area, it is found that the
formation of oil and gas reservoirs is closely related
to faults (Fig. 5). The earthquake near the fault zone
is the strongest, and the impact on the sediment is
also the most obvious, and the earthquake structure
is also the most abundant (as shown in the area of
Fig. 4e).









%##
Well 13-107, located in the central uplift belt,
and adjacent to the second-level fault-Linzhou fault,
the structural position is more complicated for other
wells and the earthquake intensity is greater, so the
combination of seismite is richer. From top to bottom, the four parts are: A3 liquefied vein, B3 liquefaction deformation structure, C3 liquefied breccia
and D3 step-shaped small faults (Fig. 3); Well 67, located on the slope of the central uplift belt, is adjacent to a three-level fault. Its seismite structure type
is not complicated by the 13-107 well, and is mainly
divided into four parts: A2 liquefied vein, B2 flaming
structure, C2 self-debris breccia and D2 shock crack
layer (Fig. 3); Well 13-351, adjacent to a fourth-order fault, the seismite combination is relatively simple, only three parts are: C1 collapse structure, B1
seimic fold rock and A1 liquefied rock vein (Fig. 3).
The study of structural characteristics of seismites in
different tectonic locations can provide an important
basis for the establishment of sedimentary models
and hydrocarbon accumulation models based on
seismic action.
(1) During the sedimentary period of the
Shahejie Formation in the Shanghe Oilfield, the tectonic activity was strong and the earthquakes were
frequent. A rich soft sediment deformation structure
is left in the formation, and these soft sediment deformation layers are controlled by multiple factors
dominated by earthquakes. For the study of seismite,
it is necessary to analyze the tectonic setting and sedimentary characteristics of the seismic layer at that
time. This not only leads to more accurate conclusions, but also more accurately restores the process
of seismite development.
(2) The potential of earthquake event research
is huge. For a petroliferous basin, tectonic movement
is the main controlling factor of its formation, and
earthquake events are important companion products
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geographic reconstruction, paleo-sedimentary environment and paleoclimatic restoration [8].
Choosing an effective method is the key to
performing source analysis. The early traditional
sedimentology method established the relationship
between the composition of the sandy clastic minerals and the source area by studying the variation
of the formation thickness, the sandstone ratio, the
flow direction of the paleocurrent and the composition of the sandstone debris, and then discriminates
the source [9]. With the continuous improvement of
petroleum geology technology and methods and the
continuous interdisciplinary multidisciplinary, material source research has also been continuously
developed [10-12]. Some new methods such as
heavy mineral methods, constant elements, characteristic elements and their ratio methods, microscopic crystal surface morphology analysis methods
of quartz particles and heavy minerals, elemental
geochemical methods of trace elements, fission
track dating methods, etc. all have become the
important basic means in the study of provenance
[13-23].
Many scholars have conducted a lot of research on the provenance of the Chang 7 Member
of the Triassic Yanchang Formation in the southwestern margin of the Ordos Basin, China [24-31].
At present, there is no objection to the source of the
southwestern part of the Longxi ancient land and
the southern Qinqi fold belt. However, due to the
influence of sampling heterogeneity, wear-through
and one-sided analysis of provenance, there is some
controversy about the source of western sources,
the Alxa ancient land in the northwest, and the
Daqingshan in the northeast [30-31]. Although
there are many means to provide evidence for the
analysis of provenance. However, there is no single
method that can objectively and accurately determine the direction of the source and its composition.
Therefore, the source analysis usually has a large
multi-solution. Therefore, it is necessary to combine multiple methods to comprehensively study,
reduce multi-solution and uncertainty, and then
provide more and more sufficient research evidence
for the source.

The source of the Chang 7 Member of the Upper Triassic Yanchang Formation in the Zhenyuan
area in the southwestern Ordos Basin has been a
key issue in sedimentology and reservoir geology.
In this paper, we sampled the key wells of the
Chang 7 Member of this area and systematically
studied the rock type, mineral maturity, source
index of debris components, quartz content, rock
debris type and heavy mineral assemblages characteristics. By comparing the planar distribution characteristics of each factor, the partition result of the
source of the target layer is obtained. The study
shows that there are three sources of supply in the
Chang 7 Member of the study area, which are the
southwestern source of the southeast part of the
Longxi ancient land, the western source of the
northern part of the Longxi ancient land, and the
northwestern source of the northern part of the Alxa
ancient land. Among them, the southwestern source
is the main source, while the western source and the
northwest source are secondary sources. These
three sources intersect in the northeastern part of
the study area.



*( #$
Provenance, heavy mineral assemblages, Yanchang Formation, Ordos Basin
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The source is the original material that makes
up the sedimentary basin. It is a fundamental element of the source-to-sink system, affecting the
handling of the sediment itself and controlling the
sedimentary scale of the sediment [1-7]. It plays a
key role in the source-sink system and is one of the
basic researches in basin analysis. Source analysis
combines sedimentology, mineralogy, geochemistry,
geochronology, igneous rock, and metamorphic
petrology. It is an important research content to
determine the maternal nature of the source area,
the basin-mountain coupling analysis, paleo-
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The Zhenyuan area is located on the southwestern edge of the Ordos Basin, with a total area
of about 4 500 km2 (Fig. 1C). The area as a whole
develops on a steep slope background, and the mideastern region develops a slope-break zone and
transitions to a semi-deep lake-deep lake environment [37]. The area adjacent to the deposition center is prone to form slump deposits. The target layer
of the study area mainly develops the braided river
delta-lake sedimentary system, and the semi-deep
lake-deep lake area develops sandy debris flow and
turbidite sedimentary sand bodies.
In this paper, we sampled the key wells of the
Chang 7 Member of this area and systematically
studied the rock type, mineral maturity (Q / (F+L):
quartz/(feldspar + rock debris)), source index of
debris components (F/L: feldspar/rock debris),
quartz content, rock debris type and heavy mineral
combination characteristics. By comparing the
planar distribution characteristics of each factor, the
partition result of the source of the target layer is
obtained.

The Ordos Basin is located in the western part
of China's North China Platform. It belongs to the
combination zone between the eastern stable zone
and the western active zone [32-33]. It is the second
largest sedimentary basin in China (with a total area
of 32×104 km2). According to the geological evolution history and tectonic features of the basin, it can
be divided into six first-order tectonic units of the
Yimeng Uplift, the Weibei Uplift, the Jinxi Flexure
Belt, the Northern Shaanxi Slope, the Tianhuan
Depression and the Western Margin Thrust Belt
(Fig.1A).
The study area is located in the Zhenyuan area
in the southwestern part of the Ordos Basin. The
target layer is the Chang 7 Member of the Upper
Triassic. In the Late Triassic Yanchang Formation
sedimentary period, the Ordos Basin has a broad
water and exhibits typical large inland depressiontype lake basin features. At this time, the western
and southern margins of the basin are steep, and the
overall slope can reach 3.5°-5.5° [34]. Due to the
abundant supply of terrigenous clastic sources on
the periphery of the basin, a set of sedimentary
combinations with well-developed reservoirs, reservoirs and caps with a total thickness of about 100
- 1 300 m were formed during the extension period
[33, 35]. The Yanchang Formation is divided into
10 members from top to bottom, namely Chang 1 to
Chang 10. Among them, the development of the
lake basin in the Chang 7 segment sedimentary
period reached its peak and formed high-quality
source rocks (Fig. 1B) [24, 32-33].

#$&%$
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The Chang 7 Member clastic rocks in the study area
are mainly gray, dark gray, light gray and graygreen medium sandstone, fine sandstone and siltstone. We performed Q-F-L three-terminal analysis
on the quartz, feldspar and rock debris content of
170 sandstone samples. It can be seen from Fig. 2A
that the rock type is dominated by feldspar lithic
sandstone, followed by lithic feldspar sandstone
and lithic sandstone. Among them, feldspar lithic
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sandstone accounts for about 68.23% of the total
number of samples, and is mainly distributed in the
southern, central and eastern regions of the work
area. The lithic feldspar sandstone accounts for
23.53%, which is mainly distributed in the northern
part of the work area, while a small amount is distributed in the central and eastern parts. The lithic
sandstone accounts for 8.24%, which is mainly
located in the west and northwest of the study area,
and its compositional maturity is low (Fig. 2B).

debris of 170 sample points, the relative content
ratio [Q/(F+L)] of the stable and unstable components of the sample points was calculated. The
results show that the mineral maturity value is between 0.16-1.52 and the peak value is between 0.40
and 0.88 (Fig. 3B). The results of the mineral maturity level distribution show that (Fig. 4D), the
mineral maturity of the northwestern, western and
southwestern parts of the work area is increasing,
indicating that the mineral maturity is gradually
increasing and the carrying distance is gradually
increasing. The mineral maturity of the Y34 and
Z170 areas in the west of the work area is significantly higher than that of other areas, so this area
may be the main river channel location.

#<08 12/?6@ AE=2 .;1 16@A?6/BA6<; 05.?.0
A2?6@A60@ The rock debris characteristics are the
most direct reflection of the properties of the parent
rock and have a direct indication of the source of
the sediment. Through the analysis and statistics of
the sandstone samples of the target sandstone, it can
be found that (Fig. 4A), magmatic rock rock debris,
metamorphic rock debris and sedimentary rock
debris are all visible, and different zones have different combinations. Among them, the distribution
of metamorphic rock debris is the most extensive
and stable, and the whole area is visible, followed
by sedimentary rock debris, while the distribution
of magmatic rock debris is relatively concentrated
and the content is low. Metamorphic rock debris are
composed of medium-high metamorphic rock debris such as phyllite, schist, slate, mica, and metamorphic quartzite. Sedimentary rock debris include
sandstone, mudstone, limestone and dolomite, and
igneous rock debris are mainly eruptive and cryptite.

  $<B?02 6;12D For clastic rocks, unstable
debris components can reflect the source of the
material. Among them, feldspar is the symbol of
granitic mother rock, while rock debris are the
symbol of volcanic rocks, sedimentary rocks and
some shallow metamorphic rocks. The ratio of
feldspar to rock debris (F/L) is called the source
index, which can indicate the basic characteristics
of the debris components in the source rock.
Through statistical analysis of the contents of
quartz, feldspar and rock debris of 170 sample
points, the results show that the source index is
between 0.12-0.72 and the peak value is between
0.36-0.48 (Fig. 3A), reflecting that the feldspar
component content is significantly lower than that
of rock debris component content. By observing the
plane distribution of the source index (Fig. 3C), the
local areas in the north and northwest of the work
area all have high value areas greater than 1, ie the
feldspar content is higher than the rock debris content; while the source index of most other areas is
less than 0.75. That is, the rock debris content is
higher than the feldspar content.
  6;2?.9 :.AB?6AEThrough the statistical
analysis of the contents of quartz, feldspar and rock

&# 
#<08AE=209.@@6360.A6<;.;16A@=9.;216@A?6/BA6<;
Notes: (A) Triangular illustration of debris in sandstone (Q-F-L), Chang7 Member; (B) Plane distribution of different rock
types, Chang7 member; The red dashed range represents the areas where all three types of rock develop.
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Notes: (A-B) Mineral source index and mineral maturity distribution histogram; (C-D) Plane distribution of source index and
mineral maturity.


It can be seen from Fig.4B that the I zone is
mainly composed of volcanic rock debris + metamorphic rock debris, of which volcanic rock debris
account for an average of 44%, metamorphic rock
debris account for an average of 43%, and sedimentary rock debris are less. The II region is mainly
metamorphic rock debris + sedimentary rock debris
+ volcanic rock debris, of which the metamorphic
rock debris account for an average of 43%, the
sedimentary rock debris account for an average of
40%, and the volcanic rock debris content is relatively small. The region III is mainly composed of
sedimentary rock debris and metamorphic rock
debris. The average proportion of sedimentary rock
debris is 61%, the average proportion of metamorphic rock debris is 32%, and the content of volcanic
rock debris is less. Overall, the type of rock debris
has significant differences in partitioning and mass
fraction, reflecting the fact that the sources are from
different directions and are regionally distributed.



"B.?AF0<;A2;A 16@A?6/BA6<; 05.?.0A2?6@A60@
The light mineral content of sandstone can judge
the maturity of clastic rock, and the maturity can
judge the direction of provenance. Quartz is the
most stable and typical light mineral, which has a
good indication of the distance and direction of
sediment transport. Based on the analysis of the 170
samples, we calculated the percentage of quartz in
each well and plotted the distribution contour of the
percentage of primary quartz (Fig. 5). The analysis
found that from the southwest, west and northwest
regions of the work area to the central and eastern
regions, the relative percentage of quartz increased
with the increase of the handling distance, reflecting the increasing maturity of the components of
the debris. The relative content of quartz in the
southwest, west and northwest regions of the work
area is significantly lower than that in the central
and eastern regions. The compositional maturity of
the southwestern, western, and northwestern regions is relatively low, while the composition of the
central and eastern regions is relatively high.
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9B@A2?.;.9E@6@<352.CE:6;2?.90<:/6;.
A6<;@ This paper focuses on the analysis of heavy
minerals in 28 samples of the target layer and identifies 18 kind of heavy mineral types such as zircon,
rutile, tourmaline, garnet, magnetite, ilmenite, vermiculite, epidote, hard chlorite, pyrite, barite,
sphalerite, galena, limonite, pyroxene, spinel, apatite and anatase. The mass percentages of different
heavy minerals in each sample were counted, and
the statistical results were analyzed by Q-type clustering. The smaller the relative distance between
each sample, the stronger the similarity and the
better the correlation; otherwise, the weaker the
similarity, the worse the correlation.
According to the cluster analysis spectrum
(Fig.6A), the samples with relative distance less
than 11 are mainly divided into three categories,
namely, Type I, Type II, and Type III. Among them,

Type I is subdivided into I1 subtype, I2 subtype, I3
subtype, and I4 subtype, the Type III is subdivided
into III1 subtype and III2 subtype. The I2 subtype
includes Z118 well, Z218 well, Z221 well, and I3
subtype including Z74 well, Z349 well, Y5 well,
Y80 well, and I4 subtype includes X84 well, X85
well, Z70 well, and Z139 well, and the relative
distance between each subtype is 2, and the similarity is strong. The I1 subtype includes X33 well, X39
well, Z30 well, and Z69 well, and the maximum
relative distance is 3, and the relative distance to the
I2 subtype, the I3 subtype, and the I4 subtype is 5.
Type II mainly includes Z69 well, and the similar
distance between samples is 2. The III1 subtype
includes Y16 well, Z45 well, and Z70 well. The
similar distance between samples is 2, and the III2
subtype includes Y34 well, Y72 well, Y75 well, and
Y78 well. The sample of Y72 and Y78 wells has a
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ic rock combination area, feldspar lithic sandstone,
feldspathic lithic sandstone development area and
heavy mineral combination area II are highly consistent. The volcanic rock + metamorphic rock
combination area, the lithic feldspar sandstone
development area and the heavy mineral combination III1 area are highly consistent. The sedimentary
rock + metamorphic rock + a small amount of volcanic rock combination area, the lithic sandstone
development area and the heavy mineral combination III2 area and the northeast intersection area are
highly consistent.
Further, the superposition relationship of each
analytical test result was locally adjusted, and the
source area zoning plan was completed (Fig. 7A).
The sediment characteristics of rock type, source
index, mineral maturity, rock debris type, quartz
content distribution characteristics, heavy mineral
combination and other related analytical data were
found to be divided into four zones (I, II, III, IV).
Among them, the I region is mainly from the
southwest source supply, which covers half of the
work area; the II region comes from the western
source supply, and the north-south direction has a
large control range; the III region comes from the
northwest source supply, the source index (F/R) is
strip-shaped in the Y21, Y20, Y16, and Z104 regions, and is distinctly different from the I and II
regions. Region IV is located in the northeastern
part of the study area and has a comprehensive
sedimentary response of region I, region II and
region III, which is the intersection of multiple
sources (Fig. 7B).

similar distance to the sample of Y34 well. The
similar distance between the III1 subtype and the
III2 subtype is 3.
The sample points of each subtype are further
wired on a plane. According to the analysis of
Fig.6B, I2 and I3 have a good correlation in the
southwest-northeast direction. I1 and I4 have a good
correlation in the northwest-southeast direction, and
they intersect with I2. The correlation of III1 from
the northwest to the northeast direction is better,
and the correlation of III2 from the west to the east
direction is better. I1, I3, I4, and III1 meet in the
northeast. At the same time, Type II is concentrated
in the northeastern region. According to the line
connecting the well points, the partition on the
plane can better reflect the regional distribution law.
$&$$ 
In this paper, we comprehensively use the rock
type, source index, mineral maturity, rock debris
type, quartz content distribution and heavy mineral
combination data to planarize the parameters reflecting the source characteristics. It was found that
the source index of debris, mineral maturity and
percentage of quartz had good agreement in the
southwest and western regions, but the anastomosis
in the northern region was poor. The anastomosis of
the northeast corner region is also poor, and the
intersection phenomenon is obvious. For the rock
type, debris type and heavy mineral plane division,
the sedimentary rock + metamorphic rock + volcan-
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(4) There are three sources of supply in the
target layer of the study area, which are the southwestern source of the southeast part of the Longxi
ancient land, the western source of the northern part
of the Longxi ancient land, and the northwestern
source of the northern part of the Alxa ancient land.
Among them, the southwestern source is the main
source, while the western source and the northwest
source are secondary sources. These three sources
intersect in the northeastern part of the study area.


 (%$

(1) The rock type of the Chang 7 Member of
the Triassic Yanchang Formation in the Zhenyuan
area in the southwestern Ordos Basin is dominated
by feldspar lithic sandstone, accounting for 68.23%
of the total number of samples, followed by lithic
feldspar sandstone and lithic sandstone. Sandstone
samples have mineral maturity values between
0.16-1.52 and peaks between 0.40 and 0.88. The
source index is between 0.12-0.72 and the peak
value is between 0.36 and 0.48. The content of
feldspar components is significantly lower than that
of rock debris. Metamorphic rock debris is most
widely distributed, followed by sedimentary rock
debris.
(2) The target layer can be divided into I zone,
II zone and III zone according to the combination
characteristics of rock debris. Through the Q-type
cluster analysis of the percentage of 18 heavy minerals, the samples with relative distance less than 11
are mainly divided into three categories, namely,
Type I, Type II, and Type III. Among them, Type I
is subdivided into I1 subtype, I2 subtype, I3 subtype
and I4 subtype, and Type III is subdivided into III1
subtype and III2 subtype.
(3) In this paper, we systematically studied the
rock type, mineral maturity, source index of debris
components, quartz content, rock debris type and
heavy mineral combination characteristics of the
target layer. By comparing the planar distribution
characteristics of each factor, the partition result of
the source of the target layer is obtained. The study
area is divided into four zones (I, II, III, IV).
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Synthetic plant regulators are used extensively
and uncontrollably in order to increase agricultural
production. The 4-chlorophenoxyacetic acid used
for this purpose is contaminating soil and water, and
leaving residue on the products. Therefore, it cannot
be ruled out that there may be adverse effects on nontarget organisms and especially on animal health. In
this study, the effects of oxidative stress and antioxidant enzymes were investigated in the primary
hepatocyte culture of Lake Van fish (  
 , Güldenstadt 1814) exposed to 4-chlorophenoxyacetic acid. Statistically significant reductions
in superoxide dismutase, catalase, glutathione peroxidase, and glutathione-S-transferase enzyme activities and reduced glutathione levels were observed in
comparison with the obtained findings in the control
group (P ≤ 0.05). There was also a significant increase in the level of malondialdehyde, a product of
lipid peroxidation (P ≤ 0.05). As a result, it was determined that Lake Van fish treated with different
concentrations of 4-chlorophenoxyacetic acid exhibited oxidative stress and lipid peroxidation in the primary hepatocyte cell culture.



greenhouse vegetables, these synthetic PGRs are
widely used in all seasons to obtain the best product
[4]. PGRs do not have significant effects on organisms because their half-lives are very short and are
eliminated by metabolizing, and not accumulating in
the tissues [5]. However, uncontrolled usage or an
overdose may leave residues on plants and cause adverse effects on non-target organisms. PGRs may accumulate in the adipose tissues of non-target organisms such as pesticides and herbicides, which are
used in agriculture and may cause harmful effects in
the body in the advanced process [6].
Phenoxacetic herbicides are one of the largest
herbicide groups sold worldwide. A member of the
phenoxy family, 4-chlorophenoxy acetic acid (4CPA), has been widely used for many years as a
plant growth inhibitor [7, 8]. These chemicals are
used as herbicides in plants for their growth and development-regulating role. Unfortunately, other than
these effects, it may lead to a decline in growth, reproductive problems, changes in appearance or behavior, or even death in animal species [9, 10]. Live
organisms are exposed to the negative effects of
PGRs, like 4-CPA, all over the world. 4-CPA is an
oxine of the phenoxy family, which is considered to
be moderately dangerous-toxic by the World Health
Organization [9]. Overdoses of 4-CPA have been reported to cause hepatocyte damage through reactive
oxygen species (ROS) produced by the liver and
neutrophils [11, 9].
Ecological research has pointed out the increase in marine and fresh water pollution in recent
years. These pollutants have a devastating effect on
aquatic organisms. Because of their potential cytotoxic effects, there is a need to develop a sensitive
biological monitoring system for an effective rapid
diagnosis and ecotoxicological assessment [12]. The
use of cell culture in toxicological studies has welldefined advantages (such as cost, duration, sensitivity, and specificity) compared to in vivo animal tests
[13, 14].
Lake Van is one of the largest closet lakes in
the world. There are many streams flowing into the
lake (Figure 1.). These streams pass through agricultural areas and flow into the lake. Many chemicals
used in agriculture collect in the lake and result in an

'% !
   , Antioxidant enzyme, 4-chlorophenoxyacetic acid, Lake Van fish, Oxidative stress, Primary
hepatocyte culture
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Phytohormones are chemical messengers that
occur in a certain part (such as leaves and buds) of a
plant and are transported to other parts. Plants naturally produce products called plant growth regulators
(PGRs). They play a critical role in growth and other
related physiological events [1]. Although PGRs are
used in appropriate doses and timed, they may leave
some residue in the products, and these chemicals
could result in adverse effects on humans and animals [2]. Plant growth regulating hormones are produced synthetically [3]. In the cultivation of
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5 mM EDTA, 1.1 mM KH2PO4, 12 mM NaH2C03, 3
mM NaHPO4, pH: 7.6) at room temperature. This
process was repeated several times over a 30-min period. The tissue was then placed in an EDTA-free
hepatocyte buffer containing 2.5 mM CaCl2. The
blood-washed tissue was incubated in collagenase
(0.5 mg/mL) containing L-15 medium (Leibovitz15, Sigma Germany) for 30 min. Trituration was applied twice to the tissue following incubation. The
resulting supernatant was centrifuged at 90 Xg for 5
min to clear it [19]. At the end of the centrifugation,
the supernatant was discarded and replaced with a
medium (Sigma). Antibiotic-antimycotic solution
(10 mL/L) (Sigma) was added to prevent contamination of the medium. Isolated cells were stained with
Trypan blue (4%) and live and dead cells were determined. It was noted that the number of erythrocytes
in the primary hepatocyte culture did not exceed
10%.
Isolated hepatocytes were seeded at 1 × 106
cells/mL in 24-well culture plates coated with polyL-Lysine. Next, 4-CPA was dissolved in ethanol and
prepared with L-15 at different concentrations (10–5,
10–6, and 10–7 M). Only the ethanol solvents were
added to the cell culture plates as the control.
Hepatocytes were observed with a digital camera attached to an inverted microscope (Leica, Wetzlar,
Germany).
After 0, 24, and 48 h of culture, the cells were
trypsinized and centrifuged (Sigma) at 2000 g for 5
min. The cell pellets were washed using phosphate
buffered saline. They were then homogenized using
an ultrasonic homogenizer (Jencons Scientific Co.,
Bedfordshire, UK) and the cell pellets were centrifuged to collect the supernatants for biochemical
analysis [20].

accumulation [15-17]. PGRs constitute an important
part of agricultural chemicals. It is also possible that
PGRs are among the chemicals that have accumulated in Van Lake. In Lake Van, there is only one
fish that adapts to the extreme conditions of the lake
(pH 9.8, Alkalinity 151.2 meq/kg, Salinity ‰ 22),
the Lake Van fish [18]. For this reason, the Lake Van
fish is used as an indicator for determining lake pollution. The aim of this study was to investigate the
effects on Lake Van fish of different concentrations
of 4-CPA in primary hepatocyte cell culture, oxidative stress, and antioxidant enzymes.
" !"!

08/Lake Van fish (  
Güldenstadt, 1814), a total of 10 (weight 95.7–110.5 g;
length 18–20.5 cm) male and female, were caught
during the breeding season (May to June) from the
Karasu Stream. The fish were placed into fiberglass
tanks (300 L). They were kept in the stock pond for
7 days to adjust to the environmental conditions
(temperature 13.1 ± 2 °C, pH 8.57 ± 0.4, dissolved
oxygen 6.41 ± 0.14 mg/L, oxygen saturation 61.1%
L, conductivity 731 µS/cm, salinity 0.47%). Experiments were carried out in accordance with the ethical
rules of the Van Yüzüncü Yıl University Animal Experiments Local Ethics Committee (2018/06).
703)7> /,6)95*>9, *:29:7, The fish to be
used for primary hepatocyte culture were caught
from the Karasu Stream during reproductive migration. Following a 7-day adaptation period, the fish
were anaesthetized with aminobenzonate methane
sulfonate (MS222, 100 mg/L). They were then submersed in 70% ethanol for sterilization. Liver tissue
was removed from the fish in the laminar flow cabin.
The minced small liver tissue pieces were treated
with hepatocyte buffer (0.145 M NaCl, 5.4 mM KCl,

05*/,30*)2)88)>8The SOD enzyme activity
(SOD, EC:1.15.1.1) was measured using the Randox-Ransod enzyme kit and UV at 505 nm at 37 °C.
When xanthine reacts with xanthine oxidase, uric



#  
)65-9/,)1,$)48/5<04.9/,70;,789/)9-25<04.952)1,
* Indicate sampling area (Karasu Stream).
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Changes in the CAT activity in the primary
hepatocyte culture with 4-CPA at different concentrations are presented in Table 1. When the control
group and 4-CPA (10–5, 10–6, and 10–7 M) groups
were compared, the reduction in CAT activity was
significant (P < 0.05).
As shown in Table 1, when the control group
and the groups exposed to 4-CPA were compared, a
significant decrease in GPx activity was observed at
24 and 48 h with application concentrations of 10–5
and 10–6 M (P < 0.05).
Table 1 shows that there was a significant decrease in GST enzyme activity compared to the control group and groups with different concentrations
of 4-CPA (10–5, 10–6, and 10–7 M) at 24 and 48 h.
The control and 4-CPA-treated primary hepatocyte culture GSH levels are given in Table 2. GSH
levels were significantly decreased in the groups
with 4-CPA (10–5, 10–6, and 10–7 M) at 24 and 48 h
when compared to the control group (P < 0.05).
The levels of LPO in the 4-CPA-treated primary
hepatocyte cell culture are given in Table 2. Increases
in the LPO levels were found to be significant with
4-CPA concentrations of 10–5 and 10–6 M at 24 and
48 h in groups (P < 0.05).

acid and superoxide radicals are formed. The superoxide radicals form a red compound with inositol
(INT). The SOD activity is measured by the degree
of inhibition of this reaction. The SOD activity was
expressed in U/protein. Inhibition of this reaction determines the degree of SOD activity [21].
Catalase activity (CAT, EC: 1.11.1.6) was determined according to the Aebi (1974) protocol;
Added to 100 µL of cell extract was 1 mL of reaction
mixture [0.8 mL of H2O2 phosphate buffer (H2O2 diluted 500-fold, 0.1 mol of L–1 phosphate buffer pH
6.8) and 100 µL of distilled water)] [22]. The reduction in absorption due to hydrogen peroxide consumption was recorded at 240 nm using a Shimadzu
UV/VIS-1201 spectrophotometer.
Glutathione peroxidase (GPx, EC 1.11.1.9) enzyme activity was measured on a spectrophotometer
at 340 nm using a Ransel (Randox Laboratories, UK)
commercial kit. GPx activity was calculated based
on the decrease in absorbance values [23].
Glutathione S-transferase (GST, EC2.5.1.18)
catalyzes the reaction between 1-chloro-2,4-dinitrobenzene (CDNB) and the-SH group of glutathione.
Enzyme activity is measured by detecting the intensity of the conjugation of glutathione with CDNB at
37 °C at 340 nm [24].
Decreasing glutathione (GSH) concentrations
were measured using the spectrophotometric method
[25].
Malondialdehyde (MDA), a lipid peroxidation
product, was calculated using a spectrophotometer
measurement at 532 nm [26].

!9)90890*)2)4)2>808 Statistical analyses of all
of the data were performed using the Statistical
Package for the Social Sciences (23.0, SPSS Inc.,
Chicago, IL, USA). Data are given as the mean ±
standard error (SEM). One-way ANOVA followed
by the Tukey post-hoc test was used to compare the
study groups. Statistically significant differences
were accepted as P < 0.05.

!#!!
The liver is the main detoxifying organ in vertebrates. Hepatocytes are the most common cell type
in the liver. Due to its function of metabolizing xenobiotics, it is of particular importance in fish toxicity [27]. Primary fish cell culture systems are useful to determine the direct effects of chemicals on biochemical systems. Since the 90s, the Lake Van fish
has been listed on the IUCN Red List of Threatened
Species due to overfishing. Therefore, in vitro studies using a small number of fish are very important
for species. Lake Van fish hepatocyte cell cultures
are widely used to evaluate the effects of toxic substances such as 17a-ethynylestradiol, 4-nonylphenol,
octylphenol, and bisphenol A [28, 29, 20]. However,
there are no in vivo or in vitro studies on the effects
of plant regulators on Lake Van fish.
Oxidative stress is the main pathological mechanism responsible for tissue damage in organisms
[30, 31]. When the oxygen radicals formed by the
stressors in the tissues exceed the antioxidant capacity, it is inevitable that damage occurs. SOD and
CAT enzymes are antioxidant enzymes that can be
considered as part of the onset of the defense line
against oxygen toxicity [32]. CAT and GPx also
have a scavenging effect on hydrogen peroxide and
other hydroperoxides [33]. Inhibition of these antioxidant enzymes may be caused by the accumulation
of hydrogen peroxide or its products [34]. The nonenzymatic antioxidant defense components mainly
consist of thiol and glutathione (GSH). GSH participates in the destruction of reactive intermediates by

!#"!

,6)95*>9,0852)9054The isolation of primary
hepatocyte cell culture was performed using a polyL-lysine coated cell culture plate. Cell viability of
90% was stained with trypan blue and determined by
microscopic observations. The primary hepatocyte
culture was exposed to 4-CPA at 3 different concentrations, ranging from 10–5, 10–6, to 10–7 M for 0, 24,
and, 48 h. In the hepatocyte culture, a decrease in the
number of cells was observed.

05*/,30*)2)88)>8SOD activity is shown in
Table 1. Groups treated with 4-CPA at concentrations of 10–5 and 10–6 M exhibited a decrease in SOD
activity in the hepatocyte cell culture at 24 and 48 h
when compared to the control group (P < 0.05).
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3.942 ± 0.111
9.384 ± 0.916
0.496 ± 0.067
0.053 ± 0.003
4.113 ± 0.053
9.372 ± 0.919
0.456 ± 0.089
0.047 ± 0.004
2.042 ± 0.031 abc
4.911 ± 0.635 abc
0.170 ± 0.025 abc
0.022 ± 0.002 abc
2.055 ± 0.023 abc
5.751 ± 0.525 abc
0.166 ± 0.009 abc
0.026± 0.003 abc
4.114 ± 0.043
5.951 ± 0.445 abc
0.304 ± 0.022
0.028 ± 0.005 abc
3.975 ± 0.071
8.332 ± 0.443
0.470 ± 0.083
0.055 ± 0.007
2.096 ± 0.011 abc
4.61 ± 0.618 abc
0.154 ± 0.012 abc
0.023 ± 0.003 abc
2.105 ± 0.005 abc
4.500 ± 0.452 abc
0.166 ± 0.009 abc
0.026 ± 0.006 abc
abc
4.123 ± 0.039
4.751 ± 0.411
0.380 ± 0.025
0.034 ± 0.002abc
of the control group (0. hour) and 24 and 48h 4-CPA concentrations (10-5,10-6, 10-7 µM) was

Control
Control
4-CPA (10-5 M)
5:78
4-CPA (10-6 M)
4-CPA (10-7 M)
Control
4-CPA (10-5 M)
5:78
4-CPA (10-6 M)
4-CPA (10-7 M)
a The difference between the mean
statistically significant (p ≤ 0.05).
b The difference between the 24th hour control group and the mean of 24 and 48h 4-CPA concentrations (10-5,10-6,10-7 µM) was
statistically significant (p ≤ 0.05).
c The difference between the 48th hour control group and the mean of 24 and 48h 4-CPA concentrations (10-5,10-6,10-7 µM) was
statistically significant (p ≤ 0.05). (CAT: U/mg, SOD: U/mg protein, GPx: U/mg, GST: U/mg protein)
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Control
0.240 ± 0.009
0.461 ± 0.008
0.252 ± 0.003
0.465 ± 0.012
Control
4-CPA (10-5 M)
0.200 ± 0.006abc
0.685 ± 0.042abc
5:78
0.203 ± 0.004abc
0.673 ± 0.039abc
4-CPA (10-6 M)
0.242 ± 0.012bc
0.357 ± 0.052
4-CPA (10-7 M)
0.217 ± 0.002
0.356 ± 0.026
Control
4-CPA (10-5 M)
0.172 ± 0.008abc
0.664 ± 0.034abc
5:78
0.172 ± 0.019abc
0.628 ± 0.027abc
4-CPA (10-6 M)
0.217 ± 0.003
0.276 ± 0.037ba
4-CPA (10-7 M)
a The difference between the control group (0.hours) and 24 and 48h 4-CPA concentrations (10-5,10-6,10-7 M) was statistically significant (p ≤ 0.05)
b The difference between the 24th hour control group and the mean of 24 and 48h 4-CPA concentrations (10-5,10-6,10-7 M) was statistically significant (p ≤ 0.05).
c The difference between the 48th hour control group and the mean of 24 and 48h 4-CPA concentrations (10-5,10-6,10-7 M) was statistically significant (p ≤ 0.05). GSH: nM DTNB conjugate / mg protein, LPO: nM/ min./MDA/mg.
75:68

may cause damage and abnormalities in the primary
hepatocyte cell culture.


#!

Our studies suggested that 4-CPA inhibits antioxidant enzymes in primary hepatocyte culture. In
addition, 4-CPA increased the MDA levels that a
product of lipid peroxidation. Our findings indicate
that 4-CPA has a potential to oxidative stress on
hepatocytes of Lake Van fish.

reducing hydroperoxide in the presence of GPx in
living organisms [35]. Synthetic plant growth hormones that positively affect growth and development in plants are considered to trigger oxidative
stress and apoptosis on non-target organisms in intense and irregular use of toxic effects[7, 36]. In this
study, 4-CPA, antioxidant enzyme CAT, SOD, GPx,
GST activities and GSH levels were decreased in
Lake Van fish in the primary hepatocyte culture.
LPO level increases in the hepatocyte culture was
dose dependent. In this study, it can be said that 4CPA triggers the formation of free radical species
and consequently increases the lipid peroxidation
process.
In cell culture studies, 4-CPA has been reported
to cause apoptosis by acting on the mitochondrial
membrane [37]. The decrease in the number of cells
in the hepatocyte culture over time may be due to
apoptosis of the cells or the discontinuation of mitotic activity. Excessive ROS production and the insufficiency of the antioxidant defense system in cells
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as the United States and Canada, has achieved remarkable results [1-4]. The global shale gas resources are about 456 × 1012 m3, of which the shale
gas resources in the United States are close to 30 ×
1012 m3. Shale gas exploration and development in
China is still in its early stages, but is developing rapidly. At present, organic-rich shale has been found in
China's Bohai Bay Basin, Songliao Basin, Sichuan
Basin and Ordos Basin [5-6]. It is predicted that the
potential resources of shale gas in China are greater
than 30 × 1012 m3, so the development potential is
huge.
Shale reservoirs are complex in lithology with
very low porosity and permeability. Its porosity is
usually only 3% to 5%, and the permeability is in the
Nadasi class. Therefore, the current exploitation of
shale gas is mainly through large-scale hydraulic
fracturing. Increasing the volume of the transformation can make the shale gas reservoir have a
longer stable production period and better development value [7-9]. However, due to the complex storage characteristics, low porosity and high capillary
pressure of shale gas reservoirs, it is difficult to return a large amount of fracturing fluid in the reservoir after hydraulic fracturing, resulting in secondary
damage of shale reservoirs. Therefore, in the process
of shale gas fracturing, effective measures should be
taken to reduce the retention of fracturing fluid in the
reservoir, so as to protect the reservoir [10-12]. A
large number of studies have been carried out on the
preparation of surfactants and their effects on the
backflow of fracturing fluids. However, there are relatively few studies related to shale reservoirs.
In this paper, we investigated the effects of different types of surfactants on fracturing fluid and interfacial tension and surface properties in shale. This
study can provide theoretical and experimental support for shale gas reservoir protection.

Shale reservoirs generally have extremely low
porosity and permeability, and the capillary pressure
is high, so the backflow of the fracturing fluid is very
difficult, which in turn causes damage to the reservoir. In this paper, the effect of different types of surfactants on the fracturing fluid flowback of shale gas
wells was studied based on conventional self-priming damage and displacement damage evaluation.
The results show that the surfactant effectively reduces the interfacial tension of the fracturing fluid,
and the Gemini surfactant GS-1 can reduce the interfacial tension to 0.075 mN/m. The surfactant solution can significantly improve the hydrophilicity of
the reservoir at a specific concentration, and the GS1 at a concentration of 0.1% can increase the contact
angle of the shale surface to 94.1°. Core dehydration
experiments show that the bi- and amphoteric surfactants have a significant effect on the fracturing fluid,
and the core dehydration rate can reach 59.15% and
30.15%, respectively, which is much higher than
16.48% when no surfactant is added. The results of
core backflow experiments show that the final return
efficiency of the test solution with the addition of
Gemini surfactant can reach 80.18%, and the recovery rate of permeability reaches 80.67%. The study
shows that surfactants can effectively promote the
backflow of fracturing fluids in shale wells and can
control the liquid phase damage caused by fracturing
fluid retention on shale reservoirs.



(& "#
Shale gas well, surfactants, fracturing fluid flowback, liquid retention, environmental protection

$" %$ 
Shale gas is widely distributed around the
world and has great development potential. Since the
1990s, shale gas exploration in North America, such
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 :*,<=:260/4=2-;.4/8:25260.@8.:25.6<
25+2+2<276;<=-2.;. The core self-priming experimental device consists of a special balance, sample
system and data acquisition system [13-14]. The
core is dried, the drying temperature is not higher
than 80 °C (the fluctuation is less than ± 5 °C), and
the weighing is performed once every 8 hours for 48
hours. When the difference between the two weighing is less than 10 mg, the mass is weighed and recorded as the initial mass of the core. Before selfpriming, seal the side of the core with Teflon sealing
tape, then hang the core on the lower end of the balance, adjust the core so that the end face is parallel
to the liquid level of the self-priming liquid, and adjust the lifting platform so that the liquid surface is
in contact with the core. Start timing, count once
every minute for the first 5 minutes, then relax the
interval, and experiment at intervals of 5 min, 30 min,
60 min until the self-priming amount tends to be gentle.
The self-priming experiment evaluates the degree of water-lock damage of the fracturing fluid to
the core by measuring how much the core draws in
the fracturing fluid due to capillary forces [15]. The
relationship between time and self-priming can be
obtained from the self-priming experimental data,
and the degree of self-priming damage can be judged
by comparing the results.

$"#$ #

@8.:25.6<*4 5*<.:2*4; Surfactants used in
the experiments were Gemini surfactant GS-1, anionic surfactant YS-1, nonionic surfactant FS-1, and
amphoteric surfactant LXS-1. Surfactants are all
from Sinopharm Chemical Reagant Co. Ltd.,
reagent grade.
@8.:25.6<*45.<17- The interfacial tension
was measured at room temperature using a spin drop
interface tension meter TX500 (Spinning Drop Interfacial Tensiometer) (Fig. 1).

%" 
$' 26<.:/*,.<.6;276<.;<.:

  7:. -.1A-:*<276 .@8.:25.6< The core
dehydration experiment is to determine the amount
of water loss caused by the centrifugal force generated by measuring the core weight, thereby evaluating the effect of different treatment agent solutions
[16-18]. The specific steps are as follows: firstly, the
core is completely immersed in the test liquid, and
the core is placed in a centrifuge tube, and then the
centrifuge tube is rotated at different rotation speeds
(600 rpm, 1 200 rpm, 1 800 rpm, 2 400 rpm) for 5
minutes. The core weight is measured after each centrifugation and the amount of core dewatering is determined.

 7:.+*,3/47?.@8.:25.6<First, the experimental core is selected, and the core parameters
such as porosity and permeability are measured after
drying. The core parameters used in this experiment
are shown in Table 1. The core with similar porosity
and permeability is used for experiments.

$ 
!.<:781A;2,*48:78.:<2.;7/,7:.;26<1.+*,3/47?
.@8.:25.6<
Core samPorosity /
Permeability /103
um2
ples
%
1#
5.4
0.034 1
2#
6.2
0.035 7
3#
5.8
0.057 2
4#
4.6
0.051 3
5#
6.7
0.060 7


 76<*,<*604.<.;< The contact angle test
at room temperature was tested using a JC2000D5M
contact angle tester (Fig. 2).



%" 
  ,76<*,<*604.<.;<.:

First, the quartz piece was placed on the experimental test bench, and then about 1 microliter of the
test droplet was dropped onto the quartz piece
through the injection needle, and the contact angle
was determined by the angle between the droplet and
the quartz piece. The measurement was repeated 3
times each time during the experiment and averaged,
which is the final contact angle value.
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significant effect at the same concentration, and the
oil-water interfacial tension can be as low as 0.075
mN/m.

76<*,< *604. 5.*;=:.5.6< :.;=4<; The
change in wettability after treatment of shale cores
with different surfactant solutions was tested according to the experimental method of contact angle
measurement. The results are shown in Table 3. The
initial wettability of the core is a water wetted surface with an average contact angle of 15.3°. The surface contact angle of the shale after the surfactant
treatment is significantly increased, which improves
the hydrophilic surface to a neutral wetted surface.

$ 
58:7>.5.6<.//.,<7/;=:/*,.?.<<*+242<A7/
;1*4.*/<.:;=:/*,<*6<<:.*<5.6<

The entire measuring instrument consists of a
core holder, a confining system, a differential pressure system and a gas source. During the experiment,
a confining pressure of 3 MPa was applied to the
core. After the confining pressure was stabilized, the
fluid mixture was forwardly displaced, and the core
was subjected to damage test. The displacement process was used to detect the core permeability change,
and the displacement time was not less than 24 h.
After the completion of the displacement process,
the reverse displacement was performed at 1 MPa, 2
MPa, 3 MPa, and 5 MPa, respectively, and the gas
permeability of the core after the end of each pressure difference condition was measured.
"#%$#

6<.:/*,2*4<.6;276:.;=4<; Gemini surfactant
GS-1, anionic surfactant YS-1, nonionic surfactant
FS-1 and amphoteric surfactant LXS-1 were respectively formulated into a 0.3% solution and dissolved
in the fracturing fluid. Then, the respective oil-water
interfacial tensions at the same concentration were
measured by a rotary interfacial tension tester, and
the results are shown in Table 2.

$ 
$.;<:.;=4<;7/724?*<.:26<.:/*,2*4<.6;2767/
;=:/*,<*6<
Solution
(samples)
Simulated
formation water
GS-1
YS-1
FS-1
LXS-1

Concentration
/%

Interfacial tension
/(mN/m)

/

31.142

0.2
0.2
0.2
0.2

0.075
0.154
0.472
0.243

Solution
(samples)
Simulated formation
water
GS-1
YS-1
FS-1
LXS-1

Concentration
/%

Contact angle
/°

/

15.3

0.1
0.1
0.1
0.1

94.1
81.1
48.6
85.7

Fig. 3 shows the improvement effect of the
Gemini surfactant GS-1 on the wet surface of shale
water at different concentrations. The results show
that the concentration has a significant effect on the
improvement of wettability. Below the critical micelle concentration, the contact angle gradually increases as the concentration increases. Since the surfactant is adsorbed on the surface of the shale by two
or more layers, and the hydrophilic groups of the surfactant molecules face outward [19-21]. Therefore,
when the surfactant concentration is higher than the
critical micelle concentration, the contact angle is
gradually decreased. Therefore, the critical micelle
concentration should be the appropriate concentration when selecting the surfactant concentration.


The results show that the surfactant can reduce
the oil-water interfacial tension of the fracturing
fluid to different degrees, and the effect is obvious.
Among them, the Gemini surfactant has the most
90

Contact angle / °

80
70
60
50
40
30
20
0.00

0.05

0.10

0.15

Concetration/ (wt %)

0.20

%" 
1*60.7/,76<*,<*604.7/.5262;=:/*,<*6<*<-2//.:.6<,76,.6<:*<276;
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3.5

Gel breaker
FS-1
GS-1
LXS-1
YS-1

Self-priming volume/g

3.0
2.5
2.0
1.5
1.0
0.5
0.0
0

200

400

600

800

1000

Time/min

%" 
//.,<7/;=:/*,<*6<76;.4/8:25260.//.,<7/,7:.;*584.;

$ 
7:.-.1A-:*<276.@8.:25.6<:.;=4<;
Rotation speed /rpm
Saturated liquid volume
600
1000
1200
1500
1800
2400

Amount of dehydration /g
Fracturing fluid gel breaking fluid
GS-1
YS-1
0.441
0.434
0.428
0.0155
0.0578
0.0429
0.0314
0.1442
0.0678
0.0356
0.1975
0.0825
0.0517
0.2398
0.1186
0.0657
0.2407
0.1286
0.0727
0.2567
0.1352

FS-1
0.465
0.0212
0.0571
0.0614
0.0867
0.0867
0.0942

LXS-1
0.454
0.0232
0.0642
0.0804
0.1088
0.1088
0.1369



:*,<=:260/4=2-;.4/8:25260.@8.:25.6<:.
;=4<;In order to verify the wetting effect of the surfactant on the shale surface, the fracturing fluid selfpriming test was used to evaluate the core self-priming efficiency and self-priming amount of the fracturing fluid gel breaking fluid added with the surfactant solution. The surfactant concentration was evaluated at 0.25%.
Fig. 4 shows the results of core self-priming of
fracturing fluid gel breaking fluid with the addition
of four surfactants. It can be seen from the figure that
during the self-priming process of the core, the selfpriming rate of the fracturing fluid is the fastest in
the initial stage, and then gradually slows down until
the self-priming balance. The amount of self-priming fluid of the fracturing fluid gel breaking fluid
without any surfactant added is significantly higher
than that of the fracturing fluid gel breaking fluid after the surfactant is added. Among them, YS-1 and
LXS-1 have better effects on self-priming of fracturing fluid, and the results are close. The effect of GS1 is the best. The self-priming of the fracturing fluid
after the addition of GS-1 is maintained at a very low
level, and the self-priming rate is very slow. This indicates that the surfactant GS-1 has the most significant effect on the hydrophilic surface of the shale,
and its effect on reducing the interfacial tension is
good, which has a significant effect of slowing the

intrusion of the fracturing fluid into the core pores.

>*4=*<2767/,7:.-.1A-:*<276The core dehydration experiment can intuitively judge the backflow effect of the fracturing fluid gel breaking fluid
invaded into the core [22-24]. The experimental
principle is that the core of the liquid to be evaluated
is centrifuged at a high speed by a centrifuge, and if
the centrifugal force is higher than the flow resistance of the fluid in the core, the fluid is scooped
out. When the flow resistance of the fluid in the core
is relatively large, the centrifugal force at a certain
speed cannot discharge the fluid. Different rotational
speeds were set for experimental evaluation. The dewatering efficiency of the fracturing fluid gel breaking fluid after adding different surfactants at each rotation speed was recorded, and the effect of surfactant on the drainage of the fracturing fluid was evaluated.
Table 4 and Fig. 5 show the results of core dehydration experiments. It can be seen from the results that as the rotational speed increases, the
amount of dehydration of the core gradually increases, and the curve gradually becomes gentle, that
is, after a certain rotational speed, the amount of dehydration does not change significantly. In addition,
the fracturing fluid gel breaking fluid without any
surfactant added was centrifuged at different speeds,
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determine the backflow rate of the different test liquids. The results of the liquid flowback amount are
shown in Table 5.
The flowback rate of different test solutions
drawn according to the experimental results under
different pressure differences is shown in Table. 6. It
can be seen from the results that as the pressure difference increases, the amount of returning liquid will
gradually increase, and more fluid will be discharged
into the core, and the efficiency of flowback liquid
between 2 MPa and 3 MPa is the highest. As the
pressure difference continues to increase, the drainage efficiency will gradually become flat. Observing
the efficiency of the flowback of each test solution,
it can be found that the efficiency of the backflow of
the fracturing fluid with the addition of the surfactant
is significantly higher, and the effect of the Gemini
surfactant GS-1 is most obvious.

and the amount of dewatering was significantly less
than that of other test liquids. This indicates that the
surfactant has a significant backflow effect on the
fluid in the core pores. Among them, the Gemini surfactant GS-1 has the best effect. Because at any
speed, the core of the saturated GS-1 fluid has the
largest amount of dewatering, the final dewatering
amount can reach 0.2567, and the dehydration rate is
59.14%.

7:./47?+*,3:.;=4<; The fracturing fluid gel
breaking fluid with and without surfactant added was
forwarded into the core at room temperature, and the
damage of the core by different types of test fluids
was evaluated according to the change of permeability. Then, the backflow experiment was conducted.
During the backflow process, the amount of the fluid
discharged from the core at each stable pressure difference and the core permeability was measured to
Gel breaker
GS-1
YS-1
FS-1
LXS-1

Core dehydration rate/%

60
50
40
30
20
10

0
400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600

Rotation rate/rpm

%" 
7:.-.1A-:*<276.@8.:25.6<:.;=4<;

$ 
*,3/47?:.;=4<;7/,7:.+*,3/47?.@8.:25.6<;
Test Fluid

Positive drive liquid /g

Fracturing fluid gel breaking fluid
GS-1
YS-1
FS-1
LXS-1

0.587
0.454
0.428
0.528
0.496

1 MPa
0.075
0.142
0.121
0.114
0.135

Flowback fluid amount /g
2 MPa
3 MPa
0.164
0.204
0.203
0.311
0.186
0.264
0.169
0.287
0.212
0.334

5 MPa
0.241
0.364
0.305
0.354
0.374

$
>*4=*<276:.;=4<;7/,7:.+*,3/47?.@8.:25.6<
Test
Fluid
Fracturing fluid gel
breaking fluid
GS-1
YS-1
FS-1
LXS-1

Initial
permeability /
10-3um2

Positive
displacement
permeability /
10-3um2

0.0341
0.035 7
0.057 2
0.051 3
0.060 7

Permeability
damage
rate

Permeability
after
backflow /10-3um2

Core permeability
recovery rate
after backflow

0.00224

0.9343

0.00451

0.1323

0.018 4
0.021 6
0.019 8
0.027 4

0.484 6
0.622 4
0.614 0
0.548 6

0.0288
0.0341
0.0267
0.0456

0.8067
0.5962
0.5205
0.7512
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47?+*,3:*<.7/,7:.;*584.;
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%"
1*60.268.:5.*+242<A7/,7:.;*584.;26,7:.+*,3/47?.@8.:25.6<;

Under any pressure difference condition, the
efficiency of the backflow of the fracturing fluid
added with GS-1 was at the highest level in the same
group, and the final flowback efficiency was 80.18%
(Fig. 6).
It can be seen from Fig. 7 that the core permeability has a different degree of reduction for the positive driving test solution. The fracturing fluid gel
breaking fluid has the most serious damage to the
core permeability, and the damage rate can reach
93.43%. After the core backflow experiment, the
fluid in the core was driven out to different extents
and the permeability was restored. The degree of recovery of the fracturing fluid gel breaking fluid without the addition of surfactant is very limited, and the
permeability is recovered significantly after the addition of the surfactant. Especially for the Gemini
surfactant GS-1, the core permeability recovery rate

reached 80.67% after flowback. The rate of recovery
of the amphoteric surfactant penetration rate also
reached 75.12%, and the effect was obvious.


 %# #
(1) Self-priming of shale leads to retention of
fracturing fluids, which is an important cause of fracturing fluid damage to the formation. The surfactant
solution can reduce the interfacial tension of the fracturing fluid and improve the hydrophilicity of the
core surface, thereby reducing the capillary force of
the reservoir core and effectively suppressing the
fracturing fluid damage caused by self-priming of
the shale.
(2) The surfactant reduces the core capillary
force by changing the surface topography or surface
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energy, thereby greatly reducing the fluid seepage resistance and greatly improving the liquid phase percolation ability and promoting the fracturing fluid return flow.
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Understanding the environmental adaptation of
fruit trees and accurately dividing the stages of dormancy in fruit trees have important theoretical significance for guiding the regulation of fruit yield and
time to maturity. In this study, paraffin sections of
‘Huanghua’ and ‘Mixue’ lateral flower buds in different natural environments were collected, their microscopic morphology was observed, and the pattern
of dormancy in Asian pear buds was established. In
the flower buds, the fusion of pistils into the carpel
was used as a marker of entering endodormancy, and
the healing of the pistil to form the ovary was used
as a marker of the pear flower buds breaking dormancy. The respiratory rate was used to validate the
accuracy of the growth stage. The results showed
that the Asian pear cultivars entered dormancy in
early December, were in the endodormancy phase
between early December and late January, broke
dormancy in mid- to late January, were in the
ecodormancy phase from mid-January to late February, and were in the sprouting stage from late February to mid-April. The results also indicated that there
was a high correlation between respiratory intensity
and dormancy, and the respiratory intensity was significantly affected by the external temperature.

example, the process of dormancy is divided into
dormancy induction, deep dormancy, dormancy
breaking, and sprouting stages, based on the time required for sprouting [3]. Wang et al.classified physiological dormancy into five stages: dormancy induction, dormancy development, deep dormancy,
dormancy breaking, and dormancy termination [4].
Therefore, determining the dormancy breaking stage
is of great significance for the control of deciduous
fruit production. Currently, most domestic and international studies on the dormancy of woody plants,
such as apple [5], peach [6-10], and pear [1, 11, 12],
are based on the sprouting rate of water-immersed
branches. The time to first bud sprouting [1] and developmental index (DVI) [13] have recently been
used to judge the dormancy process. Therefore, a
great limitation of previous studies is the lack of a
unified standard for the judgment of dormancy.
Pear ( L.) is a deciduous fruit tree of the
family Rosaceae, and is one of the major fruit trees
cultivated worldwide. Due to global warming, insufficient chilling accumulation has resulted in the failure to break dormancy in some regions, thereby adversely affecting the subsequent growth and yield of
pear trees. Currently, a "secondary flowering" phenomenon is common among Asian pear cultivars in
southern China, and the frequency of "secondary
flowering" in the ‘Mixue’ cultivar, which requires a
short cooling period, is about 70%; this seriously affects the promotion of cultivating pears in southern
China [14].

(' "#
  , flower buds, dormancy, histology, physiological phenomena

$"#$ #

$.;<5*<.:2*4The test materials in this study
were the cultivars ‘Huanghua’ (   cv.
‘Huanghua’) and ‘Mixue’ (    cv.
‘Mixue’). ‘Huanghua’ flower buds were collected
from Jianning County, Fujian Province, China
(26°50′28″ N, 116°48′09″ E) and ‘Mixue’ flower
buds were collected from Shanghang County, Fujian
Province, China (25°09′71″ N, 116°41′05″ E). Samples were collected between 2013 and 2014. All
samples were collected from adult fruit trees of about
10 years old. The tested trees were not subjected to

$" %$ 
Dormancy is an adaptive physiological characteristic of plants that aids their long-term adaptability
to changing environmental conditions. It is a special
developmental period during which plant tissue
growth is stagnant [1] and is clearly affected by environmental factors. Deciduous fruit trees must experience sufficient chilling accumulation before endodormancy breaks and normal growth and development is restored [2]. Dormancy has been defined in
many domestic and international studies. For
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#*584260<25.7/  ,>B=*601=*C26 
‘Huanghua pear’
Number of samples
Sampling time
H1
5 December, 2013
H2
17 December,2013
H3
25 December, 2013
H4
31 December, 2013
H5
8 January, 2014
H6
15 January, 2014
H7
21 January, 2014
H8
27 January, 2014
H9
19February, 2014
H10
27February, 2014
---

Number of samples
M1
M2
M3
M4
M5
M6
M7
M8
M9
M10
M11

Sampling time
29 November, 2013
6 December, 2013
12 December, 2013
19 December, 2013
26 December, 2013
4 January, 2014
10 January, 2014
16 January, 2014
21 January, 2014
26 January, 2014
7 February, 2014

#<*<2;<2,*4 *6*4@;2; Data were input to SPSS
18.0 software to compare the difference according to
Duncan’s multiple range test [19, 20].

any chemical treatment or pruning during the sampling process. At the time of sampling, one-yearoldshoots with good growth and no pests or diseases
were collected from around the crown of the parent
plant, wrapped in a damp cloth, and brought back to
the laboratory. The external scales and hairs were removed from the collected full lateral flower buds,
and FAA fixative was used to fix the flower buds
used for paraffin sections. One-year-old shoots with
good growth and no pests or diseases around the
crown were collected for water immersion experiments. The experimental trees were not subjected to
any pruning or chemical treatment during the sampling process. Other flower buds were frozen in liquid nitrogen and stored in a refrigerator at –80°C until use. The specific times of sampling are shown in
Table 1.

.*;=:.5.6<26-2,.;*6-5.<17-;Slices of
‘Huanghua’ and ‘Mixue’ flower buds were prepared
and observed. Paraffin sections were prepared as described by Li et al. (1987) [15] and Song et al. (2013)
[16]. During the sampling process, the highest and
lowest temperatures of the sampling site and the temperature at the time that the flower buds were collected were recorded. Sprouting criteria, determination of dormancy status, and determination of dormancy depth were performed as described by Liu et
al. [17] and Lang et al[18].
The respiratory intensity of the Asian pear
flower buds was determined using a GXH-3051C
plant photosynthesis apparatus. Approximately 10 g
of pear flower buds was weighed for each measurement. The CO2 concentration was recorded during
the measurement, the temperature and air flow velocity were measured at the same time, and the respiratory intensity of the pear flower buds was calculated using the following formula:


"#%$##%## 

$.58.:*<=:.,1*60.;-=:260<1.-7:5*6,@
8:7,.;;268.*:/47?.:+=-; The changes in temperature were found to be large over the nine periods
in which ‘Huanghua’ was sampled (Figure 1). The
temperature increased in the time before the flower
buds entered dormancy, but decreased on December
31, 2013; the temperature had decreased to 6°C on
January 8, 2014. From that point, the temperature began to increase, but there was a "cold snap" on January 27 when the temperature plummeted, and it fell
to 2°C on February 19. These temperature changes
affected the physiological and biochemical characteristics of pear flower buds, as well as their dormancy.
The magnitude of temperature change in the
‘Mixue’ flower bud collection area was relatively
small (Figure 2). The temperature increased on January 21, 2014, and on January 26, it had increased to
about 20°C. This also demonstrates the short cooling
period characteristic of ‘Mixue’, and the differences
in the chilling requirements and internal physiological and biochemical characteristics of ‘Mixue’ and
‘Huanghua’ can also be extrapolated.

7:5*6,@ ;<*<=; 26 8.*: /47?.: +=-; The
sprouting rate of ‘Huanghua’ flower buds was 0 on
December 5, 2013 (Figure 3 and Table 2), indicating
that the flower buds were completely in the endodormancy stage at this time. The sprouting rates on December 17, 2013 and December 25, 2013 were
38.89% and 33.97%, respectively, indicating that the
flower buds were in a transitional stage between endodormancy and ecodormancy. Thereafter, the
sprouting rate reached 88.55% on December 31,
2013, indicating that the flower buds had broken dormancy. With respect to analyzing the depth of dormancy, the ‘Huanghua’ flower buds were in deep

".;82:*<7:@26<.6;2<@
( 2 ⋅ kg −1 ⋅  −1 ) =

A  

‘Mixue pear’

 × 60 ×  44
273
× ×10−6 ×
22.4

273 + 

In the equation, Q: Respiratory intensity (mg
CO2·kg-1·h-1);F: Gas flow velocity (mL·min-1);C:
CO2 concentration(µL·L-1); W: Plant weight(kg); T:
Measured temperature (°C).
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5
0
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Temperature / °C
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Sampling temperature
Max temperature
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5
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Sampling date
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dormancy on December 5, 2013 and December 17,
2013, moderate dormancy from December 25, 2013
to January 15, 2014, and shallow dormancy after
January 21, 2014 (Table 2).
The sprouting rate of ‘Mixue’ flower buds was
under 50% from November 29, 2013 to December
12, 2013 (Figure 3 and Table 3), so the flower buds
were in the transitional stage between endodormancy and ecodormancy before December 12. On
December 19, 2013, the sprouting rate of ‘Mixue’
flower buds reached 51.7%, indicating that the
flower buds had broken dormancy. With respect to
analyzing the depth of dormancy, the ‘Mixue’ flower
buds were in moderate dormancy between



December 6 and December 12, 2013 and on December 26, 2013 and in shallow dormancy at the other
time periods.
7:8174702,*4*6*4@;2;7/<2;;=.;-=:260<1.
-7:5*6,@8:7,.;;268.*:/47?.:+=-;The results
of the microscopic observation of paraffin sections
of ‘Huanghua’ flower buds are shown in Figure 4-A
(December 5, 2013) shows that the flower bud had
entered the stage of sexual organ development, with
the pistil primordium differentiating into the carpel
and in the fused state. The stamen primordia were in
the sporogonial tissue state, and sporogenous tissue
could not be clearly distinguished. The sepal and
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tissue, and occasionally a four/two-chambered, butterfly-shaped anther could be clearly observed. At
this time, it can be judged that the breaking of endodormancy in the flower bud was complete, and the
ecodormancy stage had been entered. Figures 4-G
(January 21, 2014) and H (January 27, 2014) show
the appearance of the ovule primordia. At this time,
the butterfly-shaped anthers of the stamens were
more pronounced, and further differentiation of
sporulation tissue could be observed from the staining depth. Figure I (February 19, 2014) shows the
clear formation of ovules in the ovary, and at this
time the butterfly-shaped anthers were further differentiated. Figures 4-J and 4-K show the axile placentation of ovules in the ovary formed from carpel fusion. At this time, the stamens had differentiated to
form pollen grains, and scattered pollen grains had
passed through the tapetum, indicating that the
flower buds were sprouting.

petal primordia could be clearly distinguished. Figures 4-B (December 17, 2013), 4-C (December 25,
2013), and 4-D (December 31, 2013) show the carpels in the state of mutual fusion at three time points.
The stamen primordia had differentiated into the
sporogonial tissue state, but not into sporogenous tissue. There was generally no difference in the microscopic observations among these three periods, and
these can be judged to be in the same period, namely
the endodormancy stage. Figure 4-E (January 8,
2014) shows that the pistils were now fused (but not
completely) into a carpel, whereas the stamens were
still in the sporogenous tissue state. The sporogenous
tissue had become relatively clear, and the stamens
occasionally showed a butterfly-shape structure, indicating that the flower bud had activated the breaking of endodormancy. Figure 4-F (January 15, 2014)
shows that the pistil carpel was in a state of initial
healing, and the ovary had been formed. The stamen
primordia have differentiated to form sporulated

100

Budding rate / %

80

60



  



40

20

0
2013/11/29

2013/12/12

2013/12/26

2014/1/10

2014/1/21

2014/2/7

Sampling date
%" 
$1./47?.:+=-+:.*38.:,.6<*0.7/    26    

$ 
$1./47?.:+=-+:.*38.:,.6<*0.7/   26    
Sampling time
2013.12.05
2013.12.17
2013.12.25
2013.12.31
2014.01.08
2014.01.15
2014.01.21
2014.01.27
2014.02.19
2014.02.27

The germination rate was
calculated on day 21%
0
38.89
33.97
88.55
95.01
86.75
98.02
83.91
95.33
98.67

The first budding
day(d)
0
21
17
9
10
10
7
1
1
1

5% Significance
level
f
e
e
bcd
abc
cd
ab
d
abc
a

Note: In the same column, the means followed by the same letter (a, b, c, d, e) do not differ significantly at 5% level, according
to Duncan’s multiple range test.
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$ 
$1./47?.:+=-+:.*38.:,.6<*0.7/   26    
The first budding
The germination rate was
5%Significance
day(d)
calculated on day 21 (%)
level
2013.11.29
9
42.96
c
2013.12.06
13
12.74
d
2013.12.12
10
13.06
d
2013.12.19
7
51.7
c
2013.12.26
16
56.23
bc
2014.01.04
7
73.85
ab
2014.01.10
3
90.6
a
2014.01.16
2
83.01
a
2014.01.21
1
87.83
a
2014.01.26
1
89.79
a
2014.02.07
1
92.00
a
Note: In the same column, the means followed by the same letter (a, b, c, d, e) do not differ significantly at 5% level, according
to Duncan’s multiple range test.
Sampling time

%" 
$1.*6*<752,*47+;.:>*<2767//47?.:+=-7/  

26    

Note: all sections were observed under 10 × objective lens; C: carpel; CP: calyx primordium; SP: stamen primordium; PE:
petal primordium; l: ovary; ST: sporogenous tissue; CO: drug septum; O: ovule; P: perianth; PG: pollen grain; AP: placentation
on the axis.
A: December 5, 2013; B: December 17, 2013; C: December 25, 2013; D: December 31, 2013; E: January 8, 2014; F: January
15, 2014; G: January 21, 2014; H: January 27, 2014; I: February 19, 2014; J, K: February 27, 2014;

1245

! 

 "  



   



%" 
$1.*6*<752,*47+;.:>*<2767//47?.:+=-7/   26    
Note: all sections were observed under 10 × objective lens; C: carpel; CP: calyx primordium; SP: stamen primordium; PE:
petal primordium; l: ovary; ST: sporogenous tissue; CO: drug septum; O: ovule; P: perianth; PG: pollen grain; AP: placentation
on axis.
A: November 29, 2013; B: December 6, 2013; C: December 12, 2013; D: December 19, 2013; E: December 26, 2013; F:
January 4, 2014; G: January 10, 2014; H: January 16, 2014; I: January 21, 2014; J: January 26, 2014; K, l: February 7, 2014

Similarly, Figure 5-A (November 29, 2013)
shows that ‘Mixue’ flower buds had also entered the
gamete differentiation stage. At this time, the sepal,
petal, stamen, and pistil primordia could be clearly
seen; the pistil primordia were developing and enlarging to form the carpel primordium, and the stamen primordia were now in the sporogonial tissue
state, but the formation of sporogenous tissue could
not yet be distinguished. Figure 5-B (December 6,
2013) shows that the carpels formed by the differentiation of pistil primordia continued to differentiate
and grow, and showed a tendency to fuse together.
Therefore, Figures 5-A (November 29, 2013) to 5-B
(December 6, 2013) show the flower buds in a differentiating state, and the flower bud in Figure 5-A
(November 29, 2013) had not yet entered dormancy.
The microscopic analysis of the slices in Figures 5B to 5-F show that the pistils of the carpel were

generally in a state of mutual fusion, but still had not
closed to form the ovary. Figure 5-H (January 16,
2014) shows the clear fusion of the carpels to form
the ovary, and the ovules could be observed while
the carpel continued to grow upwards. At this time,
the stamens exhibited four-chambered, butterflyshaped anthers, and due to the deep staining in this
image, the sporogenous tissue was covered with
staining solution. This suggests that the anthers had
broken dormancy at this time and had entered the
ecodormancy stage. Figures 5-K and 5-L represent
the flower buds on February 7, 2014 and clearly
show that axile placentation had developed. At this
time, the ovules had developed into mature ovules,
and mature pollen grains had formed in the pollen
sacs of the stamens. In addition, the tapetum had ruptured and the pollen grains had scattered, indicating
that the flower buds were sprouting at this time.
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$1.8*<<.:67/-7:5*6,@8:7,.;;7/8.*:  +=-

6*4@;2;7/:.;82:*<7:@26<.6;2<@-=:260<1.
-7:5*6,@8:7,.;;268.*:/47?.:+=-; Based on
the observations of ‘Huanghua’ morphology during
the dormancy process from 2013–2014, the flower
buds were in endodormancy from December 25 to
January 8, and the flower buds maintained a low respiratory rate during dormancy, which also showed a
decreasing trend (Figure 6). At the beginning of dormancy breaking on January 8, the increase in activity
required energy consumption, so the respiratory rate
began to rise on January 8. The flower bud broke
dormancy on January 15, so the respiratory rate also
reached its maximum. Subsequently, the flower buds
entered ecodormancy, so the respiratory rate did not
change much. As the temperature increased, the activity and the respiratory rate also increased. This
demonstrates that the changes in the respiratory rate
corresponded with the dormancy process of
‘Huanghua’ flower buds, thereby providing further
validation of this process.
Similarly, ‘Mixue’ was in endodormancy between December 12 and January 10, and the flower
buds maintained a low respiratory rate during



dormancy, which also showed a decreasing trend.
The respiratory rate increased from December 12 to
December 19; however, the temperature decreased
during this period according to the temperature at
sample collection for ‘Mixue’ in 2013–2014 (Figure
2). This caused a type of stress in the flower buds
during endodormancy, which led to a slight increase
in the respiratory rate. At the beginning of dormancy
breaking on January 10, the increase in activity required energy consumption, so the respiratory rate
began to rise on January 10, and the flower bud
broke dormancy on January 16, so the respiratory
rate also reached its maximum. Subsequently, the
flower buds entered ecodormancy, so the respiratory
rate decreased. As the temperature increased, the
flower buds sprouted, and the activity and respiratory rate also increased. The same change in the respiratory rate is consistent with the dormancy process
in ‘Mixue’ flower buds, thereby providing further
validation of the dormancy process in ‘Mixue’
flower buds.
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;<*+42;15.6< 7/ * /47?.: +=- -7:5*6,@
57-.4 26 ;2*6 8.*: ,=4<2>*:; The analysis of
‘Huanghua’ and ‘Mixue’ morphological observations and the results of respiratory intensity measurements and tissue section observations confirmed the
pattern of dormancy in Asian pear flower buds, as
shown in Figure 7. Most flower buds in the two
Asian pear cultivars were in the gamete differentiation stage during the dormancy process, entering endodormancy in early December and remaining in it
from early December to late January. The breaking
of endodormancy and occurred over a period of time
from mid to late January. After endodormancy
breaking, the flower buds entered ecodormancy and
remained in it from late January to mid-February. At
this time, the conditions of the external environment
were suitable, and the flower buds sprouted.

concept of dormancy proposed by Lang et al. (1987)
[18] demonstrated that once a plant enters dormancy,
the growth and differentiation of meristematic tissue
is suspended. This conclusion was confirmed by the
morphological observations in the present study,
which validated the correctness of the research methods in the present study. The microscopic observation of pear flower bud morphology using the paraffin sections clearly showed the growth status of
flower bud meristems in each stage. Therefore, the
microscopic observation of bud morphology can be
used to clearly analyze the growth of meristematic
tissues, and is more rational and accurate for judging
the dormancy process in flower buds.
Respiratory metabolism is the basis of plant biological activity. Even after pear flower buds enter
dormancy, biological activities are still occurring
even though the meristems temporarily stop growing, and thus respiratory metabolism is inextricably
linked with pear flower bud dormancy. In this study,
we found that the two Asian pear cultivars,
‘Huanghua’ and ‘Mixue’, had similar respiratory
metabolisms by investigating their respiratory metabolisms during the dormancy process. The respiratory rate showed a gradually decreasing trend, began
to increase at the critical point of endodormancy
breaking, reached a maximum at the breaking of endodormancy, and then gradually decreased. However, the data analysis shows that the minimum respiratory intensity after the decrease is higher than the
respiratory intensity at the critical point of dormancy
breaking, indicating that once the flower bud breaks
endodormancy, the biological activity in its interior
is enhanced. Even after entering the ecodormancy
stage, the respiratory intensity was higher than at the
initiation of endodormancy breaking. During the endodormancy stage, the respiratory intensity showed
a pattern of increasing and decreasing, which indicates that during the ecodormancy stage, the respiratory intensity is associated with changes in the temperature of the outside world. When the flower buds
began to sprout, energy and substance metabolism in
the plant were enhanced, and the respiratory intensity began to increase sharply. However, the present
study only measured the respiration intensity of two
Asian pear varieties in 2013–2014, and using all respiration intensity data as a criterion for judging the
process of dormancy requires further validation.
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The phenomenon of insufficient chilling accumulation leading to abnormal flowering in deciduous fruit trees has become more prominent due to
global warming. As an adaptation of deciduous fruit
trees against external stress, dormancy has been increasingly studied in recent years. In this study, a
model of flower bud dormancy in Asian pear cultivars was determined by analyzing ‘Huanghua’ and
‘Mixue’ flower bud morphology in different years,
and the periods of dormancy and dormancy breaking
were determined. When the flower buds entered dormancy, they exhibited a state where the carpels were
mutually fused but the ovary was not yet closed, and
the stamens were differentiated to the sporogenous
stage but the differentiation was not obvious. These
characteristics can be used as markers to judge the
entry of flower buds into dormancy, which is consistent with the findings of Meng et al.[21]. In this
study, the breaking of endodormancy in flower buds
was considered to be a gradual process. Sometime
after the dormancy period, there was a time point for
the initiation of dormancy breaking. The length of
this time is related to the external conditions; more
precisely, it is associated with the degree of chilling
accumulation. By observing the morphology of the
two different cultivars, it was found that the differentiation process during the ecodormancy stage differed between different cultivars and was associated
with the external temperature. The short low-temperature Asian pear cultivars can break endodormancy
and enter ecodormancy after a very small amount of
chilling accumulation.
In this study, a theoretical division of the dormancy process in Asian pear was proposed by studying the morphology of different Asian pear cultivars. This process was mainly divided into the endodormancy entry stage, dormancy stage, dormancy
breaking initiation stage, dormancy breaking stage,
ecodormancy stage, and sprouting stage. The

1248

! 

 "  



   


[13]Songling, B., Takanori, S., Daisuke, S., Akiko,
I., Hiroshi, F., Takaya, M. (2013) Transcriptome analysis of Japanese pear (Pyrus pyrifolia
Nakai) flower buds transitioning through endodormancy. Plant and Cell Physiology. 54, 11321151.
[14]Tian, L., Zhaolan, L. (2014) Occurrence and
control measures of "second flowering" of Tainong No.2 Michelia pear. Friends of fruit farmers. 14-16.
[15]Zhengli, L. (1987) Plant Preparation Technique.
Science Press, Beijing.
[16]Yanchun, S. (2013) ISSR Analysis of Pear Resource and Research on Flower Bud Dormancy
Release. Fujian Agriculture and Forestry University.
[17]Liu, G.Q. (2013) Studies on Molecular Mechanism of Pear Dormancy. Zhejiang University.
[18]Lang, G.A., Early, J.D., Martin, G.J., Darnell,
R.L. (1987) Endodormancy, Paradormancy, and
Ecodormancy—Physiological Terminology and
Classification for Dormancy Research.
Hortscience. 22, 371-377.
[19]Akdeniz, H., Keskin, B., Hosaflioglu, I., Hossain, A., Islam, M.S., Elsabagh, M., Omar, A., El
Sabagh, A. (2019) Herbage, Seed Yield, and
Nutritive Value of Wild Oat ( L.) Is
Influenced by Different Levels of Nitrogen.
Fresen. Environ. Bull. 28, 6528-6536.
[20]Kizak, V., Kapaligoz, S. (2019) Water Quality
Changes and Goldfish Growth (  
) in Microgreen Aquaponic and Recirculating Systems. Fresen. Environ. Bull. 28, 64606466.
[21]Meng, J., Jia, B., Heng, W., Ye, Z.F. (2012) Observational Research on Flower Bud Differentiation and Flower Phenophase of Pear Variety‘
Dangshansuli. Anhui Forestry Technology. 38,
15-19.

[3] Champagnat, P. (1989) Rest and activity in vegetative buds of trees. Annales Des Sciences Forestières. INRA/EDP Sciences. 46(suppl.), 9s26s.
[4] Wang, H.B., Li, J., Wang, X.D., Zhao, H.L.
(2006) Relationship between total phenolics
content, related enzymes activity and dormancy
release in peach bud treated by short- term heating. Journal of Fruit Science. 23, 365-369.
[5] Hauagge, R., Cummins, J.N. (1991) Relationships among indices for the end of bud dormancy in apple cultivars and related Malus species under cold winter conditions. Journal of the
American Society for Horticultural Science. 94,
1539-45.
[6] Gariglio, N., Gonzalez Rossia, D.E., Mendow,
M., Reig, C., Agusti, M. (2006) Effect of artificial chilling on the depth of endodormancy and
vegetative and flower budbreak of peach and
nectarine cultivars using excised shoots. Scientia Horticulturae. 108, 371-377.
[7] Leida, C., Romeu, J.F., García-Brunton, J.,
Ríos, G., Badenes, M.L. (2012) Gene expression analysis of chilling requirements for flower
bud break in peach. Plant Breeding.131, 329334.
[8] Yamane, H., Ooka, T., Jotatsu, H., Hosaka, Y.,
Sasaki, R., Tao, R. (2011) Expressional regulation of PpDAM5 and PpDAM6, peach (Prunus
persica) dormancy-associated MADS-box
genes, by low temperature and dormancy-breaking reagent treatment. Journal of Experimental
Botany. 62, 3481-3488.
[9] Yamane, H., Ooka, T., Jotatsu, H., Sasaki, R.,
Tao, R. (2011) Expression analysis of PpDAM5
and PpDAM6 during flower bud development
in peach (Prunus persica). Scientia Horticulturae. 129, 0-848.
[10]Carmen, L., Ana, C., Gerardo, L., María Luisa,
B., Gabino, R. (2011) Histone modifications
and expression of DAM6 gene in peach are
modulated during bud dormancy release in a
cultivar-dependent manner. New Phytologist.
193, 67-80.
[11]Nishitani, C., Saito, T., Ubi, B., Shimizu, T.,
Itai, A., Saito, T., Yamamoto, T., Takaya, M.,
(2012) Transcriptome analysis of Pyrus pyrifolia leaf buds during transition from endodormancy to ecodormancy. Scientia Horticulturae.
147, 49-55.
[12]Ubi, B.E., Sakamoto, D., Ban, Y., Shimada, T.,
Ito, A., Nakajima, I., Takemura, Y., Tamura, F.,
Saito, T., Moriguchi, T. (2010) Molecular Cloning of Dormancy-associated MADS-box Gene
Homologs and Their Characterization during
Seasonal Endodormancy Transitional Phases of
Japanese Pear. Journal of the American Society
for Horticultural Science. 135, 174-182.

".,.2>.-
,,.8<.-

   
    

 ""#! %$ "

#1*71=*'=
College of Horticulture
Fujian Agriculture and Forest University
Fujian Province, 350000 – China
e-mail: wushaohua0407@126.com

1249

0/

'$,%  1'   (" *







) * &#,*&-#)'&% &+$,$$ +#&




'&%! !!!$&%! !#*)*!& 
# $)#&$ #$!

481><@18?=>-2-!C.?70?


1D1I!ECD1615=1<)>9F5BC9DI13E<DI?67B93E<DEB59?CICD5=C>79>55B9>75@1BD=5>D



$%#%

1=C 1B5 D85 CD?B175 CDBE3DEB5 3?>CDBE3D54
13B?CC D85 B9F5B D? CD?B5 G1D5B 9> D85 E@CDB51= 1>4
B5<51C5 9D D? 4?G>CDB51= 1C 1>4 G85> D85 45=1>4
1B9C5CD9C>535CC1BID?31BBI?ED41=2B51;1>1<I
C9CD?CDE4ID852581F9?B?6D856<??4G1F575>5B1D
54 6B?= D85 41=2B51; D 9C >535CC1BI D? @B5@1B5
D85 9>E>41D9?> =1@C 1C 1 @1BD ?6 D85 5=5B75>3I
13D9?> @<1> D? 5F13E1D5 D85 @?@E<1D9?> 4EB9>7 D85
6<??45F5>D>D89CCDE4I1C9=E<1D9?>?6D856<??4
5F5>D D81D B5CE<D54 9> D85 .5IJ?E> 41=2B51; 9>
'IB91 81C 255> 3?>4E3D54 EC9>7 D85 &'
C?6DG1B5(85C9=E<1D9?>B5CE<DC G5B55F1<E1D542I
3?>C945B9>7 6<??4 B9C; 1B51C 6<??4 <17 D9=5 G8938
9C1>9=@?BD1>D9>6?B=1D9?>6?B51B<IG1B>9>7C1>4
@5B6?B=1>35 ?6 D85 &' =?45< '9=E<1D9?>C
G5B5 @5B6?B=54 EC9>7 49665B5>D 9><5D 8I4B?7B1@8
F1<E5C E>D9< 133EB1D5 B5CE<DC ?2D19>54 21C54 ?>
?2C5BF54 CDB51=6<?G 41D1 +85>  = C 9><5D
6<?GB1D5 9C EC54 1C 1> 9>@ED 1 B5<1D9F5<I 25DD5B
C9=E<1D9?>?ED6<?G = C9C?2D19>549>3?=@1B
9C?> G9D81>?2C5BF54 6<?G?6
 = C<??4<17
D9=5 G8938 9C 1> 9=@?BD1>D 9>6?B=1D9?> 6?B 51B<I
G1B>9>7CG1C6?E>4D?25 8?EBC(85C5?2C5BF1
D9?>C 6B?= D85 C9=E<1D9?> =?45< 71F5 B5<1D9F5<I
3?BB53DB5CE<DC<C?D89CCDE4I9>4931D5CD81D6<??4
C9=E<1D9?> 1>4 @51; 49C381B75 6?B531CD9>7 31> 25
51C9<I@5B6?B=54EC9>7D85&'=?45<



1D1I(EB;5I

DEB5C 1>4 41= ?@5B1D9?>C 81F5 255> 3?>4E3D54 D?
45F5<?@ 651C929<9DI 1>4 CD129<9DI / 0 CD175 49C
381B75B5<1D9?>C89@6?BD941<6<??43?>49D9?>/ 01>4
?@D9=1< ?@5B1D9?> ?6 =E<D9@EB@?C5 B5C5BF?9BC CIC
D5=C/ 01=1>2541CD1>4CC1B58
/0EC54
<?G C?6DG1B5D?E>45BCD1>48I4B1E<932581F9?BC
?641=C@9<<G1IC2I381>79>7D851>7<5?6D85C<?@5
12?F5D85C9@8?>C@9<<G1I9>D85<12?B1D?BI
> ?B45B D? 5CD9=1D5 41=1754 1B51C =1>I
CDE495C ?> 41=2B51; EC9>7 49665B5>D 1@@B?1385C
81F5 255> 3?>4E3D54 /0 1B<9>7 5D 1< /0 B5
C51B3854 41=2B51; =?45<9>7 G9D8  1>4 
8I4B1E<93 =?45<C G8938 G5B5 C@5391<<I 45F5<?@54
6?B41=619<EB5CF91@9@9>71>4?F5BD?@@9>7!5D8
?4?<?795C 1<C? G5B5 45F5<?@54 D? 75>5B1D5 6<??4
@<19>=1@1DE>71E754B9F5BCD?945>D96ID853B9D931<
1>4FE<>5B12<51B51C16653D542I6<??4C9>49665B5>D
B5DEB> @5B9?4C EC9>7 8978B5C?<ED9?> 4979D1< D5BB19>
=?45<C(!C<1>4EC5381B13D5B9CD93C1>4381>
>5<@B?@5BD95C/ 0
-?E5D1</ 0B5F95G54D85B9C;?651BD8B?3;
41= EC9>7 8978B5C?<ED9?> 4979D1< CEB6135 =?45<
'! 41D1 (85I 49C3?F5B54 D81D C?9< =1D5B91<
@B?@5BD95C81F517B51D9>6<E5>35?>D8541=2B51;
@B?35CC 25C945C D81D 6EBD85B B5C51B38 81C D? 25
3?>4E3D549>?B45BD?945>D96ID85F1B91D9?>C?641=
=1D5B91< @B?@5BD95C 1>4 3?BB5C@?>49>7 56653D 9> D85
41=2B51;@B?35CC
&' =?45< G9D8 D85 129<9DI D? @5B6?B=
 8I4B?4I>1=93 E>CD514I 6<?G B?ED9>7 EC9>7
'19>D*5>1>D 5AE1D9?> ?B 4966EC9?> G1F5 5AE1D9?>
G1C 9>DB?4E354 9>
 &' =?45< C9=E
<1D5CD856<?G9>B9F5B381>>5<C1>46<??4@<19>C1>4
9C 3?>C945B54 1C 1> 5669395>D =?45< 6?B @B5493D9>7
4?G>CDB51= 6<??49>7 56653DC 6B?= 1> E@CDB51=
5F5>D952I41=2B51;CDE4I"E=5B?EC@B5F9?EC
CDE495C81F5@B?F5>D81DD85C5=?45<C@B?F945133E
B1D5 1>4 EC56E< B5CE<DC 9> 6<??4B5<1D54 CDE495C / 
0
(85.5IJ?E>41=G1C2E9<D?>#B?>D5C&9F5B
>51B D85 1=1 @B?F9>35 ?6 'IB91 9>  9> ?B45B
D? CE@@<I 9BB971D9?> G1D5B 6?B
 853D1B5C (85
.5IJ?E> 41= G1C 1@@B?H9=1D5<I  = 9> 85978D
1>4  ;= 9> <5>7D8 1 3<1I 5=21>;=5>D 41= (85
41= B5C5BF?9B 81C   =9<<9?> =  G1D5B CD?B175 31
@139DI(8541=3?<<1@C54?>E>5 
G85>9D
G1C6E<<?631@139DIC1B5CE<D?6D89C41=619<EB5
 @5?@<5 <?CD D859B <9F5C
 @5?@<5 814 D? 25
5F13E1D54 1>4 17B93E<DEB1< <1>4 G1C 16653D54 2I

)(!#$
&' =?45< 6<??4 C9=E<1D9?> #B?>D5C B9F5B
.5IJ?E>41='IB91



 %#!&%! 

1=C 1B5 8I4B1E<93 CDBE3DEB5C 3?>CDBE3D54
13B?CC D85 G1D5B 9> ?B45B 6?B G1D5B CD?B9>7 9> D85
B5C5BF?9BD?CE@@<IG1D5B6?B49665B5>D@EB@?C5C57
9BB971D9?> 4?=5CD93 1>4 9>4ECDB91< G1D5B EC5 8I
4B?@?G5B 75>5B1D9?> 1>4 4B?E78D =9D971D9?> <D
8?E7841=C1>4B5C5BF?9BC 81F5 =1>I14F1>D175C
D85619<EB5?6141=31<<5441=2B51;31EC5C<?CC?6
<9651>4@B?@5BD95C1=2B51;31>254569>541C1
@1BD91< ?B 1 31D1CDB?@893 619<EB5 <5149>7 D? E>3?>
DB?<<54 B5<51C5 ?6 1> 5>?B=?EC 6<??4 D? D85 4?G>
CDB51= / 0 &535>D<I =1>I CDE495C ?> 41= CDBE3
 

0/

'$,%  1'   (" *







) * &#,*&-#)'&% &+$,$$ +#&


=1D9?>1>42B513875?=5DBI1C9>@ED41D1D?C9=E
<1D5 D85 41=2B51; =?45< D G?B;C G9D8 2?D8 ?66
381>>5< 1>4 ?> 381>>5< B5C5BF?9B CD?B175 41=
2B51; =?45<9>7 1>4 =9H54 6<?G 1>1<IC9C > D85
&'C?6DG1B59>6?B=1D9?>CE381CD8575?=
5DBI?6D85CDE4I1B51D85=1>>9>73?5669395>DCE9D
12<5 6?B D85 4B19>175 381>>5< D85 6<?G B1D5 D85
6<?G 7B1495>D 1>4 D85 DI@5 ?6 6<?G 9C >55454 (85
75?=5DBI ?6 D85 CDE4I 1B51 9C 45B9F54 6B?= 979D1<
<5F1D9?>!?45<!(85=51CEB546<?GB1D5?6
D85CB569I5?2C5BF1D9?>CD1D9?>9CEC541CE>CD514I
9>@ED 6<?G B1D5 9> D85 &' =?45< (85 <?31
D9?>?6CB569I5CD1D9?>9CC8?G>9>97 


6<??4 G1D5BC 9> D85 'IB91> @1BD / 0 2?ED  
853D1B5C ?6 <1>4 814 255> 6<??454 9> D85 (EB;9C8
@1BD ?6 D85 21C9> (85 53?>?=93 41=175 G1C F5BI
8978)'=9<<9?>2531EC5D856<??4?33EBB549>
D8581BF5CD@5B9?4?6=19><IG851D3E<D9F1D541B51C
/  0
(8519=?6D89CCDE4I9CD?@B5C5>D1C9=E<1D9?>
?6 D85 6<??4 5F5>D D81D ?33EBB54 9> D85 .5IJ?E>
41=2B51; 9> 'IB91 EC9>7 D85 &' C?6DG1B5
'9=E<1D9?> B5CE<DC 1B5 5F1<E1D54 2I 3?>C945B9>7
6<??4 B9C; 1B51C 6<??4 <17 D9=5 G8938 9C 1> 9=
@?BD1>D9>6?B=1D9?>6?B51B<IG1B>9>7C1>4@5B6?B
=1>35?6&'=?45<


%#$ %!$

$>?0B-<1-(89CCDE4IG1C31BB954?ED9>D85
C9#B?>D5C B9F5B 21C9> G85B5 D85 .5IJ?E> 41=
G1C<?31D5497 (85D?D1<<5>7D8?6D85B9F5B9C
 ;=1>4;=?6D89C<5>7D89C@1CC9>7D8B?E78
(EB;9C8 D5BB9D?BI (85 C9#B?>D5C &9F5B 9C B9C9>7
>51B<I ;=6B?=D852?B45B25DG55>(EB;5I1>4
'IB911>45>D5B9>7(EB;5I9> CB569I549CDB93D <D
8?E789DF1B95C1<<1<?>7D8521C9>1B51D851F5B175
1>>E1<@B539@9D1D9?>9>D8521C9>9C ==1>4D85
1>>E1< 1F5B175 D5=@5B1DEB5 9C  ? (85 G5CD5B>
=?E>D19>C 9> D85 'IB91> @1BD ?6 D85 CDE4I 1B51 B5
359F5 @B539@9D1D9?> 25DG55>   1>4   ==
G89<5 9> D85 51CD5B> @1BDC ?6 D85 21C9> 9D 9C =E38
<?G5B25DG55>
1>4 ==/ 0






















&# 
:/->5:9:2=5!<:9>1=<5@1<.-=59-90
*1BC:?90-8+ ,

#$ 8:017 > D89C CDE4I I4B1E<93
>79>55B9>7 5>D5B&9F5B >1<IC9C 'ICD5= 
&' G1C EC54 6?B C9=E<1D9?> ?6 D85 41=2B51;
5F5>D &' =?45< EC5C D85 2B5138 9>6?B

&# 
:/->5:9:2=<125B1=>->5:9




535>-7 71@->5:9 :017  ! ?6
CDE4I1B51G1C75>5B1D541CD5BB19>=?45<9>B3'
EC9>7 '(&!   1B3 C?<ED9?> "' ! @B?4
E3D ! 1>4 D85 =51CEB54 9>6<?G F1<E5C G5B5
DB1>C65BB54D?&'C?6DG1B5D?75>5B1D56<?G
G1F58I4B?7B1@86?BE@CDB51=1>44?G>CDB51=


#$&%$ $&$$! 

! 1>4 D85 =51CEB54 9>6<?G F1<E5C G5B5
DB1>C65BB54D?&'C?6DG1B5D?75>5B1D56<?G
G1F5 8I4B?7B1@8C 6?B E@CDB51= 1>4 4?G>CDB51=
!6?BD85CDE4I1B51G1C79F5>9>97 
(85 .5IJ?E> 41= 81C 3?<<1@C54 ?> E>5 
 1D   @= (85 G1D5B G1C 3?>D9>E?EC<I
B5<51C54E>D9<9DB513854D85=1H9=E=?>D8E>5
 (85 B53?B454 ?F5B6<?G 9> CB569I5 CD1D9?>
G1C
= C33?B49>7D?D85B5@?BD?6'D1D5I
4B1E<93+?B;C'41D549>'5@D5=25B
>?D
?><I@1BDC?6'IB91MCD5BB9D?BIG5B59>E>41D542ID85
@B?<?>754 6<??49>7 4E5 D? D85 41= 6<??49>7 6B?=
.5IJ?E>41=2ED1<C?@1BDC?6(EB;5I1DD854?G>
CDB51= / 0 (85 B53?B454 49C381B75 41D1 6B?= D85
4?G>CDB51= 9C 79F5> 9> (12<5  1D1 C8?GC D81D

 

0/

'$,%  1'   (" *







) * &#,*&-#)'&% &+$,$$ +#&


41I3?>CD1>DD9=59>D5BF1<(8521C59>6<?G 8I4B?
7B1@8 F1<E5C 81F5 255> 381>754 9> ?B45B D? =55D
?ED6<?G?2C5BF1D9?>8I4B?7B1@8F1<E5C(8575>5B
1D5421C59>6<?G8I4B?7B1@89CC8?G>9>97 


D85 6<??49>7 ?B979>1D9>7 6B?= D85 .5IJ?E>5 41=
31EC54D85C9#B?>D5CB9F5BD?B5138D8541>75B?EC
<5F5< G8938 5F5>DE1<<I <514 D? D85 B9F5B ?F5B6<?G
1>4 D85 6<??49>7 ?6 D85 4?G>CDB51= 1B51 (85C5
49C381B75 F1<E5C G5B5 EC54 D? 3?=@1B5 G9D8 D85
C9=E<1D9?>B5CE<DC

% 
!.=1<@1005=/4-<310->-59>41=<125B1=>->5:9
-2>1<0-8.<1-61@19>
5=/4-<318 =
->1
%581
8 =
 


 
 



 



 

 

 

 

 



 


 

L&' G1C EC54 D? 45F5<?@ 1 B5<1D9?> ?6
49C381B75 25DG55> E@CDB51= 1>4 4?G>CDB51= D?
45F5<?@18I4B?7B1@8G8938EC5CD856<??4541B51
(8521C59>6<?G8I4B?7B1@881C255>45F5<?@546?B
D85E@CDB51=9><5D(8521C59>6<?G8I4B?7B1@881C
255> 45B9F54 6B?= ?2C5BF54 6<?G 41D1 G9D8 1 ?>5




&# 
2:<=>?0B-<1-

!$'.) #& ,(*+) %
 



 

$'.

$'.% *











) 




() 




/ 
+ 




,& 



,$ 



&# 
-=15927:A4B0<:3<-;4

&#
927:A4B0<:3<-;4?=102:<=1/:90=58?7->5:9

 



0/

'$,%  1'   (" *







) * &#,*&-#)'&% &+$,$$ +#&







&#
$58?7->5:9<1=?7>:227::010-<1-

&#
-=15927:A=58?7->10-90:.=1<@1027:A4B0<:3<-;4=


(85 21C5 9>6<?G 8I4B?7B1@8 G1C 5>D5B54 9>
L&' 1>4 1> E>CD514I 6<?G C9=E<1D9?> G1C
3?=@<5D54EC9>71>?B=1<6<?G4?G>CDB51=2?E>4
1BI3?>49D9?>(85C9=E<1D9?>G1C@5B6?B=54EC9>7
1>?>58?EBD9=5CD5@6?BD8B55D9=5C(8569BCDD9=5
9>@ED 8I4B?7B1@8 F1<E5C 81F5 255> EC54 49B53D<I
D85C53?>4D9=5F1<E5C81F5255>=E<D9@<9542IDG?
1>4 D85 69>1< F1<E5C 81F5 255> =E<D9@<I 2I D8B55
EC9>7 1 =E<D9@<95B 6E>3D9?> 9> &' (85 9>
6<?G 8I4B?7B1@8 EC54 6?B D85 C53?>4 C9=E<1D9?> 9C
C8?G>97
> 3?=@1B9C?> ?6 D85 D8B55 C9=E<1D9?>C 9D
DEB>54 ?ED D81D D85 >4 C9=E<1D9?> 13895F54 F5BI
7??4 B5CE<DC (85C5 C9=E<1D9?> B5CE<DC 81F5 255>
@B?F9454 9> 1 F9CE1< 49C@<1I ?6 D85 6<??4 1B51 1C
C8?G>9>97
(85 C9=E<1D9?> B5CE<D G1C 5F1<E1D54 3?=@1B
9>7 D85 ?ED6<?G 8I4B?7B1@8 G9D8 D85 ?2C5BF54 8I
4B?7B1@8 1C C8?G> 9> 97  (85 @51; 9>6<?G 9C



 =  @5B C53?>4 1>4 D85 <17 D9=5 ?6 D85 @51;
?ED6<?G9C6?E>4D?25>51B<I 8?EBC(85C9=E<1
D9?>B5CE<D?6D85@51;?ED6<?GG1C6?E>4D?25 
= @5BC53?>4DD85C1=5D9=5D85?2C5BF546<?G
9C
 = C (85 <17 D9=5 9C =?B5 D81> DG? 41IC
G8938 =51>C D81D D85 @51; 49C381B75 81C D1;5>
=?B5D81>DG?41IC6B?=.5IJ?E>41=D?CB569I5
CD1D9?>
'9=9<1BCDE495CG5B5@5B6?B=542I(9=2149I1
5D1</ 0(85I45F5<?@5418I4B?4I>1=93 =?45<
?6 D85 <?G5B (1@9 &9F5B EC9>7 &' 6?B E>
CD514I 6<?G 3?>49D9?> 2I EC9>7 CEBF5I54 41D1 6?B
CDB51= 1>4 1@@B?@B91D5 E@CDB51= 1>4 4?G>CDB51=
2?E>41BI3?>49D9?>C#2C5BF541>4C9=E<1D546<??4
81F5 255> 3?=@1B54 G9D8 D85 CD175 8I4B?7B1@8 1D
49665B5>D CD1D9?>C ?> D85 B9F5B (85I 6?E>4 D81D D85
C9=E<1D54 6<??4 6<?GC G5B5 B5<1D9F5<I C9=9<1B D?
?2C5BF54 6<?GC 5>35 D89C F1<941D54 D85 =?45<
45F5<?@546?B6<??46?B531CD9>79><?G5B(1@9&9F

 

0/

'$,%  1'   (" *







) * &#,*&-#)'&% &+$,$$ +#&



/0 1=1>2541CD  1>4 CC1B58  
(85 CDE4I ?6 D85 E@CDB51= C<?@5 ?6 1 C9@8?>
C@9<<G1I ?> 9DC 49C381B75 3?5669395>D EC9>7
6<?G  C?6DG1B5 B5C5> >F9B?> E<< 
 
/0 *1<91>9  1<5669 * 1>4 .1>>9  

1C5 CDE4I !1<@1CC5D 41=2B51; C9=E<1D9?>
EC9>7 1 DG?49=5>C9?>1< 69>9D5  I4B1E<
>7     
/0 57>E45<<9 1>4'1>45BC
'9=E<1
D9?>?6D85'DB1>39C41=2B51;6<??4>7
!5381>93C
 


/0 .81>7,.81>7%.81>7"95.E9
.%E5
'EB6135G1D5B1B51F1B91D9?>C
=?>9D?B9>7 1>4 6<??4 81J1B4C EC9>7 1>4C1D
9=175 41D1 9> ?>7D9>7 1;5 6B?=  D?
B5C5>>F9B?>E<<   
/0 1B<9>7 $ *9<<1>E5F1  5B75D  +B978D
"?B?41F;?$1>4!?BF1>
)>
CD514I  1>4  8I4B1E<93 =?45<C G9D8 935
41= 2B51; 6?B AE1D5B>1BI =571 6<??4 <D91
!?E>D19>C'?ED85B>'925B91<?21<1>4$<1>
5D1BI81>75   
/ 0'1B8149  '?<D1>9 '! 1>4 !?41BB5C &

 $B?2129<9CD93 6<??4 9>E>41D9?> =1@@9>7
?6 E>71E754 B9F5BC 9>;9>7 ' D538>9AE5C
1>4 6B5AE5>3I 1>1<IC9C  I4B?<  

/ 0-?E  9!9>,1>4,91?<59(

&5F95G ?6 41=2B51; B5C51B38 ?6 51BD8B?3;
41= 3?=29>9>7 G9D8 41= C165DI =1>175=5>D
$B?35491>7    
 F1<E1
/ 0?BB9DD !' 1>4 1D5C $ 
D9?> ?6  1>4  >E=5B931< =?45<C 6?B @B5
493D9>7 B9F5B 6<??4 9>E>41D9?>  I4B?< 

/ 081DD1;!'>G1B'1554()'81B96
! '85B1J  1>4 8=54  
 <??4
@<19>=1@@9>7EC9>7&'1>4B3'
31C5 CDE4I ?6 12E< B9F5B B1291>  '39 1>4
>7     
/ 0# 
 )" ?66935 6?B D85 3??B49>1D9?>
?68E=1>9D1B91>16619BC'IB913?<<1@C5?641=
6<??4C#'9DE1D9?>&5@?BD"? 
/ 0'5<5;
+1D5B&5C?EB35C!1>175=5>D
9> D85 ?G5B C9#B?>D5C &9F5B 1C9> CCE5C
1>4 #@@?BDE>9D95C 5>5F1 B14E1D5 >CD9DED5
?6 >D5B>1D9?>1< 1>4 5F5<?@=5>D 'DE495C C
D1>2E<!)>9F5BC9DI  
/ 0' 
 6653DC ?6 .5IJ?E>5 41=2B51; 9>
(EB;5I @1BD ?6 #B?>D5C B9F5B 21C9> &5@?BD
"? 
/ 0# 
 %)'(( C9#B?>D5C 1
C9>
 8DD@GGG61??B7G1D5B1AE1CD1D
21C9>1C9?B?>D5C
/ 0E=1B'1CG1<$1>45I1>4'81B=1
 9D5B1DEB5B5F95G?641=2B51;CDE4
"
95C 1>4 9>E>41D9?> =1@@9>7 EC9>7 8I4B1E<93
=?45<C 1>4 ' >D5B &5C51B38 ?EB>1< ?6
>71>4(538>?<?7I  

5B >?D85B C9=9<1B CDE4I G1C 3?>4E3D54 2I -?
38E=5D1</ 0(85I45F5<?@541?>549=5>C9?>1<
E>CD514I >E=5B931< =?45< EC9>7 &' =?45<
D? C9=E<1D5 97 1I 41= 5=21>;=5>D 619<EB5
G893881C81@@5>54?>!1B38 
9>?B45BD?
@B5493DD852581F9?B?66<??4G1F531EC542I41=
2B51; D8B?E78 D85 4?G>CDB51= F1<<5I (85 =?45<
G1C 45F5<?@54 EC9>7 ?2C5BF54 2B5138 75?=5DBI 9>
D85 &' =?45< (859B =?45< @B5C5>DC B5<1
D9F5<I 133EB1D5 B5CE<D 9> 3?=@1B9>7 D? D85 G1D5B
=1B;C=51CEB549==5491D5<I16D5BD8541=2B51;


! &$! 

> D89C CDE4I C9=E<1D9?>C G5B5 @5B6?B=54 EC
9>7D8B5549665B5>D9><5D8I4B?7B1@8F1<E5CD??2D19>
B5<1D9F5<I 133EB1D5 B5CE<DC (89C 1>1<IC9C 9>4931D5C
D81D 6<??4 C9=E<1D9?> 1>4 @51; 49C381B75 6?B531CD
9>731>2551C9<I@5B6?B=54EC9>7&'=?4
5<33EB13I?6D85C9=E<1D9?>31>259=@B?F542I
EC9>7 49665B5>D 9><5D 8I4B?7B1@8 F1<E5C <??4 B9C;
1B51C81F5255>4569>54F9CE1<<I
<??4 <17 D9=5 G1C 6?E>4 D? 25   8?EBC
G8938 9C 9=@?BD1>D 9>6?B=1D9?> 6?B 51B<I G1B>9>7
CICD5=C +5 B53?==5>4 D81D 51B<I G1B>9>7 CIC
D5=C C8?E<4 25 2E9<D 6?B @B5@1B9>7 5=5B75>3I 13
D9?> @<1>C 6?B 5F13E1D9?> ?6 D85 @?@E<1D9?> 1>4 D?
(EB;5I
=9>9=9J5D85<?CC?6@B?@5BDI>E>5
1>4'IB918141<B514IC97>54D85@B?D?3?<?><??4
1B<I +1B>9>7 'ICD5= 1>4 814 3?>CDBE3D54 6<?G
=51CEB5=5>D CD1D9?>C 1D 9CB 1<'8178EB
 K M  O"  K M O 1>4 1B;?EC8
D?G> KN O" K N O/ 033?B49>7D?
'5<5;
/ 0D85C5 CD1D9?>C4EB9>7?@5B1D9?>
G5B512<5D?C5>4C97>1<C 8?EBC256?B5D851BB9F1<
?66<??4C#EBC9=E<1D9?>B5CE<DCC8?G541 8?EB
<17D9=5(89C@5B9?49C1<C?CE669395>D6?B13895F5
=5>DC?651B<IG1B>9>7CICD5=C


## $

/ 0 B514      81@D5B  <?G B?ED9>7
>!194=5>D&541>42??;?68I4B?<
?7I!3B1G9<<"5G-?B;
/ 0 9E % 9 ' +1>7 , 1>4 5 - 

51C929<9DI 1>4 CD129<9DI 1>1<IC9C ?6 ?1<
71>7E521C54D19<9>7C41=?>CE2C945>35<1>4
B5C5>>F9B?>E<<   
/ 0 '1457891>!''1<1B9:1J9!8=1491>61B
5I41B9 ! 
 'D17549C381B75 B5<1D9?>
C89@ 9> D941< B9F5BC 6?B D941< 6<??4 3?>49D9?>
B5C5>>F9B?>E<< 


/ 0 5I41B9 ! #D8=1>  "??B9 ! 

#@D9=1< ?@5B1D9?> ?6 =E<D9@EB@?C5 B5C5BF?9BC
CICD5= EC9>7 >?>4?=9>1D54 C?BD9>7 75>5D93
1<7?B9D8= "' B5C5> >F9B?> E<<
    


 

0/

'$,%  1'   (" *







) * &#,*&-#)'&% &+$,$$ +#&


/ 0(9=2149I1 $* $1D5< $  1>4 $?B5I $

 &' 21C54 8I4B?4I>1=93 =?45<
9>@B5493D9?>?6CD175C?6 ?G5B(1@9&9F5B
I4B1E<>7  
 
/ 0-?38E= ' ?5BDJ  1>4 ?>5C $

 1C5 CDE4I ?6 D85 297 21I41= 619<EB5
133EB13I1>43?=@1B9C?>?62B5138@B5493D9?>
I4B1E<>7
   





#1/15@10
 

//1;>10
 



!##$"!  &%!#

481><@18
1D1I!ECD1615=1<)>9F5BC9DI
13E<DI?67B93E<DEB5
9?CICD5=C>79>55B9>75@1BD=5>D
1D1IL(EB;5I

5=19<19BF5==;E54EDB




"!

 #  



    




$"!$"'&!*%%"$&%&$!
&$$!!$"!"&'$*'%!$'!!
%# &"

25/;%+14+5714<25/;9=/5


Hatay Mustafa Kemal University, Faculty of Agriculture, Biosystems Engineering Department, 01340 Hatay, Turkey


%&$&

The identification, monitoring and characterization of droughts are matters of great importance in
water resources planning and management. In this
study, drought characteristics, using monthly precipitation data from 22 meteorological stations in the
years between 1960-2015, are investigated in a regional-scale. The run and SPI methods supporting
the ReDIM software, were applied to three- and 12months’ time-scales for the East Mediterranean Region of Turkey. Outputs of some drought characteristics were mapped using ILWIS software. Results
of the SPI regional analysis, based on a threemonths’ time-scale showed that a minimum SPI
(-1.60) was seen in February 1991, while a maximum SPI (-2.79) was seen in November 1975. Based
on a 12-months` time-scale, a minimum SPI (-1.71)
was seen between January and February 1983. A
maximum SPI (-2.76) was reached between June
1973 and January 1974. According to the results of
the run method, the longest drought durations were
found to be 12 years for the Anamur station, nine
years for Kilis and eight years for Adana. The maximum drought intensity was 588 mm/year for Antakya station. A maximum water deficit was calculated to be 1744 mm for Anamur. Generally, the
longest drought durations, drought intensity and cumulated water deficits decreased throughout the
north of the region. Results show that the collected
date in relation with regional droughts identified
with SPI provide more details of drought durations
and magnitudes.



in decrease of the rainfall regime, which causes a series of consequences, including agricultural and hydrological hazards, resulting in diminished water resource availability and reduced carrying capacity of
the ecosystems.
Drought analysis using hydrological variables
is becoming increasingly important, especially in
studies on global climate change [5-8]. Information
on temperature and precipitation, which show great
variations in both spatial and temporal scales, are of
great importance in determining the characteristics
of regional drought. Numerous studies have been
carried out on drought, trend analysis of temperature,
precipitation [9-14] and streamflow data [15-17].
The Mediterranean and Southeastern Anatolia
Region of Turkey are more sensitive areas, due to
their geographical location in terms of environmental problems, such as drought and floods. Moreover,
the increase in climate variability creates great pressure on water resources in these regions. The amount
of precipitation is the most variable parameter in
terms of time and spatial distribution. Studies on
changes in precipitation in Turkey are showing a decrease in the amount of annual rainfall and, also increased drought periods [18-19].
Drought studies using drought indices in Turkey have generally focused on local droughts. Local
droughts may be useful at a small basin-scale for
monitoring drought. However, the run theory is applicable to large river basin-scale for regional planning of water resources.
The Mediterranean region may face a serious
threat from persisting drought conditions. The characteristics of drought including duration, intensity
and water deficit should be identified for the East
Mediterranean region of Turkey. Therefore, this
study focuses on identifying and mapping the criteria
of drought, using SPI and the run method for the
Eastern Mediterranean region of Turkey, using the
ReDIM software.


&$%! &"%

*("$%
Drought periods, drought intensity, water deficit, regional
drought, ILWIS.
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Drought is a natural, but temporary reduction
of water availability for a long period and across a
large area. There are many other definitions of
drought existing [1-4], but generally these definitions state that drought is mainly due to the change

The study area (6,668 km2) is in the south of
Turkey and covers the whole Eastern Mediterranean
Region, including seven provinces and 22
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meteorological stations which recorded more than
30 years of climatic data. The locations of the stations and the study area are given in Fig.1.
In this study, the monthly rainfall data for 22
meteorological observation stations were obtained
from the General Directorate of Meteorology, Turkey. The geographical characteristics of meteorological stations are given in Table 1.

information from observed precipitation data. SPI
has been used with remarkable success in many applications to determine drought conditions [21-23].
Values of SPI were classified as given in Table 2
[22].
Ideally, at least 30 consecutive years of data are
recommended in order to calculate SPI [23]. SPI is
calculated by the following equation [20]:
 

%;+6.+9.3A/.#9/-383;+;3766./?%#The
SPI is a dimensionless index, in which negative values indicate drought and positive values stand for
wet conditions. McKee et al. [20] used SPI to identify the temporal behaviour of drought by monitoring
the status of drought in Colorado, USA by extracting

 

(1)



Of which Xij = mean precipitation for time
scale i in year-j,   = mean precipitation for time
scale i, σi = standard deviation of precipitation for
time scale i.


'$ 
7-+;376:70:;<.@+9/++6.5/;/7974713-+4:;+;376:



& 
&2/1/719+823-+4-2+9+-;/93:;3-:705/;/7974713-+4:;+;376:
%;+;376
67
17351
17868
17320
17372
17960
17962
17870
17958
17261
17866
17370
17255
17936
17981
17262
17908
17340
17355
17934
17986
17330
17979

!+5/
Adana
Afsin
Anamur
Antakya
Ceyhan
Dortyol
Elbistan
Erdemli
Gaziantep
Goksun
Iskenderun
Kahramanmaras
Karaisalı
Karatas
Kilis
Kozan
Mersin
Osmaniye
Pozanti
Samandag
Silifke
Yumurtalik

=/9+1/89/-383;+;376
55
661
432
952
1124
707
947
397
586
562
614
748
746
881
780
495
841
592
819
728
916
567
808
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4/=+;376
5
25
1180
3
100
27
28
1150
7
854
1420
4
549
241
22
475
86
4
120
750
40
15
32

+;3;<./
*
37˚ 00' 30'' N
38˚ 51' 00'' N
36˚ 04' 11'' N
36˚ 12' 32'' N
37˚ 00' 59'' N
36˚ 51' 31'' N
38˚ 12' 07'' N
36˚ 36' 25'' N
37˚ 00' 40'' N
38˚ 01' 05'' N
36˚ 35' 05'' N
37˚ 36' 00'' N
37˚ 15' 05'' N
36˚ 33' 51'' N
36˚ 42' 57'' N
37˚ 26' 05'' N
36˚ 46' 55'' N
36˚ 14' 10'' N
37˚ 25' 00'' N
36˚ 05' 29'' N
36˚ 21' 00'' N
36˚ 46' 14'' N

7613;<./
)
35˚ 20' 67'' E
36˚ 55' 00'' E
32˚ 51' 55'' E
36˚ 09' 09'' E
35˚ 47' 45'' E
36˚ 11' 53'' E
37˚ 11' 15'' E
34˚ 18' 20'' E
37˚ 21' 04'' E
36˚ 29' 35'' E
36˚ 10' 03'' E
36˚ 56' 00'' E
35˚ 03' 47'' E
35˚ 22' 96'' E
37˚ 06' 36'' E
35˚ 49' 14'' E
34˚ 36' 13'' E
37˚ 04' 03'' E
34˚ 53' 00'' E
35˚ 59' 26'' E
33˚ 56' 00'' E
35˚ 47' 25'' E
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%#=+4</:
>2.00
1.50 to 1.99
1.00 to 1.49
-0.99 to 0.99
-1.00 to -1.49
-1.50 to -1.99
< -2.00

test [26-27] and the Turning point test [28] for randomness were applied to the precipitation data, using
ReDIM [29].

+;/179@
Extremely wet
Very wet
Moderately wet
Near normal
Moderately dry
Severely dry
Extremely dry

$%'&%!%'%%"!

$/:<4;: 70 :;+;3:;3-+4 ;/:;: In this study, the
Student -test for linear trends, the Kendall τ-test and
the Turning point test for randomness were applied.
As a result of the Student -test, there were positive
trends in precipitation for the stations of Afsin,
Ceyhan, Dortyol, Gaziantep, Iskenderun, Kahramanmaras, Karatas, Mersin, Samandag and Yumurtalik, and negative trends in the remaining ten stations, representing almost non-significant trend conditions. Results of the Mann Kendall τ-test and Turning point test for the monthly precipitation series
show that there is no significant change at a 95%
confidence level, after all station data was used for
the drought analysis, considering both test results.

$/:<4;:70%#+6+4@:3:The characteristics of
regional droughts identified by the SPI for a threemonths` timescale, using the areal threshold of 65%,
are presented in Table 3. According to the results, a
minimum SPI (-1.60) was seen in February, 1991,
while a maximum SPI (-2.79) was reached in November, 1975. Areal drought coverage as a percentage was found to be 97.5% between November, 1993
and January, 1994, January, 1973 and April, 1974,
April, 1989 and July, 1989, for a period of four
months. It should be noted that the area affected is
covered by the range “severely dry to extremely
dry”.
Results of regional drought analysis based on
SPI, using a 12-months’ timescale, are given in Table 4. A minimum SPI (-1.71) was seen between January, 1983 and February, 1983. A maximum SPI (2.76) was observed between June, 1973 and January,
1974. Areal drought covered as a percentage was
97.5% between June, 1973 and January, 1974, for a
period of eight months. It should be noted that the
area affected is covered by the range “severely dry
to extremely dry”.

$/:<4;:70$<66+4@:3:The drought identification was performed, using the annual average of
the rainfall time-series for analysis as a threshold on
a 12-months’ timescale, using the run theory. When
the 12-months’ timescale was applied, nine annual
droughts were detected, using a critical threshold of
65%. As shown in Table 5, the maximum drought
duration reached five years during the drought of
2003-2008, while the maximum intensity of 185
mm/year was observed during the 1971-1974
droughts. The average drought cumulated deficit and
average drought event duration were 382 mm and
three years respectively. 



&2/ &2/79@ 70 $<6 According to the run
method, a drought period coincides with a "negative
run", defined as a consecutive number of intervals,
in which a selected hydrological variable remains
below a chosen critical threshold value (yc) [1].
Schematic representation of drought events is given
in Fig. 2.


'$ 
%-2/5+;3-9/89/:/6;+;37670.97<12;/=/6;:

The number of consecutive intervals, in which
the variable remains below the threshold, is defined
as drought duration (L). The sum of the negative deviations extended to the whole drought duration is
defined as accumulated deficit (D), and the ratio between the cumulated deficit and the duration is defined as drought intensity (I) [24]. On the other hand,
the run method allows objective at-site and regional
drought identification and characterization, and
therefore represents an ideal candidate methodology
for an analysis oriented to define best drought mitigation alternatives [1].

$/  :70;>+9/ ReDIM is a user-friendly
software which allows drought analysis of a hydrological series, both at a site and over a region, using
monthly precipitation data. Drought intensity, magnitude and duration can be determined as well as
probability of emerging from a specific drought. It
also allows the user to test statistically for the existence of no stationarity in a time series whose presence would lead to misleading drought analyses
[25]. ReDIM is a free software that can be downloaded from http://www.risorseidriche.dica.unict.it.
The precipitation data series should be tested for the
existence of trends, randomness and independence to
obtain accurate analysis results. In this study, the
Student -test for linear trend, Mann-Kendall's Tau
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August 74
November 75
December 77
August 84
July 87
February 91
February 01
June 04
November 04
March 05
July 06
May 08
February 72
April 92
December 99
February 07
November 93
January 73
April 89

August 74
November 75
December 77
August 85
July 87
February 91
February 01
June 04
November 04
March 05
July 06
May 08
March 72
May 92
January 00
March 07
January 94
April 73
July 89
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1
1
1
1
1
1
1
1
1
1
1
1
2
2
2
2
3
4
4
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6.

December 74
December 07
January 83
February 05
July 74
January 91
June 73

December 74
December 07
February 83
March 05
September 74
April 91
January 74

1
1
2
2
3
4
8

00/-;/.
+9/+
82.80%
77.80%
80.20%
66.00%
67.80%
71.50%
69.60%
75.10%
69.60%
76.80%
66.50%
65.50%
71.60%
69.20%
70.50%
80.40%
97.50%
97.50%
97.50%

97<12;
-+;/179@
Extremely
Extremely
Extremely
Extremely
Severely
Severely
Severely
Extremely
Extremely
Severely
Extremely
Severely
Severely
Severely
Extremely
Severely
Extremely
Extremely
Extremely

%#
-2.75
-2.79
-2.25
-2.15
-1.98
-1.6
-1.97
-2.07
-2.14
-1.63
-2.33
-1.87
-1.79
-1.88
-2.07
-1.87
-2.42
-2.58
-2.78

576;2;35/:-+4/
00/-;/.
+9/+

68.60%
76.30%
71.30%
79.50%
70.70%
91.60%
97.50%

97<12;
-+;/179@

%#
-1.79
-1.96
-1.71
-2.13
-1.84
-2.22
-2.76

Severely
Severely
Severely
Extremely
Severely
Extremely
Extremely

&
$/1376+4.97<12;3./6;303-+;376079;2/ 576;2;35/:-+4/
%!7
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6.

<9+;376
*/+9

1
2
3
4
5
6
7
8
9

1971
1978
1981
1984
1988
1990
1993
1999
2003

1974
1979
1983
1985
1989
1991
1994
2001
2008

3
1
2
1
1
1
1
2
5

<5<4+;/.>+;/9
./03-3;
55
557
79
127
82
139
181
130
181
479

$/1376+4.97<12;
6;/6:3;@
55 @/+9
185
79
63
82
139
181
130
90
95

00/-;/.
9/+

88
69
83
71
99
90
87
78
75



Using the results of the regional analysis for the
12-months’ timescale, the graphs were generated using ReDIM software for the cumulated water deficit
and percentage area, affected by drought, are shown
in Figure 3 and Figure 4, respectively.
According to results of SPI regional analysis,
the maximum drought duration was eight months for
the period between June, 1973 and January, 1974.
The results of local and regional drought analysis,
using the theory of run for the 12-months’ timescale,

are given in Table 6. In this region, a maximum of
12 years drought duration was recorded at the Anamur station. The minimum drought duration was
found to be three years at the Dortyol station. The
average regional cumulated water deficit was about
217.22 mm, while the average regional drought intensity was calculated as 116 mm/year, and the maximum drought intensity was 185 mm/year.
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&
2+9+-;/93:;3-:7047-+4.97<12;
Stations

Adana
Afsin
Anamur
Antakya
Ceyhan
Dörtyol
Elbistan
Erdemli
Gaziantep
Goksun
İskenderun
Kahramanmaras
Karaisalı
Karatas
Kilis
Kozan
Mersin
Osmaniye
Pozantı
Samandag
Silifke
Yumurtalık
$/1376+4

Max.
Dur.
(year)

Avr.
Dur.
(year)

Min.
Dur.
(year)

Max. Cum.
Water Def.
(mm)

Avr. Cum.
Water Def.
(mm)

Min. Cum.
Water Def.
(mm)

Max.
Drought Int.
(mm/year)

Avr.
Drought
Int.
(mm/year)

Min.
Drought
Int.
(mm/year)

8
4
12
6
6
3
6
6
6
5
7
6
6
5
9
5
6
4
7
5
6
6


2.23
2.11
3.63
2.33
2.22
1.63
2.50
2.18
2.08
2.78
2.14
2.17
2.18
2.30
2.81
1.91
2.07
1.50
2.33
2.55
2.50
2.56


1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1164.5
374.8
1743.5
1582.4
897.5
528.8
397.1
924.5
391.3
493.1
1176.3
987.4
1335.7
973.9
647.7
640.3
924.1
660.7
863.1
815.4
664.2
1220.3
 

318.3
138.3
648.3
492.3
314.5
263.4
147.8
290.8
194.1
272.9
248.9
292.6
407.6
408.8
247.5
256.4
265.7
235.9
328.5
373.9
239.4
366.1
 

29.4
5.7
8.7
10.6
115.7
20.2
21.3
13.00
17.9
51.6
39.7
19.4
57.6
39.3
5.2
54.9
29.3
64.3
6.3
50.4
8.7
103.5
  

285.3
93.7
533.0
588.1
259.6
362.8
121.3
275.3
216.2
201.6
221.6
252.9
259.3
270.3
268.1
362.4
257.3
310.1
225.4
308.2
233.9
206.6
 

144.8
63.1
200.4
203.0
142.5
157.5
63.2
115.2
105.9
106.8
111.5
141.0
171.6
168.7
120.6
141.5
118.5
163.5
130.0
155.1
92.7
147.9
 

29.4
5.7
8.7
10.0
81.9
20.2
21.3
13.0
17.8
51.8
39.7
19.4
57.6
39.3
5.20
54.9
29.3
64.3
6.3
50.4
6.0
69.4
  



+8:70.97<12;-2+9+-;/93:;3-:Maps were
generated based on droughtcharacteristics from local run analysis. The numbers of the maximum
drought durations of the stations are shown in Fig. 5.
The longest drought durations were found to be 12
years for the Anamur station, nine years for Kilis and
eight years for Adana. The maximum duration
ranged between three and seven years for the other
stations.

A maximum drought intensity map was generated for the stations as shown in Fig. 6. Maximum
drought intensity was found to be 588 mm/year for
Antakya station. Maximum drought intensities varied from 93 to 588 mm/year for the other stations.
Generally, drought intensity decreased throughout
the north of the region.
The maximum cumulated water deficit map
was generated for the stations, as shown in Fig. 7. In
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22 weather stations, were studied for the East Mediterranean region of Turkey. The theory of run and
the SPI method were applied to three- and 12months’ timescale using ReDIM software.
According to SPI analysis for the 3-months’
timescale, a minimum SPI (-1.60) was seen in February, 1991, while a maximum SPI (-2.79) was
reached in November, 1975. Areal drought coverage
as a percentage was found to be 97.5% between November, 1993 and January, 1994, January, 1973 and
April, 1974, April, 1989 and July, 1989 for a period
of four months. It should be noted that the area affected is covered by the range “severely dry to extremely dry”. Results of regional drought analysis
based on SPI using the 12-months’ timescale shows
that a minimum SPI (-1.71) was recorded between
January, 1983 and February, 1983. Maximum SPI (2.76) was seen between June 1973 and January 1974.
It should be noted that the area affected is covered
by the range “severely dry to extremely dry”.
According to the results of the run method, the
longest drought durations were found to be 12 years
for the Anamur station, nine years for Kilis and eight
years for Adana. The maximum drought intensity
was found to be 588 mm/year for the Antakya station. A maximum water deficit was calculated as
1744 mm for Anamur. Generally, the longest
drought durations, drought intensity and cumulated
water deficit were decreased throughout the north of
the region. Results show that the numbers of regional
droughts identified with SPI provide more details of
drought durations and magnitudes.

the region, a maximum water deficit of 1744 mm
was calculated for Anamur. The maximum water
deficit varied from 375 to 1744 mm/year for the
other stations. Generally, cumulated water deficit
decreased throughout the north of the region.
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Due to global warming, different regions of
Turkey will be affected in different ways and to varying degrees by climate change. In this research, regional scales of drought characteristics, using
monthly rainfall data for the period 1960-2015 from
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