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TOXIGENIC CYANOBACTERIA IN
VOLCANIC LAKES AND HOT SPRINGS OF A NORTH
ATLANTIC ISLAND (S. MIGUEL, AZORES, PORTUGAL)
Cátia Moreira1, António Martins1, Cristiana Moreira1 and Vitor Vasconcelos1,2,*
1

CIIMAR/CIMAR - Interdisciplinary Center for Marine and Environmental Research, Rua dos Bragas, 289, 4050-123 Porto, Portugal
2
Departament of Biology, Faculty of Sciences of Porto University, Rua do Campo Alegre, 4169-007 Porto, Portugal

ABSTRACT
Increased occurrence of blooms of cyanobacteria producing toxins due to eutrophication of lakes and rivers has
been alerting the world to the problem of water quality,
because of the risk they pose to environmental and animal
health. In this study, we sampled cyanobacteria from volcanic lakes and hot springs of the North Atlantic S. Miguel
Island (Azores, Portugal), and identified them using a molecular approach. Cyanobacteria were also scanned for the
presence of toxigenicity using specific primers targeting
genes involved with toxin production. Sequences of 16S
rDNA were related to six genera: Microcoleus, Leptolyngbya, Limnothrix, Microcystis, Pseudanabaena, and
Gloeothece, being similar to those of other volcanic areas
in Mexico, Australia and Hawaii. In some of the samples,
genes responsible for the production of the toxins microcystin, cylindrospermopsin and saxitoxin were identified,
indicating the potential toxicity of the species.

KEYWORDS:
Cyanobacteria; azores; cyanotoxins, volcanic lakes, hot springs

1. INTRODUCTION
Planktonic and epilitic cyanobacteria from islands in
the North Atlantic area are not well-known. Some studies
were done in Iceland, in lake Myvatn, where Anabaena
flos-aquae blooms occur synchronized with zoobenthos
cycles but no information regarding toxins was given [1].
In Azores, Madeira or Canarian arquipelagos not much is
known concerning cyanobacteria and cyanotoxins, although
problems of severe eutrophication were detected in some
Azores lakes [2]. Santos et al. [3] detected blooms of Microcystis aeruginosa in Lake Azul in S. Miguel Island, but
low toxin levels were found. It is also interesting because
all these islands, formed by tectonic activity and still hav* Corresponding author

ing surface volcanic phenomena, such as hot springs, boiling mud ponds and geysers, develop microbiological communities that are quite unique. On the other side, being in
the Atlantic, they may help us to understand the species
dispersion between North America and Europe as well as
Africa. Cyanobacteria are known for the production of
secondary metabolites that may be of pharmaceutical interest [4, 5], or have toxic properties – cyanotoxins [6, 7].
The cyanotoxins, secondary metabolites produced by
many cyanobacteria, as other toxins, may enter the body
by different pathways and damage cells, organs and tissues. One way to classify cyanotoxins reflects their biological effects on the systems and organs they affect most
strongly. Nowadays, known cyanotoxins are classified as
hepatotoxins, neurotoxins, cytotoxins and dermatotoxins
[8, 9]. Each cyanotoxin can be produced by more than one
cyanobacterial species, and the same species is able to produce more than one toxin. Moreover, within a single species, different genotypes occur, some of which possess the
gene for a given toxin and others do not. There are also
members of the same species that present genes for toxin
production (toxigenic ones) but do not produce the toxin
under some conditions, or do not produce it at all [9]. The
toxicity of a given bloom is determined by its strain composition, in other words, the relative share of toxic versus
nontoxic genotypes.
Nowadays, there is not much information about freshwater cyanobacteria from Azores Archipelago, and few
reports on cyanotoxin production have been published. To
get data on these organisms is important to understand the
migration patterns and their phylogeny. In this study, we
isolated and identified cyanobacteria collected in lakes of
Azores Archipelago – S. Miguel Island (Portugal), to investigate a possible production of cyanotoxins by the application of molecular probes.
2. MATERIAL AND METHODS
2.1. Sampling

All the sampling sites were located in S. Miguel Island
(Azores) in the 37ºN 25ºO zone, and in altitudes ranging
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from 207 to 758 m above sea level. Sampling was done in
March 2008, in all the lakes and hot springs (Table 1) by
collecting water from the margin avoid disturbing the
sediment [10]. In some lakes (Canário, Fogo, Terra Nostra),
superficial sediment samples were also taken because
cyanobacterial development was clearly visible. Samples in
the hot springs Furnas Caldeira, Furnas Hot Spring and
Caldeira Velha were done by scraping epilythic material
from the hot spring zone. In Furnas, material from 8 different hot springs was collected and numbered consecutively. Water temperature was measured in situ with a
thermometer. Environmental samples were refrigerated,
transported to the lab, and aliquots were frozen before molecular analysis.
2.2. DNA extraction

All samples were homogenized. Small quantities (2 to
6 ml) were collected by centrifugation in 1.5-ml microcentrifuge tubes (2000 rpm, 15 min) and the genomic DNA
extracted using Purelink Genomic DNA Mini Kit (Invitrogen) following the instructions provided for gram-negative
bacteria. The purification of extracted DNA was confirmed

using 1.5% agarose gel in 1× TAE buffer (20 ml of 50X
TAE buffer to 980 ml of deionized water) [11]. The gels
were stained with ethidium bromide and photographed
under UV transillumination.
2.3. PCR conditions and primers

PCR was carried out on the DNA extracts using specific primer pairs to amplify the 16S rDNA region shared
by all cyanobacteria, as a positive control for subsequent
analyses [12, 13] (Table 2). In order to detect potentially
toxic cyanobacteria, different primer pairs previously described, were used to detect different targets known to be
involved either in the biosynthesis of microcystin (MC),
nodularin, cylindrospermopsin (CYN) or saxitoxin (STX).
DNA extracted from Microcystis aeruginosa M6 strain
was used as positive control for the detection 16s rRNA,
mcyA, mcyB and mcyE genes. Cylindrospermopsis raciborskii AQS strain was used as positive control for the
detection of PS and PKS genes, and Aphanizomenon
gracile LMECYA040 strain DNA was used as positive
control for the detection of sxt1 gene (Table 2).

TABLE 1 - Coordinates (latitude/longitude), height above sea level (H) and water temperature (T) of the
sampled lakes in S. Miguel Island, Azores, Portugal (L = Lake, Hs = hotspring, E = Eutrophic, M = Mesotrophic).
Lake
A
V
F
FG
SB
C
TN
CF
FH
CV

Type of system
Azul
Verde
Furnas
Fogo
S. Brás
Canário
Terra Nostra
Caldeira das Furnas
Furnas Hot Springs
Caldeira Velha

L
L
L
L
L
L
L
Hs
Hs
Hs

Latitude/ longitude

H
(m)

pH
[31, 33]

37º51’36’’N/25º46’46’’O
37º51’12’’N/25º47’22’’O
37º45’10’’N/25º20’17’’O
37º45’21’’N/25º28’67’’O
37º47’30’’N/25º24’30’’O
37º50’09’’N/25º45’32’’O
37º46’20’’N/25º18’53’’O
37º46´42’’N/25º18’40’’O
37º45’10’’N/25º20’17’’O
37º46’52’’N/25º29’58’’O

266
266
285
572
615
758
207
247
285
416

7.5
7.5
7.5
6.7
6.3
6.4
5.6
8.7
6.4
4.6

Cond
µS/cm
[31-35]
114
114
110
48
45
62
785
1312
1352
293

Trophic
state
[33, 34]
E
M
E
M
E
E
-

T
(ºC)
17
17
18
13
19
13
35
54
40
30

TABLE 2 - Primers used in this study to detect cyanobacteria and amplify genes involved in cyanotoxin production.
Primer

Sequence (5’ → 3’)

27F
809R
740F
1494R
mcyA - CD1F
mcyA - CD1R
mcyB2959F
mcyB3278R
PKEF1
PKEF2
Sxt1-F
Sxt1-R
M13
M14
K18
M4

AGAGTTTGATCCTGGCTCAG
GCTTCGGCACGGCTCGGGTCGATA
GGCYRWAWCTGACACTSAGGGA
TACGGTTACCTTGTTACGAC
AAAATTAAAAGCCGTATCAAA
AAAAGTGTTTTATTAGCGGCTCAT
TGGGAAGATGTTCTTCAGGTATCCAA
AGAGTGGAAACAATATGATAAGCTAC
CGCAAACCCGATTTACAG
CCCCTACCATCTTCATCTTC
GCTTACTACCACGATAGTGCTGCCG
GGTTCGCCGCGGACATTAAA
GGCAAATTGTGATAGCCACGAGC
GATGGAACATCGCTCACTGGTG
CCTCGCACATAGCCATTTGC
GAAGCTCTGGAATCCGGTAA

421

AT
(ºC)
50

Size
(Bp)
780

Target
gene
16s rDNA

Ref.

50

754

16s rDNA

[12]

59

297

mcyA

[14]

59

350

mcyB

[15]

52

755

mcyE

[!7]

60

1669

sxt

[18]

55

597

ps

[21]

45

422

pks

[21]

[13]
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For potential MC-producing cyanobacteria detection,
a battery of primer pairs was used to better characterize
the samples assayed. The mcyA CD1F/mcyA CD1R primer
pair [14] was designed to amplify a section of mcyA gene
coding for the condensation domain from MC-synthesizing
Microcystis and Planktothrix strains, previously proved to
be suitable to detect MC-producing cells from the genera
Anabaena, Microcystis and Planktothrix [14]. To determine
the presence of potentially MC-producing Microcystis
strains, the mcyB 2959F/3278R primer pair was used [15].
The mcyE PKEF1/PKER1 primer pair was used to amplify a 755-bp fragment of the glutamate-1-semialdehyde
aminotransferase domain – the mcyE gene [16, 17]. The
SXTI-F/ SXTI-R primer pair was used to amplify a region
responsible for transfer of a carbamoyl group to the hydroxymethyl side chain of STX precursor - sxt1 gene [18].
CYN is produced by species such as Cylindrospermopsis
raciborskii and Aphanizomenon ovalisporum [19] and,
besides MC, is the most widely occurring hepatotoxin produced by cyanobacteria [20]. Production of CYN by other
species, such as Anabaena bergii [21], Aphanizomenon
flos-aquae [22], Aphanizomenon ovalisporum [23],
Raphidiopsis curvata [24] and Umezakia natans [25], has
been reported. Two sequence determinants likely to be
involved in CYN production, ps and pks, were identified by
degenerating PCR amplification of conserved regions in
polyketide synthase genes, and correlated well with toxin
production [21, 26].
All PCR reactions were prepared in a volume of 20 µl
containing 1× PCR buffer, 2.5 mM MgCl2, 250 µM of
each deoxynucleotide triphosphate, 10 pmol of each of
the primers, 0.5 U of Taq DNA polymerase, and 5–10 ng
of DNA. Thermal cycling was carried out using a BioRad MyCyclerTM, or a Biometra TProfessional standard
thermocycler. Amplifications were performed as decribed
before (Table 2). PCR products were separated by 1.5%
agarose gel in 1× TAE buffer. The gels were stained with
ethidium bromide and photographed under UV transillumination.
2.4. DNA Sequencing

PCR was carried out on the DNA extracts using the
16S 27F/16S 809R and 16S 704F/16S 1494R [13] primer
pairs to amplify, respectively, a 780 and 754-bp fragment
of 16S rRNA shared by all cyanobacteria. All PCR reactions were prepared in a volume of 100 µl containing 1×
PCR buffer, 2.5 mM MgCl2, 250 µM of each deoxynucleotide triphosphate, 10 pmol of each of the primers, 0.5 U of
Taq DNA polymerase, and 5–10 ng of DNA. Thermal
cycling was carried out using a MyCycler (Bio-Rad). For
the 16S 27F/ 809R and 16S 704F/ 1494R primer pairs,
amplification was performed with an initial denaturation
step of 92 °C for 2 min, followed by 35 cycles of 92 °C
for 20 s, annealing temperature of 56 ºC for 30 s, 72 °C
for 60 s, and a final extension step at 72 °C for 5 min. A
portion of PCR products (8 µl) was separated by 1.5%
agarose gel in 1× TAE buffer. The gels were stained with

ethidium bromide and photographed under UV transillumination
PCR products were cleaned using Nucleospin II kit
(Macherey-Nagel, Germany) following the manufacturer’s
instructions, and sent for sequencing performed in an ABI
Prism following the Big Dye Terminator Protocol.
3. RESULTS
The method used for genomic DNA extraction was
efficient for all the samples analyzed as shown by the
detection of cyanobacterial DNA in all the samples from
lakes and hot springs of S. Miguel Island, confirmed by
the 16S rDNA PCR amplification (Table 3). The results
presented in Table 4 indicate the potential cyanobacterial
species dominant in each sample, obtained by statistical
similitude with some genes sequences stored in databases.
All samples presented an identity of at least 91 %, and 6
genera were assigned: Microcoleus, Leptolyngbya, Limnothrix, Microcystis, Pseudanabaena and Gloeothece. Most
of the cyanobacteria whose sequence was compared with
ours, were collected in similar environments, such as waters rich in sulfur arising from sedimentary rock hypolithic
cyanobacteria in Northern Australia, hydrothermal exit in
Cenote Verde, México, or cyanobacterial mats in lava
caves - Cavernas de Lava, in Hawai (Table 4).
In the lakes, filamentous forms such as Leptolyngbya
were found, as well as Limnothrix redekei in Lake Azul,
but also Microcystis aeruginosa was identified in the
benthos sample of Lake Canário. It is interesting because
the species was not identified in the planktonic sample
and, in fact, the water was transparent till the bottom. In
the hot springs, we found mostly Pseudanabaena, Gloeothece and Microcoleus. Apart from these, we could match
our species with clones from similar environments in
Mexico (hydrothermal exits in Cenote Verde) or in Havaii
(cyanobacterial mats in Cavernas de Lava).
Concerning gene analysis, using the primers for the
detection of MC, NOD, CYN and STX genes, only in one
sample C (b) (Table 3), the result was positive for mcy
genes. In the sediment sample of Lake Canário, we identified a Microcystis aeruginosa clone, and all the specific
genes responsible for the production of MC in this genus
(mcyA, mcyB and mcyE) gave positive amplification. In
some other lakes, some genes could be detected as mcyA
in Lakes Azul and Terra Nostra, mcyB in Lake Fogo but,
as shown for other lakes and other regions in the world, in
some non toxigenic strains of cyanobacteria, parts of the
gene cluster responsible for the production of MC may be
detected. Concerning STX production, no amplification
products were found for any of the lake samples. Concerning CYN occurrences, the molecular results confirmed that in one sample – Lake Terra Nostra – both ps
and pks genes were amplified indicating the possibility to
produce CYN. In some other samples, only one of the
genes was present, pks in lakes Azul and Fogo (b) as well
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TABLE 3 - Results of PCR analysis for cyanobacterial identification and screening of toxinproducing genes from S. Miguel Lake samples ((b) benthic cyanobacteria, (+) positive, (-) negative).
Lake/
Hotspring
A
V
F
FG
FG (b)
SB
C
C (b)
TN
TN (b)
CF
FH1
FH2
FH3
FH4
FH5
FH6
FH7
FH 8
CV

16S

mycA

mcyB

mcyE

sxt

pks

ps

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
-

+
+
-

+
+
-

-

+
+
+
+
-

+
+
+
+
-

TABLE 4 - Sequencing results, percent identity (%) and size of the fragment (bp) of lake and hotspring samples from Azores, and putative
identification of cyanobacteria ((b) benthic cyanobacteria).
Lake/
Hotspring
A
V

Sequencing

%

Limnothrix redekei CCAP 1443/1
Cf. Leptolyngbya sp. Greenland_9

99
95

Size
(bp)
741
1124

FG

Uncultured cyanobacterium clone Z4MB16

97

1391

FG (b)
SB
C
C (b)

Not determined
Leptolyngbya SP. PCC 7410
Not determined
Microcystis aeruginosa PCCC 7806

99
95

741
737

TN

Uncultured cyanobacterium clone BAC3_B12

99

752

TN (b)
CF
FH1

Uncultured bacterium clone QuartzC18
Not determined
Pseudanabaena PCC6802

93
96

1445
657

FH2

Uncultured cyanobacterium clone VERDEA65

99

738

FH3

Uncultured cyanobacterium clone VERDEA65

98

736

98

727

93

740

FH5

Uncultured cyanobacterium
Omat113
Gloeothece sp. PCC 6909/1

FH6

Uncultured cyanobacterium clone VERDEA69

93

681

FH7

Uncultured cyanobacterium clone VERDEA69

97

737

FH8

Microcoleus sp. SAG 2212

91

719

CV

Uncultured cyanobacterium clone VERDEA68

95

1110

FH4

clone

HAV-

as ps in Lake S. Brás. As in the case of MC, the presence
of only one gene does not usually allow the strain to synthesize the toxin.
In the hot springs, the amplification of the 3 MC
genes was not seen, but mcyA occurred in five and mcyE

Observations
freshwater; collected in 4 m depth; El Zacaton,
México
collected in waters rich in sulfur arising from
sedimentary rock
Hypolithic cyanobacteria; Northern Australia
Freshwater; collected in 1 m depth; hydrothermal exit; Cenote Verde, México
Freshwater; collected in 1 m depth; hydrothermal exit; Cenote Verde, México
collected in a cyanobacterial mat; Cavernas de
Lava; Havai;
Freshwater; collected in 1 m depth; hydrothermal exit; Cenote Verde, México
Freshwater; collected in 1 m depth; hydrothermal exit; Cenote Verde, México
Freshwater; collected 1 m depth; hydrothermal
exit; Cenote Verde, México

in only one out of 9 Furnas hot springs samples (Table 3),
whereas no mcyB-positive one was found. No sxt was
found but two ps and one pks positive samples were detected. As far as we could search, not much data on toxinproducing cyanobacteria have been published for hot
springs.
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4. DISCUSSION
The identification of M. aeruginosa in the sediment
sample of Lake Canário suggests that colonies of this species overwinter on the sediment of the lake, and then can
bloom whenever the environmental conditions are adequate. In this lake, the temperature was quite low (13 °C)
but colonies of this toxigenic species were alive on the
sediment ready to inoculate the water column. In 2005,
Santos et al. [27] found M. aeruginosa blooming in Lake
Azul, from April/May to October. M. aeruginosa is also a
common cyanobacterium in similar eutrophic crater lakes
in Mexico [27]. In Lake Terra Nostra, a ferruginous artificial pond built in the Park with the same name, the cyanobacteria-dominant species could not be identified but it was
similar to a clone isolated from waters rich in sulfur and
to hypolithic cyanobacteria from Northern Australia. In
fact, this lake has waters with high temperature (35 °C),
very turbid and with very high concentrations of iron salts
giving it a ferruginous color. The species found in the
lakes were different from those found in the hot springs as
expected. Although the temperatures of the hot springs
were quite high, between 30-54 °C, cyanobacteria are some
of the few organisms that can survive and develop under
such a physical and chemical stress. Mats were quite extended, and most of them were unicyanobacterial as visualized under microscope.
Pseudanabaena strains belong also to the Oscillatoriales, with trichomes solitary or agglomerated in very
fine, mucilaginous mats, not very long without any
branching. Microcoleus has trichomes without heterocysts
and with equal diameter throughout the whole length
with no branches. As a genus characteristic, it has more
than two trichomes within a mucous sheath. Gloeothece
belong to the Chroococcales, with colonies usually small,
composed of sheathed cells or groups of cells enclosed
within their own gelatinous envelopes, and sometimes
surrounded by common mucilage.
Concerning the toxin-producing clusters, the positive
results for the 3 mcy genes in Lake Canário sediment allow
us to conclude that there is potential for MC production
during adequate environmental conditions. This is why it
is important to have a molecular approach to the risk analysis in lakes because we can predict that in a certain lake
toxin production may occur. Simple phytoplankton analysis of the water column at this stage would not reveal this
risk, as we could conclude from the PCR data of the water
column in this same lake. Nevertheless, in most of these
cases, no toxin production is possible. This may indicate a
loss of genes along evolution and by that a loss of toxin
production capacity. Santos et al. [3] found M. aeruginosa
blooming in Lake Azul but MC values were quite low,
under 0.1 µg MC-LR eq L-1, in spite of the density of M.
aeruginosa which could reach 4 x 105 cells/ml. This indicates that few strains have the genes involved in MC production, or the environmental conditions are not adequate
for the expression of those genes.

The detection of some of the genes involved in MC
and CYN production in the hot spring samples is very
interesting because of the high environmental temperatures.
Nevertheless, in none of the samples all the genes were
present, so production of the toxins in not assured, except
for the FH6 sample where both ps and pks were identified
on the same sample. Therefore, we may assume that there
is potential for CYN production. Mohamed [28] reported
the presence of MC in hot spring cyanobacterial mats in
Saudi Arabia, with values ranging from 468 to 512 µg MCLR eq g-1. Krienitz et al. [29] also reported on the diversity
and potential toxicity of cyanobacteria in hot springs in
Kenya and Tanzania. Later, they also reported that MC
values in cyanobacterial mats attained 221 to 845 µg microcystin-LR equivalents g−1 DW of mat, and anatoxin-a
ranged from 10 to 18 µg g−1 DW of mat [30]. They suggested that these toxins could be implicated in the death
of Lesser Flamingos in the alkaline Lake Bogoria, Kenya.
So, it is evident that cyanotoxins may occur in these extreme
environments, and not only in freshwater lakes and reservoirs. So, more information and research is needed.
5. CONCLUSIONS
In this study on volcanic lakes and hot springs of the
North Atlantic S. Miguel Island (Azores, Portugal), six
cyanobacteria genera were identified based on morphological analysis and confirmed by 16S sequence analysis:
Microcoleus, Leptolyngbya, Limnothrix, Microcystis,
Pseudanabaena, and Gloeothece. The detection of some of
the genes involved in MC and CYN production in the
hot spring samples is very interesting because of the high
environmental temperatures. In one of the samples, ps and
pks were identified on the same sample, so we may assume
that there is a potential for CYN production.
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COMPARISON OF SELECTED METHODS FOR
DETERMINATION OF AVAILABLE ZN IN CONTAMINATED SOILS
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Institute of Soil Science and Plant Cultivation, National Research Institute in
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ABSTRACT

1. INTRODUCTION

In this study, a comparison was made of the applicability of various extraction solvents for determination of
available zinc in contaminated soils. A grey-brown Podzolic
Soil (loamy sand) was used, with acid reaction (pH 5.3) and
medium level of Zn. The soil was contaminated with
ZnSO4.7 H2O (150, 300, 450, 900 and 1350 mg Zn.kg-1 d.m.
of soil). In the soil material, the level of Zn accepted as
available for plants was determined in 1 mol HCl.dm-3 and
0.01 mol CaCl2.dm-3. The total content of the metal was
determined in a mixture of concentrated HCl and HNO3 at
the ratio of 3:1. To determine the content of the forms of
the component in the soil, also sequential chemical extraction of the metal was performed with the BCR (Community
Bureau of Reference) method.
As a result of acid extraction in 1 mol HCl.dm-3, the
amounts of Zn released from soil contaminated with the
doses of 150 and 300 mg Zn·kg-1 constituted 67-76% of the
determined total content of the component. As the level of
contamination increased to 1350 mg Zn kg-1, the solution
extracted increasing amounts of the metal, up to 98% of
the total form. The weaker extraction solution (0.01 mol
CaCl2.dm-3) released from the soil lower amounts of Zn
available for plants. The share of the available form of Zn
in the total content of the component was 38-74%, and increased also with increasing level of soil contamination.
At the highest levels of zinc concentration in soil (4501350 mg Zn kg-1), 1 mol HCl.dm-3 extracted amounts of
the metal equivalent to those extracted by concentrated
acids. Correctness of the analyses is evidenced in the comparable amounts of zinc determined in HCl, or 0.11 mol
CH3COOH.dm-3 according to the BCR method. Also, similar results concerning the total zinc content were obtained
using aqua regia and 6 mol HCl.dm-3 + 14 mol HNO3.dm-3,
and summing up the zinc amounts obtained through sequential extraction.
KEYWORDS:
zinc, polluted soils, extraction, bioavailability

* Corresponding author

Trace elements occur in the environment at various
stages of oxidation and in diverse forms with differing
chemical properties. Determination of the total content of
a given element indicates only the degree of contamination of the environment, but does not provide any information on the bio-availability of metals [1]. Estimation of
bio-availability of metals in natural soils is done using
simple extraction, the purpose of which is determination of
metal forms soluble in solutions, reflecting their true availability for plants [2]. In the world, extraction of metals is
conducted by means of water, diluted acids, salt solutions,
and chelating reagents. Quantitative determinations of metal
forms occurring in contaminated soils and determination of
their availability are effected by means of sequential extraction [3], where successive fractions of a metal are extracted
by means of increasingly strong reagents. The forms of
metals present in soil are determined with the methods of
sequential extraction. Sequential extraction of soil is an
important source of information on mobile and stable fractions of metals in soil [4-7]. At present, there is a tendency
towards simplification of the methods of fractioning metals and towards standardisation of such methods. Within
the framework of the Standards, Measurements and Testing Programme (earlier the Community Bureau of Reference, BCR) of the European Commission, a method has
been developed, with the help of which the levels of metal
fractions were determined in specific reference materials
(CRM, SRM) [8-10]. The three-stage BCR procedure, originating from the method of Salomons and Förstner [11], has
been formulated by the team of Ure and Uevauviller [12].
The revised (four-step) BCR sequential extraction procedure has been applied to fractionate the zinc and chromium,
copper, iron, manganese, nickel and lead contents in urban soil samples from public-access areas in Europe [3,
13, 14]. Recent years have shown growing interest in the
BCR method, both in polluted as well as non-polluted
soils [12, 15, 16].
In Poland, available forms of microelements - B, Cu,
Mn, Zn, Mo - are determined in a combined extract, using
1 mol HCl.dm-3. The method has been selected on the basis
of high correlations between the extraction results and metal
uptake by crop plants from natural soils [17]. However,
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group extraction of metals gives rise to numerous controversies. This results from the fact that each element occurs in soil in different forms, and there is no possibility
of finding a solvent that would be equally suitable for the
extraction of each of them. In every country, and in almost
every laboratory, available zinc is determined in another
way. 1 mol HCl. dm-3, as a strong acid with relatively high
level of concentration, extracts greater amounts of microelements relative to their true solubility. Few authors accept
extraction in 0.01 mol CaCl2. dm-3 to be the best test of
phyto-availability of heavy metals [18, 19].
Studies conducted so far indicate that extraction solutions used for the determination of metal forms potentially
available for plants should be different for contaminated
and natural soils [20, 21]. Under the conditions of excessive levels of toxic components, protective mechanisms of
plants are activated and not the whole pool of a form
assumed to be available is subject to uptake by the plants.
Zinc as essential nutrient fulfills an important function
in plants` physiology. The metal occurs universally in nature and, as a component of chemical compounds, is also
emitted to the environment where it cumulates in soil. In
light acid soils (70% Polish soils), zinc easily became
mobile and phytoavailable. In neutral soils, zinc undergoes chemisorption and its solubility became very low.
2. MATERIAL AND METHODS
Comparison was made of the applicability of various
extraction solvents for determination of available zinc in
contaminated soils. In the study, a light soil (loamy sand)
was used, with acid reaction (pH 5.3) and medium level
of Zn. The soil was contaminated with zinc in the form of
ZnSO4. 7 H2O, in the amounts of 150, 300, 450, 900 and
1350 mg Zn.kg-1 of dry mass of soil, and subjected to incubation for 14 days, maintaining its moisture at the level
of 60% of maximum water capacity. Following the period
of incubation, soil samples were taken and, after suitable
preparation, subjected to chemical analysis.
In the soil material, the level of zinc accepted as
available for plants was determined in 1 mol HCl. dm -3
and 0.01 mol CaCl2.dm-3. The total content of the metal was
determined in a mixture of concentrated HCl and HNO3 at
the ratio of 3:1. To determine the content of the forms of
the component in the soil, also sequential chemical extraction of the metal was performed with the BCR method, the
procedure being developed within the framework on the
EC Standards, Measurements and Testing Programme [3,
22]. The analyses were performed for three series of samples, and in the case of the highest concentrations – for one
series.
.

-3

2.1. The 1 mol HCl dm extraction procedure
.

-3

1 mol HCl dm was added to air-dry soil at the ratio
of 10:1 and shaken for 1 h using an “over-head” rotary
shaker (Rinkis method).

.

-3

2.2. The 0.01 mol CaCl2 dm extraction procedure

CaCl2.dm-3 was

0.01 mol
added to air-dry soil at the ratio of 10:1 and shaken for 2 h using an “over-head” rotary
shaker.
2.3. Optimized BCR sequential extraction procedure

Step 1: Acid extractable fraction.
Acetic acid, CH3COOH (40 ml of 0.11 mol.dm-3) was
added to 1.0 g of dry soil sample in a 50-ml polypropylene tube. The mixture was shaken for 16 h at 22±5 °C at
400 rpm. The extract was separated from the solid phase
by centrifugation at 3000 ×g for 20 min.
Step 2: Reducible fraction.
40 ml of 0.5 mol NH4OH.HCl.dm-3 from a 1:1 solution containing 25 ml of 2.0 mol HNO3.dm-3 (pH 1.5) was
added onto the residue from the first step. The mixture
was shaken for 16 h at 22±5 °C, centrifuged for 20 min at
3000 ×g and then decanted into a beaker.
Step 3: Oxidizable fraction
10 ml of 30% H2O2 (pH 2–3) was carefully added in
small aliquots to the residue of step 2 in the centrifuge tube
and digested at room temperature for 1 h with occasional
manual shaking. The mixture was heated to 85±2 °C for 1 h,
and the volume reduced to a few ml by further heating in a
water-bath. A second aliquot of 10 ml H2O2 was added to
the residue and the digestion procedure was repeated for 1 h.
50 ml of 1.0 mol CH3COONH4.dm-3 adjusted to pH 2 with
HNO3 was added to the moist residue, shaken for 16 h at
22±5 °C and centrifuged at 3000 ×g for 20 min.
Step 4: Residual fraction
The residual analysis was performed using aqua regia
for metals insoluble in the first three steps. To the residue
from step 3, 3.0 ml of distilled water, 7.5 ml of 6 mol
HCl.dm-3 and 2.5ml of 14 mol HNO3.dm-3 were added and
left overnight at 20 °C. The mixture was boiled under reflux for 2 h, cooled and filtered. After each extraction, the
residue was washed by adding 20 ml of de-ionized water,
shaken for 15 min and then centrifuged.
2.4. Total metal analysis

ISO 11466: 1995 - Soil quality - Extraction of trace
elements soluble in aqua regia.
2.5. Analysis of samples

The determination of Zn in the extracts was performed
using a Flame Atomic Absorption Spectrophotometer
(FAAS), in the air-acetylene flame using the metal hollow
cathode lamps as radiation sources. Calibration solutions
of the elements were prepared in the corresponding extraction solutions and element concentrations were read
from the appropriate calibration curve. Blank samples were
also prepared (following the same procedure described
above but without the sample) and analyzed.
For all assays, we used reagents produced by MERCK
company.
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3. RESULTS AND DISCUSSION
Results of sequential analysis showed that, with increasing level of soil contamination with zinc, there is also
an increase in the content of the first fraction (F 1). That
form of zinc occurs in soil solution in the form of exchangeable ions and carbonates, and is accepted as available to plants [23]. The content of extractable zinc constituted from 69.1 to 90.6% of the sum of all four fractions
determined. In the case of soils contaminated with higher
doses of zinc, the 0.11 mol CH3COOH.dm-3 extracted
amounts of the metal close to the total content values.
Successive fractions extracted from the soils constituted
6.2-13.6% (F 2), 1.7-10.2% (F 3) and 1.1-9% (F 4) in the
pool of total zinc.
Under natural conditions, release of heavy metals from
strongly contaminated soils under the effect of mineral
acids is a very slow process. Factors causing desorption of
metals from soil - shaking, excess solution - do not occur
under natural conditions. Therefore, metal extraction through
shaking in acid solution may provide overestimated data
on the susceptibility of metals to desorption.

In the natural soil used in this study, the content of
1 mol HCl. dm-3-extractable Zn (9.6 mg Zn kg-1) constituted a third of the total form - 28 mg Zn kg-1. As a result
of acid extraction in 1 mol HCl. dm-3, zinc amounts released from soils contaminated with the lower doses of
150 and 300 mg Zn·kg-1 constituted 67-76% of the total
content of the component (Table 1). As the level of contamination increased – 450, 900 and 1350 mg Zn kg-1, the
1 mol HCl. dm-3 solution extracted greater amounts of the
metal - from 84 to 98% of the total form. This shows that
at high zinc concentrations in soil, 1 mol HCl. dm-3 extracts the same amounts of the metal as concentrated acids
do. Studies on the content of Zn in industry-contaminated
soils were conducted by Karczewska [20]. In lightly acidic
soils, the amounts of zinc extracted by 1 mol HCl. dm-3
were, depending on the level of soil contamination, 29-75%
of the total zinc content of 36-118 mg Zn·kg-1. Correctness
of the analyses is evidenced in the comparable amounts of
available Zn determined in HCl and in 0.11 mol CH3COOH.
dm-3 according to the BCR method. The amount of zinc
determined in 0.11 CH3COOH.dm-3 made 63.5-91% of the
total Zn content extracted with aqua regia. In a study carried out by Žemberyová et al. [14], in different types of

100%
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FIGURE 1- Percentage content of particular fractions of zinc obtained with the BCR method.
TABLE 1 - Content of total and available forms of zinc in contaminated soils, in mg·kg-1.
Total contents
Contamination
[mg·kg-1]
0
150

300

450
900
1350

Serial
I
I
II
III
I
II
III
I
II
III
I
I

Concentrated
HCl+HNO3

HCl+HNO3
(BCR)

28,0
196
178
169
321
318
318
448
441
492
958
1310

190
179
154
298
310
306
452
424
480
955
1299

Available contents
Sum of
fractions
(BCR)
176
182
156
301
326
346
463
448
511
970
1362
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1 mol
HCl ⋅ dm-3
9,6
146
133
113
216
241
240
395
369
420
906
1280

.

0,01 mol
CaCl2 .dm-3
5,3
74,2
69,1
77,0
156
160
151
330
300
360
670
706

0,11 mol
CH3COOH
dm-3 (BCR)
150
130
107
256
269
302
400
377
448
864
1234

.
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soils in Slovakia, this share amounted to 65-74% because
of lower total zinc content in the soils. Sequential chemical analysis of the Spain soils performed by Pueyo et al.
[24] showed the share of acid-extractable Zn fraction within
the range of 31-45% in total zinc content.
According to few authors, solutions of neutral salts are
the most suitable for the estimation of the true solubility of
metals in contaminated soils [18, 19]. The weaker extraction solvent used in this analysis, 0.01 mol CaCl2.dm-3,
released from the soil notably lower amounts of Zn available to plants. Also, the share of the available form of Zn
in the total content of the component increased with increasing level of contamination and amounted to 38-74%.
Also, similar results concerning the total zinc content were obtained using aqua regia and 6 mol HCl. dm-3
+ 14 mol HNO3. dm-3, and summing up the zinc amounts
obtained through sequential extraction.
The concept of estimation of heavy metal threat to the
environment, currently promoted in the world, proposes the
substitution of determination of total forms with that of
available forms of heavy metals in soils [25, 26]. For the
purpose of soil monitoring, 1 mol HCl. dm-3 proves to be
especially suitable as, in the light of results of analyses, it
may extract 70-90% of total zinc forms from heavily
contaminated soils [27].
4. CONCLUSIONS
1. In the studied soils, the content of extractable zinc determined with 1 mol HCl. dm-3 increased with growing
level of contamination to 98% of the total zinc content.
2. Results obtained by extraction of extractable zinc with
0.11 mol CH3COOH. dm-3 (BCR method) were on a
similar level.
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[4]

Karczewska, A., Bogda, A., Galka, B., Szulc, A., Czwarkiel,
D. and Duszynska, D. (2006) Natural and anthropogenic soil
enrichment in heavy metals in areas of former metallic ore
mining in the Sudety Mts. Polish Journal of Soil Science 2,
131-142.

[5]

Diatta, J.B. (1998) Comparison of NH4OAc and NH4-EDTA
differingin in concentration and pH for Cu and Zn extraction
in soils contaminated by a copper smelter. Polish Journal of
Soil Science 1, 25-32.

[6]

Raichev, T., Arsova, A., Popandova, S., Sokołowska, Z.,
Hajnos and M., Józefaciuk, G. (2001) Effect of coal powder
and liming on arsenic uptake by alfalfa from Cu and As polluted acidis soil. Polish Journal of Soil Science 34, 9-15.

[7]

Kabata-Pendias, A. and Pendias, H. (1999) Biogeochemistry
of trace elements. PWN, Poland.

[8]

Rauret, G., López-Sánchez, J.F., Sahuquillo, A., Barahona,
E., Lachica, A.M., Ure, A., Davidson, C.M., Gomez, A.,
Lück, D., Bacon, J., Yli-Halla, M., Muntau, H., Quevauviller,
P. (2000) Application of a modified BCR seqential extraction
(three-step) procedure for the determination of extractable
trace metal contents in a sewage sludge amended soil reference material (CRM 483), complemented by a three-year stability study of acetic acid and EDTA extractable metal content. Journal of Environmental Monitoring 2, 228-233.

[9]

Rauret, G., López-Sánchez, J.F., Sahuquillo, A., Rubio, R.,
Davidson, C.M., Ure, A., and Quevauviller, P. (1999) Improvement of the BCR three step sequential extraction procedure prior to the certification of New swdiment and soil reference materiale. Journal of Environmental Monitoring 1, 57-61.

[10] Sutherland, R.A. and Tack, F.M.G. (2003) Fractionation of
Cu, Pb and Zn in certified reference soil SRM 2710 and SRM
2711 using the optimized BCR sequential extraction procedure. Advances in Environmental Research 8, 37-50.
[11] Salomons, W. and Förstner, U. (1984) Metals in the Hydrocycle. Springer-Verlag, 349, New York.

3. In contaminated soils, the bio-availability of zinc extracted with 1 mol HCl. dm-3 and 0.11 mol CH3COOH.
dm-3 attains the same levels as the total content of the
metal determined in concentrated acids, HCl and HNO3
(1:3).

[12] Ure, A.M., Quevauviller, P., Muntau, H. and Griepink, B.
(1993) Speciation of heavy metals in soils and sediments. An
account of the improvement and harmonization of extraction
techniques undertaken under the auspices of the BCR of the
commission of the European communites. Intnational Journal
of Environmental Analytical Chemistry 51, 135-151.

4. The weaker extraction solvent, 0.01 mol CaCl2.dm-3,
released from the soil notably lower amounts of Zn.
The share of zinc available to plants in the total content
of the component increased also with increasing level
of contamination, and amounted to 38-74%.

[13] Davidson, C.M., Graham, J. U., Ajmone-Marsan, F., Biasioli, M., da Costa Duarte, M., Dìaz-Barrientos, E., Grčmanc,
H., Hossack, I., Hursthouse, A.S., Madrid, L., Rodrigues, S.
and Zupan, M. (2006) Fractionation of potentially toxic elements in urban soils from five European cities by means of a
harmonised sequential extraction procedure. Analytica Chimica Acta 565, 63–72.

REFERENCES
[1]

Kabata-Pendias, A. (1993) Behavioral properties of trace
metals in soils. Applied Geochemistry 2, 3-9.

[2]

Karczewska, A. (2002) Heavy metals in soils polluted by
emissions from copper smelters - forms and solubility.
Zeszyty Naukowe AR Wrocław. Rozprawy CLXXXIV 432,
1-157 (in Polish).

430

[14] Žemberyová, M., Barteková, J. and Hagarová I. (2006) The
utilization of modified BCR three-step sequential extraction
procedure for the fractionation of Cd, Cr, Cu, Ni, Pb and Zn
in soil reference materials of different origins. Talanta 70,
973–978.
[15] Sahuquillo, A., López-Sánchez, J.L., Rauret, G., Ure, A.M.,
Muntau, H. and Quevauviller, P. (2002) Sequential extraction
procedures for sediment analysis. In: Quevauviller, Ph. (Ed.),
Methodologies for soil and sediment fractionation studies.
10-27.

© by PSP Volume 20 – No 2a. 2011

Fresenius Environmental Bulletin

[16] Barona, A., Aranguiz, I and Elias, A. (1999) Assessment of
metal extraction procedure. Chemosphere 39, 1911-1922.
[17] Gembarzewski, H. and Korzeniowska, J. (1996) Selection of
method of micronutrients extraction from soil and elaboration
threshold values by use of multiple regression equations.
Zeszyty Problemowe Postępów Nauk Rolniczych, (434) 353364 (in Polish).
[18] Houba, V.J.G., Novozamsky, I. and Temminghof, E. (1994)
Soil and plant analysis. Part 5. Soil analysis procedures. Extraction with 0,01 M CaCl2. Wageningen Agricultural Univercity, Wageningen.
[19] Novozamsky, I., Lexmond, Th.M. and Houba, V.J.G. (1993)
A single extraction procedure of soil for evaluation of uptake
of some heavy metals by plants. International Journal of Environmental Analytical Chemistry 51, 47-58.
[20] Karczewska, A. (1998) Cu, Pb and Zn mobilization from the
heavily polluted soils treated with mineral acids. Zeszyty
Problemowe Postępów Nauk Rolniczych 456, 363-368 (in
Polish).
[21] Spiak, Z. (1996) Effect of the chemical form of zinc on their
uptake by plants. Zeszyty Problemowe Postępów Nauk
Rolniczych 434, 997-1003 (in Polish).
[22] Ure, A. M., Quevauviller, Ph., Mantau, H., Griepink, B. and
Int, J. (1993) Speciation of heavy metal In silos and sediments. An account of the improvement and harmonization of
extraction techniques undertaken under the auspices of the
BCR of the Commission of the European Communities.
Intnational Journal of Environmental Analytical Chemistry
51, 135-151.
[23] Kaasalainen, M. and Yli-Halla, M. (2003) Use of sequential
extraction to assess metal partitioning in soils. Environmental
Pollution 125, 225-233.
[24] Pueyo, M., Mateu, J., Rigol, A., Vidal, M., López-Sánchez,
J.F. and Rauret, G. (2008) Use of the modified BCR threestep sequential extraction procedure for the study of trace element dynamics in contaminated soils. Environmental Pollution 152, 330-341.
[25] McLaughlin, M.J., Zarcinas, B.A., Stevens, D.P. and Cook,
N. (2000) Soil testing for heavy metals. Community Soil Science Plant Analysis 31, 1661-1700.
[26] Kubová, J., Matúš, P., Bujdoš, M., Hagarová, I. and Medved,
J. (2008) Utilization of optimized BCR three-step sequential
and dilute HCl single extraction procedures for soil–plant
metal transfer predictions in contaminated lands. Talanta 75,
1110–1122.

Received: June 21, 2010
Revised: September 21, 2010
Accepted: October 21, 2010

CORRESPONDING AUTHOR
[27] Stanislawska-Glubiak, E. and Korzeniowska, J. (2010) Usefulness of 1 mol HCl. L-1 extractant to assess copper, zinc and
nickel contamination in sandy soil. Fresenius Environmental
Bulletin 19 (4), 589-593.

Urszula Sienkiewicz-Cholewa
Institute of Soil Science and Plant Cultivation
Department of Weed Science and Tillage Systems
Orzechowa 61 Str.
50-540 Wroclaw
POLAND
E-mail: u.sienkiewicz@iung.wroclaw.pl
FEB/ Vol 20/ No 2a/ 2011 – pages 427 - 431

431

© by PSP Volume 20 – No 2a. 2011

Fresenius Environmental Bulletin

EFFECTS OF SALINITY STRESS ON THE PHOTOSYNTHESIS
OF Wolffia arrhiza AS PROBED BY THE OJIP TEST
Gaohong Wang1, Lanzhou Chen2, Zongjie Hao1,3, Xiaoyan Li1 and Yongding Liu1,*
2

1
Institute of Hydrobiology, The Chinese Academy of Sciences, Wuhan 430072, P.R. China
College of Resource and Environment Sciences, Wuhan University, Wuhan 430070, P.R. China
3
Graduate School of the Chinese Academy of Sciences, Beijing 100039, P.R. China

ABSTRACT
In the present study, we investigated the effects of salinity stress, one of the main stress in polluted water
bodies, on the photosynthetic activity of Wolffia arrhiza.
High salinity stress (1-4%) significantly decreased photosynthetic CO2 assimilation activity, while the chlorophyll
a, chlorophyll b and carotenoid contents were not affected
after treatment with salinity stress for 24 h. The fluorescence yields at phases J, I and P were clearly decreased by
salinity stress above 1%, and the addition of DCMU to
the control resulted in the transformation of an O-J-I-P ris
e into an O-J rise. Salinity stress decreased the quantum
yield of primary photochemistry (φPo), the quantum yield
of electron transport (φEo) and the efficiency per trapped
excitation (Ψo) in Wolffia arrhiza simultaneously; the
number of active PSII reaction centers per excited cross
section (RC/CS), the total number of active reaction centers per absorption (RC/ABS) and the performance index
of PSII (PIABS and PICS) were also reduced by salinity.
These results indicated that the effects of salinity stress on
the photosynthesis of Wolffia arrhiza may function by the
inhibition electron transport and inactivation of the reaction centers, but the inhibition may occur in the electron
transport pathway at	
   the	
   donor	
   and	
   acceptor	
   sides	
   of	
  
PSII in Wolffia arrhiza, which is different to that of
salt-resistant plants.

KEYWORDS: salinity, photosynthesis, chlorophyll a fluorescence,
Wolffia arrhiza

1. INTRODUCTION
Wolffia is the smallest flowering plant in the plant
kingdom; it is one of the duckweeds of the Lemnaceae
family [1], which is also commonly known as “watermeal”,
* Corresponding author

because it has approximately the same percentage of protein as soybeans [2]. As an efficient plant for the removal
of nutrients from wastewater or polluted water in eutrophic lakes, Wolffia can be used to produce animal feed,
raw materials for various industrial products such as alcohol and even as a raw material for biodegradable plastics
[3, 4]. Wolffia is distributed in polluted lakes and ponds,
which usually contain a higher concentration of nutrient,
salt or other pollution than other oligotrophic water bodies.
Water evaporation is enhanced due to the high level of
solar radiation and temperature in tropical and subtropical
regions in summer. As a result, the salt concentration there
often increases several-fold above the normal levels; high
salinity is a detrimental type of environmental stress of
polluted water bodies for Wolffia plants [5-7]. Salinity
stress can affect the normal metabolic activity of organisms,
including photosynthesis and respiration. Some reports indicated that high salinity caused more damage at the donor side than the acceptor side of PSII in wheat [8], and
salinity stress leaded to an alteration in PSII heterogeneity
[9]. But, there is little information about the influence of
salinity stress on photosynthesis in duckweed, and there is
even less knowledge regarding the effects of salinity stress
on the inhibition of PSII function. The “chlorophyll a fluorescence” technique has been regarded as a very useful tool
to measure the performance of the photosynthetic apparatus
[10], especially due to a recent improvement in detecting
the fluorescence kinetics by direct, time-resolved fluorescence measurements [11-13]. The O-J-I-P polyphasic transients has been found to change its shape according to
different environmental conditions, which can provide a lot
of information about the function of photosynthetic apparatus, so OJIP test has been applied to various oxygenic
photosynthetic materials under different stress.
To further investigate the effects of salinity stress on
photosynthesis and the inhibition site of PSII function in
Wolffia arrhiza under short-term (24 h) salinity stress, we
investigated the following: (1) the effects of salinity stress
on photosynthetic activity; (2) the effects of salinity stress
on photosynthetic pigments; and (3) the effects of salinity
stress on photosynthetic fluorescence, and determining the
inhibition sites of salinity stress on electron transport via
the OJIP test.
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2. MATERIALS AND METHODS

RC/ABS=φpo/(Mo/ VJ)
RC/CS=FM.φpo(VJ/Mo)

2.1. Material culturing conditions and salinity stress treatment

Wolffia arrhiza was collected between Sep and Oct
2009, from Lianhua Lake, Wuhan, China (E114°16′
N30°33′) and transported to the laboratory in darkness
within 1h. Wolffia arrhiza was carefully selected from other
duckweeds, rinsed with DDW three times and then cultured
in Hutner solution [2] at 25°C illuminated with 40 µmol m-2
s-1 (LD cycle 12:12h) of light. To make sure that the duckweed of all the repeats of the experiments at the same
status, the culture medium was replaced with new Hutner
solution every two weeks and to be maintained at the same
culture condition.
Healthy samples (Fv/Fm >0.7) were incubated in fresh
Hutner solution at salinities varying between 0 and 4%,
with or without 20µM DCMU (3-(3, 4-dichlorophenyl)1,1-dimethylurea, Sigma, USA), for 24 h at 25°C and illuminated with 40 µmol m-2 s-1 (LD cycle 12:12h) of light.
The salinity was varied by adding NaCl to Hutner solution.

(7) The specific energy fluxes (per reaction center,
RC) for absorption, ABS (ABS/RC), trapping (TR0/RC),
electron transport (ET0/RC) and dissipation (DI0/RC):
ABS/RC=(Mo/VJ)/[1-( Fo /FM)]
ETO/RC=( Mo/VJ).(1-VJ)
TRO/RC=( Mo/Vj)
DIO/RC=ABS/RC- TRO/RC
(8) Further influence of salinity on the late effects of
PSII, i.e., electron transport beyond the oxidation of QA−
including the effect of photosystem I and metabolic effects, can be analyzed by the number of turnovers, N. The
expression N indicates how many times QA has been reduced to QA− in the time span from t0 to tFmax. N can be
calculated according to Strasser and Srasser as:
N=Sm·M0/VJ
Where Sm is the working integral of the energy needed to close all reaction centers
Sm=Area/(Fm-Fo)

2.2. Pigment determination

Chlorophylls and carotenoids were extracted in 80%
(v/v) acetone and their contents determined according to
the method of Lichtenthaler and Wellburn [14]. The fresh
weight was determined by weighing the plant after blotting it with absorbent paper.
2.3. Fluorescence measurements

Fluorescence transients (OJIP) were measured at room
temperature by a plant efficiency analyzer (Hansatech®,
UK) [7]. The light was provided by an LED array (650 nm)
focused onto the sample to provide homogeneous irradiance over the exposed area (d = 4 mm). The fluorescence
signals were detected by a high performance PIN photodiode detector. All samples were dark-adapted for 15 min
prior to the measurements. The fluorescence intensities at
50 ms, 2 ms (J-step) and 30 ms (I-step) were denoted as
Fo, FJ and FI, respectively [15, 16]. The specific parameters were calculated according to the JIP-test [8, 9].
(1) The relative variable fluorescence in the step J (VJ):
VJ =(FJ- Fo)/(FM –Fo)
(2) VK is the relative variable fluorescence at 300 µs:
VK=(F300µs –Fo)/ (FM –Fo)
(3) The maximum quantum yield of primary photochemistry (φpo):
φpo=1-( Fo /FM)

(9) The performance index on cross section basis
(PICS) and the Performance Index on absorption basis
(PIABS):
PICS= RC/CS.[ φpo/(1-φpo]. [Ψo/(1-Ψo)]
PIABS= RC/ABS. [ φpo/(1-φpo]. [Ψo/(1-Ψo)]
Where Fo is the original fluorescence, FJ the fluorescence intensity at the phase J, FM the maximal fluorescence, and Mo = 4(F300 µs - Fo)/(FM - Fo).
2.4. Measurements of CO2 assimilation

The rate of CO2 assimilation was measured using a
Shimadzu CGT-7000 Infrared Gas Analyzer (Shimadzu,
Japan). Aliquots of exponentially growing cultures (10 ml)
of Wolffia arrhiza were placed in Petri dishes (diameter,
2cm) and put into a cuvette attached to the Analyzer, and
then illuminated with light of 100 µmol m-2 s-1. Measurements were taken under steady CO2 uptake maintained for
5 min, at the constant temperature of 25±1°C [17].
2.5. Statistics

All data were evaluated by one-way ANOVA (SPSS
6.0.1 for windows, tests: least significant difference, Tukey’s
honestly significant difference). Each measurement was
replicated more than three times.

(4) The quantum yield of electron transport (φEo):
φEo= [1-( Fo /FM)](1- VJ)

3. RESULTS

(5) The efficiency with which a trapped exciton can
move an electron into the electron transport chain further
than QA- (Ψo):
Ψo = 1 - VJ
(6) The total number of active reaction centers per
absorption (RC/ABS) and per excited cross (RC/CS):

3.1. Salinity stress inhibited CO2 assimilation activity in
Wolffia arrhiza

High salinity clearly inhibited photosynthetic CO2 assimilation activity in Wolffia arrhiza (Fig 1). A 0.5% level of
salinity did not affect the CO2 assimilation activity, but 1-4%
salinity significantly inhibited the CO2 assimilation activity.
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FIGURE 2 - Changes in chl a, chl b and carotenoid contents in
Wolffia arrhiza exposed to different salinity for 24 h. Data are the
means ± S.D. (n = 3–5). The results are the outcome of a one-way
ANOVA and a L.S.D. test of the treatments compared to the control
*P < 0.05.

FIGURE 1 - Photosynthetic CO2 assimilation activity based on fresh
weight in Wolffia arrhiza exposed to different salinity for 24 h. Data
are the means ± S.D. (n = 4). The results are the outcome of a oneway ANOVA and a L.S.D. test of the treatments compared to the
control *P < 0.05.
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FIGURE 3 - Changes of the polyphasic chlorophyll fluorescence transients (O–J–I–P) with or without 20 mM DCMU in Wolffia arrhiza
during exposure to different salinity for 24 h.
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3.2. Effect of salinity stress on the content of photosynthetic
pigments in Wolffia arrhiza

From our experiments, the Chl a, Chl b and carotenoid contents of Wolffia arrhiza were not influenced by
salinity stress (Fig 2), which showed that salinity stress
did not affect the photosynthetic pigments.
3.3. Effect of salinity stress on fast chlorophyll fluorescence
kinetics

The effect of salinity on the electron transport of PSII
can be investigated by measuring the fast Chl a fluorescence transients of Wolffia arrhiza exposed to different
salinities for 24 h. We observed a typical polyphasic rise
of fluorescence induction (O-J-I-P) in the control Wolffia
arrhiza (Fig 3). There were no significant changes in the
original fluorescence with increasing salinity, but the fluorescence yield at the J, I and P phases clearly decreased.
The addition of DCMU to the control resulted in the transformation of an O-J-I-P rise into an O-J rise, but the rise
in Chl a fluorescence transients was unaffected by DCMU
when the salinity stress was above 2%.

The effects of high salinity on the amount of active
PSII reaction centers per excited cross section (RC/CS) and
the total number of active reaction center per absorption
(RC/ABS) were measured in our experiments. Conditions
of high salinity (higher than 0.5%) induced a significant
decline of RC/ABS and RC/CS. (Fig 5).
For the effect of salinity stress on the energy flux (per
reaction center, RC) for absorption (ABS/RC), trapping
(TRo/RC), electron transport (ETo/RC) and dissipation
(DIo/RC), salinity stress increased ABS/RC and DIo/RC in
Wolffia arrhiza significantly, but decreased TRo/RC and
ETo/RC (Fig 5).
RC/ABS
4
3
DIo/RC

2

RC/CS
0
0.50%
1%
2%
4%

1
0

3.4. Effect of salinity stress on the behavior of PSII: the JIP test

Salinity stress significantly affected PSII behavior, as
quantified by the performance index; PIABS and PICS were
also declined by salinity stress higher than 0.5% (Fig 4).
For the effects of salinity on the electron transport at
the donor side of PSII, VJ and VK were compared with
different treatments under various salinity stress, where Vj
is the relative variable fluorescence at step J (2 ms) and
Vk is the relative variable fluorescence at 300 µs, respectively (VK =(F300µs –Fo)/ (FM –Fo)=Mo/4). Salinity stress
was found to increase VJ and VK significantly (Fig 4).
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FIGURE 5 - Radar plots of chlorophyll a fluorescence parameters of
Wolffia arrhiza during exposure to different salinity for 24 h (part
2). The value in the plots is the ratio of the treatment to the control.

4. DISCUSSION
Salinity stress is a common environment factor that
can influence the metabolism activity of duckweed in summer. Our results also indicated that the activity of photosynthetic CO2 assimilation in Wolffia arrhiza was decreased
by salinity stress. This may be the outcome of the inhibition
of salinity on the photosynthetic apparatus; interestingly,
these results were consistent with previous reports in maize,
cotton and Prunus salicina [18-20].

PIABS
4
Sm

ETo/RC

0
0.50%
1%
2%
4%

φp0

FIGURE 4 - Radar plots of chlorophyll a fluorescence parameters of
Wolffia arrhiza during exposure to different salinity for 24 h (part 1).
The value in the plots is the ratio of the treatment to the control.

For the effects of salinity on the electron transport at
the acceptor side of PSII, Mo, Sm, N, φPo, Ψo, φEo etc
were compared under different levels of stress. We observed
that Mo was increased by salinity stress, but Sm, N, Ψo
and φPo were significantly decreased when Wolffia plants
were exposed to a salinity level above 1% (Fig 4).

Since the Chl a fluorescence technique has proven to
be a very useful, non-invasive tool for the study of the photosynthetic apparatus and more specifically of the performance of photosystem II [21-23] it has been applied to various oxygenic photosynthetic materials under different
stress. A fast fluorescence rise consists of a sequence of
phases, labeled as O, J, I and P. The minimal value of
fluorescence signal is denoted as O (for origin, corresponds to minimal fluorescence intensity Fo, which reflects
the fluorescence yield at full photochemical quenching in
the absence of photoelectrochemical stimulation, i.e. under
dark-adapted conditions). The J step represents the accumulation of the QA-QB form, as demonstrated by experimental results and theoretical simulations [15, 21]. Thus,
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the I step has been suggested to reflect an accumulation of
the QA-QB- form, whereas the P step represents an accumulation of the QA-QB2- form [23, 24]. This O-J-I-P polyphasic transient is found to change its shape based on
different environment conditions, which can the actual
description at a given physiological state. Since these
non-invasive measurements can be carried out easily, they
have been used in field conditions for the rapid measurement of many samples [11, 17, 25]. In our experiments,
salinity stress resulted in a shape change of fluorescence
transients similar to that obtained by DCMU treatment,
which suggested that salinity stress maybe inhibit elec-‐
tron	
  transport	
  at	
  the	
  donor	
  side	
  of	
  PSII. Since VJ indicates electron	
   transport	
   activity	
   at	
   the	
   donor	
   side	
   of	
  
PSII and this work showed that there were significant
increasing VJ under high salinity stress, it was conformed
that salinity stress inhibited electron	
   transport	
   at	
   the	
  
donor	
  side	
  of	
  PSII	
  in	
  Wolffia arrhiza [8, 11]. At the same
time, the quantum yield of primary photochemistry (φPo),
the quantum yield for electron transport (φEo) and the
efficiency per trapped excitation (Ψo) were also decreased
by salinity stress above 1%, while VK (Mo) was increased
significantly. Since these parameter can provide good
information about electron transport activity at the acceptor side of PSII [10, 25], these results suggest that salinity stress maybe also inhibit electron transport at the acceptor side of PSII in Wolffia arrhiza.
We also observed that salinity stress reduced the
amount of active PSII reaction centers per excited cross
section (RC/CS) and the total number of active reaction
center per absorption (RC/ABS) in Wolffia arrhiza. This
decrease in RC/CS and RC/ABS may result from fewer
reaction centers or an increase in the antenna size [15, 21,
26]. In our experiments there were not increase in the Chl
a and Chl b contents in Wolffia arrhiza cells under salinity stress. Therefore, the antenna size of Wolffia arrhiza
cells may be not decreased by salinity stress, and the decrease of RC/CS and RC/ABS of Wolffia arrhiza cells exposed to salinity stress may result from the reduced number of reaction centers under salinity stress.
These results about salinity stress inhibiting sites of
electron transport in Wolffia arrhiza were not consistent
with the experiment in the salt-resistant plant Ulva lactuca [11]. The reason for this difference may be photosynthetic apparatus	
  of	
  electron	
  transport	
  at	
  the	
  donor	
  side	
  
of	
   PSII in salt-resistant plant Ulva lactuca has developed
good ability to adapt the salinity environment, while the
freshwater Wolffia arrhiza do not have the ability to adapt
to salinity easily [11, 25, 26], so. And for Wolffia arrhiza,
the elements of the electron transport pathway may be
sensitive to salt stress, like the effect caused by chromate
on the photosynthetic electron transport pathway of Spirodela polyrhiza [22], where the inhibition of the photosynthesis target occurs on more than one site. For the photosynthetic pigments changes of Wolffia arrhiza under
salinity stress, our results are consistent with the experiment in marine Ulva lactuca cells [11], Nitraria retusa

[27], salt-tolerant rice [28] and Suaeda salsa [29], ,which
showed that salinity stress didn’t change antenna size of
the plant, so the decrease of RC/CS and RC/ABS of these
plants exposed to salinity stress may come from the reduced number of reaction centers under salinity stress,
which suggested that the reaction centers may be another inhibiting site of salinity stress in these plants.
5. CONCLUSION
In summary, salinity stress (1-4%) significantly decreased the photosynthetic CO2 assimilation activity in
Wolffia arrhiza and also reduced the quantum yield of
primary photochemistry (φPo); the quantum yield of electron transport (φEo) and the efficiency per trapped excitation (Ψo) in the cells of Wolffia arrhiza, as well as the
amount of active PSII reaction centers per excited cross
section (RC/CS) and the total number of active reaction
center per absorption (RC/ABS) exhibited the same changes
under salinity stress. Pigment analysis showed the contents
of chlorophyll a, chlorophyll b and carotenoids were not
changed under salinity stress. Therefore, the effects of salinity stress on photosynthesis in Wolffia arrhiza may function
by the inhibition of electron transport and by the inactivation of the reaction centers, but the inhibition may occur
in the electron transport pathway at	
   the	
   donor	
   and	
   ac-‐
ceptor	
  sides	
  of	
  PSII,	
  which	
  is	
  a	
  different situation to that
in a salt-resistant plant.
ABBREVIATIONS
DCMU, 3-(3, 4-dichlorophenyl)-1,1-dimethylurea;
DDW, double distilled water; PI, the performance index
of PSII; PSII, photosystem II; RC/CS, the amount of
active PSII reaction centers per excited cross section;
RC/ABS, the total number of active reaction center per
absorption; φPo, the quantum yield of primary photochemistry; φEo, the quantum yield for electron transport; Ψo, the
efficiency per trapped excitation; OJIP, fluorescence induction transient defined by the names of its intermediate
steps; O level, fluorescence level at 20 µs; J level, fluorescence plateau at 2 ms; I level, fluorescence plateau at 30 ms
and P level, the maximum fluorescence level.
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ABSTRACT
The purpose of this study was to investigate the in
vitro effects of six commonly used veterinary medical
drugs (KilloxacinTM, GentavetTM, GeosolTM, PrimoxalTM,
LypectinTM and Penoksal-laTM) on erythrocyte bovine carbonic anhydrase (CA, EC 4.2.1.1) activity. The enzyme was
purified by affinity chromatography, and the purity was
confirmed by SDS–PAGE. Inhibition or activation effects
of six different antibiotics on the purified enzyme were
determined using the CO2-hydratase activity method. IC50
values of the drugs that caused inhibition were determined
by means of Activity % vs [Inhibitor] diagrams. The concentrations of KilloxacinTM, GentavetTM, GeosolTM, PrimoxalTM and LypectinTM that inhibited 50% of the enzymatic activity were 9.25, 3.79, 0.72, 6.59 and 2.12 mM,
respectively. On the other hand, the enzyme activity was
increased by Penoksal-laTM.

Sixteen isozymes have been described so far, that differ in their subcellular localization, catalytic activity and
susceptibility to different classes of inhibitors [8]. Five of
these isozymes are cytosolic (CA I, CA II, CA III, CA VII
and CA XIII), two are mitochondrial (CA VA and CA VB),
one is secreted in saliva (CA VI), five are membrane bound
(CA IV, CA IX, CA XII and CA XIV), and three are “acatalytic” (CA VIII, CA X and CA XI) [9]. It has been reported that CA XV isoform is not expressed in humans or in
other primates, but it is abundant in rodents and other
higher vertebrates [10]. The two major CA isozymes (CA I
and CA II) are present at high concentrations in the cytosol
of erythrocytes, and CA II has the highest turnover rate of
all the CAs [7]. It has been reported that the activity levels
of CA isozymes in erythrocytes vary considerably under
certain pathological and physiological conditions. Changes
in CA activity have been associated with metabolic diseases, such as diabetes mellitus and hypertension [11, 12].

Carbonic anhydrases (CAs, EC 4.2.1.1) are widespread zinc-containing metalloenzymes in all living organisms [1-6]. Several CA isozymes are responsible for
important physiological and pathological functions, such
as pH and CO2 homeostasis, respiration and transport of
CO2/HCO3− between metabolizing tissues and the lungs,
electrolyte secretion in a variety of tissues/organs, tonic
modulation of brain excitability through modulation of
amino acid receptors and biosynthetic reactions (such as
gluconeogenesis, lipogenesis and ureagenesis); prominent
pathological effects include acceleration of plaque deposition in Alzheimer's disease and exacerbation of excitotoxic neuron injury [7].

CA enzymes purified from various organisms have
been shown to be inhibited by several compounds. Sulfonamides and their derivatives are clinically used inhibitors for CAs [13]. Metal-complexing anions, such as cyanide, (thio)cyanate, hydrogen sulfide, azide, sulfate, perchlorate, as well as some antibiotics like ampicillin, sefazolin, gentamicin and pesticides including deltamethrin, diozinon, parathion-methyl and nuarimol were also
shown to be inhibitors on CA enzyme activity [14-16].
Many chemical substances and synthesized compounds
affect metabolisms by changing enzyme activities. Chemicals are generally known to activate or inhibit several
body enzymes in vitro and in vivo [17-22], and affect the
metabolic pathways. An antibiotic is a substance or a
compound that kills or inhibits the growth of bacteria.
Antibiotics belong to the broader group of antimicrobial
compounds, used to treat infections caused by microorganisms, including fungi and protozoa. They are ineffective
against viruses which either kill microorganisms or stop
them from reproducing [23].

* Corresponding author

The great number of diverse antibiotics currently available can be classified in different ways, e.g., by their

KEYWORDS: Bovine carbonic anhydrase, in vitro, inhibition,
veterinary medical drugs, affinity chromatography, purification
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chemical structure, their microbial origin, or their mode of
action. They are also frequently designated by their effective range [24]. With recent progress in medicinal chemistry, most antibiotics are now semisynthetic that is, modified chemically from original compounds found in nature,
as is the case with ß-lactams (which include the penicillins produced by Penicillium, the cephalosporins, and the
carbapenems) [25]. Many antibiotics have been used in
treatments. There are only a few literature reports related
with changing of enzyme activities. It has been reported that
some increasing or decreasing enzyme activity levels were
found, such as aspartate aminotransferase (AST; SGOT),
alanine amino transferase (ALT; SGPT) and alkaline phosphatase [26-30].
Although, the inhibitory effects of several different
chemicals on CA have been studied in most tissues and
red blood cells, no study has yet been reported on bovine
erythrocyte CA related to in vitro effects of antibiotics,
such as KilloxacinTM, GentavetTM, GeosolTM, PrimoxalTM
LypectinTM and Penoksal-laTM. Therefore, in this present
study, we have purified carbonic anhydrase from bovine
erythrocytes and examined the in vitro effects of these important antibiotics on purified enzyme. Since the changes in
CA activity have been associated with metabolic diseases,
therefore, the outcomes of this work may help with the
control of animal diseases.
2. MATERIALS AND METHODS
2.1. Materials

Sepharose 4B, L-tyrosine, sulfonamide, protein assay
reagents, phenol red and chemicals for electrophoresis were
obtained from Sigma-Aldrich Co. All other chemicals were
of analytical grade. Medical drugs were provided by local
pharmacy.
2.2. Purification of carbonic anhydrase from bovine erythrocytes by affinity chromatography

Erythrocytes were purified from fresh bovine blood
obtained from a slaughter-house at Balikesir. The blood
samples were centrifuged at 3,000 rpm for 20 min, and then
the plasma and buffy coat were removed. The red cells
were isolated and washed twice with 0.9% NaCl, and hemolyzed with 1.5 volumes of ice-cold water. The ghost and
intact cells were removed by centrifugation at 20,000 rpm
for 30 min at 4 °C. The pH of hemolysate was adjusted to
8.7 with solid Tris, and applied to the prepared Sepharose
4B-L-tyrosine-sulfonamide affinity column equilibrated with
25 mM Tris–HCl/22 mM Na2SO4 (pH 8.7) [29]. The affinity gel was washed with the same buffer. The bovine CA
was eluted with 0.1 M NaCH3COO/0.5 M NaClO4 (pH
5.6). The absorbance of the protein in the column effluents
was determined spectrophotometrically at 280 nm. CO2hydratase activity in the eluates was determined, and the
active fractions were collected. The purified enzyme was
stored at 4 °C, in order to maintain activity.

2.3. Total protein determination

The absorbance at 280 nm was used to monitor the
protein in the column effluents. Quantitative protein determination was achieved by absorbance measurements at
595 nm according to Bradford [32], with bovine serum albumin standard.
2.4. Sodium Dodecyl Sulphate-Polyacrylamide Gel Electrophoresis (SDS-PAGE) of the enzyme

SDS-PAGE was performed in order to verify the purified enzyme. It was carried out in 12 and 3% acrylamide
concentrations for the running and the stacking gel, respectively, containing 0.1% SDS according to Laemmli
[33]. Sample (20 mg) was applied to the electrophoresis
medium. Gel was stained for 1.5 h in 0.1% Coomassie
Brilliant Blue R-250 in 50% methanol and 10% acetic
acid, and then destained with several changes of the same
solvent without the dye.
2.5. CA Enzyme Activity Assay

The CA enzyme activity was assayed by following the
hydration of CO2 according to the method described by
Wilbur and Anderson [34]. CO2-hydratase activity of the
enzyme was determined at room temperature in a 0.15 M
Na2CO3/0.1 M NaHCO3 (pH 10.0) buffer using phenol
red (pH 8.6) as an indicator, and saturated carbon dioxide
concentration as substrate in a final volume of 4.2 ml.
Duration (in seconds) of the colour change from red to
yellow in solution was measured in a 10-ml glass tube with
1 cm diameter. The enzyme unit (EU) was calculated using
the equation (t0−tc/tc), where t0 and tc are the times for pH
changes of the non-enzymatic and enzymatic reactions,
respectively.
2.6. In vitro studies for antibiotics

In this study, KilloxacinTM, GentavetTM, GeosolTM,
PrimoxalTM, LypectinTM and Penoksal-laTM were used as
antibiotic drugs. Different concentrations of the antibiotics (for Killoxacin™ 9,27x10–4, 18,53x10–4, 27,8x10–4,
37,07x10–4, 46,33x10–4, 55,6x10–4, 64,87x10–4, 74,13 x10–4,
83,4x10–4 and 92,67x10–4 M; for GentavetTM 3,63x10–4,
7,27x10–4, 10,9x10–4, 14,53x10–4, 18,17x10–4, 21,8x10–4,
25,43x10 –4 , 29,07x10 –4 , 29,07x10 –4 , 32,7x10 –4 and
36,3x10–4 M; for Geosol™ 3,37x10–4, 6,73x10–4, 10,1x10–4,
13,47x10–4, 16,83x10–4, 20,2x10–4, 23,57x10–4 and 26,93
x10–4 M; for Primoxal™ 2,63x10–3, 5,27x10–3, 7,9x10–3,
10,53x10–3, 13,17x10–3, 15,8x10–3, 18,43x10–3, 21,07x10–3,
23,7x10-3 and 26,3x10-3M; for LypectinTM 6,73x10–4,
13,47x10–4, 20,2x10–4, 26,93x10–4, 33,67x10–4, and 40,4
x10-4M and for Penoksal-laTM 4,56 x10–4, 9,12 x10–4,
13,68 x10–4, 18,25 x10–4, 22,81 x10–4 and 27,37 x10-4M )
were added to the enzyme activity determination medium
in 4.2 ml of total volume. Duration (in seconds) of the
colour change from red to yellow in solution was measured in a 10-ml glass tube with 1 cm diameter. Control
cuvette activity in the absence of inhibitor was taken as
100%. All compounds were tested in triplicate at each concentration used. The enzyme unit (EU) was calculated using
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the equation (t0-tc/tc), where t0 and tc are the time periods
for pH change of the nonenzymatic and enzymatic reactions, respectively. For each inhibitor, an Activity%- [Inhibitor] graph was drawn (Fig. 1).

from Activity %- [I] graphs and are given in Table 1. Carbonic anhydrase activity in the absence of a drug was accepted as 100% activity. LypectinTM has been shown to be
the strongest inhibitor against CA activity (Fig. 1b). Conversely, Penoksal-la™ considerably stimulated the enzyme activity at the applied concentrations (Fig. 1f).

3. RESULTS
In this study, bovine erythrocyte CA was purified,
with a simple one step method, by using Sepharose 4B-Ltyrosine-sulfonamide affinity gel with the elution buffer
0.1 M NaCH3COO/0.5 M NaClO4 (pH 5.6). Purity of the
enzyme was confirmed by SDS–PAGE (data not shown).
Inhibiton or activation effects of drugs on enzyme activity
were tested under in vitro conditions. Inhibition graphs,
using the drugs with concentrations as described in Section 2.6, are shown in Fig. 1. IC50 values were calculated

TABLE 1 - Concentrations of the drugs causing 50% inhibition of
bovine erythrocyte carbonic anhydrase activity.

a

Antibiotics
KilloxacinTM
GentavetTM
GeosolTM
PrimoxalTM
LypectinTM
Penoksal-laTM

IC50 (mM)
9.25
3.79
0.72
6.59
2.12
stimulated the activity

d

120

A c tivity%

Activity	
  % 100

120
R 2 	
  = 	
  0,9627

100

R 2 	
  = 	
  0,9868
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60
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40

20

20
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0
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2
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e

b
120
A c tivity	
  %

30

[I]	
  mM

[I]	
  mM

A c tivity	
  % 120

2

R 	
  = 	
  0,9666

100

100

80

80
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0
0

1

2

3

R 2 	
  = 	
  0,9631

0

4

0

1

2

3

4

5
[I]	
  mM
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f

c
120
A c tivity	
  % 100
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  %

R 2 	
  = 	
  0,9335

400

R 2 	
  = 	
  0,9811
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300

80
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100
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0
0

0,5

1
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2
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0
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FIGURE 1 - Effect of KilloxacinTM (a), GentavetTM (b), GeosolTM (c), PrimoxalTM (d), LypectinTM (e) and Penoksal-laTM (f) drugs on the enzyme activity of bovine. A purified carbonic anhydrase from bovine was assayed for hydratase activity in the presence of various concentrations of the above drugs. IC50 values were determined from these graphs.
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4. DISCUSSION
Most of the chemicals change the activity of an enzyme by combining within a way that influences the binding of substance and/or its turnover numbers. Chemicals
that reduce an enzyme activity in this way are known as inhibitors. Many inhibitors are substances that structurally
resemble their enzyme’s substrate but either do not react,
or react very slowly, compared with the substrate. Such
inhibitors are commonly used to probe the chemical and
conformational nature of a substrate-binding site as part
of an effort to elucidate the enzyme‘s catalytic mechanism
[24]. Many chemicals at relatively low dosages affect the
metabolism of biota by altering normal enzyme activity,
particularly inhibition of a specific enzyme [35]. The importance of CA isoenzymes for pH homeostasis,
gas/fluid/ion exchange processes, digestion, bone resorption, renal function, fertilization and many other fundamental physiological processes have been reported [1, 3].
Carbonic anhydrase has been purified from different organisms and the effects of several metal ions, various
chemicals, organic compounds and drugs on its activity
have been investigated [14-20, 24, 31, 35]. It has been

reported that the most common inhibitors for CA are several medical drugs [38, 39]. In addition, some sulfonamide
derivatives, antiepileptic drugs and melatonin have been
used for inhibition of CA activity in vivo and in vitro [24].
However, there was not much information available on
inhibition of bovine carbonic anhydrase enzyme by
antibiotics. In the present study, effect of certain medical
drugs on bovine erythrocyte carbonic anhydrase was investigated. An antibiotic is a substance or compound that kills,
or inhibits the growth of, bacteria. Antibiotics belong to the
broader group of anti-microbial compounds, used to treat
infections caused by microorganisms, including fungi
and protozoa. KilloxacinTM, GentavetTM, GeosolTM, PrimoxalTM, LypectinTM and Penoksal-laTM veterinary medical drugs were chosen for the investigation of inhibition or
activation effects on bovine carbonic anhydrase. All six
antibiotics contain active substances (enrofloxacin, gentamicin sulfate, oxytetracycline, sulfamethoxazol, lincomycin and dihydrostreptomycin, respectively. The structures of the active substances of the used antibiotics are
shown in Fig. 2.
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FIGURE 2 - Structures of the active substances of the used antibiotics.

The results of the present study show for the first time
that erythrocyte CA activity from bovine is inhibited by
commonly used antibiotics (Killoxacin TM, GentavetTM,
GeosolTM, PrimoxalTM and LypectinTM) at different levels
and stimulated by Penoksal-laTM (Fig. 2). LypectinTM was
the most effective inhibitor for bovine erythrocytes carbonic anhydrase. In literature, for any animal, there is no
data available for these antibiotics effect on carbonic anhydrase. Ayik et al. [36] studied the in vitro inhibitory effects
of some disinfectants on enzyme activity of carbonic anhydrase from rainbow trout (Oncorhynchus mykiss) gills.
They reported that IC50 values of malachite green, methylene blue, potassium permanganate, chloramine-T and
copper sulphate were determined as 0.05 mM, 0.023 mM,
0.15 mM, 0.32 mM and 5.39 mM. On the other hand, Sinan
et al. [24] and Beydemir et al. [38] studied the effect of
various antibiotics including gentamicin sulfate (GentavetTM) on human carbonic anhydrase (HCA-I and HCA-II).
Sinan et al. [24] reported that IC50 values of sodium ampicillin were 0.00163 mM on HCA-I and 0.00114 mM on
HCA-II. Beydemir et al. [38] also reported that HCA-I
and HCA-II were inhibited by sodium ampicillin. Sinan et
al. [24] also found that cefazolin sodium had minimum
effect on HCA-I and HCA-II (0.00358 mM and 0.00308
mM, respectively) when comparing the other antibiotics.

and 2.12 mM, respectively. On the other hand, enzyme
activity was increased by Penoksal-laTM.
Most of the drugs affect the enzyme systems as an activator or inhibitor [40-42]. Many drugs exhibit the same
effects both in vivo and in vitro, but some of them may
not show the same effects on enzymes [43]. Many antibiotics are being used in therapies, but there are few reports
related to changes in enzyme activities [42].
Chemical compounds showing inhibitory effects on
bovine CA give rise to effects bound to the active center or
other parts of enzymes. On the other hand, it can be said
that the reason of IC50 values` changing, with respect to the
enzyme, depend on the range, number and kind of enzyme
amino acids.
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In this study, IC50 value of gentamicin sulfate was
found to be 0.00147 mM for bovine carbonic anhydrase.
On the other hand, Sinan et al. [24] reported that gentamicin
sulfate had inhibition effects on each enzyme (HCA-I and
HCA-II), and IC50 values of gentamicin sulfate were found
to be 0.00235 mM and 0.00253 mM. The importance of CA
from several different sources has been reported. Especially, the necessity of CA activity in animals has been
emphasized expressing its essential functions to remove
excessive CO2 from alveolar cells of mammary gland, to
maintain intracellular pH [24]. In conclusion, the present
study has revealed the serious inhibitory effects of some
commonly used antibiotics against CA activity from bovine
for the first time. CA is an important enzyme found both in
erythrocytes and some other organs such as kidneys and
eyes. Therefore, inappropriate usage of these antibiotics is
undesirable for this enzyme.
Herein, a strategy for the purification of the CA enzyme was developed. Bovine carbonic anhydrase was purified by affinity chromatography, specifically designed for
CA enzyme. Some antibiotics, investigated for their effects
in our study, showed different degrees of inhibition on
bovine CA. We have not come upon before a similar study.
For the antibiotics that showed inhibition effects, the IC50
values of the chemicals causing inhibition were determined
by means of activity percentage-[I] diagrams (Fig. 1). The
concentrations of KilloxacinTM, GentavetTM, GeosolTM, PrimoxalTM and LypectinTM that inhibited 50% of the enzymatic activity were 9.25 mM, 3.79 mM, 0.72 mM, 6.59 mM
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ABSTRACT
The effects of 60-d Cd exposure on the growth of Oryza saliva L. seedlings at tillering stage were studied
using soil culture experiments. Cd concentrations in the
treatments are 0 (control), 5, 10, 20, 40, and 80 mg kg-1
CdCl2·2.5H2O. Research findings showed that under 5, 10,
20, 40 and 80 mg kg-1 Cd exposure, tiller numbers decreased by -2.28%, 14.92%, 6.99%, 25.13% and 39.92%,
respectively, compared with those of the control. The dry
biomass of shoots decreased by 7.25-35.23% and, accordingly, that of roots by 6.67-45.00%. The concentrations of
NO3-, NH4+ and soluble protein were normal at low Cd
exposure (5 mg kg-1), while all changed significantly at
high Cd exposure (≥10 mg kg-1). In 10, 20, 40 and 80 mg
kg-1 Cd treatments, free proline concentrations in the root
increased significantly (P <0.05) by 30.65, 63.07, 134.97
and 148.94%, respectively, and also in the leaf by 23.26%,
24.86%, 45.13% and 55.68% (P <0.05). At the same time,
concentrations of nitrate reductase, glutamine synthetase
and glutamate synthase linearly decreased in tissues of both
leaves and roots (R2 >0.92, n = 18). However, the activities of glutamate dehydrogenase in leaves and roots rose
markedly (P < 0.05) with Cd treatments ≥10 mg kg-1.

KEYWORDS:
Oryza saliva L., cadmium, plant growth, nitrogen metabolism

polluted foods and, therefore, poses a serious hazard to
human health and ecosystem [3]. In China, according to a
recent report, agricultural field area polluted by Cd was
above 2 million hm2, and the agricultural products polluted
by Cd were above 14.6 hundred million kg per year [4].
The stress of Cd would affect plant growth [5, 6] and
plant metabolism, such as nitrogen metabolism [7], photosynthesis [8], carbohydrate metabolism [9], sulphate assimilation [10]; and the influences of Cd on plant metabolism is mainly through inactivating several key enzymes of
nitrogen metabolism, including nitrate reductase (NR)
[7, 11], glutamine synthetase (GS), glutamate synthase
(GOGAT) [12, 13] and glutamate dehydrogenase (GDH)
[14].
Especially, Cd pollution can reduce the rice production [16], which is the world’s 2nd largest crop and the
most popular food in China [15], and tillering stage is one
of the most important stages during rice growth and also
essential to the rice yield, population structure and photosynthesis. However, the effect of Cd on nitrogen metabolism in rice tillering period has been rarely studied. The
purpose of this study was to examine the influences of Cd
on the plant growth, the activities of nitrate reductase (NR),
glutamine synthetase (GS), glutamate synthase (GOGAT),
glutamate dehydrogenase (GDH) and NO3-, NH4+ , soluble
protein content as well as proline content both in roots and
leaves of Oryza saliva L. This study may provide new
insight on the function of plant nitrogen metabolism under Cd stress in rice tillering period.

1. INTRODUCTION
Cadmium (Cd) was reported to be a wide-spread heavy
metal pollutant in natural and artificial environment in
China resulting from agriculture and industrial activities,
such as pigments, mining, smelting and electroplating, etc
[1, 2]. Cd is highly toxic to humans, animals and plants;
it can enter the food chain through uptake of cadmium-

* Corresponding author

2. MATERIALS AND METHODS
2.1. Soil preparation and plant culture

The soil was collected from the 0-20 cm depth of a
paddy soil in Guilin (25°16′ N, 110°17′ E), China. Selected
properties of the air-dried soil are shown in Table 1. Soil
samples were mixed thoroughly with basal fertilizers
(100 mg N kg-1 dry weight (DW) soil as ammonium nitrate,
and 80 mg P kg -1 and 100 mg K kg -1 as KH 2 PO 4 ). Six
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TABLE 1 - Main physical and chemical properties of the tested soil.

Zn
134.6

Pb
36.9

Total (mg kg-1)
Cu
Mn
38.5
254.1

Cd (CdCl2·2.5H 2O) treatments were applied, namely CK
(the control) and treatments T1–T5 (Cd concentrations: 5,
10, 20, 40, 80 mg Cd kg-1 DW soil). After mixing thoroughly, the soil was ﬁlled into china pots (27 cm in diameter, 22 cm in height, 10 kg air-dried soil per pot) and equilibrated for 1 month before planting. Each treatment was
carried out in triplicate.
TABLE 2 - Soil Cd levels in the treatments before planting (mg kg-1).
Treatment
CK
T1
T2
T3
T4
T5

Total Cd
0.38±0.13
5.57±0.57
11.22±0.57
20.81±0.86
40.99±0.86
80.40±1.70

Total N
(mg kg-1)
76.8

Cr
126.7

DTPA-Cd
0.22±0.08
3.61±0.51
7.24±0.44
14.31±0.78
30.89±0.74
56.55±1.99

2.2. Plant growth measurements

The Oryza saliva seeds of “Jinchuyou 148” were surface-sterilized with HgCl2 (0.1%) for 5 min and washed extensively with deionized water, then placed in dishes underlaid with three pieces of sterile gauze. 5 ml nutrient solution with 2.5 mM Ca(NO3)2, 2.5 mM KCl, 1 mM MgSO4,
0.5 mM (NH 4)H 2PO 4, 2×10-4 mM CuSO 4, 1×10-3 mM
ZnSO 4, 0.1 mM ethylenediaminetetraacetic acid (EDTA)FeNa, 2×10-2 mM H3BO3, 5×10-6 mM (NH)4Mo27O4, and
1×10-3 mM MnSO4 were added, and the seeds were then
germinated in the incubator at 25±1 °C. As the seedlings
grew to 10 cm length, healthy and uniform seedlings were
transplanted into the prepared china wares, continued to
be cultured in a greenhouse with a 16-h photoperiod at a
temperature of 25 °Cday/18 °C night, and a photosynthetic
photon flux density of 450 µmol m-2·s-1 was offered by a
bio-sodium lamp. The relative humidity was ca 45%.
Each china ware had 2 seedlings.
After 60-d cadmium (Cd) exposure, plants were harvested and rinsed in deionized water, then dried with filter
papers. Plants were separated into roots and leaves. After
determination of their fresh weight, the fractions for the
biochemical parameter measurements were immediately
frozen in liquid nitrogen and stored at -84 °C; the rest for
dry weights were obtained after oven-drying at 60 °C for
48 h.
2.3. Enzyme extraction and assays

GS activity was assayed according to Gajewska and
Skłodowska [17]. For GS extraction, frozen plant materials (roots or leaves, 0.2 g) were homogenized in 5 ml of
50 mM phosphate buffer, containing 0.5 mM of EDTA
and 50 mM K2SO4 (pH 7.2). After centrifugation (2000g,
20 min), the absorbance was measured at 540 nm. The

Total P
(mg kg-1)
25.9

Organic matter
(g kg-1)
33.6

pH
5.45

whole extraction procedure was carried out at 0-4 °C. GS
activity was expressed in units, each representing the
amount of enzyme catalyzing the formation of 1 nmol γglutamylhydroxamate per min.
The activity of NADH-GOGAT was determined as
described by Lin et al. [18]. The total reaction volume was
3 ml. Glutamine was added to initiate reaction as soon as
enzyme extraction was added. The change of absorption
value was detected at 340 nm in 3 min. One activity unit
of NADH-GOGAT was defined as reducing 1 mmol
NADH in reaction mixture/min at 30 °C.
For GDH extraction, 0.2 g frozen materials were
ground in 3 ml of 0.2 M Tris-HCl extraction buffer (pH
8.2). The homogenate was centrifuged at 20000g for 20 min
at 4 °C. NADH-GDH activity was determined in direction
by following the absorption change at 340 nm. One unit
of GDH was defined as the reduction of 1 µmol of NAD
per min.
For measurement of NR, 0.2 g frozen materials were
homogenized with 4 ml phosphate extraction buffer pH 8.7,
containing 25 mM phosphate and 10 mM cysteine and
1 mM EDTA (pH 8.7) in a chilled mortar and pestle with
some acid-washed sand. The homogenates were centrifuged
at 8000g for 15 min, and the supernatants were used for the
measurement of NR. 0.4 ml supernatant mixed with 1.2 ml
0.1 M KNO3 and 0.4 ml 2 mg ml-1 NADH, reacted for
30 min at 25 °C. NR was expressed as µmol NO2- g−1 fresh
weight h−1.
-

+

2.4. NO3 , NH4 and proline measurements

Frozen materials (0.3 g) were cut into pieces and boiled
in 5 ml deionized water for 30 min. After cooling, the
aqueous extract was ﬁltered and made up to 25 ml with
redistilled water. A 0.1-ml aliquot was mixed with 0.4 ml
5% salicylic acid in sulfuric acid (96%), and 9.5 ml 8%
NaOH was added after 20 min. After cooling, the absorbance of the extracts was measured at 410 nm using KNO3
as standards. The results were expressed as mg kg-1 fresh
weight (FW).
Frozen materials (0.1 g) were homogenized with 4 ml
of 10% HAc in a mortar and pestle, diluted to 25 ml with
deionized water, then filtrated through a 0.45-µm Millipore ﬁlter membrane. Extracts(1 ml) were mixed with 1 ml
deionized water (without NH4+), 0.1 ml 0.1% ascorbic acid
and 1 ml ninhydyin. The mixture was incubated at 100 °C
for 15 min. After cooling by cold water, the aqueous
phase was filled to 25 ml with 60% ethanol, and then the
absorbance was measured at 570 nm, using L-leucine as
standard.
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Proline content was determined according to Gajewska
and Skłodowska [17]. Frozen materials (0.31 g) were homogenized with 5 ml 80% ethanol in a mortar and pestle,
and then incubated at 80 °C for 20 min, 2 ml extracts were
mixed with 2 ml ninhydrin reagent containing glacial
acetic acid and incubated at 100 °C for 15 min. The absorbance of the mixture was measured at 515 nm as the
reaction liquid cooled, using L-proline as the standard.
The content of soluble protein was determined according to Bradford [19] using bovine serum albumin (BSA,
Sigma, USA) as standard.
All experiments described above were repeated at least
three times.
2.5. Determination of Cd accumulation

Dried materials were digested with 5 ml concentrated
HNO3 and 1 ml HClO4 for 4 h, then diluted to 50 ml with
deionized water as the reaction mixture cooled. Cd concentrations were measured by ICP-OES (Perkin Elmer
Optima 5300 DV).
2.6. Statistical Analysis

Data were processed with Microsoft Excel 2003 and
SPSS11.5 software. All the values expressed were means
± standard deviation (S.D.) of three replicates. Data were
statistically analyzed by the one-way ANOVA, and LSD
tests were performed with p< 0.05.
3. RESULTS

the control, the treatment of Cd caused a dramatic accumulation in leaves and roots of rice seedlings. Furthermore, the majority of Cd was accumulated in roots rather
than in leaves.
3.2. Nitrate, ammonium, soluble protein and free proline concentrations in roots and in leaves

Compared to the control, the treatment of Cd had a
dramatic adverse influence on the nitrate, ammonium, soluble protein and free proline concentrations, especially under
high Cd exposure (≥ 20 mg kg-1, Table 4). NO3- concentrations were significantly (p < 0.05) decreased by 17.5-37.8 %
under treatments T2-T5, relative to the control. The same
trend was found in leaves. Contrary to NO 3-, NH 4+ was
accumulated in both roots and leaves in response to Cd
stress. Significant enhancement of NH4+ content, by 20.672 %, was observed in leaves; and by 15.39-153.37 % in
roots. Soluble protein content was also significantly
affected (p < 0.05) when soil Cd concentration was above
10 mg kg-1. Furthermore, more changes were observed in
leaves than in roots. Total free proline concentration was
higher in both roots and leaves, compared to the control.
The margins of the rises were well related to the Cd concentrations (R2 = 0.92, n = 18 in roots and R2 = 0.97, n =
18 in leaves). In the treatments of 10, 20, 40 and 80 mg kg-1
Cd, free proline concentrations were increased significantly (p < 0.05) in the roots by 30.65, 63.07, 134.97 and
148.94 %, respectively, but were only increased by 23.26,
24.86, 45.13 and 55.68 % (p < 0.05), respectively, in the
leaves.

3.1. Plant gowth and Cd accumulation

3.3. Effects of Cd on key enzymes involved in nitrogen metabolism in roots and in leaves

The effects of 60-d cadmium (Cd) exposure on the
growth and Cd accumulations in tissues of Oryza saliva L.
are shown in Table 3. Generally, the values of measured
parameters barely decreased at comparative low Cd exposure (≤ 20 mg kg-1), compared with those of the control
ones. However, the tiller number, dry biomass of shoots
and roots were significantly (p< 0.05) decreased by 29.57,
11.40 and 25.00%, respectively, under 40 mg kg-1 Cd
exposure and 39.92, 35.23 and 45.00%, respectively, under
80 mg kg-1 Cd exposure. Cd concentrations in leaves and
roots were both signiﬁcantly higher (p<0.05) than those
of the control ones under all Cd exposures. Compared to

Several kinds of enzymes involved in nitrogen metabolism were also affected under Cd exposure (Table 5).
The activities of nitrate reductase, GOGAT, GS and GDH
were all linearly decreased in both leaves and roots (R2 >
0.92, n = 18). Lower NR activities were observed under
all levels of Cd treatments, with significant decreasing
under Cd treatments ≥15 mg kg-1, compared to the control.
The same trend existed in leaves. Except for T1 in leaves,
the activities of GOGAT, GS and GDH were significantly
decreased (p < 0.05) in both roots leaves at Cd concentrations ≥ 10 mg kg-1, and reached its minimum under 80 mg
Cd kg-1 exposure(T5).

TABLE 3 - Effects of Cd on the tiller number, dry biomass and Cd accumulation in the tissues of Oryza saliva L.
Biomass (DW) (g plant-1)
Cd concentration (mg kg-1 DW)
Tiller number
(number plant-1)
Shoots
Roots
Leaf
Roots
CK
7.44±2.55 a
1.93±0.18 a
0.60±0.13a
4.24±1.46 f
13.14±4.88 d
T1
7.61±2.09 a
1.79±0.41 ab
0.56±0.09a
10.98±1.61 e
115.64±18.27 c
T2
6.33±2.96 ab
1.62±0.26 ab
0.48±0.13ab
23.03±3.35 d
151.29±13.92 b
T3
6.92±1.44 ab
1.61±0.43 ab
0.44±0.08ab
35.14±2.81 c
171.95±6.52 ab
T4
5.57±2.17 bc
1.71±0.14 ab
0.45±0.11ab
46.87±5.01 b
182.80±16.71 ab
T5
4.47±1.93 c
1.25±0.19 b
0.33±0.04b
73.53±1.06 a
196.00±8.99 a
Values are means ± S.D. (n = 3). One-way ANOVA (1 factor: type of issue) were performed for each parameter and different letters within the same
column meant significant difference at p < 0.05 based on LSD.
Treatment
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TABLE 4 - Effects of Cd stress on contents of NO3-, NH4+ , soluble protein and free proline in tissues of Oryza saliva L.
NO3- concentration
NH4+ concentration
Soluble protein concentration
Free proline concentration
(mg kg-1 FW)
(mg kg-1 FW)
(mg g-1 FW)
(mg kg-1 FW)
Roots
Leaves
Roots
Leaves
Roots
Leaves
Roots
Leaves
CK
544.7±36.1a
1034.1±77.1a
89.3±3.8c
133.8±6.7c
13.00±0.79a
17.31±0.92a
199.0±42.7c
358.9±32.6c
T1
528.0±32.9a
968.1±76.2a
102.7±3.3bc
161.3±3.7b
12.29±1.36a
16.38±1.20a
200.9±37.9c
382.5±17.1c
T2
449.4±46.9b
927.6±25.9ab
122.7±25.3bc
207.8±23.1a
10.92±1.26b
10.79±0.78b
260.0±57.3bc
444.7±6.1b
T3
397.7±44.3bc
833.9±31.6bc
130.5±14.4b
204.8±18.7a
8.76±0.96c
9.20±1.48b
324.5±30.1b
450.6±15.8b
T4
379.2±34.6bc
827.6±86.0bc
209.3±13.3a
208.8±10.3a
7.99±0.52cd
7.12±0.90c
467.6±24.2a
525.4±19.9a
T5
338.8±54.8c
750.5±49.2c
225.5±32.7a
230.1±8.9a
6.93±0.46d
7.11±0.90c
495.4±32.8a
564.3±33.1a
Values are means ± S.D. (n = 3). One-way ANOVA (1 factor: type of issue) were performed for each parameter and different letters within the same column
meant there was a significant difference at p < 0.05 based on LSD.
Treatment

TABLE 5 - Effects of Cd stress on activities of NR , GOGAT, GS and GDH in tissues of Oryza saliva L.
Treatment

NR (µg g-1 h-1)
Roots
7.57±0.61a

Leaves
12.03±0.09a

T1

7.54±0.55a

T2

6.59±0.45ab

T3
T4
T5

CK

GOGAT(µmol g-1 h-1)

GS(µmol g-1 h-1)

Roots
9.26±0.86a

Leaves
7.05±0.65a

11.12±0.99a

7.78±0.91b

6.22±0.45ab

9.75±0.66b

7.48±0.38bc

5.61±0.74bc

5.71±0.50bc

8.85±0.32b

6.48±0.43bcd

5.84±0.61b

5.32±0.87c

7.46±0.66c

6.26±0.99cd

4.62±0.67cd

4.89±0.70c

6.58±0.23c

5.57±0.39d

3.97±0.50d

Roots
38.37±4.00a

GDH (µmol mg-1 min-1)

Leaves
30.46±2.33a

Roots
0.97±0.10c

Leaves
0.50±0.01c

36.53±0.53a

31.15±1.02a

1.12±0.11bc

0.54±0.03c

31.27±0.93b

26.30±1.53b

1.36±0.09b

0.66±0.04b

30.03±2.31bc

24.28±1.71bc

1.75±0.11b

0.68±0.04b

26.88±1.24cd

21.65±1.27cd

2.17±0.13a

0.77±0.01a

23.82±1.36d

19.66±1.83d

2.31±0.32a

0.79±0.06a

Values are means ± S.D. (n = 3). One-way ANOVA (1 factor: type of issue) were performed for each parameter and different letters within the same
column meant there was a significant difference at p < 0.05 based on LSD.

4. DISCUSSION
Growth inhibition is the most common symptom observed in plants subjected to stress factors, including
excessive heavy metals. Our research demonstrated that
Cd stress could affect the growth, the nitrogen metabolism
and the key enzymes of this process of Oryza saliva L.
The tiller number and the dry biomass decreased under Cd
stress, but both of them were not significant unless very
high Cd (80 mg Cd kg-1) levels were applied. Similar results were reported by Lu et al. [20] and Limami et al. [21],
who showed that this kind of decrease might be concomitant with an increase in GS activity, since there was an
ideal negative relationship existing between root GS expression and plant biomass production, and this suggested
the GS activity was one of the limiting factors in plant
growth. However, a different observation was obtained in
the present study: biomass production decreasing was concomitant with a decrease in GS activity in both root and
leaf tissues. Compared to the GS affect, Cd level in the
soil was the major affecting factor on rice growth.
As for NO3- assimilation, the activity of NR plays a
very important role in reducing the NO3- to NO2-, the
limiting step [22]; on the other hand, one of the primary
factors regulating the NR is NO3- availability. Tischner
[23] found that the presence of NO3- raised NR mRNA
levels, stimulating de novo NR synthesis. As to the relationship between the NO3- and the activity of NR [23],
there are two opposite viewpoints, one of which holds that
it is the positive relationship [7, 14, 24], while the other

holds that it is negative [23, 25]. Under Cd stress, NR activity inhibition caused by Cd2+ has been observed in higher
plants [7, 12, 14]. Gouia et al. [14] found that, upon exposure of bean plants to Cd for 7 days, a significant decrease
in NR activity occurred. Van Assche et al. [26] found that
the activity of NR had negative correlation with the accumulation of Cd in the plants, higher levels of Cd were
accumulated in roots, so the reduction of NR was more
dramatically in roots than in leaves. In the present study,
the strongest inhibition of NR activity was triggered by
Cd. The decreased activity of NR inhibited the assimilation
of NO3-. The decline in NR expression following Cd treatment might result from a decrease in the NR gene transcription rate due to restricted availability of nitrate [14].
Under the stress of Cd, the trend of the activity of NR in
the rice seedling was exactly as that in other common
plants [7, 12, 14].
Assimilation of inorganic nitrogen in the form of ammonium is a critical biochemical process for plant growth
and development. GS and GOGAT are responsible for the
biosynthesis of the inorganic nitrogen to organic nitrogen
[7, 25]. GS catalyzes the conversion of glutamate into the
amide glutamine. Then, GOGAT catalyzes the reductive
transfer of the amide group of glutamine formed by GS to
2-oxoglutarate to yield two molecules of glutamate. The
GS/GOGAT pathway is regarded as the primary pathway
for ammonium assimilation. In Ruiz experiment, the effects
of SeO 42-, Al(OH)4-, and MoO 42- treatments to GS and
GOGAT activities in sunflower were SeO42- >Al(OH)4>MoO42-, which again had a negligible effect on the activ-
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ity of these enzymes compared to control [27]. Gouia [14]
revealed that during exposure to Cd, GS and GOGAT
activity levels were also significantly repressed. A decrease
in these enzyme activities has already been observed in
other species, such as maize [12] and pea [13]. Our results
showed that the activity of GS and GOGAT were inhibited
by the treatment of Cd, the activity in rice seedlings was
the same as general inhibition of primary nitrogen assimilation in general plants [12-14].
The activity of NADH-GDH, another important enzyme in the nitrogen metabolism, having high Km to NH4+,
and the role of GDH in the NH4+ assimilation is still unclear [28]. In this study, the activity of NADH-GDH increased under the stress of Cd. The stimulation of GDH by
Cd was noted by other authors [12, 13]. Some researches
have shown that, with increasing NH4+ concentration in
tissues, the amount and activity of GDH enzyme were
significantly increased to defense the harm of ammonia
[18, 29]. Under the stress of Cd, GDH is the replenishment
of the glutamate pool, which is needed for the synthesis of
Cd-binding peptides; the decrease of the GS/GOGAT
activities, and degradation of organic nitrogen (proteolysis, amino acid catabolism, etc.) will originate high ammonium content, but GDH could detoxify it [14].
The end products from the use and assimilation of the
NO3- by plants are primarily amino acids and proteins [30].
Cadmium stress could modify free amino acid composition
and concentration, and lead to protein degradation via
amino acid catabolism resulting from a general reduction
of plant development. Herein, when the seedlings of rice
were subjected to Cd stress, NH4+ concentration in leaves
and roots were increased, the content of soluble protein
was decreased, and the content of proline was increased
too. Higher protein degradation might be more favorable to
proline accumulation in plants under stress conditions.
Proline is an important osmoticum in higher plants. The
benefit of the accumulation of proline has been proposed
as a compatible osmotic solute [31], as a protein-stabilizing
or solubilizing factor under limited cell water conditions
[32], and as a source of reduced nitrogen and carbon [33].
Water stress can give rise to hydroxylation of protein and
accumulation of amino acid, enhance conversion of glutamine into proline and proline compounds by restricting
oxidization and synthesis of the latter into protein [32].
Brugière et al. [34] confirmed that synthesis of proline
might be a means of assimilating excess ammonium and
that glutamine was the major amino acid used for proline
synthesis via a constant pool of glutamate. Thus, it led to
the hypothesis that GS played a major role in regulating
proline synthesis. This hypothesis was supported by studies of Lu et al. [20] and Larher et al. [35].

decrease in growth and dry biomass of rice seedlings, and
increased the inhibition of the activities of nitrogen assimilation enzymes including NR, GOGAT and GS, which
were linearly decreased in both leaves and roots (R2 > 0.92,
n = 18). However, the activities of GDH rose markedly
(p < 0.05) at Cd treatments ≥10 mg kg-1. The adverse effect
of the pollutants was also shown by the decline in nitrate
and soluble protein contents, but increase in ammonium
and free amino acid contents in leaves and roots of the
rice seedlings.
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5. CONCLUSIONS
In conclusion, the contents of nitrogen and key nitrogen enzymes in the rice seedlings triggered complex
changes under Cd stress. Cd pollution had caused the
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ABSTRACT

elements [5-8] or support materials [9-12] to the TiO2 bulk
structure.

Carbon nanotube/titania and platinum-treated carbon
nanotube/titania electrodes prepared as photoelectrocatalysts were studied under visible light. The prepared composite electrodes were characterized by X-ray diffraction,
transmission electron microscopy, scanning electron microscopy, energy dispersive X-ray analysis, photoelectrocatalytic activity and total organic carbon analysis. It was
found that the photoelectrocatalytic degradation of a
methylene blue solution could be attributed to the combined effects caused by the photo-degradation of titania,
the electron assistance of carbon nanotube network, the
enhancement of platinum and a function of the applied
potential. The composites treated with platnium revealed
enhanced photo degradation behaviors of the methylene
blue. The proposed mechanism of photoelectrocatalytic
degradations of methylene blue with platinum-treated carbon nanotube/ titania electrode was also discussed.

KEYWORDS: platinum-carbon nanotuble/titania; electrode; photoelectrolysis; methylene blue; visible light

1. INTRODUCTION
Although titanium dioxide (TiO2) has been extensively
investigated as a photocatalyst for the environmental purification of contaminated water and air, it is active only
under illumination with UV light at wavelengths below
400nm because of the large band gap (3.2 eV) for anatase
TiO2 [1, 2]. Unfortunately, only ca. 4% of the solar radiation that reaches the Earth’s surface exists in the UV region; indeed, more than 45% lies in the visible region [3, 4].
To develop a practical TiO2-based photocatalytic process,
majority of studies on TiO2 focused on either enhancing
its photocatalytic activity or extending its absorption spectrum from UV to the visible range by adding a second
* Corresponding author

Numerous investigations have reported that it is an effective method to add group Ⅷ metals to TiO2-based photocatalytic systems to enhance the photocatalytic reaction rate
[13-15]. As all we know, platinum nanoparticles are very
effective as a matrix of enzyme sensors by taking advantage of the biocompatibility and huge surface of Pt
nano-particles and good electrocatalytic activity to hydrogen peroxide. Highly dispersed nanoscale Pt particles have
been an intensive research subject as the electrocatalyst
for methanol oxidation [16]. Platinum can produce the
highest Schottky barrier among the metals that facilitate
electron capture [17].
Moreover, carbon nanotubes (CNTs), as a new class of
nanomaterials, have been drawn to considerable attention
for their applications as catalyst supports [18-20] owing to
their unique electrical properties, high chemical stability
and high surface-to-volume ratio. Moreover, CNTs have a
variety of electronic properties. They may also exhibit
metallic conductivity as one of the many possible electronic structures. CNTs have a large electron-storage capacity (one electron for every 32 carbon atoms) [21], the
ability of CNT can promote the electron-transfer reactions
at carbon nanotubes modified electrodes. CNT/TiO2 composite systems are currently being considered for many
applications including their potential use to address environmental problems. An et al. [22] deposited anatase TiO2
onto CNTs via hydrolysis of titanium isopropoxide in supercritical ethanol and studied the PC activity of these composites in terms of their ability to mediate the degradation
of phenol under visible light. Jitianu and his co-workers
[23] coated CNTs with anatase by using a sol–gel method
and titanium alkoxides as precursors. Moreover, CNTs are
good supporting materials, which can support a high dispersion of Pt nanoparticles due to their large surface area
and particular morphology.
Although these reports reveal that CNTs have a positive impact on the photocatalytic (PC) activity of TiO2
under both UV and visible light, two problems that need
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to be addressed with nanosize photocatalysts is the difficulty in distributing single particles and collecting them
after use. Support structures are needed. Embedding them
into a matrix is a possible approach. Moreover, the PC
activity of these composites remains low and must be improved if they are to be used for commercial applications,
particularly under visible light. As TiO2, CNT and Pt nanoparticles are excellent materials for the construction of
catalyst, through a suitable combination of these materials,
novel modified surfaces could be generated with higher
surface area and enhanced catalytical/electrocatalytical activities, which is also expected to be an excellent platform for
photoelectrocatalytic (PEC) applications.
The objective of this study is to investigate the PEC
degradation for methylene blue (MB, C16H18N3S·Cl·3H2O)
on Pt-CNT/TiO2 composite electrodes under visible light.
We fabricated Pt-CNT/TiO 2 composite electrodes in a
preparation procedure. Structural variations, surface state,
and elemental compositions were investigated for preparation of Pt-CNT/TiO2 composite. X-ray diffraction (XRD),
scanning electron microscopy (SEM), energy dispersive
X-ray (EDX), transmission electron microscopy (TEM)
and total organic carbon (TOC) were employed for characterization of these new photocatalysts. The mechanism
of PEC degradation for MB with Pt-CNT/TiO2 composite
electrodes was also discussed.
2. MATERIALS AND METHODS
2.1. Materials

Carbon nanotubes (CNTs) were selected as the support material. The CNTs (Multiwall nanotubes, diameter:
~ 20nm, length: ~5µm), were supplied by Carbon Nanomaterial Technology Co., Ltd, Korea and used without further purification. Titanium n-butoxide (TNB, Ti(OC4H7)4)
as a TiO2 source for the preparation of Pt-CNT/TiO2 composites were purchased from Acros Organics, New Jersey,
USA. For the oxidization the surface of CNT, m-chloroperbenzoic acid (MCPBA) was used as an oxidized reagent
which was purchased from Acros Organics, New Jersey, USA. Hydrogen hexachloroplatinate (IV) hydrate
(H2PtCl6·6H2O) was obtained from Kojima Chemical Co.,
Ltd. Reagents (benzene and ethylene glycol) were purchased as reagent-grade from Duksan Pure Chemical Co.
and Daejung Chemical Co. and used without further purification. The novolac typed phenol resin was supplied by
Kangnam Chemical Co., Ltd, Korea. The MB was used as
analytical grade which was purchased from Duksan Pure
Chemical Co., Ltd, Korea. It was selected because under
anaerobic conditions it has the potential to produce more
hazardous aromatic amines.
2.2. Preparation of CNT/TiO2 composite electrodes

To begin preparing this experiment, the oxidizing
agent 2.0 g MCPBA was melted in 60 mL benzene. Then
0.6 g CNTs was put into the oxidizing agent, refluxed for
6 h, filtered and dried. The oxidized CNTs were put into

the mixing solution of TNB and benzene with the volume
ratio of 4:16. Then the solutions were homogenized under
reflux at 343 K for 5 h using a magnetic stirrer in a vial.
After being stirred, the solutions became CNT/TiO2 gels,
and these gels were heat treated at 973 K for 1 h with a
heating rate of 279 K/min. Then 0.4g phenol resin was
added to these CNT/TiO2 composites, and the composites
were pressed at a pressure of 250 kg/cm2 in a mould with
dimensions of 9.95mm×39.5mm×5.95mm. This mixture
was then heat treated at 673 K for 1 h. This concluded the
preparation of the CNT/TiO2 electrodes. The preparation
conditions and sample codes are listed in Table 1.
TABLE 1 - Nomenclatures of CNT/TiO2, Pt-CNT and Pt-CNT/TiO2
composites.
Nomenclatures

Preparation method
MCPBA+CNTs+ (400mg H2PtCl6·6H2O + 50mL
ethylene glycol)
MCPBA +CNTs + (4 mL TNB + 16 mL benzene) +
phenol resin
MCPBA+CNTs+ (200mg H2PtCl6·6H2O + 50mL
ethylene glycol)+(4 mL TNB + 16 mL benzene)+
phenol resin

Pt-CNT
CNT/TiO2
Pt-CNT/TiO2

2.3. Preparation of Pt-CNT and Pt-CNT/TiO2 composite electrodes

The oxidized CNTs were added to ethylene glycol solution containing H2PtCl6·6H2O, of various concentration,
and then the solutions were homogenized under reflux at
343 K for 2 h using a magnetic stirrer in a vial. After being
heat treated at 773K for 1 h with a heating rate of 279 K/
min, the Pt treated CNT composites were obtained. The Pt
treated CNT composites were put into the mixing solution
of TNB and benzene with a volume ratio of 4:16. Then
the solutions were homogenized under reflux at 343 K for
5 h after stirring in a vial. After being stirred, the solutions
were transformed to Pt-CNT/TiO2 gels, and these gels were
heat treated at 973 K for 1 h with a heating rate of 279 K/
min. After cooling, the Pt-CNT/TiO2 composites were obtained. Then 0.4 g phenol resin was added to the Pt-CNT
composites or Pt-CNT/TiO2 composites, and the composites were pressed at a pressure of 250 kg/cm2 in a mould
with dimensions of 9.95mm×39.5mm×5.95mm. The mixture was then heat treated at 673 K for 1 h. This concluded
the preparation of the Pt-CNT and Pt-CNT/TiO2 electrodes.
The preparation conditions and the nomenclatures of the
samples are listed in Table 1.
2.4. Characterization of the Pt-CNT/TiO2 composite

The Brunauer-Emett-Teller (BET) surface area of the
Pt-CNT/TiO2 composites was evaluated from N2 adsorption isotherm at 77 K using a BET analyzer (Monosorb,
USA). XRD technique was used for crystal phase identification and estimation of the anastase-to-rutile ratio. XRD
patterns were obtained at room temperature with a diffractometer Shimata XD-D1 (Japan) using Cu Kα radiation.
SEM was used to observe the surface state and porous
structure of the Pt-CNT/TiO2 composites using a scanning
electron microscope (JOEL, JSM-5200, Japan). EDX spec-
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troscopy was used to measure the elemental analysis of the
Pt-CNT/TiO2 composites. TEM (JEOL, JEM-2010, Japan)
at an acceleration voltage of 200kV was used to investigate
the size and distribution of the Pt and titanium deposits on
the CNT surface on various samples. TEM specimens were
prepared by placing a few drops of sample solution on
a carbon grid.

with heat treatment, which blocked the micropores and
formed some new mesopores. It was possible that the
phenol resin had coated some CNT/TiO2 particles to form
some larger composite particles during the curing process.
As expected, the BET surface area is thought to decrease
due to the blocking of the micropores by surface complexes introduced through the formation of Pt-CNT/TiO2
composites.

2.5 PEC degradation

3. RESULTS AND DISCUSSION
3.1. Structure and morphology of CNT/TiO2, Pt-CNT and PtCNT/TiO2 composites

The values of BET surface areas of CNT/TiO2, Pt-CNT
and Pt-CNT/TiO 2 composites are shown in Table 2. As
shown in Table 2, the BET surface areas of CNT/TiO2 and
Pt-CNT were 198 and 288 m2/g, respectively, while the
BET surface areas of Pt treated CNT/TiO2 composites decreased to 183 m2/g. Moreover, the BET surface area of
the sample of Pt-CNT was 288m2/g and larger than that of
the Pt-CNT/TiO2 composites. The results showed that there
is a decrease in the BET surface area of the Pt-CNT/TiO2
composites after formation of TiO 2 particles by TNB
treatment. As the addition of TNB, the TiO2 particle adhered on the surface of CNTs, which changed the surface
state. This was suggested that some porosity was developed during the heat treatment. It was thought that the
composites are nano materials that include a lot of micropores. It was thought that there are two possible reasons. First, it could be attributed to the micropores being
partly blocked by the formation of TiO2 particles on the
CNT surface during heat treatment. Second, the BET
surface area decreased due to the curing of polymer resin

TABLE 2 - Surface areas of Pt-CNT, CNT/TiO2, and Pt-CNT/TiO2
composites.
SBET (m2/g)
288
198
183

Sample
Pt-CNT
CNT/TiO2
Pt-CNT/TiO2

The XRD results for the catalyst samples are shown
in Fig. 1. Diffraction peaks corresponding to anatase and
rutile phases are marked with ‘A’ and ‘R’, respectively.
Diffraction peaks corresponding to platinum phases are
marked with ‘Pt’. The structures for CNT/TiO2 showed a
mix of anatase and rutile crystals. It is well known that the
crystal structure of the TiO2 is mainly determined by heat
treated temperature. The peaks at 25.3, 37.8, 48.0 and 62.5°
are the diffractions of (101), (004), (200) and (204) planes
of anatase, indicating the prepared CNT/TiO2 composite
existed in anatase state. The peaks at 27.4, 36.1, 41.2 and
54.3° belong to the diffraction peaks of (110), (101), (111)
and (211) of rutile. Therefore, it can be concluded that the
developed CNT/TiO2 composite had a mixing structure of
anatase and rutile crystals when annealed at 973K. We have
previously demonstrated that the crystallization phenomena
in C/TiO2 composites heat treated at 973K results in a
mixed anatase-rutile structure [24, 25]. However, the structure for the Pt treated CNT/TiO2 composite showed an
anatase crystal. It was considered that the introduction of Pt
suppress the phase transform of TiO2 from anatase to rutiletype structure during the heat treatment.

Pt
Pt
Intensity(counts)

The PEC degradation was performed by using CNT/
TiO2, Pt-CNT and Pt-CNT/TiO2 electrodes in a 100 mL
glass container and then irradiating the system with visible
light (8W, KLD-08L/P/N, FAWOO TECHNOLOGY) ,
which was used at the distance of 100 mm from the solution in dark box. The counter electrode was artificial graphite (TCK, Korea), which dimension was 9.95mm Χ 39.5mm
Χ 5.95mm. The CNT/TiO 2, Pt-CNT and Pt-CNT/TiO 2
electrodes were placed in 50 ml of 1.0×10-5 mol/l MB solution. The PEC degradation of MB was performed with
voltage of 6.0V and visible light. The PEC activities of the
CNT/TiO2, Pt-CNT and Pt-CNT/TiO2 electrodes were investigated using the PEC rate of MB solution, which was
measured as function of time. The blue color of the solution
faded gradually with time due to the adsorption and degradation of MB solution. And then the concentration of
MB in the solution was determined as a function of irradiation time from the absorbance change at a wavelength of
660 nm. In the experiments for evaluating the degradation
efficiency of MB using the CNT/TiO2, Pt-CNT and PtCNT/TiO2 electrodes, total organic carbon (TOC) concentration was monitored with TOC analyzer (TOC-V CPH,
Shimadzu, Japan).

Pt

Graphite

Pt-CNT

Pt-CNT/TiO2
A
R
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20

R
30

A
40

A

A

50

CNT/TiO2
60

70

80

o
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FIGURE 1 - XRD patterns of Pt-CNT, CNT/TiO2, and Pt-CNT/TiO2
composites.
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In addition, for the Pt-CNT sample, the characteristic
peaks of face centered cubic crystalline platinum at 39, 46,
and 68° are assigned as the (111), (200), and (220) plane,
respectively [26, 27]. It considered that intensity of the
peaks from Pt metal is derived from the Pt-CNT composite
and strengthened with an increase of H2PtCl6 concentration. Sharp diffraction peaks indicated the formation of
pure Pt with high crystalline. Additional, for the Pt-CNT/

TiO2 sample, the ordered Pt3Ti intermetallic structure
formed as indicated by the presence of the (100), (110),
and (111) superlattice diffraction peaks. It was indicated
that partial Pt nanoparticles incorporated into the lattice of
titanium dioxide phase, therefore the band gap of titanium
dioxide would be decreased and visible light absorption
would be increased.

(a)

(b)

(c)

(d)

(e)

(f)

FIGURE 2 - SEM and FE-SEM images obtained from powdered composites of CNT/TiO2 ((a) and (b)), Pt-CNT ((c) and (d)) and PtCNT/TiO2 ((e) and (f)).
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(a)

(b)

(c)
FIGURE 3 - TEM micrographs obtained from powdered (a) CNT/TiO2, (b) Pt-CNT and (c) Pt-CNT/TiO2 composites.

The micro-surface structures and morphology of CNT/
TiO2, Pt-CNT and Pt-CNT/TiO2 composites were characterized by SEM and FE-SEM (Fig. 2) and TEM (Fig. 3).
Fig. 2 shows the changes in the morphology of Pt-CNT,
CNT/TiO 2 and Pt-CNT/TiO 2 composites. As shown in
Fig. 2(b) and (f), TiO2 particles were fixed well on the surface of the CNT networks for CNT/TiO2 and Pt-CNT/TiO2
composites. The conduction of a CNT network can facilitate the electron transfer between the adsorbed dye molecules and the catalyst substrate [28]. It was beneficial for
the enhancement of the PEC activity of these composites.
As shown in Fig. 2 (d), Pt particles were attached on the
surface of the CNT network in the form of round mass,
and the distribution was not uniform. These results are as
well confirmed by TEM inspection of Pt-CNT composites. As shown in Fig. 3, for the CNT/TiO2 composites,
the TiO2 particles were distributed uniformly outside surface of CNT tube; for the Pt-CNT/TiO2 composites, the
TiO2 particles were still distributed uniformly outside surface of CNT tubes, Pt particles were completely attached
on the surface of the tube although this caused partial
agglomeration. However, in most cases, due to the capillary effect, Pt particles were formed inside the tubes [29,
30], leading to poor synergic effect of the Pt-CNT/TiO2
composites. In this time, Pt particles are reacted with some

functional group on the CNT surface; it should be formed
salt typed bonding. If these salt compounds are heat treated
at any temperature, they should be formed to strong chemical bonding.
Fig. 4 shows the EDX spectra of prepared CNT/TiO2,
Pt-CNT and Pt-CNT/TiO2 composites. From the EDX data,
the main elements such as C, O, Ti and Pt were created,
and other impure elements were also made. The results of
EDX elemental microanalysis of CNT/TiO2 and Pt-CNT/
TiO2 composites are listed in Table 3. The C contents of
CNT/TiO2, Pt-CNT and Pt-CNT/TiO2 composites are 53.3,
83.3and 28.6 %, respectively. The Pt content in the Pt-CNT
composite is 11.9%. It was proposed that the conductivity
of CNT and the facilitation of electron capture of Pt can
enhance the PEC activity of these composites.
3.2. PEC activities analysis

To evaluate the PEC activities of CNT/TiO2, Pt-CNT
and Pt-CNT/TiO2 composite electrode, MB suspensions
were irradiated using the visible light and with a potential
of 6.0V. The pseudo-first-order kinetics of the PEC degradations is illustrated in Fig. 5. The observed kinetic constants were calculated, and are listed in Table 4. The results in Table 4 indicate that the first-order kinetic con-

456

© by PSP Volume 20 – No 2a. 2011

Fresenius Environmental Bulletin

(a)

(b)

FIGURE 4 - EDX elemental microanalysis of (a) CNT/TiO2, (b) Pt-CNT and (c) Pt-CNT/TiO2 composites.

TABLE 3 - Elemental microanalysis of CNT/TiO2, Pt-CNT and PtCNT/TiO2 composites.
Sample

C
83.3
53.3
28.6

Pt-CNT
CNT/TiO2
Pt-CNT/TiO2

Element (wt. %)
O
Ti
Pt
4.8
0
11.9
23.0
21.7
0
35.3
34.2
1.9

photocatalyst
Total
100
100
100

No photocatalyst
CNT/TiO2
Pt-CNT
Pt-CNT/TiO2

0.9

No photocatalyst
CNT/TiO2

0.8
0.7

Pt-CNT/TiO2
Pt-CNT

-ln(c/c0)

0.6
0.5
0.4
0.3
0.2
0.1
0.0
0

10

20

30

40

50

TABLE 4 - The kinetic constants of MB PEC degradation.

60

Visible light irradiation time(minute)

FIGURE 5 - The first-order kinetics of PEC degradation for MB
solution using different electrodes. (MB solution with an initial
concentration of 1.0×10-5 mol/l, visible light (8W) irradiation and an
applied potential of 6.0V)

Kinetic constans
(k, min-1)
0.0009
0.0055
0.0071
0.0138

Correlation
coefficient (R2)
0.8603
0.9968
0.9952
0.9979

stant increased with the addition of Pt compared with
CNT/TiO2 and Pt-CNT/TiO2 composite. This suggests that
the addition of Pt impurity was useful to the enhancement
of photoelectroactivity. On the basis of the relevant band
positions of Pt and TiO2, Pt clusters at a lower concentration
act as a separation center. The photogenerated electrons are
transferred from TiO2 conduction band to the Pt conduction
band and the holes accumulate in the TiO2 valence band.
Hence, photogenerated electrons and holes were efficiently
separated. The observed kinetic constants of CNT/TiO2, PtCNT and Pt-CNT/TiO2 were 0.0055 min-1 (R2 = 0.9968),
0.0071 min-1 (R2 = 0.9952) and 0.0138 min-1 (R2 = 0.9979)
respectively for the MB PEC degradation. However, the
first-order kinetic constant of Pt-CNT/TiO2 for the MB
PEC degradation was about 2.5 times that of CNT/TiO2.
For the case of Pt-CNT/TiO2, the PEC reactions are very
versatile owing to their multicomponent nature and the
kind of chemical substances that can be destructed or transformed photocatalytically is almost unlimited. It is well
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known that the PEC activity will increase with an increase
of Pt content in a certain range. At the same time, the morphology of Pt in the Pt-CNT/TiO2 composites is an important factor. Note that the optimization of PEC oxidation
of MB using Pt-CNT/TiO2 composite electrodes will be
studied in detail in another paper.
TOC in the reactions was monitored to investigate the
mineralization of MB. The experimental results are shown
in Fig. 6. The experiment demonstrated that the TOC concentrations of MB solutions significantly decreased after
irradiation under visible light. The TOC removals using the
CNT/TiO2, Pt-CNT and Pt-CNT/TiO2 composite electrodes
in the MB PEC degradation under the irradiation of visible
light for 60 min were 78, 71 and 60%, respectively. A lower
concentration of dissolved TOC should indicate a more
powerful resistance towards MB degradation for a catalyst.
Comparing with the TOC removals using the CNT/TiO 2
and Pt-CNT/TiO 2 composite electrodes, Pt adding has
much effect on TOC concentration in PEC de-gradation of
MB solution.
0.70

CNT/TiO2

0.65

Pt-CNT/TiO2

0.60

Pt-CNT

-1

TOC(mg l )

0.55
0.50
0.45
0.40
0.35
0.30
0

10

20

30

40

50

60

Visible light irradiation time(minute)

FIGURE 6 - The TOC removals in MB solution PEC degradation
using different electrodes.
3.3. Proposed mechanism of MB PEC degradation

Some papers have studied the photocatalytic mechanism in the presence of catalyst prepared by loading metal
and suggested that the redox couple of metal catalyst is
important for dye decomposition and organics oxidation
[13-15, 26]. Based on their suggestions and the experimental results aforementioned, the proposed mechanism of
visible light in Pt-CNT/TiO2 composite photocatalytic
activity can be explained in the following two ways. On the
one hand, the metallic Pt, Pt (OH) 2, and PtO2 deposited
on the surface of CNT/TiO2 matrix can significantly absorb
visible light. On the other hand, some energy levels can
be produced in the band gap of TiO2 by the dispersion of Pt
nanoparticles into the lattice of titanium dioxide phase. The
band gap of titanium dioxide would be decreased and
visible light absorption would be increased. The surface
state between Pt nanoparticles and the CNT/TiO2 matrix
might play an important role in producing lower energy

levels within the TiO2 band gap. The role Pt in Pt-CNT/
TiO2 photocatalytic reaction is proposed as follows:
Ptred CNT/TiO2
Ptox CNT/TiO2
O2

MB

Ptox CNT/TiO2

hv(vis)
(O2)ads

(1)

Ptox CNT/TiO2
Ptox CNT/TiO2

(2)

O2

(3)

degradation products
H2Oads

Ptred CNT/TiO2

H+

HO

(4)

Pt-CNT may absorb the irradiation and transfer the
photo-induced electron (e−) into the conduction band of the
TiO2 particles (Eq. (1)). This electron transfer between PtCNT and TiO2 semiconductor can enhance photocurrent of
the composite materials. Simultaneously, a positive charged
hole (h+) might be formed by electron migrating from TiO2
valence band to Pt-CNT. With this understanding, the role
played by Pt-CNT can be illustrated by injecting electrons
into TiO2 conduction band under visible light irradiation
and triggering the formation of very reactive radicals superoxide radical ion O2− (Eq. (2)) and hydroxyl radical HO•
(Eq. (4)), which are responsible for the degradation of the
organic compound.
The experimental results indicated that the presence of
CNT can accelerate MB degradation. CNT can be visualized as a sheet of graphite that has been rolled into a tube
[31]. CNTs acting as electron sensitizer and donator in the
composite photocatalysts may accept the electron (e-) induced by light irradiation [32-33]. The electrons in CNTs
may be transferred into the conduction band in the TiO2
particles. It is thought that a photo-induced charge transfer occurs in the electronic interaction between the carbon
layers or walls of the CNTs and TiO2. The electrons formed
by the light irradiation on the surface of the CNTs migrate
to the surface of the TiO2. Thus, they lead to the higher
rate of the reduction of the e-/h+ pair recombination and the
increase of the photon efficiency, which reduces the quantum yield of the TiO2 catalyst. It has been reported that
the photo- or electro-induced charge transfer occurs in the
electronic interaction between TiO2 and CNTs [34]. Since
they connect well with each other and there is a strong interaction between CNTs and TiO2, we propose that electron transfer also happens in the CNT/TiO2 composites,
retarding the e-/h+ recombination and increase in photon
efficiency. The light absorption capability of the photocatalyst and the separation of photogenerated e-/h+ pairs
are crucial factors influencing the photoactivity.
Furthermore, the PEC degradation of MB was better
than that of PC, it was thought that the recombination of
photogenerated e-/h+ pairs was suppressed by the externally
applied electric field in the PEC reaction. Thus the life of
the e-/h+ is prolonged, with electrons that are able to migrate to the solid-liquid interface and promote redox reactions. At the same time, the holes are removed via their
reaction with the MB in the solution, which occurs only at
those TiO2/solution interfaces. The PC reaction occurs when
HO• radically reacts with the MB molecule.
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In this study, it was considered that the PEC degradation of the MB solution could be attributed to the synergetic effects of photo-degradation of TiO2, the electroassistant of CNTs, the enhancement of Pt and the function
of applied potential. So this expatiation for the degradation mechanism is in accord with results of MB degradation by PEC using the Pt-CNT/TiO2 composite electrodes.
CONCLUSIONS
In this study, we presented the fabrication and characterization of CNT/TiO2 and Pt-CNT/TiO2 composite electrodes. XRD data revealed that the structure for the PtCNT/TiO 2 composites showed a single anatase crystal
phase. The TEM microphotographs of CNT/TiO 2 and
Pt-CNT/TiO2 composites showed that TiO2 particles were
distributed uniformly in the CNTs network, and the Pt particles were fixed on the surface of the CNTs. The Pt-CNT/
TiO2 samples have a higher PEC degradation efficiency
than that of the non-Pt treated CNT/TiO2 sample. The results demonstrated that the PEC degradation of MB solution could be attributed to synergetic effects of the photodegradation of TiO2, the electron assistance of the CNT network, the enhancement of Pt and a function of the applied
potential. The presence of Pt has much effect on TOC concentration in PEC degradation of MB.
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ABSTRACT
The purpose of the current study was to investigate the
possible antimicrobial and antiproliferative properties of
Homalothecium sericeum (Hedw.) Schimp. (Brachytheciaceae). In our study, we first obtained 7 different extracts
(methanol, chloroform, acetone, A, B, C and D) by two
different extraction processes. The antimicrobial activity of
these extracts was then assessed by using the well diffusion
method against 6 bacterial and 7 fungal strains.
None of the extracts influenced the growth of the fungi.
Although all of these extracts carried a variety of inhibitory
potentials against just Pseudomonas aeruginosa, the extracts of acetone, A and C showed much better antibacterial activities with minimum inhibitory concentrations of
23.4, 93.8 and 375 µg/mL, respectively. Therefore, the
possible cytotoxic activities of acetone extracts A and C of
H. sericeum were determined by applying 3-(4,5-dimethylthiazol-2yl)- 2,5-diphenyltetrazolium bromide assay (MTT)
on rat glioma cell line (C6). Extract C was the most effective on C6 cell viability and, 85 and 170 µg/mL reduced
the cell survival ratio by 39 and 86% in 24 h, respectively.
This study demonstrates for the first time that acetone and
C extracts from Homalothecium sericeum may be useful
as antibacterial and antiproliferative agents in the future;
hence, further purification of these extracts is anticipated.

KEYWORDS: Bryophyta, Homalothecium sericeum, antibacterial,
antifungal, antiproliferative.

1. INTRODUCTION
Bryophytes belong to a group of the oldest known land
plants, which includes liverworts, hornworts and mosses [1].
More than 22.000 members of the mosses exist, spread out
throughout the world, accounting for approximately 5.5%
* Corresponding author

of plant species [2]. Even though a few reviews concerning
the biologically active chemical constituents of bryophytes
have been published [2-4], the chemistry of bryophytes has
been neglected for a long time for the following reasons:
it is very small morphologically, difficult to collect in large
amounts as pure samples, difficult to identify, and considered to be nutritionally useless to humans. However, the
Chinese, Europeans and North Americans have been using
bryophytes since time immemorial as a traditional medicine to cure cuts, burns, external wounds, bacteriosis, pulmonary tuberculosis, neurasthenia, fractures, convulsions,
scalds, uropathy, pneumonia etc. [4-7]. One of the features
that have helped bryophytes survive and maintain their
place in today’s flora is their content of biologically active
compounds [1]. There is evidence confirming the antibiotic
activity of bryophytes against prokaryotic cells and fungi
[7, 8]. Dulger et al. [9] investigated the antimicrobial activity of methanol extracts from the aerial parts of eight different mosses species with the disc diffusion method, and
concluded that methanol extracts possess mainly a moderate activity against Gram positive and negative bacteria
and a weak antiyeast activity. Ilhan et al. [10] studied the
antimicrobial activity of methanol and acetone extracts
from Palustriella commutata and indicated that methanol
extract weakly affected some bacteria, but that it was
inactive against yeast and mould strains. In another study,
the antimicrobial activity of ethanol extracts of 15 Indian
mosses was evaluated and it was found that only 7 of them
were active against all the organisms tested [7]. Bodade et
al. [1] investigated the antimicrobial activity of different
extracts and indicated that all extracts showed varying
effects against all the test fungi and bacteria. Further evidence was supplied by Spjut et al. [11], who tested 184
species of mosses and 23 species of liverworts for antitumor activity and found that while the extracts of 43
species were active, those of 75 species were toxic to the
test mice. The most activity was found in Brachytheciaceae, Dicranaceae, Grimmiaceae, Hypnaceae, Mniaceae,
Neckeraceae, Polytrichaceae, and Thuidiaceae. Since
Homalothecium sericeum belongs to the family of
Brachytheciaceae and for the aforementioned reasons,
we chose to investigate the properties of this moss.
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Cancer cells and pathogens that have gained resistance to drug therapy are an increasing public health
problem. Yet, there are a few really effective antifungal
preparations currently available for the treatment of fungal
attack in agriculture, an occurrence which can be economically devastating. The logical progression of this
knowledge would be to screen plants for any constituents that could show activity against pathogenic fungi,
bacteria and/or cancer cells. To achieve this aim, the most
investigated taxa at present are from the angiosperms
group whereas very little data is available about other
groups of plants, in particular bryophytes [5, 9, 10, 12, 13].
Therefore, we investigated, for the first time, the possible
antimicrobial potential of Homalothecium sericeum
(Hedw.) Schimp. against some bacterial and fungal species.
In addition, only the most effective antimicrobial extracts
were tested to determine their possible anticancer activity
on a glioma cell line (C6).
2. MATERIALS AND METHODS
2.1. Plant material

Plant material was collected from Hekimdag village on
the Sundiken Mountains (Eskisehir, Turkey), at a height of
1240 m, in May 2006, and identified by Dr. F. Savaroglu,
Eskisehir Osmangazi University. A voucher specimen (Savaroglu 29) was deposited at the Herbarium of our department.
2.2. Preparation of the extracts

Fresh gametophytic samples of H. sericeum were
treated with 0.8% Tween 80 aqueous solution to remove
epiphytic hosts normally found on the surface, extensively
washed in tap and distilled water, and dried on filter paper
at room temperature. Extraction procedures were applied as
described elsewhere [14, 15]. Extraction was carried out
through two different processes.
At first, 10 g of the sample in powder was extracted
with 250 mL of 80% methanol, chloroform and acetone for
8 h using soxhlet equipment. After filtering with Whatman
filter paper (#1), all extracts were concentrated by rotary evaporation to dryness in vacuum (yield= 2.10, 1.07 and 2.60 %,
respectively) and stored in desiccators for future use.
The second extraction process was completed in four
steps. First, 30 g of gametophytic plant sample in powder
was extracted with 250 mL of petroleum ether for 8 h using
soxhlet equipment (extract A, yield 0.45%). At the second
step, fat-free air-dried material (15 g) was extracted four
times with methanol: water (70:30, v/v) at 40°C, 30 min.
The extract was then concentrated to dryness in vacuum
(extract B, yield 2.83%). The third and fourth extracts
were prepared as follows: fat-free air-dried material (15 g)
was extracted four times with methanol:water (70:30 v/v)
at 40°C, 30 min, and this was concentrated in vacuum, and
the aqueous phase was extracted with ethyl acetate at room
temperature. This was then concentrated to dryness in

vacuum (extract C, yield 0.95%). The aqueous solution was
separately concentrated by rotary evaporation to dryness in
vacuum (extract D, yield 2.44%).
These yields from different extracts were then weighed,
dissolved in dimethyl sulphoxide (DMSO) to final concentration of 200 mg/mL and stored at 4°C for further use.
2.3. Test microorganisms

The bacterial strains were recovered from long term
storage at –85°C in the cryobank. The bacteria were refreshed in Nutrient Broth (Merck, Germany) at 35–37°C,
and then inoculated on Nutrient Agar (Merck) plates to
check the microbial purity. The moulds were refreshed in
Malt Extract Agar (Merck) at 27°C. The strain numbers
and sources of the acquired microorganisms are listed in
Table 1.
TABLE 1 - Bacterial and fungal strains used for antimicrobial
activity test.
Bacterial strains
a
Bacillus subtilis
NRRL B-209
b
Enterococcus faecalis
ATCC 29212
b
Escherichia coli
ATCC 25922
b
Pseudomonas aeruginosa
ATCC 27853
c
Salmonella typhimurium
ATCC 14028
b
Staphylococcus aureus
ATCC 25923

Fungal strains
c
Aspergillus flavus
ATCC 9807
a
Aspergillus fumigatus
NRRL 163
c
Aspergillus niger
ATCC 10949
a
Aspergillus parasiticus
NRRL 465
d
Fusarium graminearum
(wild type)
d
Fusarium solani
(wild type)
d
Geotrichum candidum
(wild type)
a
USDA, Agricultural Research Service, Peoria, IL, US; b Faculty of
Medicine, Department of Microbiology, Eskisehir Osmangazi University, Turkey; c Faculty of Science, Department of Biology, Anadolu University, Turkey; d Faculty of Art and Science, Department of Biology,
Eskişehir Osmangazi University, Turkey
ATCC: American Type Culture Collection; NRRL: Northern Regional
Research Laboratory
2.4. Determination of antimicrobial activity

The moss extracts were studied for their antibacterial
and antifungal activities through the well diffusion method,
according to the National Committee for Clinical Laboratory Standards [16, 17]. Even though there are various
methods for the screening of antimicrobial effects, the well
diffusion method was preferred since it is a modification of
the disc diffusion method and based on those described for
standardized testing of antibiotics. This method can be used
to simply determine whether or not antibacterial activity is
present [18].
The bacterial test cultures were incubated in MuellerHinton Broth (MHB) at 35-37ºC until they were visibly
turbid. The density of these cultures was adjusted to a turbidity equivalent to that of the 0.5 McFarland standard used
to standardize the inoculum’s density (at 625 nm, 0.080.1 absorbance) with sterile saline. The bacterial cultures adjusted to this standard contained approximately
1x108 CFU/mL [16, 17].	
   Alternatively, to induce spore
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formation, the molds were grown on Potato Dextrose Agar
(PDA) slants at 27ºC for 5 to 7 days. After being counted
with Thoma slide, the spore concentration was adjusted to
106 CFU/mL with sterile 0.1% Tween 80 for each mold.
Mueller-Hinton agar (MHA) and Sabouraud Dextrose Agar
(SDA), sterilized in a flask and cooled to 45-50°C, were
distributed to the sterilized Petri dishes (9 cm). The entire
surface of the MHA plates and Sabouraud 4% glucose
medium (SGM) plates was inoculated with the bacteria
and fungi by spreading through a sterile swab dipped into
the adjusted suspensions [19]. Six wells, each 6 mm in diameter, were cut out of the agar and 20 µL of the extract
solutions were placed into each well. The plates were
incubated with bacteria at 37°C for 24 h or with fungal
strains at 30°C for 48 h. Following these incubations, the
dishes were kept at 4°C for 2 h. The diameters of the inhibition zones were measured in millimeters. Penicillin
and tetracycline (Bioanalyse) were used as a positive control for bacteria; amphotericin B (Sigma) as a positive control for fungi; and DMSO was used as negative control.
All assays were done in duplicate.
2.5. Minimum inhibitory concentration (MIC)

MIC was determined by the micro dilution method using a 96 well plate according to NCCLS [17, 20]. Primarily, 100 µL of MHB or Sabouraud Dextrose Broth (SDB)
was placed in each well. The stock solutions of the extracts
were diluted and transferred into the first well, and serial
dilutions were performed so that concentrations in the
range of 1.5-1500 µg/mL were obtained. The inoculums
were adjusted to contain approximately 105 CFU/mL bacteria and 104 CFU/mL fungi, as described above. One hundred µL of the inoculums was added to all the wells and
the plates were incubated at 37ºC for 24 h for bacteria or at
30ºC for 48 h for fungi. Antimicrobial activity was detected
by adding 20 µL of 0.5% TTC aqueous solution. The MIC
value was taken as the lowest concentration of the extract
that inhibited any visible bacterial or fungal growth, as indicated by TTC staining after incubation [16, 20]. Penicillin and tetracycline were again used as the reference antibiotic control.
2.6. Cell culture and treatments

DMSO dissolved extracts of acetone, A and C of H.
sericeum were diluted further in Dulbecco’s Modified Eagle’s Medium (DMEM) at a ratio of 1:10 and the maximum
concentration of DMSO was adjusted to 0.1%. All extracts were prepared immediately prior to use and protected from light.
The C6 cells in 75 cm2 flasks were cultured in DMEM
supplemented with 10% fetal bovine serum (FBS), 1%
penicillin-streptomycin solution at 37°C in a humidified
atmosphere of 5% CO2. When confluence was achieved,
the C6 cells were trypsinized and viability was accessed by
trypan blue dye exclusion and found to be higher than 98%.
After trypsinization, 250 µL samples of medium containing
approximately 2x104 cells/well were seeded into 96-well
tissue culture plates and incubated for 24 h. Following this

incubation period, the medium was replaced with only medium (control) or medium with extracts at concentrations of
0.17, 1.7, 17, 85 or 170 µg/mL for 24 h. Each tested concentration was inoculated in at least eight wells, and all
experiments were performed at least three times.
2.7. MTT assay

Drug cytotoxicity screening was determined by using 3(4,5-dimethylthiazol-2yl)-2,5-diphenyltetrazoliumbromide
(MTT) colorimetric assay [21]. MTT assay measures cell
viability, proliferation or cytotoxicity based on the ability
of the mitochondrial succinate-tetrazolium reductase system to convert the yellow tetrazolium MTT to a purple
formazan dye. The amount of dye produced is proportional
to the number of metabolically alive cells [22]. MTT solution (25 µL) was added to each well and incubated at
37°C for 4 h. After all the medium had been removed
from the wells, the formazan crystals were dissolved in
100 µL DMSO for 5 min at room temperature. The absorbance of formazan dye was read at 550 nm using a microplate reader (Bio-Tek Instruments), and cell survival
percentages were calculated according to the following
formula: absorbance of treated cells in each well x 100 /
mean absorbance of control cells. The dose response
curves were calculated for all extracts at the abovementioned concentrations and expressed as the mean
percent fraction of control ± SEM.
All statistical analyses were performed using one-way
analysis of variance (ANOVA) and followed up by Tukey’s
multiple comparison tests.
3. RESULTS
The bacterial and fungal strains used for the antimicrobial activity test are listed in Table 1. The results of the
antibacterial activities of H. sericeum extracts in different
solvents on test microorganisms are represented in Table 2.
The growth of fungi was not influenced by any of these
extracts. Among the tested bacteria, P. aeruginosa was
found to be the most sensitive to all extracts. Only extract C
showed a moderate inhibitory effect on B. subtilis (9 mm),
followed by E. faecalis (9 mm). The applied concentrations of all extracts of H. sericeum did not demonstrate
any activity against E. coli, S. typhimurium and S. aureus.
Upon comparing all the extracts, the acetone extract exhibited the highest antimicrobial activity against P. aeruginosa
(14 mm). With the exception of B and D (9 mm), all the
other extracts demonstrated a strong inhibitory effect against
P. aeruginosa. Table 3 illustrates the MIC ranges of three
extracts against P.aeruginosa. The MIC values of acetone, extracts A and C, against bacterial pathogens ranged
from 23.4 - 375 µg/mL. With the exception of P. aeruginosa, the applied concentrations of methanol, chloroform, and acetone, extracts A, B and D, did not demonstrate any inhibitory effect against any of the tested bacteria.
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Acetone extract of H. sericeum at 0.17, 1.7, 17 and
85 µg/mL concentrations did not change C6 growth, but at
170 µg/mL inhibited about 16 % in 24 h (p<0.001). At concentrations of 1.7, 17 (p<0.01), 85 and 170 (p<0.001)
µg/mL extract A decreased C6 cell viability by 11, 10, 14
and 13 % in 24 h, respectively. However, extract C at 85
and 170 µg/mL concentrations reduced C6 viability by 39
and 86 % in 24 h, respectively (p<0.001, Fig. 1).

TABLE 3 - Minimum inhibitory concentrations (MIC, µg/mL) of
three extracts of H. sericeum against P. aeruginosa.
Extracts
Acetone
Extract A
Extract C
Penicillin (µg/mL)
Tetracycline (µg/mL)

MIC (µg/mL)
23.4
93.8
375.0
<1.5
<1.5

TABLE 2 - Antibacterial activities of Homalothecium sericeum extracts as inhibition zones (mm).
bacterial strains

Methanol

Chloroform

Acetone

Extract A

B. subtilis 209
NS
NS
NS
NS
E. faecalis 29212
NS
NS
NS
NS
E. coli 25922
NS
NS
NS
NS
P. aeruginosa 27853
11
11
14
13
S. typhimurium 14028
NS
NS
NS
NS
S. aureus 25923
NS
NS
NS
NS
*
**
NS: not sensitive; Penicillin (10 µg/disc); Tetracycline (30 µg/disc)

Extract B

Extract C

Extract D

Control 1*

NS
NS
NS
9
NS
NS

9
9
NS
12
NS
NS

NS
NS
NS
9
NS
NS

13±0,2
27±0,2
30±0,2
30±0,2
21±0,2
35±0,2

extract of acethone

120

extract A
extract C

100
C6 survival (%)

Control
2**
24±0,1
15±0,1
25±0,1
20±0,1
18±0,1
27±0,1

***
**

80

**

***

***

***

60
40
20

***

0
C

0,17

1,7

17

85

170

Doses (µg/m L)
FIGURE 1 - The effects of acetone, extracts A and C of H. sericeum on C6 cell survival for 24 h (C: control, **: p<0.01, ***: p<0.001).

4. DISCUSSION
In this study, we assayed the antimicrobial and antimitotic activity of some extracts of H. sericeum against 6
bacterial, 7 fungal species, and a glioma cell line. Aside
from their effectiveness against bacteria, our results indicated that none of the extracts had any antifungal activity.
In contrast, Veljic et al. [23] studied the antimicrobial activity of methanol extracts of different mosses and indicated
that all the tested extracts showed a strong antifungal activity. Singh et al. [7] also found that 7 moss species were
active on 8 fungi. However, there are some studies on

selected bryophytes that support our results of no antifungal activity [10, 24].
Although just extract C had some weak inhibitory activity on both B. subtilis and E. faecalis, all the extracts of
H. sericeum demonstrated an inhibitory effect against P.
aeruginosa (acetone>extract A>extract C>methanol= chloroform> extract B=extract D). The acetone extract showed
the highest antibacterial action on P. aeruginosa, a Gram
negative bacterium. Similarly, Basile et al. [5, 6] reported
that the sensitivity of Gram-negative bacteria against acetone extracts of Rhynchostegium riparioides and Lunularia cruciata (Bryophyta) is generally higher than that of
Gram-positive ones. While their MIC result of acetone ex-
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tracts against P. aeruginosa was 16 and 128 µg/mL, respectively, our best MIC result for acetone extract against P.
aeruginosa was 23.4 µg/mL. Acetone extract of R. riparioides had a similar antibacterial activity with H.
sericeum [6]. Conversely, Basile et al. [5] found that P.
aeruginosa was not sensitive to the acetone extract of
Pleurochaete squarrosa, but that E .coli was most sensitive. Since antibiotics are generally more active against
Gram positive than Gram negative bacteria, it is more
difficult to treat the infections of Gram negative bacteria.
The antibacterial activity obtained in this study against a
Gram negative bacterium may indicate that H. sericeum
extracts possess more antimicrobial action against Gram
negative microorganisms than Gram positive microorganisms. P. aeruginosa is frequently associated with infections
of the urinary and respiratory tract in humans. P. aeruginosa infections are also common in patients receiving treatment for severe burns or other traumatic skin damage and
in people suffering from cystic fibrosis [25].

reported to be the most likely chemical barriers against
microorganisms [12, 32].
In conclusion, the results of the present investigation
show that acetone extract has highest antibacterial activity
against P. aeruginosa, but extract C has the strongest cytotoxic activity against C6 glioma cells. Since the acetone
and C extracts of H. sericeum may prove to be a good and
new source of antibacterial and antiproliferative agents,
further studies are needed to clarify the content of these
extracts.
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Since the acetone extracts A and C of H. sericeum
showed greater antibacterial action, we preferred to study
only these extracts on the rat glioma cell line. Only the
highest concentration of acetone extract had a partial effect
for 24 h. On the other hand, the cell survival reducing
activity of extract A began at 1.7 µg/mL, but this moderate effect continued at almost the same level. Although
lower doses did not have an effect C6 cell viability, cytotoxicity was prominent and dose dependent with higher doses
of extract C on C6 growth. Similarly, Yamada et al. [26]
worked on the cytotoxicity of fulvic acid extracted from
Canadian Sphagnum peat on rat basophilic leukemia with
MTT assay and found that low doses (0.001-10 µg/mL)
did not show any decreasing effect after 48 h. However,
extract C at 85 and 170 µg/mL decreased C6 viability by
39 and 86 % in 24 h, respectively. Further support for our
data can be found in Spjut et al. [27], who found antitumor
activity in samples of moss C. crispifolium on the P388
lymphocytic leukemia and oral carcinoma cell line (KB).
Another study also reported that four synthetic derivatives
of lunularic acid, a bibenzyl found in mosses, have cytotoxicity on the cell growth of a colon cancer cell line (HCT116) and estrogen negative mammary tumor cells (SKBR3) [28]. The most effective lunularic acid derivative was
found to be EC 252, and the growth inhibitory potential of
EC 252 with IC50 values were 6.3 and 9.8 µM on HCT-116
and SK-BR3 cells, respectively. On the contrary, Ivanova
et al. [29] demonstrated that Sanionin A and B, from the
moss Sanionia georgico-uncinata, have weak a cytotoxic
action after 72 h on human leukemia cells, mouse fibroblast cells, and human cervix carcinoma cells. The growth
inhibitory effect of our extracts on the tested bacteria and
glioma cells may be related to the presence of various compounds which have been reported to be present, and which
also have different biological activities in several mosses
[30, 31]. For example, extracts of bryophytes contain some
flavonoids, biflavonoids and isoflavonoids that have been
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ABSTRACT
On the basis of OECD Guideline 106, batch sorption
methods were employed to reveal the effect of Ca2+ ion
strength and different cations (0.01 mol/L solution of NaCl,
NH4Cl, MgCl2 and AlCl3) on oxytetracycline (OTC) sorption-desorption process in four tested tropical soils collected from Haikou, Sanya, Chengmai, Qionghai city, Hainan province, China. Results showed that the Freundlich
model (r>0.831) was the better isotherm than Langmuir
model (r>0.698). The relationship between lgKf value of
four tropical soils and the corresponding concentration of
CaCl2 showed a significant negative correlation (p < 0.05).
In the test concentrations, as CaCl2 concentrations of solution increased, Kd values of OTC in four tropical soils
demonstrated a down, then up and, finally, significant linear trend. The valley points were located in CaCl2 concentration of 0.08 mg/L. Desorption parameters of OTC in four
soils were similar to adsorption process, and the extent of
hysteresis was different. The effects of pH of soils could
not be ignored on the adsorption. When OTC coexisted
with different exogenous cations, it presented larger adsorption capacity (lgKf) of tropical soils, which ranged from
1.885 to 3.722. As for the same cation medium, different
tropical soils had different adsorption capacity (lgKf) of
OTC. At the low pH, cationic and zwitter-ionic form of
OTC was predominant in equilibrium solutions, so cation
sorption, hydrogen bonding, electrostatic adsorption or
dipole moment could be the main sorption mechanism.
Results also indicated that different cations inevitably
resulted in difference of OTC sorption.

KEYWORDS: Oxytetracycline (OTC), tropical soil, sorption,
cation species, cation strength.
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1. INTRODUCTION
Recently, considerable concern has been raised over
the discovery of antibiotics in municipal sewage, soils and
water-bodies in the world [1-4]. In tropical areas, veterinary
antibiotics, such as tetracyclines (TCs), are widely used in
treating infections, protecting animals from infectious diseases, or as growth promoters. A high percentage, up to
90%, of an administered dose of antibiotic is ultimately
excreted unchanged or changed via urine and feces into
sediments and soils, which are the final habitations in the
environment [5]. If some antibiotics, despite of their even
shorter half-life, are continuously introduced to soil environment for a long time, they are apt to form the so-called
“persistent” phenomenon. As a result, the risks on soil organism, ecosystem, food chain and human health cannot
be ignored [6, 7].
OTC, the subject of this study, is one of three highuse tetracycline antibiotics employed in livestock farming.
As the biggest antibiotics production country, the output of
OTC reached 10000 ton in 2003, which was 65% of all the
OTC production in the world at that time [8]. Environmental behaviour and toxicity have drawn much attention
due to the widely use of OTC and its possibility of microbial resistance characteristics [9, 10].
Nowadays, adsorption-desorption behaviour of OTC in
the soil has become international research focus [11, 12].
Many researchers have paid attention to sorption of OTC to
all kinds of solid medium, such as humus and organic matter [13, 14], Fe and Al oxides [15], clay-humus complex
[16], and so on. It is a pity that research on sorption of OTC
to tropical soils is still limited.
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Furthermore, it can be audaciously presumed that environmental behaviour of OTC in tropical soils is different from that in other soils because of its unique physicalchemical characteristics and soil organism composition.
However, the environmental behaviour of antibiotics in
tropical soils and effects of coexisting cations are not well
understood and have not been studied to a large extent.
In actual environment, with OTC entering soil followed by livestock manure input, an organic fertilizer also
brings a large number of anions and cations. According to
the characteristics of cation sorption and molecular structure of OTC, ions from livestock manure input may competitively combine with adsorption active points, and thus
form complexes through complexation of cations and
OTC [17].
Meanwhile, different cations possess distinguishing
competitive ability, which more or less leads to the release
of adsorbed OTC from soil, or decrease adsorption strength.
As a result, environmental behaviour of OTC in soil will be
definitely changed. Furthermore, environmental risk is sure
to be different, which will get adequate attention.
In the current study, we investigated the sorption of
OTC by several tropical soils varying in cation species and
strength. Furthering knowledge of OTC sorption processes
in tropical soils, the goal of this study, is key to addressing environmental fate as it affects compound bioavailability, and can either facilitate or inhibit biological and
chemical breakdown.
2. MATERIALS AND METHODS
2.1. Chemicals

All chemicals were of analytical-reagent grade or
higher purity, and solvents were of HPLC-grade. OTC
(≥89%, standard grade) was purchased from China Institute of Veterinary Drug Control. Molecular structure of
OTC and pH-dependent speciation of OTC are shown in
Figs. 1 (a) and (b). Highly pure water (resistance, ≥18 MΩ)
was prepared by an automatic purification apparatus (Millipore-waters, Amsterdam, The Netherlands) and employed
throughout the experiments.

The collected soils were air-dried slowly under sheets
of paper at room temperature until water content reached
about two-thirds of water-holding capacity. Then, the soil
samples were sifted through a 2-mm sieve for analyzing
their chemical and physical properties, and a 1-mm sieve
for sorption experiments. Characteristics of the soils which
were determined according to the routine methods [19] are
listed in Table 1.
TABLE 1 - Physical and chemical properties of tropical soils.
Property

Haikoub
5.54
1.2

Soil sampling locationa
Sanyac Chengmaid Qionghaie
5.12
5.22
5.68
1.0
0.4
3.1

pH (CaCl2)
organic matter (%)
cation exchange
capacity(cmol/kg)
6.1
4.1
5.2
4.6
sand (%)
43.6
48.6
91.1
47.2
silt (%)
39.0
40.0
4.9
42.0
clay (%)
17.4
11.4
3.9
10.8
a
Five tropical soils were, respectively, collected from north, south, west
and east of Hainan, China; OTC was not detected in the above soils; b
Soil from Haikou can be symbolized by hk-soil, the soil type is granitic
laterite, developed from basalt; c Soil from Sanya can be symbolized by
sy-soil, the soil type is dry red soil, developed from marine alluvium; d
Soil from Chengmai can be symbolized by cm-soil and the soil type is
coastal sandy soil, developed from marine alluvium; e Soil from Qionghai can be symbolized by qh-soil, and the soil type is waterlogginghydromorphic paddy soil, developed from granite.
2.3. Experimental design

Batch sorption experiments were performed in accordance with the guideline 106 of the Organization of
Economic Co-operation and Development (OECD) [20].
For pre-equilibration, 1 g of air-dried soil was mixed
with an electrolyte solution containing 25 ml 0.01 M
CaCl2 and 0.01 M NaN3 in 50 ml polypropylene tubes,
and agitated in a rotary shaker for 48 h. After preincubation, OTC solution was spiked at concentration of 30
mg/L and shaken for another 48 h. In preliminary test, from
which the result is not presented here, sorption kinetics of
OTC was studied. As there was only a minor difference
between the amounts absorbed after 10 and 24 h, the latter
was found to be a sufficient equilibration time. Also, according to the OECD-guideline, 24 h is generally sufficient
for ‘equilibrium’ to be obtained.

2.2. Soils

The soils (0-20 cm) used for sorption experiments were
collected from 4 cities (Haikou, Sanya, Chengmai, Qionghai) in Hainan province, China. Posthole diggers washed
with deionized water between samples were also used. All
of the soils were typical agricultural soils.
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FIGURE 1 Molecular structure of OTC (a) and pH-dependent speciation of OTC (b) [9, 18].

Samples with 1 g of soil, 25 ml of CaCl2 solution
contained a certain concentration of OTC, were made for
each soil at every concentration to reach a final volume of
25 ml with antibiotic concentrations of 10, 20, 30, 40 and
50 mg/L, respectively, in the test tubes. A blank for each
soil and a control for each concentration were synchronously made. Blanks contained 25 ml of CaCl2 solution
and 1 g of each soil, and the control contained 25 ml antibiotic solution made in 0.01 M CaCl2 without soil. All
samples were agitated for 24 h in the rotary shaker. After
centrifugation at 4000 rpm for 15 min, followed by filtration of the supernatant with a 0.45-µm HV-Durapore membrane filter, the filtrate was transferred to amber glass vials,
and subsequently analyzed by HPLC.
Studies of desorption were conducted only when more
than 25% of the added OTC was adsorbed in the soil fraction. After removal of the supernatant, an equal amount of
0.01 M CaCl2 solution was added and the tubes were
agitated for another 24 h, centrifuged, and sampled as described above.
Experiments were performed at 25±1 ℃ in the dark.
All the experiments in this study had three replicates in
each treatment.
2.4. Data modeling

In this study, the equilibrium aqueous concentration
(Ce, mg/L) was determined after 15 min of centrifugation
at 4000 rpm. A blank without soil (triplicate) was used to
confirm the initial aqueous concentration, to correct for
sorption to the tube walls, and to calculate the soil concentration (Cs, mg/kg). The sorption coefficient (Kd, L/kg) of
OTC in a single tube was calculated using the following
equation:
K d= C s / C e

(1)

Sorption coefficients are not always the same at different concentrations, so the Freundlich isotherm (Eqn. 2)
and Langmuir isotherm (Eqn. 3) were employed to test
the linearity of the soil sorption coefficient over a range of
concentrations:
lgCs=lgKf+1/nlgCe

(2)

where Kf is the Freundlich sorption coefficient of the
substance between soil and water at an aqueous concentration of 1.0 mg/L, and n is the Freundlich exponent. Kdes
is used in desorption procedure. Sorption is nonlinear if n
is significantly lower or higher than 1. If n is <1, sorption
decreases with increasing aqueous concentration, and if n
is >1, sorption increases with increasing aqueous concentration.
1/qe=1/Qm+1/(KLQmCe)

(3)

where qe equals to Cs in Eqn. 2, KL is a constant
which can figure surface adsorption intension, correlative
with adsorption bond energy, and KL,des is used in desorption procedure. Qm refers to maximum quantity of adsorption during adsorption by single molecule layer of OTC.
2.5. Adjustment of ionic strength and species

CaCl2 was added at different concentrations (0.01,
0.03, 0.05, 0.08 and 0.10 M) to test the effect of ionic
strength on sorption of OTC to the 4 tropical soils. Different cations, such as Na+, NH4+, Mg2+, Al3+, were added at
0.01 M to test the effects of ionic species on sorption of
OTC to the 4 tropical soils. Solutions containing Na+, NH4+,
Mg2+, Al3+ were made by using NaCl, NH4Cl, MgCl2, AlCl3
with high-purity water.
After removal of the supernatant, an equal amount of
CaCl2 solution at different concentration and solution containing different cations were added, and the tubes were
agitated for another 24 h, centrifuged, and sampled as described above. Related adsorption and desorption parameters were determined.
2.6. High-performance liquid chromatographic analysis

The filtrate was analyzed by HPLC (Waters Alliance
2695) with UV detector (2487) and workstation (EMPOWER 2 Build 2154 SPG). Isocratic separation of OTC
was achieved using a Gemini C18 chromatogram column
(150 mm × 4.6mm I.D., 5µm), Gemini C18 protection
column (4.0 mm × 3.0 mm I.D.). Column temperature was
30 °C, and flow-rate of the mobile phase, composed of acetonitrile and 0.5‰ phosphoric acid (15:85), was 1 ml/min
throughout, and the target compound was eluted at 3.5 min.
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The injection volume was 20 µl, and 355 nm was selected
for detection.
2.7. Data statistics

The data were analyzed by using a statistical package
SPSS version 11.0. Two-way variance analysis (ANOVA)
was carried out and followed by the LSD test. Partial correlation analyses were conducted. Microsoft Office Excel
2003 was also helpful for editing data and charts.
3. RESULTS AND DISCUSSION
3.1. Influence of cation strength on sorption of OTC

Changes of OTC concentrations in equilibrium solution of tropical soil under different cation strength are
shown in Fig. 2. Obviously, similar change laws were observed in all 4 tropical soil equilibrium solutions. With the
increase of concentration of Ca2+, concentration of OTC in
equilibrium solution was decreased, followed by the increasing process. But trend of changes was quite different,
probably related to their different soil physical-chemical
characteristics. The peak of Ce in this study appeared when
the concentration of CaCl2 was 0.08 mol/L.
When OTC coexists with Ca2+, it would consequently
present a competitive adsorption. When exogenous Ca2+ increase, because of low pH values of tropical soils, the occurrence of (CaCl)+ could induce the mass adsorption in the
surface of clay mineral due to electronegativity interaction,
thus resulting in the decrease of OTC adsorption quantity
[21-23]. However, owing to the limited adsorption active
points, the competitive adsorption between OTC and Ca2+
in the equilibrium seemed to be unavoidable. If quantity
of Ca2+ was high beyond the adsorption critical threshold,
adsorption of OTC in soil would be enhanced because of
the existence of iron and aluminum oxides. The above
mechanism could, to some extent, explain the phenomenon in Fig. 2.

Linear, logarithmic, square, cubic and power function
were applied to estimate curve correlation. The results
showed that cubic polynomial model could achieve the
highest correlation coefficients for the 4 tropical soils,
rather than simple linear change. The study indicated that
in the OTC adsorption process, every concentration of Ca2+
had different influence on soil adsorption capacity of OTC.
The results also implied that there might be a given concentration of CaCl2 which had a greater effect on adsorption than the other concentrations.
Meanwhile, as can be seen from Fig. 2, CaCl2 at low
concentrations had slight effects on soil adsorption of
OTC while, in high concentrations, the effects would be
improved. The corresponding phenomenon was that the
coefficient Kd value of OTC adsorption in all 4 tropical
soils would change (Table 2). Concerning changes of OTC
adsorption, Kd value could more clearly demonstrate the
adsorption trends according to its definition. So, we introduced soil sorption coefficient (Kd values) for the further
discussion.
With the increase of CaCl2 concentration in solution,
Kd values of OTC showed firstly a decrease, and then an
increasing trend in the 4 soils, demonstrating a significant
nonlinear trend and the valley points were located at CaCl2
concentration of 0.08 mg/L. It was noteworthy that, for cmsoil and qh-soil, Kd values showed non-apparent changes
and differences among different CaCl2 concentrations (p >
0.05). For hk-soil, Kd value trends were similar and the
extent was moderate. Under 0.01 mol/L and 0.03 mol/L of
CaCl2, difference of Kd values reached a significant level
(p <0.01). The Kd value of sy-soil showed the maximum
variation, and the statistics indicated that different CaCl2
concentrations could significantly result in significant
change of adsorption (p <0.01). The above analyses made
clear that the increase of Ca2+ concentration had a great
impact on OTC adsorption in tropical soils, and trends in
different tropical soils were different.
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FIGURE 2 - Influence of different cation concentrations on OTC sorption in tropical soils.

TABLE 2 - Changes of Kd of OTC in 4 tropical soils on different CaCl2 concentration (L/kg).
CaCl2
(m(mol/L)
0.01
0.03
0.05
0.08
0.10

10
6.69
4.27
6.35
1.32
2.35

OTC concentration (mg/L)
20
30
40
50
10
20
30
40
50
10
20
30
40
50
10
2
sy-soil (×10 )
hk-soil (×103)
cm-soil (×103)
..33 .80 ..18 ..73 ..55 ..52 ..66 ..14 ..29 ..36 ..45 ..18 ..06 ..96 ..76
..26 4.89 5.34 5.11 0.64 0.87 1.32 1.65 1.91 0.38 0.81 0.78 1.02 0.90 0.64
..96 3.84 3.29 2.89 0.45 0.87 1.11 1.37 1.42 0.44 0.65 0.67 0.73 0.68 0.27
..13 1.12 1.17 0.94 0.43 0.61 0.57 0.60 0.63 0.40 0.17 0.17 0.13 0.16 0.29
..34 2.02 2.17 2.11 0.47 0.82 0.90 1.18 1.16 0.43 0.31 0.34 0.27 0.35 0.39
TABLE 3 - Sorption parameters of OTC under different Ca2+ concentrations.

CaCl2
mol/L

lgKf

1/n

sy-soil

0.01
0.03
0.05
0.08
0.10

2.76
2.68
2.65
2.15
2.37

0.821
1.115
0.676
0.854
0.925

hk-soil
Qm
mg/kg
3333
-3333
1429
3333
10000

lgKf

1/n

3.70
3.60
3.36
2.74
3.09

1.089
2.957
3.031
1.243
2.120

Qm
mg/kg
119
43
-40
5000
-169

lgKf
3.02
2.91
2.79
2.48
2.57

3.2. Isotherms

For further explanation, we also attempted to model
the adsorption processes and attained adsorption parameters. Results showed that the Freundlich model (r > 0.831)
was the better isotherm than Langmuir model (r > 0.698) to
describe the experimental data of adsorption in all 4 tropical soils. The relationship between lgKf value and corresponding concentration of CaCl2 showed a significantly
negative correlation (p <0.05).
Due to large numbers of Ca2 + accumulated around soil
colloids, the notable changes of cation concentration led to
reducing the opportunities of complexation between OTC
and soil minerals, thus resulting in reducing the ability of
adsorption. At the same time, in this study, the maximum

cm-soil
Qm
mg/kg
0.802
5000
1.664
-714
1.333
-526
0.584
1000
0.819
2500
1/n

20
30
40
qh-soil (×103)
..33 ..09 ..93
1.30 0.85 1.04
0.62 0.67 0.77
0.35 0.27 0.32
0.53 0.53 0.54

50
..87
0.98
0.75
0.30
0.59

qh-soil
lgKf

1/n

2.98
2.98
2.73
2.49
2.68

0.687
1.062
1.850
0.993
1.282

Qm
mg/kg
1667
-5000
-625
-11111
-1429

adsorption Qm values which were inconsistent with Kf
values in the 4 soils changed a lot, and the mechanism was
not quite clear. Adsorption strength parameters (1/n) in the
4 soils were different as well, demonstrating a slight difference in adsorption mechanism.
Adsorption behaviour of pollutants in the soil was the
response of effects of many factors in soil micro-environment [24]. Tolls [25] found that soil minerals and organic
components were the main adsorption sites of antibiotics. At
the same time, the mechanisms of hydrophobicity-independent distribution, cation exchange, cation bridging at clay
surfaces, surface complexation/chelation and hydrogen
bonding were involved in OTC adsorption, and might play
an important role in the adsorption process [25].
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As zwitterions, OTC showed good affinity to tropical
soils with low pH, in this study. From Fig.1 (a), we could
analyze that all of the carboxyl on acidic groups, imino on
basic groups and carbonyl group contributed to adsorption
of tropical soils. Among them, asymmetric electron shared
between carbon-oxygen double bond in carbonyl accepted
the proton when dipole moment force was available; carboxyl might interact with hydrogen bond formed in water
molecules in which exchangeable cations bind in the surface of tropical soils, or directly with the interlayer cations,
but imino as an organic base with organic acids in tropical
soil might form stable salts.
Tropical soils mostly had low pH values. Adsorption
of tropical soil on OTC was potentially dominated by
cation exchange interaction or hydrogen bonding when pH
was less than 3.57. With the existence of zwitterions (pH
3.57-7.49), it was dominated by electrostatic adsorption,
dipole moment. In addition, anionic OTC in soil solution
together with different metal ions could be jointly adsorbed
on surface of soil through metallic bridge bonding, or
formed a series of surface complexes with iron and aluminum oxides [14, 26].
3.3. Effect of pH on adsorption

The study determined the change of pH value in pre
and post experiments to discuss the possible effects. In the
whole test procedure, the change range of pH values was
narrow. This was mainly because of buffer capacity of
tested tropical soils. The details were as follows: average
△pH of sy-soil: 0.11; hk-soil: 0.20; cm-soil: 0.08; qh-soil:
0.13. In the literature [27], we already discussed adsorption
parameters of OTC in 4 soils with different pH. The result
showed that adsorption behaviour in 4 tropical soils was
different, that is to say, pH value had some certain effects
on soil adsorption. In order to further discuss the importance and role of pH, the study analyzed the relationship between concentration of Ca2+ and the corresponding
Kf value in four soils, by using pH as control factor for
partial correlation analysis. The results showed that the
correlation was not significant (p >0.05). So we could draw
the conclusion that pH reliably had a certain effect on adsorption.
In summary, we could infer that the effects of different ion concentrations on adsorption of OTC in tropical

soils were the result of pH and Ca2+ concentration interactions.
3.4. Desorption

Under different ionic intensity of calcium, the fitting
situations of adsorption and desorption process of OTC in
the tested 4 tropical soils were similar, and Freundlich
model and Langmuir model could significantly fit well.
The Kdes values of OTC in soils were inversely related to
the amount of Ca2+ added, however, the linear correlation
between the two indexes was not significant (p >0.05).
Huang [28] defined hysteresis coefficient index (HI):
D

HI =

qe − qe

In the formula,

qe

S

(4)

S

qe

D

S

and qe are, respectively, the

concentrations of OTC in adsorption and desorption in
soils under certain conditions.
Average hysteresis index (HI) of OTC in four tropical
soils was as follows: hk-soil >cm-soil>qh-soil>sy-soil,
demonstrating OTC desorption in tropical soils had a certain hysteretic nature. This was also one of the reasons why
there were different effects caused by OTC in tropical
soils on bioavailability and environmental risks.
3.5. Influence of cation species on sorption of OTC

The difference of competitiveness of co-existing cations
would result in the difference of soil adsorption strength of
OTC. Effects of different cations (0.01 mol/L solutions of
NaCl, NH4Cl, MgCl2 and AlCl3) on OTC sorption process
in tested tropical soils are shown in Fig. 3. Table 4 showed
some of the important parameters in the adsorption process. Results indicated that Freundlich model and Langmuir model could significantly describe the experimental
data of adsorption, and the average fitting correlation coefficients were 0.965 and 0.958, respectively. Larger adsorption capacity was observed when OTC coexisted with different exogenous cations. OTC adsorption capacity (lgKf)
in tested soils ranged from 1.885-3.722, which was probably related with the strong adsorption action of clay and Fe
and Al oxides on OTC in tropical soils.
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FIGURE 3 - OTC sorption in tropical soils with existence of different cations.

TABLE 4 - Effect on sorption parameters of OTC in tropical soils with existence of different cations a
Freundlich model
lgKf
1/n
2.136
2.198
2.410
1.360
sy-soil
2.212
1.139
2.191
1.246
3.035
6.495
2.959
5.361
hk-soil
2.108
4.905
2.289
1.306
2.655
2.592
2.570
2.123
cm-soil
2.359
1.590
1.885
1.653
2.550
2.118
2.584
1.980
qh-soils
2.418
1.429
2.332
1.215
average
—
—
a
significant at p < 0.05, **, significant at p < 0.01.
tropical soil

cation
medium
NaCl
NH4Cl
MgCl2
AlCl3
NaCl
NH4Cl
MgCl2
AlCl3
NaCl
NH4Cl
MgCl2
AlCl3
NaCl
NH4Cl
MgCl2
AlCl3

Langmuir model
Qm/mg·kg-1
-2500.0
-1000.0
-2500.0
-1428.6
-88.5
-70.9
-1000.0
-1000.0
-263.2
-400.0
-769.2
-625.0
-400.0
-434.8
-909.1
-2000.0
—

r
0.929**
0.978**
0.996**
0.992**
0.972**
0.934**
0.933**
0.965**
0.910**
0.975**
0.997**
0.997**
0.976**
0.960**
0.985**
0.996**
0.965**

As for the same cation, OTC adsorption capacity (lgKf)
in the 4 tropical soils was different because of their various
compositions. The order of adsorption capacity in soils was
as follows: NaCl: hk-soil> cm-soil>qh-soil>sy-soil; NH4Cl:
hk -soil> qh-soil> cm-soil> sy-soil; MgCl2: qh-soil> cmsoil> sy-soil> hk –soil; AlCl3: qh-soil> hk -soil > sy-soil
>cm-soil. In the tropical soil development process, type and
content of clay minerals in soils and exchangeable base
cations were different. If adsorption mechanism was cation
exchange, co-existing cations would inevitably have competitive effects on OTC adsorption. So we inferred that the
difference of competitive adsorption of different cations led
to differences of adsorption ability on OTC in tropical soils.

KL
-0.118
-0.192
-0.061
-0.097
-0.934
-0.966
-0.333
-0.154
-0.594
-0.455
-0.232
-0.138
-0.446
-0.442
-0.216
-0.096
—

r
0.993**
0.963**
0.995**
0.986**
0.910**
0.895**
0.997**
0.959**
0.880**
0.938**
0.991**
0.988**
0.942**
0.919**
0.970**
0.995**
0.958**

Under the coexistence of different cations and OTC,
the changing trend of adsorption parameter (lgKf) was as
follows: sy-soil: NH4+>Mg2+>Al3+>Na+; hk-soil: Na+>NH4+>
Al3+>Mg2+; cm-soil: Na+>NH4+>Mg2+>Al3+; qh-soil: NH4+>
Na+> Mg2+>Al3+. However, effects of cations above on
lgKf did not reach a significant level (p >0.05) in cm-soil,
sy-soil and qh-soil. At the same time, we could conclude
from Table 4, that adsorption strength of OTC in tropical
soils ranged from 1.139 to 10.452. The difficult degree of
the formation of complexes between OTC and different
cations was different, resulting in difference in the extent of
adsorption strength of OTC in soils when different cations
coexisted. Similarly, tropical soil desorption of OTC was
also in accordance with the above kinds of fitting models,
and fitting degree was also high. Freundlich model fitting
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was still optimal (r = 0.971), compared to Langmuir model
(r = 0.913).
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ABSTRACT
Estimating the spatial distribution of long term precipitation plays a very important role in hydrological models that help us to understand climatic events. Since it is
impossible to measure the amount of rainfall and temperature at every point within a geographic area, interpolation
methods are used to model the surface of these data as
continuous surfaces. The Thiessen method, which is one of
the most used interpolation methods, was employed to
compute spatially distributed monthly precipitation from
long term precipitation data obtained from 35 metrological stations scattered over the Marmara region. The MannKendall non-parametric test and Sen’s method were used to
determine the presence of temporal trends in monthly aerial
precipitation sets within the study area for a period of 32
years (1975-2006). The period was divided into two sections, 1975-2006 and 1985-2006. Trends in precipitation
were identified in the 1975-2006 period but the test statistic values were not significant. For the 1985-2006 period,
an increasing trend was identified for the months of August, September and February with	
   a	
   significance	
   level	
  
of	
  0.05.

KEYWORDS:
Precipitation, Thiessen Polygon, Mann-Kendall, Marmara

1. INTRODUCTION
Climate change is considered among the most important global issues in terms of its widespread impact on
the physical and human environment. The global climate
has changed repeatedly in the past due to natural factors
however contemporary climate change, which is occurring more rapidly is predominantly caused by human
intervention to the environment. The excessive consumption of fossil fuels has caused the increase in the concentration of greenhouse gases such as carbon dioxide, methane and ozone in the atmosphere. These gases are believed to be the main cause of global warming [1].
* Corresponding author

The melting of glaciers, changes in the sea level, sudden changes in extreme climatic and conditions such as
excessive precipitation and temperature fluctuations are
seen as the effects of global climate change. The impact of
climate change varies from region to region. Some countries are expected to benefit from it while many others are
developing strategies to adapt to changes. Since it has significant effects on the human environment and social activities, current and future characteristics of climate change
have to be identified on global, regional, and local scales
in order to find the best strategies to cope with the results.

[2,3]. In recent years, studies examining the impacts of
climate change at the local scale have increased due to observable effects on both environment and human activities
in different part of the world. Monitoring meteorological
conditions and finding possible deviations in climatic data
from averages have become significant not only for detecting the current status of climate change and its impact
on natural and human environments but also for estimating possible trends and its probable effects in the future.
Studies and reports monitoring climatic change reveal
the importance of understanding the current climate in
different regions in order to estimate its effects on terrestrial ecosystems. [4]. Climatic changes result in developments such as ascending or descending trends in temperature and precipitation. Long term monitoring of precipitation and temperature within regions will provide us with
detailed information about climate changes in those areas.
Temperature and precipitation values are measured only
at specific points by meteorological stations scattered in
the region. Estimating the spatial distribution of long term
precipitation and temperature plays a very important role
in hydrological models employed to understand climate
changes. A better method of estimating precipitation and
temperature can be achieved by installing more meteorological stations within regions but such a method will be
costly. Alternatively, spatial distribution methods can provide estimated precipitation and temperature rates across a
general area. The use of improved spatial distribution
methods to estimate precipitation and temperature values at
point based station records has provided valuable for us to
understand (research in) climate changes [5].
Several research projects have been focused on the
spatial distribution methods to estimate climatic data from
meteorological stations. [5-13]. The spatial distribution
methods of precipitation are divided into three main groups;
graphical, topographical, and numerical [12]. Graphical
methods contain precipitation maps combined with precipitation-elevation analysis, and contain isohyets mapping [7, 14] and Thiessen’s polygon [6]. Topographical
methods contain the correlation of point precipitation data
using topographic and synoptic parameters such as slope,
exposure, elevation, the location of barriers, and wind
speed and direction [8, 15-17]. Numerical methods are the
most used for estimating spatial distribution of precipitation over the last decades. Some examples in numerical
methods are optimal interpolation [18], Kriging and its
variants [11], and smoothing splines [9].
Although a lot of research concerned with spatial interpolation has been undertaken, there is little or no consensus among the authors on the superiority of some techniques over others [13,19]. The estimated results of spatial
distribution models are highly affected by interpolation
errors [20]. Each meteorological station is weighted in direct
proportions based on its area within the total region without
consideration to topography or other local, physical char-
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acterized in the Thiessen method. It is assumed that the
area represented by each meteorological station is closer
to that station than to any other station over the area
under study. This method was used to estimate the spatial
distribution of precipitation in several studies [21-25].
However, the effect of the use of Thiessen polygons to
estimate the amount of precipitation in the study area is
the formation of discontinuous surface. This effect increases at the boundaries of the polygons where a discrete
change in rainfall amount occurs. [26]. The Thiessen
method can be applied to areas in which topographic differences are insignificant and meteorological station density is inadequate.
Many interpretations can be made from the examination of time sequence in climatic data. The most pertinent
issue in those interpretations involves examining this time
series to measure changes in the average. Since hydrologic observations can contain random values it is necessary to use special techniques in order to examine ascending or descending trends [27]. Several parametric and nonparametric statistical data processing methods that identify
homogeneity within seasonal and annual data are used in
climate change studies. The direction and magnitude of
possible trends in temporal observed data are analyzed
using Sequential Mann–Kendall trend test, Sen’s slope
estimator, and Spearman’s rank–order correlation tests
[28-30]. Mann-Kendall tests have been employed in identifying trends in hydorologic variables such as river flow,
sediments and meteorological variables such as temperature and precipitation. [31-36].
Contrary to belief, it has been discovered that Turkey
has limited water resources compared to world averages.
The depletion in water resources because of global warming is directly affecting life in the country. Turkey is one
of the countries that will be affected by climate changes
related to global warming. The negative changes in precipitation and temperature will leave Turkey facing the
threat of desertification. [37]. Precipitation and temperature
conditions in Turkey for the period between 1930-1993
were analyzed and it was estimated that there is a specific
trend shift from semi-humid conditions to semi-arid conditions [38]. Many researchers also analyzed the trends that
were identified using data obtained from meteorological
stations [29, 39, 40]. Since the Marmara region has more
fertile soil than other region in the country, its contribution
to food production is essential. For this reason, any negative trend change in precipitation will have a substantial
impact. The objective of this study was to analyze long
term trend change using Mann-Kendall non-parametric test
on aerial distributed monthly precipitation data by Thiessen
polygon method at 35 meteorological stations scattered
over Marmara Region for period of 1975-2006.
2. MATERIALS AND METHODS
2.1. Study Area

The study area (Fig.1) covers the Marmara region in
northwest of Turkey. It has an area of 84.440 square kilometers, surrounded by the Black Sea in the north and the
Aegean Sea to the west. It has low elevation values compared other regions of country. About 15% of the region is
covered by forest. It has a climate influenced by the Balkan
terrestrial climate and the Blacksea marine climate [41].

FIGURE 1 - Study Area.
2.2. Methodology

Various spatial and statistical methods were used in
the study to produce spatially distributed precipitation
data and detection of trends in annual and monthly precipitation in the Marmara region for a 32-years period from
1975 to 2006. Monthly precipitation data was obtained
from 35 meteorological stations scattered over the study
area. The Thiessen method was used to produce spatially
distributed precipitation data over the study area. Spatially
distributed precipitation data was then analyzed using the
Mann-Kendall test and Sen’s method for trend analysis.
2.2.1. Estimating long term spatially distributed precipitation

The Thiessen method which is one of the most efficient methods for building hydrologic models was used to
estimate the spatial distribution of precipitation over the
study area. The area is divided into a set of polygons with
the meteorological station in the middle of each polygon.
Topography and physical characteristics in the study area
were not taken into account. All points within a Thiessen
polygon are closer to that polygon’s center represented by
a meteorological station than to the center of neighboring
polygons in study area [42]. The aerial precipitation value
of each Thiessen polygon is assumed to be constant and
equal to its representative meteorological station’s value.
Thus it is possible to estimate aerial precipitation over a
large region using a few figures from meteorological stations. The Thiessen polygon method is probably the most
common approach for modeling the spatial distribution of
rainfall, however a negative effect of the use of Thiessen
polygons is that discontinuous surfaces occur at the bounda-
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ries of polygons and cause a discrete change in precipitation
depths [26]. The aerial precipitation is estimated by determining the weights of each Thiessen polygon in study
area. The weights are determined by calculating the area
percentage of each Thiessen polygon. The first step in this
method is to create triangles by drawing lines that connect
the stations. The next step is to create perpendicular lines
at the mid points of the lines of triangles. The intersection
of perpendicular lines will form one vertex of Thiessen
polygon and the complete polygon is constructed using
those vertexes. The weight of each Thiessen polygon is
computed dividing its area by the total area of study area.
Wi: The weighted area of a Thiessen polygon
AP : The area of one Thiessen polygon
A: The total study area
Aerial weighted precipitation for each meteorological
station is computed by multiplying the aerial weight of its
Thiessen polygon by its recorded precipitation value. The
aerial precipitation in a study area is computed by adding
all aerial weighted precipitation of meteorological stations.
P: The average precipitation over the study area
Pi: The gage precipitation for a Thiessen polygon i
n: Total number of Thiessen polygons
Today geographical information system software provides tools to create Thiessen polygons. The point layer
that represents the location of meteorological stations was
created using geographical coordinates obtained from the
Turkish State Meteorological Service. The Thiessen polygons (Fig.2) that delineate the influence area of each station
was created using Arcgis 9.2 software. The characteristics
of Thiessen polygon are given in Table 1.

FIGURE 2 - Thiessen Polygons over study area.

There are 35 meteorological stations within the region. As seen from the Table 1 there is no significant
difference in elevation except at Uludag, Keles and Bozoyuk. The low elevation differences over the region
supports the use of the Thiessen method in this study.
Only three meteorological stations have precipitation
records less than 32 years. The remaining stations have
records for a period of 32 years.
The estimated spatially distributed monthly precipitation values for the period 1975-2006 using Thiessen polygons for the study area were given in Table 2. Estimated
spatially distributed annual precipitation for the study area
ranges between about 500 mm and 900 mm.
2.2.2. Trend analysis of spatially distributed precipitation

The estimated spatially distributed precipitation data
using the Thiessen method was divided into annual and
monthly data sets for the periods 1975-2006 and 19852006 in order to apply the Mann-Kendall test and Sens’
method. The Mann-Kendall test was used to detect whether
there is a positive or negative trend in precipitation while
Sen’s method was utilized to determine the magnitude of
the change in precipitation.
The Mann-Kendall test is a non-parametric test to
identify any existing trends in time series data. The MannKendall trend test is a useful method that allows for the
presence of missing values and the data does not need to
conform to any particular distribution [43]. The MannKendall test compares all subsequent observed values and
analyzes the difference between the later-observed values
and earlier-observed values and identifies the difference.
Each later observed value is compared to all earlier-observed values. An increase in trends can be identified if
later-observed values tend to be larger than earlier-observed values and a decreasing trend can be identified if
later-observed values tend to smaller than earlier-observed values.

TABLE 1 - Characteristics of Thiessen Polygons.
Station Name
Ayvalik
Bahcekoy
Balikesir
Bandirma
Bilecik

Area (km2)
1.287
447
7.421
5.305
2.640

Latitude
39 18 41
41 10 35
39 37 00
40 19 53
40 08 29

Longitude
26 41 11
28 59 35
27 55 59
27 59 47
29 58 38

Elevation (m)
4
130
102
63
539
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Availability of precipitation record
1975-2006
1975-2005
1975-2006
1975-2006
1975-2006

Years in record
32
31
32
32
32

© by PSP Volume 20 – No 2a. 2011

Bozcaada
Bozuyuk
Burhaniye
Bursa
Canakkale
Cinarcik
Corlu
Dursunbey
Edirne
Edremit
Florya
Geyve
Gokceada
Gonen
Goztepe
Ipsala
Kartal
Keles
Kirecburnu
Kirklareli
Kocaeli
Kumkoy
Luleburgaz
Malkara
Sakarya
Sile
Tekirdag
Uludag
Uzunkopru
Yalova

1.213
1.658
723
3.359
5.051
1.319
5.539
4.972
1.587
3.614
3.948
2.273
325
4.769
484
2.837
842
3.602
406
4.004
2.838
69
2.533
3.802
3.850
1.214
4.186
1.522
2.875
1.917
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39 49 58
39 54 13
39 29 54
40 13 51
40 08 29
40 38 35
41 09 25
39 34 40
41 40 40
39 35 23
40 58 55
40 31 19
40 11 27
40 06 49
40 58 42
40 55 05
40 53 23
39 54 55
41 08 51
41 44 29
40 45 59
41 15 04
41 21 04
40 53 17
40 46 06
41 10 11
40 59 25
40 06 28
41 15 27
40 39 32

26 04 22
30 03 08
26 58 32
29 00 48
26 24 01
29 06 22
27 49 05
28 37 56
26 33 06
27 01 10
28 47 20
30 17 47
25 54 27
27 38 34
29 03 21
26 22 22
29 10 57
29 13 52
29 03 02
27 13 09
29,5503
29 02 19
27 18 40
26 54 30
30 23 39
29 36 03
27 29 54
29 07 45
26 41 10
29 16 48

30
754
20
100
8
16
183
637
51
20
37
100
79
37
32
9,71
27
1.063
58
231
76
38
46
207
30
83
4
1.877
51
4

1975-2006
1975-2006
1975-2006
1975-2006
1975-2006
1975-1977, 1982-2006
1975-2006
1975-2006
1975-2006
1975-2006
1975-2006
1975-2006
1975-2006
1975-2006
1975-2006
1975-2006
1975-2004
1975-2006
1975-2006
1975-2006
1975-2006
1975-2006
1975-2006
1975-2006
1975-2006
1975-2006
1975-2006
1975-2006
1975-2006
1975-2006

32
32
32
32
32
28
32
32
32
32
32
32
32
32
32
32
30
32
32
32
32
32
32
32
32
32
32
32
32
32

TABLE 2 - The estimated spatially distributed monthly precipitation (mm) values of study area for period of 1975-2006.
YEAR/Months
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006

1
98,31
55,87
64,89
127,90
126,28
132,47
156,32
84,64
71,80
91,51
118,42
149,16
135,92
22,28
14,52
19,98
32,34
13,83
50,15
54,88
156,20
43,05
49,47
52,68
55,41
67,35
39,76
53,45
87,57
152,98
110,91
68,26

2
58,60
37,57
45,03
91,67
51,52
50,54
76,92
39,59
78,75
64,73
60,10
100,42
32,50
57,52
10,13
31,92
46,33
42,61
73,09
56,09
32,96
103,55
45,16
68,59
126,83
80,63
70,27
39,01
120,46
49,97
106,32
89,11

3
79,06
27,95
58,69
74,68
21,69
92,29
58,65
45,96
13,69
101,89
40,08
23,68
80,69
77,70
42,44
29,71
30,74
80,46
46,90
32,49
112,00
84,64
75,15
104,00
81,14
84,14
33,31
65,97
33,54
56,06
62,05
95,47

4
45,78
47,56
53,27
85,90
58,75
56,00
15,79
99,64
40,70
86,31
33,07
35,71
47,22
50,60
11,83
61,80
92,94
47,56
36,26
38,95
54,24
62,00
110,94
28,78
34,27
82,43
83,90
59,04
79,88
41,74
35,52
14,20

5
76,04
42,35
21,05
41,98
41,92
57,76
72,65
59,91
37,87
24,99
25,42
18,34
39,36
29,58
47,67
41,14
110,46
22,03
65,86
38,04
7,35
34,57
17,50
111,75
20,80
45,06
48,22
23,50
24,17
30,40
45,66
19,11

The slope of possible linear trends in a time series can
be estimated by the linear regression method but estimated
slopes can differ greatly from the true slope of linear trend
if there are gross data errors or outliers in time series. For
this reason, Sen’s slope estimator is used to estimate the

6
69,46
35,42
37,11
10,46
20,09
55,38
11,56
11,00
54,38
23,30
22,55
57,79
28,89
42,69
49,89
42,34
20,35
81,16
28,40
46,36
34,21
10,92
30,05
31,14
61,78
23,44
12,32
30,41
2,81
48,98
26,32
48,72

7
11,57
32,30
23,67
3,03
31,88
17,13
38,59
30,63
48,93
44,82
9,72
8,21
25,96
16,92
11,01
10,16
31,45
35,33
6,90
11,01
40,52
7,31
34,72
26,54
24,81
8,59
14,07
37,61
11,39
11,23
52,23
19,38

8
43,32
52,84
3,16
15,48
42,43
12,26
7,53
13,45
23,08
21,83
2,21
3,72
20,74
1,38
16,58
5,33
8,13
2,78
12,87
17,61
16,87
18,62
75,83
0,03
25,66
19,74
33,22
37,55
2,15
55,31
17,54
7,80

9
8,19
24,86
45,34
90,51
21,22
19,64
43,03
5,13
29,92
1,72
7,91
7,45
0,96
19,06
13,96
54,23
44,92
4,34
19,70
1,37
44,89
74,92
3,97
56,64
23,04
35,38
32,45
91,12
37,91
2,69
36,97
79,96

10
72,22
84,10
35,87
80,52
74,59
16,20
63,05
41,06
51,08
14,68
75,27
60,30
56,75
42,41
92,86
58,61
88,03
68,56
15,45
104,53
33,71
38,28
157,67
111,93
28,38
76,19
5,42
61,48
93,10
31,05
47,90
57,41

11
89,94
63,34
81,83
36,04
114,07
117,08
115,54
31,45
92,17
77,26
129,27
47,56
101,00
186,09
92,61
78,92
58,51
73,21
97,30
96,92
112,79
48,73
52,85
115,94
92,64
30,33
133,16
92,33
41,60
69,33
131,44
58,04

12
99,63
106,35
103,17
62,66
72,92
136,23
221,93
92,84
59,59
21,96
47,27
95,73
142,09
108,21
93,94
143,03
69,77
84,25
70,18
100,67
69,33
106,08
175,91
106,72
95,39
38,84
209,99
55,61
83,77
58,18
90,14
31,24

slope for Mann-Kendall test since it is not affected by
gross data error or outliers and it can be computed when
data is missing. Sen’s slope estimator can calculate possible slopes between all possible data pairs. The initial value
of the Mann-Kendall test statistic S is assumed to be 0
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and it means there is no trend. If a later-observed value is
higher than earlier-observed value the S value is incremented by 1. If a later-observed value is lower than a earlier-observed value the S value is decremented by 1. The net
result of all such increments and decrements yields the
final value of S.
The first step in the Mann-Kendall test is to calculate a
statistic defined by the variable S, which is the sum of the
difference between the data points shown in Equation (1).

S=

n −1

Qi =

n

∑ ∑ sgn( x

− xk )

j

k =1 j = k +1

where;

0.1, 0.05, 0.01 and 0.001) if the absolute value of Z is
greater than Z1-α/2, where Z1-α/2 is obtained from the
standard normal cumulative distribution tables. The magnitude of the trend (rate of change over time) is computed
according to Sen [44]. The trend slope is the median slope
of all pairwise comparisons, with each pairwise difference
is divided by the number of years separating the observations:

x j is observed value at time j, xk is observed

value at time k , j is time after time k and n is the length of
the data set
The sign of the value is determined as follows:

⎧ 1 if x j - xk > 0
⎪
sgn ( x j - xk ) = ⎨ 0 if x j - xk = 0
⎪
⎩- 1 if x j - xk < 0

Where Qi is the slope between data points xj and xk,
xj is the data measurement at time j, xk is the data measurement at time k and j is time after time k. If there are n
values of xj in the time series we get as many as N=n(n1)/2 slope estimates Qi. The Sen's estimator of slope is the
median of these N values of Qi. The N values of QI are
ranked from the smallest to the largest and the Sen's estimator is:

Q = Q ⎛ N +1 ⎞

S −1
Var( S )
0
S +1
Var( S )

⎞
1 ⎛
Q = ⎜ Q ⎡ N ⎤ + Q ⎡ N + 2 ⎤ ⎟ if N is even.
2 ⎜⎝ ⎢⎣ 2 ⎥⎦
⎢ 2 ⎥ ⎟
⎣
⎦ ⎠

; S >0
3. RESULTS

; S =0

The spatially distributed annually and monthly precipitation series by the Thiessen polygon method was divided into two periods, 1975-2006 and 1985-2006 in order
to apply Mann-Kendall test.

; S <0

where var(S) is the variance of S and is computed as:

3.1. Annual Precipitation

q

Var(S ) =

if N is odd,

⎜
⎟
⎝ 2 ⎠

A test statistic (or z score) is used to check for the statistical significant of S:

⎧
⎪
⎪
⎪
Z = ⎨
⎪
⎪
⎪⎩

xi - x k
j- k

n(n − 1)(2n + 5) - ∑ t p (t p − 1)(2t p + 5)
i =1

18

where n is the number of data points, q is the number
of tied groups (a tied group is a set of sample data having
the same value) and t p is the number of data points in the
pth group .
The Mann-Kendall test tests the null hypothesis, H.
That data shows no distinct trend against the alternative
hypothesis Hi that data shows a trend. A two tailed test is
performed to determine whether or not the null hypothesis
should be rejected in favor of the alternative hypothesis.
The Z test statistic value is used to test the null hypothesis, Ho .The trend is said to be decreasing if Z is negative
and the trend is said to be increasing if the Z is positive.
Ho is rejected at a particular level of significance (such as

The spatially distributed annual precipitation values
for the period 1975-2006 are given in Table 3. The precipitation values vary between 523 mm and 898 mm for
the period 1975-2006 and the highest precipitation estimate is found in 1981 and the lowest in 1993. The annual
mean precipitation between 1975 and 2006 is 656 mm.
Since Turkey annual precipitation value is 643 mm [45].
The Marmara region has a precipitation amount higher
than country average.
TABLE 3 - Spatially distributed annual precipitation for 1975-2006.
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Year
1975
1976
1977
1978
1979
1980
1981

Precipitation
(mm)
752,10
610,52
573,07
720,84
677,34
762,99
881,55

Year
1991
1992
1993
1994
1995
1996
1997

Precipitation
(mm)
633,98
556,12
523,06
598,92
715,07
632,68
829,20

© by PSP Volume 20 – No 2a. 2011

1982
1983
1984
1985
1986
1987
1988
1989
1990
	
  

555,31
601,96
575,01
571,28
608,08
712,07
654,44
497,45
577,17

Fresenius Environmental Bulletin

1998
1999
2000
2001
2002
2003
2004
2005
2006

TABLE 4 - Annual precipitation trends of Marmara region for two
periods.

814,73
670,16
592,12
716,10
647,09
618,36
607,92
763,00
588,71

Period	
  
1975-‐2006	
  
1985-‐2006	
  

Precipitation	
  (mm)	
  
8.9	
  
90.6	
  

	
  
Monthly Precipitation

The	
   results	
   of	
   trend	
   analysis	
   obtained	
   from	
   the	
  
Mann-‐Kendal	
  test	
  and	
  Sen’s	
  method	
  are	
  shown	
  in	
  Table	
  
4.	
   	
   Mann-‐	
   Kendall	
   test	
   and	
   Sen’s	
   method	
   indicate	
   that	
  
there	
   is	
   a	
   positive	
   trend	
   for	
   both	
   of	
   1975-‐2006	
   and	
  
1985-‐2006	
   periods.	
   Although	
   the	
   trends	
   for	
   those	
  
periods	
   are	
   not	
   statistically	
   significant	
   the	
   precipita-‐
tion	
  increased	
  8.9	
  mm	
  for	
  1975-‐2006	
  period	
  and	
  90.6	
  
mm	
  for	
  1985-‐2006	
  periods.	
  As	
  this	
  result	
  reveals	
  only	
  
a	
  slight	
  increase	
  has	
  been	
  observed	
  in	
  precipitation	
  in	
  
the	
   first	
   period	
   however	
   precipitation	
   increased	
   al-‐
most	
   10%	
   in	
   the	
   second	
   period.	
   This	
   amount	
   is	
   very	
  
meaningful	
   if	
   agricultural	
   areas,	
   which	
   are	
   the	
   domi-‐
nant	
  land	
  use	
  in	
  the	
  study	
  area,	
  are	
  taken	
  into	
  consider-‐
ation.	
  	
  
Figure	
   3	
   indicates	
   annual	
   precipitation	
   trends	
   for	
  
Istanbul	
  during	
  the	
  period	
  1975-‐2006	
  and	
  1985-‐2006	
  
using	
   Sen’s	
   method.	
   An	
   increasing	
   linear	
   trend	
   is	
   obvi-‐
ous	
  in	
  precipitation	
  for	
  the	
  period	
  1985-‐2006.	
  

Table	
   5	
   presents	
   the	
   spatially	
   distributed	
   monthly	
  
precipitation	
   for	
   the	
   Marmara	
   Region	
   for	
   the	
   periods	
  
1975-‐2006	
  and	
  1985-‐2006.	
  As can be seen from Table 5,
in the period of 1975-2006 there is an increasing trend in
February, March, August and September months , and
there is a decreasing trend in January, April, May, June,
July, October, November and December but the results of
trend analysis are not statistically significant.	
   February	
  
and	
  September	
  m	
  have	
  the	
  highest	
  increase	
  in	
  precipi-‐
tation	
  trend	
  and	
  January	
  and	
  December	
  have	
  the	
  high-‐
est	
  decrease	
  in	
  precipitation	
  trend.	
  
	
  

According	
   to	
   the	
   data	
   given	
   in	
   Table	
   5	
   there	
   is	
   a	
  
positive	
   trend	
   for	
   February,	
   August	
   with	
   a	
   significance	
  
level	
  of	
  0.05	
  and	
  September	
  with	
  a	
  significance	
  level	
  of	
  
0.1	
  for	
  the	
  period	
  of	
  1985-‐2006.	
  February	
  experienced	
  
the	
   highest	
   trend	
   with	
   a	
   precipitation	
   value	
   of	
   48.9	
  
mm	
   and	
   August	
   has	
  an	
  increase	
  of	
  25.7	
  mm	
  and	
  Sep-‐
tember	
  has	
  an	
  increase	
   of	
   36.8	
   mm.	
  In both of periods,
May, June, October, November and December have a
statistically insignificant decreasing trend January, April
and July months show different trends in both of periods.
Since the Marmara region gets the minimum precipitation
in August and September any increase in precipitation
trend in those months can be important for water resources.	
  

FIGURE 3 - Spatially distributed annual precipitations and their linear trends for Marmara Region for the periods 1975-2006 and 1985- 2006.
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After analyzing the trends of the estimated spatially
distributed monthly precipitation in two periods, it can be
concluded that there is a significant increasing trend in
precipitation after 1985. Fig.	
  4	
  shows	
  monthly	
  precipita-‐
tions	
   and	
   their	
   linear	
   trends	
   for	
   the	
   Marmara	
   Region	
  
for	
   the	
   period	
   1985-‐2006	
   using	
   Sen’s	
   method.	
   An	
   in-‐
creasing	
  trend	
  for	
  February,	
  August	
  and	
  September	
  is	
  
clearly	
  shown	
  in	
  Fig.	
  4	
  	
  	
  

TABLE 5 - Results of trend analysis of the spatially distributed
monthly precipitation for period of 1975-2006 and 1985-2006.
Months	
  	
  
January
February
March
April
May
June
July
August
September
October
November
December

1975-2006 (mm)
-19,5
27,8
16,9
-4,5
-15,5
-4,3
-0,9
2,5
19,0
-5,2
-2,9
-19,1

1985-2006 (mm)
55,5
48,9 (*)
19,1
8,9
-1,7
-14,1
7,1
25,7 (*)
36,8 (+)
-17,5
-18,8
-27,6

4. CONCLUSION

	
  (The	
   tested	
   significance	
   levels	
   α	
   :	
   +	
   is	
   0.1;	
   *	
   is	
   0.05;	
   **	
   is	
   0.01;	
   ***	
   is	
  
0.001;	
  blank	
  is	
  >0.1)	
  

This	
   study	
   used	
   the	
   Thiessen	
   Method	
   to	
   estimate	
  
spatially	
  distributed	
  precipitation	
  and	
  the	
  Mann-‐	
  Ken-‐
dall	
   test	
   and	
   Sen’s	
   method	
   to	
   identify	
   any	
   existing	
  
trends	
   in	
   monthly	
   precipitation	
   over	
   the	
   Marmara	
   Re-‐
gion.	
  Monthly	
  precipitation	
  records	
   from	
   35	
   meteoro-‐
logical	
   stations	
   during	
   the	
   period	
   1975-‐2006	
   were	
  
divided	
  in	
  two	
  periods	
  1975-‐2006	
  and	
  1985-‐2006.The	
  
results	
   show	
   that	
   there	
   is	
   increasing	
   trend	
   in	
   1985-‐
2006	
   period	
   for	
   February,	
   August	
   and	
   September	
  
while	
  there	
  is	
  no	
  significant	
  trend	
  in	
  1975-‐2006	
  peri-‐
od.	
  	
  
Many	
   studies	
   showed	
   that	
   urbanization	
   have	
   re-‐
sulted	
   in	
   changes	
   in	
   rainfall	
   density	
   and	
   number	
   of	
  
rainy	
   days	
   in	
   middle	
   latitude	
   countries	
   [46-‐51]. The
Marmara	
   Region	
   in-‐cludes	
   the	
   most	
   industrialized	
   and	
  
crowded	
  cities	
  of	
  Turkey.	
   This	
   attribution	
   of	
   the	
   region	
  
may	
   affect	
   the	
   climate.	
   In	
   order	
   to	
   develop	
   plans	
   and	
  
strategies	
   against	
   negative	
   effects	
   of	
   climate	
   change,	
  
monitoring	
   climatic	
   data	
   in	
   this	
   region	
   has	
   a	
   vital	
   im-‐
portance.	
   At	
   this	
   point	
   we	
   can	
   say	
   that	
   trend	
   analysis	
   of	
  
spatially	
  distributed	
  precipitation	
  results	
  can	
  help	
  us	
  to	
  
display	
  regional	
  characteristics	
  of	
  climate	
  trends.
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CLONAL REPEATABILITY FOR SOME SEEDLING
CHARACTERS IN STONE PINE (Pinus pinea L.)
Ismail Dutkuner and Nebi Bilir*
Forestry Faculty, Suleyman Demirel University, 32260, Isparta, Turkey

ABSTRACT

future. This situation is getting importance of present
water resources. So, many studies have been carried out on

The characters studied were fresh and dry weights,
and water contents in root, stem and full (root+stem) of
two-year stone pine (Pinus pinea L.) seedlings. Variation,
clonal repeatability (∼broad sense heritability) and correlations between the characters were estimated.
The averages of seedling fresh and dry weights were
10.4 and 4.9 g, respectively. The average water content
was higher in stem (51.0%) than that of root (40.3%), while
there were large differences within clone and among clones
for the water content.
The coefficient of variation of the water content among
clones was higher than within clones. Clonal repeatability
was mostly more than 0.7 for the characters. It was the
lowest for dry weight of root (0.64), while the highest for
water content in full seedling (0.90). There were generally
positive and significant correlations among the characters.
The results of the study were discussed based on global
warming for new plantations.

KEYWORDS:
Pinus pinea, heritability, resistance, seedling quality, physiology.

1. INTRODUCTION
Global warming is one of the most important environmental problems in whole the world. It is getting importance for resistance of plant species to dry or unirrigated areas for forest regeneration and reforestations. Seedling morphology and physiology are very important for the
regeneration and reforestations in these disadvantageous
areas.
Irrigation is used mainly in nurseries and establishment of reforestations in forestry, while it is very common
in agricultural areas. It is clear that irrigation will be used
frequently and intensively based on global warming in the

* Corresponding author

optimal using of present water resources such as reusing of
wastewater for irrigation purpose [e.g., 1-3].
Stone pine also called umbrella pine (Pinus pinea L.)
is one of the most important forest tree species, widely
used in reforestation of dry areas and landscape planning
for its resistance to the disadvantageous areas, and also its
valuable nuts for not only Turkey but also many Mediterranean countries such as Italy, Spain and Portugal. Parental trees or seed production areas are selected initially according to their phenotypes for traits such as vigour, form,
wood quality or other desired characteristics [4], which include general adaptability for the plantation. However,
when we know the genetic information (e.g., genetic value
of water absorption), such information could also be used
as a criterion of selection of seed production areas especially for plantations in disadvantageous regions such as
arid or semi-arid areas. While many studies were conducted
on morphology, physiology or their combination in many
forest tree seedlings such as in Pinus nigra [e.g., 5-7],
Picea orientalis [e.g., 8, 9], Pinus taeda [e.g., 10], Cedrus
libani [e.g., 11-13], Pinus sylvestris [ e.g., 14] and Pinus
pinea [15], the water content was not studied in stone
pine, yet. Therefore, results of the study will play important roles in economical and biological successes of
plantations in arid areas such as survival.
The purposes of this study were to evaluate variation
broad-sense heritability and correlations, for fresh and dry
weights, and water contents in two-year stone pine seedlings. The results of the study are also discussed with respect to the reforestation of disadvantageous areas based on
global warming.
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2. MATERIAL AND METHODS

R2 =

2.1. Cone collection and nursery practice

The cones of the species were collected from nineteen
open-pollinated families (called clone in the paper) originated from Kocarli- Turkey (latitude 37°40′ N, longitude
27°40′ E, altitude 950 m) in December of 2006. Extracted
seeds from the cones were sown at seedbeds including five
rows as three repetitions in Atabey-Forest Nursery (latitude 37°57′ N, longitude 30°38′ E, altitude 1050 m) by
Randomized Blocks Design in March of 2007. Each repetition was five rows and 2 m long. Approximately 60 seeds
were sown in each row (=250 seeds/m2). The sowing seeds
were covered by a mixture of 40% sand + 60% humus.
Standard nursery practices were applied to the seedlings
while growing.

where σ2c is the variance among clones, σ2e is the variance within clone.
Variance components, expressed as coefficient of
variation among clones (CVc) and within clone (CVe), were
estimated as:

CVc = 100σ c / x and CVe = 100σ e / x , where
x is overall character mean.
Correlations among the characters were calculated
based on linear model given above at the levels of individual seedlings (phenotypic, rp) and clonal means (genetic, rg) [18-20]:

rp =

2.2. Data collection

The studied data was collected from two-year seedlings in November of 2008. Four seedlings chosen randomly were lifted at each repetition of clones. Lifted seedlings were cleaned from other material at the Forestry Laboratory of Forestry Faculty. Root and stem parts of the
seedling were separated on root-collar after cleaning.
Root (RootFW, g), stem (StemFW, g) and seedling fresh
weights (SeedlingFW, g) were weighted. Dry weights of
root (Root DW , g), stem (Stem DW , g) and full seedling
(SeedlingDW, g) were weighed after drying at 65 ºC for
24 hours [16].
Water contents were calculated by differences between
fresh and dry weights in root (RootWC, %), stem (StemWC, %)
and full seedling (SeedlingWC, %):

Water content % = (1 − Dry weight / Fresh weight ) x100
2.3. Genetic parameters

The statistically analysis was carried out by SPSS statistical package [21]. The following linear model was used
for the analysis:

Yi j = µ + Ci + eij
where Yij is the observation from the jth seedling of
the ith clone, µ is overall mean, Ci is the random effect of
the ith clone, and eij is random error included environmental
variation as well as random sources of genetic deviation.
Repeatability (R2; ∼broad-sense heritability, the fraction of the variance which is genetic among clones) was
estimated as [17]:

σ c2
+ σ e2

σ c2

σ 2 pxy
σ

2

px

σ py

2

; r =
g

σ 2 gxy
σ

2

gx

σ gy

2

where σ2pxy is the covariance between traits x and y for
individual seedlings, σ2px and σ2py are the variances for
traits x and y among seedlings, respectively. σ2gxy is the
covariance between traits x and y for clonal level, σ2gx and
σ 2gy are the variances for traits x and y among clones,
respectively.

StemFW
(g)

SeedlingFW
(g)

RootDW
(g)

3. RESULTS AND DISCUSSION
The averages of the characters are given in Table 1.
There were large differences among the clones and among
seedlings for the characters. For instance, the difference
between the lowest and the highest clones was more than
two times for RootWC in clones and more than three times in
seedling level. It was more than eight times for SeedlingFW
and more than five times for the SeedlingDW weight. The
average seedling fresh weight decreased from 10.4 to 4.9 g
in the drying (Table 1).
Large differences were also reported in seedling morphology for different forest tree species such as in Cedrus
libani [11], Pinus sylvestris [14] and Pinus pinea [15].
The differences showed the importance of selection in the
species as reported in Pinus sylvestris [14].
There was also a large difference for water content in
the part of seedling. The content was the highest in stem
(51.0%) than that of root (40.3%) and full (48.7%) of the
seedling. It was reported to be 45.1 % in root and 53.0% in
stem of seedlings in Cedrus libani [13]. The water contents
were reported 61.1% in root, 62.7% in stem and 61.9% in

StemDW
(g)
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SeedlingDW
(g)

RootWC
(%)

StemWC
(%)

casper 11.2.11 07:28
Kommentar [19]: should be separated

casper 11.2.11 07:28
Kommentar [24]: a reference may be added
casper 11.2.11 07:28
Kommentar [25]: some information should
be given about used statistical methods and
package, for example which correlation type?,
which significant level?, used program etc.
casper 11.2.11 07:28
Kommentar [20]: if any, a reference should
be added
casper 11.2.11 07:28
Kommentar [26]: The a…
casper 11.2.11 07:28
Kommentar [27]: are
casper 11.2.11 07:28
Kommentar [28]: the
casper 11.2.11 07:28
Kommentar [21]: a reference may be added
casper 11.2.11 07:28
Kommentar [22]: x100, instead of *100
casper 11.2.11 07:28
Kommentar [29]: species
casper 11.2.11 07:28
Kommentar [30]: should be deleted
casper 11.2.11 07:28
Kommentar [31]: should be deleted
casper 11.2.11 07:28
Kommentar [32]: the i…
casper 11.2.11 07:28
Kommentar [33]: to be
casper 11.2.11 07:28
Kommentar [34]: 53.0
casper 11.2.11 07:28
Kommentar [23]: a reference may be added
casper 11.2.11 07:28
Kommentar [35]: repeatability

TABLE 1- Average, range, repeatability (R2), coefficient of variation among (CVc, %) and within clones (CVe, %).
RootFW
(g)

casper 11.2.11 07:28
Kommentar [18]: should be separated

SeedlingWC
(%)

casper 11.2.11 07:28
Kommentar [36]: a dark line should be drawn
under this line

© by PSP Volume 20 – No 2a. 2011

Average
Clonal range
Seedling range
R2
CVc
CVe

1.7
0.9-3.9
0.4-5.9
0.713
34.8
22.1

8.7
2.5-20.5
0.9-30.3
0.824
61.8
28.5
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10.4
3.6-24.4
1.6-35.2
0.814
56.4
26.9

1.0
0.6-1.8
0.4-2.5
0.644
23.9
17.8

3.9
1.5-8.8
0.5-13.1
0.831
56.7
25.6

full seedlings of Cedrus libani [11]. The lowest water content in root was an expected result that the part of seedling
was larger on the ground than that of under the ground.
But the ratio between root and stem is generally balanced
by pruning before reforestation.

40.3
25.5-54.3
17.2-59.7
0.778
20.8
11.1

51.0
34.3-59.3
23.1-66.3
0.877
15.9
5.9

48.7
31.7-57.9
24.8-64.0
0.899
17.2
5.8

for seedling morphology of Pinus sylvestris [14]. It also
showed that the relation could be balanced by different
treatments such as pruning at the nursery and plantation
stages.

That clonal repeatability (R2 ≅ broad-sense heritability) exceeded 0.6 for most of the characters. It was more
than 0.77 for the water content and the highest (0.899) in
the full seedling. Thus, genetics was more important than
environment such as selection in this study. The high
broad- sense heritability (higher than 0.9) was also reported in some morphological characters of Pinus sylvestris
seedlings [14]. Clonal repeatability is used for different
purposes in biological sciences [e.g., 22-28]. For instance,
it was estimated to be 0.71 for essential oil ration in Eucalyptus camaldulensis [28] and lower than 0.5 in nutrients for Cedrus libani seedlings [27]. The investigations
including the present study showed that clonal repeability
could be used as an selection criterion for the highest
performance of plantation areas in disadvantageous
areas.
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within clones (CVe). However, they were generally lower
for water contents than that of the other studied characters
(Table 1). The results showed that water content could be
used in selection of mother trees or seed production areas
for economical and biological successes of reforestations
and afforestations together with phenotypic traits.
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The relations among fresh and height weights, and
water contents of full seedlings are shown in Figures 1 a,
b and c. The figures revealed that the huge seedlings had
more water content than the others.
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FIGURE 1- The relation between SeedlingFW and SeedlingWC (a),
between SeedlingDW and SeedlingWC (b), and between SeedlingFW
and SeedlingDW (c).

TABLE 2- Phenotypic (above diagonal) and genetic correlations (below diagonal) for the characters.

RootFW
StemFW
SeedlingFW
RootDW

RootFW
0.82
0.85
0.90

StemFW
0.82
0.99
0.64

SeedlingFW
0.86
0.99
0.68
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The correlations among the characters were generally
positive and significant (p≤ 0.05) and rather high, both for
individual seedling and for clonal averages as presented in
Table 2.

The relations emphasized that a seedling character
could be used as a predictor to estimate the other characters in future studies. Similar results were also reported

4.9
2.1-10.5
1.1-14.8
0.813
48.5
23.3

RootDW
0.91
0.66
0.70
-

StemDW
0.81
0.98
0.98
0.66
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SeedlingDW
0.85
0.98
0.98
0.73

RootWC
0.57
0.64
0.64
0.22

StemWC
0.36
0.50
0.50
0.17 ns

SeedlingWC
0.43
0.60
0.60
0.19 ns
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StemDW
SeedlingDW
RootWC
StemWC
SeedlingWC
ns

0.80
0.80
0.83
0.67
0.49

0.98
0.98
0.74
0.57
0.66
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0.98
0.98
0.74
0.57
0.66

0.64
0.70
0.31ns
0.15
0.19

0.99
0.68
0.44
0.55

0.99
0.67
0.43
0.53

0.60
0.58
0.72
0.81

0.37
0.36
0.52
0.99

0.48
0.47
0.69
0.97
-

; non significant; p≤ 0.05 for the others.

4. CONCLUSIONS

[6]

Water absorption and using of absorbed water has an
effect on survival and growth of seedlings especially in
the first years. It also plays an important role on both economical and biological success of plantation areas (i.e.,
re-plantation). However, the studied clones were sampled
in only one population; large differences were found among
the clones for the water content. The differences could be
higher when the studied number of clones and populations
are larger. In this respect, future studies should be carried
out on more clones and populations for increasing of
selection potential of parental trees.
The large differences among clones and within clone
emphasized the importance of nursery practice in the species such as selection of candidate seedlings at nursery
stage for reforestations. New applicable physiological selection criteria should be determined for seedlings together
with morphological characters. So, special nursery practice should be applied for dry areas such as establishment
of nursery for dry areas to grow seedlings. The differences
among clones also emphasized that selection should be
family/clone level instead of population level especially for
disadvantageous areas based on global warming. Besides,
new selection criterion should be improved for parental
trees together with phenotypic criteria. The conclusion is
also supported by high clonal repeatability of water content.
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EFFECT OF SALT STRESS ON GROWTH PARAMETERS AND
ANTIOXIDANT ENZYMES OF DIFFERENT WHEAT (Triticum
aestivum L.) VARIETIES ON IN VITRO TISSUE CULTURE
Ayse Sen* and Sema Alikamanoglu
Istanbul University, Faculty of Science, Department of Biology, 34459, Vezneciler, Istanbul, Turkey

ABSTRACT

ABBREVIATIONS

In this study, in vitro tissue cultures were established
from Tekirdag, Pehlivan and Flamura-85 wheat varieties
and NaCl stress was applied to these cultures in concentrations ranging from 0 to 250 mM. The effects of salt
stress on regeneration in tissue culture of Tekirdag, Pehlivan and Flamura-85 varieties were investigated and it
has been detected that salt stress decreases the regeneration ability of wheat in tissue culture comparing to the
control. Depending on the applied increasing salt concentration in each of the three varieties, a decrease was detected on percentages of plant regeneration, plant fresh
weights and content of chlorophyll in cultured 28-days-old
mature embryo cultures of Tekirdag, Pehlivan and Flamura-85 varieties. An increase was observed in the soluble
protein content of Flamura-85 variety under salinity conditions, while a decrease was observed in soluble protein
contents of Tekirdag and Pehlivan varieties. In addition,
an increase was determined for SOD, CAT and POD enzyme activities for each three varieties as a salt stress response, and as the result of running the nativepolyacrylamide gel electrophoresis changes were observed for CAT and POD isoenzyme patterns.

KEYWORDS: Antioxidant enzymes, Chlorophyll content, Plant
tissue culture, Salt stress, soluble protein content, Wheat

2,4-D, 2,4-dichlorophenoxyacetic acid; EDTA, ethylenediaminetetraacetic acid; fw, fresh weight; MS, Murashige and Skoog (1962); PAGE, polyacrylamide gel
electrophoresis; S.E., Standard Error.

* Corresponding author

1. INTRODUCTION
Salt stress, as one of the important factors that are affecting plant metabolism, prevents growth by causing toxicity, reduces the quality and productivity and in further
stages can cause plant death [1]. Therefore, research on the
mechanisms of plant tolerance and/or resistance of salt stress
is an important research subject. Because increasing of
the global agricultural production is essential to meet the
nutritional needs of rising world population [2].
It is reported that in plants grown under salt stress,
the production of reactive oxygen species (ROS), such as
a singlet oxygen (1O2), superoxide radical (O.-2), hydroxyl
radical (.OH) and hydrogen peroxide (H2O2) increase in
the cell. Major production areas of these radicals in plant
cells are located in the electron transfer chain of mitochondria and chloroplast and peroxisome. Plants have developed
some protection mechanisms against the harmful effects of
ROS. Antioxidant enzymes such as superoxide dismutase
(SOD, EC 1.15.1.1), catalase (CAT, EC 1. 11.1.6) and peroxidase (POD, EC 1. 11.1.7) are among the major antioxidant defense systems of plants [3].
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Superoxide anion (O.-2) radicals that occur as a result
of environmental stress factors such as salinity in plants
will be catalyzed to H2O2 and oxygen (O2) by SOD. As a
product of this dismutation reaction H2O2, which shows
very toxic effects in living systems, is converted to water
(H2O) and O2 by CAT. POD, unlike CAT, decomposes
H2O2 by oxidation of co-substrates such as phenolic compounds. In plants, CAT is found in the microbody (peroxisomes and glyoxisomes) where it functions chiefly to remove the H2O2 formed during photorespiration and β-oxidation of fatty acids. In addition, many different PODs
occur in higher plants which involved in various processes,
such as salt stress, and these are found in the cell wall,
cytosol and vacuoles [3, 4].
In this study, the aim was to determine the effect of
salt stress in different concentrations on growth parameters, chlorophyll and soluble protein content, antioxidant
enzyme activities for cultured mature embryos of different
wheat varieties.
2. MATERIALS AND METHODS
2.1. Plant Material and Culture Conditions

Tekirdag, Pehlivan and Flamura-85 wheat varieties
were obtained from Thrace Agricultural Research Institute in Edirne, Turkey.
Selective medium were prepared by the mineral salts
of MS [5], 0.1mgl-1 2,4-D, 20gl-1 sucrose, 0.8% (w/v)
agar and different concentrations of NaCl (0, 50, 100,
150, 200 and 250 mM). Then the pH of the media was
adjusted to 5.8. The surface sterilization of each three
wheat varieties’ seeds were made by keeping them in
70% ethanol for 5 min, in 5% hypochloride solution for
20 min, followed by rinsing three times with distilled
water. The seeds were then imbibed in sterile water for 2h
at 35°C [6]. Mature embryos were removed from the
imbibed seeds with help of the sterile lancet and forceps
under aseptic conditions. After that, mature embryo explants were placed in magenta boxes containing the selective medium. Then these cultures incubated in growth
chamber under 16h photoperiod, irradiance of 500 µmol m-2
s-1photon flux density and temperature of 26°C.
2.2. Growth Parameters and Chlorophyll Content

At day 28, following the harvesting, regeneration percentages and average of plant fresh weights of control and
experimental groups were determined.
28-days-old plant leaves were extracted in 80% icecold acetone and the absorbances of the extracts were
measured at 663 nm and 645 nm in a spectrophotometer
(Shimadzu UV/Visible 1601 Tokyo, Japan). Chlorophyll a,
b and total chlorophyll quantities were calculated according to Arnon method [7].
2.3. Enzyme Extraction

All extractions and enzyme preparations were carried
out at 4ºC. A 100mg sample of the 28-days-old plant leaves

were homogenized with 100mM (pH 7.0) sodium phosphate buffer. The homogenate was centrifuged at 10.000g
for 30min at 4ºC. The supernatant was collected and used
for determination of soluble protein content, SOD, POD
and CAT activities.
2.4. Estimation of Soluble Protein Content and Antioxidant
Enzymes Activity

Soluble proteins were determined according to the
Bradford method [8] using bovine serum albumin as the
standard.
SOD (EC 1.15.1.1) activity was estimated by following the decrease in absorbance of formazan produced by
superoxide and nitro-blue tetrazolium (NBT) in the presence of the enzyme. 2ml of the reaction mixture contained
100mM phosphate buffer (pH 7.8), 13mM methionine,
25mM NBT, 0.1mM EDTA, 150mM sodium carbonate
and 50µl of the centrifugation supernatants. Reaction was
started by adding a 60µM riboflavin solution and the
tubes were kept under two 15W fluorescent lamps for
15min. A complete reaction mixture without the enzyme,
which produced the maximum color, served as control
experiment. Reaction was stopped by switching off the
light and bringing the tubes into dark room. A non- irradiated complete reaction mixture served as the blank. Separate controls (without the enzymes) were used for total
SOD and inhibitor studies. The absorbance was recorded
at 560 nm, and 1 unit of enzyme activity was considered
as the amount of enzyme which reduced the absorbance by
50 % in comparison with the tubes lacking the enzyme [9].
CAT (EC 1. 11.1.6) activity was determined by monitoring the disappearance of H2O2 by measuring the decrease of 1ml reaction mixture containing 50mM sodium
phosphate buffer (pH 7), 40mM H2O2, and 100µl enzyme
extract in absorbance at 240 nm for 1 min [10].
The activity of POD (EC 1. 11.1.7) was measured as
described by Panda et al. [11]. Supernatants were treated
with 2ml of a solution containing guaiacol, H2O2 and phosphate buffer (pH 7) in the concentrations of 1%, 40mM and
100mM, respectively. The enzyme produced a colorful
product by using H2O2 and guaiacol as substrates. The absorbance of the product was monitored at 470 nm, and
peroxidase activity was expressed as ΔA470 g-1(fw) min-1.
All spectrophotometric analyses were measured by
a UV-visible spectrophotometer at room temperature
(25±2ºC).
2.5. CAT and POD Visualisation

Electrophoresis was carried out under non-denaturing
conditions using 8% and 7% polyacrylamide gels preceding of CAT and POD isoenzymes activity staining,
respectively. Gel electrophoresis was conducted at 4ºC for
5h with a constant current of 120V. Electrophoresis buffer
and gels were prepared as described by Laemmli [12].
Staining of CAT isoenzymes were determined as described by Woodbury et al. [13]. Electrophoretic pattern
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of POD was obtained by staining the gels with 100mM
sodium phosphate buffer (pH 7) containing 40mM H2O2
and 1% guaiacol at room temperature until the bands
appeared.
2.6. Statistical Analysis

Statistical evaluations for control and different concentrations of NaCl-treated experimental groups were performed by one-way ANOVA. For multiple comparison of
statistically significant differences in plant fresh weights,
Dunnett’s test was applied setting P<0.05 at the limit [14].
3. RESULTS
3.1. Effect of NaCl stress on Growth Parameters and Chlorophyll Content

Depending on increasing salt concentrations, decrease
was detected on regeneration abilities for all three geno-

types comparing to the control group. Also regeneration
was not observed in Tekirdag and Pehlivan varieties in
culture medium containing 250 mM NaCl, while the rate of
6% regeneration was observed in Flamura-85 variety in the
same medium. Comparing to the control, salt stress treated
28-days old Tekirdag, Pehlivan and Flamura-85 varieties
showed statistically significant decrease for plant fresh
weights between ratios of 47.64-98.84%, 51.32-99.66%
and 30.95-98.92%, respectively (P <0.05) (Table 1).
When the NaCl concentration increased in the medium total chlorophyll, chlorophyll a and chlorophyll b
contents decreased. The highest decline for total chlorophyll was observed on 250 mM NaCl treated experimental groups of Tekirdag and Pehlivan varieties at ratios
of 70.59% and 83.17% compared to the control group,
re-spectively. For Flamura-85 variety this value was observed on 0.25M NaCl treated experimental group at ratio
of 81.2% than the control group (Table 2).

TABLE 1 - Number of explants, regeneration percentages and average plant fresh weights in regenerated plants of 28-days-old Tekirdag,
Pehlivan and Flamura-85 varieties applied to different NaCl concentrations.
NaCl concentration
(mM)

Number of
explants

Regeneration (%)
Tekirdag

Average fresh weights (mg)

Pehlivan

Flamura-85

Tekirdag

Pehlivan

Flamura-85

0
50
86
82
100
268.30 ± 10.27 a* 271.25± 11.35 a*
231.55 ± 10.38 a*
50
50
62
56
84
140.47± 14.86 b
132.04± 15.84 b
159.88 ± 12.89 b
100
50
36
44
46
63.29 ± 10.80 c
80.21 ± 12.87 bc
67.20 ± 11.68 c
150
50
20
30
28
27.62 ± 6.55 cd
21.34 ± 4.88 cd
26.25 ± 6.61 d
200
50
4
4
14
3.11 ± 1.48 d
0.93 ± 0.29 d
9.34 ± 3.49 d
250
50
6
2.51 ± 1.39 d
*
Different letters indicate significant differences relative to controls, P<0.05 (Dunnett’s test). Numbers after (±) indicate S.E. of mean.

TABLE 2 - Total chlorophyll, chlorophyll a and chlorophyll b contents in the seedlings of 28-days-old Tekirdag, Pehlivan and Flamura-85
varieties applied to different NaCl concentrations. Numbers after (±) indicate S.E. of mean.
NaCl concentration
(mM)
0
50
100
150
200
250

Total chlorophyll
Tekirdag
Pehlivan
Flamura-85
0.748 ±
0.838 ±
0.848 ±
0.023
0.019
0.071
0.516 ±
0.639 ±
0.683 ±
0.009
0.004
0.067
0.482 ±
0.359 ±
0.516 ±
0.002
0.004
0.008
0.334 ±
0.297 ±
0.444 ±
0.008
0.004
0.016
0.220 ±
0.141 ±
0.199 ±
0.016
0.013
0.003
0.159 ±
0.009

Chlorophyll contents (mgg-1fw)
Chlorophyll a
Tekirdag
Pehlivan
Flamura-85
0.417 ±
0.485 ±
0.500 ±
0.017
0.033
0.056
0.282±
0.325 ±
0.403 ±
0.005
0.002
0.009
0.254 ±
0.184 ±
0.263±
0.002
0.002
0.004
0.183 ±
0.150 ±
0.234 ±
0.005
0.021
0.009
0.114 ±
0.094 ±
0.107 ±
0.001
0.004
0.005
0.098 ±
0.001

Tekirdag
0.331 ±
0.006
0.234 ±
0.014
0.228 ±
0.002
0.151 ±
0.004
0.106 ±
0.016
-

Chlorophyll b
Pehlivan
Flamura-85
0.353 ±
0.348 ±
0.006
0.016
0.314 ±
0.280 ±
0.001
0.058
0.175 ±
0.253 ±
0.002
0.005
0.147 ±
0.210 ±
0.002
0.007
0.047 ±
0.092 ±
0.012
0.002
0.061 ±
0.009

TABLE 3 - Soluble protein contents, SOD, CAT and POD activities in the seedlings of 28-days-old Tekirdag, Pehlivan and Flamura-85
varieties applied to different NaCl concentrations. Numbers after (±) indicate S.E. of mean.
NaCl concentration
(mM)

Soluble protein contents
SOD
CAT
POD
(mgg-1fw)
(Umg-1protein)
(Umg-1protein)
[ΔA470g-1(fw) min-1]
FlamuraFlamuraFlamuraFlamuraTekirdag Pehlivan
Tekirdag Pehlivan
Tekirdag Pehlivan
Tekirdag Pehlivan
85
85
85
85
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0.88 ±
4.78 ±
3.94 ±
5.19 ±
3.40 ±
4.22 ±
0.058
0.642
1.416
1.150
0.639
0.523
1.42 ±
7.72 ±
5.50 ±
5.34 ±
3.19 ±
5.46 ±
50
0.054
2.133
1.243
1.607
0.944
0.742
1.55 ±
9.00 ±
7.84 ±
6.10 ±
5.09 ±
7.36 ±
100
0.023
3.578
2.576
2.006
0.787
0.955
1.61 ±
10.72 ± 9.63 ±
6.29 ±
7.34 ±
9.20 ±
150
0.017
3.636
2.572
1.880
0.387
1.157
1.64 ±
13.79 ± 10.40 ± 7.11 ±
10.02 ±
10.13 ±
200
0.035
3.214
3.827
1.925
1.069
1.758
1.68 ±
7.79 ±
250
0.046
2.382
3.2. Soluble Protein Content, Antioxidant Enzyme Activity
fold, respectively for
and Native-PAGE
0

1.91 ±
0.012
0.83 ±
0.017
0.87 ±
0.025
1.40 ±
0.023
1.22 ±
0.027

Fresenius Environmental Bulletin

1.40 ±
0.019
0.59 ±
0.029
0.30 ±
0.024
0.66 ±
0.046
0.52 ±
0.040

The soluble protein content of Tekirdag and Pehlivan
varieties decreased (Table 3). This decrease in the content
of soluble protein was observed in different proportions
between 26.70-56.54% for Tekirdag and 52.86-78.57%
for Pehlivan, in respect to the control. For Flamura-85 increasing soluble protein content was detected depending
on increase of applied NaCl concentrations. This increase
varied between 61.36-90.91% (Table 3).
There was an increase of the enzyme activities of SOD,
CAT and POD for each three wheat varieties with respect
to the control (Table 3). This increase 2.9-fold, 3-fold, 1.8fold, respectively for Tekirdag, and 2.6-fold, 2.4-fold, 2.1-

3.67 ±
0.452
3.99 ±
0.546
5.03 ±
0.458
6.07 ±
0.366
6.18 ±
0.543
6.40 ±
0.815

67.61 ±
6.110
94.07 ±
9.272
105.82 ±
8.416
112.37 ±
10.329
118.76 ±
8.757

53.47 ±
9.341
97.43 ±
11.341
99.50 ±
8.815
104.03 ±
10.798
114.56 ±
10.399

-

-

41.93 ±
7.341
70.96 ±
10.153
77.43 ±
10.301
86.52 ±
12.405
98.98 ±
12.133
108.35 ±
12.717

Pehlivan at 200 mM NaCl treated
explants. Similarly, induction of SOD, CAT and POD
activities were observed 1.5-fold, 1.7-fold, 2.9-fold, respectively for Flamura-85 at 250 mM NaCl treated explants.
NaCl stress induced changes on isoenzyme patterns
of CAT on the native-PAGE. As shown in Figure 1a and
1b, only one CAT band with increasing intensity was visualized for Tekirdag and Pehlivan varieties depending on the
NaCl stress. For Flamura-85 variety, two isoenzyme bands
with different intensities were visualized. CAT 1 isoenzyme band was visualized more intensive than CAT 2
(Figure 1c).

FIGURE 1 - Native-PAGE Analysis of CAT Isoenzymes by Activity Staining. Tekirdag (a), Pehlivan (b) and Flamura-85 (c).
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FIGURE 2 - Native-PAGE Analysis of POD Isoenzymes by Activity Staining. Tekirdag (a), Pehlivan (b) and Flamura-85 (c).

As a result of running native-PAGE, a reduce of POD 2
and an increase of POD 1 isoenzyme pattern in increasing
NaCl concentrations for Tekirdag and Pehlivan varieties
was observed, respectively (Figure 2a and 2b). When NaCl
treated to Flamura-85 variety, POD 1, 4 and 5 iso-enzyme
bands were prominent but POD 2 isoenzyme band was
not prominent at all observed experimental groups. POD 3
isoenzyme band was not observed at 100, 150 and 250 mM
NaCl treated experimental groups (Figure 2c).
4. DISCUSSION
Generally, various studies have reported a negative
relationship between salinity and growth parameters such
as percentage of germination rate, percentage of regenerated plants, average of fresh and dry weights, shoot and
root lengths and content of chlorophyll [15-25]. Similarly,
in our research, established mature embryo cultures of each
three wheat varieties showed decrease on regeneration percentages and average of plant fresh weights depending on
treated different concentrations of NaCl.
Determining levels of photosynthetic pigments which
are influenced by environmental factors such as salinity is
important criteria for monitoring the plant growth on stress
studies [16, 17, 20, 23, 24]. A decrease on total chlorophyll,
chlorophyll a and chlorophyll b under NaCl stress was
measured for all wheat varieties. Among these varieties
which were used in our investigation, total chlorophyll,
chlorophyll a and chlorophyll b content of Pehlivan variety was lower than Tekirdag and Flamura-85 varieties.
Previous studies showed that changes can occur on
protein contents of seedlings depending on salinity. Pro-

teins may play a role in osmotic adjustment against salinity in plants and can show an increase or a decrease in
different plant genotypes depending on salt tolerance
and/or resistance. Studies with barley, sunflower, finger
millet and rice showed that salinity resistant varieties present higher increase for soluble protein content comparing
to the salinity sensitive varieties [26]. Different studies
showed that protein contents may decreased or increased in
plants under the salt stress conditions [17, 20, 22, 27, 28].
According to our investigation, depending on the increase
in NaCl concentration, we have seen decrease on soluble
protein content of Tekirdag and Pehlivan varieties, whereas
increase has been seen in Flamura-85 variety comparing to
the control group.
For the aim of determining salt tolerant genotypes and
their performances, determining plants’ antioxidant defence
systems’ response to salt stress is as important as determining the effect of different concentrations of NaCl on plant
regeneration, fresh weight and leaves’ chlorophyll content.
Salt stress can lead to stomatal closure which prevents CO2 uptake in the leaves and therefore reduce photosynthetic activity of plant. When salt stress blocks the
normal electron flow in chloroplast, overreduction of the
electron transport system increases the production of ROS
[2]. Many researchers reported on their studies for different species that, plants which came across with environmental stress factors such as salinity engaged various antioxidant defense systems to prevent damages of ROS [1719, 21, 23, 25]. Plant antioxidant defense system enzymes
such as SOD, CAT, and POD are among the most important free-electron scavengers [3, 4].
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SOD is responsible from elimination of O.-2. Our study
shows that SOD activity which is induced by salinity in all
wheat genotypes presented lower induction for Flamura-85
than the Tekirdag and Pehlivan varieties. Increase of SOD
activity depending on salt stress has been determined in
various studies for different plants such as asparagus bean,
sweet potatoes, sweet cherry rootstock, potatoes, wheat and
alfalfa [17-19, 23, 25, 28].
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Another toxic molecule for plants occurs as a product
of superoxide radicals’ transformation to H 2O 2 by SOD
enzyme. CAT and POD are the major detoxifying enzymes
of H2O2. Therefore, POD and CAT play an important role
in plants’ antioxidant response against salt stress. Both of
antioxidant enzymes’ activity, in response to the increase in
applied salt concentrations, in all the wheat varieties which
were used in our research showed significant increase comparing to the control group. But under salinity stress, an
increase in the activity of CAT was observed in higher
ratio in the seedlings of Tekirdag variety than Pehlivan and
Flamura-85 varieties. POD activity in the stressed seedlings
of Flamura-85 variety was higher than Pehlivan and
Tekirdag varieties. Similar studies with various plants
reported same increase of CAT and POD activities depending on applied NaCl concentration [15-19, 23, 25,
29]. According to our results, corralation effect of antioxidant enzyme scavenging mechanisms is vital to overcome
salinity stress in wheat.
As a result of native-PAGE which was used to determine changes on CAT isoenzyme pattern for all three wheat
varieties, we have seen (CAT 1) one isoenzyme band for
Tekirdag and Pehlivan whose intensity was depending on
NaCl concentration increase and also (CAT 1, 2) two isoenzyme bands for Flamura-85 variety. Similarly, a result
of non-denature polyacrylamide gel electrophoresis which
was used to determine changes on POD isoenzyme pattern, we have seen (POD 1, 2) two isoenzyme bands for
Tekirdag and Pehlivan varieties whose intensity was depending on applied NaCl and also (POD 1, 2, 3, 4, 5) five
isoenzyme bands for Flamura-85 variety has been visualized. In our results, the diversity of isoenzymes could be
involved in salinity tolerance of the varieties.
Different researchers who investigated changes on
CAT and POD isoenzyme patterns for plants species which
were grown under salt stress observed various numbers and
different intensities of isoenzyme bands on native-PAGE
[16, 20, 22, 29, 30].
For salt stress tolerance, differences between family,
genus and species exist; these differences exist even between different genotypes of same species [31]. When
we evaluate all the parameters that we gathered from our
study, we can say that Flamura-85 has the highest salt
tolerance among Tekirdag, Pehlivan and Flamura-85 wheat
varieties.
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ABSTRACT
Zooplankton distribution in the Berlengas Natural Reserve (Portugal) was studied over a period of one year
(February 2006 to February 2007). Monthly sampling was
performed at 6 stations, differentiated according to depth
and distance to the coastline. The aim of this study was to
investigate the overall zooplankton variability through its
different dimensions (space vs. time). The Partial Triadic
Analysis (PTA) was used to study the spatial variability
of the zooplankton community and its dynamics in time

and the dynamic trajectories of the zooplankton species for
each site. It was possible to distinguish a neritic-ocean
gradient of the zooplankton composition and a temporal
variability. Four distinct periods can be highlighted considering the distribution of the dates and the arrangement
of the species: (i) the first one comprised August to November, (ii) the second one was related to June and July,
(iii) the third one associated with spring (April and May)
and, (iv) the latest one was related to winter (February,
March and December 2006 and January and February 2007).
The PTA method showed the similarities between the suc-
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cessive data tables and proved to be useful for investigating biotic structures and detecting spatial-temporal patterns in zooplankton distribution.

KEYWORDS: Berlengas Natural Reserve, partial triadic analysis,
spatio-temporal distribution, zooplankton.

sequence of two-way tables. It is useful when analyzing
the same variables (in this study, the species density) measured on the same items (dates or sites) and done for the
same occurrences (sites or dates). Its general aim is to determine the proportion of variability in the variables that
depends on space or on time.

2. MATERIALS AND METHODS
1. INTRODUCTION

2.1. Survey design

The Berlengas Natural Reserve (BNR) is an archipelago formed by 3 groups of islands (Berlenga, Estelas and
* Corresponding author

Farilhões) located on the western coast of Portugal. The
Reserve was created in 1981, aiming to preserve a rich natural heritage and to ensure sustainable development of human activities in the area. More recently, BNR was proposed to be a Biosphere Reserve. This denomination is
attributed by UNESCO to sites where is recognized the
existence of innovate approaches to conservation and sustainable development. It has a total area of 9560 hectares,
9456 of which are marine. It is located on the Portuguese
continental shelf at an average distance of 5.7 miles from
the mainland (Cape Carvoeiro - Peniche). The geographical
location gives singular characteristics to the archipelago,
which enhanced the interest of ecological studies, because
it is located in a zone with a temperate maritime climate
and is influenced by seasonal coastal upwelling controlled
by the atmospheric circulation associated with the Azores
anticyclone. Persistent northerlies (upwelling favourable) are
observed in summer (June to September) [1,2]; it is, however, during the non-upwelling season (late winter-spring)
that a large amount of meroplankton species are observed
over the shelf [3]. Concerning coastal circulation, other
important aspects are the Portugal Current flowing off the
continental slope westward of 10ºW [4], the Iberian Poleward Current that flows over the slope [5] and the Western
Iberia Buoyant Plume (WIBP) [1]. Moreover, it is located
at the top of the escarpment of the Nazaré Canyon, one of
the most worldwide important submarine canyons in the
transition zone between the Mediterranean and European
subregions. This location contributes to the remarkable
productivity and diversity of marine species and habitats
and to a landscape unique in the region. Previous studies
have investigated the distribution and composition of zooplankton along the Berlenga shelf area [6]; however information on the zooplankton community remains limited.
This work intended to be a preliminary study in this area
and pretended to analyze the variations in zooplankton
species abundance and the different compositions at shelf
and oceanic sites through its different dimensions (time
vs space). To achieve such objective the spatio-temporal
zooplankton community structure was assessed by means
of a Partial Triadic Analysis (PTA) [7-9]. The PTA is a
method of analysis for three-way data sets presented as a

From February 2006 to February 2007, zooplankton
samples were collected monthly from 6 stations: E1
o
(39 25´N 9o30´W), E2 (39o25´N 9o31'W), E3 (39o25'N
9o31´W), E4 (39o25´N 9o30´W), E5 (39o25´N 9o27´W)
and E6 (39o21´N 9o23´W), located along a transect perpendicular to the coastline (between the Peniche coast and
Berlenga islands) (Fig. 1). September 2006 was not sampled due to poor ocean conditions. The samples were obtained from inshore (E6), shelf (E5) and offshore regions
(E1, E2, E3 and E4). Zooplankton samples were collected
through horizontal hauls and were performed during day
time from 1 m below the surface using a 500 µm mesh net
and samples were preserved in 4% formalin in seawater
for further analysis. A Hydro-Bios digital model 438 110
flow-meter was fitted to the net in order to measure the
volume of water filtered. For zooplankton taxonomic and
quantification analyses sub-sampled using a Folsom-splitter
were used until a minimum of 500 individuals were
counted. Abundance data were standardized to number of
individuals per cubic meter.
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2.2. Data Analysis

Only the most abundant 50 taxa out of the 90 identified, having a minimal mean occurrence of 0.1% of the
total density observed in the study area were considered.
This cut-off eliminated the species that occurred rarely,
some being observed on few or rare occasions. Moreover,
well-represented species can be viewed as potential indicators of zooplankton dynamics and ecosystem functioning.
In order to investigate the temporal and spatial variability in the zooplankton community structure, the species
densities were arranged in a tridimensional matrix (species,
dates and sites) comprising 50 columns and 72 rows. These
data offered the possibility to study the three-dimensional
array in two ways (Fig. 2): (A) the spatial variability of the
zooplankton community and its dynamics in time (data
were organized as a series of tables for each date, where
each column corresponded to the species density and each
row corresponded to a sample) and (B) the dynamic trajec-

tories of the zooplankton community per site (data were
considered as a series of tables for each site, where each
column corresponded to the species density and each row
corresponded to a sample). In order to down weight the
influence of highly dominant species, species density was
log(x+1) transformed prior to calculations [10]. Data were
subjected to the PTA [7-9], which is based on the logic of
the Principal Component Analysis (PCA) [11]. It is designed to study simultaneously several sub-matrices of
quantitative data and to detect within the structure any
pattern common to these different sub-matrices; in other
words, it allows extraction of the multivariate structure that
is expressed through the different dates or sites, and describes dominant patterns in its first axes. It is a multivariate technique well-adapted to the statistical study of surveys when the same variables (in this study, species density) are measured on the same individuals [7]. The general

FIGURE 1 - Map of the Berlengas Archipelago and the location of the 6 sampling sites. The rectangle represents the marine protected area.

499

© by PSP Volume 20 – No 2a. 2011

Fresenius Environmental Bulletin

3. RESULTS
A total of 90 taxa represented by 30 groups were encountered. Data showed that cladocerans were the most
abundant group (30% of the total zooplankton), despite
being restricted to warmer months (Fig. 3). Other important zooplankton groups were the copepods, a perennial group (21%), the gelatinous (13%, constituted primarily
by 7% doliolids, 4% appendicularians and 2% medusae),
mero-plankton (18%) and siphonophores (9%). Minor
groups also found in the region were euphausiaceans
(3%), chaetognaths (1%) and mysidaceans (0.1%). The
average abundance for the main zooplankton taxa for each
sampling station is presented in Table 1. Among the cladocerans the Penilia avirostris were by far the most
abundant species in the study area (77% Cladocera), with
a limited seasonal occurrence, mostly present in summer
and autumn. Podon leuckarti (16%) and Evadne nordmanni (7%) followed in abundance. More than 40 copepod species were identified during the entire study, but
only 6 species accounted for
FIGURE 2 - Tridimensional table of data (dates, sites, zooplankton
density) used in the PTA analysis. Way (A) – Identification of a
spatial structure common to the 12 dates and study of the temporal
permanence. Way (B) – Identification of a temporal structure common to the 6 sites and study of the spatial permanence.

functioning principle of PTA consists to find the common
part of all separated analysis (for dates or sites). For that
purpose, PTA analysis consists of successive steps: (1) the
interstructure analysis provided a global description of the
sampling points as a function of the typology of the sampling individuals (dates or sites). It consists of the comparison of the structure of the different sub-matrices (dates
or sites) and the identification of the individuals sharing a
similar structure (by the vectorial correlations presented
in the matrix and calculated between dates or sites). The
function of this step is to assign a weight to each sub-array
and measure the contribution of each to the overall structure. Additionally, and in proportion to the weights is the
cos2(x). It constitutes an indicator of how much the overall
structure expresses the information contained in each table;
(2) the compromise analysis provided a description of sampling points as a function of the species typology. It was
used to identify the species assemblages that characterized
similar patches at different dates or sites. This leads to the
establishment of a common spatial or temporal typology
shared by those dates or sites, respectively; (3) finally, the
analysis of the trajectories (or intrastructure) onto the compromise. The subsets are projected separately onto the
compromise to highlight which date or site fits best to the
compromise; in other words, allows us to draw the trajectories that represent the temporal or spatial variations of
each species around the common structure. All the analyses (calculations and graphs) were run using the package
ADE-4 [12]. This software is available free of charge at
the following Internet address: http://pbil.univ-lyon1.fr/
ADE-4.
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FIGURE 3 - Monthly abundance (ind m-3) of the main zooplankton
February 2007.
groups, over different sampling stations, from February 2006 until
TABLE 1 - Annual mean abundance (ind m-3) of the main zooplanktonic taxa and their standard deviation (SD) during the studied period.
Species abbreviation (abbrev) used in PTA analysis.

Taxa
Total abundance
Cladocera
Evadne nordmanni
Penilia avirostris
Podon leuckarti
Copepoda
Acartia clausi
Calanus helgolandicus
Calanus helgolandicus copepodite
Centropages chierchae
Oithona plumifera
Temora stylifera
Cnidaria
Lizzia blondina
Siphonophora
Muggiaea atlantica
Doliolida
Doliolum sp.
Appendicularia
Fritillaria borealis
Oikopleura sp.
Euphausiacea
calyptopsis
furcilia
Meroplankton
Cirripedia nauplius
Decapoda larvae n id
Zoea Carcinus maenas
Zoea Pisidia longicornis
Echinodermata larvae
Ichthyoplankton
Fish egg
Others

E1

E2

E3

E4

E5

E6

1218 ±101
292 ± 48
24 ± 3
241 ± 47
27 ± 4
276 ± 17
15 ± 2
20 ± 1
40 ± 6
94 ± 10
17 ± 3
45 ± 7
146 ± 14

845 ± 64
299 ± 55
9±1
258 ± 55
31 ± 5
245 ± 13
13 ± 1
17 ± 2
44 ± 6
59 ± 5
9±2
48 ± 5
41 ± 5

1298 ± 113
541 ± 82
19 ± 2
443 ± 81
78 ± 12
189 ± 10
10 ± 1
9±2
17 ± 3
87 ± 8
7±1
27 ± 3
166 ± 26

1004 ± 58
141 ± 21
22 ± 2
93 ± 20
25 ± 4
374 ± 31
15 ± 3
19 ± 2
36 ± 7
83 ± 10
87 ± 22
57 ± 9
107 ± 15

1155 ± 109
394 ± 66
18 ± 2
317 ± 65
60 ± 9
195 ± 15
12 ± 1
45 ± 7
11 ± 2
64 ± 7
7±1
33 ± 5
94 ± 9

1206 ± 103
363 ± 49
53 ± 9
216 ± 48
94 ± 15
168 ± 11
53 ± 5
12 ± 1
4±1
48 ± 5
4±1
36 ± 7
269 ± 42

abbrev
ENOR
PAVI
PLEU
ACLA
CHEL
CHELC
CCHI
OITP
TSTY
LBLO

23 ± 4

3±0

14 ± 2

22 ± 4

19 ± 3

20 ± 3

MATL

110 ± 11
139 ± 27
139 ± 27
72 ± 9
35 ± 6
37 ± 5
69 ± 7
36 ± 4
33 ± 4
202 ± 18
5±1
12 ± 1
87 ± 12
2±0
11 ± 1
7 ± 10
76 ± 10
21 ± 2

36 ± 5
47 ± 9
47 ± 9
18 ± 1
3±0
15 ± 1
60 ± 10
30 ± 5
30 ± 5
127 ± 12
3±0
9±1
46 ± 6
3±0
3±0
5 ± 11
51 ± 11
9±1

145 ± 24
52 ± 11
52 ± 11
44 ± 6
5±0
39 ± 6
18 ± 3
10 ± 1
10 ± 1
274 ± 21
12 ± 2
15 ± 2
183 ± 19
9±1
20 ± 4
2±3
25 ± 3
14 ± 1

71 ± 10
54 ± 8
54 ± 8
30 ± 3
5±1
25 ± 3
49 ± 7
31 ± 5
31 ± 5
225 ± 29
7±1
7±1
53 ± 8
3±1
77 ± 21
6 ± 11
70 ± 11
24 ± 3

72 ± 7
108 ± 23
108 ± 23
57 ± 6
5±1
52 ± 5
23 ± 2
17 ± 1
17 ± 1
261 ± 19
38 ± 10
12 ± 1
141 ± 18
7±1
17 ± 3
3±6
38 ± 6
22 ± 2

238 ± 38
89 ± 25
89 ± 25
68 ± 7
8±2
60 ± 6
10 ± 1
7±1
7±1
229 ± 15
31 ± 4
28 ± 3
108 ± 11
14 ± 1
29 ± 7
11 ± 1
11 ± 1
11 ± 1

DOLI
FBOR
OIKO
ECAL
EFUR
NCIRR
DLAR
ZCAR
ZPLO
ELARV
FEGG

83% of total copepods. The calanoid Centropages
chierchae was the most abundant, followed by Temora
stylifera, Calanus helgolandicus (adult and copepodite
development stage), Oithona plumifera and Acartia clausi
(Table 1). Meroplankton such as nauplii Cirripedia, Decapoda larvae (particularly Zoea Carcinus maenas), Echinodermata pluteus and fish egg were also important species.
The siphonophores were mainly represented by Muggiaea
atlantica and appendicularians by Oikopleura spp. and
Fritillaria borealis.
3.1. Dynamics of zooplankton community spatial variability
at dates scale

The first procedure of the PTA was conducted on the
12 tables for each date, denoting the spatial variations (i.e
rows = sites and columns = species density). The use of PTA
showed that the vectorial correlations (RV in Table 2A)
between each of the 12 months had different contributions.
Moreover, these results pointed out that the strongest
correlation was observed between April and May (RV =
0.73), while June and March reflected the weaker (RV =
0.16). This result highlighted the fact that the associations
between species were not stable from one month to anoth-

er. From the analysis of the correlations and the weights
(Table 2A), the common temporal structure appeared to be
stronger in November, August, April, July and May. They
contributed a larger part in the definition of the compromise (meaning that the compromise will be more influenced by these dates) suggesting that the remaining sampling dates had more particular structures leading to a
weaker weight. Finally, by the cos2(x) (Table 2A) was possible to evaluate how much the compromise expresses the
information contained in each table. July (cos2(x) = 0.68)
was the month that fits best with the compromise, followed by November (cos2(x) = 0.63). By other way, the
compromise represented with less accuracy the zooplankton dynamics in December and March (cos2(x) = 0.19 and
cos2(x) = 0.17, respectively).
The projection of the sampling sites on the first principal plan 1-2 provides a graphical representation of the
compromise, whose interpretation requires consideration
of the correspondences with the species (Fig. 4A). The
eigenvalues diagram (Fig. 4A1) shows that the first axis
was clearly dominant (account for 94% of the explained
variance) in contrast with the second axis (4% of the ex-
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plained variance) which was less significant. Therefore, they
provided a good summary and typology of the spatial spe-

cies organization, on the basis of the common structure,
over the 12 sampling dates. The factor plots of the first

TABLE 2 - Typological value indices. Matrix of correlation between surveys (RV) and description of the structure defined for each survey.
(A) Temporal scale and (B) spatial scale. Weights (contribution of each table in the construction of the compromise); Cos2(x) (fit of each table
to the compromise).
A
Sampling date
Feb 06
Mar 06
Apr 06
May 06
Jun 06
Jul 06
Aug 06
Oct 06
Nov 06
Dec 06
Jan 07
Feb 07
B
Sampling site
E1
E2
E3
E4
E5
E6

RV
1
0.54
0.37
0.34
0.19
0.42
0.42
0.44
0.35
0.44
0.46
0.46

1
0.29
0.38
0.16
0.29
0.22
0.23
0.17
0.41
0.42
0.55

1
0.73
0.51
0.62
0.39
0.28
0.33
0.23
0.47
0.38

1
0.61
0.64
0.39
0.28
0.39
0.30
0.56
0.40

1
0.69
0.44
0.34
0.54
0.22
0.50
0.34

1
0.59
0.43
0.55
0.26
0.49
0.40

1
0.63
0.67
0.22
0.36
0.30

RV
1
0.75
0.64
0.76
0.78
0.69

1
0.70
0.66
0.67
0.59

1
0.53
0.67
0.59

1
0.64
0.59

1
0.75

1

1
0.68
0.24
0.42
0.31

1
0.34
0.47
0.36

1
0.53
0.50

1
0.55

1

Weight
0.19
0.09
0.37
0.32
0.27
0.36
0.38
0.23
0.44
0.10
0.27
0.20

Cos2(x)
0.31
0.17
0.51
0.53
0.53
0.68
0.53
0.45
0.62
0.19
0.48
0.32

Weight
0.47
0.36
0.39
0.39
0.43
0.40

Cos2(x)
0.68
0.59
0.55
0.54
0.65
0.55

FIGURE 4 - Compromise factor maps of the PTA analysis. (A) Dynamics of zooplankton spatial variability at the temporal scale: (A1) Eigenvalues bar plot of the compromise; (A2) Zooplankton density projected on the first factorial plan; (A3) Sampling sites projected on the same factorial plan. (B) Variability of the zooplankton dynamics at the spatial scale: (B1) Eigenvalues bar plot of the compromise; (B2) Zooplankton density
projected on the first factorial plan; (B3) Sampling dates projected on the same factorial plan. Only the labels of most abundant species and thus
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of importance in these graphics, were identified for clarity. Species codes according Table 1. Each date is identified by the three first letters of the
month (e.g. Feb07 – February 2007). Axis 1 - the first principal component; Axis 2 - the second principal component. The scales of the graphs are
given in the rounded box. Note for different scales.

two axes of the compromise analysis are shown for the
zooplankton community (Fig. 4A2) and sites (Fig. 4A3).
In order to facilitate the interpretation, only the most
abundant species were identified in the graph (see Table 1
for code correspondence). The analysis of the first principal plan (Fig. 4A) distinguished three zones characterized
by its particular species composition: one related to the
inshore station E6, the second zone comprises stations
with different characteristics, a shelf station (E5) and an
offshore station (E3), and finally one zone that group the
further offshore stations (E1, E2, E4). Axis 2 mainly opposed homogeneous stations (E1, E2, and E4; Fig. 4A3)
dominated mainly by C. chierchae, P. avirostri, T. stylifera and Doliolum spp. to stations less homogeneous
(E3, E5 and E6). The second zone defines a transition
area characterized by the occurrence of echinodermata
and decapoda larvae, the cladoceran E. nordmanni and
medusae L. blondina. Finally, the siphonophore M. atlantica, the appendicularians Oikopleura sp., and meroplanktonic larvae such as Zoea of C. maenas and nauplii of
cirripedia, and the cladoceran P. leuckarti were clearly
under the in-fluence of the characteristics of the neritic
station E6. The trajectories of the compromise for the
sampling dates were represented for species (Fig. 5A1) and
for sites (Fig. 5A2). It allows us to identify temporal patterns for the species and sites around the common structure. The trajectories maps focused on November, August,
April, July and May, when the observed co-structure of
species densities was the most significant (see Table 2A).
The projection of species variables for each month on the
compromise plan showed that each one is close to the
compromise structure (see Fig. 4A), which confirms that
the analysis is in accordance with the pattern pointed out
by the compromise.
The projection of each table-date in plan 1-2 of the
compromise (Fig. 5A1) showed that P. avirostris exhibited the strongest temporal variation. The density found for
this species was particularly lower in April, May, June
and July, in contrast with August and November. It was
the clear seasonal dynamics of P. avirostris, in conjunction with some Copepoda species (e.g. O. plumifera, C.
chierchae, T. stylifera), that strongly affected the structure
of zooplankton community and caused the observed pattern between E1, E3 and E5 (Fig. 5A2) in these two months.
Moreover, Doliolum sp. and P. avirostris appeared as the
dominant species during this period, following a similar
pattern, however the former species showed an earlier increase in abundance (June and July). M. atlantica was the
most stable during the study period, with its position always in the negative half of axis 2. Also, P. leuckarti
follow this pattern with an exception for June, where it
appeared closer to Doliolum sp. and C. chierchae. Regarding the period in analysis, the inshore station E6 was
always located in the negative half of axis 2 (Fig. 5A2).

Furthermore, while in May and November, offshore sites
were in opposition to E6, in July those sites had the particularity of being nearest the inshore station, indicating a
similar pattern in species composition. In addition, the
dynamics between E4 and E2, from July to August, resulted in a general increase of P. avirostris and a decrease
of Echinodermata larvae and A. clausi (Fig. 5A1 and
5A2). To summarize, based on the analysis of the two representations of the trajectories, the conditions of the sites
showed a more pronounced stability over time compared
with the annual pattern of the species distribution.
3.2. Variability of zooplankton community dynamics at the site
scale

The second procedure of the PTA was performed on
the 6 tables for each site, denoting the temporal variations
(rows = dates and columns = species density).
The matrix presenting the RV between the sampling
sites sub-matrices (Table 2B) showed that the strongest
correlation (RV = 0.78) was observed between the sites
E1 and E5 whereas the sites E3 and E4 pointed out the
weakest one (RV = 0.53). Also, it was observed that the
contribution of the different sampling sites for the construction of the compromise, were well-balanced
(weighting 0.36-0.47). However, the sub-matrices E1, E5
and E6 contributed a major part in the definition of the
compromise (0.47, 0.43, 0.40, respectively) suggesting
that other sites had more particular structures (leading to a
lower weight). The observation of the cos2(x) (Table 2B)
indicates that E1 was the one that fits the best with the
compromise (cos2(x) = 0.68), followed by stations E5
(cos2(x) = 0.65) and E2 (cos2(x) = 0.59). On the other
hand, for the stations E3, E6 and E4, the compromise represented with less precision the annual dynamics of zooplankton (cos2(x) = 0.55, 0.55 and 0.54, respectively).
The projection of the species on the plan 1–2 (Fig.
4B2) provides a graphical representation of the compromise, whose interpretation requires consideration of the
correspondences with the months (Fig. 4B3). The first two
axes of the compromise accounted for 82% of the total
inertia with 67% for axis 1 and 15% for axis 2 (Fig. 4B1).
They provided a good summary of the temporal species
organization over the 6 sampling stations for the 12 sampling months. As previously, only the most abundant species were identified in the graph (see Table 1 for code
correspondence).
The first axis distinguished a group of species that were
typical of warmer months such as C. chierchae and M.
atlantica and to a lesser extent Zoea C. maenas, Oikopleura
sp., T. stylifera and P. leuckarti. These were all observed
to be relatively more common between June to November
(Fig. 4B3).
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The second axis was defined by two distinct species
assemblages. One assemblage was mainly dominated by
P. avirostris and Doliolum sp. whereas the second one was
essentially composed by fish eggs and C. helgolandicus

(copepodites and adults). In addition, the distribution of the
sampling dates on the compromise reflected a transition
from April-June to August-November (Fig. 4B3).

FIGURE 5 - Trajectories factor plots of the PTA analysis. (A) Dynamics of zooplankton spatial variability at the temporal scale: (A1) Projection of the zooplankton species on the first factorial plan (only for species that stood out on the compromise diagram, see Fig. 4A2). (A2)
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Projection of the sampling stations on the first factorial plan. Graphs are given only for the 6 dates that showed the highest contribution to
the compromise (see Table 2A). (B) Variability of the zooplankton dynamics at the spatial scale: (B1) Projection of the zooplankton species
on the first factorial plan (only for species that stood out on the compromise diagram, see Fig. 4B2). (B2) Projection of the sampling dates on
the first factorial plan. Species codes according Table 1. Legend of the months according Fig. 4. Axis 1- the first principal component; Axis 2 - the
second principal component. The scales for axes are given in the rounded box.

From the separated analyses of each table, the compromise of species (Fig. 5B1) and dates (Fig. 5B2) has
been projected onto the first principal plan. This allowed
the discussion of the spatial variations of species and
dates, i.e. the internal structure of each table per site. Generally, these projections were in agreement with the patterns noted by the compromise. However, the analysis can
be mainly focused on sampling stations E1 and E5, since
its general pattern of species and dates distribution, is what
is more aligned with the compromise (Fig. 5B). This observation implies that there were a few differences between
seasonal changes in the composition of the zooplankton
community for these two sites and the compromise. Moreover, this confirms the information given by the values of
the weights and the cos2(x) (see Table 2B). Although slight,
the general pattern observed for the stations E2, E3, E4 and
E6, for the distribution of dates and species (see Fig. 5B1
and Fig. 5B2) differed from the distribution achieved by
the compromise. Even though not very strong, they had
their own internal typology (each sites presented a particular species composition and abundance dynamic) which indicates that the zooplankton community was characterized
by its own seasonal dynamics for those sampling stations.
4. DISCUSSION AND CONCLUSIONS
The analysis of zooplankton community in the upper
waters of the shelf area of Berlengas Natural Reserve (NW
Portugal) suggested high species diversity, with 90 species/
genera recorded. Data from zooplankton samples showed
that cladocerans were the most abundant group (30% of
the total zooplankton), but restricted to warm periods. An
important perennial group was represented by copepods
(21%). It is worth stressing the importance of these taxa
in offshore zooplankton studies, as has been already observed off the NW Iberian Peninsula [13-15] and in other
coastal areas [16, 17]. In the region, these groups have
been also highlighted as the most abundant by a previous
study performed by Pardal and Azeiteiro [6].
The PTA method showed the similarities between the
successive data tables (arranged according to different
scales, time vs. space) and proved to be useful for investigating biotic structures and detecting different patterns in the temporal development and spatial distribution
of zooplankton communities. Therefore, regarding the zooplankton abundance pattern and the species association it
was possible to distinguish a pattern related to a neriticocean gradient of the zooplankton composition and a temporal variability. In addition, following the analysis of the
principal factor plan, four distinct periods can be highlighted considering the distribution of the dates and the
arrangement of the species on the first two axes: (i) the
first one comprised August to November, (ii) the second

one was related to June and July, (iii) the third one associated with spring (April and May) and, (iv) the latest one
was related to winter (February, March and December
2006 and January and February 2007).
The geographic location of the Berlengas Archipelago
and the specific hydrographic conditions in the area were
clearly important in structuring the zooplankton community. As observed in other coastal areas, associated with
upwelling events, shelf and oceanic sites have different
zooplankton composition in response to different hydrographic conditions [17,18]. The hydrodynamics off the Portugal coast has been described by several authors (e.g. [1,
19]). As described, the general surface circulation follows a
seasonal pattern. Wind regime seasonality can be very
important in the shelf currents in the region [20]. Dominant south-westerly winds in autumn-winter induce downwelling and favour poleward flow (IPC), while dominant
northerly winds in spring-summer are associated with
coastal upwelling and equatorward flow [5]. The transition from winter downwelling to summer upwelling conditions occurs around April [21]. This transition is reflected
in the large variability in circulation and in the distribution of physical properties, observed both on the shelf and
offshore. These seasonal changes in the currents flowing
along the Portuguese coast and the different upwelling
patterns originated by differences in the shelf topography
were reflected in the changes in the horizontal distribution
of zoo-plankton. According to PTA analysis was possible
to define 3 spatial areas based on species composition.
What emerges from our results is that the inshore region
was the more unstable, owing to the influence of upwelling
events. Indeed different species-assemblages were observed
during the study period at that station. Taxa linked to high
phytoplankton concentrations such as C. helgolandicus and
Calanoides carinatus [22] dominated during warmer
months, which coincide with upwelled waters, rich nutrient waters that favored phytoplankton development/spring
bloom [23]. Furthermore, it is noteworthy that during the
warmer months (between August to October) a considerable increase in the abundance of cladocerans was observed, mainly due to P. avirostris. This species is one of
the more abundant and widespread members of the crustacean zooplankton in nearshore tropical and subtropical
waters [24], although recently it has spread to higher
latitudes (e.g. the North Sea, [25]). It seems that its occurrence is mainly related to the availability of adequate food.
P. avirostris ingests a wide spectrum of microbial organisms, from flagellates <2 mm to chain-forming diatoms,
showing a clear advantage over copepods [26]. In addition, it is known that among the different phytoplankton
groups observed in coastal upwelling ecosystems, diatoms
and dinoflagellates can take advantage of different oceanographic conditions [23,27,28], since those organisms are
the main food source of P. avirostris, that situation could
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be positive for their positive development. Besides, during
the study period, regional and local climate showed a general pattern toward dried and warmer conditions which
extend through-outthroughout the autumn period, as indicated by a reduction in precipitation and a warming of air
temperatures (http://web.meteo.pt/pt/clima/clima.jsp). These
conditions could favour a dominance of flagellates resulting
in a change in food availability for P. avirostris. Another
feature that can distinguish species from continental shelf
and more offshore sites during stratified waters was species linked to lower salinity, such as A. clausi and meroplankton, which are quite common inshore.
A good knowledge of the geographical distribution of
the species-assemblages and their temporal variability is
crucial to facilitate and detect ecological interpretation.
However, we recognize that monitoring the dynamics of
pelagic ecosystems at long-term time series is needed in
order to be aware of important aspects such as global warming trend on marine communities, invasion of exotic
species (“biologic pollution”), and to identify the important species or groups that can act as indicator of global changes or environmental contaminants [29]. As denoted by [30] the decrease in subarctic species, associated
with an increase in temperate pseudoceanic species,
have a possible link with change along the European
shelf-edge. For all the mentioned aspects, the Berlengas
Natural Reserve (NW Portugal), due to their special hydrodynamics features, can be considered a suitable area to
biological long-term studies to detect changes, at local but
also at regional scale. More studies should be conducted
in near future in order to better understanding the zooplankton dynamics and their relationship with hydrodynamic processes that occur on the west coast of Portugal,
and namely on the vicinity of Berlengas Natural Reserve
as a consequence of the Nazaré submarine canyon.
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TOXICITY AND BEHAVIORAL EFFECTS OF ANIONIC
SURFACTANT SODIUM DODECYL SULPHATE
TO PLANARIAN Dugesia japonica
Zuoqing Yuan, Bosheng Zhao* and Feilong Meng
School of Life Sciences, Shandong University of Technology, Zibo 255049, P.R. China

ABSTRACT
In this work, we describe aspects of the acute toxicity
and behavioural effects of sodium dodecyl sulfate (SDS)
in planarian Dugesia japonica. The results showed SDS
begins to show toxicity at concentrations above 3 mg/L,
and all mortalities occurred within the first 24 h of exposure and the 24-h LC50 was similar to the 96-h LC50. Planarians exposed to SDS for 1 h displayed a dose-related
decrease in planarian locomotor velocity (pLMV) over the
8-min test period compared to water-exposed planarians.
The decrease in motility elicited by SDS was reversible.
KEYWORDS:
Planarian, sodium dodecyl sulfate, motility, toxicity.

1. INTRODUCTION
Sodium dodecyl sulfate (SDS) or sodium lauryl sulfate (SLS) is a kind of anionic surfactant that denatures
membrane proteins of cells. It is used in detergents, household cleaning products, and in the mining and oil industries
[1]. It can be present in sufficient concentrations to constitute toxicity problems to aquatic organisms in untreated
effluents [2]. The results of acute toxicity of surfactants on
fish cells, Daphnia magna and fish indicated that Daphnia was more sensitive to the surfactants than fish [1, 3].
In human studies, SDS appears to cause skin and eye
irritation. SDS may worsen skin problems in individuals
with active atopic dermatitis and aphthous ulcers [4-7].
Freshwater planarians are distributed worldwide in unpolluted streams and an important component of the aquatic
ecosystem. They have the ability to regenerate their whole
body from a small piece of the body, so they have been
widespread applied in developmental biology and neuro-

science research [8, 9]. Furthermore, they have a high sensitivity to toxins with widespread application in toxicological and genotoxicity studies [10-14]. In addition, pla* Corresponding author

narians are widely distributed in a large number, and are inexpensive and easily cultivated. These features make planarian a suitable organism for studying the effects of environmental pollutants in aquatic environment.
The potential toxic effects of surfactants have attracted
much research attention in the past several decades [15-17].
In this study, we used planarians Dugesia japonica, which
belong to the Phylum Platyhelminthes, class Turbellaria,
order Tricladida, family Dugesiidae, as an animal assay.
The purpose of this study was to evaluate aquatic toxicity
of SDS by examining the effects of SDS on survival and
behaviour in planarians D. japonica.
2. MATERIALS AND METHODS
The planarians used belong to the race of D. japonica
collected from a fountain in Quanhetou, Boshan, China.
The animals were kept in autoclaved tap water at 20 °C.
The planarians (1.0–1.5 cm long) were exposed to
SDS at six different concentrations, or dechlorinated tap
water as a control group. For each concentration, ten animals were kept in 50 ml of test solution in a beaker, and
each treatment was replicated three times during the experiment. The worms were exposed to the experimental
conditions for a period of 96 h, with counts and removal
of dead animals every 24 h. The organisms without detectable movement were considered to be dead. During experiments, the SDS-containing water or the SDS-less water
(controls) was changed daily. The worms were exposed to
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another six different concentrations for a period of 1 h,
and the numbers of alive and dead worms in each SDS
concentration also were recorded. Mean lethal concentration (LC50) was derived through a Probits analysis [18].
Planarian locomotor velocity (pLMV) was measured
as described previously [19]. Individual planarians were
placed into a clear glass Petri dish (10 cm diameter). The
dish was placed over paper with gridlines spaced 0.5 cm
apart, and pLMV was quantified as the number of gridlines planarians crossed or re-crossed per min over a 8-min
observation period. pLMV was expressed as the mean
(± S.E.M.) of the cumulative number of gridlines crossed
by each planarian per min (N = 10 planarians per group).
Prior to measurement of pLMV, each planarian was exposed individually for 1 h to one of the following treatments: water, SDS (0.5, 1, 3, 5, 10, 15, or 20 mg/L). Planarians exposed to 3 or 5 mg/L SDS were transferred to
SDS-less water recovering, and pLMV was measured after
24 and 48 h, respectively.

20 mg/L) for 1 h and then tested displayed a dose-related
decrease in pLMV over the 8-min test period compared to
SDS-less water-exposed planarians (Fig. 3a).
Fig. 3b shows a plot of the slopes from each line in
Fig. 3a versus the SDS concentration, showing an exponential-like decay curve. This type of decay curve was
also observed in studies using other chemicals [14, 20].
Of note, the pLMV, even though it was reduced, remained
constant over the 8-min observation period. At sub-toxic
concentrations, SDS decreased planarian locomotor velocity to 50% of the control values at a concentration of
about 3 mg/L (Fig. 3a). The pretreatment concentration
(15 mg/L) produced approximately 94% reduction in pLMV

Comparisons of group means were analyzed by oneway ANOVA, and differences between the means were determined by a Newman-Keuls posthoc test. A probability
level of P <0.05 was considered to be statistically significant.
3. RESULTS AND DISCUSSION
The worms were exposed to the experimental conditions for a period of 96 h, and the numbers of live and dead
worms in each SDS concentration were recorded. These
data were plotted as the mortality versus SDS concentration at different time periods (Fig. 1a). The mortality is directly proportional to the SDS concentration. SDS begins
to show toxicity at concentrations above 3 mg/L, and all
mortalities occurred within the first 24 h of exposure, and
the 24-h LC 50 was similar to the 96-h LC 50 (Fig. 1b,
Table 1). The 24-, 48-, 72- and 96-h LC50 values of SDS
for planarians in this study were 5.9552, 5.8696, 5.8696,
and 5.8185 mg/L, respectively (Fig. 1b, Table 1).
The worms were exposed to another six different concentrations for a period of 1 h, and the numbers of dead
worms in each SDS concentration also were recorded.
These data were plotted as the mortality of worms versus
SDS concentration (Fig. 2). The planarian mortality and
SDS concentration is showing obviously linear relationship (R2 >0.8). The 1-h LC50 is 26.21 mg/L.

FIGURE 1 - (a) Planarian mortality as a function of SDS concentration at different exposure times, as indicated. The error bars represent the standard error of the mean. The LC50 values are shown in
Table 1. (b) LC50 values as a function of exposure time. The error
bars represent the 95% confidence interval.

TABLE 1 - LC50 values from 24 to 96 h for Dugesia japonica exposed to SDS.

To explore another aspect of the behavioural effects
of SDS in planarians, we used a published behavioural
protocol, which measures changes in pLMV, in response
to expose to experimental substances [19]. The results are
summarized in graphical format in Fig.3a. The data are
plotted as the cumulative means of each group over the 8min observation period, and fit by linear regression. Planarians that were exposed to SDS (0.5, 1, 3, 5, 10, 15, or
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Exposure time
(hours)
24
48
72
96

LC50
(mg/L)
5.9552
5.8696
5.8696
5.8185

95% Confidence
interval
5.6167-6.2936
5.5704-6.1687
5.5704-6.1687
5.5237-6.1132
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treated with 5 mg/L SDS still displayed a little lower
pLMV than pre-treated with 3 mg/L SDS (Fig. 4a). However, after 48 h, planarians completely recover their motility and displayed no difference in pLMV (Fig. 4a and b).

FIGURE 2 - Mortality of D. japonica after 1-h exposure to SDS. The
planarian mortality and SDS concentration is showing obviously
linear relationship (R2＞0.8).

FIGURE 3 - Effect of SDS in planarian motility: (a) Planarians were
exposed to water or SDS at the indicated concentrations for 1 h and
then tested for 8 min. pLMV was quantified as the number of gridlines crossed or re-crossed per min over a 8-min interval and expressed as the mean ± S.E.M. of the cumulative number of gridlines
crossed by each planarian per min. (b) Plot of the slopes from the
lines in Fig. 3a vs. the SDS concentration. Planarian motility is
inversely proportional to the SDS concentration. In Fig. 3b, all the
slopes were significantly different from the control slope (“*”: P <
0.05; “**”: P < 0.01). In both graphs, the error bars represent the
standard error of the mean.

compared to controls. Planarian motility was completely
abolished when exposed to 20 mg/L SDS; at this concentration, SDS is fairly toxic to the worms, as 20 mg/L is
close to the observed 1-h LC50 value (Fig. 2).
This decrease in motility elicited by SDS was reversible. All worms exposed to 3 or 5 mg/L SDS over a period
of 1 h survived. In both concentrations, motility was markedly decreased. Planarian displayed a significantly reduced (P <0.01) pLMV (Fig. 3b). Planarians exposed to 3
or 5 mg/L SDS for 1 h were transferred to SDS-less water, respectively, and their motility was found to be significant recovery after 24 h (Fig. 4a). But planarians pre-

Various pollutants, including chemicals, metals and
surfactants are released into the water and contaminate the
ground or surface waters. Therefore, water pollution presents a serious problem to aquatic ecosystems [21-24].
Acute lethality tests on fish and Daphnia magna are still
the backbone of environmental safety testing. Daphnia was
more sensitive to the surfactants than fish [1, 3]. Daphnia
magna has been suggested to be the most sensitive species to surfactants [1, 15, 25]. In our study, we used pla-

FIGURE 4 - Recovery of SDS exposure: (a) Planarians were pretreated with 3 mg/L or 5 mg/L SDS for 60 min and then transferred
to SDS-less water and their motility was reassessed after 24 and 48
h. pLMV was quantified as the number of gridlines crossed or recrossed per min over a 8-min interval and expressed as the mean ±
S.E.M. of the cumulative number of gridlines crossed by each planarian per min. (b) Histogram of the slopes from the lines in Fig. 4a.
The slopes of the lines from the worms exposed to 3 mg/L or 5 mg/L
SDS were significantly different from the control line (P < 0.01). The
slopes of the lines from the recovery after 24 h or 48 h were not
significantly different from the control line (P >0.05). In both graphs,
the error bars represent the standard error of the mean.

narians as biological sentinel to monitor the toxicological
effects of anionic surfactant SDS on toxicity and behavioural effects of the Dugesia japonica. Data on SDS toxicity obtained from the 48-h planarian toxicity test in our
study was 5.8 mg/L. However, data on SDS toxicity obtained from the 48-h Daphnia magna test in the literature
[26] was 6.2-9 mg/L. Thus, planarians Dugesia japonica
also have high sensitivity to SDS among aquatic organisms. Among the organisms proposed for monitoring,
planarians present the advantages of being particularly
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susceptible to pollutants, widely distributed in a large
number, and easy and inexpensive to culture in laboratory
[27]. It has been shown that pollutant agents, like heavy
metals, cause morphological, locomotive and behavioural
alterations in planarians [27, 28].

[5]

Löffler, H. and Effendy, I. (1999) Skin susceptibility of atopic individuals. Contact Dermatitis 40, 239–242

[6]

Marrakchi, S. and Maibach, H.I. (2006) Sodium lauryl sulfate-induced irritation in the human face: regional and agerelated differences. Skin Pharmacol Physiol 19, 177–180

There were little variations in 24-, 48-, 72- and 96-h
LC50 values of SDS for planarians. The four LC50 values
were all about 5.8 mg/L. All mortalities occurred within
the first 24 h. The 1-h LC50 value of SDS for planarians
was 26.21 mg/L, and higher than the 24-h LC50 values.
The observations demonstrate that the mortality and the
development lesions depend on both concentration of SDS
and length of exposure to SDS within the first 24 h. In our
study, the lowest SDS solution concentration is 0.5 mg/L.
This value is smaller than the 24-h LC50 value (5.6 mg/L),
but also has obvious influence to planarians behaviour.
Planarians exposed to 0.5 mg/L SDS for 1 h displayed
approximately 16% reduction in pLMV compared to controls.

[7]

Herlofson, B.B. and Barkvoll, P. (1996) The effect of two
toothpaste detergents on the frequency of recurrent aphthous
ulcers. Acta Odontol Scand 54, 150–153

[8]

Reddien, P.W. and Sánchez Alvarado, A. (2004) Fundamentals of planarian regeneration. Annu Rev Cell Dev Biol 20,
725–757

[9]

Agata, K., Saito, Y. and Nakajima, E, (2007) Unifying principles of regeneration I: Epimorphosis versus morphallaxis.
Dev Growth Differ 49, 73–78

4. CONCLUSIONS
In summary, this work provides information about the
toxic and behavioural effects of SDS in planarians. SDS is
ubiquitously found as pollutant in aquatic environment.
We can conclude that planarian D. japonica is a good bioindicator organism for the detection and evaluation of
SDS effects upon freshwater invertebrates, allowing insights on the effects of SDS (and possibly other surfactants)
in a freshwater environment.
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HEAVY METAL LEVELS OF FIVE FISH
SPECIES INHABITING BRACKISH WATER, THE
KÜÇÜKÇEKMECE LAGOON, ISTANBUL (TURKEY)
Melek Türker Saçan1,* and Ömer Altun2
2

1
Boğaziçi University, Institute of Environmental Sciences, 34342 Bebek Istanbul, Turkey
Istanbul University, Faculty of Science, Department of Biology, 34134 Vezneciler, Istanbul, Turkey

ABSTRACT

1. INTRODUCTION

Concentrations of heavy metals (Cd, Co, Cr, Cu, Mn,
Ni, Pb and Zn) in the Küçükçekmece Lagoon were determined seasonally in the following species/tissues: whole
bodies of two fish (Clupeonella cultriventris and Atherina
boyeri) and edible tissues (muscles) of three fish
(Carassius gibelio, Scardinius erythrophthalmus and Mugil
cephalus) inhabiting brackish waters. Comparisons between
the previously published metal concentrations in water
and sediment samples taken in the same period from the
Lagoon were made with those of fish caught from the
Lagoon. The relationship between metal concentrations in
all fish species and their length/weight was analyzed. 85%
of the measured Pb concentrations exceeded the Turkish
Food Codex (TFC) and European Commission (EC) limits, whereas 15% of the measured Cd concentrations exceeded the TFC and EC limits. The levels of Zn determined
for all seasons in the muscles of the fish were lower than
the levels specified by TFC limit, except for S. erythrophthalmus for winter and autumn. However, none of these
concentrations in terms of provisional tolerable weekly intake exceeded maximum and guideline levels for contaminants and toxins in food set by FAO/WHO, and for
metals and alloys used as food contact materials set by the
Council of Europe (CE). 	
  

KEYWORDS: Metal pollution, Fish, Seasonal variation, Condition
factor, Küçükçekmece Lagoon.

The Küçükçekmece Lagoon is located on the southwestern suburb of Istanbul and has a surface area of
15.22 km2 and maximum depth of 20 m. The water volume of the Lagoon is 145 million m3. Although the Lagoon
was considered a drinking water reservoir in the 1980s, be* Corresponding author

cause of increasing eutrophication, at present it is used
mostly for fishing. The Lagoon is also an important recreation zone for a big city like Istanbul with a population of
around 13 millions. However, there is some evidence that
the Lagoon is being contaminated by the dense human
habitat and uncontrolled industrial development including manufacture of paint and textiles, and chemical
metallurgy. Not only the commercial fish species, but also
fish fauna was considerably affected and has declined
dramatically in the last decade [1]. This is the first study
on concentrations of heavy metals in tissues/whole body
of the fish species in the Lagoon.
The main aims of the present study were as follows:
1) to determine the levels of some heavy metals (Cd, Co,
Cr (total), Cu, Mn, Ni, Pb and Zn) in whole bodies of two
fish species (Clupeonella cultriventris (kilka) and Atherina
boyeri (sand smelt) and edible tissues (muscles) of three
fish species (Carassius gibelio (Prussian carp), Scardinius
erythrophthalmus (rudd) and Mugil cephalus (grey mullet)) caught in different seasons from the Lagoon; 2) to
understand the relationships between fish size (length and
weight) and heavy metal concentrations; 3) to compare the
results with the maximum allowed concentration (MAC)
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set by Turkish legislation and the European Commission
(EC) and the published results from other parts of the
world including Turkey, as well as with the data on heavy
metal levels in water and sediments samples taken in the
same period from the same Lagoon [2].
2. MATERIALS AND METHODS
2.1. Study area

The study area, The Küçükçekmece Lagoon, with a
spoon-shaped topography, adjacent to the Sea of Marmara, is located southwest of Istanbul (Fig. 1). There are
three stream systems flowing into the Lagoon: Nakkaş
creek, Sazlı creek and Ispartakule creek. Starting in late
1990s, freshwater flowing into the Lagoon has noticeably
decreased, mainly due to the initiation of the Sazlı Creek
Dam on the Lagoon’s most important tributary. Since the

In the present study, fish species (Clupeonella cultriventris, Carassius gibelio, Scardinius erythrophthalmus, Mugil cephalus and Atherina boyeri) were collected
from the Lagoon by local fisherman using fish nets during
the four seasons over a 12-month period. These fish differ
according to their eating habits and physiology. C. cultriventris is essentially a brackish water species and feeds
on zooplankton; crustaceans such as copepods and cladocerans. Of the fish species C. gibelio, S. erythro-phthalmus
and M. cephalus are omnivora, whereas A. boyeri belongs
to carnivora group. C. gibelio feeds on plankton, benthic
invertebrates, plant material and detritus. S. erythrophthalmus feeds on invertebrates (including insect larvae and
adults) and plants. M. cephalus is mainly diurnal, feeds on
zooplankton, benthic organisms and detritus. It spawns in
sea water and afterwards moves to the freshwater/brakish
water, therefore it can be found in the Lagoon. A. boyeri is
very euryhaline species, which is frequently found in
brackish waters and more sporadically in freshwater. It
feeds on small crustaceans, worms, mollusks and fish larvae. Samples were taken every two months during December 2002 to November 2003.
2.2. Sampling and sample preparation

The fishes were purchased from the local fisherman
and transferred to the laboratory within two hours, all on
the same day of capture. Standard fish length (L) and
weight (W) were measured to the nearest mm and gram,
respectively, before dissection and these data were expressed as mean±SD in Table 1 together with the condition factor (K) (K= (W/L3)×100).

FIGURE 1 - The map of the Küçükçekmece Lagoon and the surrounding region showing the various water systems settlement and
agricultural area.

discharge of the Nakkaş creek was stopped and diverted
offshore to the Sea of Marmara by a new pipeline system
in 2005, now, the main water supply to the Lagoon comes
from the Ispartakule creek from the northwest, surface
runoff from the surrounding areas and as sea water from
the south [3]. The Lagoon is surrounded by the FloryaAvcılar shoreline on the south and the Sazlı creek drainage area on the north. The main settlement areas around the
Lagoon are the Ikitelli-Halkalı-Sefaköy on the east and the
Hadımköy-Bahçeşehir-Firuzköy on the west. The border
of the basin extends to the Sazlı Creek Dam.

For C. cultriventris and A. boyeri the whole body, and
for C. gibelio, S. erythrophthalmus and M. cephalus only
muscles (edible parts) after dissection were dried at 80°C
until the weight became constant. Homogenization was
achieved by grinding in a clean acid-washed porcelain mortar and pestle. About 5 g powdered sample was digested
with concentrated trace metal grade HNO3 and H2SO4 at
150°C. Once digestion was complete, the beakers were
cooled at room temperature and then 30% H2O2 was added
to each and heated at 150°C until the samples became clear.
The clear digestate was diluted to 25 ml with deionized
water. The concentrations of eight metals (Cd, Co, Cr, Cu,
Mn, Ni, Pb and Zn) were determined by Atomic absorption
spectrophotometer (Perkin Elmer Flame AA-300). The
blank digest was prepared in the same way. Three samples
were run in duplicate for each species. The coefficient of
variation (CV) of the replicate analysis ranged from 2-5%.
All glassware was cleaned carefully with HNO3 followed
by rinsing with deionized water. All metal concentrations
are expressed in µg g-1 dry weight (dry wt). The accuracy
and the precision of the atomic absorption spectrophotometer were checked by analyzing certified reference material. The values of the certified material vs. our measurement in parentheses were as follows: Mn (100±10
vs.94±1), Cu (100±10 vs. 83±2), Cd (25±5 vs. 22±1), Cr
(120±12 vs. 115±3), Ni (120±12 vs. 102±5) and Zn
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(120±12 vs. 99±1). The results confirmed good agreement
with the certified analytical values; the range of the recovery
errors was between 4.5 and 17.2 %.
2.3. Statistical analyses

Linear regression analyses were applied to data i) to
check for any significant relationship between heavy metal
concentrations and length, weight and the average condition factor of fish, and ii) to examine any relationship between the concentrations of the elements in fish and water,
and in fish and sediments. The D’Agostino-Pearson K2 test
[4] was used to assess the normality of data distribution.
One-way ANOVA and post hoc (Tukey) tests were used
to analyse the metal concentrations in fish among the seasons. In cases where metal concentration data were available only for two seasons, the differences were compared
with student t-test. Two hierarchical cluster analyses were
applied to group the species with respect to the concentrations of all the elements and to classify the elements on
the basis of levels in the species. Statistical analyses were
carried out using SPSS 17.0 statistical program for Windows.
3. RESULTS AND DISCUSSION
Table 1 shows the numbers of the fish sampled, condition factor (K), length and weight ranges and their relationships. There was no relationship between metal concentrations in all fish species and their length, weight or
the value of K, except S. erythrophthalmus for which there
was a positive relationship between Cr level and length
(P<0.01). Change in the value of K is thought to be indicative of toxicant effects [5]. Thus, some studies have
related lower K values with metal contamination [6, 7].
However, others have reported that an increase of K is
sometimes indicative of toxicant effects [8]. Farkas et al. [9]
reported significant associations between heavy metal levels
of tissues for different fish species and their age, length,
weight, and K values. On the other hand, similar to our
study, Canli and Atli [10] reported no significant relationship between metal levels in muscle and the sizes for the
two fish species they studied. The variability in the results
could be due to the fish species studied being different.
The data and analyses relating to metal concentration
found during the period the 2002 winter-2003 autumn in
the fish species inhabiting the Lagoon are shown in Table 2.
Spring and autumn data for C. cultriventris and autumn data
for A. boyeri are not included because of the unavailability of these species during these periods. Cd levels were
below the detection limit in all fish species in autumn. Cd
and Ni were not detected in C. cultriventris. Of the eight

metals studied, the concentration of Zn was the highest in
both muscle and whole-body samples of analyzed species.
The order of occurrence was as follows: Zn>Mn>Cu>
Ni>Cr>Pb>Co>Cd.
There were significant correlations between the previously published metal concentrations in water samples
taken in the same period [2] and the fish caught in the Lagoon. The results of the regression analyses are listed in
Table 3 and reveal a positive correlation between the heavy
metal levels in water and bioaccumulation in the fish inhabiting the Lagoon.
On the other hand, no significant correlation was found
between the concentrations of the metals in the fish samples and the metal levels in sediment reported in the same
period for the Lagoon [2]. The lack of a relationship between metal levels in fish and sediments in the present
study would suggest that direct uptake was not the unique
process involved in bioaccumulation. This was particularly
evident for Cd since it was not detected in sediments and
for Ni and Cr since these were not detected at high levels
in fish samples although their concentrations in sediment
were high. It is possible that the physico-chemical conditions of the Lagoon could regulate their low bioavailability.
Seasons may also influence the body burdens of heavy
metals. The present study showed a significant seasonal
variation (P<0.05) in the concentrations of the metals studied in the muscle and the whole-body samples (Table 4).
There was no significant seasonal variation only for Cd
(except M. cephalus), Co and Pb (except S. erythrophthalmus), and Ni and Zn (M. cephalus). Tukey tests indicated
that Cr levels of muscle samples in winter and autumn
were significantly different (P<0.05) from spring levels
(Table 4). Zn, Ni, Cu and Mn levels were higher in winter
than in spring, whereas Pb level was higher in summer
than those in winter, spring and autumn for S. erythrophthalmus. The higher Cr loading can be attributed to the
discharges of large amounts of untreated or insufficiently
treated water by the textile-dying plant located on the
channel connecting the Sazlı Creek Dam and the Lagoon.
Additionally, for Cr, Ni and Co, the seasonal variations
may result from industrial activities employing these metals
extensively in paint and chemical factories operational in
the area. For Ni, seasonal variations might be linked also
to emissions from domestic heating systems in winter
when the population is highest in the year. The possible
source of Pb in the summer can be motor exhausts from
the heavy traffic along the recreational areas around the
Lagoon. These seasonal variations may also result from
changes in the feeding and growth rate of fish, the discharge rate and time of industrial/domestic wastes into the

TABLE 1 - Condition factor (K), size ranges and the relationships between weight (W) and standard length (L) of the fish species analyzed in
this study (data are mean ± standard deviation, minimum and maximum values are in parentheses).
Species

n

Condition Factor

L. ranges

515

W. ranges

Equation
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(K)
1.21±0.18
6.7± 0.6
3.83±1.40
0.91
Y = 2.11X-10.31
(0.66-1.68)
(5.5-7.6)
(1.29-6.04)
Carassius gibelio
24
4.28±0.52
19.7±2.9
354.21±173.87
0.92
Y = 58.46X-797.91
(Prussian carp)
(3.65-5.33)
(14.3-26.2)
(107.0-775.5)
Scardinius erythrophthalmus
24
2.61±0.25
16.5±1.0
118.29±19.29
0.64
Y = 16.22X-149.89
(Rudd)
(1.74-2.96)
(14.9-18.5)
(92.5-164.0)
Mugil cephalus
24
1.92±0.18
26.9±2.4
376.06±84.29
0.90
Y = 32.86X-507.69
(Grey mullet)
(1.55-2.40)
(22.4-31.3)
(263.5-543.0)
Atherina boyeri
218
1.15±0.09
8.5±0.6
7.29±1.62
0.86
Y = 2.39X-13.08
(Sand smelt)
(0.79-1.38)
(6.6-10.2)
(2.28-14.50)
X is standard fish length (cm) and Y is total fish weight (g).
TABLE 2 - The heavy metal concentrations (µg g-1 dry weight) of some fish species from the Küçükçekmece Lagoon during the period of the
study (data are mean ± standard deviation, sample size and range in parentheses).
Clupeonella cultriventris (Kilka)

65

∗

∗

Species

Season

Cd

Co

Cr

Cu

Mn

Ni

Pb

Zn

C. cultriventris

Winter

BDL†

BDL

2.28±0.35

1.90±0.38

6.45±0.70

BDL

0.32±0.28

60.68±5.36

(1.98-2.67) (1.46-2.32)

(5.59-7.44)

(0.12-0.51)

(54.73-66.43)

n=6

n=6

n=3

n=4

n=6

n=6

n=2

n=6

BDL

0.41±0.15

BDL

0.56±0.14

2.79±0.28

BDL

BDL

44.43±2.95

(0.43-0.71)

( 2.53-3.17)

Summer

(0.30-0.51)
C. gibelio

Winter

Spring

Summer

Autumn

S. erythrophthalmus

Winter

n=2

n=6

n=4

n=6

n=6

n=6

n=6

0.02±0.01

0.08±0.13

0.49±0.18

2.71±0.95

2.73±1.25

1.15±0.48

0.27±0.26

43.20±10.74

(0.01-0.02) (0.01-0.27) (0.30-0.86) (1.69-4.21)

(23.70-60.55)

(1.45-5.21)

(0.58-1.55)

(0.07-0.72)

n=2

n=4

n = 11

n = 11

n=9

n=4

n=6

n = 11

0.05±0.05

0.14±0.04

0.10±0.07

1.01±0.61

0.80±0.23

0.03±0.01

0.37±0.25

28.25±5.76

(0.01-0.17) (0.09-0.21) (0.04-0.28) (0.34-2.20)

(19.22-34.97)

(0.45-1.15)

(0.02-0.04)

(0.18-0.80)

n=7

n=9

n = 10

n = 12

n = 12

n=2

n=7

n = 12

0.07±0.04

0.11±0.10

0.30±0.14

0.32±0.09

0.44±0.23

0.10±0.11

0.28±0.17

27.26±4.57

(0.02-0.11) (0.02-0.32) (0.06-0.49) (0.14-0.46)

(22.77-36.95)

(0.14-0.91)

(0.03-0.22)

(0.15-0.56)

n=5

n=8

n=7

n = 12

n = 12

n=3

n=6

n = 12

BDL

0.05±0.03

0.49±0.25

0.67±0.33

0.20±0.10

0.05

0.22±0.13

38.62±7.70

(0.01-0.07) (0.23-0.85) (0.45-1.68)

(0.02-0.37)

(0.06-0.44)

(28.67-48.28)

n = 12

n=3

n=5

n = 12

n = 12

n=1

n=9

n = 12

0.04±0.01

0.10

0.49±0.21

1.25±0.51

5.40±2.60

0.64

0.14±0.09

65.93±20.13

(0.25-0.94) (0.45-1.89)

(2.11-8.83)

(0.04-0.27)

(47.58-110.51)

(0.03-0.04)
Spring

Summer

Autumn

M. cephalus

Winter

Spring

Summer

Autumn

(40.77-48.44)

n=6

n=5

n=1

n = 12

n = 12

n = 12

n=1

n = 11

n = 12

0.04±0.03

0.09±0.06

0.13±0.09

0.90±0.40

1.97±0.95

0.07±0.01

0.12±0.09

45.22±7.66

(0.01-0.09) (0.03-0.17) (0.01-0.26) (0.40-1.55)

(36.25-59.96)

(1.21-3.96)

(0.06-0.08)

(0.01-0.27)

n=7

n=6

n=9

n = 12

n = 12

n=2

n=7

n = 12

0.04±0.03

0.22±0.07

0.38±0.19

0.40±0.15

1.10±0.51

0.09±0.05

0.43±0.11

43.37±5.49

(0.01-0.08) (0.15-0.32) (0.16-0.62) (0.17-0.67)

(35.23-50.29)

(0.29-1.63)

(0.05-0.12)

(0.31-0.63)

n=6

n=5

n=6

n = 12

n = 12

n=2

n=7

n = 12

BDL

0.07±0.00

0.73±0.28

0.31±0.08

0.38±0.17

BDL

0.27±0.13

57.06±21.34

(0.07-0.07) (0.37-1.08) (0.19-0.47)

(0.25-0.74)

(0.12-0.44)

(4.63-85.10)

n = 12

n=3

n=7

n = 12

n = 12

n = 12

n=8

n = 12

0.02±0.01

0.05±0.03

0.40±0.20

2.83±0.93

3.25±1.10

0.92±0.59

0.37±0.44

19.19±1.41

(0.01-0.03)

(0.03-0.10) (0.23-0.79) (1.73-4.02)

(17.45-21.86)

(1.67-5.25)

(0.20-1.80)

(0.06-1.07)

n=4

n=4

n = 10

n = 11

n = 11

n=5

n=6

n = 11

0.01±0.00

0.09±0.06

0.16±0.15

0.98±0.68

0.99±0.88

BDL

0.53±0.35

22.09±6.97

(0.01-0.01)

(0.01-0.18) (0.02-0.35) (0.31-1.94)

(0.26-2.88)

(0.19-0.98)

(14.13-35.31)

n=2

n = 10

n=5

n = 12

n = 12

n = 12

n=5

n = 12

0.06±0.01

0.11±0.09

0.20±0.19

0.28±0.20

0.64±0.69

0.15±0.16

0.68±0.34

21.43±2.09

(0.05-0.06)

(0.03-0.28) (0.02-0.52) (0.06-0.66)

(17.43-24.15)

(0.06-2.14)

(0.03-0.26)

(0.18-0.90)

n=2

n=6

n=8

n=8

n = 11

n=2

n=4

n = 12

BDL

BDL

0.58±0.38

0.33±0.06

0.46±0.17

BDL

0.12±0.10

24.23±6.70

(0.12-1.30) (0.24-0.45)

(0.25-0.80)

(0.02-0.26)

(13.94-38.54)

n = 12

n = 12

n=6

n = 12

n = 11

n = 12
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Winter

Spring

Summer
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BDL

BDL

1.12±0.30

8.64±1.63

0.40±0.30

(0.78-2.67) (0.87-1.45)

1.45±0.84

(5.47-9.91)

(0.19-0.61)

BDL

97.92±11.74
(86.12-113.35)

n=6

n=6

n=4

n=3

n=6

n=2

n=6

n=6

0.05±0.05

0.09±0.08

0.13±0.05

1.24±0.35

6.37±0.90

0.05±0.02

0.76±0.47

81.58±7.11

(0.01-0.08)

(0.02-0.23) (0.07-0.22) (0.67-1.93)

(65.26-91.55)

(5.04-7.91)

(0.03-0.06)

(0.13-1.26)

n=2

n=7

n = 10

n = 12

n = 12

n=5

n=5

n = 12

0.03±0.02

0.21±0.11

BDL

0.55±0.19

2.81±0.51

0.12±0.07

0.42±0.29

87.73±9.22

(0.01-0.05)

(0.12-0.39)

(0.22-0.80)

(2.06-3.46)

(0.07-0.17)

(0.12-1.08) (75.46-101.38)

n=6

n=5

n = 12

n =12

n=2

n = 12

n = 10
† BDL= Below Detection Limit.
TABLE 3 - The relationships between the metal concentrations in water and fish samples.
Species
n
Equation
F value
P value
C. cultriventris
6
Y = 450.78X-10.533‡
16.755
0.0149
C. gibelio
8
Y = 264.99X-5.209
17.651
0.0057
S. erythrophthalmus
8
Y = 416.05X-8.435
19.103
0.0047
M. cephalus
8
Y = 169.44X-3.099
19.703
0.0044
A. boyeri
8
Y = 692.63X-13.991
20.751
0.0039
‡ X is heavy metal concentration in water ( µg L-1) and Y is heavy metal concentration in fish (µg g-1 dry weight).

n =12

r2
0.81
0.75
0.76
0.77
0.78

TABLE 4 - F/t-values and significant differences from ANOVA, Tukey and
Student t-tests on comparison of average metal concentrations in fish among the seasons.
Metal

Species

Sample

n

F/t-values

Cd

C. cultriventris
C. gibelio
S. erytrophthalmus
M. cephalus
A. boyeri

whole body
muscle
"
"
whole body

12
14
18
8
2, 6

1.09
0.03
17.12**
0.95

Significant difference
(Tukey or Student t-test)
ND
ns
ns
summer > winter, spring
ns

C. cultriventris
C. gibelio
S. erytrophthalmus
M. cephalus
A. boyeri

""
muscle
"
"
whole body

12
24
14
20
5, 7

1.19
10.85**
1.06
2.34*

Only summer data is available.
ns
summer > spring, autumn
ns
summer > spring

Cr

C. cultriventris
C. gibelio
S. erytrophthalmus
M. cephalus
A. boyeri

""
muscle
"
"
whole body

12
33
33
34
4, 10

12.04**
12.51**
4.40**
3.18*

Only winter data is available.
autumn, winter > spring
autumn > spring, summer; winter > spring
autumn > spring, summer; winter > spring
winter > spring

Cu

C. cultriventris
C. gibelio
S. erytrophthalmus
M. cephalus
A. boyeri

""
muscle
"
"
whole body

4, 4
47
48
43
27

6.61**
38.39**
20.39**
41.99**
18.58**

winter > summer
winter > spring, summer, autumn; spring > summer
winter, spring > summer, autumn
winter > spring, summer, autumn
winter, spring > summer

Mn

C. cultriventris
C. gibelio
S. erytrophthalmus
M. cephalus
A. boyeri

""
muscle
"
"
whole body

6, 6
45
48
46
30

11.89**
37.97**
29.87**
30.52**
83.81**

winter > summer
winter > spring, summer, autumn
winter > spring, summer, autumn; spring > autumn
winter > spring, summer, autumn
winter > spring, summer; spring > summer

Ni

C. cultriventris
C. gibelio
S. erytrophthalmus
M. cephalus
A. boyeri

""
muscle
"
"
whole body

12
9
5
2, 5
9

11.00**
95.60**
1.74
5.67*

ND
winter > spring, summer
winter > spring, summer
ns
winter > spring

Pb

C. cultriventris
C. gibelio
S. erytrophthalmus
M. cephalus
A. boyeri

""
muscle
"
"
whole body

12
28
33
21
5, 10

0.70
13.68**
2.61
1.75

Only winter data is available.
ns
summer > winter, spring, autumn
ns
ns

C. cultriventris
C. gibelio
S. erytrophthalmus
M. cephalus
A. boyeri

""
muscle
"
"
whole body

6, 6
47
48
47
30

6.50**
12.70**
5.68**
1.94
6.64**

winter > summer
autumn, winter > spring, summer
winter > spring, summer
ns
winter > spring

Co

Zn
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Bold numbers indicate t values. ND = Not Detected; ns = not significant. Significance level: * P

Lagoon (local pollution), and the changes in the availability of metals in the environment of the organism. Seasonal
changes of metal concentrations in fish may also result
from intrinsic factors such as reproduction cycle, changes
in metabolic and excretion rates and from changes in
water temperature [9]. On the other hand, Co, Ni, Pb and
Zn levels of M. cephalus were almost the same during all
seasons. This can be related either to its active swimming
behaviour [11] and/or its tendency to accumulate these
metals in the skin and gonads rather than the muscle [12].

≤

0.05; ** P

≤

0.01.

fish samples tested (levels in the other samples were below the detection limit), and in 15% of the 48 samples, Cd
concentrations exceeded the TFC limits of 0.05 µg g-1 as

Pb belongs to the group of non-essential and toxic
metals, which implies that it has no known function in biochemical processes. Pb is released into the natural environment from different sources. Pb was detected in 89 (48%)
of 186 samples. While in the other samples Pb levels were
below the detection limit, in 85% of the 89 samples, Pb
concentrations exceeded the Turkish Food Codex (TFC)
limit of 0.2 µg g-1 [13], as well as the MAC (0.2 µg g-1)
set by EC [14]. The minimum and maximum Pb levels
observed in muscle samples were 0.01 µg g-1 (in May) for
S. erythrophthalmus and 0.93 µg g-1 (in December) for M.
cephalus (grey mullet). Similarly, the highest Pb concentration (0.52 µg g-1 wet weight) was observed in the muscle
of grey mullet among the 20 species of commonly consumed fish purchased from two local markets in Kowloon,
South China [15]. This may be relevant to that Pb may
preferably have affinity to accumulate in the muscle of grey
mullet for some reasons which we could not explain here.
The minimum and maximum Pb levels observed in wholebody samples were 0.13 µg g-1 (in May) and 0.92 µg g-1 (in
April) for A. boyeri. There is no previously published data
on the levels of metals in the same fish species from the
Lagoon. Therefore, the metal concentrations were compared
with values reported for other regions, in an effort to determine the relative degree of contamination in the study
area. The available comparative data are summarized in
Table 5. The Pb levels in our study are higher than those
reported by Keskin et al. [16] for A. boyeri but lower than
those reported by the authors listed in Table 5. When the
percentage of weekly intake (PWI) was estimated according to the established provisional tolerable weekly intake
(PTWI) of 25 µg kg-1 body weight week-1 for Pb [17, 18]
the concentration of Pb in the fish samples didn’t exceed
the PTWI.
Pb contents in the literature have been reported in the
range of 0.09-6.95 µg g-1 dry wt in fish samples of lakes in
Tokat (Turkey) [19] and in fish species from Iskenderun
Bay (Turkey) [20]. On the whole, therefore, the Pb contamination in the Küçükçekmece Lagoon was not as high as
the contamination in these areas, at least during the period
of the study (Table 5).
Among the non-essential heavy metals, Cd is the
most hazardous. Cd was detected in 48 (26%) of the 186
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well as the MAC (0.05 µg g-1) set by EC [14]. When the
percentage of weekly intake (PWI) was estimated according to the established provisional tolerable weekly intake
(PTWI) of 7 µg kg-1 body weight week-1 for Cd [18, 21],
similar to Pb, the concentration of Cd in the fish samples
didn’t exceed the PTWI.
Cd concentration detected in the fish muscles ranged
from 0.01 to 0.07 µg g-1 dry wt. Cd has been found at the
highest levels in summer in C. gibelio (0.07±0.04 µg g-1)
and in M. cephalus (0.06±0.01 µg g-1). The yearly average
level of Cd for A. boyeri is comparable to those reported
earlier (0.017±0.008 µg g-1) for the same species from the
Sea of Marmara [16]. Cd levels of the three other fish (C.
gibelio, S. erythrophthalmus, M. cephalus) were lower than
those reported in the literature (Table 5). For different fish
species, Cd contents have been reported to be in the range
0.09-0.55 µg g-1 [22, 23].
Cu is essential for good health and is carefully regulated by physiological mechanisms in most organisms.
However, elevated intake can be potential hazardous and

can endanger both animal and human health by inducing
containment in liver, kidneys, cornea and can result in
anaemia [24]. The Cu levels of all the samples tested were
below the TFC limit of 20 µg g-1 for Cu. Similar findings
was reported by Yildirim et al. [25]. Cu contents were
reported as 0.32 µg g-1 in A. boyeri from the Sea of Marmara [16]. Cu levels in our study are lower than those reported in the literature for M. cephalus and C. gibelio, but
higher than those reported for S. erythrophthalmus (Table 5).
Also, the yearly average level of Cu for A. boyeri was
higher than those reported by Keskin et al. [16].
Zn is a trace element essential for both animal and
human health. It is involved in many metabolic activities
and its deficiency can lead to loss appetite and growth,
skin damages and immunological abnormalities [26]. 54
(29%) of the 184 samples had elevated levels of Zn when
compared to the corresponding TFC limit of 50 µg g-1.
However, the Zn level for these species is below the estimated PTWI (estimated from the daily intake per kg body
weight for a 60 kg person) of 420 mg week-1 for Zn [18].

TABLE 5 - Comparison of metal contents (yearly average (µg g-1 dry wt)) in fish samples observed in different studies.
Species
C. gibelio
"
"
S. erythrophthalmus
"
M. cephalus
"
"
"
"
"
A. boyeri
"

Location
Küçükçekmece Lagoon, Turkey
Nitra River, Slovakia
Hutovo Blato, Bosnia and
Herzegovina
Küçükçekmece Lagoon, Turkey
Piaseczno Lake, Poland
Küçükçekmece Lagoon, Turkey
Mediterranean Sea, Turkey
Iskenderun Bay, Turkey
Mediterranean Sea, Turkey
Çamlık Lagoon, Turkey
Tuzla Lagoon, Turkey
Küçükçekmece Lagoon, Turkey
The Sea of Marmara, Turkey

Cd
0.05
0.44#
0.01

Co
0.11
0.13

Cr
0.33
0.15

0.04
0.11
0.03
0.66

0.12

0.40

0.09

0.38
1.56
1.46

1.45
0.07
0.09
0.03
0.02

0.14

0.51

Metals
Cu
Mn
1.14
0.93
1.03
0.76
0.71
0.13
1.14
4.41
1.45
9.83
0.53
0.92
0.32

2.21
0.001
1.31

Reference
Ni
0.50
0.15

Pb
0.28
2.59
0.10

Zn
34.14
11.69

0.19

0.23
0.01
0.39
5.32
7.45
6.33

52.89

0.70
1.22

5.40

0.14

0.92
0.53
0.02

21.79
37.39
38.23
24.20
88.97
39.61
87.31

Present study
[29]
[40]
Present study
[33]
Present study
[10]
[12]
[41]
[42]
[43]
Present study
[16]

#Bold numbers are wet weights.

The order of Zn occurrence in the fish was as follows:
A. boyeri > S. erythrophthalmus > M. cephalus. In case of
A. boyeri, metal levels were determined for the whole
body. This can be the reason for the highest concentration
of Zn in A. boyeri, since a tendency to accumulate metals
in the organs such as liver, gonads, kidney and gills have
been reported for many fish species in different areas [12,
27, 28]. The levels of Zn determined for all seasons in the
muscles of the fish species studied were lower than the
TFC limit (50 µg g-1), except S. erythrophthalmus for winter and autumn (65.93 and 57.06 µg g-1, respectively).
Comparison of our data with a previous report on C. gibelio
shows that the results are similar for Zn [29]. On the other
hand, the level of Zn for M. cephalus was lower than those
reported for other locations within Turkey (Table 5).
Concentrations of Zn ranging from 1.06 to 55.41 µg g-1
were reported in tissues of different fish from the Dipsiz
Stream, Turkey [30]. However, very high concentrations of
Zn ranging from 75.31 µg g-1 to 442.54 µg g-1 were reported in the tissue of fish samples habitating the Campaign

Creek, Southern Ohio [31]. The extreme variations of Zn
concentrations in fish can be due to several factors: species, date of sampling, pollution level, intrinsic factors (fish
age, feeding habits and metabolic activities), salinity, temperature, the simultaneous occurrence of other elements
and affinity to fish tissues.
Mn is another essential element and functions as cofactor in the activation of a number of enzymes [32]. Mn
was detected in all samples. The highest Mn level 8.64 µg
g-1 was detected in the whole-body of A. boyeri in winter.
The lowest Mn content of muscle tissue was 0.15 µg g-1
(M. cephalus, in June), while the highest Mn content of
muscle tissue was 7.39 µg g-1 (S. erythrophthalmus in January). These levels are lower than those reported by Andreji
et al. [29] but much higher than those reported by [33] for
C. gibelio and S. erythrophthalmus, respectively (Table 5).
Mn contents of fish samples were reported to be in the
range 0.05-4.64 µg g-1 dry wt for Turkish Seas [20, 22,
34], and 8.8-23.5 µg g-1 dry wt for Dhanmondi Lake, Bang-
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ladesh [35]. There is no information about maximum Mn
levels in fish samples set by TFC and EC.
Co is an essential nutrient for man, and is an integral
part of vitamin B12. However, excessive ingestion of Co can
cause congestive heart failure and polycythemia and anemia [24]. The highest levels of Co found in the summer in

three fish species C. cultriventris (0.41 µg g-1), S. erythrophthalmus (0.22 µg g-1) and A. boyeri (0.21 µg g-1). These
are within the range (0.03-0.44 µg g-1) reported earlier for
Turkish coastal waters [34, 36]. There is no specific limit
set by Turkish legislation for Co.

FIGURE 2 - The dendogram for hierarchical analysis of (a) the five fish species based on concentration of 7 metals, (b) the metal levels in the
five fish species.

Cr is in the group of hazardous metals recognized by
USA for fish [37] but not by EC and Turkish regulation.
Cr (III) is an essential element for glucose metabolism serving as a cofactor in insulin action and can thus influence
carbohydrate, lipid and protein metabolism [38]. However,
Cr (VI) is highly carcinogenic and induces oxidative
stress through production of reactive oxygen species [39].
The lowest and the highest Cr levels in fish species were
0.04 µg g-1 (in May) in S. erythrophthalmus, 2.28 µg g-1
(in December) in C. cultriventris. Cr content of the wholebody of samples (C. cultriventris and A. boyeri) in winter
was higher than muscle samples. The Cr levels found in
this study were also compared to those reported earlier for
the fish species studied (Table 5). The highest level of Cr
(0.73 µg g-1) was found in muscles of S. erythrophthalmus
in autumn. Cr levels found in this study were comparable
to literature Cr concentration range <0.06-1.60 µg g-1 reported for fish from Turkish Seas [34, 36].
Ni, like Cr, is in the group of hazardous metals recognized by USA for fish [38] but not by EC and Turkish

regulation. Ni levels in the muscles (0.03-1.15 µg g-1) and
in the whole-body of fishes (0.05-0.40 µg g-1) were within
the ranges of values 0.01-4.22µg g-1 reported earlier [22,
34, 36]. The Ni level is also below the estimated PTWI of
2.1 mg week-1 for Ni [18].
Cluster analyses were carried out to group the species
with respect to the concentrations of all metals. An initial
cluster analysis of the fish species based on their heavy
metal content indicated a strong separation of Zn from the
rest of the metals due to its extremely high concentration
(not shown). Since this situation could mask the grouping
of the other metals, the data on Zn were removed and the
cluster analysis was re-performed on the seven metals.
Fig. 2 (a) shows the dendogram derived by average linkage clustering (between groups) of the five species. Comparison among the species with respect to yearly averages
of metal levels indicated two distinct clusters: 1) C. cultriventris and A. boyeri, and 2) C. gibelio, M. cephalus and
S. erythrophthalmus. The whole body samples grouped
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together whereas the muscle samples grouped together in
the same cluster. Also, fishes having relatively lower values of K grouped together, whereas fishes having relatively higher values of K grouped together in a separate cluster.
A relationship among the measured metals in the five
fish species habitating the Lagoon was obtained by the
cluster analysis and is shown in Fig. 2 (b). This analysis
suggested three main clusters. Cluster-1 includes only Mn
which is the second highest metal concentration in the
fish species after Zn. Cluster-2 contains two elements, Cu
and Cr, whilst cluster-3 contained mainly the nonessential
metals (Pb, Cd and Ni) originating from anthropogenic
sources.
4. CONCLUSION
This study provides information on the background
levels of heavy metals in the Küçükçekmece Lagoon which
is an area of environmental concern. There has been no
new reported data on the Lagoon since the period of our
sampling. Therefore, the reported metal concentrations
that seem to be old can be valuable for future comparisons
within the Lagoon ecosystem. These results can also be
used to understand the chemical quality of fish from the
Lagoon.
Winter and autumn levels of Cr in muscle samples
were found to be significantly different from spring levels. Zn, Ni, Cu and Mn levels were higher in winter than
in spring, whereas Pb level was higher in summer than
those of other seasons for S. erythrophthalmus. The seasonal variations may result from industrial activities operational in the area. Seasonal variations might be linked
also the highest human population densities in winter
indicating a possible anthropogenic effect on metal pollution. The possible source of Pb in the summer can be motor
exhausts from the heavy traffic along the recreational areas
around the Lagoon. Cd was detected in fish samples but not
sediments and Ni and Cr were not detected at high levels in
fish samples although their concentrations in sediment were
high. It is possible that the physico-chemical conditions of
the Lagoon could regulate their low bioavailability.

tions are of particular concern due to their ability to bioaccumulate in aquatic ecosystems. When we consider the
decrease in fish population during the last two decades in
the Lagoon, all of the pollution parameters like eutrophication and organic pollutants should be taken into account
together with the metal contamination.	
  
Although some treatment plants and collectors have
been built on the watershed area of the Küçükçekmece
Lagoon, it is possible that there will still be contamination
through the surface runoff from the surrounding agricultural and recreational areas and from the southern sea
water, as well as possible atmospheric impact. Regular
monitoring and more detailed analyses of water, sediment
and fish samples from the Lagoon should be performed
for a better understanding about the fate and effects of
pollutants in the Lagoon ecosystem. Therefore, additional
measures are required to prevent further contamination of
the Küçükçekmece Lagoon in the future.
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The comparison of heavy metal concentrations in fish
with other studies carried out in different water environments showed that heavy metal concentrations in fish samples varies considerably among different studies, possibly
due to differences in chemical characteristics of water from
which fishes were sampled, ecological needs, metabolism
and feeding patterns of fishes and also the season in
which studies were carried out. Similar to the other studies
[22, 36, 40, 44, 45] most of the mean metal concentrations
were below the permissible limits set by FAO/WHO, EC
and TFC for fish. Although none of the metal concentrations reached the PTWI, attention should be paid to safeguard public health with regard to metal exposure by way
of fish consumption.	
  Additionally, the metal contamina-
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ABSTRACT
This work aims to remove both Malachite Green (MG)
and hydrophobic organic compounds (HOCs) from water
using bentonite. The adsorption capacity of MG on bentonite was first examined. Then the adsorption of HOCs
(2-naphthol and naphthalene) on bentonite, simultaneously
with the adsorption of MG or successively after the adsorption of MG, was further investigated. The experimental
results showed that MG could be efficiently adsorbed by
bentonite, and the maximum adsorption amounts reached
430 mg/g, which was comparable to that on activated
carbon. With the adsorption of MG, the interlayer spaces
of bentonite changed from hydrophilic to hydrophobic.
Thereby, 2-naphthol and naphthalene could also be adsorbed on bentonite, and the adsorption efficiency was
shown to strongly depend on the adsorption process. That
was, the simultaneous adsorption process was more efficient in the removal of HOCs than the successive adsorption process, and the removal efficiencies reached 94%
for 2-naphthol and 95% for naphthalene respectively for
the simultaneous adsorption process. Results of this work
showed that the low cost bentonite could be used as efficient adsorbent for the removal of both cationic dyes and
HOCs from wastewater.

KEYWORDS: bentonite, cationic dye, adsorption, hydrophobic
organic compounds, wastewater.

1. INTRODUCTION
Wastewater from dye manufacture and application industries always contains large amounts of organic contaminants, including dyes, precursor and intermediate compounds [1,2]. This type of wastewater has been regarded as
main source of water pollution in many developing countries. As we know, most of the dyes are not easily broken
down by the biological and chemical methods, thus adsorp* Corresponding author

tion has been considered as a practical method for removing dyes from wastewater, and many adsorbents have been
used accordingly [3-10]. Among these adsorbents, activated
carbon is considered really efficient in the removal of dyes
from wastewater [6, 7, 11-13]. However, its application in
dye wastewater treatment is limited due to its high cost,
and thus seeking for low cost adsorbents never stopped [4,
14, 15].
Recently, clay minerals draw great interest in the treatment of dye wastewaters because of their low cost, abundance and commercial availability [8,10,16-23]. Bentonite
one type of clay minerals has been most widely investigated. Bentonite contains inorganic cations (e.g., Na+,
Ca2+) in its interlayer, and these inorganic cations can be
exchanged by other cations under suitable circumstance,
which renders bentonite a low cost adsorbent for cationic
dyes [20-23].
Another property of bentonite that correlates with its
adsorptive characteristics is its large siloxane surface area
(about 750 m2/g). The siloxane surface is considered to be
hydrophobic and shows high affinity for hydrophobic organic compounds (HOCs) [24-27]. However, for the natural bentonite the siloxane surface is covered by the hydrated inorganic cations; thus the actual surface of natural
bentonite is hydrophilic and has very weak affinity towards
HOCs [25-28]. After exchanging the inorganic cations with
small organic cations (e.g., tetramethylammonium), the
siloxane surface can be exposed to HOCs, and the adsorption capacity of the resulting bentonite, also known as organobentonite, can be significantly improved [25-27]. Several reports also show that after exchanging with dye cations,
bentonite can show high affinity towards HOCs, and the
resulting bentonite are regarded as one type of novel organoclays [28,29]. With this respect, bentonite may be
used as low cost adsorbents for the simultaneous removal
of cationic dyes and HOCs from dye wastewater.
This work is to investigate the adsorptive characteristics of cationic dyes and HOCs on bentonite from water.
Malachite Green (MG), a common silk and cotton dyeing
agent with high cytotoxicity in mammalian cells, is selected
as representative of cationic dye. 2-naphthol and naphtha-
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lene, as common HOCs in dye wastewater, are selected as
representatives of HOCs. The adsorption capacities of MG
on bentonite and on activated carbon are first examined.
Then the adsorptive characteristics of 2-naphthol and naphthalene on bentonite, simultaneously with the adsorption
of MG or successively after the adsorption of MG, are investigated. Results of this work may provide some novel
information for the application of low cost clay minerals
in the treatment of dye wastewater.
2. MATERIALS AND METHODS
2.1. Materials

The calcium bentonite was obtained from Inner-Mongolia Autonomous Region, China [24]. XRD pattern showed
that they were composed of mainly montmorillonite (>95%).
CEC value of the bentonite was 108 meq/100g. Activated
carbon was provided by Shanghai Chemical Co., China.
The specific surface area was detected to be 890 m2/g. MG,
2-naphthol, naphthalene and cetyltrimethylammonium bromide (CTMAB) were of analytical grade, and they were obtained from Shanghai Chemical Co., China. Molecular structures of MG, 2-naphthol and naphthalene were shown in
Fig 1. All of the reagents were used as received.
2.2. Adsorption of MG to bentonite and activated carbon

Adsorption isotherms of MG to bentonite and activated
carbon were detected by batch experiments. 0.2 g bentonite
or activated carbon was combined with 20 ml MG solution
with designed concentration (in the range 500 to 5200 mg/L)
in 25 ml glass centrifuge tubes. The tubes were sealed with
Teflon-lined caps, and then shaken at 150 rpm for 6 h under 25°C (Preliminary experiments showed that the adsorption equilibrium could be reached within 4 h on both
bentonite and activated carbon). After centrifugation under
×1500 g, the concentrations of MG in supernate were detected with UV-Vis spectrophotometer at the wavelength
of 618 nm, and then the adsorbed amounts were calculated according to the difference between initial and equilibrium concentrations.

2.3. Adsorption of MG and HOCs to bentonite

Adsorption of MG and HOCs (2-naphthol or naphthalene) to bentonite was carried out with batch experiments.
Two processes were employed to investigate the adsorptive characteristics of MG and HOCs on bentonite. In the
first process, MG was first adsorbed to bentonite, and then
HOCs was further adsorbed (the successive adsorption
process). In the second process, MG and HOCs were simultaneously adsorbed to bentonite (the simultaneous adsorption process). In each process, the added amounts of MG
were equal to 0.4, 0.6 and 0.8 times of the bentonite’s CEC,
and the concentrations of 2-naphthol and naphthalene were
in the range 10-200 mg/L and 0.7-20 mg/L, respectively.
The adsorption conditions were similar to those described
in Section 2.2, and 0.2 g bentonite was used. The adsorption equilibrium was reached in each step. After centrifugation, the concentrations of 2-naphthol and naphthalene
in supernate were detected with UV-Vis spectrophotometer at the wavelength of 224 nm and 219 nm, respectively.
The control experiments showed that 2-naphthol and naphthalene had no influence on the detection of MG. Although
MG showed absorption at the wavelength of 224 nm and
219 nm, the equilibrium concentration of MG was rather
small, and it had little influence on the detection of 2naphthol and naphthalene in such low concentration range.
To make comparison, the adsorption of CTMAB and
2-naphthol (or naphthalene) to bentonite was also investigated, and the adsorption experiments were similar to those
described above for the adsorption of MG and HOCs.
2.4. Basal spacing determination

Basal spacing values of the different bentonite samples were detected using X-Ray diffraction (XRD). The
dry samples were first dried at 60 °C for 4 h, and benzene
saturated samples were collected after the dry samples were
dispersed in benzene for 3 h. The XRD patterns of these
samples were recorded using a Rigaku D/max-2550PC
diffractometer with Cu K radiation. The range between
1° and 20° (2θ) was recorded with a scanning speed of
2°/min.

OH

Malachite Green

2-naphthol

naphthalene

FIGURE 1 - Molecular structure of MG, 2-naphthol and naphthalene.
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3. RESULTS AND DISCUSSION
3.1. Adsorption of MG to bentonite and activated carbon

The adsorption isotherms and removal efficiency of
MG by bentonite or activated carbon are presented in
Fig. 2. The two adsorbents had rather excellent adsorption capacities towards MG in the low concentration range
(<1500 mg/L), and the removal efficiencies were close to
100%. While in the concentration range 2000 - 4000 mg/L,
bentonite showed better adsorption capacity towards MG
than activated carbon did. The removal efficiency of MG
by bentonite retained above 99% in this concentration
range, while it decreased from 99% to about 95% by activated carbon as the concentration increased from 2000 mg/L
to 4000mg/L. The maximum adsorption capacity of MG on
bentonite (~430 mg/g) was obtained at the initial concentration of 4500 mg/L, and after that the removal efficiency
by bentonite began to decrease sharply. With the respect of
adsorption on activated carbon, the adsorbed amounts of MG
gradually increased as the initial concentration exceeded
4000 mg/L. In the high concentration range (>4500 mg/L),
the two adsorbents had quite similar adsorption capacities.

Comparing with activated carbon, bentonite showed
stronger adsorption affinity towards MG before the maximum adsorption amounts was achieved. The maximum
adsorbed amount of MG on bentonite was equal to about
1.1 times of the bentonite’s CEC. These results indicated
that cation exchange should be the main driving forces for
the adsorption of MG. Other driving force, e.g., interactions between MG and the exposed siloxane surface and
among MG cations, might also contribute to the adsorption, especially in the high adsorption amount level [19,
30]. The low cost and high adsorption efficiency of bentonite make it a promising adsorbent for the treatment of
dye wastewater containing cationic dyes.
3.2. Adsorption of MG and HOCs on bentonite

The adsorption characteristics of MG and 2-naphthol
(or naphthalene) on bentonite were investigated with two
different adsorption methods, the simultaneous adsorption
process and the successive adsorption process, and the
adsorption isotherms are presented in Fig 3 (2-naphthol)
and Fig 4 (naphthalene). In Fig 3 (a) it is shown that the
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FIGURE 2 - Adsorption of MG on bentonite and activated carbon.
(a) adsorption isotherms; (b) removal efficiencies.
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FIGURE 3 - Adsorption of 2-naphthol onto bentonite by the two
different processes. (a) adsorption of 2-naphthol successively after
the adsorption of MG; (b) adsorption of 2-naphthol simultaneously
with the adsorption of MG
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adsorption capacity of 2-naphthol on bentonite increased
with the pre-adsorbed amounts of MG (0.4 CEC→0.8 CEC).
Within the tested concentration range, the removal efficiency of 2-naphthol was in the range 68% to 90% for the
bentonite pre-adsorbed with 0.8CEC MG, and the removal
efficiency was reversely related to the initial 2-naphthol
concentration. Since the original bentonite can hardly adsorb any 2-naphthol, the bentonite adsorbed with MG can
be considered as efficient adsorbent for 2-naphthol. Similar results were observed for the bentonite adsorbed with
crystal violet (CV), which showed that the resulting CVbentonite complex could efficient adsorb chlorophenols
[28]. These results indicated that after the adsorption of
cationic dyes, the resulting dye-bentonite complexes could
be recycled for the adsorption of HOCs.

capacity appeared at MG loading amounts of 0.6 CEC. As
we know, the primary factors controlling the adsorption
capacity of organobentonites towards HOCs are the attractive forces between them and the steric hindrance effect
within the interlayer spaces of organobentonites [31-34].
Increasing organic cations loading amounts can always
raise the hydrophobicity of the organobentonites and their
attractive force towards HOCs, while the steric hindrance
effect might also increase at the same time [32,34]. With
this respect, the steric hindrance effect might play more
important role in the adsorption of naphthalene than the
adsorption of 2-naphthol, and the increased steric hindrance
effect at high MG loading level might cause the decrease of
naphthalene adsorption. Further investigations are needed
to clarify above hypothesis.
2.5

Another interesting phenomenon was that the adsorption capacity of naphthalene was less sensitive to the adsorbed amounts of MG comparing with the adsorption of
2-naphthol. The adsorption capacity of naphthalene on the
three samples with different MG loading did not show very
much different. This indicated that the property of the adsorbents had less influence on the adsorption of naphthalene than the adsorption of 2-naphthol. In addition, the
adsorption capacity of naphthalene did not increase with
the loading amounts of MG, and the maximum adsorption

0.4CEC
0.6CEC
0.8CEC

2
1.5

1
0.5

(a)
(a)

0
0

0.5

1

1.5

2

Equilibrium Concentration (mg/L)
Adsorbed Amounts (mg/g)

The successive and simultaneous adsorption results of
MG and naphthalene are shown in Fig 4 (a) and (b), respectively. Once again, it showed that the simultaneous adsorption process was more efficient than the successive adsorption process in the adsorption of naphthalene. However, it also showed evident differences in the adsorption
of 2-naphthol and naphthalene. The adsorption isotherms
of 2-naphthol on bentonite were shown to concave-down,
whereas those of naphthalene were shown to concave-up.
This indicated that the adsorbed naphthalene molecules on
bentonite could contribute to further adsorption of naphthalene. Because of the absent of -OH group on naphthalene,
it is more hydrophobic than 2-naphthol. As thus, the adsorbed naphthalene could add the hydrophobicity of the
interlayer environment of the bentonite, and the aromatic
interaction between the naphthalene molecules could increase the affinity for the naphthalene in solution, similar
to the results by Zhu et al [24]. As thus, the adsorption
isotherms of naphthalene were shown to be concave-up.

Adsorbed Amounts (mg/g)

The simultaneous adsorption results of MG and 2naphthol on bentonite were shown in Fig 3 (b). Similar
to the results of the successive adsorption process, the
adsorption capacities of 2-naphthol on bentonite increased
with the added amounts of MG. An interesting phenomenon was that the adsorption efficiency of 2-naphthol by
the simultaneous adsorption process was much better than
that by the successive adsorption process. The removal
efficiencies of 2-naphthol were in the range 83% to 94% on
the sample with 0.8CEC MG for the simultaneous adsorption process, while for the successive adsorption process
the removal efficiencies were in the range 68% to 91% .

2.5
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0.6CEC

2

0.8CEC
1.5
1

(b)

0.5
0
0

0.5

1

1.5

2

Equilibrium Concentration (mg/L)
FIGURE 4 - Adsorption of naphthalene onto bentonite by the two
different processes. (a) adsorption of naphthalene successively after
the adsorption of MG; (b) adsorption of naphthalene simultaneously
with the adsorption of MG
3.3. Explanation of the difference between the two adsorption
processes

To better understand the difference between the two adsorption processes of MG and HOCs, we also examined the
adsorption of CTMAB and 2-naphthol (or naphthalene)
on bentonite by the two different adsorption processes. As
shown in Fig 5, the two adsorption processes had rather
similar adsorption capacity towards the HOCs in the
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CTMAB-bentonite system, in accordance with the results
of Ma and Zhu [35]. In addition, the adsorption isotherms
were shown to be linear over the experimental concentration range, which indicated that 2-napnthol and naphthalene were partitioned into the organic phase formed by the
alkyl chains [33-36]. While in the MG-bentonite system,
the adsorption isotherms were nonlinear, in agreement
with the surface adsorption mechanism [25-27].
90

Adsorbed Amounts (mg/g)

Simultaneous adsorption

The swelling characteristics of the various bentonite
samples in benzene provided additional evidence for above
explanation. As shown in Table 1, the basal spacing values
of the original bentonite and MG-bentonite showed rather
limited increase in benzene, which indicated that benzene
could hardly expand the interlayers of the original bentonite and MG-bentonite. This further proved that the layers of
MG-bentonite were strongly held together and the HOCs
molecules could not easily change the interlayers structure.
While for CTMAB-bentonite, it could swell extensively
in benzene and no obvious basal spacing could be detected by XRD. That was, the layers of CTMAB-bentonite
were exfoliated by benzene, and the layer structure was
completely destroyed. This indicated that the benzene molecules could easily penetrate into the interlayers CTMABbentonite and alter its interlayer structure. According to
the above results, the weaker adsorption capacity of
HOCs to bentonite after the adsorption MG could be ascribed to the reduced accessibility of HOCs to the interlayers of bentonite.

Successive adsorption
60

30
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4
Simultaneous adsorption
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TABLE 1 - Basal spacing value of the various bentonite samples.

(b)

1

Sample
d001 value (nm)
Bentonite
1.47
MG -Bent
1.57
CTMAB -Bent
1.68
Bentonite in benzene
1.51
MG -Bent in benzene
1.66
CTMAB -Bent in benzene
Note: CTMAB and MG feeding amounts were equal to the bentonite’s
0.6CEC.

0
0Equilibrium
0.5

bentonite, it was not easy to further change their conformation during the adsorption of HOCs. Thereby, in the
MG-bentonite system, the pre-adsorbed MG would block
part of the adsorption sites for HOCs (e.g., the siloxane
surface), and the HOCs molecules could not access these
blocked adsorption sites easily. While in the simultaneous
adsorption process, the HOCs molecules had the chance
to access the adsorption sites before they were blocked by
MG. As a result, the simultaneous adsorption process
showed much better adsorption capacity towards HOCs than
the successive adsorption process did.

Concentration
(mg/L) 2
1
1.5

FIGURE 5 - Adsorption of HOCs and CTMAB onto bentonite. (a)
2-naphthol; (b) naphthalene

The different adsorption results between the two systems of MG-bentonite and CTMAB-bentonite might be
ascribed to the different molecular structure of MG and
CTMAB. CTMAB has long alkyl chain, which is flexible
and could interact with each other by weak hydrophobic
interactions [34]. With this respect, these alkyl chains could
move freely within the interlayer space of bentonite, and
the HOCs molecules could easily penetrate into the spaces within the alkyl chain aggregates. In other words, little
free energy was needed to alter the arrangement models
of the previously adsorbed CTMAB during the adsorption
of HOCs molecules to the CTMAB-loaded bentonite; thus
the adsorption capacity of HOCs to CTMAB-bentonite
system by the two processes was quite similar.
With the respect of MG, it has rather rigid molecular
structure. Once they were adsorbed to the charge sites on

4. CONCLUSIONS
Bentonite could effectively remove MG and HOCs
(e.g., 2-naphthol and naphthalene) from water. The removal
efficiency of MG was above 99% when the added MG
was below bentonite’s 0.8CEC, while the removal efficiency of HOCs depended on the adsorption processes. The
simultaneous adsorption process was more efficient in the
removal of HOCs than the successive adsorption process.
The different adsorption capacity of HOCs by the two
processes could be ascribed to the block of adsorption
sites (e.g., the siloxane surface) by the pre-adsorbed MG.
Results of this work showed that the low cost bentonite
could be used for the removal of both cationic dyes and
HOCs from dye wastewater. Meanwhile, the influence of
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molecular structure of cationic dyes and HOCs on the adsorption capacities of HOCs should be systematically investigated to better understand the interactions among
cationic dye, HOCs and bentonite
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THE EFFECT OF DESICCATION STRESS AND
HYDROGEL USE ON SEEDLING PHYSIOLOGY
AND GROWTH IN Juniperus foetidissima
Ayşe Deligöz*, Dilek Yıldız and Durmuş Çetinkaya
Faculty of Forestry, Suleyman Demirel University, 32260 Isparta, Turkey

ABSTRACT
One of the aims of the present study was to determine
the effect of desiccation treatment on physiological quality and growth of 1+0 year-old bare-root Juniperus foetidissima Willd. seedlings. The second aim of the study was
to evaluate the effect of hydrogel use to protect the roots
against desiccation on the same properties. After the seedlings were lifted, they were divided into two groups (without hydrogel and with hydrogel). The seedlings with and
without hydrogel were subjected to desiccation for different times (0, 1, 3 and 5 hours) under controlled conditions
before planting. There were significant differences in the
length of desiccation time and decreasing stem and root
moisture content, stem water potential (ψ) and root growth
potential (RGP). It was found that these properties were
higher in the seedlings with hydrogel than without hydrogel. In both treatments, root electrolyte leakage (REL)
significantly affected desiccation and REL value increased
with the duration of desiccation treatments. In addition,
REL values of the seedlings with hydrogel were lower
than of the seedlings without hydrogel. Seedling height,
stem diameter, stem and root dry weight values of seedlings with and without hydrogel decreased with the length
of desiccation time. In all desiccation times, diameter increase and survival of the seedlings treated with hydrogel
were higher than of the seedlings not treated with hydrogel. For this reason, immersing the roots of the seedlings
into hydrogel after lifting might protect the seedlings from
potential desiccation stress and might improve planting
success.
KEYWORDS: Desiccation, Electrolyte leakage, Juniperus foetidissima, Root growth potential, Survival, Water potential
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treme growing environments [1]. However, in afforestation
activities carried out in extreme dry areas, planting shock is
often encountered and planting activities become unsuccessful. One of the reasons of this failure is the use of lowquality seedlings.
Seedlings might be exposed to sun, wind, high and
low temperatures lifting and planting process. These environmental factors cause physiological damage in the seedlings, particularly in their root systems [2]. Drought is one
of the most damaging climate-related hazards [3]. One of
the main reasons for planting shock is water deficit [4, 5].
The roots which are exposed to ambient conditions during
lifting and planting lose water and particularly the fine
roots dry out. Due to the damages caused by desiccation,
new root development is delayed in the new planting environment and water intake of the seedlings is inhibited. As
a result, the desiccation of the roots directly affects the
survival of the plant [6, 2]. The hydrogels which are termed
as hydrophilic polymer, the substances like agricol, clay and
water mixture, spahnum algae were used to increase planting success of bare-root seedlings by directly applying on
the root system of the seedling or in planting holes [7-11].
Polymers are the substances which absorb water that is
400-500 times of their own weight according to the purity
of water. For this reason, it was reported that polymers
might be effective in reducing water stress of the seedlings
[8]. It was reported that hydrogels were used in afforestation activities in semi-arid areas [10, 12].
This study investigated the effects of desiccation on
stem and root moisture content, water potential, root electrolyte leakage, root growth potential and growth of seedling and the effectiveness of hydrogel use in the desiccation of root system.

1. INTRODUCTION
In recent years, Juniperus foetidissima Willd. is one
of the preferred species in afforestation activities in ex-

2. MATERIAL AND METHODS
2.1. Plant material and experiment set-up
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Çamdağ-origin 1+0 year old bare-root Juniperus foetidissima seedlings were grown applying standard nursery
procedures in Isparta-Eğirdir Forest Nursery (37° 53' N;
30° 52' E, 926 m altitude). On 31 March 2009, the seedlings were lifted from nursery bed. Root systems of the
seedlings were immersed in water and the soil residues
around the roots were carefully cleaned to provide homogenous desiccation. To determine morphological properties of the seedlings which would be used in the experiment, root collar diameter, height and dry weight measurements were made on randomly selected 15 seedlings
(Table 1). The remaining seedlings were kept in the cooler at +4 °C until the experiment starts.
TABLE 1 - Morphological characteristic of Juniperus foetidissima
seedlings (n=15)
Characteristic
Root collar diameter (mm)
Seedling height (cm)
Stem dry weight (g)
Root dry weight (g)
Stem/Root dry weight (g)

Mean±SE
2.47 ± 0.10
12.57 ± 0.49
1.08 ± 0.11
0.63 ± 0.06
1.81 ± 0.15

A total of 840 seedlings which were kept at cool storage for 2 days were divided into two equal groups: the
seedlings without hydrogel (the roots which were not immersed in hydrogel) and the seedlings with hydrogel (the
roots which were immersed in hydrogel). A total of 420
randomly selected seedlings were divided in four different
desiccation groups (desiccation for 0, 1, 3 and 5 hours) for
the treatment of the seedlings without hydrogel. Except the
control seedlings (0 h), all the seedlings (root and shoot)
were laid on a wire shelf in a controlled environment chamber and were left to desiccation for 1, 3 and 5 h under 20 °C
temperature, 40% moisture and photosynthesis photon flux
density 242 µmol m-2s-1 conditions. Control (0 h) seedlings
were kept in cooler at +4°C during this procedure. Immediately after the desiccation treatments were completed, the
physiological condition of the seedling was evaluated using
stem water potential (ψ), root electrolyte leakage (REL),
root growth potential (RGP), stem moisture content (SMC)
and root moisture content (RMC). The seedlings which
would be used in planting experiment were placed in polyethylene bags immediately after the experiment and were
kept at +4°C until the time of planting.
After completing laboratory stage of the treatments
without hydrogel, the roots of second group seedlings
(420 seedlings) were kept in hydrogel called Scotkosorb
for 10 minutes. To prepare Scotkosorb gel, 7.5 g granulated Scotkosorb 500 micro was mixed into 1 liter of water. In
one hour, the granules completely absorbed water and took
the form of gel. Then the roots of the seedlings were immersed in this gel. The seedlings which were kept at hydrogel for 10 minutes were subjected to desiccation
treatment under the same conditions and using the same
procedures which were applied on the seedlings without
hydrogel. After the treatments, ψ, REL, SMC, RMC and
RGP measurements were made. The seedlings which would

be used in planting experiment were placed in polyethylene
bags and were kept at +4°C until the time of planting.
Immediately after completing the laboratory stage,
the seedlings in both groups (with and without hydrogel)
were planted on 4 April 2009. A total of 50 seedlings
from each treatment were planted in 11x 25 cm polyethylene tubes containing forest soil and were left to grow in
open nursery conditions in Eğirdir Forest Nursery. The
seedlings were regularly watered according to the routine watering program of nursery.
2.2. Measurements

For the two treatment groups (with and without hydrogel), a total of 5 randomly selected seedlings from each
desiccation treatment were used for ψ measurements. The
seedlings were smoothly cut in root collar with a slight
curve using a sharp knife. In this cut surface, approximately 3 cm section was peeled and were placed in the
device for water potential measurement. Ψ was measured
in excised stem with a Scholander pressure chamber
(PMS Instruments, Corvallis, OR, USA) [13].
REL values were identified on a total of 10 seedlings
which were randomly selected from each desiccation treatments for both treatment groups (with and without hydrogel). Root system of each seedling were washed in tap
water to remove soil and then rinsed in deionized water to
remove surface ions. Fine roots (<2 mm) from in the middle section of the root systems was removed. Root samples
of each seedlings were put in 28 ml capped glass tubes
containing 16 ml distilled water whose conductivity are
known (C0). The tubes which were closed were shaken well
and were then kept at room temperature for 24 h (2022°C). At the end of 24 h, glass tubes were shaken again.
Using an electrical conductivity meter, the conductivity of
the solution (C1) was measured. All samples were then
autoclaved at 110°C for 10 min to kill the cells. After the
samples had cooled to room temperature, a second recording of the conductivity (C2) was made. REL was calculated with the below formula for each seedling [2, 14, 15]:
C − C0
REL = 1
× 100
C2 − C0
SMC and RMC were determined by using 15 seedlings
from each desiccation times for both treatments (with and
without hydrogel). After determining fresh weight (FW)
and dry weight (after drying to 24 h at 105 °C) (DW) of
each seedling, moisture contents (MC) were calculated:

MC = ( FW − DW ) / DW × 100
RPG was determined using 20 seedlings from each
desiccation times for both treatments (with and without
hydrogel). Prior to planting, newly-formed white roots on
the root system of each seedling were removed. Each
seedling was planted in polyethylene tubes containing
humus and perlite mixture (3:1 by volume) and after watering at field capacity. They were kept under controlled
conditions (at 21 °C; 16 h photoperiod) for 40 days. At
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the end of this time, each seedling was carefully lifted and
their root systems were washed. All new white roots (≥1
cm) were counted for each seedling [16, 17].
To determine survival and growth, initial seedling
height and stem diameter measurements were made 10 days
after the planting. Seedling height was measured from soil
surface to the tip of shoots; stem diameter was measured
from soil surface. At the end of the first growing season
(25 December 2009) survival, height, stem diameter, dry
weights were determined and height and diameter increments of seedling were calculated:
Diameterincrement (%) =

autumnheight − springheight
× 100
springheight

250

S tem 	
  m ois ture	
  c ontent	
  (% )

Heightincrement (%) =

autumndiameter − springdiameter
× 100
springdiameter

0.5 MPa 1 and 3 h after exposure to desiccation, in the
seedlings without hydrogel, ψ decreased to -0.93 MPa after
1 h and to -2.55 MPa after 3 h. At the end of 5 h, ψ was
found to be -3.36 MPa in the seedlings without hydrogel
and it was -2.26 MPa in the seedlings with hydrogel (Figure 2). A similar result was reported in the study of McKay
and White [18]. Root moisture content and needle water
potential of 2+0 years old bare-root seedlings of
Pseudotsuga menziesii (Mirb.) Franco and Picea sitchensis (Bong.) Carr. which were exposed to desiccation for
0.5, 1, 1.5 and 3 h decreased due to the length of desiccation [18]. Brønnum [19], reported that moisture contents
generally decreased with longer exposure times in the
whole plants, needles and roots in Abies procera species.

2.3. Statistical analysis

One-way variance analysis was made to determine
the effect of desiccation treatments on SMC, RMC, ψ, REL,
RGP and planting performance. If analyses of variance indicated significant differences (p<0.05), the treatment
means were separated by Duncan’s New Multiple Range
test (p<0.05). Prior to the variance analysis, square-root
transformation was used for numerical data but, percentage
data were subjected to arcsine transformation. All the statistical analyses of the data were done using SPSS version
15.0 software.

A similar situation was observed in ψ. Ψ of the seedlings treated with hydrogel were found to be significantly
higher than of the seedlings without hydrogel. While the
ψ of the seedlings treated with hydrogel was higher than -
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3.1. The effect of desiccation and hydrogel use on seedling
physiology

SMC and RMC of seedlings without hydrogel were
lower than of seedlings treated with hydrogel in different
desiccation times (Figure 1a,b). While SMC of the seedlings without hydrogel were 158% at the beginning, it decreased to 140% after 1 h, to 112% after 3 h and to 101%
after 5 h. SMC of the seedlings treated with hydrogel decreased to 159% after 1 h, to 146% after 3 h and to 111%
after 5 h. 1 h after the desiccation treatment, RMC of the
seedlings treated with hydrogel was 76% higher than of the
seedlings without hydrogel. However, after 5 h, RMC of
the seedlings treated with hydrogel decreased and became
only 28% higher than the RMC of the seedlings without
hydrogel (Figure 1a,b).

W ithout	
  hydrogel

0

3. RESULTS AND DISCUSSION

Different desiccation times had significant effects on
SMC (p<0.001), RMC (p<0.001), ψ (p<0.001), REL (p<
0.001) and RGP (p<0.01) of the seedlings with and without
hydrogel (Figs. 1-4).
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FIGURE 1 - Stem (a) and root (b) moisture contents of the seedlings
with and without hydrogel after exposure to desiccation under
controlled conditions. Each data point represents mean (n=15) ±SE.

FIGURE 2 - Stem water potential (ψ) values of the seedlings with
and without hydrogel after exposure to desiccation. Each data point
represents mean (n=5) ±SE.

Claery and Zaerr [20] reported that it was necessary
to high keep water potential between lifting and planting
for seedling quality. Genç [21] suggested that seedling
roots should be watered immediately after lifting against
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drying stress in Picea orientalis (L.) Link. Deligöz [22]
suggested the same procedure for Pinus nigra Arn. subsp.
pallasiana species. In our study, hydrogel was used to
protect the root systems of Juniperus foetidissima seedlings
against desiccation and the use of hydrogel decreased water
stress against desiccation stress.
To determine the physiological damage caused by
drying, generally electrolyte leakage measurements are
made in many studies [2, 19, 23]. REL significantly increased in the seedlings without hydrogel starting from 1 h
desiccation treatment and reached 92% at the end of 5 h.
On the other hand, in the seedlings treated with hydrogel,
there was no significant difference between 1 and 3 h. Only
after 5 h desiccation treatment, REL values reached 80%
(Figure 3). It was reported that hydrogel decrease the damage occurring in the roots which were subjected to desiccation prior to planting [24]. In our study, immersing the
roots of the seedlings to hydrogel for 10 minutes decreased
root damage in desiccation for 1 and 3 h and thus REL
values were found to be lower than of the seedling without
hydrogel.
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FIGURE 3 - Root electrolyte leakage values of the seedlings with
and without hydrogel after exposure to desiccation. Each data point
represents mean (n=10) ±SE.

RGP was negatively affected by desiccation treatments.
New root growth significantly decreased in the seedlings
with and without hydrogel depending on the length of
desiccation. Particularly in the seedlings without hydrogel,
no new root growth was observed in desiccation procedure
for 5 h (Figure 4). Brønnum [19], reported that RGP decreased rapidly with exposure time and was almost zero
after only 1.5 h of desiccation. However, field survival
after this treatment was still around 60%, meaning that
new root growth actually occurred in the field [19].

FIGURE 4 - Root growth potential of the seedlings with and without
hydrogel at different desiccation times. Each data point represents
mean (n=20) ±SE.
3.2. The effect of desiccation and hydrogel use on survival
and growth

Survival in the treatment without hydrogel decreased
with longer desiccation times. While survival was 66% at
the end of 3 h in the treatment without hydrogel, it decreased to 42% at the end of 5 h. The main reason for this
decrease is that both SMC and RMC and ψ significantly
decrease depending of the length of desiccation procedure. It was observed that when RMC decreased below
98%, survival significantly decreased. It was reported that
after lifting, before and immediately after planting, when
water potential of the seedlings decreased below -0.10
MPa, the risk of death started and this risk rapidly increased towards -1.8 MPa [25]. This information is consistent with our findings in the present study. The decrease of ψ below -0.90 MPa increased death ratio. Dirik
[26] found that survival of the Anatolian Black Pine seedlings whose ψ were -0.52, -1.14, -1.48 and -2.13 MPa
were 92.5%, 70%, 57.5% and 32.5% respectively in descending order.
In the treatment with hydrogel, survival was found to
be significantly high in all desiccation times and survival
was higher than 80% even at the end of 5 h (Figure 5).
Survival of the seedlings treated with hydrogel was found
to be significantly higher than those of the seedlings without hydrogel. The reason for this is that the use of hydrogel
significantly decreased water loss and root damage of the
seedlings. Likewise, seedling moisture was defined as an
important factor that affects survival percentage of newly
planted seedlings [27]. In a study carried out by Hermann
in Douglas, it was found that when the seedlings which
were lifted in January were kept in open air at 32 °C for
15 minutes, they gave 100% survival percentage; however
when the seedlings were kept at open air for 30, 60 and
120 minutes, survival decreased to 90%, 80% and 50%
respectively [16].
120
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FIGURE 5 - Survival of the treatments with and without hydrogel
at the end of the first growing season.
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There was a statistically significant difference (p ≤
0.05) between the desiccation treatments in terms of all
measured morphological properties of the seedlings without hydrogel. However, in seedlings with hydrogel, there
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was statistically significant difference between desiccation
treatments in terms of the morphological properties apart
from seedling height and dry root weight (Table 3). It was
observed that seedling height, stem diameter, stem and

dry root weight values of the seedlings without hydrogel
decreased with longer desiccation time (Table 3). For both
treatments the lowest values were obtained from 5-hour
desiccation treatment in terms of morphological properties.

TABLE 3 - Some morphological properties of the seedlings with and without hydrogel at the beginning and end of the first growing season.
Values are means±SE. For each row, means with different letters indicate significant differences (p≤0.05).
Treatments

Without hydrogel

With hydrogel

Time (h)
1
3.30±.10a
10.37±.32ab
4.48±0.21a
17.36±0.55a
4.01±0.41a
2.54±0.25a
2.95±.08ab
9.87±.26ab
4.27±0.17ab
15.33±0.54a
3.65±0.30a
2.42±0.22a

0
3.30±.09a
10.82±.31a
4.32±0.20a
17.46±0.85a
4.24±0.43a
2.79±0.24a
3.03±.06a
9.86±.23a
4.68±0.15a
16.01±0.40a
3.87±0.36a
2.87±0.29a

Initial stem diameter(mm)
Initial height (cm)
Stem diameter (mm)
Seedling height (cm)
Stem dry weight (g)
Root dry weight (g)
Initial stem diameter(mm)
Initial height (cm)
Stem diameter (mm)
Seedling height (cm)
Stem dry weight (g)
Root dry weight (g)

Likewise, exposure to desiccation reduced seedling
development and survival in Abies procera Rehd., Picea
sitchensis (Bong.) Carr. and Picea abies (L) Karst. species [10, 19, 28, 29]. Sijacic-Nikolic et al [30] found that
the polymers had a positive on development of Pinus
sylvestris L. and Pinus nigra Arn. seedling.
Diameter increases of the seedlings treated with hydrogel were found to be higher. This increase decreased
with longer desiccation times. Likewise Brønnum [19]
found that the effect of desiccation on diameter growth was
larger and significant. On the contrary, it was found that
the seedlings without hydrogel had higher height increase
in 1, 3 and 5 h desiccation treatments (Figure 6). Sarvaš
[10] found that diameter and height increase of Picea abies
(L.) Karst.) seedlings with hydrogel which were exposed to
desiccation were lower than of the seedlings without hydrogel. Low REL values give high survival. REL values
were higher in the seedlings without hydrogel. Thus, survival and diameter increases of the seedlings without hydrogel were lower than of hyrogel-treated seedlings.
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According to the findings of the study, in the bareroot Juniperus foetidissima seedlings, SMC, RMC, ψ,
REL and RGP were negatively affected by desiccation
treatments. In our study it was found that the use of hydrogel significantly decreased water loss and root damage
in the of seedlings full exposure. Survival and diameter increment of the seedlings treated with hydrogel was found
to be significantly higher than of the seedlings without
hydrogel. In conclusion, immersing seedling roots into
hydrogel for 10 minutes after lifting will protect them
from desiccation stress and might improve planting performance. However, the benefits of using the hydrogel
should be tested with field trials
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