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EFFECTS OF POLY(2-ETHYL-2-OXAZOLINE) EXPOSURE
ON OVARY HISTOLOGY OF ZEBRAFISH (Danio rerio)
Nazan Deniz Yön1,*, Cansu Akbulut1, Selda Güneş1,
Müge Alsaran1, Uğursoy Olgun2, Figen Esin Kayhan3 and Güllü Kaymak1
1
Sakarya University Department of Biology, Sakarya, Turkey
Sakarya University Department of Chemistry, Sakarya, Turkey
3
Marmara Universtiy, Department of Biology, İstanbul, Turkey
2

ABSTRACT
Poly(2-oxazoline)s have been widely used in biomedical applications for the last years. They can mimick natural systems and they generally used as liposomes, drug and
gene deliver and pseudopeptides. In this study histological
effects of different doses (10 mg/L, 50mg/L) of poly(2ethyl-2oxazoline) on ovary tissue of zebrafish were investigated. After 5 days of administation, ovary tissues were
dissected and histomorphological changes investigated under light microscope. Severe structural deformation in oocytes were monitored. Deterioration in germinal vesicle
and openings at follicular epithelium, zona radiata and vitelline envelope were detected.

KEYWORDS:
poly(2-ethyl-2-oxazoline), zebrafish, ovary, histology

1. INTRODUCTION
Zebrafish, Danio rerio, is a member of Cyprinidae
family and it lives in India and Pakistan naturally.
Zebrafish is a widely used model organism because it is
easy to produce and it has short generation time. In the laboratory, zebrafish can be stimulated to breed throughout
the year and the development from the fertilised egg to reproducing stage takes only about 3-4 months. Their short
generation time makes them an ideal candidate for the genetic studies and their susceptibility to the mutagens, carcinogens, teratogens and toxins makes them ideal environmental models for the investigation of ovarian follicle development and maturation because the zebrafish ovary
contains follicles at different stages of development [1,2].
Zebrafish have been used not only as a general vertebrate
toxicity model [3], but also as an ecotoxicological test species to determine the effects of chemicals on fish survival,
growth, and reproduction.
* Corresponding author

Poly (2-oxazoline)s are one of the class of poly(oxazolines) which has been studied since 1960s [4, 5, 6, 7, 8,
9, 10]. Poly(oxazolines) are generally used in adhesive and
coating formulatons [11, 12, 13] as pigment dispersants in
inks and drug in delivery applications [14,15]. Polyoxazoline-based or polyoxazoline-derived polymers can mimick
natural systems so they have significant application potential in a large number of technological contexts, whether
this be the formation of stealth liposomes, or formation of
membrane structures and it’s used as carriers of drugs or as
synthetic vectors and antimicrobial materials [16]. Because
of their biocompatibilty, poly(2-oxazoline)s have potential
to use a variety of applications in biological systems such
as drug and gene delivery are the principle application areas for polymers in biological, pharmaceutical and medical
contexts [17, 18]. A drug is enclosed in a polymeric matrix
and released over time through diffusion [19] and alternatively, complex multifunctional polymers with covalently
attached drug moieties are constructed [20,21]. The combination of a polymer with a drug molecule has several
main advantages over the use of a pure drug molecule: (1)
potentially increased solubility of insoluble drugs or drugs
of low aqueous solubility, (2) improved pharmacogenetics,
(3) protection against deactivation and degradation during
transport and circulation, (4) reduced antigenic activity and
(5) the possibility to combine a drug with other functional
components such as contrast agents etc. [21,22].
Poly oxazolines have similar behavior similar to poly
(ethylene glycol) so are used in several biomedical applications such as stealth liposomes, membrane structures,
carriers of drugs and antimicrobial materials [16]. 67Ga-labelled liposomes, which were subsequently injected into
the bloodstream of rats in order to monitor their progress
and distribution via blood-level and tissue measurements.
The experiments showed that the behavior of the poly(oxazoline) based liposomes is similar to that of the corresponding PEG-based materials, both in terms of their circulation in the bloodstream (showing long circulation lifetimes) as well as in terms of uptake by liver and spleen [23].
Poly(2-oxazoline)s can be regarded as analogues of
polypeptides and also of polypeptoids [21]. So, it is considered as pseudopeptides, thus bioinspired polymers, due
to their structural relationship to polypeptides [24].
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2-methyl, 2-ethyl, 2-isopropyl and 2-phenyl oxazoline
are available commercially. In this study, the histological
effects of poly(2-ethyl-2-oxazoline) (PEtOx) on ovary tissue of zebrafish investigated with light microscopy.

2. MATERIALS AND METHODS
2.1 Animal

The zebrafish (Danio rerio) is a small fish about 6 cm
in length, characterized by a series of five pigmented
stripes running the entire length of each side of its body.
The zebrafish’s hardiness makes them excellent stress test
subjects, as they can survive fairly severe environmental
changes without succumbing, surviving long enough to
show developmental defects. Sexually mature zebrafish
were maintained under standardized laboratory conditions
(28oC ± 1 oC and 14h/10h light dark cycle, 61% humidity).
The fish were daily fed with Artemia sp. and TetraMin©
Hauptfutter (Tetra Werke,Germany).

FIGURE 1 - The ovary of control group, and general apparences of
different stages of oocytes. Po- Primary oocyte, Ca- Cortical alveoli,
CoC- Cortical alveolus stage, N- nucleus, Om- Mature oocyte, Aoatretic oocyte, 20x Toluidine blue stain.

2.2 Exposure

Following the prelaminary experiment, all determinations were repeated three times. In our study we created one
control and two experiment groups (n=15) concerning their
different PEtOx doses (Group I: 10 mg/L PEtOx, Group II:
50 mg/L PEtOx, Group III: control group). After 48 h adaptation, different concentrations of PEtOx were added to the
experimental aquaria. Mortality was controlled during the
test and it was observed that no fish died. After exposure,
on the fifth day of the study fishes were anaesthetized with
ice water and ovary tissues were dissected immediately.
2.3 Light microscopy

For the histological analysis, ovary tissues were fixed
with 10% neutral buffered formalin for 24h. Fixed tissue
was dehydrated using a series of graded ethanol solutions
(70%-100%) and embedded in the parafin wax and sectioned transversely at 5 µm thickness and stained with Hematoxylin-Eosin and toluidine blue staining.

3. RESULTS
3.1 Control group

In control group, normal structure and all development
stages of zebrafish oocytes were observed clearly. Identification of oocytes were done according to Koç et al. [ 25].
In the first growth phase, the multiple nucleoli were observed in the nucleus of oocytes. Primary oocytes in the
control group were oval-shaped cells with oval nucleus and
large nucleolus. In cortical alveolar stage, granular structures in the ooplasm were increased. It was detected that
zona radiata began to form and the follicular epithelium become thicker. In vitellogenic phase, oocyte sizes were increased and larger granular structures were observed (Figure 1).

FIGURE 2 -Ovary tissue of 10 mg/L PEtOx exposed group, Po- Primary oocyte, CoC- Cortical alveolus stage, Vo- vitellogenic oocyte,
Om- Mature oocyte, Ao- atretic oocyte, 20x, H&E stain.
3.2 Exposure Group I

In 10 mg/L PEtOx exposed group, the number of follicles at vitellogenic oocytes and mature oocytes are
slightly increased compared with control (Figure 2). Torsions at oocyte structures and oocyte shape changings were
detected. In cortical alveolus stage, openings between zona
radiata and follicular epithelium were observed. The oocyte was also shrinked (Figure 3a, 3b). The zona radiata
has a corrugated structure. In addition, the zona radiata is
clearly visible but follicular epithelium is reserved at cortical oocyte’s surface (Figure 3a). Similar results were also
detected at vitellogenic oocytes. There are no distinct vacuoles at vitellogenic oocyte. (Figure 3b).
3.3 Exposure Group II

In 50mg/L PEtOx exposed group, different stages of
maturation at ovarian follicles can be identified. The number of follicles at vitellogenic oocytes and mature oocytes
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FIGURE 5 - Ovary tissue of 50 mg/L PEtOx exposed group, openings
between zona radiata and vitelline envelope at cortical alveolus stage,
CoC- cortical alveolus stage oocyte, Ve- vitelline envelope, ZR- zona
radiata, Fe- follicular epithelium, H&E staining, 40x, 100x

FIGURE 3 - Ovary tissues of 10 mg/L PEtOx exposed group, Shrinking and openings at oocytes, a) Zona radiata has a corrugated structure, 40x, Toluidine blue, b) There are no distinct vitellogenin vacuoles, 40x H&E stain. Ca- Cortical alveoli, Vo- vitellogenic oocyte, Nnucleus, No- nucleolus, Fe- follicular epithelium, ZR- zona radiata
FIGURE 6 - Ovary tissue of 50 mg/L PEtOx exposed group, deterioration at nucleus (germinal vesicle) at cortical alveolus stage, Ca- cortical alveoli, N- nucleus, No- nucleolus, H&E staining, 100x

FIGURE 4 - Ovary tissue of 50 mg/L PEtOx exposed group, openings
between zona radiata and follicular epithelium at mature and primary oocytes, deterioration at zona radiata (showed with arrow),
CoC-Cortical alveolus stage, Ca- Cortical alveoli, Fe- Follicular epithelium, ZR- zona radiata, Po- primary oocyte, N- nucleus, No- Nucleolus, Om- Mature oocyte, Toluidine blue stain, 40x

FIGURE 7 - Ovary tissue of 50 mg/L PEtOx exposed group, cortical
alveolus stage oocyte at early phase and deterioration (showed with
star) at vitellogenic oocyte structure, CoC- cortical alveolus stage oocyte, Po- primary oocyte, Vo- vitellogenic oocyte, H&E staining, 40x
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are increased but primary oocytes are slightly decreased
compared with control group. This chemical has been acted
as endocrine disruptors. The ovary of fish exposed to this
chemical presents complete obsence of atretic follicles. A
follicle at stage of vitellogenic oocyte is atretic with a vitelline membrane forming characteristic folds. Openings
between zona radiata and follicular epithelium at mature
and primary oocytes, deterioration at zona radiata were
monitored (Figures 4 and 5). In cortical alveolus stage
openings between vitelline envelope and zona radiata were
observed (Figure 5). Moreover, deterioration at germinal
vesicle was detected at cortical alveolus stage. Nucleus
shape was irregular and corruption at chromatin material
was monitored (Figure 6). Even in this group, cortical alveolus stage oocyte at early phase was detected. In addition, degeneration at vitellogenic oocyte structure was observed. (Figure 7).

4. DISCUSSION AND CONCLUSION
The use area of poly(2-oxazoline)s have been developed in biomedical applications for the recent years, as a
result of their biocompability as well as their stealth behaviour [16, 21]. The biocompability of poly(2-methyl-2-oxazoline) (PMeOx) was demonstrated in 1989 [26]. 125I-labeled polymers were found to be excreted from mice without significant accumulation in organs, although some, presumably high-molecular-weight, polymer was found in
skin and muscle tissue [26]. In Zalipsky and co-workers’
study it was proved that PEtOx liposomes are faster than
PMeOx in rats and mice and revealed enhanced circulation
times, with similar blood-clearance rates in vitro studies
[27]. It was also proved that the liposomes accumulated
mainly in the liver, kidney, and spleen [27, 28]. The study
about poly(2-oxazoline)s was not detected regarding the
effects on fish. So, our study is pioneer. There are few studies about the effects of polyoxazolines properties and drug
applications in rats. Viegas et al. [29] studied the polyoxazolines in drug applications. They attached PEtOx to the
enzymes catalase, ribonuclease and uricase and after the
conjugate application they observed that histopathology of
kidney and spleen was normal. On contrary, we found histopathological changes in ovary tissues. There are openings between vitelline membrane, zona radiata and follicular epithelium. Torsions and structural deformations at oocytes were monitored. These effects are similar with effects
of endocrine disruptors. Dumitrescu et al. [30] investigated
histological changes induced in gonads, liver and kidney of
zebrafish under the effect octylphenol which is one of the
important endocrine disruptors and they observed oocytes
which have eccentric nucleuses. This finding is consistent
with our study. Polychlorinated biphenyls (PCB) are chemically stable hydrocarbons so they have accumulated in environment and classified as endocrine disruptor. Daouk et
al. [31] investigated long term effects of PCB on zebrafish
and they found that this chemical induces ovary pathology
and impairs reproduction ability. They established increase

in the number of atretic follicle and decrease in number of
vitellogenic and mature oocytes. In addition they detected
fragments in vitelline membrane and yolk granules. Disconcertingly, our results are different from this study. In
our study we detected a lot of vitellogenic and mature oocytes when compared with the control group. Especially in
exposure groups, increase in the number of vitellogenic
and mature oocytes but decrease in primary oocytes were
detected. Our data showed that poly(2-ethyl-2-oxazoline)
cause early oocyte maturation at zebrafish. On contrary, severe structural deformities have been monitored. This chemical can be affect endocrine system. Similarly with our study,
Tokumoto et al. [32] studied effects of diethylstilbestrol on
goldfish ovary and they found that diethylstilbestrol induces
fish oocyte maturation. In our previous study about acute
toxicity of 2,4-diclorophenoxy acetic acid in zebrafish, we
found severe damage at follicular epithelium, irregular
folding membranes and eccentric nucleus at oocyte structure. On contrary, we detected clumping of karyoplasms
and atretic oocytes [33].
There are some studies about biomedical applications
about poly(2-oxazoline)s but toxicological studies are not
adequate. In this study, toxicological effects of poly(2ethyl-2-oxazoline) were evaluated with histological methods. We chose the zebrafish model at this study because
they can survive at severe environmental changes and show
developmental defects. Also they are easy and inexpensive
to raise, requiring only filtered water, and a minimal investment in fish food, making them an ideal animal model for
research laboratories with limited funding. However, more
toxicological studies about this substances should be done
by using other model organisms.
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2. MATERIALS AND METHODS

ABSTRACT
In this study, myxomycetes collected from Kuseyr
Mountain of Hatay province between 2010-2013 have been
investigated. As a result of field and laboratory studies,
43 species belonging to 11 family and 19 genera were reported. Three species, including Didymium clavus (Alb. &
Schwein.) Rabenh., Perichaena pedata (Lister & G. Lister)
Lister ex E. Jahn and Trichia scabra Rostaf.) were recorded for the first time from Hatay, Turkey. Distribution,
habitat characteristics, relative abundance of fruit bodies,
taxonomic diversity indices and diversity of species were
discussed in details. In addition, photographs belonging to
these new records were taken with SEM.

KEYWORDS:
Biodiversity, Distribution, Myxomycota, New records, Turkey.

2.1 Description of research area

Kuseyr Mountain is (36' 09" 46N, 36' 10" 19E) located
at the Hatay province of Turkey (Figure 1).
The area is situated at the Mediterranean phytogeographical region in C6 square grid system of Davis (19651985) [19]. The vegetation of reseach area is partially ruined
Pinus brutia Ten. forest (350-520 m) and different types of
shrubs are dominate for example Arbutus andrachne L.,
Laurus nobilis L., and Quercus coccifera L. species are common. In settlement areas, Ficus carica L. and Olea europea
L. species are common. Platanus orientalis L., Salix babylonica L., Myrtus communis L. and Nerium oleander L. are
common near the stream while in empty areas, Sarcopoterium spinosum (L.) Spach, Cistus creticus L. and Thymbra
spicata L. are common [20].
2.2 Sample collection and moist chamber culture

1. INTRODUCTION
Myxomycetes, which are also known as myxogastrids
or plasmodial slime molds, are common and relatively cosmopolitan in their distribution. They are characterized by
an amorphous, multinucleated, and protoplasmic mass
called plasmodium and fruiting bodies. They occur in association with decaying or living plant materials in terrestrial forest ecosystems. Humidity and temperature are the
two main factors in their diversity and abundance [1]. The
majority of species are mainly cosmopolitan but a few appear to be confined to the tropics or subtropics, and some
others have been collected only in temperate regions [2].
Although Myxomycetes have been extensively studied
worldwide [3-9], a few studies have been conducted on
Myxobiota in Turkey. In recent years, some Myxomycetes
have been added to the Turkish myxobiota by some researchers [10-16]. The number of known Myxomycetes
species in world is 964 [17] but there are only about 236
species known from Turkey [18]. There has been no previous studies in Kuseyr Mountains. In this study, three taxa
were added to the Turkish Myxomycota as new records.

The specimens were collected from natural substrata,
bark and debris, bark of living trees, as well as on decaying
fruits, bark, wood, leaves, litter and animal dung. Natural
mature fructifications were gently collected from substratums, and placed in cardboard fungarium boxes. In addition, fructifications of myxomycetes were obtained from
the moist chamber culture in laboratory. All moist chamber
cultures were prepared within the week after returning
from field survey. Substratum samples were placed in petri
dishes lined with filter paper. Distilled water was added to
each petri dishes and the samples allowed to soak overnight. After 24 hours, excess water was poured off. Cultures were maintained under diffuse light at room temperature (22-25°C) for a period of approximately three month.
All cultures were checked weekly for the presence of myxomycete plasmodia or fruiting bodies.
2.3 Morphology and identification

Microscopic and macroscopic features of samples
were determined in laboratory. Fruiting bodies were identified to species using light microscopy in consideration of
morphological characters such as fruiting bodies; shape,
size and colour, peridium; colour, presence and calyculus
situation, spore; size, colour and ornamentation, capillitium and columella; colour and branching, lime crystal size

4077

© by PSP Volume 24 – No 11c. 2015

Fresenius Environmental Bulletin

FIGURE 1- Map of Hatay and Kuseyr Mountain

and morphology, stalk; length, colour and proportion to
fruiting bodies, hypothallus; presence or absence, colour,
shape, width. Myxomycetes specimen was identified according to references, from both the published literatures
and web-based identification keys [17, 21-27]. The samples were prepared as fungarium material and stored in the
laboratory of Department of Biology, Faculty of Arts and
Science, Mustafa Kemal University. The relative abundance of fruit bodies of a particular species was determined
by placing it in categories following a modified method
proposed by Stephenson et al. (1993) [28]. For this, species
represented by more than 3.0 % of the total number of collections were considered as abundant (A), those falling between 1.5 % and 3.0 % as common (C), between 1.5 % and
0.5 % as occasional (O), and those less than 0.5 % as rare
(R). Taxonomic diversity indices (species per genera, S/G
ratio) for the study sites as well as for the seasons were calculated based on the methodology described by Stephenson et al. (1993) [28].

3. RESULTS AND DISCUSSION
In this study 43 species belonging to three subclasis,
six ordo, eleven familia and nineteen genera were identified using both field and moist chamber culture (Table 1).
Totally, 85 samples (43 species) were collected. These
include; 9 Myxomycetes (3 species) were collected in field,
76 myxomycete (34 species) were obtained in laboratory
with moist chamber technique, and 6 species were obtained
from both field and laboratory.

In this study, 3 samples (1 species) are members of
ordo Ceratiomyxales (3.5%); 2 (1 species) are members of
Echinosteliales (2.4%); 10 (9 species) are Liceales
(11.8%); 24 (11 species) are Trichales (28.2%); 17 (8 species) are Physarales (20%); and 29 (13 species) are
Stemonitales (34.1%). Among six ordo of myxomycetes,
Trichiales and Stemonitales are the most specious, whereas
Ceratiomyxales and Echinosteliales are poorest in species.
The most common families are Stemonitidaceae, Trichiaceae and Arcyriaceae. These percentages are similar to this
study of Yağız & Afyon (2007) and Baba (2008) [11, 12].
The number and percentage of families are at Figure 2. The
most common genera are Arcyria, Comatricha and
Perichaena with 5 species (each of genera), Didymium and
Licea with 4 species, Cribraria and Stemonitis with 3 species, Badhamia and Physarum with 2 species, Ceratiomyxa, Echinostelium, Enteridium, Dictydiaethalium, Collaria, Enerthenema, Macbrideola, Stemonitopsis, Symphytocarpus and Trichia with 1 species.
Myxomycetes commonly occur with decaying plant
materials. In our study, species were collected from forest on
decomposed or dead wood (36 species), bark (20 species),
debris (13 species), trunks (2 species), twigs (4 species), logs
(9 species) and on living Pinus sp. (1 species) (Figure 3). In
general, bark and woods were characterized by the highest
diversity and species richness [7, 9, 22, 26, 30]. Among substrates, dead twigs, trunks and living substrates was characterized by the lowest diversity of myxobiota.
Forty myxomycetes were collected in March; 22 collected in October; 22 collected in December and 1 collected
in January. The best months for finding Plasmodial slime
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TABLE 1 - Myxomycetes sample number, substrates, habitat and seasons.
No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

Species
Ceratiomyxa fruticulosa
Echinostelium minutum
Cribraria cancellata
C. violaceae
C. purpurea
Licea biforis
L. castanea
L. kleistobolus
L. tenera
Reticularia lycoperdon
Dictydiaethalium plumbeum
*Didymium clavus
D. eximium
D. difforme
D. squamulosum
Badhamia macrocarpa
B. utricularis
Physarum leucopheum
P. notabile
Collaria lurida,
Comatricha ellae
C. laxa
C. nigra
C. pulchella
C. tenerrima
Enerthenema papillatum
Macbrideola cornea
Stemonitis flavogenita
S. smithii
S. splendens
Stemonitopsis amoena
Symphytocarpus impexus
Arcyria cinerea
A.pomiformis
A. incarnata
A. obvelata
A. minuta
Perichaena corticalis
P. chrysosperma
P. depressa
P. vermicularis
*P. pedata
*Trichia scabra

S.N
2
3
3
2
1
2
3
2
1
2
1
2
2
2
2
2
1
2
2
2
2
2
3
2
1
2
2
2
1
1
3
2
3
3
3
3
1
2
1
2
2
2
1

Substrates
a,b
a,b,c,h,ı
a
a
a
a
a
a
a
f
a
a,b
a
k,l
a,h,
g
b
e
h
a,c
a,c,d,j
a,e
a,d
e
h
h
b
a,b
b
a
a,h
a
a,b,c
e,h
a
b,h
a
b
a
a
c,i
a
a

Habitat
N, MCT
MCT
N
MCT
MCT
MCT
MCT
MCT
MCT
N
MCT
MCT
MCT
MCT
MCT
MCT
MCT
MCT
MCT
MCT
N, MCT
MCT
N,MCT
MCT
MCT
MCT
MCT
N,MCT
MCT
MCT
MCT
MCT
N,MCT
MCT
MCT
N,MCT
MCT
MCT
MCT
MCT
MCT
MCT
N

Season
Spring, Autumn
Spring,Winter, Autumn
Spring, Winter, Autumn
Spring, Winter
Spring
Spring, Autumn
Spring, Winter, Autumn
Spring, Winter
Spring
Spring, Winter
Spring
Winter, Autumn
Spring, Autumn
Spring, Winter
Spring, Winter
Spring, Autumn
Autumn
Spring, Autumn
Spring, Autumn
Spring, Autumn
Spring, Winter
Spring, Autumn
Spring, Autumn, Winter
Spring, Winter
Winter
Spring, Winter
Spring, Autumn
Spring, Autumn
Spring
Spring
Spring, Autumn,Winter
Spring, Autumn
Spring, Autumn, Winter
Spring, Autumn, Winter
Spring, Winter, Autumn
Spring, Autumn, Winter
Spring
Spring, Winter
Spring
Spring, Winter
Spring, Winter
Spring, Autumn
Spring

Abbreviations: S.N: sample number; Substrates: Dead wood: a, Dead bark: b, Fallen twigs: c, Fallen bark: d, Dead log: e, Living substrat: f, Dead
trunk: g, Dead debris: h, Fallen leaves:ı, Fallen branch: i, Dead twigs:j, Petri dishes: k, Filterpaper:l ; Habitat: MCT: Moist Chamber Technique, N:
Natural; *: New records
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FIGURE 2 - The number and percentage of families
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FIGURE 3- The distribution of myxomycetes as to where the development

FIGURE 4- Seasonal distribition of Myxomycetes

molds in our research are October, December and March
(Figure 4). Because there is rain, relative humidity is apparently optimum and temperature is mild. Primary characteristics of these months in our research area are the alternation of rainy and sunny periods. These provide favourable conditions of adequate levels of moisture and suitable
temperatures to allow Plasmodial slime molds to complete
their life cycle.
Arcyria cinerea, A. pomiformis, Comatricha ellae, C.
nigra, Didymium difforme, and D. squamulosum are the
most common species in our investigation. Most Myxomycota species are spread globally and in most studies these
species were observed to be most widely spread in many
different substrates [26, 29-31]. Humidity and temperature

are the two main factors in diversity and abundance of this
group [27].
In our study, 10 species are abundant (A), 9 species are
common (C), and 24 species are occasional (O) (Table 2).
The mean number of species per genus (S/G) was calculated from the data sets of study area. The research area
species/genus ratio (S/G) is 2.3. As Simberloff (1970) and
others have pointed out, a biota in which species are divided among many genera is intuitively more diverse than
one, in which most species belong to only a few genera.
Consequently, a low value for S/G implies a higher overall
diversity than a high value [28]. This rate is calculated from
Stephenson et al. (1993) and from the data set of southern
India had 2.24 and North America 4.13. Alexopoulos [28]
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TABLE 2 - Myxomycetes name and occurrence
No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

Species
Ceratiomyxa fruticulosa
Echinostelium minutum
Cribraria cancellata
C. purpurea
C. violaceae
Licea biforis
L. castanea
L. kleistobolus
L. tenera
Reticularia lycoperdon
Dictydiaethalium plumbeum
*Didymium clavus
D. difforme
D. eximium
D. squamulosum
Badhamia macrocarpa
B. utricularis
Physarum leucopheum
P. notabile
Collaria lurida
Comatricha ellae
C. laxa

Occurrence
A
C
O
O
C
O
O
O
O
C
O
C
A
O
A
O
O
O
O
A
A
A

No
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

reported that species diversity of myxomycetes is lower in
tropical forests than in temperate forests.
Three species are new records for Turkey;
Didymium clavus (Alb. & Schwein.) Rabenh.,
Deutschl. Krypt.-Fl. 1: 280, (1844).
Fructifications sporangiate, stipitate, total height up to
1 mm, sporangia loosely gregarious or scattered, erect depressed-globose to discoid, deeply umblicate below, white
or greyish white or dark (when limeless) 0.5-1 mm in diameter. Stalk erect or sometimes bent, thick at the base, tapering upwards, longitudinally rugose, dark brown, lighter
above, 0.2- 1 mm long, sometimes so short as to be contained within the base, the sporangium then appearing sessile. Hypothallus circular to venulose, membranous, dark
brown to almost black rotate. Peridium single, thin, membranous, dark grey, white crystals of lime except at the
thickened, umblicate base, dehiscence irregular. Columella
inconspicuous, represented by the thickened, brown,
dome-like base of the sporotheca and merely by the light
brown, raised basal portion of the sporangium, sometimes
absent. Capillitium abundant delicate, flexuose composed
of purple brown, slender, sparsely branching and sparsely
anastomosing, hyaline. Spores sometimes with scattered or
distinctly clustered verrucose, black in mass, violet brown
in transmitted ligth, globose, inconspicuously verrucose to
almost smooth, (5) 6-7 (8) μ in diameter. Plasmodium gray
or colourless (Figure 5).
Locality: Hatay: Altınözü way, on Cupressus sp. bark,
304 m, 21.01.2011, Baba 5. Hatay: Kale hill, on dead Pinus
sp. wood, 509 m, 03.10.2011, Baba 32.
Didymium clavus is easily recognized by white, erect,
discoid or depressed-globose sporangia, strongly umblicate
below, dark stipe and inconspicuously verrucose to almost

Species
C. nigra
C. pulchella
C. tenerrima
Enerthenema papillatum
Macbrideola cornea
Stemonitis axifera
S. flavogenita
S. splendens
Stemonitopsis amoena
Symphytocarpus impexus
Arcyria cinerea
A. incarnata
A. minuta
A. obvelata
A. pomiformis
Perichaena chrysosperma
P. corticalis
P. depressa
*P. pedata
P. vermicularis
*Trichia scabra

Occurrence
A
C
O
O
O
O
A
O
C
O
A
C
O
C
A
O
O
O
O
C
O

smooth small spores, 6-8 μ in diameter [22]. The columella
is inconspicuous or represented merely by the thickened
base of the peridium [26]. In the field it could be mistaken
only for Diderma hemisphaericum (Bull.) Hornem. which,
however, has double peridium, pale stipes, smaller spores,
and granular lime [32] (Table 3).
Habitat: Especially broad-leaved trees, very rarely as a
casual on bark of living trees in moist chamber culture [4],
dead leaves, twigs, wood [32]
Distribution: Argentina, Bolivia, Brazil, Costa Rica,
Dominica, Germany, Haiti, India, Jamaica, Mexico, New
Zealand, Puerto Rico, USA, Venezuela.
Perichaena pedata (Lister & G. Lister) Lister ex E.
Jahn, Ber. Deutsch. Bot. Ges. 36: 667, (1919).
Fructifications sporangiate, scattered, solitary, stalked
sporangia, 0.3-0.7 mm tall, the sporangium 0.3-0.5 mm
diam., globose to subglobse, pale yellowish to orange
brown. Hypothallus inconspicuous. Stalk slender longer
than sporongial diam., erect, cylindrical, stout, roughened,
dark brown to black, 0.4-0.6 mm high. Peridium single
membranous, dehisce into lobes. Capillitium abundant, of
branching threads 3-4 μm diam. with scattered small spines
and small pits, often completly smooth, elastic, consisting
of yellow threads, the threads scarcely branched, with occasional bulbous expansions, prominently marked with
spines or minute scattered warts, 3-5 μm in diam. Spores
in mass bright yellow, in transmitted light yellow, 9-10 μm
diam, covered in small spines. Plasmidium pale reddishbrown (Figure 6).
Locality: Hatay: Altınözü way, on dead wood, 391 m,
30.10.2011, Baba 4.
The typical feature of Perichaena pedata is of the relationship with P. chrysosperma. They have common fea-
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tures but its major resemblance is Hemitrichia minor G.
Lister, which has been classified in Perichaena by many
authors. Two species are certainly similar but P. pedata
never has spiral markings on the capillitium and has a more
slender stalk, where as H. minor has a shorter, fatter stalk
and faint spiral bands on the capillitium [26, 34]. The sporangia of this species and H. minor are similar in shape and
colour. They both have stalked sporangia. The capillitial

threads of our specimens also resemble those of H. minor
in diameter and surface markings except for the spiral
bands. The capillitial threads of H. minor bear faint spiral
bands [34] (Table 4).
Habitat: on straw and garden litter [26,34].
Distribution: England, Japan, Taiwan, USA.

FIGURE 5- SEM photographs of Didymium clavus. A: sporangia, B: spore, C, D: capillitial threads.

TABLE 3 - Comparison of Didymium clavus according to different researchers
Thind (1977) [34]
Depressed- globose to discoit, deeply
umbilicate below white or greyish white
Single, thin, membranous, dark grey
Peridium
dehiscence irregular, persisting below,
translucent
Erect or sometimes bent, thick at the base
Stalk
0.2-1 mm long
Capillitium Dense, delicate, composed of purple brown
branching and anastomosing threads hyaline, branching and anastomosing
Inconspicuous, raised basal portion of
Columella
the sporangium
Globose, inconspicuously verrucose to
Spores
almost smooth 6-8 µm
Hypothallus Dark brown to almost black, rotate
Sporocarps

Stephenson (2003) [1]

This study (2015)

Scattered to gregarious, discoit, often
umbilicate
Membranous, covered lime chrystals
above, greyish white or dark, thickened
Tapering upward, longitudinally
striate, dark brown or black
Abundant, delicate, threads nearly
colourless, sparsely branched

Loosely gregarious, or scattered, erect depressedglobose to discoid, white or greyish
Single, thin, membranous, dark grey, dehiscence
irregular

Thickened discoid to dome-like base
of the sporotheca
Pale violaceous brown nearly smooth
6-7 µm
Membranous, discoid to venulose,
black

Inconspicuous raised basal portion, sometimes
absent
Globose, violet brown almost smooth, (5) 6-7 (8) µm
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FIGURE 6- SEM photographs of Perichaena pedata. A: sporangia, B: spores, C, D: spores and capillitial threads

TABLE 4 - Comparison of Perichaena pedata according to different researchers
Ing (1999) [26]

Liu et al. (2007) [33]

This study (2015)

Sporocarps

Yellow or pale brown 0.3-0.4 mm
diam. extent, bright orange yellow

Globose to subglobse pale yellowish to
orange brown, 0.3-0.6 mm

Scattered, solitary, 0.3-0.7 mm globose to
subglobse, pale yellow or golden brown

Peridium

Single membranous, dehiscing into
lobes

Single, membranous, with deposition of
granular matter

Single, membranous, dehisce into lobes

Stalk

Slender black

Erect, cylindrical, stout, roughened, dark
brown to black roughened,

Slender, erect, cylindrical, stout, dark
brown to black

Capillitium

Dense, branching threads 3-4 µm,
Scattered small spines or smooth

Consisting of yellow threads, threads
Abundant, branching threads 3-4 μm
scarcely branched, with occasional bulb- diam, often completly smooth
ous expansions, prominently marked with
spines or minute scattered warts, 3-5 μm
in diameter

Columella

Absent

Absent

Absent

Spores

Globose, covered in small spines 910 µm

Globose to subglobse minutely warted,
9.5-10 μm in diam

Yellow, 9-10 μm diam in small spines

Hypothallus

Inconspicuous

Inconspicuous

Inconspicuous

Trichia scabra Rostaf., Sluzowce monogr. 258,
(1875).
Sporocarps crowded in large groups, sessile sporangia, globose, cylindrical or turbinate (0.4) 0.5-0.7 (0.8) mm diam,

tightly clustered in large developments several centimetres
in extent, bright or dull orange–yellow or golden brown.
Hypothallus membranous dark brown continuous below
the whole development and surrounding the bases of the
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sporangia so that when they have disintegrated it is left like
a honeycomb of cups, thin. Stalk absent. Peridium single,
thin membranous delicate smooth, shining partially evanescent remaining as deep funnel-shaped calyculus. Columella absent. Capillitium tubular, elastic deep yellow to
rusty orange of simple elaters, 5-6 μm diam, marked with 34 tight, regular, spiral bands which are densely spinulose, the
ends short and pointed. Spores in mass deep orange-yellow,
in transmitted light yellow, (9) 10-12 μm diam, delicately
and completely reticulate. In optical section showing as a
border of 0.2-0.5 μm thickness. Plasmodium white or occasionally pale yellow (Figure 7).
Locality: Hatay: Altınözü way, on dead Pinus sp.
wood, natural, 479 m, 21.03.2011, Baba 4.

Trichia scabra is usually characteristic deeply colored,
strongly iridescent, densely crowded sporangia with dark
yellow or orange contents [22, 34]. Yellow or olivaceous
collections are easily distinguishable from Trichia favoginea (Batsch) Pers., Trichia lutescens (Lister) Lister and
Trichia varia (Pers. ex J.F. Gmel.) Pers. by the characters
of spores and capillitium. The bright orange-yellow,
densely packed small, sessile sporangia on brown honeycomb hypothallus, the rough elaters and the delicately reticulate spores all help to identify these species. Habitats
and colours of these species are much like those of the T.
favoginea but spores reticulation, fine meshed and faint [1].
(Table 5).

FIGURE 7- SEM photographs of Trichia scabra A: sessile sporangia, B: capillitial threads and spore, C: spore and peridium.
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TABLE 5 - Comparison of Trichia scabra according to different researchers

Sporocarps
Peridium
Stalk
Capillitium
Columella
Spores
Hypothallus

Ing (1999) [26]
Globose, tightly clustered in large developments several centimetres in extent, bright orange yellow
Smooth, shining
Sessile
Deep orange yellow, 5-6 µm, marked
with 3-4 tight, ends short and pointed
Absent
Globose, 10-12 µm reticulate
Dark brown continuous below whole
of sporangia

Stephenson (2003) [1]
Globose or turbinate, dull orange or
golden brown

This study (2015)
Crowded in large groups globose, cylindrical or turbinate yellow- golden brown

Delicate, smooth, shining
Sessile
Deep yellow to rusty orange 5-6 µm,
bearing 3 or 4 closely wound

Single, thin, delicate smooth
Sessile
Tubular, elastic deep yellow 5-6 µm, ends
short

Absent
Globose, fine-meshed reticulum yellow, 10-12 µm
Continuous for a grouop of sporangia,
membranous, brown

Absent
Yellow, (9) 10-12 μm diam, completely reticulate
Membranous dark brown

Habitat: on rotten logs, wood and barks [22, 26] especially elm and beech, characteristic of the ancient woodland [34], decaying wood or bark [1].
Distribution: Brazil, Costa Rica, Germany, Jamaica,
Scotland, Venezuela.

4. CONCLUSIONS
In the study area, climatic conditions and vegetation
are suitable for Myxomycetes, that we have observed very
rich Myxobiota. Three new species of Myxomycete recorded for the first time from Kuseyr Mountains in HatayTurkey.

This study was supported by the Mustafa Kemal University Scientific Research Projects (BAP) (Project No:
1102 M 0102).
The authors have declared no conflict of interest.
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ABSTRACT
Soil respiration was usually used to be the sensitivity
indicators of contamination due to their importance in cycling of organic matter in soils. In order to understand the
effect of environmental factors on the bioremediation of
crude oil contamination at arid and semi-arid regions, the
dynamics of soil respiration and degradation rate of total
petroleum hydrocarbons (TPH) were determined using a
59 days laboratory incubation experiment under a range of
crude oil contaminated levels, soil water contents and C:N
ratio in soils. Results showed that crude oil contaminated
soil of lower C:N ratio (6:1) had significant greater soil respiration and TPH degradation than that with the higher C:N
ratio (25:1). Although the TPH degradation rate decreased
with the increase of contamination levels, the soil respiration and TPH degradation of contaminated soil is higher
than the uncontaminated soils, especially when the contamination level was more than 20 g kg-1. Unlike the factors of C:N ratio and contamination levels, the soil water
content has no significant effect on soil respiration and
TPH degradation. These results indicated that low nitrogen
concentration rather than soil water content was the main
limiting factors for soil respiration and TPH degradation in
contamination soils at Northwest China when the soil water content reach 20%.
KEYWORDS: soil respiration, total petroleum hydrocarbons, C:N
ratio, contaminated soils, Northwest China

1. INTRODUCTION
Soil respiration is the main output of soil carbon pathways and an important source of atmospheric CO2, and it
is also an important part of the world’s terrestrial ecosystem carbon cycle [1]. Different forms of C source can influence the activity of soil microorganisms by changing the
* Corresponding author

soil nutrient availability, thereby affecting the soil respiration [2, 3]. Therefore, as the sensitive indicators to determine microbial activity in contaminated soils, soil respiration was usually used as the valuable technique to test the
bioremediation treat-ability [4, 5].
Hydrocarbons, such as crude oil or petroleum, are the
most common occurring environmental contaminants
found in soil as a result of industrial activity. Jia et al. [6]
found that the total petroleum hydrocarbons in soil organic
matter concentration accounted for about 60% in some oil
fields of China, which indicated that hydrocarbons had become an important part of soil organic matter in contaminated soils. Contaminated soils are a system of great complexity and the behavior of many enzymatic activities in
such soils may be very variable [7]. So, bioremediation of
hydrocarbons contaminated soils requires an understanding
of the processes that limit degradation in order to choose and
develop the most suitable methodology, especially in arid
regions where site conditions are very different to those
found in temperate and humid regions [8]. The level of environmental contamination depends on the chemical composition and concentration of the contaminants and the
properties of the soil [9]. Researchers have found that high
molecular weight compounds by very low solubility in water and high level contamination were not easily degraded
during the course of the degradation experiment [10].
The contamination of soils by hydrocarbons could induce changes of biological activity in soils. So, many bioremediation techniques, such as optimizing conditions with
the addition of nutrients, organic matter, microbial inocula,
surfactants and also by aeration, control of temperature and
water content, was used to accelerate the naturally occurring biodegradation [11, 12]. The importance of nitrogen
in amino acids to microbial processes has long been
known. Contaminated soils that have intrinsically high C:N
ratio will require nitrogen additions to allow a sufficient
increase in biomass for environmentally significant hydrocarbon degradation to occur [8]. Many studies indicated
positive effects from supplemental N, such as increase cell
growth rate [13], decrease the microbial lag phase [14], and
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increase the microbial activity and the rate of hydrocarbon
degradation [10, 15]; however, large number paper report
no effect or even inhibitory effects when much higher levels of N was supplied in incubation experimental [8, 1618]. Soil water content is one of the important factors to
limit the soil respiration rate especially in the arid or semiarid regions. Yu et al. [19] found that the mean value and
the extreme deviation of soil respiration increased after the
increasing of soil water content in Gurbantunggute desert.
In addition, the relationship between nutrient and water
content in soils is also having great effect on the soil respiration and soil microbial activity, because of the toxic of
nutrients to microbial populations at high osmotic potentials [20, 21]. Walworth et al. [21] suggested that reporting
N concentrations as a function of soil water rather than the
more commonly cited concentration relative to dry soil
weight. So it is important to estimate how much nitrogen
and water supplement is suitable for the biodegradation of
contaminated soils.
As part of a comprehensive investigation into factors
that affect the degradation of crude oil hydrocarbons at
Northwest China, this study focused on nitrogen, soil water, crude oil contaminated levels as a priority. In this
study, the dynamics of soil respiration and degradation rate
of total petroleum hydrocarbons were determined using a
laboratory incubation experiment under a range of crude
oil contaminated levels, soil water contents and C:N ratio
in soils. The objectives of this study were to: (1) evaluate
the effect of environmental factors on the dynamics of soil
respiration at a crude oil contaminated soils; (2) assess the
best soil environmental factors for the degradation of total

petroleum hydrocarbons in contaminated soils at the arid
or semi-arid regions of Northwest China.

2. MATERIALS AND METHODS
2.1. Soil sampling and experimental design

Soil Sampling was performed at the experimental plot
of Xinjiang Agriculture University, Urmqi, China in August 2012. The study area is characterized by an arid and
semi-arid desert climate. The annual average air temperature is about 7.7℃, and annual average precipitation is about
310 mm. The pan evaporation approximates 2570 mm [22].
The soil type was gray desert soil with soil texture of 36.62%
sand (2-0.02 mm), 30.50% silt (0.02-0.002 mm), and
32.88% clay (<0.002 mm), which was classified as Aridisols
in Chinese soil taxonomic system or as a Calcisols in World
Reference Base for Soil Resources (WRB). Hand shovel was
used to sample soil. Samples were collected at 0-20 cm soil
layer. The soil samples were put in bags and transported to
the laboratory immediately after sampling. The basic properties of the soil samples were shown in Table 1.
All soil samples were air-dried, separated from the visible plant materials, and ground to pass through a 5 mm
sieve to prepare for making the different crude oil level
contaminated soil. The crude oil used in this experiment
was bought from the oil transportation department of Karamay oilfield in Xinjiang. Different weights of crude oil
were added into 2000 mL petroleum ether (Boiling point
30-60℃) to make the crude oil solution. Then, we mixed the
crude oil solution with the sieved soil to homogenize the

TABLE 1 - The basic properties of the soil samples
Organic carbon
(g kg-1 )

Total salt
(g kg-1 )

Total nitrogen
(g kg-1 )

Total phosphorus
(g kg-1 )

Total potassium
(g kg-1 )

pH

46.51

0.58

0.73

1.75

17.91

7.87

TABLE 2 - The experimental scheme
Treatment No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Crude oil concentration
(g kg-1 soil)
Ck
Ck
0
0
5
5
10
10
15
15
20
20
40
40
80
80

Moisture content (%)

C:N ratio

Combination

50
20
20
50
50
20
20
50
50
20
20
50
50
20
20
50

6:1
25:1
6:1
25:1
6:1
25:1
6:1
25:1
6:1
25:1
6:1
25:1
6:1
25:1
6:1
25:1

A1B1C1
A1B2C2
A2B2C1
A2B1C2
A3B1C1
A3B2C2
A4B2C1
A4B1C2
A5B1C1
A5B2C2
A6B2C1
A6B1C2
A7B1C1
A7B2C2
A8B2C1
A8B1C2
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samples. These soil samples with different levels of crude
oil contamination were placed in a fume hood for 15 days
to make sure that the petroleum ether completely volatized
from the soil sample. In addition to a control sample (without petroleum ether and crude oil), soil samples containing
crude oil at concentrations of 0, 5, 10, 15, 20, 40, 80 g kg-1
soil were also used in this experiment.
The experiments were carried out according to the design of orthogonal table L16(8×23) (Table 2). Except the
different crude oil level contaminated soil, the other two
factors were designed to test the effect of environment conditions on the biodegradation of crude oil contaminated
soil. The three factors were labeled as A (crude oil contaminated soil), B (soil moisture content) and C (C:N ratio).
A1, A2, A3, A4, A5, A6, A7, and A8 represent the crude
oil contamination level of Ck, 0, 5, 10, 15, 20, 40, and 80
g kg-1 soil. The Ck treatment means only 2000 mL petroleum ether was added in the soil sample. The 0 g kg-1 soil
(matrix black) means the air-dried soil, which is no crude
oil and petroleum ether was added in it. Deionized water
(DI water) was added to the soil to 50% (B1) and 20% (B2)
of maximum water holding capacity, which was maintained by adding water periodically (2 days) throughout the
incubation duration. C:N ratio of 6:1 (C1) and 25:1 (C2) in
these soil samples was produced in this experiment using
carbamide (CO(NH2)2). In order to calculate the adding
weights of carbamide for each soil sample, the soil organic
carbon concentration was determined using the K2Cr2O7H2SO4 oxidation method [23] and total nitrogen concentration was measured using the Kjeldah method [24].

flasks, mixed and the Erlenmeyer flasks were put on a 55 ℃
water bath shaker again for 0.5 h. After collecting the extract
solution to the beaker, the above procedure was repeated
twice. The collected extract solution was concentrated to
dryness in a 58 ℃ water bath evaporator. The TPH content
was determined by gravimetric analysis, and the increase
gravimetric was the extracts of trichloromethane. The recovery rate of the result was over 99%. The TPH degradation content (g kg-1 soil) and degradation rate (%) was calculated as follows:
CTPH=Ct-Cm
DRTPH=(CTPH/Ct)100
where CTPH is the TPH degradation content in each
sample, Ct is the total TPH content in each sample before
incubation, and Cm is the measured TPH content in each
sample after incubation; DRTPH is the TPH degradation rate
in each sample.
2.4. Statistical data analyses

All statistical analyses were carried out with the
SPSS16.0 software package (SPSS 16.0 for windows, USA).
The means of three replicates and standard error for each variable measured (i.e. soil respiration rate, total soil respiration,
and biodegradation rate) are provided. One-way ANOVA
was conducted to test the treatment effects (i.e., soil water
content, C:N ratio) for total soil respiration and biodegradation rate. Treatment significance was determined at significant level of 0.05.

2.2. Soil respiration rate measurement

Three replicates per treatment soil (each 1 kg dry
weight) were incubated in plastic pans (Top width×Bottom
width×Height: 17cm×13cm×10cm) at the room temperature. The top of plastic pans covered with plastic wrap to
prevent the loss of soil water, and five small ports in each
plastic wrap was left for gas exchanging. In order to maintain the soil moisture content, DI water was added periodically (2 days) throughout the incubation duration according to the weight difference. Soil respiration rate were determined at the 10:00-11:00 am of incubation days 1, 2, 3,
4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 16, 21, 25, 30, 47, and 59
using CIRAS-2 photosynthetic apparatus connected to the
SRC-1 soil chamber (PP System’ analyzer, England). At
the end of the 59 day experiment, pans were sacrificed for
analysis of TPH.
2.3. Total petroleum hydrocarbons (TPH)

Using the gravimetric analysis method [25] to determine the TPH content. 15 g air-dried soil samples and
30 ml trichloromethane (CHCl3) were put into 100 ml Erlenmeyer flasks. Then the Erlenmeyer flasks were shaken
for 2 mins to make sure that the solution fully mixed and
then were stilled for 24 hours. The stilled Erlenmeyer
flasks were put on a 55 ℃ water bath shaker for 1 hour and
the extract solution was collected in a 100ml beaker. Then
15 ml trichloromethane was added into the Erlenmeyer

3. RESULTS AND DISCUSSION
Soil respiration is defined as the release of CO2 from
soil to atmosphere, and includes soil microbial respiration,
soil fauna respiration, and plant root respiration [26]. So,
soil respiration has been widely used to understand the microbial response to contaminated soil and to monitor pollutants degradation [10, 12]. Many factors, such as the carbon composition, the microbial activity, and environmental
factors can be effect the soil respiration rate. Incubations
are usually limited by the fact that the truly resistant C with
mean residence times of millennia is not accessed by the
microbes, so respiration rate was usually leveled off by the
end of incubation [27, 28]. Similar with the previous study,
respiration rate in this study almost leveled off for all treatment soils after 6 days incubation, but differences in the
respiration rates among the treatments were still apparent
at the end of incubation (Fig. 1). Like the change trend of
soil respiration rate during the incubations days in other
studies [12, 29], soil respiration rate of most treatments
soils in our study increased in the beginning incubation
days, and almost peaked at the incubation day 4. The increase and slight fluctuation of soil respiration rate may be
ascribed to the physiological answer of microbial community to the environmental factors change; the more suitable
environmental conditions increase the microbial activity
and microbial biomass [29, 30]. The behavior of leveled off
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higher C:N ratio (25:1, lower supplement of nitrogen) (Fig. 1).
The highest soil respiration rate of lower C:N ratio was about
8 g m-2 h-1 and it peaked in the early incubation days, while
the highest soil respiration rate of higher C:N ratio was
only about 2.6 g m-2 h-1 and there were almost no big
changes in all treatments. Ferguson et al. [8] found similar
result that natural biomineralisation of petroleum hydrocarbons at 10 ℃ in the soil is limited by lower nitrogen concentrations, and the mineralization of unamended microcosm
treatments with 85 mg N kg-1 soil was almost 10 times less
than the highest mineralization in nitrogen–amended treatments. However, much more excessive levels of N supplement may be have no benefit, or even deleterious effects
[18, 20]. Walworth et al. [20] found that when the C:N ratio
of soil was much lower, hydrocarbon mineralization was
severely inhibited, because the sandy soil used in their
study was more sensitive to over-fertilization due to its limited water holding capacity and the over- fertilization was
more toxic to microorganisms than the chemically inhibited. In the current study, higher soil respiration rate was
observed at the crude oil contaminated soil with lower C:N
ratio, suggesting that the soil used has not reach the overfertilization level and microbial has adapted to the soil environments.
Previous studies showed that soil organic matter content
and soil respiration rate was positively correlated [12, 31].

confirmed that a lack of optimum microbial activity in the
final phase when nutrients were reduced. Throughout 59
days of incubation, average soil respiration rate of contaminated samples was 38.8% higher than the uncontaminated
soils, which indicated that the crude oil stimulated CO2 evolution. The lowest value of average soil respiration rate was
observed at the A3B2C2, while the highest value was found
at the A8B2C1. These results reflected that the three factors
(crude oil contaminated soil, soil water content, and C:N ratio) have great effect on the soil respiration rate. Results of
the univariate analysis of variance showed that C:N ratio (F=
46.47, P < 0.001) and crude oil contamination level (F= 4.557,
P < 0.05) have a significant effect on the average soil respiration rate , while soil water content has no significant effect on
the average soil respiration rate (F=2.519, P = 0.16).
Nitrogen is the most often limiting nutrients for soil
microbial community to support microbial activity and biological hydrocarbon degradation in soils [21]. Many studies reported that supplemental N has positive effects on the
hydrocarbon degradation of crude oil contaminated soil,
because N could decrease the microbial lag phase and help
to maintain microbial community at high activity levels [8,
15]. In the present study, C:N ratio has significant effect on
the soil respiration rate. Crude oil contaminated soil of
lower C:N ratio (6:1, higher supplement of nitrogen) had
significant greater soil respiration rate than that with the
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FIGURE 1 - Daily soil respiration during the biodegradation of crude oil contaminated soil. Values are the means of three replicates. (A) soil
water content 50%, C:N ratio 6:1; (B) soil water content 20%, C:N ratio 6:1; (C) soil water content 20%, C:N ratio 25:1; (D) soil water content
50%, C:N ratio 25:1. The mean of combination treatment (A, B, and C) is listed in Table 2.
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current study also verified the Ferguson et al. [8] conclusions that low nutrient concentrations rather than water
content was the main limiting factor for biodegradation of
hydrocarbon in the soil when incubated at 10 ℃. The reasons for the results of no effect on the respiration may be
due to that all the water content of 20% and 50% can meet
the requirement for microbial population to maintain high
activity levels [35].
Throughout 59 days of incubation, the total soil respiration can be used to assess microbial activity and biodegradation. It has been shown that respiration correlates with
contamination level, pointing towards a relationship between TPH degradation and CO2 production [36]. Increased
total soil respiration was observed for contaminated soil
samples as compared to uncontaminated soils in our study
(Fig. 2), especially for contaminated soils with 40 and 80 g
kg-1 soil. Liner correlation and regression analysis showed
significant correction between 6 days and 59 days total respiration (R2=0.625, P< 0.05), which indicated that the
higher variability of soil respiration rate of soil samples
with lower C:N ratio (6:1) didn’t change the overall trend
for all 59 days incubation. Regardless the soil water content
and incubation days (6 and 59 days), the total soil respiration of C:N ration for 6:1 is significant higher than it for
25:1 except the soil samples of 0 and 15 g crude oil kg-1
soil at the 59 days incubation. The result also indicated the
great effect of the C:N ratio on soil respiration and biodegradation.
Like the change trend of soil respiration rate and total
soil respiration, the total TPH degradation increased with
the increase of crude oil contamination level after 59 days
incubation (Fig. 3). The highest degradation value was
33.38 g TPH kg-1 soil, which found at the 80 g TPH kg-1 soil
with lower C:N ratio and lower soil water content, while
the lowest value was 3.93 g TPH kg-1 soil, which found at

The more the soil organic matter has, the more substrate can be used by the microbial community, and then
the soil respiration rate was higher. The different concentration of crude oil contaminated soil had different effect
on soil respiration rate (Fig. 1). When the crude oil concentration was less than 20 g kg-1, there was no significant difference for the soil respiration rate between the contaminated soil and uncontaminated soil (P>0.05), which indicated that microorganism had good resistance to the low
oil-contaminated soil. When the crude oil concentration
was greater than 20 g kg-1, the soil respiration rate was significant higher than the uncontaminated soil (P<0.05). The
results in this study were as same as Saviozzo et al. [12]
findings that the increase of crude oil concentration stimulated CO2 production, increased C mineralization and total
microbial activity. During the 59 days incubation, higher
variability of soil respiration rate was observed in contaminated soil samples regardless the soil water content and
soil C:N ratio (Fig. 1), this indicated the utilization of carbon source with higher conversion efficiencies in contaminated soils.
As one of the most important environmental factors,
soil water content has a positive effect on soil respiration,
especially when the soil is dry and the soil temperature is
suitable for microbial activity [32]. However, soil water
content may has a negative effect or irrelevant with the soil
respiration [33]. In this study, the soil respiration rate of
soil samples at 50% soil water content have no clearly
change tendency compare with it at 20% soil water content
(Fig. 1). Even the changes of soil water content from 10%
to 60%, Jin et al. [34] also found that biodegradation activities and CO2 production were not distinguishable. Results
of the univariate analysis of variance also indicated that
soil water content has no significant effect on the soil respiration rate (P > 0.05) in this study. These results in the
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FIGURE 2 - Total soil respiration at incubation days 6 and 59 of crude oil contaminated soil. Values are the means of three replicates (±SE).
The mean of combination treatment (A, B, and C) is listed in Table 2.
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FIGURE 3 - TPH degradation and TPH degradation rate after 59 days incubation of crude oil contaminated soil. Values are the means of three
replicates (±SE). The mean of combination treatment (A, B, and C) ) is listed in Table 2.

the 5 g TPH kg-1 soil with higher C:N ratio and higher soil
water content. Compared with the high crude oil contamination level (20 g TPF kg-1 soil), the low crude oil contaminated soils have the higher degradation rates (Fig. 3).
Saviozzi et al. [12] study the effect of compost on diesel
contaminated soil degradation through 120 days incubation, and they found that the decrease of TPH was about
60-66%. Except the contaminated soil of 5 and 10 g TPH
kg-1 soil, the degradation rate of other contamination level
in our study was lower than 60%. This mainly due to the
high contamination level used in our study, which the diesel oil contaminated level used in Saviozzi et al. [12] study
was only 10 g kg-1 soil. The lowest degradation rate of
10.47% was found at A7B2C2, which was much lower
(P<0.05) than the degradation rate of other contamination
levels. The main reasons may be due to high concentration
of crude oil enhanced toxicity to microorganisms, and the
two limitation of lower soil water content and higher C:N
ratio make the toxicity more than other samples. Many
studies showed that volatilization has a great effect on the
decrease of TPH in incubation experiment. Saviozzi et al.
[12] found that the decrease value of volatilization can be
reach to 40%, but they think the frequent mixing of soil
samples was the main reason for the high volatilization.
Our result of the lowest degradation rate of 10.47% indicated that the volatilization decrease of TPH in our study
is less than 10%, which is close to the result of Namkoong
et al. [37]. The lowest volatilization decrease of TPH and
high degradation rate in our study also indicated that the
microbial community plays an important role in the degradation of crude oil contaminated soils.

4. CONCLUSIONS

piration rate than that with the higher C:N ratio (25:1). The
highest soil respiration rate of lower C:N ratio was about
8 g m-2 h-1, which is more than 3 times than the highest soil
respiration rate of higher C:N ratio (2.6 g m-2 h-1). Although
the soil respiration of low contaminated level soils (less
than 20 g kg-1) was higher than the uncontaminated soil,
there was no significant difference between them. When
the crude oil concentration was greater than 20 g kg-1, the
soil respiration rate was significant higher than the uncontaminated soil (P<0.05). The soil water content has no significant effect on the soil respiration, which indicated that
the water content of 20% and 50% all can meet the requirement for microbial population to maintain high activity at
the Northwest China. Clearly, getting the right environmental factors, such as C:N ratio and soil water level is
very important when considering the biodegradation of
crude oil contaminated soils. The main conclusions found
from this research are that TPH degradation rate was almost more than 30%, and lower C:N ratio has a significant
effect on the degradation of TPH, while soil water content
has no significant effect. So, when the soil water content
was more than 20%, the best way to increase the degradation of TPH for contaminated soils at the Northwest China
was to supply enough N to the soils.
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ABSTRACT

1. INTRODUCTION

Sunflower is an indispensable crop for rain-fed conditions in Turkey, where productivity of sunflower has been
dependant on rainfall during growing season. This research
was carried out to investigate the potential of row direction,
plant arrangement and seed priming in increasing yield and
oil ratio of sunflower under rain-fed conditions in Turkey.
The experiment was established during the summer seasons of 2010 and 2011 using four row directions (NorthEast, South-West, Northeast-Southwest and NorthwestSoutheast), three plant arrangements (70 × 30, 60 × 35 and
50 × 42 cm) and seed priming treatments (control, hydropriming and KNO3) with the cultivar Sanbro MR. In the
study, days to flowering, plant height, head diameter, thousand seed weight, seed yield, oil ratio and photosynthetic
parameters were investigated. The results showed that seed
yield, yield components, oil ratio, and photosynthetic parameters were higher in 2011 due to high precipitation and
low temperature. Seed yield obtained from all row directions ranged from 2106-2367 kg ha-1 in 2010 and 41154263 kg ha-1 in 2011, with no significant differences between row directions. None of the row directions tested enhanced seed yield or oil content. Hydropriming and the
plant arrangement of 60 × 35 cm were found to be effective
for increasing seed yield. The rate of photosynthesis also
was higher in 2011, along with the investigated agronomic
characteristics. Seed priming increased the rate of photosynthesis and the increased photosynthetic activity was
evaluated as an indicator of improved seed yield. It was
concluded that a plant arrangement of 60 × 35 cm and hydropriming should be the preferred techniques for increasing seed yield of sunflower regardless of row direction.

KEYWORDS: Helianthus annuus L.; planting geometry; priming;
row orientation; photosynthesis

* Corresponding author

Sunflower (Helianthus annuus L.) is a major oil seed
crop in arid and semi-arid regions due to its high edible oil
content in the seeds, high adaptability, low labor needs and
suitability for mechanization [1, 2]. In Turkey, sunflower
is cultivated on an area of 550.000 hectares with an annual
seed production of 1.480.000 tons, giving an average seed
yield of 2690 kg ha-1 [3]. Approximately, 70% of total sunflower cultivation has been done under rain-fed conditions.
Its tolerance to drought makes sunflower more important under dry conditions in Turkey, where the local climatic conditions are characterized as semi-arid due to irregular and insufficient rainfall and high temperatures during the sunflower
growing season [4]. Average productivity of sunflower under these conditions is relatively low because it is subjected
to high temperatures and water limitation during blossoming, which is the most drought-sensitive growth stage [5,
6]. However, some agronomic practices can mitigate
drought effects. Early sowing, which allows the plants to
use the late winter and early spring rainfall [7], and using
drought tolerant cultivars, as reported by several researchers [8, 9], reduces the effects of drought on plant growth
and seed yield.
Alternative agricultural practices to improve seed yield
of sunflower under dry conditions should be developed.
Row direction, plant arrangement and seed priming are
promising approaches to increasing seed yield in sunflower
without additional expenses. Shafiullah et al. [10] reported
that northwest to southeast (NW-SE) row orientation increased seed yield of sunflower, although results were not
statistically significant. Diepenbrock et al. [11] found higher
seed yields in plants oriented in east-west rows, while Robinson [12] determined that there were no significant differences in seed yield between north-south and east-west orientations. However, Kaul et al. [13] found higher fruit production in okra plants when they were planted in a northsouth direction. Also, wheat and barley crops oriented eastwest had lower weed biomass and higher grain yield than
crops oriented north-south [14]. The studies on row direction have given inconsistent results, and this subject needs
to be studied in more depth. Optimum sunflower plant density varies with climate, soil properties and plant growth
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habit. Higher plant density has been preferred in fertile and
irrigated fields, while lower densities have been used in
arid areas. Vahedi et al. [15] reported that equidistant interand intra-row spacing with a constant density gave higher
seed yield relative to wider row spacing and narrow intrarow distances. On the other hand, plant arrangement can
optimize land use for plant productivity and provides
shaded areas on the soil surface, preventing evaporation of
moisture from soil [16, 17]. Seed priming increased the
germination performance and decreased germination time
in sunflower under drought and saline conditions [18] and
shortened the time to emergence [19-21]. The superiority
of primed seeds is exhibited in seed yield and oil content,
as reported by Hussain et al. [22], who demonstrated a 10%
increase in the yield of sunflower.
The objective of the present study was to determine the
appropriate combination of row direction, plant arrangement and seed priming to increase seed yield of sunflower
under dry conditions in Central Anatolia, Turkey.

2. MATERIALS AND METHODS
This study was conducted at the experimental field of
the Central Research Institute for Field Crops in HaymanaAnkara, Turkey during the summer seasons of 2010 and
2011. The soil type in the experimental field was clay loam,
and the soil was slightly alkaline (pH 7.6-8.1), rich in potassium (385-404 kg ha-1), intermediate in phosphorus (107149 kg ha-1) and low in organic matter (1.33%). The climate
was characterized by hot, dry summers and cold, snowy winters. Rainfall from sowing to harvest was 131 mm in 2010
and 172 mm in 2011, with a long-term average of 166 mm.
As shown in Figure 1, precipitation in May and June in
2011 occurred considerably higher than in 2010. Mean
temperatures during the growing period were 17.6 °C and
16.4 °C in successive years.
The sunflower hybrid cv. Sanbro MR, extensively cultivated in dry conditions, was sown on 22 April 2010 and
27 April 2011. In both years, 150 kg ha-1 N and 375 kg ha1
P2O5 (DAP, Diammonium phosphate) were applied before sowing according to the results of soil analysis. Preemergence herbicide (Linuron 450 g L-1) was applied to
control weeds after sowing and the field was manually
hoed once at 30 days after emergence. Plants were grown
under rain-fed conditions and no irrigation was performed.
Four row directions [(north-south (N-S), east-west (EW), northeast-southwest (NE-SW) and northwest-southeast
(NW-SE)], were assigned to the main plots. Plants were arranged in three levels (70 × 30, 60 × 35 and 50 × 42 cm)
with a constant density (4.8 plants m-2) in sub-plots, and
seed primings (Control, KNO3 and hydropriming) were
performed as described by Kaya et al. [18] in sub-sub plots.
For hydropriming, sunflower seeds were immersed in distilled water at 25 °C for 18 h under dark conditions. For
KNO3 treatment, the seeds were immersed in 500 ppm
KNO3 solution at 25 °C for 2 h in the dark condition. There-

after, the seeds were rinsed with tap water three times. The
treated seeds were surface-dried back to their original
moisture content at room temperature (about 22 °C, 45%
relative humidity) as determined by changes in seed
weight. Moisture content of untreated seeds (control), hydroprimed and KNO3 treated seeds was equilibrated at
room temperature for 2 days.
Photosynthetic parameters, including net photosynthetic rate (A), stomatal conductance (gs) and transpiration
rate (E), were determined using an LCi (leaf chamber analysis) portable photosynthesis system (ADC, Analytical Development Company, Hoddesdon, UK) with a leaf chamber area of 11.25 cm2. All measurements were performed
on the upper third fully expanded leaves. Three measurements were done at two day intervals during flowering, and
the data were pooled for statistical analysis. Each measurement was recorded from 10:00 to 11:30 h.
At maturity, ten plants were randomly selected from
each plot and were used to determine yield and yield components. The oil percentage was determined by Soxhlet extraction (Gerhardt Soxtherm 414, Germany) method using
n-Hexane as a solvent. The combined analysis of variance
of the data and the comparison of the means on the basis of
Duncan’s Multiple Range Test were carried out using
MSTAT-C (Michigan State University) software.

3. RESULTS AND DISCUSSION
Mean squares with significance levels of the main effects, two and three way interactions for all of the investigated yield components and oil ratio of sunflower as influenced by row direction, plant arrangement and seed priming are shown in Table 1.
The average values of the investigated parameters in
2011 were higher than in 2010 (Table 1). Higher precipitation and lower temperature in 2011 relative to 2010 caused
significant differences between two years. As shown in
Figure 1, the high rainfall in April, May and July in 2011
resulted in promoting plant growth and increasing seed
yield of sunflower. Also, the factors examined did not significantly influence the number of days to flowering, plant
height or thousand seed weight. No significant main effects
of row direction were found on days to flowering, plant
height, head diameter, thousand seed weight, seed yield or
oil ratio in either year. The NW-SE direction produced
slightly higher seed yield than the other directions. However, plant arrangement significantly affected plant height
and seed yield in 2010 and head diameter, seed yield and
oil ratio in 2011. In contrast to oil ratio, greater plant
height, head diameter and seed yield were obtained in
plants from the 60 × 35 cm plant arrangement. Seed treatments significantly affected head diameter, seed yield and
oil ratio in the 2010 growing season.
A significant two-way interaction of row direction × plant
arrangement for plant height, head diameter, thousand seed
weight and seed yield was pronounced in 2010, but was not
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present in 2011 (Table 2). The tallest plant was located in
the NW-SE and 50 × 42 cm treatment. Similarly, the maximum head diameter (15.9 cm) was recorded in the NWSE and 50 × 42 cm treatment. Thousand seed weight varied

between 42.3 g and 49.9 g, and plant arrangements of 70 ×
30 cm in NE-SW and NW-SE, 60 × 35 cm in N-S and 50
× 42 cm in E-W gave the highest thousand seed weights. A
similar trend was observed in seed yield, which ranged be-

TABLE 1 - Main effects of row direction, plant arrangement and seed priming on the investigated traits of sunflower in 2010 and 2011
Traits
Year
Row direction (A)
N-S
E-W
NE-SW
NW-SE

Days to flowering (day)
2010
2011

Plant height (cm)

Oil ratio (%)

2010

2011

Head diameter
(cm)
2010
2011

Thousand seed
weight (g)
2010
2011

Seed yield
(kg ha-1)
2010
2011

2010

2011

14.8
14.9
14.9
15.5

24.3
24.1
24.6
24.4

43.9
47.2
47.2
48.1

65.3
66.2
67.3
67.4

2106
2201
2208
2367

4115
4178
4263
4205

36.6
38.5
38.7
39.0

48.5
48.7
47.6
47.9

78.2
78.5
78.2
78.3

83.3
83.8
83.5
83.5

127
127
127
129

165
165
157
167

Plant arrangement (B)
70×30 cm
78.0
60×35 cm
78.0
50×42 cm
79.0

83.6
83.6
83.6

128ab
129a
126b

166
161
163

15.0
15.1
15.0

24.1b2
24.8a1
24.2b2

46.7
47.0
46.0

66.5
66.8
66.3

2222ab
2289a
2150b

4084b2
4397a1
4089b2

38.1
38.5
37.9

48.5a1†
47.5b2
48.5a1

Seed priming (C)
Control
78.3
Hydropriming
78.2
78.4
KNO3

83.6
83.4
83.7

127
128
127

166
161
163

14.8b
15.3a
14.8b

24.5
24.4
24.2

46.1
47.1
46.6

66.1
66.8
66.8

2156b2
2274a1
2232a12

4199
4229
4142

38.7a
38.4a
37.5b

48.4
48.1
47.9

F test
A
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
B
ns
ns
*
ns
ns
**
ns
ns
*
**
ns
*
A×B
ns
ns
**
ns
**
**
**
ns
ns
ns
ns
ns
C
ns
ns
ns
ns
**
ns
ns
ns
**
ns
*
ns
A×C
*
ns
ns
*
ns
*
ns
ns
ns
**
ns
ns
B×C
ns
ns
ns
*
*
ns
ns
ns
ns
ns
ns
ns
A×B×C
ns
ns
ns
**
ns
ns
ns
*
ns
ns
ns
ns
*, ** significant at p < 0.05 and p < 0.01 respectively; ns: not significant. †: Means followed by the same letter(s) in each column are not significantly
different at p < 0.05.

2010
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100
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Precipitation (mm)
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50
40
30
20
10
0
April

May

June

July
Months

August

September

FIGURE 1 - Monthly precipitation at the experimental location during sunflower vegetation period
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TABLE 2 - Interaction of row direction × plant arrangement on yield and yield components of sunflower in 2010
Row direction
N-S

E-W

NE-SW

NW-SE

Plant height (cm)
70×30 cm
60×35 cm
50×42 cm

126cd
130ab
125de

127a-d
128a-d
127bcd

130ab
128a-d
121e

128a-d*
129abc
131a

Head diameter (cm)
70×30 cm
60×35 cm
50×42 cm

14.3c
15.3abc
14.7bc

14.9bc
14.7bc
15.0bc

15.2abc
15.0bc
14.4c

15.5ab
15.1abc
15.9a

Thousand seed weight (g)
70×30 cm
60×35 cm
50×42 cm

42.3de
46.0a-d
43.5cd

45.5bcd
46.3a-d
49.7ab

49.3ab
48.5ab
44.0cd

49.9a
47.2abc
47.1abc

Seed yield (kg ha-1)
70×30 cm
1932c
2168ab
a
60×35 cm
2322
2183ab
2252ab
50×42 cm
2064bc
Means followed by the same letter(s) are not significantly different at p < 0.05.

2396a
2306a
1921c

2393a
2344a
2365a

Plant arrangement

TABLE 3 - Interaction of row direction × seed priming on yield and yield components of sunflower in 2010 and 2011
Seed priming

Row direction
N-S

E-W
Days to flowering (day)
Control
78.4ab
78.6a
c
Hydropriming
77.9
78.2abc
KNO3
78.2abc
78.6a
Head diameter (cm)
Control
14.8cd
14.8cd
Hydropriming
15.2bc
15.2bc
KNO3
14.4d
14.6cd
Thousand seed weight (g)
Control
41.8c
45.6ab
Hydropriming
44.9bc
47.7ab
KNO3
45.0bc
48.2ab
Seed yield (kg ha-1) in 2011
Control
4275ab
3988c
Hydropriming
4026bc
4340a
bc
KNO3
4043
4205abc
*: Means followed by the same letter(s) are not significantly different at p < 0.05.

tween 1920 and 2400 kg ha-1. The highest seed yield was
obtained from the NE-SW and 70 × 30 cm plant arrangement. Our results demonstrated that row direction slightly
improved seed yield in the NW-SE and NE-SW rows; however, significant differences were not observed among the
row directions. The results of this study are in agreement
with the observations of Shafiullah et al. [10], who reported
that plants in NE-SW rows had higher average seed yields
than plants in N-S and E-W rows. Diepenbrock et al. [11]
observed positive yield and oil responses to row direction in
sunflower, and E-W rows gave higher values than N-S rows.
However, Robinson [12] found no significant differences
between N-S and E-W row directions with respect to seed
yield of sunflower. The findings of previous studies are contradictory due to different soil and weather conditions in

NE-SW

NW-SE

78.0bc
78.4ab
78.3abc

78.3abc*
78.3abc
78.3abc

14.8cd
14.8cd
15.1bc

15.0bcd
16.2a
15.5b

49.1a
46.4ab
46.2ab

47.7ab
49.5a
47.0ab

4258ab
4303a
4227abc

4275ab
4248ab
4091abc

the experimental fields. In our study, row direction influenced seed yield and other traits more dramatically in 2010
than in 2011.
Plant arrangement is specified as the dispersion of
plants on inter- and intra-row spacing with constant density. It determines the potential of the canopy to intercept
more light and permits more shadow on the soil surface to
prevent moisture loss [16]. Our results indicated that plant
arrangement affected the seed yield of sunflower remarkably in both study years, and the highest seed yield was recorded in the 60 × 35 cm arrangement, in spite of reduced oil
content. Riahinia and Dehdahti [23] reported that the maximum seed yield was observed in a 35 × 33 cm arrangement
(4.64 t ha-1) relative to other plant arrangements of 35 × 33 cm,
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50 × 23.2 cm, 65 × 17.9 cm, 80 × 14.5 cm and 100 × 11.6 cm.
Similar findings were reported by Vahedi et al. [15], who
found that a plant arrangement of 45 × 27.5 gave greater
head diameters and higher seed and biological yields than
75 × 16.5, 60 × 20.5 and 45 × 27.5 cm arrangements.
Although differences between treatments in days to
flowering were statistically significant, it occurred at approximately 78 days (Table 3). These differences were too
small to evaluate for practical purposes. Head diameter was
significantly affected by the interaction of row direction ×
seed priming. The highest values were detected after hydropriming in the N-S, E-W and NW-SE rows. Potassium nitrate (KNO3) enhanced head diameter in the NE-SW direction. KNO3 treatment in the N-S and E-W row directions increased thousand seed weight, while hydropriming increased it in NW-SE rows. Hydropriming improved seed
yield of sunflower during 2011 season in the E-W and NESW directions. The maximum seed yield (4340 kg ha-1) was
achieved in the NE-SW direction with hydroprimed seeds.
Head diameter and oil ratio were significantly influenced by a three-way interaction in 2010. Hydropriming
gave higher head diameters in all row directions except for
NE-SW (Table 4). The 50 × 42 cm plant arrangement produced wider heads in the N-S and NW-SE directions, while
plants in the 60 × 35 cm and E-W, 70 × 30 cm and NE-SW
treatments performed better. The maximum oil ratio was
observed in plants sown in the NW-SE direction with a
plant density of 70 × 30 cm and hydrated seeds. Hydropriming proved advantageous for increasing oil ratio in the
E-W, NW-SE and NE-SW row directions.
Seed priming permits better and quicker germination
of seeds and improves emergence and seedling growth under unfavorable conditions [18]. In our experiment, hydro-

priming enhanced head diameter and seed yield in 2010.
The effectiveness of hydropriming may primarily be due to
more rapid germination and root growth than in the control
seeds. Hussain et al. [22] reported that hydropriming and
osmopriming with NaCl reduced mean emergence time
and increased achene yield in sunflower. Also, the findings
of Singh and Rao [20] and Wahid et al. [21] indicate that
primed seeds produced longer roots compared to control
seeds.
Gas exchange characteristics are shown in Figure 2.
There was a significant difference between 2010 and 2011.
Higher values were obtained from the plants grown in 2010
relative to 2011. Transpiration rate (E) was significantly
influenced by the interaction of plant arrangement × seed
priming in both years. The lowest value in 2010 was measured in control seeds at 50 × 42 cm. In addition, a significant effect of the interaction of row direction × plant arrangement on stomatal conductance (gs) was detected in
both years. The maximum stomatal conductance in 2010
was recorded in the NE-SW row sown at 70 × 30 cm, while
it was the highest in the N-S direction when it was sown at
70 × 30 cm in 2011. All of the plant arrangements in 2011
gave the highest stomatal conductance in the N-S direction.
Our results showed that photosynthetic rate (A) was significantly affected by seed treatments, and primed seeds gave
higher rates of photosynthesis relative to control seeds in
both years. Gimenez et al. [24] and Noreen and Ashraf [25]
reported that the rate of photosynthesis was greatest under
conditions of no stress and was a good indicator for determining plant productivity in sunflower. Sunflower is a phototropic plant from emergence to onset of flowering. Its
heads and leaves face east in the morning and west in the
evening [26]. Due to this characteristic, its light intercep-

TABLE 4 - Interaction of row direction × plant arrangement × seed priming on yield and yield components of sunflower in 2010
Plant arrangement

70×30 cm

60×35 cm

50×42 cm

Seed priming
Control
Hydropriming
KNO3
Control
Hydropriming
KNO3
Control
Hydropriming
KNO3

N-S
14.3bcd
14.6bcd
14.1cd
15.4bcd
15.3bcd
15.2bcd
14.6bcd
15.6bc
14.0d

Control
38.4a-g
Hydropriming
36.8d-g
70×30 cm
33.3h
KNO3
Control
36.6b-g
Hydropriming
35.9e-h
60×35 cm
38.0a-g
KNO3
Control
37.6b-g
Hydropriming
37.6b-g
50×42 cm
KNO3
35.4g-h
*: Means followed by the same letter(s) are not significantly different at p < 0.05.
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Row direction
E-W
NE-SW
Head diameter (cm)
14.7bcd
15.6bc
bcd
14.9
15.1bcd
15.0bcd
14.9bcd
14.6bcd
14.8bcd
bcd
15.5
14.9bcd
14.2cd
15.4bcd
bcd
15.2
13.9d
15.2bcd
14.3bcd
14.6bcd
14.9bcd
Oil ratio (%)
39.3a-g
38.3a-g
a-f
39.0
39.2a-e
37.8a-g
37.6b-g
39.3a-e
39.7a-d
a-d
39.8
40.4a-c
38.5a-g
39.2a-e
a-g
38.4
39.8a-d
38.7fgh
37.4c-g
38.8a-f
36.7d-g

NW-SE
15.1bcd*
15.6bc
15.9b
14.8bcd
15.2bcd
15.3bcd
14.9bcd
17.7a
15.2bcd
38.8a-f
41.1a
38.3a-g
38.6a-g
36.8d-g
39.4a-d
39.5a-d
40.9ab
37.1c-g
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2010

2011
9

8,6

a

s -1 )

a

abc

a
a

a

-2

a

8
7,8

b

7,6
7,4
7,2

8,6

b

8,4

Hydropriming

abc

abc abc

abc

KNO3

a

c

8,2
8
7,8
7,6
7,4
7,2
7

7
70x30

60x35

70x30

50x42

60x35

50x42

0,6

0,48
0,46

Control

a

8,8

T r a n s p i r a ti o n r a te (m m o l m

T ran sp iratio n rate (m m o l m

-2

s-1 )

8,4
8,2

a

a

ab

a

a

ab

70x30 60x35 50x42

a

ab

Stom atal conductance (m ol m

ab ab
ab

bc

0,4

c

0,38

s-1 )

ab
ab

-2

ab

0,42

S to m atal co n d u ctan ce (m o l m

0,44

-2

s-1 )

0,55

0,36
0,34

a
0,5

ab
ab
bc

0,45

ab

bc
c

c

bc

c

0,4

0,35
0,32

0,3

0,3
N-S

E-W

NE-SW

N-S

NW-SE

E-W

NE-SW

NW-SE

27,5

a

24,5

24

s -1 )

ab

23,5

26,5

-2

a

P h o to s y n th e tic ra te (µ m o l m

P h o to syn th etic rate (µ m o l m -2 s-1 )

27

b
23

ab
b

26
25,5
25
24,5
24
23,5
23

22,5

22,5
Control

Hydropriming

KNO3

Control

Hydropriming

KNO3

FIGURE 2 - Transpiration rate (mmol m-2 s-1), stomatal conductance (mol m-2 s-1) and photosynthetic rate (µmol m-2 s-1) of sunflower
plants subjected to varying row direction, plant arrangement and seed priming. Letters on each bar show significance level of means at
p < 0.05.

tion is almost equivalent to that of C4 plants. Among the
investigated parameters, seed priming has the potential to
increase the rate of photosynthesis and ultimately seed
yield under rain-fed conditions.

4. CONCLUSIONS
Uniform adjustment of the crop spacing in the field is
one of the most important factors determining yield and
quality in sunflower [27, 28]. Among a variety of factors
responsible for lower sunflower yields in our country, nonuniform plant distribution exhibits a remarkable effect on
the productivity of the crop. It was concluded that seed
priming was a promising method for providing uniform

plant density and increasing seed yield of sunflower under
rain-fed conditions. The optimum plant density was determined to be 60 × 35 cm, while the most promising seed
treatment method for increasing seed yield was hydropriming. In the study, no row direction showed superiority for
increasing seed yield and oil content; however, orientation
in the NW-SE direction should be beneficial for sunflower
cultivation.

ACKNOWLEDGEMENTS
This research was funded by the Scientific and Technological Research Council of Turkey (TÜBİTAK), with
project number TOVAG 109O641.

4100

© by PSP Volume 24 – No 11c. 2015

Fresenius Environmental Bulletin

[19] Kathiresan, K., Kalyani, V. and Gnanarethinam, J.L. (1984) Effect
of seed treatments on field emergence, early growth and some
physiological processes of sunflower (Helianthus annuus L.). Field
Crops Research, 9, 215-217.

The authors have declared no conflict of interest.

REFERENCES
[1]

[2]

[3]

Ozer, H., Polat, T. and Ozturk, E. (2004) Response of irrigated
sunflower (Helianthus annuus L.) hybrids to nitrogen fertilization:
growth, yield and yield components. Plant Soil and Environment,
5, 205-211.
Kazemeini, S.A., Edalat, M. and Avat, S. (2009) Interaction effects
of deficit irrigation and row spacing on sunflower (Helianthus annuus L.) growth, seed yield and oil yield. African Journal of Agricultural Research, 4, 1165-1170.
Anonymous (2015) Web page of Turkish Statistical Institute.
http://tuikapp.tuik.gov.tr/bitkiselapp/bitkisel.zul (accessed on:
10.09.2015)

[4]

Kaya, M.D. and Kolsarıcı, Ö. (2011) Water use features of sunflower (Helianthus annuus L.) hybrids irrigated at different growth
stages. Tarla Bitkileri Merkez Araştırma Enstitüsü Dergisi, 20, 15.

[5]

Kadayıfçı, A. and Yıldırım, O. (2000) The response of sunflower
grain yield to water. Turkish Journal of Agriculture and Forestry,
24, 137-145.

[6]

Göksoy, A.T., Demir, A.O., Turan, Z.M. and Dagustu, N. (2004)
Responses of sunflower to full and limited irrigation at different
growth stages. Field Crops Research, 87, 167-178.

[7]

Flagella, Z., Rotunno, T., Tarantino, E., Caterina, R., Caro, A., Di
Caterina, R., Di Caterina, A. and De-Caro, A. (2002) Changes in
seed yield and oil fatty acid composition of high oleic sunflower
(Helianthus annuus L.) hybrids in relation to the sowing date and
the water regime. European Journal of Agronomy, 17, 221-230.

[8]

Angadi, S.V. and Entz, M.H. (2002) Water relations of standard
height and dwarf sunflower cultivars. Crop Science, 42, 152-159.

[9]

Bakht, J., Shafi, M., Yousaf, M., Raziuddin and Khan, M.A.
(2010) Effect of irrigation on physiology and yield of sunflower
hybrids. Pakistan Journal of Botany, 42, 1317-1326.

[20] Singh, B.G. and Rao, G. (1993) Effect of chemical soaking of sunflower (Helianthus annuus L.) seed on vigour index. Indian Journal of Agricultural Sciences, 63, 232-233.
[21] Wahid, A., Noreen, A., Basra, S.M.A., Gelani, S. and Farooq, M.
(2008) Priming-induced metabolic changes in sunflower (Helianthus annuus) achenes improve germination and seedling growth.
Botanical Studies, 49, 343-350.
[22] Hussain, M., Farooq, M., Basra, S.M.A. and Ahmad, N. (2006) Influence of seed priming techniques on the seedling establishment,
yield and quality of hybrid sunflower. International Journal of Agriculture and Biology, 8, 14-18.
[23] Riahinia, S. and Dehdahti, S.M. (2008) Row spacing effects on
light extinction coefficients, leaf area index, leaf area index affecting in photosynthesis and grain yield of corn (Zea mays L.) and
sunflower (Helianthus annuus L.). Journal of Biological Science,
8, 954-957.
[24] Gimenez, C., Mitchell, V.J. and Lawlor, D.W. (1992) Regulation
of photosynthetic rate of two sunflower hybrids under water stress.
Plant Physiology, 98, 516-524.
[25] Noreen, S. and Ashraf, M. (2008) Alleviation of adverse effects of
salt stress on sunflower (Helianthus annuus L.) by exogenous application of salicylic acid: growth and photosynthesis. Pakistan
Journal of Botany, 40, 1657-1663.
[26] Robinson, R.G. (1978) Production and Culture. Sunflower Science
and Technology, pp 89-132. Carter, J.F. (ed.) Wisconsin, USA.
[27] Barros, J.F.C., Carcalho, M. and Basch, G. (2004) Response of
sunflower (Helianthus annuus L.) to sowing date and plant density
under Mediterranean conditions. European Journal of Agronomy,
21, 347-356.
[28] Long, M., Feil, B. and Diepenbrock, W. (2001) Effects of plant
density, row spacing and row orientation on yield and achene quality in rainfed sunflower. Acta Agronomica Hungarica, 49, 397417.

[10] Shafiullah, S., Baitullah, Rana, M.A. and Khan, A.S. (2001) Effect
of row directions on yield and yield components of sunflower (Helianthus annuus L.). Helia, 24, 137-144.
[11] Diepenbrock, W., Long, M. and Feil, B. (2001) Yield and quality
of sunflower as affected by row orientation, row spacing and plant
density. Die Bodenkultur, 52, 29-36.
[12] Robinson, R.J. (1975) Effect of row direction on sunflowers.
Agronomy Journal, 67, 93-94.
[13] Kaul, K., Greer, E.C., Kasperbauer, M.J. and Mahl, C. (2001) Row
orientation affects fruit yield in field-grown okra. Journal of Sustainable Agriculture, 17, 169-174.

Received: December 10, 2014
Revised: July 13, 2015; September 11, 2015;
September 17, 2015
Accepted: September 17, 2015

[14] Catherine, P.D.B., Hashem, A. and Pathan, S. (2010) Manipulating
crop row orientation to suppress weeds and increase crop yield.
Weed Science, 58, 174-178.

CORRESPONDING AUTHOR

[15] Vahedi, B., Gholipouri, A. and Sedghi, M. (2010) Effect of planting pattern on radiation use efficiency, yield and yield components
of sunflower. Recent Research in Science and Technology, 2, 3841.
[16] Tetio, F.K. and Gardnar, F.P. (1988) Response of maize to plant
population density. 1. Canopy development, light relationship and
vegetative growth. Agronomy Journal, 80, 430-435.
[17] Zarea, M.J., Ghalavand, A. and Daneshian, J. (2005) Effect of
planting patterns of sunflower on yield and extinction coefficient.
Agronomy for Sustainable Development, 25, 513-518.
[18] Kaya, M.D., Okçu, G., Atak, M., Çıkılı, Y. and Kolsarıcı, Ö.
(2006) Seed treatments to overcome salt and drought stress during
germination in sunflower (Helianthus annuus L.). European Journal of Agronomy, 24, 291-295.

4101

Mehmet Demir Kaya
Department of Field Crops
Faculty of Agriculture
Eskişehir Osmangazi University
26160 Eskişehir
TURKEY
Phone: +90 222 3242790
Fax: +90 222 3242791
E-mail: demirkaya76@hotmail.com,
FEB/ Vol 24/ No 11c/ 2015 – pages 4095 - 4101

© by PSP Volume 24 – No 11c. 2015

Fresenius Environmental Bulletin

LIFE TABLE CHARACTERISTICS OF
Orius minutus (L.) (HEMIPTERA: ANTHOCORIDAE)
FEEDING ON Bemisia tabaci (GENNADIUS) (HEMIPTERA:
ALEYRODIDAE) AT THE LABORATORY CONDITIONS
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1. INTRODUCTION

ABSTRACT
In the study, life table of Orius minutus (L.) (Hemiptera: Anthocoridae) feeding on Bemisia tabaci (Gennadius)
(Hemiptera: Aleyrodidae) was constructed at the laboratory conditions adjusted to 25±1 oC, 65±10 % relative humidity and 16 hours of artificial light. B. tabaci used as
prey was reared on cotton plant at climatic chamber. As a
result of the study, it was determined that total developmental period and mortality rate of O. minutus female and
male were 19.80, 20.54 days and 23%, 24% respectively;
longevity of O. minutus were 57.40 days for female and
29.98 days for male. Pre-oviposition, oviposition and
postoviposition periods were 3.84, 34.20 and 19.00 days, respectively, daily egg numbers were 3.69 and total egg numbers were 180.97. Reproductive value reached the highest
value at 5th days of oviposition period. Intrinsic rate of increase (rm) was 0.121 female/female/day, net reproductive
rates (Ro) was 60.446 females/female, mean generation
time (T0) was 33.892 days, gross reproductive rate (GRR)
was 78.684, doubling time (T2) was 5.727 days and finite
rate of increase (λ) was 1.129. The most appropriate reproduction curve was calculated by Enkegaard equation and
parameters were found as follows; a = 0.711±0.049; b =
0.091±0.004; R2 = 0.926. Weibull distribution was used to
determine the best curve showing survival rate for females
and males of Orius minutus and parameters were found as
follows; for females, b = 57.4±0.019, c = 2.26±0.007, R2 =
0.818; for male, b = 31.67±0.014, c = 1.77±0.0.06, R2 =
0.918.

KEYWORDS: Orius minutus, age-specific life table, Bemisia
tabaci, Enkegaard, Weibull distribution

* Corresponding author

Orius spp. are important biological control agents that
can be abundantly observed in many agro ecosystems.
Apart from the fact that they feed on important pests such
as thrips, mites, whiteflies, aphids, their omnivorous characteristics bring them advantage in surviving in the nature
and sustain their activity. Since they are reared relatively
easy at the artificial conditions, it is quite common in commercial insect production markets in Europe and North
America [1]. It is known that various types of Orius spp.
are used successfully for long years in greenhouse and in
agricultural fields [1].
The reason why species included within biological
control program depends on knowing various biological
characteristics such as survival, reproduction of the species
apart from various external factors such as adaptation they
show against climate factors, nutrition habits, being easily
produced. Although biology of Orius species feeding on
different preys has been studied well, there has been no detailed study about biology of Orius minutus feeding on Bemisia tabaci [1-5]. With this study it was aimed to reveal
specific biological characteristics of reproduction and survival of Orius minutus on Bemisia tabaci that is quite an
important pest on various crop and greenhouses.

2. MATERIALS AND METHODS
Orius minutus (Hemiptera: Anthocoridae) was collected
from cotton fields near Adana in the east Mediterranean region of Turkey and colonized on 4-6 week-old cotton plants
(Gossypium hirsutum cv. Çukurova 1518) infested with Bemisia tabaci as prey at 25±1oC, 65±10 % RH and 16 h of
artificial light. B.tabaci were obtained from laboratory cultures, and they were reared on cotton under the same conditions. 2nd instar nymph of B. tabaci was used as prey.
To obtain this stage, females of B. tabaci was confined onto
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leaves of young cotton plants for oviposition period of
24 h. Experiments on the life history parameters of O.
minutus fed on B. tabaci were employed on excised cotton
leaves placed upside down on wetted foam rubber in petri
dishes (Ø 9 cm). For 24 h, the predators were enclosed together with its prey onto the leaf by a small leaf cage (4
cm), the upper side closed with fine mesh. 10 replications
were set up for each immature stage and adults of the predator. All experiments were conducted at 25±2 oC, 65±10 %
RH and 16 h of artificial light in a climate room.
The data obtained from daily observations were used
to construct the age specific life table according to EulerLotka equation [6-8].

e

(  rm . x )

.l x .mx  1

[6]

Mathematical model, Enkegaard equation (most appropriate reproduction curve equation, mx), was used to fit
the data on fecundity [16-18].
Enkegaard equation:
F(x) = a.x.e(-b.x)

Where; F(x) i sdaily fecundity rate related to age
(eggs/female/day), x is female age (in days), a and b are
constants. Day 1 is the first day of oviposition period. Development times of male and females were tested by using
t-student test. Analayses were done by using JMP (ver. 5),
MS Excel (ver. 2003) ve SPSS, (ver. 17) softwares.
The Weibull frequency distribution was used to describe the age-specific survival of all individuals [19]:
  t c 
  
  b  

Where e is the base of natural logarithm; x, the age of
individual in days;

mx , the number

of offsprings/female/day x, or age-specific fecundity. The
net reproduction rate, R0, which was calculated as the sum
of the lx.mx, column in life table.
The mean generation time, T0, was then calculated
from the formula;

T0 

ln .R0
rm

[6-10],
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[12], age-specific expectation of
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future offspring,
Expected remaining life time of the females
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2
Ex  y  x
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The

Cx 

Sp (t) represents the probability of surviving to
a given age, b is the parameter that describes the scale, c
is shape of the curve and t is time. The shape parameters
c>1, c=1 and c<1 correspond to type I, II and III survivorship curves, respectively [20; 19]. Statistical analyses
were done by using following softwares, CurveExpert pro
(ver. 1.6.7), SPSS (ver. 17), MS Excel (ver. 2003).

3. RESULTS

population to double in size,

Vx 

[20]

3.1 Development period

Finite rate of increase,
creases per unit time,

rm . y

t, b, c  0
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GRR   mx [6; 11],
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l x , the proportion of individuals alive

at day x, or age-specific survivorship; and

[16, 17]
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[13, 14],
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distribution
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 rm . x

l x .e
[6] were calculated.
 (lx .e rm .x )
x 0

All parameters were obtained by using RmStat-3 [15].

Development periods of egg, immature stages and as
well as total development periods of Orius minutus feeding
on Bemicia tabaci were not statistically different between
female and male (Table 1). Total development periods and
longevity for female and male were 19.80, 20.54 days and
57.40 and 29.98 days, respectively.
3.2 Fecundity

When fecundity periods of Orius minutus females
were analyzed, it was observed that pre-oviposition, oviposition and postoviposition period were 3.84, 34.20 and
19.00 days respectively (Table 2). Generation time is 24.80
days, egg number laid daily is 3.69 and total offspring number of predator was 180.97. Reproductive rate of the predator increased quickly at beginning of the oviposition period and reached maximum value at the 10th day (Figure 1)
Later, the number of the eggs gradually decreased with little fluctuations (2-3 individuals). At the 26th day of oviposition period, reproductive rate reached its maximum level
and oviposition finished at 69th day (Figure 1). This relation related to age was described by Enkegaard equation
and calculated parameters and the curve was illustrated in
Figure 1. The optimum curve equation for the model was obtained via non-linear regression. Parameters were found to be:
a = 0.711±0.049; b = 0.091±0.004; correlation coefficient
(R2) = 0.926. The females laid eggs every day during the
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TABLE 1 - Development periods of males and females of Orius minutus feeding on Bemisia tabaci (Mean±S.E.).
Development period
n
Female
n
Male
Egg
13
5.60±0.213a*
17
6.02±0.122a
Stage 1
13
2.71±0.090a
17
2.89±0.077a
Stage 2
11
2.03±0.031a
15
1.94±0.102a
Stage 3
10
1.87±0.070a
13
1.97±0.143a
Stage 4
10
2.77±0.124a
13
2.88±0.106a
Stage 5
10
4.48±0.177a
13
4.24±0.219a
Total development time
10
19.80±0.416a
13
20.54±0.526a
Life span
10
57.40±3.830a
13
29.98±3.140b
* Within rows, means followed by the different letter between sexes differ significantly (t-test, P< 0.05).

(T0) was 33.892, gross reproductive rate (GRR) was 78.684,
doubling time (T2) was 5.727 days and finite rate of increase (λ) was 1.129 (Table 3).

TABLE 2 - Fecundity of Orius minutus feeding on Bemisia tabaci.
Fecundity
Preoviposition
Oviposition
Postoviposition
Generation time
Daily offsprings
Totally offsprings

n
10
10
10
10
10
10

Mean±St.E.
3.84±0.145
34.20±2.426
19.00±3.246
24.80±0.467
3.69±0.360
180.97±16.281

TABLE 3 - Life table parameters of Orius minutus on Bemisia tabaci.
Life Table Parameters
Intrinsic rate of increase, rm
Net reproductive rate, Ro
Mean generation time, To
Gross reproduction rate, GRR
Doubling time, T2
Finite rate of increase, λ
n

0.121
60.446
33.892
78.684
5.727
1.129
13

3.4 Survival

Immature mortality rates of female and male were calculated as 23% and 24% respectively. Only second and
third stage individuals of the both sex dead. While survival
rate of females were stable in during of oviposition period,
it regularly reduced from beginning of postoviposition to
end of 91th day (Figure 2). Survival rate of males regularly
and quickly reduced and last individual dead at 69th day.

FIGURE 1 - Age-specific fecundity (female/female/day) of Orius
minutus as a function of female adult age (days) (Parameters: a =
0.711±0.049 ; b = 0.091±0.004; R2 = 0.926).

oviposition period. Mean generation time (T0) was theoretically calculated as 33.892 days (Table 2). According to the
graph of life table, T0 value, which covered the first 13 days
of the oviposition period lasting 49 days, constituted the
36% of the total eggs. Mean egg number per day during
overall oviposition period was 3.69, egg number per day
for the first 13 day of the period was 4.95, and that for the
last 36 days was 3.24. Age specific reproductive value of
the females (Vx) reached maximum level at the 5th day of
oviposition (Figure 1).
3.3 Life table parameters

Life table parameters were calculated by RmStat-3
[15] and the results were presented in Table 3. As a result,
intrinsic rate of increase (rm) was 0.121, net reproductive
rate (Ro) was 60.446 females/female, mean generation time

The stable age distribution of population (Cx) during
their entire life displayed stable slope similar to survival
rate but this changed rapidly due to the high mortality rates
at the end of life (Figure 2). First period of life of male individuals a fairly stable slope is shown like female population but due to dead rates observed second period of life
showed fluctuations, due to high rates of dead at end of life
have changed rapidly.
Expected remaining lifetime (Ex) of both sexes due to
23-24% mortality rates observed showed a rapid decline at
first 9-10 days. Expected life time of females which was
calculated as 61.22 days decreased 53.27 days at 9th day;
expected remaining life time was calculated as 63.50 days
at 14th day since remainder population showed high survival rate for long time. After this day, depending on age
till end of life it shown a regularly decreased slope and total
life time took more 30 days than expected life time. Expected lifetime of males was calculated as 40.91 days.
These estimated days were 31.91 days at 10th day and 37.04
at 14th day. Total lifetime took more 28 days than expected
lifetime.
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FIGURE 2 - Survival rate (lx), fecundity (mx) and reproductive value (Vx) of Orius minutus.

FIGURE 3 - Stable age distribution (Cx) and expected life time (Ex) of Orius minutus males and females.

Weibull distribution was used to determine the best
curve showing survival rate for females and males of Orius
minutus. [19] reported that Weibull distribution has been
using for natural populations of plants and animals. In this
study, Weibull distribution was applied for both sexes of

O. minutus and optimal slope and fitted parameters were
given at Figure 2. The slope for both sexes was found as
convex. Parameters were found as follows, for female; b =
57.4±0.019, c = 2.26±0.007, R2 = 0.818; for male; b =
31.67±0.014, c = 1.77±0.0.06, R2 = 0.918.
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FIGURE 4 - Survival probability of males and females of Orius minutus and lines of best fit by Weibull function (Parameters: Female, b =
57.4±0.019,c = 2.26±0.007, R2 = 0.818; Male, b = 31.67±0.014,c = 1.77±0.0.06, R2 = 0.918).

4. DISCUSSION
To our knowledge, there isn’t any study on the biology
of O. minutus on Bemisia tabaci. However, our findings can
be compared with the results of the studies performed on different preys under similar laboratory conditions. [1] reported
that development time of O. minutus fed on Ephestia kuehniella was 11.70 and 11.53 days for females and males, respectively, while Toyoshima [4], reported the same values,
which were closer to our results, as 21.0 and 19.6 days on
Tetranychus urticae. There was no statistical difference between the development times of females and males, longevity of female and male adults were found to be significant contrary to findings of [1]. When fecundity rate was
analyzed, it was observed that fecundity rate slope of O.
minutus was different from many other insects. While fecundity rates among many species reached maximum level
with a rapid increase at the beginning of oviposition period
and gradually decreased depending on the age, in this study
it has a slope similar to the one in study of [1]. The similar
slope draws attention of O. insidiosus and O. niger as well
[2]. Fecundity rate rapidly increased and reached maximum at the beginning of oviposition period, but without a
decrease depending on the age, stayed constant for a long
time and decreased at the end of oviposition period. Egg
number per day and total number of eggs found in this study
were 3.69 and 180.97 and rm= 0.121, while Honda et al. [1]
reported the same values as 6.02 and 105.36 and rm= 0.137.
[3] reported rm= 0.107 for O. minutus on E. kuehniella at 26
ºC. It is difficult to explain the difference between those
studies, since the humidity conditions of the laboratories
were not mentioned in both studies, if it is because of the
conditions or the different preys used.
The results of life table parameters of study that [5]
used a little bit lower values (24±1 ºC and 50±5% RH) and
made with O. minutus fed on T. urticae and Thrips tabaci
have become lower than the present study. [5] reported that
development times were 15.7, 16.4 days, nymphal mortal-

ities were 47.6% and 67.4%, rm were 0.097, 0.045, R0 were
13.78, 3.109, GRR were 16.23, 3.97, λ were 1.102, 1.047,
To were 26.98, 24.83 and T2 were 7.129, 15.17 days, respectively, for both preys. Compared with this study, despite low development period and mean generation time, it
is seen that all other parameters have lower values. According to these values, it shown that B. tabaci is a better prey
than T. urticae and T. tabaci.
Parameters calculated by Weibull distribution summarizing survival rate of an organism were found as follows,
while this parameter (c) was close to 1 for male population,
it was bigger than 1 for both sexes. Weibull distribution parameter and survival slope were similar type 1. The advantages of the Weibull distribution as survival slope in an
ecological environment are flexibility of equality belonging
to slope, availability as statistical curve and be able to make
important explanations from model parameters [21]. Second
important topic is related to the model parameters determining three basic survival slopes that were explained by [22].
It was shown that c parameter calculated from slope
equal is type 1 survival curve increasingly of mortality rates
as a function of age of populations in both sexes.
The c parameter is calculated from the curve equation
and identifies curve form; If c > 1, then the life curve of the
population is defined as type 1 life curve, in which where
death ratio increases as a function of age. In a type 2 life
curve c = 1; death ratio is constant rather than age-dependent. In a type 3 life curve, c < 1 and death ratio decrease as
a function of age [19; 21].
As can be seen from the model parameters, survival
rate was high during of adult survival except 23-24% mortality rates at immature period in both sexes but towards to
end of life decreased regularly. Both sexes of O. minutus
showed typically survival slope as increased populations.
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ABSTRACT
The relationships among nutrient levels in the soil,
plant tissue, and tuber with yield of potato were investigated by multiple regression analysis. The concentration
levels of selected macronutrients (N, P, and K) and trace
metals (Fe, Mn, Cu, and Zn), of 140 samples were analyzed
in this study. Mineral nutrient concentrations were determined in leaves, tubers of potato and soil samples collected. The nutrient concentrations in the samples were
found at different levels. In leaves, the nutrient concentration levels ranged from 4.25 to 6.28 % for N, 0.10 to 0.42%
for P, 1.00 to 5.58% for K, 103.0 to 329.4 mg kg-1 for Fe,
92.3 to 637.8 mg kg-1 for Mn, 7.7 to 70.8 mg kg-1 for Cu
and 19.4 to 69.9 mg kg-1 for Zn. In tuber, the nutrient concentration levels ranged from 1.31 to 2.27 % for N, 0.03 to
0.28 % for P, 1.14 to 3.54% for K, 14.5 to 49.1 mg kg-1 for
Fe, 0.7 to 8.3 mg kg-1 for Mn, 2.6 to 9.1 mg kg-1 for Cu and
12.0 to 22.7 mg kg-1 for Zn. Results indicated that three
parameters of this regression model were statistically significant (P<0.05) and the R2 was 0.522. Plant tissue concentrations of N and Mn were significantly correlated with
variations on yield of potato. These results prove that especially N and Mn are important in the nutrition of potatoes.

KEYWORDS:
Multiple regression, stepwise, potato yield, soil and plant analysis

1. INTRODUCTION
Potato (Solanum tuberosum L.), a major food in many
countries is one of the most important agricultural crops in
the world, which occupy fourth place in total annual production at global level after wheat, maize and rice [1] . It is also
an important crop in Turkey, cultivated on 174 000 ha and
produced nearly 5 million tons of tubers [2] with increasing
* Corresponding author

commercial importance. Nutritionally, potato is an excellent source of carbohydrate, vitamins and essential minerals; its protein notably contains a higher proportion of the
essential amino acid lysine than most cereals and it is used
to fortify cereal products such as rice and pasta [3]. Growth
and quality of potato is influenced by environmental factors such as temperature, moisture, light, soil type and nutrients [4]. Several factors are closely related to yield parameters and the plant nutrition is one of them. Potato’s
yield relies largely on the use of fertilizer. During the past
decade, commercially available soluble chemical fertilizers are used extensively in potato cropping systems, particularly nitrogen, phosphorus, and potassium has increased
potato yields and quality [5].To get optimum yield, nutrient
concentrations should be at sufficient level in potato. However, soil and plant analysis are the best method to determine plant nutritional status affecting yield as well as other
important agronomic attributes of this crop [6]. Soil and
plant analysis and nutritional diagnosis may be adopted to
reach the efficient use of fertilizer. By monitoring the nutritional status of a crop, potential deficiencies can sometimes be detected early enough for treatments of nutrient
disorders during the growing season. Such studies are important because this information can be employed to optimize the fertilizer use in potato crops. Several reports of
concentrations of various nutrients in the plant tissue of potato can be found in the literature [6-12]. However, nutrient
concentrations in leaves and soils have not been related to
yield of the potato. The objective of this study was to determine if there are relationships between nutrient concentrations of the plant tissue and tuber with nutrient status of
the soil which may be related to differences in productivity
of potato, among genotypes.

2. MATERIALS AND METHODS
Soil and plant samples were collected in 2011 from
Ordu in Black Sea region of Turkey, Three sampling locations were selected in Ordu (Kabatas, Korgan and Aybastı),
the most representative potato production area. Five samples
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were taken and analyzed from 28 different potato varieties
in this study. Figure 1 shows the approximate location of
the sampling area. Soil samples from the rooting zone (0–
30 cm) were taken from each location. The soil samples
were air dried and screened through a 2 mm stainless steel
sieve. Each samples were analyzed for nutrient status. Details of the soil pH, salt (EC), organic matter (OM) content,
texture, total N, available P, K, Fe, Cu, Zn and Mn are indicated in Table 1.

performing a normal multiple regression. If all variables
are shown as significant (P-values < 0.05), then stop - the
complete model is good. But if significance F is low, but
one or more of the p-values for the t-tests are high, stepwise
regression can be used to develop the best model that contains some of the variables. Stepwise regression can be
achieved either by trying out one independent variable at a
time and including it in the regression model if it is statistically significant, or by including all potential independent
variables in the model and eliminating those that are not
statistically significant, or by a combination of both methods. Thus, stepwise multiple regression analysis were used
to predict the model in this study. All the computational
work was performed by means of SPSS [15]

3. RESULTS AND DISCUSSION

FIGURE 1 - The approximate location of the sampling area.

Potato leaf samples were taken at flowering using the
most recently matured compound leaf. Plant samples were
thoroughly washed with running tap water and rinsed with
deionized water to remove any soil/sediment particles attached to the plant surfaces. The aboveground and underground tissues were dried at 70°C for 48 hour to constant
weight. The dried tissues were weighed and ground into
powder for analysis.
The dried and ground analytical samples were analyzed
for total nitrogen by the Kjeldahl method [13]. Plant samples
were analyzed for P colorimetrically by the method of molybidate [14] by spectrophotometry, K by flame emission,
Fe, Cu, Zn and Mn by atomic absorption spectrometry. Tuber yields of potato are calculated on a per-hill basis.
Generally, multiple regression analysis is used to predict the model explaining the relationships among nutrient
levels in the soil, plant tissue, and tuber with yield of potato. The aim of the multiple regression was to estimate 
(0,1,..,p) from the data (Xi1, Xi1,.., Xip; Y). In multiple
linear regression models, several independent variables
were used to model a single dependent variable. Begin by

Descriptive statistics (means, standard deviations, coefficients of variation) and significant values of normality test
for the soil physical and chemical properties at the three locations are given in Table 1. The results of particle-size analysis showed that the texture was sandy loam with clay loam
in Aybastı, loam in Kabataş and Korgan at 0-30 cm depth in
soils. Also, these soils have adequate the contents of soil organic C, 4.5%, and calcareous with salt was free. The pH
of the soil samples ranged from 4.5‐6.4 with a mean of 5.5.
A total of 7 elements as a macro and micro elements (N, P,
K, Zn, Cu, Fe and Mn) were determined in the soil samples
(Table1). The soils varied widely in their chemical properties. The nitrogen (N), potassium (K), manganese (Mn),
copper (Cu), zinc (Zn), and iron (Fe) in soils were present
in adequate quantities, but phosphorus (P) was considerably lower for normal potato production in soils.
The macro and micro elements (N, P, K, Zn, Cu, Fe
and Mn) were determined in the leaves and tuber of potato
by plant analysis. The macro and microelements composition of potato is presented in Table 1. The nitrogen (N), potassium (K) manganese (Mn), copper (Cu), zinc (Zn), and
iron (Fe) in leaf were present in adequate quantities although
P concentration was considerably lower for potato. In leaves,
the nutrient concentration levels ranged from 4.25 to 6.28 %
for N, 0.10 to 0.42% for P, 1.00 to 5.58% for K, 103.0 to
329.4 mg kg-1 for Fe, 92.3 to 637.8 mg kg-1 for Mn, 7.7
to 70.8 mg kg-1 for Cu and 19.4 to 69.9 mg kg-1 for Zn
(Table 2). In tuber, the nutrient concentration levels ranged
from 1.31 to 2.27 % for N, 0.03 to 0.28 % for P, 1.14 to
3.54% for K, 14.5 to 49.1 mg kg-1 for Fe, 0.7 to 8.3 mg kg-1
for Mn, 2.6 to 9.1 mg kg-1 for Cu and 12.0 to 22.7 mg kg-1
for Zn (Table 1). The yield varied from 0.36 to 2.33 kg per
hill with a mean of 0.97 kg per hill and there were also differences in the yield of the potato tubers between the cultivars considered (Table 1). The results above indicated that
the tubers contain large amounts of nutrients such as Fe,
Mn, Cu, Zn, N, and K but have a low concentration for P
in this study. Tuber Fe, and Zn concentrations have been
shown to vary significantly between cultivars considered.
There is considerable genetic variation in tuber mineral con-
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TABLE 1 - Descriptive Statistics for Examined Parameters
Mean*
Leaf
N (%)
P (%)
K (%)
Cu (mg kg-1)
Mn (mg kg-1)
Fe (mg kg-1)
Zn (mg kg-1)
Tuber
N (%)
P (%)
K (%)
Cu (mg kg-1)
Mn (mg kg-1)
Fe (mg kg-1)
Zn (mg kg-1)
* Mean of 140 samples

Std. Deviation

CV %

5.35
0.21
3.27
16.87
255.30
178.51
35.75

0.52
0.07
1.04
13.86
119.01
56.18
13.58

10
35
32
64
47
31
38

1.73
0.12
2.04
5.28
3.61
28.53
17.13

0.26
0.08
0.58
1.96
1.59
9.07
3.40

15
65
29
37
44
32
20

Soil
N (%)
P (mg kg-1)
K (mg kg-1)
Cu (mg kg-1)
Zn (mg kg-1)
Mn (mg kg-1)
Fe (mg kg-1)
pH (1:2.5)
OM (%)
Yield
Yield (per hill)

Mean*

Std. Deviation

CV %

0.13
7.38
284.93
1.41
1.00
25.00
43.32
5.48
4.47

0.05
5.05
126.59
0.75
0.56
16.10
13.94
0.45
1.78

39
68
44
53
56
64
32
8
40

0.97

0.49

51

TABLE 2 - The relationships between nutrient concentration of leaves and tubers
Tuber N
Tuber P
Tuber K
Tuber Cu
Tuber Mn
Leaf N
0,489**
-0,223
-0,224
0,279
0,289
**
Leaf P
-0,102
0,663
0,133
-0,330
0,081
0,288
0,299
Leaf K
0,133
-0,308
0,410*
Leaf Cu
0,217
-0,176
-0,215
0,072
0,009
Leaf Mn
-0,317
0,169
0,029
-0,264
-0,064
0,119
-0,120
0,285
0,522**
Leaf Fe
0,564**
Leaf Zn
-0,319
0,158
0,125
-0,210
-0,193
**. Correlation is significant at the 0.01 level (2-tailed), *. Correlation is significant at the 0.05 level (2-tailed).

centrations within potato genotypes. White et al. [16] reported that higher-yielding potato genotypes have lower
concentrations of mineral elements in their tubers than
lower yielding genotypes when grown in the same conditions. Moreover, they found no significant relationships between tuber yield and tuber N, K, S, Ca, Mg, Fe, Zn, or Mn
concentrations, but tuber P and Cu concentrations increased significantly with increasing tuber yield.
The behavior of trace elements was very interesting,
with the highest mean concentrations of Fe, Mn, Cu and Zn
in the leaves samples. Among vegetables crops potatoes
are relatively tolerant of high Mn and level 700 mg kg-1 has
been proposed as a critical concentration for toxicity, but
also reported levels of up to 3000 mg kg-1 Mn in healthy
potato leaves [17]. Some mineral contents in the potato
samples must be influenced by the region of production,
which is mainly influenced by the mineral contents of the
soils and climatic factors as well as fertilization.
Correlation analysis used to estimate the relationships
between nutrient concentrations in the plant tissue, nutrient
status of the soil with yield of potato. The results showed
that nutrient levels of plant weren’t significantly associated
with variations in yield of potato. It is interesting to note
that there was no significant correlation of yield with the
soil properties measured. The concentrations of mineral elements in leaf and tubers of potato are influenced by both

Tuber Fe
0,387*
0,124
0,104
0,325
-0,125
0,247
-0,076

Tuber Zn
0,098
-0,284
-0,032
0,112
0,058
0,026
0,058

environmental and genetic factors. One of the most significant environmental factor is the availability of mineral elements in the soil. The nutrient levels obtained in plant are
in the same range of those reported by other authors for
potatoes from several countries, our data agree with those
published in other regions, such as Rivero et al. [6] Warmann et al. [7], and Tekalign and Hammes [9], Christelle
et al. [10], Galdon et al. [11], Lombardo et al. [12].
Correlation analysis was used to estimate the relationships between nutrient concentrations in leaf and tuber of
potato. There were significant influence of N and Fe concentration in leaves on uptake N of potato at the 1% probability level (Table2). Statistical analysis of these data
showed that N concentration of tubers was linearly correlated with N and Fe concentration of leaf (Table2). There
was also significantly positive relationship between leaf Fe
and Mn in tuber. Manganese and iron (Fe) has an interaction in plants, iron uptake by plants affects with high
amounts of manganese in the soil [18]. Also, manganese
promotes the activity of various enzymes that helps in the
photosynthetic light reactions, respiration and protein synthetic processes leading to better utilization of Fe in leaves.
The results indicated that N in the leaves was negatively related to the Zn and Fe in the soil and K in leaves
was negatively related to Cu and Zn in soil (Table 3). The
significantly negative relationships may be an explanation
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TABLE 3 - The relationships between nutrient concentration of leaves and soils
Soil N
Soil P
Soil K
Soil Cu
Soil Zn
Leaf N
0,078
0,113
-0,270
-0,235
-0,517**
Leaf P
-0,172
0,236
-0,047
-0,111
0,159
-0,490**
Leaf K
0,333
-0,103
0,267
-0,394*
Leaf Cu
0,174
0,083
0,130
-0,211
-0,328
Leaf Mn
0,223
0,156
0,031
-0,179
-0,032
-0,030
-0,331
Leaf Fe
-0,264
-0,239
-0,458*
Leaf Zn
0,279
0,261
0,343
-0,074
0,047
**. Correlation is significant at the 0.01 level (2-tailed), *. Correlation is significant at the 0.05 level (2-tailed).

to dilution effect from the increase in plant biomass. Increasing plant biomass increased Fe and Zn uptake from
soil by plant. There was significantly negative relationship
between Fe concentrations in leaves and K concentration
in soil (Table 3). Çelik et al. [19] suggested that increasing
applications of K can inhibit the Fe uptake and translocation of Fe in plants.
Relationships between soil chemical and physical
properties on nutrient status of leaves were found (Table
4). Significantly negative correlation between N concentrations in leaves and Fe in soil was found. Potassium in
the leaf was negatively associated with Cu and Fe levels in
the soil. This adverse effect was related to increase plant
biomass. Iron and Cu uptake of plant increases with increasing K uptake. Increasing nitrogen by plants also increases iron uptake from soil. Biological nitrogen fixation
is an essential process in the nitrogen cycle, providing
available nitrogen for plants. Especially, a symbiotic N2fixing bacteria lived in the rhizosphere is important for
plant nutrition by increasing N uptake by the plants [20].
The enzyme responsible for this process, nitrogenase, consists of two proteins, dinitrogenase (Mo-Fe protein) and nitrogenase reductase (Fe protein) [21]. Iron has a key function in nitrogenase enzyme and contributes nitrogen uptake
of potato in particularly high soil organic matter conditions. Ekin et al. [22] reported that Potato could be more

Soil Mn
-0,321
-0,035
-0,310
-0,113
0,163
-0,185
0,079

Soil Fe
-0,445*
-0,580**
-0,062
-0,290
-0,077
-0,334
-0,150

responded in N2-fixing bacterial inoculation with N combinations than N fertilizer applications and microorganisms significantly promoted growth and increase yield in
potato. There was significantly negative relationship between leaf P and Fe in soil. At acidic pH values, phosphate
ions react with aluminum (Al) and iron (Fe) to again form
less soluble compounds and in fact are optimally available
at a slightly acidic pH, e.g. 6.5 to 6.8. Leaf P concentration
was also positively correlated with soil pH, indicating that
soil P availability is directly affected by soil pH (Table 4).
Significant correlations between leaf P and K with soil texture were found (Table 4). Leaf P was negatively correlated with loam whereas leaf P concentration was positively correlated with sand in soil. There was significantly
negative relationship between leaf K and soil pH. Besides,
leaf K was positively correlated with loam. The proportions of sand and loam in soil might be related to internal
water-holding capacity or drainage in these soils. These
complex interactions between minerals in the soil, plant tissue and tuber with the yield of potato may be due to interactions between uptake of mineral nutrients and distribution within the plant. Besides, there is significant genetic
variation in tuber mineral concentrations both between and
within Solanum species [16]. However, not much is known
about the genetic variation and nutrient uptake mechanisms
that contribute to the high accumulation of mineral elements in the tuber of different potato species.

TABLE 4 - The relationships between nutrient concentration of leaves and soil properties
Soil Texture
Soil pH
Soil O M
Clay
Loam
Leaf N
-0,259
0,065
0,211
0,114
Leaf P
0,441*
-0,168
-0,369
-0,627**
0,325
0,189
0,395*
Leaf K
-0,460*
Leaf Cu
-0,136
0,169
0,131
0,131
Leaf Mn
0,027
0,210
-0,169
-0,061
Leaf Fe
-0,148
-0,276
0,064
-0,143
Leaf Zn
0,190
0,269
-0,201
-0,063
**. Correlation is significant at the 0.01 level (2-tailed). *. Correlation is significant at the 0.05 level (2-tailed).

Sand
-0,169
0,561**
-0,333
-0,142
0,116
0,059
0,133

TABLE 5 - The ANOVA result of Stepwise Regression Analysisa (Adj R2=0.447)
Source
df
SS
Regression
2
14.498
Residual
137
17.938
Total
139
32.436
a. Dependent Variable: yield, b. Predictors: (Constant), Mn, N

MS
7.249
0.131

4111

F
55.364

P‐values
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TABLE 6 - The Regression Coefficients estimated by Stepwise Regression Analysisa

Constant
Mn
N
a
: Dependent Variable: yield

Coefficients
2.055
0.002
‐0.308

Standard Error
0.342
<0.001
0,061

t‐values
6.005
8.276
‐5.091

Multiple regression analysis was used to predict the
model explaining the relationships among nutrient levels in
the soil, plant tissue, and tuber with yield of potato. The
independent variables were measurements of soil chemical
and physical properties and nutrient concentrations in the
plant tissue and tuber at three regions. Stepwise methods
were used to determine effective variable on yield of potatoes in regression analysis (Table 5 and Table 6). The regression coefficients estimated for equation of relationship
between the leaf parameters and yield are given in Table 5.
The model used in this study has three parameters: an
intercept, b0, and two regression coefficients, b1, and b2, as
, where
= dependent variable,
yield (kg per hill); Xi= independent variables: Mn and N
concentrations, respectively. Thus, by using the equation,
stepwise regression model’s parameters were predicted
and given as following model,
2.055

0.002

0.308 .

Results indicated that three parameters of this regression model were statistically significant (P<0.05) and the
R2 (multiple correlation coefficient) was 0.447 (Table 5).
Plant tissue concentrations of N and Mn were significantly
correlated with variations in yield of potato. Important variables positively associated with yield included Mn concentration in the plant tissue. Variables negatively associated with yield included N concentrations in the plant tissue. The trend of lower N concentrations in higher yielding
plants was probably an indication of a greater dilution of N
in the plant tissue due to higher yield of potato. It was possible that if samples had been taken earlier in the growing
season, the N concentration in the plant tissue would have
been a better indicator of yield potential of potato. Manganese concentration of the plant tissue was positively related
to yield and should be considered for future studies. We
found no significant relationships between tuber yield and
leaf K, S, Ca, Mg, Fe, Cu or Zn concentrations, but leaf Mn
concentrations increased significantly with increasing tuber yield. Many investigators reported that manganese
treatment increased all plant characteristics relating to
yield and quality of potato crop [23,24,25,26]. In accordance with these previous results, the findings of our study
suggest that especially N and Mn are important in the yield
of potato.
The authors have declared no conflict of interest.

P‐values
<0.001
<0.001
<0.001

Lower 95%
1.378
0.002
‐0.428

Upper 95%
2.732
0.003
‐0.188
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ABSTRACT

1. INTRODUCTION

Acid mine drainage (AMD) characterized by low pH,
high concentrations of dissolved metals and metal oxide
deposits affects aquatic ecosystems severely. However, the
quantitative impacts of AMD on lotic ecosystem, especially
the seasonal variation of impacts, are still unclear. We developed a diatom-based index of biotic integrity (AMD-DIBI)
to evaluate AMD impairment on Gaolan River. Pollution
Tolerance Index (PTI), % No. of Cocconeis species, % No.
of Pinnularia species, No. of Cymbella species, relative
abundance of prostrate diatoms, and relative abundance of
Achnanthes were selected to build AMD-DIBI. AMD-DIBI
scores between reference and impaired sites displayed significant differences. On the basis of AMD-DIBI scores, the
ecological conditions of most reference sites were “excellent” or “good”, while the impaired sites were “Poor” or
“Moderate”. AMD impairments were more severe in dry
season than that in wet season: about 20km lower reach
were impaired in wet season, while 50km at least in dry
season. AMD-DIBI is meaningful to assess the ecological
conditions, quantify impairment of AMD and measure the
effectiveness of restoration.

KEYWORDS: Acid mine drainage (AMD); Diatom; Index of biotic
integrity (IBI); Quantitative assessment; River health.

ABBREVIATIONS
AMD, Acid Mine Drainage; IBI,Index of biotic integrity; AMD-DIBI, a diatom-based index of biotic integrity
for river ecosystem impacted by AMD; ICP-AES,inductively coupled plasma atomic emission spectrometry; CoI,
Correlation index; PTI,Pollution Tolerance Index
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Acid mine drainage (AMD) is a major stressor to global
aquatic ecosystems [1-6], and is often characterized by high
acidity, high concentrations of dissolved metals (e.g. Fe, Al,
Zn, Mn), and metal oxide deposition [7]. The influences of
AMD on freshwater ecosystems can be multiple: contaminating both surface runoff and groundwater [8]; altering
nutrient cycles and abiotic factors [4]; impairing the structures and functions of communities including algae [6, 7, 9],
benthic invertebrates [10] and fish [11]. Moreover, AMD
can impact food webs and relationships among organisms
[12], resulting in changes to community succession or extinction of sensitive taxa [13]. Therefore, remediation measures
for river ecosystems impacted by AMD become more and
more urgent, and have been paid more and more attentions
worldwide.
Assessing and quantifying impacts of AMD are of
great significance to make management plans and take remediation activities. Many advantages make benthic diatom ideal organisms to assess ecological conditions of
streams. Stream benthic diatom is sessile, short-life cycle
[14], and the base of aquatic food chain [15]. It has distinct
taxonomic characters but also can respond sensitively to
environmental changes, thus was widely used as indicators
of ecological conditions in lotic waters [16]. Numerous diatom indexes have been developed. For example, Diatom
Assemblage Index (DAIpo) [17] was used to indicate organic pollution, Pollution sensitivity Index (PSI) [18], and
Trophic Diatom Index (TDI) [19, 20] was used to indicate
the trophic condition of water, Saprobic Index [14] and Biological Diatom Index (BDI) were used to assess water
quality [21]. Thus, diatoms are considered to be a good indicator of AMD. Many studies have examined the impacts
of AMD on biodiversity, species composition, and productivity of benthic diatom communities [6, 7, 22, 23], and several have proved that diatoms can be used to indicate the impacts of AMD [24-26]. Furthermore, index of biotic integrity
(IBI) was commonly used in aquatic ecosystems impacted
by different factors [16, 27-29] as an effective tool for assessing impacts and making restoration and conservation
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policy [26, 30], and the IBI based on macroinvertebrate has
been established to assess the impacts of AMD [31]. Nevertheless, macroinvertebrates and diatoms differ in their
sensitivity to AMD, and to our knowledge, IBI based on
diatoms used to assess the impacts of AMD on lotic ecosystem has been rarely built yet but Zalack et al. [28].
Above all, the quantitative impacts of AMD on diatoms remain poorly understood, especially on the seasonal variation of impacts.
Gaolan River was severely polluted by AMD [32],
providing an appropriate opportunity to study the impacts
of AMD on aquatic ecosystems. Former studies in Gaolan
River suggested that AMD had a great negative effect on
benthic communities [33, 34]. However, the quantitative
impacts are still unclear. So this study focuses on (1) developing a benthic diatom-based IBI for river ecosystems
impacted by AMD (AMD-DIBI) in a small catchment, (2)
assessing and quantifying the impairments of AMD on
Gaolan River in different seasons, to provide some suggestions to aquatic resource management, and offer a measurement of remediation effectiveness and recovery information of rivers in the future.

2. MATERIALS AND METHODS
2.1 Study area and field sampling

Gaolan River is one of the three main tributaries of
Xiangxi River, located in Xingshan County, Hubei Province. Pyrite resources are rich in this region, with reserves
of 1.274 million tons in which sulfur content reach up to
40 % [32]. Pyrite mining activity began from the 1980s and
stopped in 2004. After exploitation, the rejects were flowed

into Gaolan River almost without any treatment, and polluted the water seriously [34].
Twelve sites (site 1-12) were investigated in November 2006, January and July 2007 respectively, and 9 sites
(site 1-9) in May 2007 because of flood. Consequently,
45 samples were collected in total. The average distance
between adjacent sites was about 6 km. Site 1-4 (on the
tributary named Xiayang River) with little anthropogenic
impact and no AMD inputs were designated as reference
sites according to the standards of reference sites [35], and
the remaining 8 sites located in the mainstream (site 5-12)
were designated as impaired sites (Fig. 1), among which
site 5-7 and site 8-12 were before and after the confluence
of Xiayang and Gaolan River respectively. Pyrite was located upstream of site 5, and site 5-12 were impaired by
AMD of different severity. With a climate of subtropical
monsoon style, the Gaolan River undergoes dry season in
November and January when the precipitation was less
than 30 mm per month; and wet season in May and July
when the monthly precipitation was more than 150 mm.
Benthic diatoms were collected from 3-5 randomly selected stones (with diameter range of 10-20 cm) in each
section, and three sections were sampled repetitively in
each site, to make sure as many as possible habitats being
included. Periphyton was sampled with a circular lid (with
radius of 2.7 cm). The stone surface covered within the lid
was vigorously scrubbed by a nylon brush and flushed 34 times with distilled water. Each sample had 3 replicates,
and each replicate was divided into three parts: one was
preserved with 4% formalin for identification, one was
used to measure the concentrations of chlorophyll a (Chla), and the other one was prepared for ash free dry mass
(AFDM) measurement [36].

FIGURE 1 - Location and distribution of the sampling sites.
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2.2 Identification

Permanent diatom slides were prepared for diatom identification after acid digestion of sample. At least 300 valves
were counted at 1000× magnification under oil immersion.
Diatoms were identified to the lowest taxonomic level possible following the identification reference of Patrick and
Reimer [37, 38]; Qi [39]; Zhu and Chen [40]; Qi and Li
[41]; Shi [42] and Hu and Wei [43]. The total number of
diatoms were calculated and converted to densities in unit
area expressed as ind. /m2 [16, 29, 34].
2.3 Measurement of environmental factors

Conductivity (Cond), total dissolved solid (TDS), dissolved oxygen (DO), pH were measured in situ with a
multi-parameter water quality meters (Horiba W-23XD,
US). Concentration of NH4-N, SiO2-Si, PO4-P, T-P, NO3N, and T-N were measured using a segmented flow analyzer (Skalar San++, Netherlands). Dissolved Al, Ca, Cd,
Cr, Cu, Fe, Mg, Mn, Pb, and Zn were measured with a inductively coupled plasma atomic emission spectrometry
(ICP-AES) after filter and acidify the water with HNO3 to
pH<2. The measure methods were introduced in detail by
Jia et al. [34].
2.3 Development of AMD-DIBI

In order to establish a benthic diatom-based IBI applicable throughout the year, data both in dry and wet season
were selected in the development and validation process.
Our 45 samples were divided into two dataset: 24 samples
that sampled in January 2007 (dry season) and July 2007
(wet season) were training dataset, and 21 samples sampled
in November 2006 (dry season) and May 2007 (wet season) were testing dataset.
Training dataset was used to develop the AMD-DIBI
based on the methods described by Wang et al. [44], and the
metrics according to related literatures were selected [7, 22,
27-29]. 24 metrics were calculated preliminarily, including
7 categories: biomass index, biotic index of diatoms, diversity index, growth forms, similarity, taxonomic composition,
sensitive species and tolerant species (Table 1). The metrics
were selected by four steps: 1) metrics with medians of 0 for
both reference and impaired sites were eliminated due to the
prevention of identifying the differences between these two
groups [44]. 2) Metrics with significant differences (p< 0.05)
between reference and impaired sites were selected, and the
ability to separate reference and impaired sites was evaluated by non-parametric Kruskal–Wallis test, since many
metrics did not follow normal distributions (Kolmogorov–
Smirnov test, p< 0.05) despite after several transformations. 3) Separation power and coefficient of variation
(CV) were used to determine the final metrics. Separation
power was defined as the degree of overlap between boxes
(25th and 75th percentiles) in box plots of the metric values
for reference and impaired sites [44]. We assigned a separation power of 3 when boxes did not overlap between the
two site groups, a value of 2 when interquartile ranges
overlapped but did not reach medians, a value of 1 when
only one median was within the interquartile range of the

other box, and a value of 0 when both medians were within
the range of the other box. Final metrics were selected
based on separation power ≥2 and CV < 1. 4 and 0–100
scaling system was used to normalize the final metric [16].
For metrics that decreased at impaired sites, the standardization formula was:

(1)
and for metrics that increased at impaired sites, standardization formula was:

(2)
where X95%= 95th percentile of the metrics, and X5%=
5th percentile of the metrics. And X’= 0 when X< X5%,
whileX’=100 when X> X95%. The total AMD-DIBI values
were the average of metric scores based on 0–100 scaling
system.
2.4 Independent test of metrics and AMD-DIBI

We tested the AMD-DIBI and its metrics using the
testing dataset including 8 reference and 13 impaired samples. The calculation and scaling system of the final metrics for AMD-DIBI were the same as used for the training
dataset. Four methods were used to evaluate the AMD-DIBI
in the testing samples: 1) separation power. 2) % sites correctly classified, that is whether AMD-DIBI developed from
training dataset could distinguish reference sites from impaired ones at testing dataset with a critical value of the average of the 75th percentile of AMD-DIBI scores at impaired sites and the 25th percentile of AMD-DIBI scores at
reference sites from the training dataset [29]. 3) Box-plot
separation ratio, in which we divided the distance between
boxes (defined by the difference between the 25th percentile
of reference sites and the 75th percentile of all sites in the
dataset) by the median AMD-DIBI score of reference sites
[29, 44]. 4) Correlation index (CoI) and Cumulative R2 [29]:
(3)
where rs is Spearman’s correlation coefficient between
AMD-DIBI and a given environmental variable.
(4)
where S is the number of rs statistically significant at
p< 0.05, and n is the number of environmental variables
evaluated. The developed AMD-DIBI was considered acceptable if there was no significant difference between values of the four criteria at training and testing dataset (examined by paired t-test) [29, 45]. In our study, a sample
was the average of three replicates. The descriptive statistics, paired t-test, correlation, and nonparametric tests were
conducted with SPSS 16.0, and the statistical figures were
created with Origin7.0.
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TABLE 1 - Benthic diatom community metrics, taxonomic levels, and their descriptions
Metrics

Taxonomic
level

Biomass index
chlorophyll a
AFDM
AI index

Description

The concentration of chlorophyll a of benthic diatoms
Ash-free dry mass of benthic algae
The ratio of these AFDM: Chl a

Biotic index of diatoms
KYDPTI
pH index

Species
Species

Weighted average of average abundance and tolerance value [46]
Weighted average of average abundance and tolerance value [50]

Diversity index
Shannon Diversity
Species richness
No. of genera

Species
Species
Genus

Measure of evenness and richness
Number of species in the count
Number of genera in the count

Growth form
% prostrate individuals
% erect individuals
% stalked individuals
% unattached individuals
% mobile individuals

Genus
Genus
Genus
Genus
Genus

Relative abundance of prostrate genera
Relative abundance of erect genera
Relative abundance of stalked genera
Relative abundance of unattached genera
Relative abundance of motile genera

Species
Species
Species

% of species found in reference sites that occurred in impaired sites
No. of species found primarily in reference sites not in impaired sites
Mean Bray–Curtis similarity in species composition
to reference sites

Taxonomic composition
Total density
Dominant species
% dominant species
% (genus) individuals a)

Species
Species
Species
Genus

No. of (genus) species

Genus

% No. of (genus) species

Genus

Total number of diatoms
The density of dominant species
Relative abundance of dominant species
Relative abundance of (Achnanthes b), Cymbella c), Eunotia, Fragilaria, Nitzschia, Pinnularia, Synedra genus)
No. of (Achnanthes, Cymbella, Eunotia, Fragilaria, Nitzschia, Pinnularia, Synedra genus)
species
% No. of (Achnanthes, Cymbella, Eunotia, Fragilaria, Nitzschia, Pinnularia, Synedra genus) species

Similarity
% reference species
No. of distinct reference species
Average similarity to reference
sites

Sensitive species and Tolerant species
KY % sensitive individuals
Species
KY % tolerant individuals
Species

Relative abundance of KYDPTI sensitive species
Relative abundance of KYDPTI tolerant species

a) The genera that have been reported in AMD were calculated for this metrics [7].
b) Achnanthes species: include Achnanthes, Achnanthidium, Karayevia, Planothidium, Platessa and Rossithidium taxa.
c) Cymbella species: include Cymbella, Delicata, Encyonema and Reimeria taxa.

2.5 Application of the AMD-DIBI to assess AMD impacts

3. RESULTS

After testing, we applied AMD-DIBI to calculate the
score of ecological condition for each site in different
month. The ecological conditions were classified as excellent, good, moderate, or poor by using the 90th, 50th and
25th percentile of the total AMD-DIBI scores of all sites
[28, 29, 44].
Finally, we use One-way ANOVA in SPSS 16.0 to
compare the difference of AMD-DIBI scores among reference sites group (site 1-4) and impaired sites groups of before (site 5-7) and after confluence (site 8-12). If equal variances assumed, LSD were used for multiple comparisons;
if not, then Tamhane’s T2 were conducted.

A total of 157 diatom taxa were identified in our study
period. During dry season, 106 and 140 taxa were recorded
in reference and impaired sites, respectively; while 74 and
102 during wet season. Community composition and the
dominant species were different between dry and wet season, so were between reference and impaired sites. Rossithidium linearis (W.Sm.) Round & Bukht. was the most
abundant species both in reference and impaired sites during both seasons. However, in reference sites, the dominant
species were Achnanthidium minutissimum (Kütz.) Czarn.
and Eunotia spp. during both seasons, and were Cocconeis
placentula Ehren., Diatoma mesodon (Ehren.) Kütz., Fragilaria capucina var. vaucheriae (Kütz.) Lange-Bert., Gomphonema parvulum (Kütz.) Kütz., Gomphonema parvulum
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var. subelliptica Brand., and Gomphonema constrictum var.
capitatum (Ehren.) Grun. in dry season, and were Fragilaria
fragilarioides (Grun.) Choln. and Planothidium ellipticum
(Cl.) Round & Bukht. in wet season. In impaired sites, the
communities were dominant by Cocconeis placentula Ehren. during both seasons, and Achnanthidium minutissimum
(Kütz.) Czarn., Eunotia spp., and Melosira varians C.Ag. in
dry season, and Gomphonema constrictum var. capitatum
(Ehren.) Grun., Planothidium ellipticum (Cl.) Round & Bukht., and Reimeria sinuata (Gre.) Kociolek & Stoermer in
wet season. The relative abundance of the dominant species
is shown in Table 2.
Among the 20 environmental variables, concentrations
of Al and Mn, conductivity, TDS, and pH showed significant differences between reference and impaired sites (Table 3).

3.1 Development and test of the AMD-DIBI

Six metrics- Pollution Tolerance Index (PTI), % No.
of species of Cocconeis genus, % No. of species of Pinnularia genus, No. of species of Cymbella genus (including
Delicata, Encyonema and Reimeria), % prostrate individuals, and % Achnanthes individuals (including Achnanthidium, Karayevia, Planothidium, Platessa and Rossithidium)
- were selected following the procedure mentioned above
to build AMD-DIBI. The metric % No. of species of Cocconeis genus decreased at impaired sites, while the other 5
metrics increased. The AMD-DIBI scores at reference sites
were significantly higher than impaired sites (Mann-Whitney U=1, p<0.001; separation power=3, Fig. 2).

TABLE 2 - The relative abundance ( % ) of dominant species (>5%) in reference and impaired sites during dry and wet season

Dominant species
Achnanthidium minutissimum (Kützing) Czarnecki
Cocconeis placentula Ehrenberg
Diatoma mesodon (Ehrenberg) Kützing
Eunotia spp.
Fragilaria capucina var. vaucheriae (Kützing) Lange-Bertalot
Fragilaria fragilarioides (Grunow) Cholnoky
Gomphonema constrictum var. capitatum (Ehrenberg) Grunow
Gomphonema parvulum (Kützing) Kützing
Gomphonema parvulum var. subelliptica Brandy
Melosira varians C.Agardh
Planothidium ellipticum (Cleve) Round & Bukhtiyarova
Reimeria sinuata (Gregory) Kociolek & Stoermer
Rossithidium linearis (W.Smith) Round & Bukhtiyarova

Dry season
Reference site
(n=8)
5.19
7.54
8.35
6.1
8.09

Impaired site
(n=16)
7.32
6.81
6.23

Wet season
Reference site
(n=8)
17.79

17.56
9.31
9.17

7.26
6.25
5.4

14.88
5.53
15.59

11.93

44.02

13.87

TABLE 3 - Differences of environmental variables between reference and impaired sites
Environmental variables

Reference site
(n=16, mean±SD)
Al (mg L-1)
0.06 ±0.04
Ca (mg L-1)
25.02±12.13
0.00±0.00
Cd (mg L-1)
0.00±0.00
Cr (mg L-1)
0.01±0.00
Cu (mg L-1)
0.1±0.16
Fe (mg L-1)
9.08±4.64
Mg (mg L-1)
0.00±0.00
Mn (mg L-1)
0.00±0.00
Pb (mg L-1)
-1
0.02±0.01
Zn (mg L )
174.48±66.76
Conductivity (us cm-1)
99.14±37.67
TDS (mg L-1)
-1
8.55±0.46
DO (mg L )
pH
8.12±0.53
NH4-N (mg L-1)
0.04±0.03
6.75±4.57
SiO2-Si (mg L-1)
0.01±0.01
PO4-P (mg L-1)
0.03±0.02
T-P (mg L-1)
NO3-N (mg L-1)
0.46±0.33
1.20±1.06
T-N (mg L-1)
a) *, Significant difference between reference and impaired sites.

Impaired site
(n=14)

Impaired site
(n=29, mean±SD)
3.69±6.35
29.65±13.16
0.00±0.00
0.00±0.01
0.01±0.01
1.13±2.80
11.96±5.40
0.19±0.28
0.01±0.02
0.02±0.02
261.45±119.80
137.00±64.46
8.85±0.88
5.71±1.63
0.06±0.07
7.54±6.23
0.01±0.03
0.03±0.05
0.51±0.12
0.93±0.91
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p value
0.005*a)
0.326
0.632
0.206
0.973
0.122
0.131
0*
0.941
0.779
0.002*
0.036*
0.92
0.012*
0.562
1
0.783
0.119
0.906
0.244

5.39
6.83
31.08
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FIGURE 2 - Box plots of total AMD-DIBI scores of reference and
impaired sites in training dataset. Boxes show interquartile ranges
(25th and 75th percentiles), middle lines are medians, points in the
box are mean value, the upper and below lines are 95th and 5th percentiles.

We tested the AMD-DIBI and its metrics using the testing dataset. The AMD-DIBI scores showed significant difference between reference and impaired sites (Mann-Whit-

ney U=13, p=0.003; separation power=3, Fig. 3a). Except %
No. of species of Cocconeis genus and % prostrate individuals, the other 4 metrics had separation power ≥2 (Fig. 3bg). The critical value to classify reference and impaired sites
was 51.27, and % sites classified correctly in the training and
testing dataset were 95.8% and 85.7% respectively. In the
training and testing dataset, the box-plot separation ratios
were 0.041 and 0.259. AMD-DIBI scores were significantly
correlated with Al, Mn, pH and Mg, Mn, TN respectively,
and Spearman’s correlation coefficients between AMDDIBI scores and environmental variables (rs) are shown in
Table 4, and cumulative R2 values were 3.747 and 2.337; CoI
were 0.035 and 0.018. Paired t-test showed no difference between values of training and those of testing dataset (p=
0.42), in terms of separation powers, % sites classified correctly, box-separation ratios, Cumulative R2 and CoI (Table
5), indicating that the AMD-DIBI was reliable.

FIGURE 3 - Box plots of total AMD-DIBI scores (a) and the six metrics (b. PTI; c. percentage of the species number of Cocconeis genus; d.
percentage of the species number of Pinnularia genus; e. the species number of Cymbella species; f. relative abundance of prostrate diatoms;
g. relative abundance of Achnanthes) for the reference and impaired sites in testing dataset. Boxes show interquartile ranges (25th and 75th
percentiles), middle lines are medians, points in the box are mean value, the upper and below lines are 95th and 5th percentiles
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TABLE 4 - Spearman rank correlation coefficients (rs) between
AMD-DIBI and environmental variables in training and testing dataset
Environmental variables

AMD-DIBI
Training dataset
Testing dataset
(n=24)
(n=21)
-1.000* a)
-0.390
Al (mg L-1)
Ca (mg L-1)
-0.217
-0.040
Cd (mg L-1)
-0.224
0.012
Cr (mg L-1)
— b)
-0.221
Cu (mg L-1)
—
-0.066
Fe (mg L-1)
-0.490
-0.275
Mg (mg L-1)
-0.238
-0.569*
Mn (mg L-1)
-0.846*
-0.487*
Pb (mg L-1)
-0.143
-0.298
Zn (mg L-1)
-0.250
-0.366
-0.372
-0.406
Conductivity (us cm-1)
TDS (mg L-1)
-0.374
-0.690
DO (mg L-1)
0.459
-0.103
pH
0.888*
0.003
NH4-N (mg L-1)
-0.076
0.339
SiO2-Si (mg L-1)
-0.405
-0.121
PO4-P (mg L-1)
-0.235
-0.330
T-P (mg L-1)
-0.012
-0.149
NO3-N (mg L-1)
0.227
-0.340
T-N (mg L-1)
-0.002
0.493*
a) *, Significant difference between AMD-DIBI and environmental variables.
b) —, Data absent.

November 2006. For the impaired sites before the confluence, the ecological conditions were “poor”, but in May
2007 were “moderate”. The ecological conditions of sites
downstream of the confluence of an un-impacted and the
impaired tributary improved to “moderate” or “good”, especially in May 2007 when the condition can reach to “excellent”; nevertheless, there were still some sites classified
as “poor” in November 2006 (Table 7).

TABLE 5 - Separation powers, % sites correctly classified, box-separation ratios, Cumulative R2 and CoI of AMD-DIBI from training
and testing dataset

separation power
% sites correctly classified
box-plot separation ratio
Cumulative R2
CoI
Paired t-test

Training data set
Testing data set
3
3
0. 958
0.857
0.041
0.259
3.747
2.337
0.035
0.018
df=4, t=0.898, p=0.42

3.2 Assessing AMD impacts with the AMD-DIBI

The AMD-DIBI scores ranged from 13.42 to 85.19
among study sites. The mean AMD-DIBI scores of reference sites, sites before and after the confluence of Xiayang
River and Gaolan River were 62.83, 25.80 and 42.37 respectively (Fig. 4c). Impairment of AMD varied among
seasons. During the wet season (May 2007 and July 2007),
the average AMD-DIBI score of sites after the confluence
was 50.38, which was high and close to that of reference
sites (63.19, Table 6, Fig. 4b), while during the dry season
(November 2006 and January 2007), the average score of
sites after the confluence was 36.76, significantly lower
than that of reference sites (62.48) though better than sites
before the confluence (24.28, Table 6, Fig. 4a). Sites with
scores greater than 78.38 were categorized as excellent
group, 42.01 to 78.38 as good group, 28.23 to 42.01 as
moderate group, and below 28.23 as poor group. Based on
the classification, the ecological conditions of most reference sites were “excellent” or “good”, except two sites in

FIGURE 4 - The AMD-DIBI scores of the study area in wet and dry
season (a. AMD-DIBI scores in dry season; b. AMD-DIBI scores in
wet season; c. Average AMD-DIBI scores of the study area).
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TABLE 6 - Descriptive statistics and the results of multiple comparisons of AMD-DIBI scores in reference sites, sites before and after confluence
AMD-DIBI Scores
R
Wet season
Dry season

a)

63.19±10.41 a
62.48±17.76 a

B b)

A c)

Test of Homogeneity
of variances d)

27.31±11.21 b
24.28±2.42 b

50.38±16.43 a
36.76±8.28 c

0.871
0.006

a) R, reference sites.
b) B, sites before the confluence of Xiayang and Gaolan River.
c) A, sites after the confluence of Xiayang and Gaolan River.
d) In wet season, we use LSD to make multiple comparisons; In dry season, we use Tamhane’s 2 to make multiple comparisons.

TABLE 7 - The ecological conditions of study sites in different months
Site group
Reference group

impaired group before the confluence
impaired group after the confluence

Site
1
2
3
4
5
6
7
8
9
10
11
12

November 2006
M a)
G b)
G
M
P d)
P
P
M
M
M
P
P

January 2007
E c)
G
E
G
P
P
P
M
G
M
M
G

May 2007
E
G
G
G
M
M
M
G
G
—e)
—
—

July 2007
G
G
G
G
P
P
P
M
G
G
P
G

Average
G
G
G
G
P
P
P
G
G
M
M
G

a) M, moderate
b) G, good
c) E, excellent
d) P, poor
e) —, Data absent

4. DISCUSSION
The developed AMD-DIBI was an effective indicator
of the impairments caused by AMD and its metrics were
suitable and reliable for assessing ecological conditions in
this area. Among the 6 metrics finally selected for building
AMD-DIBI, pollution Tolerance Index (PTI) can reflect
the tolerance degree of benthic diatom communities [46],
so PTI value of impaired sites is higher than the reference
sites (Fig. 3b). But in the wet season, as the dilution effect of
rain on the pollution, PTI value of some sites downstream
decreased to very low value, such as site 8 in May 2007, PTI
value was 1.778. The genera Pinnularia and Achnanthes
were more frequently observed in impaired sites (especially
Pinnularia), implying that these diatoms are more tolerant to
AMD. Similar findings were also reported by other researchers [6, 7, 47]. Thereinto, genus Pinnularia is particularly
useful in indicating low pH [22, 24, 34]. In our study, the
number of Cymbella species (including Delicata, Encyonema and Reimeria) in impaired sites was more than that in
reference sites. In reference sites, the Cymbella species were
mainly Cymbella affinis, Encyonema minutum, Delicata delicatula and Reimeria sinuata. While in impaired sites, except the species mentioned above, some acid-tolerant species bloomed such as C. tumida, E. microcephala and E.
muelleri [22, 24]. For Cocconies genera, three taxa were
found in our study: Cocconeis pediculus Ehren., C. placen-

tula Ehren., and C. placentula var. euglypta (Ehren.) Grun.
Although Cocconies is a genera with little species diversity, but % No. of Cocconies taxa had significant difference
between reference and impaired sites. C. placentula var.
euglypta were just observed once and C. placentula widespread distributed among every site during both dry and
wet season. C. pediculus preferred to attach on filamentous
algae which decreased in impaired sites [48, 49], so that
they were mainly found in the habitats where pH>7 [50].
In addition, the taxa in reference were much less than that
in impaired site, the absence of C. pediculus could make
great contributions to differences of the metric % No. of
Cocconies taxa between reference and impaired sites. Prostrate diatoms always adhere to the substrate with the entire
valve surface [51], but some prostrate genera were highly
motile, such as Cymatopleura, Gyrosigma, Hantzschia,
Nitzschia, and Surirella [44]. They can move through sediments and reach the surface for light, hence can survived
at impaired sites, where fine oxide particulates settled out
onto the stream bed. It seemed that the impairments of
AMD were a combination of low pH, heavy metal contamination and metal oxide deposition, and this was demonstrated by many researches [7, 52, 53], and our metrics can
reflect the impacts comprehensively.
In our study, ecological conditions of reference sites
were generally better than that of impaired sites (Fig. 4).
Significant differences were observed between reference

4121

© by PSP Volume 24 – No 11c. 2015

Fresenius Environmental Bulletin

sites and impaired sites both in the wet and dry season.
However, the AMD-DIBI scores of reference sites didn’t
vary much between the wet and dry season (the mean values were 63.19 and 62.48 respectively, Table 6), while
scores of the impaired sites in dry season was substantially
lower than that in wet season (the mean values were 40.57
in wet season and 32.08 in dry season, Table 6, Fig. 4). It
seems that AMD impairments seasonally varied and the
impairments were more severe in dry season (Fig. 4). To
determine how severe the impairments were, impaired sites
were divided into two groups based on the locations before
and after confluence (site 5-7 as group 1 and site 8-12 as
group 2) and multiple comparisons of scores were made
between groups (Table 6). During the wet season, the
AMD impacts degraded after the confluence, and no significant difference showed between the reference sites and
the sites after the confluence (Table 6). It meant that the
AMD impaired approximately 20 km reach (distance between Pyrite and site 7). On the contrary, during the dry
season, significant difference between reference sites and
sites after confluence can be observed (Table 6), which indicate that AMD impaired 50 km at least (distance between
Pyrite and site 12), although the impairments alleviated after confluence, and there were also significant difference
between group 1 and 2. The possible reason is that AMD
contamination is correlated with precipitation. Although
AMD loadings were higher in wet season due to more rainfall, river flow was also higher which can dilute metal ionic
concentrations in the mine drainage and reduce water acidity as well, resulting in alleviation of pollution.
However few reference sites in November 2006 were
classified as unhealthy sites, which might due to the lack of
necessary supply of nutrients in mountain streams, and diatom density and species richness were very low. Moreover,
there were differences on structure and composition of benthic diatom communities among seasons, so if we assess the
ecological conditions of the same site in different months using the AMD-DIBI, the results differ. Besides, the AMDDIBI scores of lower reach (site 10, 11) were greatly various.
The reason may be that other disturbance factors rather than
stress of AMD became more significant to the ecosystems at
lower reach [7, 54]. Hence, the recovery in downstream sites
was not better than the sites before them.

varied and gradually eased as the river flowed to lower
reach, which indicated the impacts can be correlated with
water flow. So we can restore the impaired reaches by increasing water flow to neutralize low pH and dilute the polluted water with high concentrations of metal oxide depositions. But how much water was needed for restoration?
Further study of quantitative relation between water flow
and the reach of AMD impairments is still needed to make.

5. Conclusions
In conclusion, we developed AMD-DIBI composed of
6 diatom metrics that are sensitive to AMD impairments,
i.e. Pollution Tolerance Index (PTI), % No. of species of
Cocconeis genus, % No. of species of Pinnularia genus,
No. of species of Cymbella genus, % prostrate individuals,
and % Achnanthes individuals. It can be used as an effective indicator to assess ecological conditions of river impacted by AMD, and a quantitative measurement method
of the impairments. The ecological conditions of reference
sites were better than that of impaired sites. AMD impairments were varied between seasons: about 20 km lower
reach were impaired in the wet season, while the influence
distance reached 50 km during the dry season. We recommend an effective remediation by increasing water flow of
river. While further research would focus on how much
water is needed for restoration from AMD impairments.
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There are several practical implications of our findings
in river restoration. Firstly, significant differences of Al,
Mn, and pH between the reference and impaired sites
proved that Gaolan River was suffered by combined contamination of heavy metal and acid drainage. Therefore, to
improve the ecological conditions of reaches impaired by
AMD in Gaolan River, it is essential to reduce the concentrations of Al and Mn and increase pH in stream water. In
addition, other dissolved metals such as Cd, Cr, Cu, Pb, Zn
that were highly toxic, were potential stress to organisms
[55], also should be taken into consideration when implementing river restoration project.
Moreover, we found that although AMD had great negative impacts on aquatic ecosystems, its impacts seasonally
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ABSTRACT
Weather and climate have a crucial influence on tourism activities. As a result, tourism is vulnerable to the effects of climate change. One important category of such
effects is the change in climatic suitability of tourist destinations. This study proposes a model for landscape management based on climate attractiveness for tourists within
the context of the Theory of Ecological Modernization
(TEM). The modelling process conforms to Ackoff’s wisdom hierarchy, which transforms data into information,
knowledge and wisdom. Data were obtained from a meteorological station in Northern Cyprus where the Mediterranean Sea and its favorable climate are key resources for the
tourism sector. The monthly Tourism Climate Index (TCI)
was used at all stations and was digitized in Geographical
Information System (GIS) setting. Spatial analysis was performed using Geostatistical methods, and tourism climate
maps were produced for a 12 month period, aiming to identify temporal variations of TCI values on the island. A climate-based Recreation Management System (RMS) is proposed to determine three variables that are both spatial and
temporal drivers for tourism activities: climate, environment and social factors. The main application of this process is the mitigation of problems of “seasonality”, as they
always pose a challenge for the managers of different destinations.
KEYWORDS: Climate change; GIS; seasonality; Ecological Modernization Theory; Northern Cyprus.

1. INTRODUCTION
Tourism provides remarkable contributions such as
economic gain, job creation, infrastructure development,
cultural exchange, improvement of the livelihood of local
communities and funding of conservation projects. On the
other hand, crowding or deterioration of the environment
negatively affect the social acceptance level of the hosts as
well as the attitude of the tourists and can cause irreversible
* Corresponding author

damage to the ecosystem. Hall conducted a survey that
found that tourist visits damaged the vegetation cover of
Sherwood Forest in England [1]. Similarly, Filimonau et
al., in an assessment of the carbon impact of short-haul
tourism using life-cycle analysis, revealed that tourism significantly escalates the global carbon footprint [2]. Tourism is one of the main contributors toward global warming
and climate change. Such adverse impacts of tourism could
be minimized through a knowledge-based management [36], the application of technology and financial sources [7]
and the participation of stakeholders [8, 9]. This notion is
corroborates the principles of Theory of Ecological Modernization (TEM), a school of thought in social sciences
praised for addressing environmental issues [10].
The environmental impact of tourism is a foregone conclusion [11]. However, the level of impact differs regionally
and is highly dependent on the concentration of tourist flow
over time and space [12]. For instance, water consumption
by the tourism sector, has become a great challenge, especially in the Mediterranean but even more so in the case of
water-stressed Northern region [13]. Overall, international
tourism water consumption may be less than 1% of national water use; however, in the case of Northern Cyprus
the rate increases to 4.8% due to incoming tourists [12]. It
is anticipated that chronic water shortage will occur in
Northern Cyprus and many other island states by the year
2050. Potential conflicts between residents and tourists
over water consumption are addressed by numerous authors [12, 14-16].
In the context of climate change scenarios, conflicts
are expected to worsen due to “forecasted impacts of
global climate change on the spatial and temporal variability of precipitation-particularly as it relates to recharge
of surface and groundwater in regions all around the
world” [16, p2]. If adequate adaptation policies are not put
into place to mitigate the conflicts, direct consequences on
environmental quality, socio-economic wellbeing and sustainability of the tourist destinations, especially in island
states are to be expected [15, 17].
Tourism has negative environmental impacts on Mediterranean islands, which are intensified by the fragility of
the environment, human pressure and lack of spatial planning [18, 19]. Vehbi and Doratli [20] in their assessment of
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environmental impacts of tourism on coastal cities of the
northern part of the island witnessed deterioration and reduction of green fields, loss of natural landscape, loss of
open space, sea water and air pollution, noise pollution,
waste and visual pollution. The negative impact of tourism
development is particularly strong in the coastal region
where soils and water are highly susceptible to erosion and
pollution [21]. There is significant evidence of a trend in
environmental degradation in Northern Cyprus, whose
economy is highly dependent on tourism, especially nature-based tourism. Figure 1 highlights an example of lack
in landscape planning and spatio-temporal recreation mismanagement in the study area. Approximately 75 % of the
island hotels have been built on the northwest shoreline.
Vehbi and Doratli [20] note that natural beauty, historical
heritage and traditional urban patterns explain why the
northwestern cities (e.g. Kyrenia) are leading tourist destinations in the Mediterranean Basin since the 1930s. Furthermore, Kyrenia possesses a well-developed infrastructure, easy access to the airport and capital city and access
to the harbor and shipping lines. These attract investment
especially in luxury hotels construction.
The concentration of tourism activities, regardless of
the carrying capacity issue, is associated with excessive exploitation of natural resources, water pollution and water
scarcity, solid and hazardous wastes, erosion and soil degradation, air pollution and loss in biodiversity. The consequences of this improper Recreation Management System
(RMS) are combined with a complex set of political, social,
and cultural issues. For example, as a result of economic

leakage and land mismanagement, there is hesitation about
the pro-poor role of tourism in improving the livelihood
and welfare of residents on the island [21]. Moreover, seasonality results in large differences in tourist arrivals and
revenues in the winter and the summer seasons in Mediterranean islands [22, 23]. To address this problem, an adaptive management system is needed to cover multifaceted
interactions between humans and the environment with respect to political, social, ecological, and geographical characteristics of the island [18]. In other words, a comprehensive perspective is required to develop the RMS, which
should involve the opinions and visions of local communities, planners and decision makers, business sector and scientists. Therefore, tourism scholars can effectively contribute to tourism management through generating knowledge
and sharing innovative ideas. The gap between theory and
practice can be reduced by proposing technical approaches
that are developed by application of scientific tools (e.g.
GIS).
In fact, the qualities of tourism development are highly
correlated with land management strategies considering the
principals of sustainability, conservation, cooperation, learning, appreciation, responsibility and respect for the resources. To prepare a scientific framework for a RMS, attributes of different resources can be digitized in a GIS setting to produce materials for spatial analysis that provide
graphical guidance for policy makers. Turner recommended
this procedure for landscape planning which acted as an interface between social and environmental issues [25].

FIGURE 1 - Lack of a proper recreation management system in Northern Cyprus (spatial imbalance in tourism development).
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This research focuses on the nexus between tourism
and climatology by using GIS to provide RMS guidelines
for the island. Notwithstanding the environmental fragility
of the study area, the tourism industry is highly dependent
on a favorable climate, which can be mapped as a useful
factor in tourism planning. There are two bases for the selection of climate as a main resource for RMS: Firstly, climate is an effective factor in RMS that affects human activities and the ecosystem [26-29]. Secondly, climate is frequently reported as one of the most valuable natural resources in tourism development [30, 31] that affects tourist
decision-making in the selection process of a destination
[24, 32]. Furthermore, climate does not solely contribute to
the suitability of resorts but it also significantly influences
their supplementary natural resources, which can be considered unique tourist assets as well [33].
Mapping climate changes (using spatio-temporal analysis) raises awareness of tourists and helps stakeholders to
properly plan tourism development and management [34] by
providing a realistic image of the destination’s weather for
tourists [35-37]. Incorporation of the RMS in tourism holiday package and advertisements will also have implications
for tourism marketers. Therefore, tourism planners and the
business sector need to take notice “as tourists are becoming
more educated and increasingly sophisticated in their consumption patterns; and they demand better quality tourism
products and experiences. [Therefore], travel and tourism
firms will need to respond with creative marketing strategies
based on better quality products and more informative and
trustworthy advertising messages” [38, p 87].
In addition to the advantage of a favorable climate in
the selection of a tourist destination, it also positively
boosts tourists’ loyalty to revisit a place [30]. Empirical evidence from Scandinavia revealed that the relationship between tourist’s perception and his/her intention to return
was influenced by lack of access to clear information regarding the weather [36]. Therefore, a tourism climate map
that illustrates the temporal and spatial variability of the
climate-related well-being for tourists is one approach that
can mitigate the probable gap between tourist expectation
and actual experience. Using the same method, Wan et al.,
linked the spatial variation of water quality and land management [39]. Hence, a tourism climate map will assist
planners and decision-makers to design RMS that not only
controls tourist access to vulnerable natural areas, but also
addresses the seasonality of tourist activities. This will also
facilitates the equitable distribution of tourism expenditure
throughout the island by dispersing tourists to for instance,
the hinterland and away from coastal zones which are under stress. Furthermore, it will also decrease local dependency on the natural resources [40].
Concentration of tourism activities in coastal cities
(i.e., based on S3 tourism), has led to adverse environmental impacts such as land deterioration due to land use
change, soil and beach erosion, water scarcity, air, water,
and noise pollutions, degradation of flora and fauna habitats, and exploitation of fragile natural resources [20, 41].

RMS as an implementable approach cannot only mitigate
negative environmental and social impacts of tourism by
reducing the density of tourism locations, it also contributes to sustainability through diversifying tourism products/activities, improvement of infrastructure, and poverty
alleviation, especially in remote areas [42] where mass
tourism has not infiltrated yet.
In addition to the RMS’s environmental advantages
through creation of spatio-temporal decentralization, RMS’s
social and environmental implications are also in line with
the TEM [10]. Fisher and Freudenburg [10] argued that
TEM becomes functional as a practical interface between social (i.e. cooperation of decision-makers and stakeholders),
and environmental (i.e. RMS as spatio-temporal climate
data/map). Correspondingly, Burns [43] proposed TEM as a
model for addressing ecological problems in “tourism master-planning” to justify how ecological problems should be
integrated into democratic politics. Belle and Bramwell [44]
employed TEM to examine tourism managers’ and policymakers’ perspectives on climate change in a small island.
Since there is a comprehensive consensus among researchers [e.g., 23, 45, 46] about the key role of climate in tourism, climate data can be a useful tool for tourism management in the context of TEM.
1.1 Contribution to the current knowledge base

This study contributes to tourism climate literature in
several ways: Firstly, there is a paucity of empirical research on the application of TEM in the tourism climate
nexus [47]. This study fills this gap by developing a model
that functions in the context of TEM on the basis of a land
management system performed to integrate socio-ecological issues (tourism and climate) and technology (GIS). The
aim is to mitigate environmental pressures through the spatio-temporal distribution of tourism activities. Furthermore,
it opens a new venue for researchers to share knowledge and
cooperation, which are pivotal elements in TEM. In Giddens’ words, “Ecological modernization implies a partnership in which governments, businesses, moderate environmentalists, and scientists cooperate in the restructuring of
the capitalist political economy along more environmentally
defensible lines” [48, p. 57]. Giddens [48] reference to
‘moderate environmentalists’ was meant to be a reference
to proponents of TEM, who are neither market fundamentalists (i.e., who believe nature has restorative properties
that go well beyond any impact human beings might have
on the environment), nor radical ecologists (i.e. whose ideologies are deployed in pursuit of ‘de-industrialization and
de-marketing) [49]. In a way, the moderate environmentalist attitude, as a proponent of TEM, is a reaction to the antimodernist views of fundamentalists and radical ecology in
managing the processes of production and consumption
without dismantling the market system and opting for mitigating environmental impact [49, 50].
Following this, the study is built on Imran et al.’s statement [9], who noted that the participation and cooperation
of stakeholders in the process of tourism development is
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not a straightforward issue. In this respect, Gouldson and
Sullivan revealed that mitigating actions to combat climate
change can be implemented within the context of TEM
[51]. In other words, the proposed RMS plan based on spatio-temporal analysis of the Tourism Climate Index (TCI)
is an example of stakeholders’ cooperation in the tourism
industry as well as an embodiment of TEM.
Secondly, to the best of the authors’ knowledge, this research is the first to develop a model built on a knowledgebased management system, proposed by Ackoff [3], in tourism climate literature. The proposed model conforms to the
transformation of “data” into “wisdom” in tourism management. In other words, meteorological data are used to create
information (TCI value), followed by the production of tourism climate maps through spatial analysis in GIS software.
A synthesis of the spatial patterns of TCI over 12 months
(temporal analysis) contributes to proposing a guideline for
RMS based on climate attractiveness and other considerations. This guideline is the RMS schedule/calendar. Accordingly, planners and decision-makers will have access
to sufficient knowledge to manage tourism activities wisely
in regions where climate is one of the most important tourism resources.
Thirdly, the results of this study will offer useful applications for tackling seasonality issues of tourism in
Mediterranean regions including innovative tourism marketing by raising tourist awareness, restructuring spatial
and temporal patterns of tourism activities, reducing environmental degradation and achieving equitable income distribution. This model has the appropriate flexibility to consider adaptive strategies against climate change.
Finally, climate is the most important tourism resource
in Northern Cyprus, which attracts thousands of tourists
from European countries. Surprisingly, no empirical research has been conducted on the spatio-temporal variations
of tourism climate on this Mediterranean island. Changes of
TCI are mapped in Europe by Perch-Nielsen et al. [52] as
part of PESETA (Projection of Economic impacts of climate
change in Sectors of the European Union based on boTtom-up Analysis). However since the accuracy of the index
at the continental scale is far too low, only one value is recorded and projected for the whole island. This means that
the TCI map cannot reflect any pattern of variation of climate tourism across the island.

2. THEORETICAL BACKGROUND
2.1. Theory of Ecological Modernization (TEM)

As a backdrop to this study, TEM is initiated as a discourse in response to ecological problems. This is because
sustainable development, notwithstanding its grand goals,
is perceived as vague and difficult to operationalize [53].
However, this is not meant to undermine the credibility of
the sustainable development paradigm. In fact, it has been
a major force in the transformation of environmentalism
into the ecological discourse resulting in the birth of TEM

[48, 54]. Such a transformation, Giddens noted, is reflected
by the fact that the “countries most influenced by the idea
of ecological modernization are the cleanest and greenest
of the industrial nations”. In Eder’s [53, p. 210] words, “Its
transformation into a new ideological master frame provides the possibility of a way out, legitimating social institutions by means of environment-related ethical frames.”
The focus of this study is to propose RMS based on spatiotemporal variations of climate for tourism actions on a
Mediterranean island in the context of TEM.
TEM has captured the attention of numerous scholars
around the world. More so in Western Europe (i.e., Germany, the Netherlands, the UK, Denmark, and Sweden), the
United States and more recently in newly industrialized
countries such as Malaysia and Thailand where the concept
has been molded into an epistemological/paradigmatic
framework [54, 55]. Anyhow, “Joseph Huber (from Germany) should be acknowledged as the father of ecological
modernization theory due to his theoretical contributions to
the environment and society from the 1980s onward” [56, p.
2].
TEM has also been applied to justify the shifting of institutional structures for solid waste management and improving its system in Malaysia [57] and/or reforming the
planning system in Australia's island-state [58]. Nevertheless, the paradigmatic structure of TEM is rooted in a process
of production and consumption (i.e., the decoupling or delinking of material flows from economic flows) and institutional transformation, especially in the public sphere [53,
59]. The crux of the theory was initially established when:
The social dynamics behind these changes that are the
emergence of actual environment-induced transformations
of institutions and social practices in industrialized societies are encapsulated in the ecological modernization theory. This theory tries to understand, interpret and conceptualize the nature, extent and dynamics of this transformation process [59, p. 93].
In the case of Northern Cyprus, TEM has not yet been
recognized as a policy framework due to lack of commitment and political will towards establishing political infrastructures essential for the implementation of a TEM
agenda. One of the pillars of TEM is close cooperation and
consensus among numerous stakeholders [60], especially
the involvement of knowledge-based institutions for the
purpose of innovation. This aspect of TEM requires structural changes in institutions and social practices [59],
which is still absent in Northern Cyprus. TEM is highly
conducive to integrating new tourism policy towards adaptation to climate change.
The main purpose of this research is to provide a climate-based Recreation Management System (RMS) based
on TEM. This objective is the implementation of RMS
(Figure 2) based on knowledge generation and knowledge
sharing by scientists (i.e. transforming meteorological data
to a RMS calendar) embedded in the contribution of all
stakeholders (action plan in the context of tourism master
plan) in accordance with the concept of TEM.
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Thus, RMS is a loud call to planners and politicians who
have promoted 3S (Sea, Sand and Sun) tourism solely for
short term economic benefits without putting any measure/policy in place towards protection of coastal zones and
reduction of environmental impacts in Northern Cyprus [20].
2.2. Tourism Climate Index

Two main approaches for the estimation of climate favorability for tourism activities are firstly, expert-based indices related to the TCI proposed by Mieczkowski [32] and
secondly, user-based indices with relation to the Climate
Index for Tourism (CIT) developed by De Freitas et al.
[61]. Furthermore, the Beach-Users Climate Index, proposed by Morgan et al. [62] is based on tourist response. In
the context of the TCI, Mieczkowski weighted five meteorological parameters (temperature, relative humidity, precipitation, wind speed, and sunshine hours) to estimate a
categorical tourism climate index ranging from unfavorable (-20) to excellent (100) [32].
The TCI has several drawbacks, such as ignoring nonthermal aspects of weather and climate [63], overriding the
effect of precipitation and wind [61] and the lack of empirical validation due to its expert-based approach [52]. Nevertheless, it has been frequently employed to estimate climate favorability for tourism activities and to investigate
climate change [23, 45, 52, 64]. Georgopoulou et al. used
the TCI to calculate the physical risks of climate change in
the banking sector (with the hospitality industry regarded
as a subsector). They also used the TCI as an indicator of
attractiveness for tourists to change their location in a regression model that considered other non-meteorological
parameters (e.g., infrastructure and economic growth) [65].
2.3. Study area

Northern Cyprus was an active tourism destination
long before the explosion of mass tourism in the 1960s
[66]. However, in the aftermath of the Turkish intervention
in 1974, the tourism trajectory took a dramatic twist as the
island was partitioned into the Turkish and Greek enclaves.
Nevertheless, both sides are blessed by a suitable climate
that generates calm seas and stable beaches. Long and dry
summers with a concentration of precipitation over a few
months during the mild winter renders perfect conditions
for so- called 3S tourism [67].
Geçitkale and Nicosia are two populated cities inland
that are not considered part of the coastal zones (See also
Figure 1). The land use that dominates the island is dense
to sparse forest, sparse forest and brush, cultivated and garden crops and irrigated fields. The main agricultural and
horticultural productions on the island are wheat, barley,
vegetable, olive and citrus fruits. Northern Cyprus’s economy is composed mainly of small and medium-size enterprises (SMEs) in the tourism and agricultural sector. However, over the last two decades policy makers have focused
on making this part of the island a university hub and refreshing attention to restructuring the tourism sector. Presently, there are more than 10 universities in Northern Cy-

prus accommodating over 40,000 international students
(http://www.studyinnorthcyprus.org/?page_id=3652).
Tourism remains a crucial source of GDP as well as
the main source of job creation. The tourism sector employed over 12,000 people in the year 2013. The ratio of
net tourism income to the trade balance is 39% and the net
income from tourism reached 616 million $US in the year
2013. The number of arrivals reached 1,366.077 in the year
2014. In comparison to 30 and 10 years ago, tourist arrivals
n increased by 2815% and 94%, respectively [68]. The
main markets for Northern Cyprus’s tourism are: Turkey,
the UK, Russia, Azerbaijan, Kazakhstan, Syria, Iran and
Poland.
Regardless of historical, cultural, and growth of educational tourism in recent years, 3S tourism is still the dominant attraction over the whole island, more so in Northern
Cyprus (i.e., main destination for coastal tourism in the
Mediterranean) [69]. Nevertheless, determinants of 3S
tourism, also known as ‘beach’ or ‘coastal’ tourism has its
own complexity including the ‘climate’ variable. In the
meantime, demand for 3S tourism differs according to the
type of tourists (i.e. international or domestic).
For the case of Northern Cyprus, both domestic and
international tourists have different expectations from socalled coastal tourism. Such expectations are highly relevant to the climate/ tourism nexus. With the perspectives
of climate change and changing relations between climate
and tourism demand, it is generally agreed that climate
change will affect tourist behavior spatially by shifting it to
higher altitudes and latitudes [69, 70]. This will have serious implications for destination such as Northern Cyprus
which is highly dependent on coastal tourism. Furthermore, attributes of coastal tourism have various functionalities depending on climate, environment, biodiversity, as
well as susceptibility to anthropogenic pressures [70, 71].
In the case of a Mediterranean Island State, anthropogenic
pressure, which is manifested in coastal development and
cultural activities, demands specific policies/strategies for
coastal protection.
It is in this context that environmental degradation is
most probable as the pressure of tourism impact is concentrated on the coastal regions away from the hinterland.
Such pressure has been noticed by tourism planners in
southern Cyprus, which resulted in a moratorium on new
tourism projects in coastal areas and a shift to the hinterland through incentives for rural tourism [72, 73]. Katircioglu et al. [73, p. 638] explored the idea that “tourist arrivals are a catalyst for energy consumption and therefore
climate change in the long term of the Cyprus economy.
When the Cypriot government sets measurements for environmental protection (controlling climate changes), the international tourism sector should be seriously taken into
consideration”.
The issue of rural tourism, agro-tourism, and ecotourism are raised in the context of sustainable tourism which
is a dominant concept and concern for the relationship between tourism and environment. These forms of tourism
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FIGURE 2 - Climate-based Recreation Management System (RMS).

are categorized under the so called ‘alternative’ tourism as opposed to mainstream/mass tourism criticized for
being inconsiderate environmentally, socially, ethically

and politically. In the case of Northern Cyprus, ecotourism
projects have been established in different rural areas and
remote villages.
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These projects can be restructured in order to allow
collective participation of all stakeholders from local public sector institutions, business, the commercial sector,
non-profit organizations and ecotourism entities. Application of these projects will be effective if a collective approach is practiced. However the effectiveness of management and stakeholder participation is undermined when
there is either a lack of collective approach or dominant
centralized decision-making. This is not just the case for
Northern Cyprus but unfortunately also for most developing economies. As Larson and Poudyal [74, p. 924] stated:
“A heavy emphasis on centralized decision-making orchestrated by powerful government elites, not governance that
involves a full range of invested individuals and organizations, has been a major constraint for developing countries
trying to promote community participation in the tourism
industry”.

3. METHODOLOGY
3.1. A descriptive and analytical approach

The research model (Figure 2), illustrates RMS development and operationalization processes based on the wellbeing of tourism climate – climate being the most important tourism resource on the island. Two approaches,
namely, a knowledge-based management system and the
TEM, are utilized as theoretical framework for designing
the model. The model also depicts the process of development and application of RMS in tourism planning by a flow
chart that begins with calculation and ends with action/implementation. This process is embedded in the context of
data calculation and production of wisdom. Both flow processes correspond to each other, as shown in Figure 2.
The utility of the TCI value and TCI map with the final
production of the RMS calendar, are paramount to the design of RMS and a tourism master plan. In fact, this model

illustrates how climate as a unique, free, and non- substitutable resource, can be used in tourism planning (Figure
2). It also means that the RMS calendar is a technical assessment that can be a guideline for the preparation of a
tourism master plan. In other words, comprehensive technical assessment including evaluation results of socio-economic, hydrologic, watershed management and geomorphology should be incorporated in the master planning process. Hence, outputs of other assessments (e.g. information
regarding water scarcity, land degradation and soil erosion)
have been used as inputs/feedbacks for monitoring and
evaluation steps in the model. Thus, monitoring and evaluation ensures proposed flexibility in approach.
The application of a knowledge-based management
system is an important part of the methodological approach. According to Ackoff [3] and Reed et al. [75], making the right decision in a complex system (e.g. destination
management), allows planners/decision makers to use
knowledge instead of raw data (Figure 2). As mentioned
earlier, the proposed model can be implemented in the context of TEM [51], which emphasizes knowledge generation
and sharing [6], as well as the cooperation of decision-makers and stakeholders [9]. There is a consensus among proponents of TEM that researchers are required to produce
knowledge and share it with stakeholders [6, 75]. Furthermore, there is some evidence that postulates the application
of TEM in the integration of climate change and development criteria under similar circumstances [51, 57, 58]. Accordingly, meteorological data are inserted into the TCI
equation to calculate TCI values for each meteorological
station (Table 1). Then, TCI values are digitized in a GIS
setting using Arc GIS software. Spatial analysis of TCI is
performed using geo-statistical techniques to create a TCI
map.
An interpolation technique which encompasses measured TCI values is weighted to derive a predicted value for
an unmeasured location on the island. Weights are based

TABLE 1 - Location and meteorological parameters of the stations
A (m)

Kyrenia
Nicosia

Geographical location*
X
Y
35.3339
35.3339
35.1948
35.1948

Ercan

35.1506

35.1506

Geçitkale
Famagusta

35.2507
35.1332

35.2507
35.1332

182
97

Yeni Erenkoy
Guzelyurt

35.5164
35.1833

35.5164
35.1834

Çamlibel

35.3001

35.3001

Tatlisu
Lefke

35.3835
35.1001

35.3835
35.1001

Meteorological station

170
256

137
55
162
138
164

Meteorological parameters
AT
MAT
ARH
20.2
24.1
69.2
19.2
26.3
61.3

MARH
54.3
35.0

P
470.5
305.8

AWS
8.1
8.7

SH
2.5
3.4

19.2

26.3

61.3

35.0

305.8

8.7

3.4

19.4
19.7

26.1
24.9

64.2
70.9

39.3
50.8

328.4
330.2

2.7
8.2

3.4
2.9

19.6
20.2

23.8
24.1

68.2
69.2

50.0
54.3

460.5
470.5

3.1
8.1

2.9
2.5

18.1

22.8

69.2

48.8

443.4

1.4

2.5

20.0
19.5

24.9
23.2

68.8
69.4

52.1
51.3

456.6
466.9

6.3
8.4

2.7
2.6

347
Note: *: The unit is decimal degrees. Coordinate system for the data source is WGS 1984. A is altitude, AT is average temperature (°C), MAT is
maximum average temperature (°C), ARH is average relative humidity (%), MARH is minimum average relative humidity (%), P is precipitation (mm),
AWS is average wind speed (m/s), and SH is Sunshine hours. These numbers were obtained by calculation of parameters average for a period of 33
years (1980-2013).
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on the distance between the meteorological stations, the
prediction locations, and the overall spatial arrangement
among the measured points. Arc GIS software provides
geo-statistical tools to create surfaces from sample data
(TCI value of stations) using interpolation methods such as
inverse weighted distance, radial-based functions, global
and local polynomials, kriging, co-kriging, and isotropical
or anisotropical models. Kriging is known as the best linear
unbiased estimator amongst all interpolation methods. It is
also a popular geostatistical method in the interpolation of
natural elements [76]. It provides an easy method for characterizing the variance or the precision of predictions. This
method uses variograms to express the spatial variation and
minimizes the error of predicted values which are estimated by spatial distribution of the predicted TCI values.
As noted by Olya and Alipour [77] the Kriging technique
functions adequately for the interpolation of tourism climate risk caused by excessive precipitation as a destructive
factor related to the well-being of tourists. Therefore it is
applied as geostatistical technique for the interpolation of
TCI value in this study. The process of TCI calculation and
interpolation are conducted for 12 months (January to December). Hence, a temporal analysis of TCI is produced
based on the interpretation of monthly TCI maps.
As climate is one of the most important resources for
tourism development on the island a RMS pattern based on
spatio-temporal variations of TCI is developed. Notwithstanding the existence of sophisticated approaches such as
the Recreational Opportunity Spectrum [78] and Limits of
Acceptable Change [79] the proposed model has great potential to be used in regions where climate is the major
tourism resource.
Based on the results, the five practical managerial implications are as follows:
 Overcoming the seasonality problem
 Equity in distribution of the economic benefits
 Reduction of pressure on the ecosystems
 Proposing an adaptive approach to climate change

Tourism marketing
The aforementioned process is in line with Wong et al.
who emphasize the importance of evaluating the policy environment for climate change adaptation in tourism, as well
as continuous monitoring imbedded in the proposed model
[80]. For evaluation and monitoring of adaptive coastal
management Jacobson et al. [81, p. 51] stated that ‘monitoring involves activities that measure the effectiveness of
actions, whereas evaluating involves the interpretation of
that information’.
Furthermore, updating the outputs of the model with
new meteorological datasets enables destination communities to better adapt to forthcoming climate change. At the
same time this is a practical approach for moving the tourism-and-climate-change nexus from a descriptive problembased issue toward a more affirmative, action-oriented discourse [82]. The functionality of the proposed model en-

tails continuous monitoring of climate change and patterns
of tourists who visit the destination. Since the input to the
system is meteorological data, the model ought to recalculate new data in order to design accurate recreation management calendar. The proposed model covers cross-cultural properties of tourism climate by monitoring the quantity and cultural origin of visitors. For instance, an optimal
climate is perceived differently by Russian compared to
Chinese tourists. As observed by the authors, the swimming season for Russian tourists in Northern Cyprus already begins in March whereas the locals will wait until
early July. Therefore, the RMS should be modified according to changes in visitor pattern (geographic segment) [83]
to avoid mismatch between the expectation and experience
of a destination with respect to climate change.
Nevertheless, the use of long term data ensures reliability of the results of the proposed model. Three factors can be
considered in the recalculation of the proposed model:
firstly, changing climatic parameters, secondly changing
tourist pattern in terms of cross-cultural characteristics and
thirdly, as elaborated earlier, the implementation of a RMS
as an important principle for the Tourism Master Plan. Since
Master Plans are normally revised only every five years, it is
suggested that the TCI should be recalculated for all stations
and the RMS calendar be prepared every five years considering all changes in parameters.
More details about data and the procedure are elaborated in the following sections.
3.2. Data collection and analysis

Data was collected from the meteorological stations of
Northern Cyprus in the Mediterranean, covering a data
base from 1980 to 2013. The data was obtained after a
lengthy discussion with the head of the meteorological organization in Lefkosa, the capital city of Northern Cyprus.
Permission to use the data was granted after the purpose of
the research was explained. Northern Cyprus is located in
the Eastern flank of the Mediterranean Sea, whose climatic
characteristics include warm and dry summers, mild winters, more than 3,300 hours of annual sunshine and light-tomoderate winds. Such climatic characteristics create typical
3S tourism that attracts a large number of tourists. Sun, Sea
and Sand (3S) tourism is the main product that motivates
mass tourism. In this context tourists seek a warm climate to
indulge in sun tanning on sizzling beaches [84, 85]. This
form of tourism has been dominant since the 1950s and
1960s with strong seasonal concentration, environmental destruction and unsustainable development along the coastal
areas of the Mediterranean but also in the Adriatic, Aegean,
Caribbean, and many islands in the Pacific, to name a few
[86, 87]. Now-a-days, with the support of its international
institutional agencies the tourism industry has embraced a
moral agenda to redirect tourism planners and developers
towards a so called ‘New tourism’ as an alternative to 3S
tourism (mass tourism). “Whereas Mass Tourism might be
characterized by sameness, crudeness, destructiveness, and
modernity, New Moral Tourism can be viewed as difference
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and sensitivity as well as constructive and critical of modernity. There are several categories of travel that might be described as New Moral Tourism, including ecotourism, community tourism, agro-tourism, and sustainable tourism”
[as cited in 85].
3S tourism is also subject coastal areas to overdevelopment. Though economically lucrative in the short run
some destinations, especially Mediterranean islands have
realized that the long-term viability of this dominant mode
of tourism has engendered a malaise in the tourism system.
For instance, in Northern Cyprus, mass tourism has not
only resulted in degradation of the coastal environment, it
has also subjected the island to a seasonality syndrome.
“Hence, the image of Cyprus as a sun-lust destination can
be deemed a critical cause of seasonality. This is also true
about Malta, which is struggling with extreme seasonality”
[87, p. 704-711].
3.1.1. Tourism climate index

The TCI index is formulated based on the monthly
means of seven meteorological factors: maximum daily
temperature, mean daily temperature, minimum daily relative humidity, daily relative humidity, precipitation, daily
duration of sunshine, and wind speed. To measure thermal
comfort, Mieczkowski developed two sub-indices named
CID (Daytime Comfort Index – which combines the variables of maximum daily temperature and minimum daily
relative humidity) and CIA (Daily Comfort Index – which
combines the variables of mean daily temperature and daily
relative humidity) [32]. Accordingly, coefficients of each
variable were weighted, and the formula (1) was used as an
index to estimate the level of climatic well-being for tourists:
8

2

4

4

2

(1)

Where CID and CIA are two sub-indices represented
as a daytime comfort index; R is precipitation; S is hours
of sunshine per day; and W is wind speed. The details of
the variable rating system for the calculation of the TCI are
described in Mieczkowski’s paper [32]. The TCI scores classified in five mapping categories are outlined in Table 2.
TABLE 2 - A classification scheme for mapping the TCI
No.

Numerical value of TCI

Mapping Category

1

80-100

Excellent

2

70-79

Very good

3

60-69

Good

4

40-59

Acceptable

5

-20-39

Unfavorable

with the TEM theory (Figure 2). With this regard, GIS is
used as an integration technology to project spatial and
temporal variations of TCI [1]. Kriging is used as a popular
geostatistical method in the interpolation of natural elements [76, 77]. A spatial analysis of TCI is performed for
each month to enable temporal analysis of the variations of
the TCI on the island. About 12 TCI maps illustrate the
temporal and spatial attractiveness/appropriateness of climate for tourism (i.e. by month and location) (Figure 3).
Based on this rational justification, the proposed RMS calendar can be applied as a scientific guideline in destination
planning and management.

4. RESULTS
TCI values varied ranging from 41 (acceptable) in Yeni
Erenkoy to 98 (excellent) in Çamlibel and Kyrenia. Yeni
Erenkoy is a flat shoreline characterized by dense to sparse
forest. Land use mainly consists of bush which is also the
habitat of famous Cyprus donkey. Çamlibel has a special topography that varies from coastal (altitude=0 m) to mountainous (altitude >1000 m). Similar to the Yeni Erenkoy and
Karpaz region, this area is also covered with dense to sparse
forest and bush. This area also has cultivated fields and garden crops. Kyrenia and Çamlibel have similar topographical and geomorphological conditions. Apart from forest
and cultivated fields and garden crops, irrigated farms are
also a dominant land use. The average TCI values for 12months ranges from 70 (very good) in Nicosia to 85 (excellent) in Kyrenia, except for Yeni Erenkoy which is 56.
Other districts have “very good” (70-80) climate conditions for tourism activities. During spring and fall, higher
TCI scores are found throughout the island. Similar findings are reported in Amelung and Viner’s [23], Deniz’s
[45], and Perch-Nielsen et al.’s [52] studies, which revealed that variations in average TCI scores present a bimodal distribution in the Mediterranean regions. This means
that climate in the spring and fall is more suitable for the
well-being of tourists than that in the winter and summer.
Researchers have recognized that increasing temperatures
caused by climate change will result in a decreased climate
quality in the Mediterranean during the summer. PerchNielsen et al. [52] in their comparison of climate change
for a period of 110 years found that the number of acceptable (TCI>40), good (TCI>60), and excellent (TCI>80)
days in summer for Mediterranean region will decrease by
7, 10, and 8 days, respectively.
4.1. Tourism climate index map

Source: [23].
3.1.2. Recreation management system

In the knowledge-based management system developed
by Ackoff [3], techniques and technology help to transform
data into information and knowledge, which is consistent

According to the calculated TCI score for January (Figure 3a), the climate is good (60-70) for tourism. The climates
of Nicosia, Lefke and Guzelyurt are more favourable (68,
65, and 64, respectively) for tourists during this month (see
Table 2 for score classification). In Çamlibel the TCI scores
remain acceptable (59) (Figure 3b). In February Nicosia has
a very good index (72). Eastern and south-western areas
have good climates for tourist’ well-being. During the month
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of March, a “very good” climate (70-80) prevails over the
whole island (Figure 3c). However, the climate is more suitable in the eastern parts of the island.
During the winter there are no excellent climate scores
(80-100) on the island, with the exception of Geçitkale in
March. Geçitkale is a flat inland area (altitude= 100-300
m) that is mainly covered by irrigated and dryland farms.
The TCI values improve to an excellent category in
April and May (Figure 3d and 3e), with the exception of
Çamlibel in April (73). The TCI reaches the highest score
(≥90) in Yeni Erenkoy and Çamlibel in May (Figure 3e).
The TCI scores drop from “excellent” to “very good”
during the first two months of spring due to increasing temperature. However, Çamlibel has an excellent (84) climate
for recreation purposes in June (Figure 3f).

The diversity of climate well-being for leisure increases in July when the TCI score fluctuates between 53
(acceptable) in Nicosia to 80 (excellent) in Çamlibel (Figure 3g). Famagusta (70), Guzelyurt (69), have “good” climates in June, while Lefke (77), Yeni Erenkoy (78) and
Kyrenia (74) have “very good” climates. Variations of TCI
scores in August are similar to July, demonstrating “acceptable” and “good” conditions in the central, south eastern
and south-western areas. Meanwhile, Çamlibel (80) and
Yeni Erenkoy (68) are climatically “very good” for tourists
(Figure 3h). In the last month of summer, all areas have a
TCI rating below 75 except for Çamlibel (80) and Geçitkale
(75). In September, Çamlibel and Geçitkale have “excellent”
and “very good” climates, respectively (Figure 3i).

FIGURE 3 - Map of spatio-temporal variations of the tourism climate index over the 12 months of the year in Northern Cyprus (a-m)
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Compared to the summer, TCI values are high across
most of the island in the fall. The TCI values for Çamlibel,
Lefke, Yeni Erenkoy, and Geçitkale are greater than 85,
which represent an “excellent” climate in October (Figure
3k). Lefke is a coastal area with irrigated and cultivated
fields and garden crops including wheat, vegetables, potatoes, and citrus fruits. In November, the central regions present excellent (>80) climates for tourism activities. Nevertheless, other regions still have “very good” climates during this month (Figure 3l). It can be clearly seen that the
tourism climates in Famagusta (81) and Nicosia (80) are
excellent in December (Figure 3m). Famagusta is a coastal
area with a low altitude (<200 m) composed of irrigated
farms and garden crops. Nicosia is an inland area whose
altitude varies between 100 to 300 m with a dominant land
use of cultivation of agriculture and garden products.
4.2. Recreation management system calendar

Results of the spatio-temporal pattern of TCI reveal
that there are viable opportunities to reorganize tourism activities in the northwest part of the island, where two-thirds
of the hotels are located (Figure 1). A Pearson correlation
test (an inferential statistical analysis) was performed to investigate the correlation between number of the hotels and
favorability level of the climate for tourism activities. According to the statistical results, the number of hotels does
not correlate significantly to the level of TCI (r=-262,
P>.05). Such results confirm that climate is ignored in recreation management despite it being the most important
tourism resource in the study area. Hamilton et al. [46],
Amelung and Viner [23], and Saarinen [31], observed that
climate as a key determinant of tourist demand, especially
in the Mediterranean islands, can be considered just as important a factor in spatial and temporal tourism planning.
Besides the importance of the climate factor for tourists,
the need to propose adaptive strategies for climate change
and seasonality issues provides a rational incentive to redistribute tourism activities (through RMS) based on the
favorability of climate in terms of spatial and temporal
changes. This logic is supported by Ma et al. [26] and Li et
al. [27], who draw attention to the inevitable role of climate
in RMS. Hence, based on spatio-temporal changes in the
TCI, the RMS calendar is developed to determine the location and duration of tourism activities on the island (Figure
4). However, environmental and social concerns/potentials
must be considered within the development procedure of
the RMS calendar with respect to the principles of TEM.
For example, based on the spatio-temporal patterns of TCI,
January and December are suitable months in Guzelyurt
and Lefke while simultaneously coincide with the citrus
fruit harvesting season. Such coincidences enhance and influence visitors’ perceptions and experiences. In addition,
the orchid flower festival held in Guzelyurt and Lefke every
February (named Orkide festivali) is another attractivity in
this region. Surfing is also a popular activity in the Guzelyurt
and Lefke coastal area in October due to optimal wind conditions. Nicosia, capital of the island, mainly attracts tourists
in January, February, November and December (Figure 4).

Tourism businesses can arrange exhibitions, festivals and
events to accompany the other functions of the capital city
(e.g. trade, politics). Coincidentally, Nicosia has a “very
good” to “excellent” climate for tourism during this period
(Figure 4). An International theatre festival and similar social
events are held in Nicosia in September. These events could
be shifted to October when the climate is “excellent” (81).
Geçitkale is a destination with an excellent climate in
February, March, April, September, and November. It has
a remarkable potential for the development of rural tourism, agro-tourism, ecotourism, and other types of alternative tourism. For instance, the Hellim festival is a wellknown food festival that is organized in Geçitkale in April.
Tourist flow to Yeni Erenkoy and Karpaz where the sandy
beaches and panoramic views are abundant could be encouraged during the months of March, May, July and August. The Karpaz region is also home to the flower festivals
(e.g. Medoş and Lale Festivalsi) and presentation of local
handicrafts in March.
Iskle can be visited by tourists in August and September when regional and national food festivals (e.g. Yeni
Boğaziçi Pulya Festivali) are held to revive the local food
culture. Birdwatching is also popular in Iskele during the
months of March and April.
Kyrenia attracts tourists who enjoy the pleasant
weather, social events, historical attractions, and trekking
during the months of March, April, June, and July. Kyrenia
is also home to Alagadi Beach where the unique kinds of
turtles (green and the loggerhead turtles) have their nesting
grounds. This is an attraction for nature lovers during the
months of June and July. Kyrenia is also venue for a social
event called Lepta Orchid, which takes place during the
month of March, and home to several museums as well as
an ancient shipwreck.
Famagusta is a coastal city and home to a major university. Over time it has suffered anthropogenic pressure
due to overdevelopment and poor infrastructural amenities.
It has access to several beaches that are crowded by domestic and international tourists between April and October. It
is also a venue for numerous social events e.g. Children’s
festival, Sand sculpting, musicals and spring festivals organized by the municipality and university.
Çamlibel is a mountainous landscape that provides a
favorable climate during the hot season (May to October)
as shown in Figure 4. Apart from its climate well-being
benefits, it hosts an exhibition in June which provides an
opportunity for local people to sell their organic products
as well as handicrafts. It is also venue for strawberry festival during the harvest.
According to the TCI results, high temperature and relative humidity negatively affects the suitability of the climate for tourism activities. Based on climate change scenarios, estimated temperature will rise in the Mediterranean regions with negative impacts expected on tourist
comfort. Currently, spring and autumn are the most appreciated seasons for travel to the island. Nevertheless, it is
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FIGURE 4 - Calendar of tourism activities based on the recreation management system (RMS) in Northern Cyprus.

expected that the favorability of the climate will decline in
early fall and late spring due to climate change. In contrast,
winter could become a suitable future season for tourists.
Furthermore, the period of the 3S tourism will expand due
to temperature increase in the study area. Thus, climate
change might generate new opportunities on the island by
attracting tourists in spring instead of summer.
According to the proposed model, stakeholders have various options in terms of time and space to develop and rearrange their business. This will also allow decision-makers to
apply knowledge-based approaches to their planning processes. Therefore, this model meets the criteria of TEM [7,
58, 59]. Moreover, this model follows the funneling process
from “data to wisdom” that was suggested by Ackoff [3].
4.3. Policy implications
4.3.1. Reducing environmental degradation

The proposed model provides a strategy for tourism
decision makers to adapt tourism activities to the capacity
and tolerance of the resources that are available in Northern
Cyprus. Redistribution of tourism activities based on the
RMS calendar would not only decrease human pressures
(social carrying capacity) but also reduce the negative impact of tourism on the environment. Based on the RMS calendar, each area is matched by tourist demand in terms of
climatic attractivity/ favorability. According to Perkins et
al. [6] and Cantasano and Pellicone [18], planners should
be sensitive to proper recreation management systems to

prevent irreparable effects and carry out spatio-temporal
analyses to reduce environmental degradation. As such, the
practicality of RMS based on spatial analysis in a GIS setting was demonstrated by Turner [25] and Wan et al. [39].
One should keep in mind that the successful implementation of such a project relies on the participation of researchers, decision-makers, stakeholders, and local communities.
Contributions and achievements of the project should meet
their satisfaction [9, 27]. In other words, a package and advertisement calendar as a part of Master Plan requires the
participation of all stakeholders. For instance, an adjustment of the date and place of social events/festivals that do
not match the results of RMS in terms of climate suitability
requires cooperation of local communities and business
sectors. Similarly, deconcentration and diffusion of tourism activities from one location to another would require
the development of certain types of rules to accelerate the
process.
4.3.2. Seasonality and tourism marketing

The results of seasonal variation of TCI on the island
are depicted in Figure 5. As illustrated, the island has a
“very good” (70-79) to “excellent” (80-100) climate during
all seasons. Nevertheless, spring is the best season in terms
of favorability of the climate with all stations reporting an
“excellent” climate (>80) with the exception of Ercan (79).
In autumn, Nicosia (83), Lefke (80), and Geçıtkale (80)
have an “excellent” climate whilst other areas achieve a
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FIGURE 5 - Seasonal variation of TCI in the study area

“very good” climate (>70). During the winter, the tourism
climate in Niocsia (72) and Geçıtkale (70) is “very good”.
Other areas present a “good” climate for tourist activities
(>70). Nicosia (57), Guzelyurt (58), and Famagusta (57)
offer an “acceptable” climate for tourist well-being during
the summer. However, other destinations present a “good”
climate for tourists (>60). According to these results, there
is no unfavorable climate (<40) in Northern Cyprus and tourists can chose locations with “excellent” and “very good” climate during all seasons. As for the findings of Amelung and
Viner [23], TCI values undergo possible shifts in climatic favorability for various areas during different seasons. The issue here is how the RMS calendar can address the spatial
and temporal distribution of touristic activities throughout
the island and respective districts.
More importantly, advertising and marketing the climatic attractiveness of all the districts during different seasons is a significant attribute for boosting the destination
image [22]. Implementation of the RMS calendar, which is
positively linked to tourist loyalty will enable tourism decision makers to minimize the gap between the expectations and experiences of tourists [30, 36]. The proposed
model, which functions based on variations in the suitability of the climate for tourists, addresses seasonality issues.
This claim matches Ridderstaat et al.’s study [24] who reiterated that seasonality is strongly associated with climate
attractiveness. Therefore, the current study tackles this
problem by proposing the RMS calendar that identifies
which district renders the most favorable climate. The result of this study is a practical example of the application
of TEM in tourism climate literature, which coherent with
Belle and Bramwell’s study [44].
4.3.3. Distribution of tourism benefits (social achievement)

The concentration of tourism enterprises in Kyrenia region is not necessarily a benefit for the rest of the island.
As Eagles [40] and Truong et al. [22] reported, this type of
development tends to ignore the pro-poor role of tourism in
poverty alleviation. This research, by proposing a knowledgebased management system [3], provides a guideline for dif-

fusing tourism activities and their benefits temporally and
spatially throughout the island. One should bear in mind
that the concentration of tourism in Kyrenia is accompanied by luxury hotels and casinos which are prone to foreign investment, unsustainable modes of imports as well as
leakages [83]. In the context of TEM [48], the proposed
model paves the way for innovative ideas that will not only
contribute to environmental quality but also benefit remote
areas. As described earlier, most of the remote areas have
potentials for alternative forms of tourism without requiring high capital or foreign investment.
4.3.4. Adaptive strategy to climate change

In the proposed model, evaluating and monitoring are
embedded as the key processes that enable the RMS calendar to adapt to climate change. Feeding the model with new
meteorological datasets will produce updated information
that can be translated into knowledge for policy-makers to
apply a new strategy to climate change. It will also allow
monitoring of activities that measure the effectiveness of
actions [75, 79]. As most of the climate change patterns
estimate temperature increase [88], especially in the Mediterranean region, TCI will vary in the near future. Hot
summer weather in Northern Cyprus will adversely affect
the favorability of climate for tourists. Increasing temperatures will be exacerbated by high relative humidity on the
island, thereby decreasing tourist comfort. The situation is
likely to escalate in inland areas (e.g. Nicosia) where there
are no resources for 3S tourism.
This model considers Jacobson et al. [81] and Reed et
al.’s [75] advice that it is not adequate to apply only adaptive management. Information, monitoring, evaluation and
knowledge must also inform future decisions in coastal areas. Similarly, Wong et al. [82] emphasized the importance
of monitoring and evaluating steps in adjusting environmental policies to climate change adaptation. The multicultural
differentiation of tourism climate, which is often overlooked
[61, 89], enhances the practicality of the RMS calendar. In
other words, tourists who come from various places express
different perceptions/sensations about climate. Hence, the
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proposed model helps managers to match those sensations
with the RMS calendar, which is extracted from the spatiotemporal patterns of the TCI.

communities) to translate the spatio-temporal patterns of
TCI into practical strategies. Ultimately, this study attempts
to strengthen the link between theory and practice by developing the RMS calendar, which is clearer and more understandable for non- experts in this field.

5. CONCLUSION
5.1. Limitations and future research directions

This study develops a RMS model based on climatic
attractiveness for tourism on the Mediterranean island of
Northern Cyprus. The districts that do not have a favorable
climate are not considered as destinations in RMS calendar. In contrast, tourism activities are distributed to regions
where a more favorable climate exists during a specific period of time. Another functionality of the RMS calendar is
its consideration of environmental and human pressures in
the context of recreational management. Furthermore, tourism specific resources (i.e. climate and environment) have
been considered for developing RMS calendar. This approach not only reduces negative environmental and social
impacts that are caused by over-concentration of touristic
activities in one location. It also addresses the suitability
of numerous locations with a favorable climate for redistribution of tourists over time and space in view of improved
marketing as well as for solving the seasonality problem.
The proposed approach is supported by the TEM theory through generating and sharing knowledge, using technology as well as considering the cooperation of policy
makers, stakeholders and other contributors. In other
words, this model integrates environmental concerns with
economic benefits by utilizing GIS as an interface between
environmental and social issues. Spatio-temporal patterns
of TCI are considered as the base for proposing the RMS
calendar that follows both environmental (i.e. reducing human pressure on the environment, reducing excessive exploitation of natural resources and managing biodiversity)
and socio-economic concerns. These objectives can be
achieved by valorizing different locations, adapting resources to demand, innovating marketing strategies based
on favorability of the climate, raising tourist awareness, developing alternative forms of tourism and avoiding the propoor role of tourism by enhancing the livelihood of local
communities.
The process of the transformation of data to knowledge
and wisdom is based on a knowledge-based management system that recommends decision making built on knowledge instead of raw data. In fact, the RMS calendar provides practical
knowledge for managers on how to manage recreation activities over time and space. This not only minimizes adverse environmental effects but also enhances social and
economic benefits of tourism. The results illustrated in this
study help managers to address seasonality-related challenges. This model is conducive to climate change as it is
capable of monitoring and evaluating processes by empowering the system to accommodate changes in climatic data.
Results of this empirical study contributed to the awareness
of both “demand” (tourists) and “supply” (policy makers,
managers, travel agencies, tour operators, hoteliers and local

There are four limitations that can be considered for
future research.
Firstly, this research proposes a model that is triggered
by meteorological data. It would be beneficial if data were
available for the entire island of Cyprus. This study focuses
on Northern Cyprus. The RMS process needs to examine
the system as a whole by scrutinizing the effective dimensions of sustainable tourism development pertinent to political, socio-cultural, environmental, technological, and
economic dimensions. In future studies, it is recommendable to apply the proposed model in more sophisticated approaches within tourism recreation management, such as
the Recreational Opportunity Spectrum and the Limits of
Acceptable Change. Furthermore, it is worth examining the
extent to which these sophisticated approaches are compatible with TEM in tourism recreation management.
Secondly, the RMS calendar was based on a lengthy
data set (1980-2013); however, a comparison of TCI maps
derived from two long term scenarios would provide more
accurate information for developing the RMS calendar.
Thirdly, from a technical point of view and consonant
with other studies, the Kriging method was used for the spatial analysis of TCI values. However future studies should
identify appropriate geostatistical approaches for the interpolation of TCI values amongst the meteorological stations.
Fourthly, due to the popularity and capabilities of TCI
in the projection of tourism climate variations, it is used to
perform spatio-temporal analysis in the study area. It is suggested to devise a mechanism in future that is capable of extracting and applying tourists’ attitudes about climate conditions. In other words, instead of expert-based indices such as
TCI, it would perhaps be beneficial to cover demand spectrum considerations using CIT or fuzzy-based CIT.
Furthermore, assessment of the multicultural characteristics of tourism climate and risk assessment of negative
climate impacts on tourism activities are two areas of future research that could improve the functionality of the
current model.
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ABSTRACT
Epidemiological studies show that long-term exposure
to NO2/NOx is associated with an increased risk of cancer.
The mortality and morbidity rates due to NO2 in the Tabriz
city was determined considering the relative risk and baseline incidence provided by the World Health Organization
(WHO) / European Center for Environment Health, Bilthoven Division using the AirQ2.2.3 software to analyze the
data. The results of this study showed that 0.85% (CI 95%
0.36 - 0.96) of acute myocardial infarction, 0.47% (CI 95%
0 - 0.94) of cardiovascular mortality and 9.28% (CI 95%
0.1 - 2.19) of hospital admissions for chronic obstructive
pulmonary disease (COPD) can be attributed to NO2 concentrations over 10 μg/m3. According to this model, cases
of cardiovascular deaths and acute myocardial infarction
caused by NO2 in Tabriz were about 0.23 and 0.10% of the
total mortalities, respectively. In addition, about 0.9% of
the total hospital admissions related to chronic obstructive
pulmonary disease (HA COPD) was caused by NO2.
Therefore, due to this pollution, preventive measures and
effective strategies for implementing policies related to reduce air pollution should be undertaken in Tabriz city.
KEYWORDS:
Quantification, Air pollution, NO2, AirQ2.2.3 software.

1. INTRODUCTION
Nitrogen dioxide (NO2) is a gas with oxidant properties capable of contaminating ambient air in many urban
and industrial contexts, as well as indoor air of homes with
combustion appliances. NO2 is mainly derived from oxida* Corresponding author

tion of nitrogen oxide (NO) by atmospheric oxidants such
as O3. Regarding atmospheric pollution, released NO is
rapidly oxidized by ozone and then converted to NO2. The
toxicity of NO2 is higher than that of NO [1]. New contaminants can be formed from photochemical reactions when
organic aerosol and nitrate aerosols sulfate are used; they
contributed significantly in PM10 and PM2.5 aerosols and in
their risk properties [2]. Human activities represent the main
sources of NO2, from automobile exhaust emissions to stationary sources such as fossil fuels, power plants, industrial
boilers, waste incinerators and heating household appliances; but the main source of nitrogen dioxide in the urban
area is the gas emitted by the public transports. NO2 concentration varies from morning to night. The main sources
of NO2 in indoor environment are the natural gas cookers
and the smoke produced by cigarettes. Acute short-term (one
hour) effects and low concentrations have been observed in
animals [3-5]. Observational data are derived from outdoors
studies where NO2 is one component among a complex mixture of different pollutants found in ambient air, and also
from studies of NO2 indoors exposure where its sources include unvented combustion appliances. Epidemiological
studies over the past decade in Europe and worldwide
showed increased mortality and illness associated with NO2
exposure [6-9]; it was also estimated that 5% – 7% of lung
cancers in non-smokers and ex-smokers could be attributed
to exposure to high levels of air pollution, including NO2, or
vicinity to heavy-traffic roads [10]. Large meta-analyses of
studies on the short-term health effects of NO2 indicate a
positive association between daily increases of NO2 and
natural, cardiovascular, and respiratory mortality [11, 12].
NO2 could be a more relevant health-based exposure indicator than PM [13, 14]. Undesirable effects of NO2 on the children health in urban areas with high concentrations of NO2
have been identified [15-18]. An annual average for Air
quality guideline values for NO2 gas is 40 μg/m3, which is
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lower than the toxicological threshold and represents a
strong confirmation of the negative effects of outdoor
NO2.Owing to the continuous increase of health effects due
to air pollution, European governments and the World
Health Organization as well as other groups and associations, using the data collected during various studies have
begun shaping method and environmental policy to assess
the effects of air pollution on public health [19, 20]. Tabriz
city is located in northwest of Iran in East Azerbaijan province between Eynali and Sahand mountains in a fertile area
in shores of Aji River and Ghuri River. It has a semi-arid
climate with regular seasons. With a population of over one
and a half million peoples, it is the fourth most populous
city in Iran after Tehran, Mashhad and Isfahan. Tabriz is
considered the second largest contaminated city after Tehran due to the presence of many large industrial plants and
the high number of cars. Modern industries in this city include the manufacturing of machinery, vehicles, chemicals
and petrochemical materials, refinery, cement, electrical
and electronic equipment, home appliances, textiles and
leather, nutrition and dairy factories and woodcraft [21].
Acute myocardial infarction is a common disease with serious consequences in mortality, morbidity, and cost to the
society. Coronary atherosclerosis plays a pivotal part as the
underlying substrate in many patients [22]. A link between
ambient air pollution and cardiovascular disease, in particular myocardial infarction, has been suggested by a number
of epidemiological studies and has attracted substantial attention within the cardiological community, as attested by
the recent American Heart Association scientific statement
on air pollution and cardiovascular disease [23]. There is
convincing evidence of a relation between overall and cardiovascular mortality and the degree of air pollution on the
previous day [24]. Chronic obstructive pulmonary disease
(COPD) is a chronic inflammatory airway disease that is
described by hyper secretion, cough and inflammatory cell
influx. COPD is a major cause of morbidity and mortality
worldwide and continues to cause a heavy health and economic burden around the world, especially in the industrialized and the developing countries [25]. Air pollution has
been certified as a trigger for exacerbation of COPD for
more than fifty years and has lead to the expansion of air
quality standards in many countries worldwide, leading to
a substantial decrease of the level of variation of air pollutants derived from the burning of different fossil fuels [25].
The main objective of the present study was the assessment
of health outcome due to NO2 in Tabriz air.

2. MATERIALS AND METHODS
2.1 Study population and exposure assessment

This study was conducted during one year (from 21th
Mars 2011 to 21th Mars 2012) in Tabriz city which has a
population of 1 545 491 inhabitants. NO2 concentration (in
volumetric unit) in Tabriz was measured by the Eastern
Azerbaijan Department of Environment (EADoE), using
fix stations in six areas during 365 days in 2011. The six

monitored stations were Abrasan (residential-commercial
area in the eastern part of the city), Baqshomal (the downtown of the city), Health center (residential area in the
northern part of the city), Hakim-nezami (residential area
in the southern part of the city), Rah-ahan (Commercial Industrial area in the western part of the city) and Rastekouche (commercial area in the downtown). In Abrasan
station the HORIBA model AP360 was used, while the Environ tech model M200 was used in the other stations; these
systems continuously monitored atmospheric NO2 concentrations and involved a cross-flow modulated semi decompression chemiluminescence method. Raw data, such as
daily average concentrations of NO2, has been saved in a
Microsoft Office Excel spread sheet and all processing
mechanisms for conversion between volumetric and gravimetric units and etc, such as correction of temperature and
pressure, coding, averaging and filtering were performed.
Annual and seasonal average, maximum and annual 98th
percentiles of NO2 were obtained and concentrations were
divided into 10 μg/m3 categories. Then, the association between daily average concentrations of NO2 and health impacts was estimated for one year by using AirQ2.2.3 Software.
2.2 Statistical analysis

The approach proposed by the World Health Organization (WHO) was applied using the AirQ2.2.3 software developed by the WHO European Centre for Environment
and Health, Bilthoven Division. This model is used to estimate the impacts of exposure to specific Air pollutants
(confounders in any case) on the health of people living in
a given period and area.This software consists of two quantification models and lifetime tables. Quantification model
was used in this study, which was used to determine the
Attributable Proportion (AP), the Relative Risk (RR) and
the Based Incidence (BI) used for each health consequences. Relative risks (RR) with 95% confidence interval
(CI) for each 10μg/m3 increase in daily mean concentrations of NO2 pollutants have been reported for hospital admissions due to chronic obstructive pulmonary disease
(COPD) 1.0038 (1.0004 to 1.0094) by WHO. Also, baseline incidences (BI), namely the incidence expected for a
specific disease, per hundred thousand people have been
presented: 132 for acute myocardial infarction (MI), 497
for cardiovascular disease and 101.4 for COPD by WHO.
The assessment is based on the attributable proportion
(AP), defined as the fraction of the health outcome in a
given population attributable to exposure to a given atmospheric pollutant, assuming a proven causal relation between exposure and health outcome and no major confounding effects in that association. The AP can be easily
calculated through the following general formula [26]:
AP =∑{ [RR(c) -1]×p(c)}/ [RR(c) ×p(c)]

(1)

Where AP is the attributable proportion of the health
outcome, RR is the relative risk for a given health outcome,
in category "c" of exposure, obtained from the exposure–
response functions derived from epidemiological studies
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34.2 / 1 545 491 = 2.2 deaths per 100000 people

and P(c) is the proportion of the population in category "c"
of exposure. If the baseline frequency of the health outcome
in the population under investigation is known, the rate attributable to the exposure can be calculated as follows [26]:
IE = I  AP
(2)
Where IE is the rate of the health outcome attributable
to the exposure and I is the baseline frequency of the health
outcome in the population under investigation. Finally,
knowing the size of the population, the number of cases
attributable to the exposure can be estimated as follows:
NE = IE  N
(3)
Where NE is the number of cases attributed to the exposure and N is the size of the population investigated. RR
gives the increase in the probability of the adverse effect
associated with a given change in the exposure level, and
comes from time-series studies where day-to-day changes
in air pollutants over long periods are related to daily mortality, hospital admissions and other public health indicators. This program is used to estimate the impact of exposure to specific atmospheric pollutants on the health of people living in a given period and area. The assessment is
based on the attributable proportion (AP), defined as the
fraction of the health outcome in a given population attributable to exposure to a given atmospheric pollutant, assuming a proven causal relation between exposure and
health outcome and no major confounding effects in that
association.
2.3 Health End Point

Using the results of data processing and recorded data
regarding the pollutants monitored in the considered stations of Tabriz the following information can be drawn:
In this studied city with the population equivalent to 1
545 491 people, the total cumulative of cardiovascular
mortality due to NO2 per hundred thousand can be calculated as follows:
(Mct/ Pt) x 100000
(4)
Mct: The number of cardiovascular deaths from exposure to NO2
Pt: Total Population
Unit: Number of deaths per 100000 persons

3. RESULTS AND DISCUSSION
In the table there are the days of exposure associated
with the concentrations of NO2 and the annual average of
all stations (measured only in winter and in summer) and
for the stations that have shown the highest and lowest concentrations. Accordingly, the average and maximum annuals of NO2 in the considered stations of Tabriz were 33.54
and 78.52 µg/m3 respectively. The maximum amount was
related to Raste-khoche station located in the downtown
and the minimum was related to Rah-ahan station that is in
the western part of the city (Table 1).
TABLE 1 - Highest and lowest concentrations of NO2 (μg/m3) corresponding to the stations for use in the AirQ2.2.3 model
Raste-kouche
(Maximum)
68.07
average annual
34.06
average summer
38.3
Average winter
98 percentiles annual 166.7
200.83
maximum annual
200.83
Maximum summer
82.91
Maximum winter

Parameter

Rah-ahan
(minimum)
9.25
11.75
8.52
16.25
20.52
20.1
20.52

Total
stations
33.54
29.92
24.82
65.35
78.52
78.52
47.34

RR and estimated attributable proportions (AP) for
acute myocardial infarction (MI) attributable to NO2 are
shown in Table 2. According to the model default, the baseline incidence (BI) of this health endpoint for NO2 was 132
per 100000 people; so, the number of excess cases was estimated for 16 persons at centerline of relative risk
(RR=1.0036 and AP=0.8504). Moreover, the RR and estimated AP are presented in table 2 for cardiovascular mortality. BI obtained from model default was 497 per 100000
people for this health endpoint. Therefore, estimated number of excess cases were calculated to be 34 persons at centerline of relative risk (RR=1.002) and attributable proportions (AP=0.4742). Amounts of RR, AP and hospital admission chronic obstructive pulmonary disease (COPD) attributable to NO2 using the model in moderate limits were
estimated to be 1.0038, 0.8972, respectively. BI of this health

TABLE 2 -Relative risk, Attributable proportion and number of persons suffering from type of health end point due to NO2 exposure
Health End Point
Acute myocardial infarction(BI=132 per 105 persons)
Cardiovascular mortality
(BI=497 per 105 persons)
COPD
(BI=101.4 per 105 persons)

Index
Estimate
Lower
central
upper
Lower
central
upper
Lower
central
upper

RR
1.0015
1.0036
1.0084
1
1.002
1.004
1.0004
1.0038
1.0094
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Estimated
AP (%)
0.3561
0.8504
1.962
0
0.4742
0.944
0.0952
0.8972
2.1905

Estimated number of excess cases
(persons)
6.8
16.3
37.6
0
34.2
68
1.4
13.2
32.2
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endpoint was 101.4 per 100000, the estimated number of excess cases were 13 persons. Most of the resulting health consequences had been related to concentrations in the range of
20 to 60 µg/m3 of pollutants (Table2 and Figure 2). Table 2
represents the estimated Attributable proportion (AP) and
number of excess cases in comparison to the cases giving
a pollutant concentration of 10μg/m3. The numbers of excess cases regarding acute myocardial infarction, cardiovascular mortality and chronic obstructive pulmonary disease (COPD) are estimated based on the different Relative
Risk (RR) and Attributable proportion (AP).

Cumulative of Acute MI
(persons)

Figures 1-3 illustrates the NO2 concentrations versus the
cumulative of acute myocardial infarction, cardiovascular
mortality and chronic obstructive pulmonary disease
(COPD). The short-term health impacts of exposure to NO2
above a reference value of 10 μg/m3 are shown in these figures. Three ranges of relative risk were considered based on

model default for assessing health effects of NO2. Furthermore, baseline incidence (BI) values were also taken from
model default. Charts drawing based on the cumulative
number of each Health End Point showed number of cases
in three modes, 5, 50 and 95% relative risks, leading therefore to three curves (related to lower, central and upper relative risks) in each graph, middle curve corresponds to a relative central risk, lower curve corresponds to a relative risk
of 5% (underestimate) and the upper curve corresponds to a
95% relative risk (overestimate). We found about 0.9% of
total hospital admissions related to the chronic obstructive
pulmonary disease (HA COPD) was caused by NO2. Moreover, the results of this study showed that 0.85% (CI 95%;
0.36%; 0.96%) of acute myocardial infarction, 0.47% (CI
95%; 0; 0.94%) of cardiovascular mortality and 9.28% (CI
95%; 0.1%; 2.19%) of cardiovascular admissions for
chronic obstructive pulmonary disease (COPD) can be attributed to NO2 concentrations over 10 μg/m3.

40
35
30
25
20
15
10
5
0

rr=1.0015
rr=1.0036
rr=1.0084

No2 concentration (microgram/cubic meter)
FIGURE 1 - Relationship between Cumulative number of acute myocardial infarction (MI) and NO2 concentration

Cumulative of cardiovascular
mortality (persons)

80
70
60
50
40
30

rr=1

20

rr=1.002

10

rr=1.004

0

No2 concentration (microgram/cubic meter)
FIGURE 2 - Relationship between Cumulative number of cardiovascular mortality and NO2 concentration
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30
25
(persons)

Cumulative of HA COPD

35

20
15

rr=1.0004
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rr=0038
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rr=1.0094

0

NO2 concentration (microgram/cubic meter)
FIGURE 3 - Relationship between Cumulative number of hospital admission for chronic obstructive pulmonary disease (COPD) and NO2
concentration

Figures 1 to 3 illustrate the NO2 concentration versus
related to the health end point. Indicators of Relative Risk
(RR) and Attributable Proportion (AP) for acute Myocardial Infarction (MI) to nitrogen dioxide defined on the
Baseline Incidence (BI) were 132 from 105 persons according to the AirQ model from the WHO. The results showed
three ranges of relative risks based on the model default,
which were considered for assessing health effects of NO2.
Furthermore, baseline incidence (BI) values were also taken
from the model default. For a population of one and half
millions people and based on BI of 497 per one hundred
thousand peoples each year, some 7 455 cardiovascular mortality cases can be expected annually; out of this number,
34 cases can be attributed to NO2 concentrations above
20μg/m3. Seventy percent of acute cardiovascular mortality
cases occurred in days with pollution not exceeding 50 μg/m3,
97.7% of cardiovascular mortalities occurred in days with
pollutant not exceeding 70 μg/m3 and 87.9% of COPD cases
occurred in days with pollutant not exceeding 60 μg/m3. Although cardiovascular mortality had the lowest relative risk
(RR) in centerline compared to acute cardiovascular mortality and chronic obstructive pulmonary disease, a high
number of this health end point case was due to its higher BI
value (497 per 105 peoples). On the other hand, a greater
number of acute cardiovascular mortality cases compared to
acute cardiovascular mortality (MI) ones were related to
higher baseline incidence for MI. The comparison between
acute cardiovascular mortality and obstructive pulmonary
disease showed that the baseline incidence (BI) had more
importance than relative risk (RR). This paper offers a
study case using the WHO approach to assess the impact
of atmospheric pollution on human health for people living
in Tabriz, one of the most densely populated and industrialized areas in Iran, where the geographical features make
the air quality among the worst in the world. Considering
short-term effects of NO2 on the 1 500 000 inhabitants,
causing an excess of acute myocardial infarction (MI) of 7

out of 38 people in a year. The NO2 effect on cardiovascular mortality was an excess of about 68 cases in a year as
well as the excess of hospital admissions for chronic obstructive pulmonary disease (COPD) of about 1 out of 32 people
in a year. The number of excess cases was calculated for
concentrations above 10 μg/m3; so assuming a relatively low
reference value, particularly compared to air standards.
However, this was justifiable because the aim was to assess
the human health impact of NO2 as the air pollutant and not
whether any particular air quality standards or guidelines
were exceeded. As Figures 1 to 3 show, health end point
(number of outcomes) approximately under 70 μg/m3 of
NO2 has highly increased. This indicates that most days of
exposure have been lower than of this concentration. In
other words, the number of days of people exposure has
been higher in this concentration interval. Gudarziet al.
[5]exploited AirQ model to estimate the NO2 hygienic effects in Tehran. Based on their results, almost 3.4% of all
cases of the whole cardiovascular and respiratory mortalities are attributed to NO2 concentrations, greater than 60
μg/m3. The number of cases of myocardial infarction caused
by exposure to NO2 was reduced to zero when health outcome was closed to 5% range. In addition, if no appropriate
measures to control air pollution and reduce health effects
were taken, the corresponding RR was close to 95% range
and the number of cases of myocardial infarction was estimated to be more than 2-fold increase in exposure to NO2.
This study has a number of limitations: one of the limitations of this approach is that the health impact focuses on
individual compounds without considering the simultaneous exposure to several ones, which is what actually occurs. The health effects of atmospheric pollution are indeed
the consequence of interactions between different air contaminants, and between these ones and other compounds of
natural origin. Generally, in quantitative assessments of health
effects, the interactions between different contaminants are
not investigated as it would require a good knowledge of
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the mechanisms of toxicity for the different compounds,
which is rarely available. A further limitation is due to the
RR estimates derived in studies of different populations in
comparison to that under investigation. Furthermore, this
model does not consider intra-individual differences due to
different behaviors inside the population considered (i.e
active or passive smoking, mobility during the day, proximity to major roads, etc.). That’s because the approach is
ecological and not epidemiological. Finally, another limitation related to the exposure assessment is that the approach assumes that concentrations measured in specific
sampling points are representative of the average exposure
suffered from people living in Tabriz. Having said that, the
following actions should be performed in order to reduce
health effects caused by air pollution, so that better quantification studies are recommended: 1- Restricting the use of
underground resources and fossil material; measures are
necessary to reduce the high urban traffic, which implies
the raise of the level of urban public transport systems and
correct traffic management, as well as the implementation
of effective strategies to improve the quality of industrial
productions. 2- The use of this model or other models is
recommended to investigate and evaluate the effects of air
pollution on health of people in other metropolitan country,
and comparisons should be made. 3- Because the determination of the impact of air pollution on the related diseases
and estimation of the health effects of air pollutants is a
prerequisite, epidemiological indicators based on expert
calculations are needed.
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ABSTRACT
This study was designed to evaluate the effects of different concentrations of copper (Cu) and copper+calcium
(Cu+Ca) mixtures in the liver, kidney, and brain tissues of
Oreochromis niloticus. The fish were exposed to 0.1, 0.5,
1.0 mg/L Cu and 0.1 mg/L Cu+1.0 mg/L Ca, 0.5 mg/L
Cu+5.0 mg/L Ca, 1.0 mg/L Cu+10.0 mg/L Ca mixtures for
7, 14, and 28 days to observe Cu accumulation, total glutathione (tGSH) level and glutathione S-transferase (GST)
activity. The alterations in these parameters were determined. Cu accumulation increased in the tissues with increasing concentrations of Cu in the exposure medium and
with increasing duration of exposure. Cu levels in the tissues, exposed to Cu + Ca mixtures were significantly lower
than exposed to the single Cu. GST activity increased significantly in the liver on the contrary of decreasing in the
kidney and brain under Cu exposure. Cu treatment caused
a depletion of GSH level in the brain, while increasing in
the kidney and liver. In conclusion, Ca exposure seemed to
reduce the severity of Cu-induced toxicity in the tissues of
O. niloticus.
KEYWORDS:
Oreochromis niloticus, copper, calcium, accumulation, antioxidant

1. INTRODUCTION
Environmental pollution by heavy metals has become
one of the most important problems in the world due to extensive use of them in industrial, agricultural and anthropogenic activities that are becoming threats to living organisms. Aquatic ecosystems which receive a wide range of
pollutants are the most important final receptacles [1] thus
aquatic organisms are exposed to a significant amount of
these pollutants. Cu, a trace metal essential for all living
* Corresponding author

tissues, may become extremely toxic for aquatic animals
including fish as its concentration in water increases [2]. Accumulation of Cu in tissues of fishes leads redox reactions
generating free radicals and, hence, may cause changes in
certain physiological processes [3].
Multiple factors including temperature, salinity, alkalinity, hardness, pH and interaction with other metals strongly
influence metal toxicity in water and, consequently, its bioavailability for absorption by fish [4-5]. Ca is the major cation which is responsible protective effects of hard water. It
has been reported to have a direct ameliorative effect against
Cu toxicity [6- 7].
O. niloticus, native fish species of Egypt, is a widely used
species in aquaculture for food source and has been suggested
as a bioindicator of water contamination, so that easy to breed
and grow in a variety of aquaculture systems [8].
Liver and kidney tissues are known to play an important role in detoxification and excretion of toxicants,
which explains the high accumulation of Cu in these organs
[9]. Brain is the center of the nervous system in all vertebrates. As an organ in which homeostasis must be strictly
maintained, brain tissue contains large amounts of polyunsaturated fatty acids, which are particularly vulnerable to
free radical attacks [10]. The glutathione S-transferases
(GST, EC 2.5.1.18), are a multi-gene family of enzymes
involved in the detoxification which catalyze conjugation
reaction with the tripeptide glutathione to a variety of compounds with an electrophilic group [11]. Glutathione
(GSH, γ-glutamylcysteinylglycine), a low molecularweight sulphur-containing compound, is a tripeptide that
easily oxidized and can be regenerated rapidly. Its functions are synthesis of protein and DNA, amino acid
transport, maintenance of the thiol-disulfide status, free
radical scavenging, signal transduction, as an essential cofactor of several enzymes, as a non-toxic storage form of
cysteine, and as a defense against oxidizing molecules and
potentially harmful xenobiotics such as metals [12, 13].
Fish cells usually try to remove metals by direct conjugation with GSH [14].
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The main purpose of this study was to assess Ca could
protect against Cu-induced toxicity in tissues of O. niloticus. It was investigated the changes in Cu accumulation,
GST activity and GSH level in liver, kidney, and brain tissues in response to Cu and Cu + Ca exposure.

2. MATERIALS AND METHODS
2.1. Test animals and experimental protocol

O. niloticus (mean weight 28.85±0.68 g, mean length
12.10±0.24 cm) were obtained from Çukurova University
Fish Culture Farm and transferred to the laboratory. Before
the experiments, the fish were acclimatized to laboratory
conditions in 120 L glass tanks filled with aerated and dechlorinated tap water for 1 month. Throughout the experiments, the mean measured water quality parameters were:
temperature 21.14±0.18, dissolved oxygen 7.35±0.11 mg/L
(constant aeration), pH 8.19±0.009, total hardness 352.63±
5.14 mg/L CaCO3, and alkalinity 201.5±5.871 mg/L as
CaCO3 at acceptable levels. The fish were maintained under
at 12-h light/12-h dark illumination period. Both experimental and control fish were fed with commercial pellet
feed at a rate of 3% of their body weight per day (Pinar
Feed, Turkey).
After the period of acclimatization, experimental fish
stock have been randomly divided into three groups each
containing 18 fish. The first group was held in tap water as
control and other groups were exposed to Cu (CuSO4.5H2O)
and Cu + Ca (CaSO4.2H2O) mixtures for 7, 14, and 28 days.
Three replicate groups of fish were used for each exposure.
All the experimental solutions were completely replaced
every other day from a newly prepared stock solution to
reduce the ammonia content in water. There was no fish
mortality during the experiments.
Prior to analysis, six fish were taken out from the
aquaria and their liver, kidney, and brain tissues were dissected separately on an ice cold plate as well as control
fish. Tissues were then washed in ice cold physiological
saline solution, blotted dry, weighed and stored frozen at
−80 °C until metal and biochemical analyses.
2.2. Metal analysis

Tissue samples were dried at 105 oC for 48 h. Samples
were transferred into a digestion flask containing 2 ml
HNO3 and 1 ml HCIO4 and digested at 120 oC for 3 h. [15].
The digest was diluted with distilled water appropriately in
the range of standards which were prepared from stock
standard solution of the metals. After dilution Cu levels of
tissues measured on a Perkin Elmer AS 3100 atomic absorption flame spectrophotometer and metal concentration
in a tissue was presented as μg metal/g dry weight.
2.3. Biochemical analysis

The tissues were homogenized (1:10, w/v) in 0.05 M
Phosphate buffer (pH 7.4) containing 0.25 M sucrose at
9500 rpm for 2 min. Homogenates were centrifuged at

9500×g (Sigma (2-16)) for 30 min to obtain supernatants
which were used for GST activity, GSH and total protein
levels. All process was carried out at + 4°C. Chemicals
used in this study were obtained from Sigma or Merk (Germany).
GSH was determined according to the method of Anderson [16]. The reaction medium contained 143 mM sodium–potassium buffer (Na-K Phosphate (contained 6,3
mM EDTA, pH 7,5)), 0,3 mM NADPH, 6 mM DTNB, and
50 units of GR. DTNB formation was monitored continuously at 412 nm for 3 min. Absorbance was converted to
concentration by using standard graph that was prepared
with GSH.
GST activity was determined by the method described
in Habig et al. [17] using 1-chloro-2.4-dinitrobenzene
(CDNB) as a substrate. The reaction mixture consisted of
100 mM Tris buffer (pH 7.4), 1 mM GSH, 1 mM CDNB.
The conjugation rate of GSH with CDNB was monitored
at 340 nm for 2 min. Enzyme activity calculated by using
a molar extinction coefficient of 9.6×103 M−1 cm−1.
Protein concentrations of the supernatants for both
GST analysis and GSH assay were measured using a colorimetric method of Lowry et al. [18] using bovine serum
albümin as a standard. Protein content was expressed in
mg/g wet weight of the tissues.
2.4. Statistical analysis

All parameters were expressed as means standard ± error. Data analyses were carried out using Student Newman
Keul’s Test (SNK) in SPSS statistical package programs.
Data shown with different letters are significant at the P <
0.05 level.

3. RESULTS
Metal levels in the tissues of fish were shown in Tables
1-3. Cu accumulated significantly in liver, kidney, and
brain tissues duration of exposure at all concentration.
However, Cu levels in brain were below the detection limit
for the instrument in control groups. The highest metal accumulation was observed in liver, it was followed by kidney and brain (P<0.05). Cu accumulation in tissues of fish
exposed to Cu + Ca mixtures were significantly lower than
in fish exposed to the single Cu. When compared with 1.0
mg/L Cu exposure, metal levels decreased by 39, 19, 8%
(7 days); 25, 39, 15% (14 days) and 38, 31, 7% (28 days)
in tested 1.0 mg/L Cu + 10.0 mg/L Ca group in brain, kidney and liver respectively (P<0.05) (Tables 1,2,3). Statistical difference was determined to be important between Cu
and Cu + Ca mixtures in liver and kidney tissues in all treatment durations. Accumulation in tissues increased significantly in Cu-exposed fish (Tables 1.2.3) and the highest increase was found at 1.0 mg/L Cu concentration.
Significant changes were recorded in kidney, liver, and
brain GST activity with respect to control groups. Kidney
and brain GST activity decreased in all treatments whereas
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TABLE 1 - The Effects of Ca on Cu accumulation in tissues of O. niloticus at 7 day exposures (µg Cu/g k.a.).
Metal concentrations (mg/L)

Brain

Kidney

Liver

0.0
0.1 Cu
0.1 Cu +1.0 Ca

N.A
1.26±0.17 ax
0.80±0.15 ax

0.25±0.009 a
20.83±0.29 by
18.17±0.39 cy

1.26±0.006 a
199.8±0.95 bz
164.1±1.31 cz

0.0
0.5 Cu
0.5 Cu+5.0 Ca

N.A
2.56±0.22 ax
2.50±0.10 ax

0.25±0.009 a
28.83±0.10 by
19.33±0.64 cy

1.26±0.006 a
317.5±1.34 bz
302.3±1.20 cz

0.0
N.A
0.25±0.009 a
1.26±0.006 a
1.0 Cu
3.41±0.22 ax
41.69±0.87 by
398.2±1.49 bz
1.0 Cu+10.0 Ca
2.09±0.37 bx
33.86±0.87 cy
367.3±1.45 cz
NA: not available
Values are expressed as mean ± Standard error (N=6). Letters a, b and c indicate differences among concentrations and letters x, y and z
indicate statistical differences among tissues at the P<0.05 level.

TABLE 2 - The Effects of Ca on Cu accumulation in tissues of O. niloticus at 14 day exposures (µg Cu/g k.a.).
Metal concentrations (mg/L)

Brain

Kidney

Liver

0.0
0.1 Cu
0.1 Cu + 1.0 Ca

N.A
3.01±0.42 ax
2.24±0.35 abx

0.23±0.012 a
32.72±0.15 by
23.32±0.73 cy

1.25±0.009 a
260.6±2.71 bz
248.6±1.85 cz

0.0
0.5 Cu
0.5 Cu+5.0 Ca

N.A
3.42±0.10 ax
3.05±0.01 bx

0.23±0.012 a
47.72±0.49 by
24.50±0.45 cy

1.26±0.009 a
358.6±1.73 bz
326.2±2.48 cz

0.0
N.A
0.23±0.012 a
1.26±0.009 a
1.0 Cu
4.26±0.44 ax
62.20±0.64 by
433.9±1.22 bz
1.0 Cu+10.0 Ca
3.21±0.14 bx
38.24±0.67 cy
370.6±1.50 cz
NA: not available
Values are expressed as mean ± Standard error (N=6). Letters a, b and c indicate differences among concentrations and letters x, y and z
indicate statistical differences among tissues at the P<0.05 level.

TABLE 3 - The Effects of Ca on Cu accumulation in tissues of O. niloticus at 28 day exposures (µg Cu/g k.a.).
Metal concentrations (mg/L)

Brain

Kidney

Liver

0.0
0.1 Cu
0.1 Cu + 1.0 Ca

N.A
5.11±0.71 ax
4.83±0.44 ax

0.26±0.003 a
41.50±0.60 by
30.41±0.24 cy

1.25±0.015 a
306.2±2.92 bz
252.1±1.37 cz

0.0
0.5 Cu
0.5 Cu+5.0 Ca

N.A
6.22±0.37 ax
4.68±0.10 bx

0.26±0.003 a
59.02±0.69 by
38.99±0.48 cy

1.25±0.015 a
405.9±1.81 bz
369.0±0.92 cz

0.0
N.A
0.26±0.003 a
1.25±0.015 a
1.0 Cu
7.79±0.10 ax
87.21±0.85 by
498.7±1.17 bz
1.0 Cu+10.0 Ca
4.85±0.43 bx
59.78±0.30 cy
464.8±1.22 cz
NA: not available
Values are expressed as mean ± Standard error (N=6). Letters a, b and c indicate differences among concentrations and letters x, y and z
indicate statistical differences among tissues at the P<0.05 level.

liver GST activity increased. GST activity in kidney mitigated at all Cu-exposed during exposure period, this was
essential statistically except at 0.5 mg/L Cu concentration
for 17 days (Fig. 1). The combination of Cu + Ca exhibited

an additive effect in brain GST activity except at 1.0 mg/L
Cu + 10.0 mg/L Ca concentration for a period of 28 days
compared to Cu-exposed. Exposure of the highest Cu and
Cu + Ca concentrations caused a decline 30%, 10% (7 days)

4151

© by PSP Volume 24 – No 11c. 2015

Fresenius Environmental Bulletin

GST activitiy (U/mg protein)

and 43%, 46% (28 days) in brain GST activity in relation
to control values (P<0.05) (Fig. 3). It was not significantly
altered at all concentration of Cu and Cu + Ca mixtures
between exposure periods (P>0.05) (Fig. 2) although statistical difference was observed between Cu and Cu + Ca
mixtures at exposure concentration.

45
40
35
30
25
20
15
10
5
0

***

*

*

GST activity in liver increased 14 and 5% with respect
to control at highest concentration of Cu and Cu + Ca groups
for a period of 28 days (P<0.05). All treatments of Cu and
Cu + Ca mixtures induced GST activity in liver whereas decreased in brain and kidney as compared to control groups,
during exposure periods. Results showed that Cu and Cu +
Ca mixtures altered GST activity inducing oxidative stress.

**

*

*

7

14

*

*

Control
0.1 mg/L Cu
0.5 mg/L Cu
1.0 mg/L Cu
0.1+1.0 mg/L Cu+Ca
0.5+5.0 mg/L Cu+Ca
1.0+10.0 mg/L Cu+Ca

*

*

28

Exposure time (in days)

GST activitiy (U/mg protein)

FIGURE 1 - Kidney GST activity (U mg-1 of protein) in O. niloticus exposed to metals for 7, 14, and 28 days. Data are
expressed as mean±standard error (N=6). * shows significant differences between time for the same exposure group (P<0.05).

Control
0.1 mg/L Cu
0.5 mg/L Cu
1.0 mg/L Cu
0.1+1.0 mg/L Cu+Ca
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1.0+10.0 mg/L Cu+Ca
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FIGURE 2 - Liver GST activity in (U mg-1 of protein) O. niloticus exposed to metals for 7, 14, and 28 days. See Fig. 1 for details.
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FIGURE 3 - Brain GST activity(U mg-1 of protein) in O. niloticus exposed to metals for 7, 14, and 28 days. See Fig. 1 for details.
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GSH level (µM/mg protein)

Exposure to Cu and Cu + Ca caused an increase in
GSH level in kidney and liver when compared to control
levels (Figs. 4, 5, 6) (P<0.05). This increase was higher for
exposure to Cu alone than in presence of Ca with Cu, at the
end of the period. After the first period of 7 days, GSH
level was increased by 22%, 25% at 0.1 mg/L Cu and 0.1
mg/L Cu + 1.0 mg/L Ca; 33%, 17% at 0.5 mg/L Cu and 0.5
mg/L Cu+5.0 mg/L Ca and 40%, 35% at 1.0 mg/L Cu and

0,2

1.0 mg/L Cu + 10.0 mg/L Ca concentrations respectively
in kidney when compared to control values (P<0.05). Considerable differences did not occur in GSH contents of kidney at 0.1 and 0.5 mg/L Cu concentrations between the exposure times (P>0.05), however at 1.0 mg/L Cu, it showed
a significant reduction after 28 days according to that at
14 days (P<0.05) (Fig.4).

*

*

Control
0.1 mg/L Cu
0.5 mg/L Cu
1.0 mg/L Cu
0.1+1.0 mg/L Cu+Ca
0.5+5.0 mg/L Cu+Ca
1.0+10.0 mg/L Cu+Ca

*

0,15
0,1
0,05
0
7

14

28

Exposure time (in days)

GSH level (µM/mg protein)

FIGURE 4 - Kidney GSH level (µM/mg protein) in O. niloticus exposed to metals for 7, 14, and 28 days. See Fig. 1 for details.
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FIGURE 5 - Liver GSH level (µM/mg protein) in O. niloticus exposed to metals for 7, 14, and 28 days. See Fig. 1 for details.
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FIGURE 6 - Brain GSH level (µM/mg protein) in O. niloticus exposed to metals for 7, 14, and 28 days. See Fig. 1 for details.
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The highest Cu and Cu + Ca treatment caused more
significant elevation in liver GSH during exposure period
(103%, 41% at 7 days; 69%, 57% at 14 days; 59%, 54% at
28 days, respectively) (P<0.05) (Fig.5). GSH level of brain
was lower in all Cu–exposed than in control fish during exposure time and significant reduction was recorded at 0.1 mg/L
Cu and 0.1 mg/L Cu + 1.0 mg/L Ca concentrations as 40%,
18% (7 days) and 52%, 11% (28 days), respectively, in relation to control values (Fig.6) (P<0.05).
Treatment of Cu + Ca mixtures exerted antagonistic
effects with respect to Cu alone in GST activity and GSH
level each time of exposure. Observed changes on these
parameters were generally tissue-specific and dose-dependent.

4. DISCUSSION
In the present study, accumulation of Cu in whole tissues of O. niloticus decreased in the presence of Ca. This
is probably due to interactions at sites binding both metals
in tissues. In this study, an antagonistic effect of Ca on Cu
accumulation was determined in the O. niloticus. Many
studies of Cu-Ca interaction in aquatic animals have concentrated on the antagonistic effet of Ca, in other words, on
the protective effect of Ca against the accumulation and
toxicity of Cu [19-20-21]. The researchers have suggested
that Ca has an antagonistic effect on Cu accumulation either by the inhibition of Cu uptake from the gills or by the
acceleration of the transport of the ingested Cu to the internal organs. The antagonistic effect of Ca on the Cu accumulation in O. niloticus tissues can be partially explained
by the competition of these two metals for the binding sites
on the protein carriers such as metallothionein, or at the
uptake sites on the gills. Other similar studies on heavy
metal interaction in fish have observed that Ca reduces the
uptake of Cd from water [22, 23].
Liver and kidney are highly active in fish metabolism
so that they can accumulate metals higher than brain, as
shown in this study. Cu accumulation in all tissues of fish
increased significantly with increasing concentrations of
Cu, particularly in long treatment durations. In all concentration tested, highest level of Cu was found in liver of O.
niloticus followed by kidney and brain. Increased liver
concentration of Cu may be related to elevated metal-binding protein synthesis. These findings were in accordance
with findings of Cogun and Kargin [5] which metal accumulation was the lowest in brain and the highest in liver
and kidney. Kim and Kang [24] who reported that Sebastes
schlegeli exposed to Cu showed more accumulation in liver
than intestine, kidney, and muscle respectively. Cu accumulation was found to be time and concentration dependent and in all tissues of fish elevated with increasing concentrations of Cu and exposure period [5].
Enzyme activities and GSH contents under the effects
of metals indicate an increase or a decrease depending on
the species, organ specificity, dose and route of exposure

[25, 26]. GST is important for xenobiotic metabolism and
antioxidative protection in aquatic organisms [27, 28]. In
this study, all GST activity, except in kidney, elevated significantly in treated groups with respect to control in brain
and liver. Basha and Rani [29] demonstrated that sublethal
Cd (cadmium) exposure lead to increase in the activity of
liver GST in O. mossambicus significantly. A similiar relation had been detected in our study.
Activity of GST, seems to be more affected at metal
exposure which may be a result of changing the activity of
enzymes either by binding to their functional groups
(sulfhydryl, carboxyl, imidazole, etc.) or by displacing the
metal associated with the enzyme [30]. GST activity could
be induced owing to neutralize the metal toxicity as forming part of an adaptive response to Cu toxicity.
GSH is considered as a first line of cellular defense
system against metals by chelating and detoxifying [31]. In
the present investigation, GSH level in kidney and liver increased under effects of Cu and Cu + Ca especially at the
highest concentrations. Firat et al. [32] have suggested that
GSH level increased in liver of O. niloticus exposed to Cd
and zinc (Zn). GSH induction in different fish species exposed to metals was also observed in other studies. Liver
GSH level was elevated during the exposure period in tissues of Brachydanio rerio which exposed to Cu concentrations (40 and 140 µg/L) [33]. 3.0 mg/L Cd exposure caused
induction of GSH status in liver of O. niloticus [34]. Increasing GSH level may be due to predictably through interference with GSH metabolism [35].
As explained previously, GST and GSH are found virtually in all tissues of vertebrates but their high level represent in liver which is a major organ for metal uptake and
enzymatic transformation of ROS (reactive oxygen species) [27]. However, GST activity and GSH level were not
altered significantly in some Cu + Ca medium, due to the
protector effects of Ca against metal toxicity [36, 37].
Cu had an oxidative stress potential via alteration of
GST activity and GSH level in O. niloticus tissues. Fluctuation in antioxidant defense system in fish could be due to
increase in the production of ROS because of Cu accumulation. These changes could be reduced in the presence of calcium. Results of the present study showed that the effects of
metals on GSH level and GST activity in tissues of O. niloticus were higher or lower in Cu concentrations than Cu + Ca
mixtures as compared to control groups. Ca exposure had
the capacity to decrease Cu toxicity in O. niloticus.

5. CONCLUSION
As is well known Cu is toxic to fish when exceeded the
lethal-dose. In this study, significant of Cu accumulation
was determined among liver, kidney, and brain of O. niloticus. All tissues showed an alteration in antioxidant status
at different time intervals and exposures. This situation indicated that Cu could be responsible for oxidative stress in
tissues. Furthermore mixture exposure of Cu + Ca produced
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antagonistic effect in comparation with Cu in GST activity,
GSH level and Cu accumulation in all tissues during exposure time. Results suggested that toxicity of Cu on tissues of
fish can be reduced significantly with the application of Ca.
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ABSTRACT
The objectives of this study were to determine the content and chemical forms of antimony (Sb) and to investigate the effect of some mineral phases on its distribution in
surface sediments of Nansi Lake. The results showed that
the content of the total Sb (TSb) was in the range of 1.756.29 mg/kg averaging 4.05 mg/kg. Results of a selective
sequential extraction of Sb in the sediment showed that the
amorphous and well-formed crystalline Fe and Al hydrous
oxides bound Sb comprised about 50% of the TSb. Moreover, the level of amorphous Fe and Al hydrous oxides
bound Sb increased with the TSb content. In addition, the
average percentage content of the Sb in residual phase was
also high (31.7%). The sediment in the upper lakes contained relatively high-level Sb, thus suggesting that anthropogenic activities might be the main contributor of the contamination of Sb in the sediment of Nansi Lake. Regression
analysis showed that TSb content and that of Fe and Al hydrous oxides bound Sb content were positively and significantly correlated with the content of clay, Fe, and Al of
the sediment, which indicated some significant effects of
the mineral phases containing clay, Fe and Al on the distribution and environmental behavior of Sb in the sediments
of the lake.

KEYWORDS: Antimony, Fractionation, Selectively sequential extraction, Sediment, Nansi Lake

1. INTRODUCTION
Antimony (Sb) is a metalloid belonging to group 15 of
the Periodic Table. It occurs naturally at trace levels in environment with various oxidation states (-III, 0, III, V) [1].
The various speciation of Sb presents different toxicities,
which are following the general order of: antimonites (III) >
antimonates (V) > organoantimonials (e.g. methylated species) [2]. Studies showed that Sb is categorized as a non-essential element for plants, animals, and humans but is toxic
to most organisms [3, 4]. In 1999, antimony was listed as
* Corresponding author

hazardous substances on the Basel Environment Convention [1]. Antimony and its compounds were also listed as
pollutants controlled with priority by European Union
(EU) and the Environmental Protection Agency of the
United States [5].
In the past decades, Sb was usually overlooked as an
element of environmental concern and its study has been
largely neglected, probably due to its lower abundance and
the relative insolubility of most of its compounds [6]. However, the Sb demand in the international market rose sharply
in recent years. In 2008, the world production of Sb was estimated to 165,000 tones [2]. In fact, antimony has been
widely applied in numerous products including flameproof
retardants, batteries, antifriction alloys, small arms and tracer
bullets, and cable sheathing [1]. Therefore, investigations on
the wide distribution of Sb in the environmental matrix have
received larger attention from the scientific community in
recent years. For example, studies on the distribution of Sb
in water [7], sediment or soil [8, 9, 10], atmosphere [11],
and biota [8, 10, 12] had been conducted systematically.
Natural processes and human activities induced the occurrence of antimony in environment [4]. However, the Sb
pollution originates mainly from mining and industrial
emission sources [13]. High levels of Sb pollution have
been frequently detected around mining area [7, 10]. For
example, Sb concentrations in rivers around the antimony
mine of Xikuangshan in China were up to 6384 µg/L in
water samples and to 7316 mg/kg in sediment samples [9].
Beauchemin et al. [14] reported that the highest Sb concentrations in an adit pool at a gold deposit in Canada could
reach 199 µg/L in water samples and 105 mg/kg in surface
sediment samples. However, available data about the contents of Sb in soils/sediments away from the antimony mining area are still scarce.
As the largest freshwater lake in the southwest Shandong
province, Nansi Lake (34°27′–35°20′N, 116°34′–117°21′E)
consists of four smaller lakes Nanyang, Duanshan, Zhaoyang
and Weishan (Figure 1). It has received considerable amount
of anthropogenic pollutants originating from industrial, agricultural and urban sources. Rich coal resource around Nansi
Lake promoted the development of coal-related industry,
such as smelting and coal-fired power plants. Large quantities of wastewater from these industrial activities were
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FIGURE 1 - Location map of sampling sites in Nansi Lake.

discharged through rivers into Nansi Lake. Therefore, Nansi
Lake has been under serious contamination pressures in recent years. The pollution status of metals [15, 16] and organic pollutants [17] in the sediments of Nansi Lake is reported by recent studies. However, there was no investigation on the pollution by Sb in the sediments of Nansi Lake.
Therefore, the main goals of this study were: (1) to determine the content and fractionation of Sb in the sediments
of Nansi Lake; and, (2) to investigate the effects of some
mineral phases on the distribution and environmental behavior of Sb in the sediments of Nansi Lake.

2. MATERIALS AND METHODS
2.1 Samples collection

In this study, twenty surface sediment samples were
collected (0-15 cm) in April 2013 from various sites in
Nansi Lake (Figure 1). At each site, the samples were taken
from five different locations using cable operated sediment
samplers (Van Veen grabs, Eijkelkamp). They were mixed
together and placed in dark-colored polyethylene bags. Then
they were taken to the laboratory immediately, freeze-dried
(FD-1A, China), slightly crushed, passed through a two-millimeter sieve, and stored at 4 oC in glass bottles before analysis.

2.2 Samples analysis

The total organic carbon (TOC) content of sediment
was determined with an elemental analyzer. The pH values
of sediment were determined using a combined pH electrode (Orion, USA) in a 1:10 solid: liquid ratio suspension.
The grain size distribution of the sediment samples was analyzed using a LS 230 laser diffraction particle analyzer
(Beckman Coulter). The percentages of clay (< 2 μm), silt
(2-20 μm), and sand fractions (20-2,000 μm) were determined.
About 1.00 g of sediment sample was digested with a
mixture of HNO3–HF–HClO4 (5:5:1) and the content of Fe,
Al, Mn, and Ca was determined by ICP-AES (IRIS Intrepid
II, Thermo Electron Co., USA). Another aliquot of sediment sample was digested by the mixed solution of aqua
regia, 1% (w/v) KMnO4 and 1% (w/v) oxalic acid. Hydride
generation - atomic fluorescence spectroscopy (HG-AFS)
(HG-AFS230, Beijing Haiguang Instruments, Inc., China)
was used to measure the total Sb (TSb) concentration in the
digested solutions.
The accuracy of the Fe, Al, Mn, and Ca concentrations
was checked by conducting an analysis of three kinds of
reference materials (GSS1, GSS2, and GSS9) obtained
from the Institute of Geophysical and Geochemical Exploration, Chinese Academy of Geological Science. The average relative errors of Fe, Al, Mn, and Ca concentrations in
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these reference materials were -2.12~1.67%, -0.72~1.43%,
-0.58~1.65%, and 1.47~2.14%, respectively. The precisions were evaluated by the variation of coefficients (CVs)
of two replicates from six sediment samples. Average CVs
were 2.15, 1.25, 1.42, and 1.53% for Fe, Al, Mn, and Ca,
respectively. The accuracy of the TSb was checked by conducting an analysis of a certified reference material (BCRCRM 277b). The differences between the certified and theoretical values were under 7%.
2.3 Sequential extraction analysis of Sb in the sediment

In this study, the five-step sequential extraction procedure for arsenic (As) described by Wenzel et al. [18] was
adopted for the chemical operationally-defined forms extraction of Sb. The specific extraction procedures are
shown in Table 1. The four chemical forms including nonspecifically sorbed Sb (F1), specifically-sorbed Sb (F2),
amorphous and poorly-crystalline Fe and Al hydrous oxides bound Sb (F3), and well-formed crystalline Fe and Al
hydrous oxides bound Sb (F4) were sequentially and selectively extracted by (NH4)2SO4, NH4H2PO4, NH4-oxalate,
and NH4-oxalate + ascorbic acid solutions, respectively
(Table 1). The content of residual Sb (F5) was determined
by calculating the difference between the TSb content and
the sum contents of the four fractions described above. The
suspensions were centrifuged at 10,000 rpm for 10 min at
room temperature using a Xiang Yi centrifuge in each step.
All the above supernatants were filtered through a 0.45 µm
membrane and analyzed by HG-AFS. All reagents were
analytical grade. The precision of the sequential extraction
method was evaluated by the variation of coefficients (CV)
of ten replicates from five sediment samples. Average CVs

of Sb were 3.56, 5.16, 2.48, and 4.27% for F1, F2, F3, and
F4, respectively.

3. RESULTS AND DISCUSSION
3.1 Basic properties of the sediment

Basic physico-chemical properties of the sediment including the content of Fe, Al, Mn, Ca, P, and TOC, the values of pH, and the percentages of clay, silt, and sand are
summarized in Table 2. The TOC content ranged from 0.1
to 1.19% in the sediment. The percentages of clay, silt, and
sand ranged from 1.34 to 17.37%, from 9.13 to 51.68%,
and from 36.7 to 88.42%, respectively, with average values
of 9.39, 32.31 and 54.03%, with no large difference among
the four lakes. The average content of Al, Fe, Ca, P, and Mn
in the sediment was 67.48, 27.24, 11.92, 0.53, and 0.63 g/kg,
respectively, which were higher than that of Mn (0.53 g/kg),
but lower than that of Al (77.44 g/kg), Fe (30.89 g/kg), Ca
(29.45 g/kg), and P (0.66 g/kg) in the upper continental
crust [19].
3.2 Total Sb content in the sediment

The TSb content in the sediments of Nansi Lake ranged
from 1.75 to 6.29 mg/kg, with an average value of 4.05 mg/kg
(Table 3, Figure 2). The TSb content of the stations located in
the Dushan Lake was generally higher than that of stations at
other lakes. For example, the sediment contained the highest level of TSb (6.29 mg/kg) at site S10 located at the Dushan Lake. In addition, the TSb levels of the sediment at
sites S8, S9, S11, and S12 were much higher than those of
other sites. The sediment at site S18 located at the Weishan

TABLE 1 - Steps of the selective sequential extraction procedure [18].
Step

Fraction

Extractant

Experimental conditions

1

Non-specifically sorbed Sb

0.05 M (NH4)2SO4

4 h shaking (20 °C)

2

Specifically-sorbed Sb

0.05 M NH4H2PO4

16 h shaking (20 °C)

3

Amorphous and poorly-crystalline
Fe and Al hydrous oxides bound Sb

0.2 M NH4-oxalate (pH 3.25)
wash step: 0.2 MNH4-oxalate

4 h shaking in the dark (20 °C)
10 min shaking (20 °C)

4

Well-crystallised Fe and Al hydrous
oxides bound Sb

0.2 M NH4-oxalate+0.1M ascorbic acid (pH 3.25)
wash step: 0.2 M NH4-oxalate

30 min shaking in water bath at 96 oC
10 min shaking (20 °C)

TABLE 2 - General properties of the sediments in Nansi Lake.
Site
Average
Stda
CV%b
Minimum
Maximum
a
b

TOC
%
0.65
0.38
59
0.10
1.19

Clay
%
9.39
4.28
46
1.34
17.37

Silt
%
32.31
10.51
33
9.13
51.68

Sand
%
54.03
14.05
26
36.70
88.42

Al
g/kg
67.48
11.90
18
37.74
79.68

Standard deviation
Coefficient of variance
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Fe
g/kg
27.24
11.73
43
6.65
41.91

Ca
g/kg
11.92
3.25
27
7.49
20.23

P
g/kg
0.53
0.14
26
0.23
0.67

Mn
g/kg
0.63
0.25
39
0.26
0.97

TSb
mg/kg
4.05
1.48
36
1.75
6.29
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by the effluents. After sedimentation and retention in the upper lake, sediments in the lower lake are consequently at a
corresponding lower contamination level. Moreover, the
faster development of aquaculture in Dushan Lake in comparison to other lakes might also contribute to higher level
of contaminants. Therefore, the TSb level of sediments in
the upper lake is higher than that of the lower lake. In addition, there were some large smelting plants and coal-fired
power plants nearby Nansi Lake, which might produce
emission of Sb pollutants. Thus, the deposition of atmospheric Sb from coal-consuming industries may be the potential source of the Sb in the sediments of Nansi Lake.

Lake contained the lowest level of TSb (1.75 mg/kg). Moreover, the TSb levels of the sediment at the site S19 and S20
were relatively low. The spatial distribution tendencies
showed that the TSb level of the sediment was relatively
higher in the upper lakes including Nanyang, Zhaoyang, and
Dushan than that in the lower lake Weishan. Annual large
amount of domestic sewage and industrial wastewater from
the Jining, Zaozhuang, and Heze cities discharged into the
lake through the rivers flowing into Nanyang and Dushan
Lakes. Water flows from the upper lake to the lower lake
under natural conditions in Nansi Lake. Therefore, some
inorganic and organic pollutants are deposited firstly in the
upper lake. The sediments of the upper lake are affected first

TABLE 3 - Basic statistical parameters of various Sb chemical forms in the sediments of Nansi Lake.
Sb concentration (mg/kg)
Sites

F1

Average
0.06
Stda
0.03
CV%
49
Minimum
0.01
Maximum
0.11
a
Standard deviation
b
Coefficient of variance

Sb proportions (%)

F2

F3

F4

F5

TSb

F1

F2

F3

F4

F5

0.84
0.47
56
0.20
1.57

1.33
0.62
46
0.45
2.41

0.69
0.35
51
0.15
1.26

1.13
0.21
19
0.73
1.56

4.05
1.48
36
1.75
6.29

1.43
0.59
41
0.66
2.87

19.11
5.35
28
11.15
28.55

31.73
4.78
15
21.41
38.30

16.07
4.50
28
6.89
23.28

31.67
12.54
40
17.39
53.88

7
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FIGURE 2 - Absolute partition patterns (a) and relative partition patterns (b) of Sb among sediment fractions in the sediments of Nansi Lake.
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The average content of Sb in the upper continental
Earth’s crust is 0.4 mg/kg [20]. The background content of
Sb in the world sediment [22], in Chinese soil [21], and in
Shandong province soil [21] is 1.2, 1.06, and 0.9 mg/kg,
respectively. Therefore, the TSb concentrations at all the
sampling stations were higher than the values mentioned
above. It can be concluded from these results that anthropogenic activities might have been the main factor contributing to the high level of Sb in the sediments of Nansi Lake.
The sediments around the mining regions generally have
high levels of Sb. For example, the contents of Sb range
from 57 to 7316 mg/kg in sediments and from 100 to 5045
mg/kg in soil in the Xikuangshan area in China, respectively [8, 9]. In abandoned antimony mine, the contents of
Sb in soils range from 19 to 4400 mg/kg in Italy and from
5 to 40 mg/kg in Spain, respectively [7, 10]. However,
studies on the content of Sb in non-mine area were scarce.
However, the sediments contain relatively low content of
Sb away from the mining region. For example, Lin et al.
[22] showed that the Sb content was in the range of 0.131.77 mg/kg in the sediments of the Daliao River system.
The content of Sb ranged from 0.50 to 2.70 mg/kg in the
sediment of the Yangtze River system [13].
3.3 Chemical forms of Sb in the sediment

Single or sequential chemical soil extractions are often
used to deduce the Sb association with specific phases such
as minerals or organic matter [2]. The information contributes to the comprehensive understanding of potential metalloid availability or mobility under specific environmental
conditions. The extraction procedure of the Sb forms in the
sediments of Nansi Lake is shown in Table 3.
As shown in Table 3, the Sb content in operationallydefined fractions F1, F2, F3, F4, and F5 were in the range
of 0.01-0.11, 0.20-1.57, 0.45-2.41, 0.15-1.26, and 0.731.56 mg/kg, respectively. The average percentage of Sb in five

forms followed the order of F3 (31.73%) > F5 (31.67 %) > F2
(19.11%) > F4 (16.07%) > F1 (1.43%). The average percentage of Fe and Al hydrous oxides bound Sb (F3 and F4)
comprised about 50% the TSb content. The Sb content in F3
of the sediment increased with the TSb content (Figure 2).
These results confirm the crucial role of Fe and Al hydrous
oxides in immobilizing Sb in superficial environments. Fe
and Al hydrous oxides have an important effect on the environmental behavior of Sb in sediment, due to their abundance, large specific surface area, and strong binding affinity [2, 24, 25, 29]. Anthropogenic sources of Sb might
firstly bind to amorphous and poorly-crystalline Fe and Al
hydrous oxides. These results were consistent with that of
an element of the same group As. Tighe et al. [24] reported
that 30-47% of total Sb was bind to non-crystalline Al and
Fe hydrous oxides in soil collected from Australia. Müller
et al. [25] reported that an average of 90% of TSb is bound
to amorphous and crystalline Al and Fe oxides in soil collected from Scotland.
The residual fraction of soils and sediments is usually
determined with a strong acid digestion and generally represents the portion of the unavailable metal or metalloid in
soil or sediment [2]. This fraction could possibly contain
Sb attached to resistant sulfides or pyrite. There are many
factors influencing the content of this fraction, such as contaminant source, pH, redox, and competing ions. Various
levels of this fraction were reported by some previous studies. For example, He et al. [8] reported that the majority
(88.2-97.9%) of Sb was in residual fraction in the soil from
the Xikuangshan mine whereas Wang et al. [9] reported
that 5.7-53.5% of the TSb was in the residual fraction in
the sediment around the Xikuangshan mine. In addition,
exchangeable or weakly bound Sb (F1) contributes only to
a small proportion of the TSb in sediment, which is in accordance with previous studies [8, 9].

TABLE 4 - Pearson correlation coefficients between the TSB and various forms of Sb and the mineral phases in the sediments of Nansi Lake.
TOC
TOC
Clay
Silt
Sand
Al
Fe
Ca
P
Mn
TSb
F1
F2
F3
F4
F5

1
0.712**
0.221
-0.450*
0.892**
0.980**
-0.119
-0.034
-0.141
0.871**
0.597**
0.866**
0.808**
0.792**
0.396**

Clay

Silt

Sand

Al

Fe

Ca

P

Mn

TSb

F1

F2

1
0.465*
-0.727**
0.566**
0.650**
-0.178
-0.039
-0.110
0.788**
0.650**
0.752**
0.801**
0.756**
0.143

1
-0.886**
0.135
0.204
-0.212
0.257
0.362
0.350
0.340
0.238
0.390
0.456*
-0.028

1
-0.310
-0.408
0.237
-0.210
-0.213
-0.592**
-0.461*
-0.531*
-0.631**
-0.626**
-0.002

1
0.948**
-0.368
0.069
0.049
0.842**
0.608**
0.819**
0.768**
0.790**
0.419

1
-0.211
0.020
-0.068
0.872**
0.607**
0.865**
0.794**
0.798**
0.431

1
-0.318
-0.336
-0.274
-0.322
-0.256
-0.316
-0.380
0.253

1
0.829**
0.032
0.372
0.021
0.093
-0.005
-0.138

1
-0.011
0.352
-0.060
0.041
0.073
-0.231

1
0.722**
0.965**
0.981**
0.932**
0.319

1
0.703**
0.758**
0.681**
-0.005

1
0.937** 1
0.869** 0.933** 1
0.234
.0.185
0.093 1

**.Correlation is significant at the 0.01 level.
*.Correlation is significant at the 0.05 level
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FIGURE 3 - Correlations between the content of TSb and the content of Al, Fe, TOC, and clay in the sediments of Nansi Lake: (a) TSb vs. Al,
(b) TSb vs. Fe, (c) TSb vs. TOC, (d) TSb vs. clay.

3.4 Correlations analysis between mineral phases and Sb in
the sediment

The nature on the mineral phases was one of the most
important factors impacting the retention of Sb in soils or
sediments [2]. Understanding the association of Sb with
mineral phase is fundamental for investigating the distribution and environmental behavior of Sb. Therefore, the correlations between TSb, the chemical forms of Sb and the
mineral phases in the sediments of Nansi Lake are presented in Table 4 and Figure 3.
The results showed that TOC, clay, Fe, and Al are positively and significantly correlated with the TSb and the
each forms of Sb in the sediments of Nansi Lake, respectively. Therefore, the basic mineral phases of sediment
strongly affect the distribution and behavior of Sb in the
sediments of Nansi Lake.
Previous investigation has certified that Sb was bound
to Fe hydroxides by employing X-ray absorption and photoelectron spectroscopy [26]. Fe and Al oxides and hydroxides could sorb Sb in soil or sediment [2]. Formation of
edge-sharing inner-sphere sorption complexes at the goethite surface in the case of Sb (V) and the formation of a
bidentate, corner-sharing complex for Sb (III) were found
[27]. Thanabalasingam et al. [28] reported that Sb (III) sorb
to oxides and hydroxides, with the sorption order of:
MnOOH > Al (OH)3> FeOOH. In addition, Belzile et al.
[29] reported that amorphous Fe and Mn oxyhydroxides
could oxidize Sb (III) to Sb (V).
Organic matter such as fulvic and humic acids could
affect the environmental behavior of most trace elements

[30]. For instance, Newton et al. [31] observed that both
lead (Pb) and arsenic (As) could bind tightly to soil humic
acid molar mass fractions in soil of a contaminated apple
orchard by employing size exclusion chromatography-inductively coupled plasma mass spectrometry SEC-ICPMS. It was shown that Sb was bound to soil-derived humic
acid mass fractions in a shooting range soil also by employing SEC-ICP-MS [32]. In addition, Steely et al. [33] reported the importance of soil humic acids in converting inorganic Sb (III) species to a less toxic species [i.e., Sb (V)]
as well as limiting mobile antimony in contaminated soils
by complexing with it.
These investigations suggest that Fe, Al, and Mn oxides and hydroxides and TOC have an important effect on
the motivation and transformation of Sb in soil and sediment.

4. CONCLUSIONS
This study determined the content of Sb in the sediments of Nansi Lake. The total content ranged from 1.75
to 6.29 mg/kg, and averaged 4.05 mg/kg. The average proportion of Sb in five operationally-defined chemical forms
followed the order of: F3 (31.73%)> F5 (31.67 %)> F2
(19.11%)> F4 (16.07%)> F1 (1.43%). Antimony was
mostly associated with Al and Fe hydrous oxides (47%),
followed by the association with a residual and refractory
fraction (31.67%). The sediment in the upper lakes contained relatively higher level of Sb than that in the lower
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lake. Industrial emissions might be the main contributor of
the high content of Sb in the sediments of Nansi Lake. The
mineral phases of sediments including the content of Fe,
Al, clay, and TOC have an important effect on the distribution and environment behavior of Sb in the sediments of
Nansi Lake.
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ABSTRACT
When measuring concentration of chemical compounds,
we often have to deal with a situation when the resulting values are found below the limit of detection or limit of quantification of the determination method. In order to statistically
evaluate such data, the method of maximum likelihood considering doubly left-censored samples is applied. As a model
distribution of measured concentrations, Weibull distribution is considered. Moreover, considering the asymptotic
properties of maximum likelihood estimates, concentrations of chemicals can be compared using Wald’s test
based on the expected Fisher information matrix. Here we
show that the described statistical method allows for a better evaluation of the obtained experimental data than commonly used methods where all values below the detection
limits are replaced by a constant. These methods are used
for an analysis of the worldwide commonly used synthetic
musk compounds (nitro and polycyclic) which were extracted from the fish samples caught upstream (Group 1) and
downstream (Group 2) from a high-capacity wastewater
treatment plant.

KEYWORDS: Doubly left-censored sample, maximum likelihood,
musk compound, Wald’s test, Weibull distribution.

1. INTRODUCTION

Generally, musk compounds can be divided into four
groups: linear, macrocyclic, polycyclic and nitro musk
compounds. The last two groups are used most frequently
as substitutes for natural musks in fragrances and personal
hygiene products [2]. Galaxolide (HHCB) and tonalide
(AHTN) are examples of the most important polycyclic
musk compounds. Musk xylene, musk ketone and musk
ambrette are well-known nitro musk compounds (i.e. compounds containing one or more nitro groups in a molecule).
The production of nitro musk compounds, that are generally included in a group of substances posing a risk to the
environment, has decreased over the last years [3, 4]. By
contrast, production of polycyclic synthetic aromatic substances, which are less toxic, has increased because of their
frequent use as additives in many personal care products,
e.g. soaps, shampoos, deodorants, body lotions, perfumes,
cleaning and disinfecting agents, air fresheners and industrial cleaning agents (see e.g. [5]). Synthetic aromatic substances were also detected in samples of air and dust collected in indoor environments [6]. They often penetrate
into the environment through wastewater because of their
ineffective removal in the wastewater treatment plant
(WWTP), see e.g. [7] and references inside. Accumulation
of these substances in the environment (surface water, sediment) results in their occurrence in food chain, especially
in aquatic ecosystems. A number of studies revealed the
presence of musk compounds in tissues of aquatic animals.
These compounds can also be found in human body, for
example in fat tissue, human milk and blood plasma (see
e.g. [8, 9]), as a consequence of fish consumption.
This contribution is focused on introduction of advanced statistical methods and their use for analyzing musk
compound concentrations in fish tissue. These methods are
then compared with a standard approach. Moreover, the influence of the WWTP on concentration of musk compounds in fish muscle is assessed.

Synthetic aromatic substances or musk compounds are
lipophilic contaminants able to accumulate in various components of the environment. They represent a group of persistent pollutants, and may occur in environmental matrices and human tissues. Synthetic aromatic substances were
launched on the market in the early 20th century and the
volume of their production has significantly increased over
the last 50 years [1]. Since they have potential carcinogenic
properties, efforts are currently being made to limit or prohibit their use in many regions worldwide.

2.1 Material and Equipment

* Corresponding author

The sample of aquatic biota consists of 60 fish from the
carp family, specifically of the European chub (Leuciscus

2. MATERIALS AND METHODS
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cephalus), which were caught in the Svratka River, Czech
Republic, near the WWTP Brno-Modřice by Morava River
Basin Administration employees. Fish were caught on 10th
November 2009; half of them came from a watercourse upstream (Group 1), and half of them from a watercourse
downstream (Group 2) from the WWTP. The fish were
transported to the laboratory of the Institute of Veterinary
Hygiene and Ecology of Veterinary and Pharmaceutical
University in Brno, and examined by a veterinarian. Relevant characteristics were noted and then muscle, skin and
guts were separated. Muscle tissue was selected for the
musk compound analysis because it is considered to be representative of all of the body. The muscle tissue was homogenized (using a blender), subsequently frozen at -20 ◦C
and kept frozen until the analysis. Fish of approximately
the same age were chosen for the analysis.
For each analysis, 3 grams of defrosted muscles were
used, triturated and mixed with 5.5 g of PSE matrix. This
mixture was quantitatively transferred into extraction vessel and the analyte was extracted by pressurized solvent extraction under optimized conditions (cyclohexane : ethyl
acetate [25:75] extraction agent, temperature 120 ◦C, pressure 140 bar, 4 min static phase, 3 cycles, 15 s solvent flush
[used twice], 1 min drying by nitrogen), see [10] for more
details. This type of extraction is commonly used when analyzing pesticides and other organic pollutants contamination in sediments [11]. The obtained extract was reduced to
2 ml on rotary evaporator. Pressurized solvent extraction
was followed by adsorption column chromatography to purify samples using Florisil as the adsorbent and ethyl acetate as the eluent. The volume of ethyl acetate was 80 ml
and the flow rate was 6 drops per minute. Afterwards, the
sample volume was reduced on rotary evaporator. The final
sample was concentrated by 30 µl of undecan, and 770 µl
of cyclohexane was added; therefore, the final volume of
sample transferred to a vial was 800 µl. Analysis by GCMS on GC Agilent 6890N followed. The capillary column
DB-5MS (20 m × 0.18 mm × 0.18 µm) was used with helium as carrier gas, 1 min splitless time and transfer line
temperature 285 ◦C. Temperature program started at 50 ◦C,
held for 1 minute, followed by 15 ◦C-per-minute ramp up
to 110 ◦C and 5 ◦C-per-minute ramp up to 165 ◦C, at which
it was held for 8 minutes. Finally, 15 ◦C-per-minute ramp
up to 285 ◦C, at which it was held for 2 minutes, followed.
As a result of the analysis, four nitro (musk ambrette [AMB],
musk xylene [MX], musk tibetene [TIB], musk ketone [MK]),
and four polycyclic musk compounds (phantolide [PH], traseolide [TR], galaxolide [HHCB], tonalide [AHTN]) were detected.
2.2 Data and Censoring

When analyzing musk compounds and chemical data
in general, we often have to deal with a situation when the
substance is either absent, or exists at such a low concentration that it is not present above the detection limit level.
Chemical analyses do not provide precise determination of
the concentrations when values are found below the limit
of detection (LOD), or limit of quantification (LOQ). The

LOD is the lowest concentration of a substance that can be
distinguished from the absence of that substance in a sample, and LOQ is the lowest concentration at which we can
reasonably tell the difference between two different values
of concentration. In this paper, detection limits were calculated using calibration curves of particular analytes, see
[12] for more information. In the following text, the term
“detection limits” refers to both LOD and LOQ. Since two
fixed detection limits are present and known (see Table 1),
it is necessary to work with doubly left-censored samples
and type I censoring.

0.04
0.035

Normalized frequency
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0.025
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0.015
0.01
0.005
0
0

LOD

LOQ

Concentration [μg/kg]

FIGURE 1 - Histogram of galaxolide concentration (upstream the
WWTP) with Weibull density and parameters λ = 23.98, τ = 1.61,
LOD = 8.95 µg/kg, LOQ = 29.83 µg/kg.

Various censoring techniques and statistical analyses
of censored data are described in more details in many
monographs, e.g. [13, 14]. In many environmental studies,
left censoring is based on normal distribution [15, 16].
However, the distribution of variable such as concentration
is positive and skewed to the right (see Fig. 1 for an example), thus the normal distribution is not the most suitable
choice. On that account, methods for dealing with doubly
left-censored samples from exponential distribution [17]
and Weibull distribution [18] considering type I censoring
were developed. A novelty of these methods lies primarily
in the analytically determined (expected) Fisher information
matrix (FIM) which is necessary for calculating variability
of the estimated parameters by the maximum likelihood (ML)
method and determination of the Wald’s test statistic (7). At
first the musk compound concentration was modeled using
the exponential distribution [19]. It was shown that use of
exponential distribution (which is a special case of Weibull
distribution) is sufficient in some cases (musk ambrette,
musk tibetene, phantolide, traseolide). Therefore, these compounds will be omitted from the analysis. However, it was
impossible to use exponential distribution for modeling concentrations of the remaining musk compounds. Therefore,
doubly left-censored Weibull distribution will be considered
because of its flexibility. In this paper, the one-sample
Weibull model based on [18] will be enhanced to the twosample model. The suitability of a particular distribution
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TABLE 1 - Pearson’s χ2 goodness-of-fit test for Weibull distribution; H denotes the null hypothesis.
Compound

Upstream the WWTP
H
p-value
not rejected
0.10
not rejected
0.99
not rejected
0.87
not rejected
0.52

HHCB
AHTN
MX
MK

Downstream the WWTP
H
p-value
not rejected
0.31
rejected
0.01
not rejected
0.97
not rejected
0.29

can often be derived from earlier studies. Here the suitability of Weibull distribution was tested using Pearson’s
goodness-of-fit test in Matlab (version 8.1, R2013a). It can
be seen from Table 1, that Weibull distribution can be used
for modeling of galaxolide, musk xylene and musk ketone
concentration because the null hypothesis is not rejected at
a significance level of 0.05. It is well known that
goodness-of-fit test has quite a low power and the smaller the
size of the sample, the lower the power is. However, in case
the distribution of data is not far from Weibull distribution
(which is possible considering the test results), it is possible
to utilize the flexibility of Weibull distribution and proceed
from Weibull approximation. Moreover, a correspondence
between the histogram and Weibull density suggests suitability of Weibull distribution for modeling of musk compounds concentration (see Fig. 1 for an example).
2.3 Statistical Processing Method
2.3.1 Maximum Likelihood Estimation of the One-Sample
Weibull Model

Let , … ,
be a type I doubly left-censored random
sample from Weibull distribution with scale parameter
0, shape parameter
0, and cumulative distribution
function (cdf)
1

, ,

exp

,

0,

(1)
0,
0.
Furthermore, let
,…,
be the ordered sample of
, … , . For simplicity, in all the formulas, detection lim, LOQ
, and we put
its will be denoted as LOD
0. Moreover, is the number of observations below
d
is the number of observations in the interval
the ,
, and
,
is the number of uncensored observations
,…,
.
Using the results from [13], the log-likelihood function
of the censored sample is given by
, ,

,

,

,
log

,…,
!
! !

log

, ,

In order to determine variances of the estimated parameters and ̂ , the expected FIM which is derived in [18]
is used. The FIM of the doubly left-censored Weibull distribution is
,

,

(3)

where the analytical forms of FIM elements are rather
complicated and can be found in [18].
Using the asymptotic properties of ML estimator
respectively), according to [22],

( ̂

(√ ̂
respectively) has asymptoti√
(N 0,
respectively),
cally normal distribution N 0,
where
(
respectively). Considering the
gamma function Γ, the expected value
,
Γ 1
1/ and variance σ λ, τ
λ, τ of
Γ 1 2/
the Weibull distribution can be calculated. Since λ, τ
and σ λ, τ are continuous functions, the parameters in
both formulas are replaced by their ML estimates , ̂ obtained from the censored samples. Considering the asymptotic normality of
, ̂ , the lower (LCL) and upper
(UCL) 1 α % confidence limits for estimate μ can be
calculated as
UCL ̂

, ̂

Var μ λ, τ

LCL ̂

, ̂

Var μ λ, τ ,

where
/ is the 1
normal distribution and

(2)
, ,

LOQ
[µg/kg]
29.83
6.62
2.50
1.90

ML estimates and ̂ of parameters and were obtained
by maximization of the log-likelihood function (2) using
Nelder-Mead simplex algorithm, which is implemented in
Matlab environment (version 8.1, R2013a). An optimization procedures based on the EM algorithm (see e.g. [20,
21]) can also be used, however, it may converge slowly,
especially in case of a high censoring level.

Var

log

LOD
[µg/kg]
8.95
1.98
0.75
0.57

,

where is density function corresponding to cdf (1)
and we put ∑
log
0 for
0. The
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,

/2 quantile of the standard

, ̂

Γ 1

1
,
̂

λΨ 1

Γ 1

1
,
̂

λΨ 1

1
Γ 1
̂
̂

1
̂

1
Γ 1
̂
̂

1
̂

where Ψ is the digamma function.

, ̂

,

© by PSP Volume 24 – No 11c. 2015

Fresenius Environmental Bulletin

2.3.2 Maximum Likelihood Estimation of the Two-Sample
Weibull Model

Further attention will be paid to comparison of two independent censored samples , , … , , ,
1,2, from
Weibull distribution with cdf (1) and parameters
,
in case of the first sample and
,
in case of the second sample. Parameters and describe the difference between distributions of the first and
second samples. In case
0 and
0, distributions of
the two samples are identical. Furthermore, , , … , , ,
1,2, again denotes the ordered sample , , … , , , and
variables , are frequencies corresponding to frequencies
,
0,1,2, from the previous section, where denotes
the sample number (
1,2).
Results of the ML analysis for one-sample model from
the previous section will be generalized to two-sample
model and the FIM for two-sample Weibull model will be
described using the elements of matrix
, given by
(3). The log-likelihood function
of the joint sample
, ,…,
, ,
, ,…,
, is of the form of
, , ,
, ,

,

,

,

,

,

,

,

,

,…,

,

,
,

,

(4)

,

,

,

,

,

,

,…,

,

,

,

,

,

,

,

,

,

,

,

,

,

,

,

,

,

,…,

,

,

,

,

,…,

,

,…,

(5)

,…,

The FIM is symmetric, and its upper triangular matrix
elements are

,

,
,

,

,

,

,

,

,

,

,

,

,

,

,

,

,

,

,

,

,
,…,

,

,

,
,

,

,

,

,

,

,

,

,

,…,

.

,

2.3.3 Hypothesis Testing

When dealing with chemical or environmental data,
observations of concentrations below the analytical detection limits are sometimes replaced by a constant between 0
and the detection limit, often by the midpoint of this interval (see e.g. [16]). First of all, let us use this approach and
replace all the censored values by the midpoint of the intervals 0, LOD and LOD, LOQ .
In order to compare two samples, standard methods for
comparing two means can be used. The test is often based
on the statistic
,

.
,

,

,

,

where is the log-likelihood function (2). The ML estimates , , , ̂ of parameters , , , were obtained by
maximization of the log-likelihood function (4).
In order to simplify the notation of the FIM for the twosample Weibull model, vector of parameters , , ,
will
be denoted in this section only as
, , ,
, , ,
. Using the FIM for the one-sample Weibull
model (3) we get the FIM for the two-sample Weibull
model in the form of
E

,

(6)

where
( respectively) is the sample mean and
( respectively) the sample variance of the first (second
respectively) sample. Under the null hypothesis that theoretical means are equal, the statistic (6) is considered to be
asymptotically normal N 0,1 .
In our case, the Weibull distribution is assumed and
the asymptotic tests with nuisance parameters can be used
for comparison of samples distributions without replacing
the censored values by constants. On that account, Wald’s
test (see e.g. [23]) for comparing two independent samples
from Weibull distribution is used. The null hypothesis
H : ,
0,0
is set against the alternative
0,0 . The test statistic is of the form of
H : ,
,

,

.

, , , ̂

,

,

(7)

where
,
,

,

,

,

,

,

,

,

,

,…,

,

,

,

,

,

,

,

,

,

,

,

,

,

,

, , ,

,

,
,

.

,…,

,

,

,…,

,

,

,

,

is a transformation of the FIM (5). The test statistics
(7) has asymptotically
distribution with two degrees of
freedom.

,
,

,

,

,

,

,
,

,

,

,

,

,

,

,…,

3. RESULTS AND DISCUSSION
,

First of all, we focus on performance of statistics (6)
and (7). An advantage of the T statistic is that there are no
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limitations on distribution of concentrations in case of large
sample sizes because of the central limit theorem. However, this statistic tests only the equality of mean concentrations. Obviously, there are samples with equal means
and diﬀerent distributions. Therefore, it would be necessary to test also the equality of variances. The performance
of methods based on replacement of censored observations
has previously been examined in [16] for normally and lognormally distributed data. It was shown that the performance is not particularly good. Problems can be expected
especially in case of skewed data with small sample sizes.
More information about how substituting values for censored observations can ruin the results can be found in [20,
24, 25].
In order to assess the performance of the above mentioned test statistics (6) and (7), it is necessary to compute
their power functions. The power functions for parameters

, considering various values (based on real data) of parameters , were calculated for comparison of censored
samples (
100) from Weibull distribution. Censoring
1,2) were set based on real data as quantiles
levels (
, , ,
of Weibull distribution using equations
1,2. The results can be found in Fig. 2 where top
figures roughly correspond to musk ketone and bottom
figures roughly correspond to galaxolide. In case there is a
diﬀerence in scale parameters of the distributions and
0, the test statistic (6) performs slightly better than (7) (see
Fig. 2a, c). However, if there is a diﬀerence in shape of the
distributions and
0, performance of test statistic (6) is
poor (see Fig. 2b, d). It means that if there is a diﬀerence
only in parameter , and thus there is a diﬀerence in expectations, the test based on statistic (6), unlike the statistic (7),
can give non-significant results. Thus the results based on
test statistic (7) will be preferred.
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There is one important question: Is it really necessary
to use test statistic (7) instead of other asymptotic tests? For
example, the likelihood ratio test with the test statistic
2

, , , ̂

0,0, , ̃

(8)

could be used. Here the parameters estimated under the
null hypothesis are denoted by a tilde and those estimated
under the alternative are denoted by a hat. It was shown in
[26] that power functions of statistics (7) and (8) are quite
comparable. However, statistic (8) often works at a higher
significance level than the declared 0.05, which means that
it can falsely reject the null hypothesis in more than 5%
cases.
There is a package in the R environment which allows
for fit of various parametric distributions to censored data
([27]). However, calculation of the expected FIM is not included, and the FIM can improve the statistical analysis
and is necessary for estimation of standard deviations of
the estimated parameters (see Table 2).
Diﬀerences in concentrations of the musk compounds
between Group 1 and Group 2 were evaluated by means of
test statistics (6) and (7). It can be seen from Table 2 that
there is no significant diﬀerence in concentrations of musk

compounds between Group 1 and Group 2 at a significance
level of 0.05. It only means that it was not possible to conclude that the WWTP has influence on concentrations of
musk compounds in fish tissue.
In Table 3, there are the expected concentrations ̂ of
musk compounds estimated from the censored Weibull distribution and the mean concentrations estimated from the
model where all the censored values were replaced by constants; the 95% confidence limits are included. It can be
seen that both estimates are quite similar. In order to assess
the estimation quality, more general simulation study
(10,000 repetitions) was carried out. The bias of the expected value and variance was studied considering low
(
0.05,
0.10) and high (
0.45,
0.90)
number of censored values and the results for sample
size
30 are in Table 4. On one hand, it can be seen that
behavior of the estimates of expected value based on censored distribution and sample mean in case of low censoring
are, as expected, rather similar. On the other hand, if there is
a high number of censored observations, sample mean behavior is not particularly good. The same behavior can be
seen for comparison of variance and sample variance.

TABLE 2 - Comparison of the concentrations of musk compounds between Group 1 and Group 2 using test statistic (6) and (7);
the null hypotheses. Standard deviations of parameters’ estimates are in parentheses.
Compound
HHCB
MX
MK

not
rejected
not
rejected
not
rejected

T

p-value

-1.07

0.28

1.24

0.22

0.59

0.56

not
rejected
not
rejected
not
rejected

W

p-value

1.96

0.38

1.50

0.47

1.68

0.43

̂
(std)
1.612
(0.259)
0.496
(0.132)
1.340
(0.206)

(std)
23.977
(3.097)
0.460
(0.251)
2.454
(0.363)

(std)
5.381
(4.276)
0.002
(0.307)
-0.228
(0.452)

,

denote

(std)
0.436
(0.419)
0.264
(0.272)
0.313
(0.329)

TABLE 3 - Comparison of expected ( ) and mean ( ) concentrations of musk compounds between Group 1 and Group 2; 95% lower (LCL)
and upper (UCL) confidence limits are included.
Compound
HHCB
MX
MK

̂
̂
21.48
26.01
0.93
0.54
2.25
1.99

LCL
LCL
16.24
20.93
0.14
0.25
1.63
1.53
̂

̂

UCL
UCL
26.73
31.09
1.73
0.84
2.88
2.45

̂
̂
21.92
25.61
1.06
0.72
2.23
1.97

LCL
LCL
16.99
21.01
0.57
0.47
1.48
1.49

UCL
UCL
26.85
30.21
1.56
0.96
2.98
2.44

4
8
4
1
13
11

,

,

,

,

,

,

3
0
22
23
0
0

23
22
4
6
17
19

LOD

LOQ

8.95

29.83

0.75

2.50

0.57

1.90

TABLE 4 - Comparison of the expected value and variance estimates of the censored Weibull distribution with sample mean and sample
variance obtained from samples in which all censored values were replaced by constants; sample size
.
Censoring
Low
High
Low
High
Low
High

μ λ, τ
1.0000
2.0000
25.0000

μ λ, τ
1.0004
0.9935
2.0038
1.9790
25.1117
24.8192

σ λ, τ
1.0002
1.1175
2.0033
2.2267
25.1089
27.9256

1.0000
4.0000
625.0000
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σ λ, τ
1.0131
1.0061
4.0512
4.0066
638.3229
627.2783

1.0020
0.9274
3.9912
3.6796
632.4145
581.0977
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4. CONCLUSIONS
This contribution was focused on the issue of contamination level detection in fish muscle by the synthetic fragrant compounds. The fish catching upstream (Group 1)
and downstream (Group 2) from the high-capacity WWTP
was carried out. Concentrations of musk compounds extracted from the fish samples in Group 1 and 2 were compared. The first comparison was carried out using a basic
statistical analysis where all the censored values were replaced by the midpoint of the intervals 0, LOD and
LOD, LOQ . Subsequently, we applied the statistical
method based on processing of doubly left-censored samples from Weibull distribution considering type I censoring. The influence of the WWTP on concentrations of musk
compounds in fish tissue was not statistically significant;
the reason of this may be small sample sizes and also the
high number of censored values. When using expected
value of Weibull distribution and sample mean to estimate
mean concentrations of musk compounds, behavior of both
estimators is rather similar in case the number of censored
values is low. However, when the number of censored values is high, sample mean behavior is not particularly good.
The statistical methods introduced in this paper allow for a
better evaluation of the obtained experimental data with
(very flexible) Weibull distribution. All the procedures
used were implemented in the Matlab environment (version 8.1, R2013a), and can be found in [28].
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DIRECT APPLICATIONS OF CERIUM
AND YTTRIUM ON VEGETABLE PAK CHOI
Yu-Fu Hu1,*, Cheng-Ming Yuan1, Shuang-Long Jiang1, Ke-Ya Ma1, Jia-Jia Peng1, Qin Pu1 and Shu Yuan1,*
1

College of Resources, Sichuan Agricultural University, Chengdu 611130, China

ABSTRACT
In recent years, rare earth elements (REEs) have been
widely used in agriculture. However, there is little understanding of the direct application and evaluation the safety
of REEs on edible vegetables. In this study, Cerium (Ce),
a light rare earth element and Yttrium (Y), a heavy rare
earth element, were selected as the REEs; the crucifer Pak
choi was selected as the experimental material. The physiological characteristics of Pak choi and accumulation of
REEs in the plants were investigated. In a pot experiment,
plants were sprayed with 50, 150, 300, 600, and 1,000 mg/L
concentrations Ce(NO3)3·6H2O and Y(NO3)3·6H2O. The results showed that spraying Ce3+ and Y3+ both significantly
impacted the physical characteristics of Pak choi, with a
low-promoting but high-repressing pattern. The dry weight,
chlorophyll content, net photosynthesis rate, catalase (CAT),
peroxidase (POD), superoxide dismutase (SOD), ascorbate
peroxidase (APX) activities peaked when the concentration
of Ce3+ and Y3+ both were 300 mg/L. In addition, at the same
spraying concentration, the effect of Ce3+ on Pak choi was
greater than Y3+. The leaf cumulative amount of Ce and Y in
Pak choi increased with increasing spray concentration. The
leaf Ce/Y levels exceed the Chinese safety limit when the
spraying concentrations of Ce3+ and Y3+ were over 300 mg/L
and 1,000 mg/L, respectively. The results indicate that the
appropriate concentration of exogenous REEs can be used to
promote the growth of Pak choi, and the effect of Ce were
better than those of Y.

tention due to their positive role in agriculture [1, 2]. There
have been a number of studies about the application of
REEs on grain crops which showed that appropriate concentration of REEs could promote production and improve
quality, and the effects of LREEs on grain crops were better
than HREEs, meanwhile the cumulative amount of REEs in
grains was safe for humans [3-5]. These studies contributed
to our understanding of the effects of REEs on crops. To
date, little data has been reported regarding the application
of REEs to vegetable production. Furthermore, grain crops
for human consumption are mainly plant seeds, while most
of vegetables for human consumption are plant roots, stems,
and leaves. Previous studies reported that the accumulation
of REEs was discrepant in different plants and different organs [6]. However, few studies report data on the accumulation characteristics of REEs in edible vegetables, data which
is necessary to understand the effects and application of
REEs on vegetables.
Pak choi is one of the main vegetables consumed daily
in China, while Ce and Y are some of the more common
rare earth elements. In this work, a study was performed to
evaluate the effect of spraying different concentrations of
Ce3+ and Y3+ on the physiological characteristics of Pak
choi, and the accumulation characteristics of Ce and Y in
Pak choi were investigated.

2. MATERIALS AND METHODS
2.1 Materials

KEYWORDS: rare earth elements, Pak choi, physiological characteristics, safety concentration, dry weight.

1. INTRODUCTION
Rare earth elements (REEs) are mainly lanthanide elements in the Periodic Table of Elements and are divided into
light rare earth elements (LREEs) and heavy rare earth elements (HREEs) according to the differences of physical and
chemical properties. Recently, REEs have received much at* Corresponding author

The chemicals Ce(NO3)3·6H2O and Y(NO3)3·6H2O
were purchased from Fande Chenke Technology Co., Ltd.
(Beijing, China). Pak choi (Brassica rapa L. ssp. chinensis) seeds were purchased from Beijing Lvjinlan Seedling
Co., Ltd. (Beijing, China). The two chemical reagents were
dissolved in deionized water to make the following desired
concentrations: 0, 50, 150, 300, 600, and 1,000 mg/L.
Pak choi seeds were washed thoroughly with doubledistilled water and then placed in an illuminated incubator
at 20 °C for germination. After germination, the seedlings
were transferred into soil. They were placed in an illuminated incubator at 25 °C to promote growth. For each treatment, Pak choi was grown with six concentrations of chemical reagents: 0, 50, 150, 300, 600, and 1,000 mg/L. In the
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first 10 d and 20 d, 20 ml of each Ce(NO3)3·6H2O and
Y(NO3)3·6H2O at each concentration was repeated three
times. The chemical reagents were sprayed on the pak choi
leaf surface. The pak choi seedlings were grown until they
reached the stage of having five to six leaves (30 d), and
homogenous seedlings were selected for use in subsequent
uptake experiments.
2.2 Plan dry weight measurements

After thirty days, plant samples were washed in the following order: tap water, 0.01% nitric acid, and distilled water. After the final washing step, plant samples were dried
in an electric oven at 80 °C for 18 h to a constant weight.
When the oven temperature reached 60 °C, the samples
were removed and weighed in the balance.
2.3 Leaf chlorophyll analysis

Thirty days after treatment establishment with
Ce(NO3)3·6H2O and Y(NO3)3·6H2O, 0.5 g of fresh pak
choi leaves were taken for determination. Leaves were cut
with scissors and soaked in an acetone and alcohol (1:1)
mixture solution to extract chlorophyll. (The leaves were
first rinsed several times with EDTA solution, then washed
several times with glass distilled water to avoid the contamination of the REEs in vitro). The chlorophyll content
was measured after 24 hours of immersion in the mixture
according to Arnon’s method [7].
2.4 CO2 assimilation measurement

Gas exchange was measured by an open system TPS1 (PP systems, Hitchin, UK). Net photosynthetic rate (Pn)
was determined at CO2 concentration of 360 μmol mol-1, relative humidity of 80%, irradiance of 0-1600 μmol m-2 s-1 and
temperature of 25 °C [8].

(3 mL) contained phosphate buffer (50 mM; pH 7.8), EDTANa (0.1 mM), L-methionine (12 mM), riboflavin (2 μM), and
nitrotetrazolium blue chloride (75 μM). Riboflavin was added
last. The tubes were shaken and placed at a photosynthetic
photon flux of 50 μmol m−2 s−1 for 15 min. The reaction was
initiated and terminated by turning the light on and off, respectively. The A560 was measured. The reaction solution of
POD (3 mL) contained phosphate buffer (2.9 mL, 50 mM;
pH 7.0), guaiacol (50 μl; 10 mM), H2O2 (10 μl; 40 mM), and
crude enzyme extract (40 μl). The Increase in A470 due to the
oxidation of guaiacol was measured at 20 °C. CAT activity
was assayed by monitoring the decrease in A240. The reaction mixture contained phosphate buffer (50 mM; pH 7.0)
and H2O2 (30% w/v) and was started by adding the reaction
solution to crude extract (10 μl). APX was measured by
monitoring the decrease in A290. The assay mixture (1 mL)
contained HEPES-KOH (50 mM; pH 7.6), ethylenediaminetetraacetic acid (0.1 mM), H2O2 (0.2 mM), ascorbic
acid (0.5 mM) and enzyme extract. The reaction was initiated by adding H2O2.
2.8 Data analysis

Each treatment was performed in triplicate, and the results were expressed as mean ± standard deviation (SD).
Statistical differences in the experimental data were examined by the Student’s t test. Each of the experimental values
was compared with its corresponding control. All the statistical analysis was implemented using SPSS 10.0 (SPSS
Inc., Chicago, USA). Significant difference was defined as
that with a p value < 0.05 in all statistical analyses.

3. RESULTS
3.1 Plant Dry Weight

2.5 Leaf Vitamin C and soluble sugar analysis

Leaf vitamin C was determined by the Folin-Ciocalteu
method [9]. Soluble sugars were extracted and determined
as described by Chinnasamy and Bal [10].
2.6 Leaf element content measurements

The concentration of REEs in the samples was analyzed
by inductively coupled plasma-mass spectrometry [11].
2.7 Antioxidant enzyme activity measurements

Pak choi leaves (1 g) were homogenized in 10 ml of
cold 0.1 M phosphate buffer (pH 7.6) containing 2% polyvinylpyrrolidone, 1% β-mercaptoethanol, and 10 m M dithiothreitol in a previously chilled mortar using acidwashed sand as an abrasive [12]. The homogenate was centrifuged at 10,000×g for 30 min at 0-4 °C in a refrigerated
centrifuge. The resultant supernatant is referred to as the
enzyme extract and was stored in a refrigerator for subsequent enzyme assays and estimation of soluble protein.
Catalase (CAT), peroxidase (POD), superoxide dismutase (SOD), ascorbate peroxidase (APX) activities were
assayed as described previously [12]. The SOD assay medium

The dry weights of Pak choi shoots and roots both increased with increasing concentrations when spraying concentrations of Ce3+ and Y3+ was under 300 mg/L, and decreased with increasing concentrations when concentrations of Ce3+ and Y3+ was above 300 mg/L, respectively
(Fig. 1). When at the concentrations of Ce3+ and Y3+ were
300 mg/L, the shoot dry weights both reached their highest
values, increased by 38.96% and 31.25% (p < 0.05) compared with the control; while the root dry weights increased
by 42.23% and 36.77% (p < 0.05) for Ce3+ and Y3+ treatments, respectively. When the concentrations of Ce3+ and
Y3+ were 1,000 mg/L, the dry weights reached their lowest
values showing that the growth of Pak choi was inhibited
at this concentration. In addition, for the same concentration, the dry weights of Pak choi under the treatment of
Ce3+ was always higher those that of Y3+.
3.2 Chlorophyll, Net Photosynthetic Rate, Vitamin C, and Soluble Sugar Contents

The effects of spraying Ce3+ and Y3+ on the chlorophyll
content of Pak choi are shown in Fig. 2. When treated with
50, 150, 300, and 600 mg/L of Ce3+, the chlorophyll content increased by 52.87%, 72.41%, 129.89%, and 86.84%
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compared with the control (p < 0.05), respectively. As for
Y3+, the chlorophyll content increased by 32.94%, 56.47%,
102.5%, and 74.36% (p < 0.05), respectively. When treated
with 1,000 mg/L of Ce3+ and Y3+ the chlorophyll content
decreased by 3.85% and 38.47% compared to the control
(p < 0.05), respectively. Net photosynthetic rate, vitamin C
and soluble sugar contents showed similar trends as chlorophyll. It showed that low concentrations of Ce(NO3)3 and
Y(NO3)3 could increase chlorophyll, Net photosynthetic
rate, vitamin C (VC), and soluble sugar content, but high concentrations decreased them. Also, their peak concentration ap-

peared to be about 300 mg/L Ce3+ or Y3+. For the same concentrations, these contents under the treatment of Ce3+ were
always higher than those of Y3+.
3.3 Antioxidant Enzyme Activities

As shown in Fig. 3, with concentrations of both Ce3+
and Y3+ below 300 mg/L, the CAT activities of Pak choi
increased gradually with increasing concentration. For the
Ce3+ solutions, when the concentration was at 300 mg/L,
the CAT activity peaked, and increased by 90.04% (p <
0.05) compared to the control. In addition, when treated

FIGURE 1 - Shoot and root dry weights of Pakchoi after Ce3+ and Y3+ treatments.
Bars represent mean and standard deviation of values obtained from three biological replicates. Significant differences (p < 0.05) are denoted by different
lowercase letters.

FIGURE 2 - Chlorophyll, net photosynthetic rate, VC and soluble sugar contents of Pakchoi after Ce3+ and Y3+ treatments.
Bars represent mean and standard deviation of values obtained from three biological replicates. Significant differences (p < 0.05) are denoted by different
lowercase letters.
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FIGURE 3 – POD, SOD, CAT and APX activities of Pakchoi after Ce3+ and Y3+ treatments.
Bars represent mean and standard deviation of values obtained from three biological replicates. Significant differences (p < 0.05) are denoted by different
lowercase letters.

FIGURE 4 - Leaf accumulation levels of Ce and Y of Pakchoi after Ce3+ and Y3+ treatments.
Bars represent mean and standard deviation of values obtained from three biological replicates. Significant differences (p < 0.05) are denoted by different
lowercase letters.

with 50, 150, and 300 mg/L, the CAT activity increased by
26.25%, 46.15%, and 76.47% compared to the control, respectively. At 1,000 mg/L, the CAT activity was lowest,
and decreased 23.09% compared to the control. As for Y3+,
the pattern of change was similar to that of Ce3+. When the
concentration of Y3+ was under 600 mg/L, the CAT activities were higher than the control, and when above 600
mg/L, the CAT activities were lower than the control. The
peak concentration of Y3+ appeared to be about 300 mg/L.
For the same concentration, the CAT activities under the
treatment of Ce3+ were always higher than those of Y3+.
The effects of Ce3+ and Y3+ on the activities of POD,
SOD and APX in Pak choi are also shown in Fig. 3. Similar
to the pattern of change in CAT, in pace with the increasing
concentration of Ce3+ and Y3+, the activities of CAT increased, then decreased, respectively, and the peak concentration of Ce3+ and Y3+ both occurred at 300 mg/L. When
treated with 50, 150, 300, and 600 mg/L Ce3+ solutions, the

POD activities increased by 42.00%, 106.14%, 191.36%,
and 141.25% compared to the control (p < 0.05), respectively. As for Y3+, the POD activities increased by 33.38%,
90.39%, 180.41%, and 124.23% (p < 0.05), respectively.
When treated with 1,000 mg/L Ce3+ and Y3+, the activities
of POD were significantly decreased by 9.98% and 20.85%
compared to the control, respectively.
In summary, low concentrations of Ce(NO3)3 and
Y(NO3)3 increased antioxidant enzyme activities, but high
concentrations decreased them.
Accumulation of Ce and Y

Fig. 4 showed that accumulations of Ce and Y in Pak
choi increased markedly with the increasing spraying concentrations of Ce and Y. When treatment concentrations of
Ce were 50, 150, 300, 600, and 1,000 mg/L, the leaf accumulation of Ce increased by 10.2-17.5 times compared to
the control. As for Y, the accumulation level increased by
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5.9-15.5 times compared to the control (p < 0.05). It indicated that for the same treatment concentration, the accumulation of Ce was greater than that of Y in Pak choi.

4. DISCUSSION
In this work, the effects of Ce(NO3)3 and Y(NO3)3 on
Pak choi growth and the cumulative amount of Ce and Y in
Pak choi, were studied. In our study, increasing the spray
concentration of Ce3+ and Y3+ resulted in an increase in the
dry weight and chlorophyll of Pak choi at low levels and a
decrease at high levels. The results are consistent with previous studies [2, 6, 14-17]. The reason could be that low concentrations of REEs promote nutrient absorption, transformation, and utilization of N, P, and K, and further promoted
growth of plant [3, 18]. However, when Pak choi was treated
with higher concentrations of Ce3+ and Y3+, the dry weight
and the content of chlorophyll decreased, perhaps because
high concentrations of Ce3+ and Y3+ exhibited the characteristics of heavy metals, and played a toxicity role [2, 19]. In
this paper, all physiological contents of Pak choi peaked
when the concentration was 300 mg/L. This was different
from some previous articles. For example, Ou et al. [20]
pointed that the optimum concentration of lanthanum oxide
for chlorophyll and dry weight of wheat Wanmai33 and
Wanmai48 appeared to be about 489 mg/L from a field test
method. Li et al. [21] noted that CeCl3 can significantly improve the net photosynthetic rate, light saturation rate, C0 saturated photosynthetic rate, photosynthetic quantum efficiency, chlorophyll content, and Hill reaction activity of soybean seedlings, and peaked at 20 mg/L by the solution culture experiment method. It indicated that there were differences in peak concentrations for diverse plants. The reason
might come from differences in plant biological and physiological features. In addition, our study showed that the content of chlorophyll and dry weight of pak choi by treatment
of Ce3+ was greater than Y3+. This result agreed with that of
Jiang et al. [18], which confirmed that the effects of LREEs
on plants were better than HREEs.
The main biological functions of antioxidant enzymes
for plant growth are catalytic decomposition of H2O2 intracellular and preventing peroxidation, which are related to
stress resistance and oxidative aging. Furthermore, antioxidant enzymes can timely remove excessive reactive oxygen
species (ROS) in normal cell metabolism or under stress,
which protects plants cells from oxidative damage, is the determining factor of cell function, and also maintains plant
cell redox homeostasis [2, 15, 22]. This study found that, low
concentrations of Ce3+ and Y3+ promoted enzyme activities
in Pak choi, while higher concentrations would inhibit it. It
confirmed that appropriate amount of REEs could improve
plant enzyme activity and enhance resistance [1, 23]. In addition, antioxidant enzyme activities of Pak choi peaked
when the concentration was 300 mg/L. Our results were inconsistent with those of Zhao et al. [1] and Gong et al. [5],
who studied different plants. Thus, the peak concentrations
of REEs for different plants may be different.

Many studies reported that excessive REEs are harmful to the brain and skeleton of humans [24]. Our study
showed that the accumulations of Ce and Y in Pak choi increased with increasing spray concentrations of Ce3+ and
Y3+, respectively. At the same treatment concentration, the
cumulative amount of the Ce in Pak choi was greater than
Y. Chen et al. [24] also confirmed that LREEs are easier to
accumulate compared to HREEs. In addition, according to
the National Standard of China (GB 2762-2005), the tolerance limit of rare earth elements in plant foods is ≤ 0.7
mg/kg. In this study, when spraying concentrations of
Ce(NO3)3 and Y(NO3)3 over 300 mg/L and 1000 mg/L, respectively, the cumulative amount of the Ce and Y in Pak
choi exceed the Chinese safety limitation. Considering that
the effects of Ce are better than Y and the price of Y(NO3)3
is almost four times of Ce(NO3)3, we suggest that the best
and safe spray application of REEs on Pak choi is 300
mg/L Ce.

5. CONCLUSIONS
The results showed that the effect of spraying different
concentrations of Ce(NO3)3 and Y(NO3)3 on dry weight,
chlorophyll, net photosynthetic rate, VC, and soluble sugar
contents and antioxidant enzyme activities of Pak choi presented to be low-promoting and high-repressing pattern. In
addition, for the same concentration, Ce3+ could promote
growing of Pak choi better than Y3+. Also, the cumulative
amount of Ce and Y in Pak choi increased with increasing
concentrations of Ce3+ and Y3+. When the concentrations
of Ce3+ and Y3+ were over 300 mg/L and 1,000 mg/L, respectively, the cumulative amount of the Ce and Y in Pak
choi exceeds the safety limit of China. Hence, under the
treatment of 300 mg/L Ce, we could not only get a higher
yield but also ensure that the amount of Ce is within Chinese food safety limits.
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ABSTRACT
This paper introduced a method of using electrocoagulation-flotation technology to treat zinc-containing simulated wastewater. Effects of electrode material, polar plate
spacing, initial pH value, electric current and electrolysis
time on Zn2+ removal efficiency in simulated wastewater
were investigated. Results revealed that Zn2+ removal efficiency was highest when aluminum was used as an anode
electrode, the space between polar plates was 1 cm, initial
pH value was 8, electric current was 4 A, and electrolysis
time was 120 minutes. Removal efficiency of Zn2+ was
96.3% under optimal conditions.

KEYWORDS:
electrocoagulation-flotation;
wastewater; removal efficiency

Zn2+

simulated

culation floatation. This method produces flocculants and
some oxidation agents though the sacrificial anode; and
then, reacts with hydroxy to synthesize polynuclear hydroxyl
complexes and hydroxide, which have high adsorption activity. Its adsorption capacity is higher than hydroxide, which
is obtained by using an agent hydrolysis method. Electric
flocculation-flotation technology could effectively gather
zinc materials that have been precipitated from water, so
that suspended substances in wastewater could finally be
coagulated for separation. At the same time, pollutants of
charged particles in the electric field of the electrode are
neutralized by electrophoresis mode, and prompts destabilization-flocculation [9].
An examination of the chemical reactions occurring in
the electrocoagulation-flotation process shows that the
main reactions occurring at the aluminum electrodes are
[10, 11]:
Al→Al3++3e-(anode)
Alkaline conditions: Al3++3OH-→Al(OH)3

1. INTRODUCTION
Smelting wastewater contains a large number of heavy
metals; which not only seriously pollutes the environment,
but also causes loss and waste of a large number of heavy
metal resources. Thus, smelting wastewater pollution has
attracted much attention to researchers. Smelting wastewater
with high contents of zinc is wastewater discharged from
the production process of zinc. Without the ability of self purification and biological degradation, zinc smelting wastewater could cause great harm to animals and plants [1].
There are many ways to remove zinc ions [2,3] including adsorption method [4], ion exchange resin method [5],
chemical precipitation method [6], and so on. But all these
methods have their limitations, which are mostly due to
high operation costs.
Electric flocculation-flotation technology [7,8] combines advantages of the electrochemical method and floc* Corresponding author

Acidic conditions: Al3++3H2O→Al(OH)3+3H+
The main reactions occurring at the iron electrodes are:
Fe→Fe2++2e-(anode)
Alkaline conditions:Fe2++2OH-→Fe(OH)2
Acidic conditions:4Fe2++O2+2H2O→4Fe3++4OH2H2O+2e-→H2+2OH-(cathode)
The purpose of this research was to systematically
study the process of electric flocculation treatment of electroplating wastewater and to optimize the reaction conditions so as to guide the heavy metal wastewater treatment
process in practical application. This paper adopted electric
flocculation–floatation technology to treat zinc-containing
smelting wastewater simulated at a laboratory. Electrode
plates were screened and the electric flocculation process
was optimized to obtain optimal process parameters. This
study provides a new alternative for effectively treating
zinc-containing smelting wastewater.
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2. MATERIAL AND METHODS
2.1 Experimental materials

In this experiment, Zn2+ concentration was 100 mg/L,
while chemical oxygen demand (COD) was 100 mg/L. Sodium hydroxide (powder) and sulfuric acid were of analytical reagent grade, and purchased from Tianjin Kermel
Chemical Reagent Co., Ltd.
2.2 Instruments

DC regulated power supply (RXN-305D, China), pH
meter (PHSJ-4A, China), plasma optical emission spectrometry(Agilent Technolgies Company, 700Series ICPOES, USA), iron and aluminum plates with 360 mm x 110
mm x 1 mm specifications (China), organic glass partition
with 300 mm x 70 mm x 1.5 mm specifications (hollowed
out, 288 mm x 28 mm; China).In this experimental tests,
physical abrasive and chemical attack on the surface were
both used to ensure the electrode surface repro-ducibility.The aluminum and iron electrodes were mechanically
polished with abrasive paper. What is more, the electrodes
was immersed in 35% hydrochloric acid for 10 min and
washed with deionized water and then dried [12].

USA) which greatly improved the accuracy of measurement without personal error [13]. In this study, all tests
were assessed on a triplicate sample and mean values were
used. Formaldehyde adsorption on grafted cellulose was
calculated by the following equation:
Rzn = [(C0-C)V/C0] x 100%

Where Rzn is the removal rate of Zn2+, C0 is the initial
Zn concentration in mg/L, and C is the subsequent Zn2+
concentration in mg/L.
2+

2.5 Energy consumption

In the process of electrocoagulation-flotation technology for treating zinc-containing simulated wastewater,
electric energy consumption is an important economic indicators. Electric energy consumption was calculated by
the following equation [10]:
E=UIt/V

(2)
.

Where E is energy consumption in kW h, U is the voltage in V, I is the electric current in A, t is time in h, and V is
the volume of the Zn2+-contained wastewater quality in L.

2.3 Methods

In order to study the influence factors on the removal
rate of zinc-containing wastewater, laboratory wastewater
was simulated. Through an investigation, we found that the
concentration of Zn2+ in smelting wastewater produced by a
real factory in GuangXi province of China was about 100
mg/L. The purpose of this study was to deal with the actual
smelting wastewater, so a 100 mg/L simulated Zn2+ solution
was used in this study. Zinc sulfate (solid) was accurately
weighed and diluted with deionized water to obtain a 100
mg/L Zn2+ solution. Zn2+ solution pH was adjusted with
H2SO4. One liter of simulated water sample was added into
the reactor and a plate was inserted. The plate was connected
to a DC regulated power supply by wires and alligator clips
to regulate current. After electric flocculation reaction,
wastewater samples were taken out for centrifugal settling.
Then, the supernatant was taken to measure the zinc ion content. In order to obtain the supernatant consistent, we used
the method of centrifugal. Firstly, we take the rough upper
solution and then centrifugal to acquire supernatant consistent. The reaction principle is shown in Fig. 1.

(1)

3. RESULTS AND DISCUSSION
3.1 Effect of electrode materials on Zn2+ removal rate

The selection of electrode materials directly affects the
wastewater treatment process [14]. Iron and aluminum electrodes are common electrocoagulation electrodes. This research mainly screened and compared the effects of iron and
aluminum electrodes on Zn2+ removal rate in wastewater.
Reaction parameters were: pH value of 4, electric current
of 3 A, electrode distance of 2 cm, and reaction time of
120 minutes.

FIGURE 2 - Effect of electrode materials on Zn2+ removal rate
FIGURE 1 - Reaction principle
2.4 Adsorption measurement of Zn2+

Zn2+ concentration was measured by inductively coupled plasma optical emission spectrometry (ICP-OES,

As shown in Fig. 2, a slight difference on Zn2+ removal
rate from flocculation reactions were observed when iron and
aluminum were used as anode electrodes. After 120 minutes,
Zn2+ removal rate reached 90.7% and 94%, respectively. As
shown in Table 1, aluminum electrodes were better than
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TABLE 1 - Iron and aluminum anode analysis
Electrode
materials
Al electrodes
Fe electrodes

The color of the
electrolytic solution
colourless
yellow-green

Hydraulic
retention time
short
long

The phenomenon of
polarization passivation
little
many

The removal
rate of Zn2+(%)
94
92

TABLE 2 - Optimum pH for Zn2+ removal compared with related researches
Electrode materials
Mild steel electrode
Mild steel electrode
Al electrode
Al electrode
Al electrode

Metal type
Cd2+, Cr6+, Cu2+, Ni2+, Pb2+ and Zn2+
Cd2+, Cr6+, Cu2+, Ni2+, Pb2+ and Zn2+
Cu2+, Zn2+ and Cr6+
Cu2+, Mn2+ and Zn2+
Zn2+

Optimum pH
6.9
7.1
7.0~8.0
7.0
8.0

iron electrodes. The anode material of the iron electrode
would gradually be consumed during the electrolysis process, and produce Fe3+ and Fe2+ ions in water. Then, the
reducing substances increases, which helps increase COD
degradation in water. At the same time, iron dissolved in
water induces color that would actually affect outlet color.
Thus, aluminum was better than iron as an anode electrode.
3.2 Effect of initial pH value on Zn2+ removal rate

The pH value of zinc-containing wastewater is generally
between 3 and 5. Electrocoagulation of aluminum electrodes
is appropriate under a pH range of 3-9. Zn2+ removal rate is
directly affected by pH value. Zn2+ easily forms hydroxide
in alkaline conditions. Reaction parameters were: electrode
material of Al-Al, electric current of 3 A, electrode distance
of 2 cm, and reaction time of 120 minutes.

FIGURE 3 - Effect of initial pH value on Zn2+ removal rate

The removal rate of Zn2+(%)
99.7%
100%
99%
100%
95%

Reference
[15]
[16]
[17]
[18]
Present work

These complexes could improve the process of heavy metals
removal by bridging the adsorption and sediment trap of
heavy metals. At the same time, Zn2+ could also be precipitated in hydroxide form and as an elementary substance to
obtain a higher removal rate. However, considering final effluent discharge standards, optimum initial pH was 8.
Our experimental optimum pH value was compared
with many researchers’ work, as shown in Table 2. As
shown in Table 2, our pH value was consistent with that
from others. Adhoum [19] had reported that the optimum
pH for the treatment of electroplating wastewater containing Zn2+ by electrocoagulation was 7-8, which was in accordance with the resutls in this experimental.
3.3 Effect of polar plate space on Zn2+ removal efficiency

In theory, the smaller the distance between two poles,
the smaller the resistance. When current was constant, a
bigger electrode space would increase resistance and consume more energy. As a result, solution temperature increases and interfacial properties of the multiphase medium were affected; which finally influences treatment efficiency. Reaction parameters were: electrode material of
Al-Al, pH value of 8, electric current of 3 A, and reaction
time of 120 minutes.
As shown in Fig. 4, when an aluminum electrode (anode) was applied in an electro-flocculation reaction, a small
polar plate space was conducive to metal ion removal. When
plate space was increased, flow disturbance was not normal
between electrolytic plates and affected electric flocculation.
However, a very small plate distance would easily lead to
increased solution temperature, boiling, and short circuit.
Therefore, optimum space between polar plates was 1 cm.
3.4 Effect of electric current on Zn2+ removal efficiency

As shown in Fig. 3, when pH value was 2-5, cathode
electrolytic water generated too much OH-. The pH value of
water gradually increased with electric flocculation, while
Zn2+ and OH- produced the corresponding hydroxide precipitation. When initial pH was higher than 5, the aluminum
electrode electrolysis of Al3+ formed hydroxide complexes.

Reaction parameters were: electrode material of Al-Al,
pH value of 8, electrode distance of 1 cm, and reaction time
of 120 minutes.
As shown in Fig. 5, Zn2+ removal rate reached its maximum level when current was 4 A. After that, removal efficiency slightly increased with the increase in electric current.
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electrolysis time was 105 minutes, removal rate reached
95%. This was because metal in the anodic dissolution process was easy for passivation. When time was prolonged,
the aluminum surface formed a film layer that directly affected the dissolution of aluminum electrodes. As a result,
an electric flocculation conduction time of 105 minutes
was better.

FIGURE 4 - Effect of polar plate space on Zn2+ removal efficiency

FIGURE 6 - Effect of electrolysis time on Zn2+ removal efficiency
3.6 Orthogonal experiments

In the electrocoagulation-flotation process, factors
such as polar plate spacing, initial pH value, electric current, and electrolysis time had great influence on the removal efficiency of Zn2+ in simulated wastewater. In this
TABLE 3 - Factors and level
Levels
1
7
1
3.5
90

Factors
FIGURE 5 - Effect of electric current on Zn2+ removal efficiency

In unit time, the higher the electric current, the more the
aluminum of the plate was dissolved, and the faster the formation of flocculates. However, as electric current increased, the present voltage of the reactor also increased,
which increased energy consumption. At the same time,
polarization and passivation phenomenon of the electrode
plate aggravated with increasing electric current. According to equation(2), when the current size was 4 A, the electric energy consumption was obtained the smallest value
which was about 15.05 kW.h. Therefore, in order to minimize electric current, 4 A was selected.
3.5 Effect of electrolysis time on Zn2+ removal efficiency

Reaction parameters were: electrode material of Al-Al,
pH value of 8, electric current of 4 A, and electrode distance of 1 cm.
As shown in Fig.6, prolonging the reaction time causes
electrodes to produce more Al3+ and OH-. Therefore, more
flocculants were formatted to promote electric flocculation
and metal deposition; and Zn2+ would be removed. When

A
B
C
D

pH
Polar plate spacing (cm)
Electric current (A)
Electrolysis time (minute)

2
8
2
4
105

3
9
3
4.5
120

TABLE 4 - Orthogonal experimental arrangement and test results
Experiment
number
1
2
3
4
5
6
7
8
9

A

B (cm)

C (A)

D (minute)

Rzn (%)

1
1
1
2
2
2
3
3
3

1
2
3
1
2
3
1
2
3

1
2
3
2
3
1
3
1
2

1
2
3
3
1
2
2
3
1

83.2
93.3
94.5
96.3
85.6
90.4
92.8
91.7
86.4

TABLE 5 - Range analysis of orthogonal results
Mean value
K1
K2
K3
R
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Factors
A
90.33
90.77
90.3
0.47

B
90.76
90.2
90.43
0.56

C
88.43
92
90.97
3.57

D
85.07
92.17
94.17
9.1
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study, when an aluminum electrode was used as an anode,
a four-factor-three-level orthogonal test were designed
[L9(34)]; and the removal efficiency of Zn2+ was the index.
Results are shown in Tables 3, 4 and 5.
According to Table 5, RD>RC>RB>RA; hence, influence factors for the removal rate of primary and secondary
orders were: electrolysis time, electric current (A), polar
plate spacing (cm), and pH level. Optimal solutions for
these experimental factors were: A-2 (pH of 8), B-1 (polar
plate spacing of 1 cm), C-2 (electric current of 4 A), and
D-3 (electrolysis time of 120 minutes).

4. CONCLUSIONS
In this study, electric flocculation-flotation technology
was used to remove Zn2+ from zinc-containing simulated
wastewater (100 mg/L of Zn2+). In this single factor experiment, we found that Zn2+ removal rate reached 96.3% under the following conditions: aluminum electrode was used
as an anode, plate spacing was 1 cm, initial pH was 8, current was 4 A, and electrolysis time was 120 minutes.

[8]

Pulkka, S., Martikainen, M., Bhatnagar, A. and Sillanpää, M. (2014)
Electrochemical methods for the removal of anionic contaminants
from water-a review. Separation and Purification Technology 132,
252-271.

[9]

Emamjomeh, M.M. and Sivakumar, M. (2009) Review of pollutants
removed by electrocoagulation and electrocoagulation/flotation processes. J.Environ. Manage 90(5), 1663-79.

[10] Nevzat Beyazit.(2014) Copper(II), Chromium(VI) and Nickel(II)
Removal from metal plating effluent by electrocoagulation. Int. J.
Electrochem. Sci 9, 4315-4330.
[11] Heidmann, I. and Calmano, W. (2008) Removal of Zn(II), Cu(II),
Ni(II), Ag(I) and Cr(VI) present in aqueous solutions by aluminium
electrocoagulation. J Hazard Mater 152(3), 934-41.
[12] Prica, M., Adamovic, S., Dalmacija, B., Rajic, L., Trickovic, J., Rapajic, S. and Becelic-Tomin, M. (2015) The electrocoagulation/flotation study: The removal of heavy metals from the waste fountain
solution. Process Saf Environ 94, 262-273.
[13] Yuan, H., Hu, Z., Liu, X., Tian, H., Li, R. and Chang, X. (2013)
Solid-phase extraction of Hg(II) on creatine modified activated carbon and determination by ICP-OES in water samples. Int. J. Environ.
An. Ch 93(11), 1189-1202.
[14] Golder, A.K. and Samanta, A.N. (2007) Removal of trivalent chromium by electrocoagulation. Sep. Purify. Technol 53(1): 33- 41.
[15] Meunier N, Drogui P, Mercier G, Blais J-F (2009) Treatment of
metal-loaded soil leachates by electrocoagulation. Sep Purif Technol
67 (1):110-116.
[16] Meunier N, Drogui P, Montane C, Hausler R, Mercier G, Blais J-F
(2006) Comparison between electrocoagulation and chemical precipitation for metals removal from acidic soil leachate. Journal of
Hazardous Materials 137 (1):581-590.

ACKNOWLEDGMENTS
The authors thank the National High Technology Research and Development Program of China (2009AA06A416)
for financial support. This work is partially supported by
the Natural Science Foundation of China (Project no.
51108261) and Guangxi R&D Program No: 14251009.
The authors have declared no conflict of interest.

[17] Adhoum N, Monser L, Bellakhal N, Belgaied JE (2004) Treatment
of electroplating wastewater containing Cu2+, Zn2+ and Cr(VI) by
electrocoagulation. Journal of Hazardous Materials 112 (3):207-213.
[18] Adhoum N, Monser L, Bellakhal N, Belgaied JE (2004) Treatment
of electroplating wastewater containing Cu2+, Zn2+ and Cr(VI) by
electrocoagulation. Journal of Hazardous Materials 112 (3):207-213.
[19] Adhoum, N., Monser, L., Bellakhal, N. and Belgaied, J.E. (2004)
Treatment of electroplating wastewater containing Cu2+,Zn2+ and
Cr(VI) by electrocoagulation. J Hazard Mater 112(3), 207-13.

REFERENCES
[1]

Wang, T., Zhang, P., Wu, D., Sun, M., Deng, Y. and Frost, R.L.
(2015) Effective removal of zinc (II) from aqueous solutions by
tricalcium aluminate (C(3)A). J Colloid Interface Sci 443, 65-71.

[2]

Caprarescu, S., Radu, A.L., Purcar, V., Ianchis, R., Sarbu, A., Ghiurea, M., Nicolae, C., Modrogan, C., Vaireanu, D.I., Périchaud, A. and
Ebrasu, D.I. (2015) Adsorbents/ion exchangers-PVA blend membranes: Preparation, characterization and performance for the removal of Zn2+ by electrodialysis. Appl. Surf. Sci 329, 65-75.

[3]

Dong, D.P., Li, Z.H., Yu, N.S., Yang, Z.L., Yang, Q., Wu, Y.F.and
Liu, D.P. (2015) Synthesis, structures, and magnetic properties of a
cyano-bridged Fe(III)(2)Fe(II) chain with long-range antiferromagnetic ordering. J. Mol. Struct 1083, 194-197.

[4]

Sen, T.K. and Gomez, D. (2011) Adsorption of zinc (Zn2+) from
aqueous solution on natural bentonite. Desalination 267(2-3), 286294.

[5]

Vinodh R., Padmavathi R. and Sangeetha D. (2011) Separation of
heavy metals from water samples using anion exchange polymers by
adsorption process. Desalination 267(2-3), 267-276.

[6]

Davidson, J.M., Sefiane, K. and Wood, T. (2015) Fast diffusion reaction in the composition and morphology of coprecipitated carbonates and nitrates of copper(II), magnesium(II), and zinc(II). Ind.
Eng. Chem. Res 54(5), 1555-1563.

[7]

Zodi, S., Merzouk, B., Potier, O., Lapicque, F. and Leclerc, J.P.
(2013) Direct red 81 dye removal by a continuous flow electrocoagulation/flotation reactor. Sep. Pur. Technol 108, 215-222.

4183

Received: April 17, 2015
Revised: July 13, 2015; August 17, 2015
Accepted: September 10, 2015

CORRESPONDING AUTHOR
Hongxiang Zhu
College of Light Industry and Food Engineering
Guangxi University
Nanning, 530004
P.R. CHINA
E-mail: zhx@gxu.edu.cn
Jin Wang
College of Agriculture and Biology
Shanghai Jiao Tong University
Shanghai, 200240
P.R. CHINA
E-mail:wangjin100@sjtu.edu.cn
FEB/ Vol 24/ No 11c/ 2015 – pages 4179 - 4183

© by PSP Volume 24 – No 11c. 2015

Fresenius Environmental Bulletin

PREGNANCY EXPOSURE TO ATMOSPHERIC POLLUTANTS
AND PLACENTAL WEIGHT IN A TUNISIAN POPULATION
Abdel Halim Harrath1,2,*, Saleh Alwasel1, Ichrak Khaled2,
Lamjed Mansour1, Alexander V. Sirotkin1,3 and Mohammed F. Faramawi4
2

1,2
King Saud University, Department of Zoology, College of Science, Riyadh, Saudi Arabia.
University of Tunis El-Manar, Faculty of Science of Tunis, UR11ES12 Reproduction and Developmental Biology, 2092, Tunis, Tunisia
3
Constantine the Philosopher University, Nitra, Slovakia
4
Epidemiology Department, COPH-UAMS 4301 West Markham St, Little Rock , AR 72205, USA

ABSTRACT

1. INTRODUCTION

To our knowledge, little is known about the effects of
environmental air pollution on the placenta function.
Therefore, we investigated for the first time in Tunisia and
the Middle East the association of maternal exposure to air
pollution during pregnancy with the placenta weight and
placental weight to fetal body weight ratio.
This study consisted of 812 Tunisian pregnant women
who gave birth at hospitals in the Gafsa province. The region was divided into low and high-pollution areas according to the annual average air concentrations of sulfur dioxide (SO2), hydrogen sulfide (H2S), Nitrogen dioxide (NO2)
and particulate matter (PM10) which were measured by the
monitoring stations of the Tunisian Chemical Group. Pregnancy outcomes (birth length and weight, head circumference, mother weight, placental and birth weights, etc.) were
measured.
The study demonstrated a significant relationship between prenatal exposure to the total pollutants and both
placental weight and fetal-placental ratio. The mean placental weight of the group with the higher ambient air exposure was larger than that of the group with lower ambient
air pollution (568.7 ± 112.3 g vs. 537.7 ± 93.2 g, respectively, p < 0.001). Additionally, the mean birth weight and
placental weight ratio were larger in M'dhila than that of
Gafsa. The results of this study could be an alarm for the
health policy makers in Tunisia to take necessary actions
and formulate policies to reduce exposure to the previously
mentioned environmental contaminant in M'dhila.

The placenta and fetus are normally exposed to a wide
variety of environmental toxins [1]. Animal studies have
shown that exposure to environmental toxins during pregnancy can alter placental and fetal weights [2, 3]. These
pollutants enter the circulation in pregnant women and may
directly and/or indirectly affect the fetus pursuant to their
accumulation in the placenta [4-9]. Several studies have reported associations between prenatal exposure to atmospheric pollutants and fetal growth [6, 10-13]. These studies
concluded that exposure to air pollution during pregnancy
increases the frequency of premature birth, intrauterine
growth retardation and low birth weight [9, 14-21].
Placenta weight and Placental-Fetal Weight Ratio
(PFWR) are considered valuable markers for placental
growth and function. Large placental weight and PFWR are
associated with diabetes mellitus, smoking and anemia during
pregnancy [22, 23]. On the other hand, small PFWR and
placental weight have been linked to unfavorable pregnancy outcomes in many studies such as [24-26]. In spite
of the large number of studies that have reported the effect
of pollution on the pregnancy outcomes and fetal development, it is still unclear whether the prenatal exposure to
pollutants is associated with a higher or lower placental
maturity index. To our knowledge, only two previous published studies considered placental weight as an outcome
of interest in relation to air pollution in humans [27, 28].
Therefore, we investigated for the first time in Tunisia and
the Middle East the association of maternal exposure to air
pollution (mixture of several pollutants) during pregnancy
with the placenta weight and placental weight to fetal body
weight ratio among 812 pregnant Tunisian women.

KEYWORDS: Air pollution, Pollutants, Pregnancy, Placental
weight, Fetal-placental ratio.

2. MATERIALS AND METHODS
2.1 Study design

* Corresponding author

The study was conducted on 812 pregnant mothers who
gave birth at hospitals in Gafsa city and M'dhila in 2011. We
decided to include mothers who gave full term delivery
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FIGURE 1 - The different monitoring stations at the study area (N: north).

only. Mothers with complicated pregnancy, preterm delivery, and cesarean delivery were excluded from the study.
We also exclude those who or travelled and left the study
catchment area during pregnancy. The study participants
were classified into two groups. The first group included
mothers who had heavy air pollution during their pregnancy
(M’dhila area); the second group was formed of mothers
who were exposed to a lower ambient pollution Gafsa area).
2.2 Exposure to air pollution

Gafsa province is situated 350 km southwest of Tunis.
It is composed of 11 municipalities; Gafsa (the capital,
composed of two municipalities north and south of Gafsa),
Sened, El Guettar, Belkhir, Sidi Aich, El Ksar, M’dhila,
Métlaoui, Moularès, and Redeyef (Fig. 1). The M'dhila
municipality has become one of the most polluted areas in
the country due to the presence of a plant (M'dhila 1) for
phosphorus acid production that is situated 5 km from the
center of the city. A second production plant (M'dhila 2),
under construction, is not far from the first. Daily data on
pollutants were obtained from monitoring stations of the
Tunisian Chemical Group (Fig. 1).
2.3 Outcomes

After delivery, placental and fetal weights were measured by study research assistants. Pregnancy outcomes
(birth length and weight, head circumference, mother
weight, etc.) were measured by nurses. Data on maternal
weight, height, age and number of parity were recorded in
the participant’s first visit to the hospital. Clinical files at
delivery were used to obtain information about the clinical
history of participating mothers in the two cities.

ple t-test. All values are presented as the mean ± STDEV.
Significance was assumed when p < 0.05.

3. RESULTS AND DISCUSSION
3.1 Exposure to air pollution

The permanent and main source of pollution in Gafsa
and M'dhila are SO2 (18.5 and 548.6μg/m3, respectively),
H2S (14 and 1223.4μg/m3, respectively), NO2 (234.3 and
373.6μg/m3, respectively) and PM10 (649 and 211μg/m3,
respectively). We collected measurements of these environmental contaminants in the study areas for the first time
(Table 1). When comparing the main source of pollution in
the study areas to the ranges of annual average concentrations for different regions in the word [29, 30], we noted
that besides NO2 and particulate matter (PM10), SO2 and
H2S appear as the pollutants more frequently associated
with birth outcomes throughout the studied areas (Table 2).
In fact, it has been noted that SO2 level in the M'dhila area
(548.6 µg/m3) is clearly above the guideline values for all
regions compared to that of in Gafsa area which is in the
acceptable range (18.5 µg/m3). Hydrogen sulfide gas has
been lethal to humans at acute concentrations generally exceeding 695 μg/m3 which is the case in the M'dhila area
(1223.4 µg/m3) [31].
TABLE 1 - Average of the annual concentration levels of the different
detected air pollutants (μg/m3) in the study area
Pollutant
SO2

Annual average concentration (μg/m3)
Gafsa
M'dhila
18.5
548.6

H2S

14

1223.4

2.4 Data analysis

NO2

234.3

373.6

We used Statistical Package for Social Sciences (SPSS)
for windows, version 16 for statistical analysis. Statistical
comparisons were made by a two-tailed independent sam-

PM10

649

211

Fluor

0.32

-
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TABLE 2 - Neonatal and maternal outcomes in the two sites studied

Gafsa

Mean (SD)
Mdhila

p- value for difference

3207.3 (416.1)
537.7 (93.2)
16.71 (0.44)
49.7 (1.4)
1.51 (0.50)
35.04 (0.7)

3380.5 (465.7)
568.7 (112.3)
17.85 (0.72)
50.3 (1.4)
1.49 (0.50)
35.15 (0.9)

0.055
< 0.001
0.002
0.205
0.093
0.314

30.5 (5.6)
64.6 (10.4)
74.2 (10.8)
162 (4.5)
24.6 (4.1)
28.3 (4.2)
1.1 (1.3)
39.4 (0.36)

30.8 (5.3)
66.7 (10.3)
76.2 (10.8)
162 (4.8)
25.5 (3.7)
29.1 (3.8)
1.3 (1.5)
39.6 (0.42)

0.807
0.299
0.219
0.502
0.421
0.746
0.106
0.351

Measurements
Newborn
Birth weight (g)
Placental weight (g)
Fetal- Placental ratio
Length (cm)
Gender
Head circumference (cm)
Mother
Age
Weight at booking(kg)
Weight at delivery (kg)
Height (cm)
BMI at booking
BMI at delivery
Parity
Gestational age(weeks)

3.2 Associations between air pollution exposure during pregnancy and pregnancy outcomes

Pregnancy outcomes in the city of Gafsa and the city of
M’dhila are presented in Table 3. The total recorded births
were 812: 640, 172 in Gafsa and M'dhila respectively. The
difference in sample size is due to the different birth rate between the two cities. A positive statistical correlation was
noticed between the annual concentration, PFWR and fetal
body weight at birth (p < 0.001). The average birth weights
of babies who were born in M'dhila were larger than that
of those who were born in Gafsa City (3380.5 ± 465.7 g
and 3207.3 ± 416.1 g, respectively). However, the relationship was marginally significant. The mean anthropometric
measures at birth namely baby are length and head circumference did not statistically differ between the two areas.
On the other hand, there is no evidence that air pollution
was associated with shortened gestation length. The average gestational ages at delivery in Gafsa City and M'dhila
were 39.4 ± 0.36 and 39.6 ± 0.42, respectively.
TABLE 3 - Ranges of annual average concentrations (μg/m3) of nitrogen dioxide and sulfur dioxide for different regions.
Region
Africa
Asia
Australia/New Zealand
Canada/United
States
Europe
Latin America

Annual average concentration
Nitrogen
Sulfur
dioxide
dioxide
65–35
100–10
75–20
65–6
28–11
17–3
70–35

35–9

57–18
82–30

36–8
70–40

Several studies have shown associations between the
main birth outcomes such as birth weight, and exposure to
air pollution during pregnancy [32]. However, a few studies
have examined the relation between exposure to air pollution
during pregnancy and other anthropometric indicators, such
as birth length or head circumference [33]. Some of these

studies suggested that prenatal exposure to air pollution reduces length and head circumference and increases the risk
of preterm births [9, 34]. However, the results of the present study are not consistent with these findings because no
association between exposure to air pollution and baby
length, gender, head circumference, and gestation length
has been found.
Most researchers place great importance on lower birth
weight because previous studies have shown that people
who were born at term but whose birth weights were under
the normal range (< 2500 g) are at increased risk of chronic
diseases such cardiovascular disease and type 2 diabetes
[35]. In the present study it has been noted the absence of a
significant association between exposure to air pollution
during pregnancy and fetal birth weight. While the majority
of studies have reported increased odds of low birth weight
following air pollution exposure, several others reported no
such association [13]. Some authors concluded that exposure
of pregnant mothers to SO2 (56.75 µ/m3) together with other
pollutants such as CO, PM10 and NO2 contributes to the risk
of low birth weight [5, 36, 37]. However, other studies have
been inconclusive, and the causal mechanisms are not yet
apparent. Among these studies [21, 37] some found a nonsignificant association between maternal exposure to air pollutants during pregnancy and term low birth weight and thus
found no harmful effects from these pollutants on pregnancy
outcomes. Another supportive study has demonstrated that
no significant association has been found between low birth
weight and exposure to SO2, PM10, ozone, nitrogen oxide
(NO2), or carbon monoxide (CO) [38]. Nevertheless,
Gehring et al. [39] unexpectedly found that the children of
mothers exposed to NO2 (>75 mg/m3) during pregnancy had
the highest term birth weight of all children studied.
The literature on the relationship between maternal exposure to the air pollutants and placental weight is arguably
inconclusive. Several studies have reported that air pollution exposure was associated with lower placental weight
whereas few others reported no such association [28, 32, 40,

4186

© by PSP Volume 24 – No 11c. 2015

Fresenius Environmental Bulletin

41]. This study demonstrated a significant relationship between exposure to environmental contamination and PFWR.
The mean placental weight of women who resided in the
higher polluted area was larger than that of women who
lived in the less polluted environment. Therefore, we hypothesize that placentas of pregnant women who are exposed to high concentration of SO2, H2S and NO2 respond to
the environmental pollution by proliferation to compensate
for the damaged placental tissue. Hence the placental mass
and size get larger. This adaptive mechanism is crucial in
order to maintain pregnancy and reduce adverse fetal outcomes, and it could be a possible reason for not observing a
significant difference body weight means of the newly born
babies in the two study areas.
It has been shown that air pollution induces obstetrical
complications including oxidative stress, coagulation and
endothelial dysfunction, which are considered to lead to dysfunctions in placental oxygen and nutrient transport [34, 42,
43]. A previous study that has been conducted on two groups
of pregnant women according to the placental cadmium
level has shown that the mean placental weights were lower
in the low-Cadmium group compared to that of high-Cadmium, which is in agreement with our results [40]. The cadmium accumulation alters the morphology and function of
placenta by increasing the aggregation of syncytiotrophoblast cells, also called syncytial knot [44]. An excessive increase of the latter was frequently seen in association with
fibrinoid deposit which is derived from blood clotting or degenerative processes of syncytiotrophoblast cells [45, 46].
These morphological modifications of the placenta have also
been confirmed at the molecular level after finding the inverse association between particulate matter (PM) exposure
and the placental mtDNA content [47]. The latter has been
demonstrated to respond to environmental exposures that induce oxidative stress which could reflect signs of mitophagy
and mitochondrial death.
In order to study the potential relationships between mercury concentrations and newborn’s parameters, Kozikowska
et al. [48] have shown that no statistically significant correlation between mercury concentrations and placental weight
has been found. Another study [49] has also shown that prenatal exposure to pesticides was associated with a higher placental maturity index, which affected the homogeneity of
maturation within the placental tissue. Furthermore, in placentas from women exposed to pesticides, the placental
maturity index was greater in the central region than in peripheral areas; placentas from women not exposed to pesticides were similar in both regions [49]. This strategy is
thought to provide a mechanism of adaptation to preserve
fetal well-being in an adverse environment. This alteration
in placental maturity observed in women exposed to pesticides is not reflected in their birth weight, which is in
agreement with our results. In animal models, significant
increases in fetal capillary surface area and diffusive conductance have been observed in mice exposed to urban air
pollution, whereas the volumes, calibers, and surface areas
of maternal blood spaces were reduced [41].

4. CONCLUSIONS
In summary, this study showed a significant positive
relationship between environmental pollution and placental weight indicators in a Tunisian population done for the
first time. This study is unique. Only a few studies were
conducted to test the association between exposure to
environmental pollutants and placental weight. To our
knowledge, this study is the first study to examine such a
relationship in Tunisia and the Middle East. Nevertheless,
the conclusion about the effect of air pollution on the placenta is still unclear and cannot yet be drawn in spite of the
very little number of studies that have been carried until
now. We suggest that different mechanisms of action on
placental growth depending on pollutants may occur. Our
future work could employ methods that better distinguish
how air pollutants accumulate in the placenta and demonstrate what the effects of air pollutant exposure during
pregnancy may be on placental structure and the gas exchange surface at the maternal-fetal interface.
This study should be interpreted in the context of its limitations. First, this is a cross sectional study, therefore, we
cannot prove temporality and causality between environmental exposure to the pollutants and placental weight. Second, we used a convenience sample to conduct the study.
Thus, we cannot generalize the results. Third, we were not
able to determine the exact concentration of the environmental contaminants in each participant. Thus, we assigned the
mean air concentration value in the areas where the study
participants were living in as a surrogate measure for their
exposure level. Fourth, data on smoking and alcohol intake,
which can affect placental weight, were not collected because the study population is very conservative. Questions
about smoking and alcohol intake in such a community are
not welcomed and if they were asked, smoking and alcohol
intake would be underreported. Because our participants
come from a conservative community that does not smoke
or drink alcohol we strongly think that these two variables
did not play an important role in the determination of the
newly-born body weight or PFWR.
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photosynthetic pigment contents, and membrane transport
and permeability [2-5].

ABSTRACT
This study was conducted to assess the drought stress
and the recovery responses of twenty one chickpea cultivars
(Cicer arietinum L.) grown in Turkey. 20-day-old seedlings
were subjected to mild drought conditions for 7 days, recovery period of 3 days followed. Then a moderate stress period
of 10 days was applied, followed by recovery period of
4 days. Finally, severe stress period of 13 days was applied,
followed by recovery period of 5 days. Drought stress treatments were observed to have an adverse effect on photosynthetic efficiency, but also malondialdehyde, total chlorophyll (app. half of cultivars) and carotenoid contents of
leaf tissue have increased when compared with their controls. 21 chickpea cultivars were classified into four
groups; highly tolerant, tolerant, less tolerant and sensitive,
according to the drought factor index (DFI), the values calculated by photosynthetic performance index (PItotal). Only
four cultivars recovered from severe drought stress conditions. Aziziye and Diyar 95 cultivars may be suggested to
be cultivated in drought-prone areas. In general, the present
results indicate that: 1. PItotal and DFI are very satisfactory
selection criterion for drought stress. 2. The recovery processes of plants exposed to environmental constraints
should be investigated to make the right selection.
KEYWORDS: Cicer arietinum – Chickpea – Drought - OJIP polyphasic chlorophyll a fluorescence – Recovery

1. INTRODUCTION
Drought is a major abiotic environmental stress factor
that limits plant growth and development in several parts
of the world, especially in semiarid areas [1]. Exposure of
the plants to drought induces various physiological and biochemical changes in the major processes such as photosynthesis, transpiration, translocation, ion and nutrient uptake,
* Corresponding author

It is a well-known fact that one of the primary targets
of drought is photosynthesis. Drought might promote an
imbalance between the photochemical activity at photosystem II (PSII) and the electron requirement for photosynthesis generating an over-excitation on photosynthetic system
and the photoinhibitory damages of PSII reaction centers
[6]. In vivo chlorophyll a fluorescence, a non-invasive
method, has been widely used for the monitoring and the
screening for tolerance of species and genotypes to stress
[7, 8]. The fluorescence kinetics reflects the photochemical
efficiency of the photosynthetic apparatus and it provides
valuable information on the functional and structural attributes of the components involved in the photosynthetic electron transport, mainly on the photosystem II [9, 10]. The
fast fluorescence rise shows the clearly visible steps O, J, I
and P [11]. The OJIP transient is analysed by the JIP-test.
The JIP-test quantifies the in vivo energy fluxes passing
through the reaction centers and the photosystems and
evaluates the plant photosynthetic performance [12].
Strasser and his co-workers have developed photosynthetic
performance indexes (PIABS and PItotal) utilizing OJIP fluorescence kinetics [11, 13]. The PIABS and PItotal have been
used to evaluate the effects of environmental constraints on
plants and proved that both PIABS and PItotal are more sensitive to the environmental changes. This correlates well
with the plant vitality [7, 11, 14].
Drought tolerance is the ability of the plant to survive
in limited water conditions. The use of crop varieties/cultivars which are tolerant to drought stress should be the alternative to increase the productivity in semi-arid and arid
environments. Chickpea (Cicer arietinum L.) is an important legume crop [15], which frequently suffers from
drought stress. There are numerous researches in the literature related to drought and chlorophyll fluorescence kinetics concomitantly or separately. However, there is a limited amount of study on the screening of chickpea cultivars
under repetitive drought and recovery conditions by using
photosynthetic performances. Therefore, this study was de-
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signed to investigate the effect of the drought and the recovery periods on physiological and biochemical changes
of twenty one chickpea cultivars that originated from
South-Eastern and Central Turkey.

2. MATERIALS AND METHODS
2.1 Plant Material and Growth Conditions

Twenty one chickpea (Cicer arientinum L.) cultivars
obtained from the Ankara Central Agricultural Research
Institute were used in this study. Information, such as
name, numbers etc. of the cultivars is given in Table 1. Before seeds were sown, sterilization of surface (testa) was
made with 2% sodium hypochlorite (NaOCl) solution for
20 minutes. Then, they were soaked in distilled water for
12 h. After imbibition, 8 seeds were sown in plastic pots
filled with 1 kg of air-dried soil with 19% water-holding
capacity. Some characteristics of the soil were as follows:
texture, clay loam; pH 7.52; EC, 264 µS/cm; total N, 1.54
g/kg; P, 16.42 mg/kg; and K, 475 mg/kg. According to
analysis, chemical fertilizers (100 ppm NH4NO3 and 100
ppm KH2PO4) were applied to the pots and field capacities
of the pots were maintained by irrigation every day. The
seedlings were then thinned to 5 in a pot after emergence.
The pots were placed in a controlled growth chamber. Until
emergence, the pots were kept at a temperature of 25 °C
and at 40-50% humidity in the dark. After 7 days, in addition to what is mentioned above, the growth conditions
were rigorously adjusted to 16/8 hours of photoperiod with
200 µmoles/ m.s light intensity.
20 days-old seedlings were divided into two groups as
control and treatments. Experimental design (treatments
and samplings) was given Figure 1.
2.2 Determination of Lipid Peroxidation

Lipid peroxidation was estimated by measuring the
amount of malondialdehyde (MDA) using the method of
Heath and Packer [16]. 100 mg of leaf tissue was homogenized in 4 ml of 0.1% trichloroacetic acid (TCA) at 4 °C.
The solution was centrifuged at 10.000 rpm for 15 min. The
supernatant was used in the subsequent determination: To
0.5 mL of the supernatant, 0.5 ml of 0.1 M Tris-HCl (pH
7.6) and 1 ml of trichloroacetic acid-2-thiobarbituric acid-

HCl reagent [15% TCA (m/v), 0.375% TBA (m/v), 0.25 M
HCl] were added. The reaction mixture was heated to 95°C
for 30 min and then rapidly cooled in an ice bath. After
centrifuging at 10.000 rpm for 5 min to remove suspended
turbidity, the absorbance of the supernatant was recorded
at 532 nm. Nonspecific absorbance was measured at 600
nm and subtracted from the readings recorded at 532 nm.
The concentration (nmol/g FW) of MDA was calculated
using its extinction coefficient of 155/mM.cm.
2.3 Photosynthetic Pigment Analysis

Photosynthetic pigments were extracted from leaf samples (0.1 g) in 100% acetone and centrifuged at 3500 rpm
for 5 min. The absorbance of the extracts were measured at
470 nm, at 644.8 nm and at 661.6 nm, using a Shimadzu
Mini-1240 UV–Vis spectrophotometer. The content (mg/g
FW) of chlorophyll (chl) a, chl b and total carotenoids
(car), (xanthophylls and carotenes, x+c), were calculated
using formulae set by Lichtenthaler [17].
2.4 Chlorophyll a Fluorescence Measurements and JIP Test

Chlorophyll a fluorescence was measured on third or
fourth fully developed leaves with a HandyPEA fluorimeter
(Plant Efficiency Analyser, Hansatech Ltd., UK) as described previously [8, 12-13]. All measurements were performed on fully dark-adapted (for at least one hour) attached
leaves. The measurement consisted of a single strong 1 s
light pulse (peak 650 nm, 3000 µmol/m2 s1, an excitation intensity sufficient to ensure closure of all PSII reaction centers) provided by an array of three light-emitting diodes. To
analyse polyphasic chlorophyll a fluorescence (OJIP) transient was employed so-called JIP-test [4, 11, 12]. This test,
based on the energy flux theory for biomembranes in a photosynthetic sample, represents translation of the original
data to biophysical parameters that quantify the energy
flow through PSII. The fluorescence intensity at 20 µs
(considered as initial/minimum fluorescence, Fo), 300 µs
(F300 µs), 2 ms (J-step, FJ), 30 ms (I-step, FI) and P-step
(FP/Fm) obtained from the original measurements were
used to calculate the following JIP-parameters: the relative
variable fluorescence at the K-step (F300µs – Fo)/(Fm – Fo)
(VK), the relative variable fluorescence at the J-step (F2ms –
Fo)/(Fm – Fo) (VJ), the relative variable fluorescence at the
I-step (F30ms – Fo)/(Fm – Fo) (VI), the fluorescence ampli-

FIGURE 1 - Experimental design (C, control; S, stress; R, recovery).
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tude of the I to P rise (ΔFIP= FP-FI), the amplitude of the
relative variable fluorescence of the I to P rise [ΔVIP= (FPFI)/(FP-Fo)], the approximated initial slope of the relative
variable fluorescence transient V [4(F300µs – Fo)/( Fm –
Fo)] (Mo), the area above the chlorophyll fluorescence
curve between Fo and Fm, reflecting the size of the plastoquinone pool (Area), the density of reaction centers per
PSII antenna chlorophyll (RC/ABS), a value that is proportional to the activity of the water-splitting complex on the
donor side of the PSII (Fv/Fo), fraction of oxygen evolving
complexes [1 – (VK/VJ)]treated / [1 – (VK/VJ)]control (OEC),
the maximum quantum yield of primary photochemistry [(1 –
Fo) / Fm or Fv/Fm] (φPo), the probability of a trapped exciton
moves an electron into the electron transport chain beyond
QA– (1 – VJ) (Ψo), the efficiency with which an electron can
move from the reduced intersystem electron acceptors to the
PSI end electron acceptors [(1 – VI)/( 1 – VJ)] (δRo), the performance index (potential) for energy conservation from photons absorbed by PSII to the reduction of intersystem electron
acceptors [(RC/ABS) X (φPo/(1−φPo)) X (Ψo /(1−Ψo))] (PIABS) and the performance index (potential) for energy conservation from photons absorbed by PSII to the reduction of PSI
end acceptors [PIABS X (δRo/1−δRo)] (PItotal).
2.5 Drought Factor Index

In the study, drought factor index (DFI) was calculated
according to Strauss et al. [18] and Oukarroum et al. [7]
with minor modification. The drought factor index represents the relative drought-induced reduction of the performance index (PItotal) during a freely defined three times exposure to drought stress. DFI is calculated by the formula:
DFI = logA + 2 logB + 4 logC
where A is the average relative performance index (PI)
during the first treatment of drought, B is the average relative PI during the second treatment, and C is the average
relative PI of the third treatment. The relative PI was cal-

culated as PIdrought/PIcontrol. Strauss et al. [18] made the assumption that the relative tolerant genotypes would be able
to maintain higher PI values under stress treatment when
compared to the sensitive genotypes. To emphasise the importance of a longer-term drought tolerance, B and C values were multiplied by 2 and 4, respectively. Consequently, drought tolerant genotypes that exhibit the lowest
reduction in PI during the latter stages of drought treatment
will have the highest DFI values.
2.6 Statistical Analysis

A completely randomized experimental design was
used with 3 pots including at least 5 plants per treatment.
Experimental data were subjected to Analysis of Variance
(ANOVA) using the statistical software SPSS Statistics.
Means were compared with least significant differences
(LSD) at 5% level (P˂0.05).

3. RESULTS
Recurrent drought stress adversely affected the growth
and development of almost all the chickpea cultivars examined in the study.
Effect of drought stress on lipid peroxidation was examined by determining MDA content of the leaf tissues.
Drought stress caused significant increase in MDA contents of the leaf tissues of all chickpea cultivars compared
to their controls (Figure 2). Severe water stress (13 days)
intensified gradual injury to cell membrane and led to death
of most cultivars. Only a few chickpea cultivars [Aziziye,
Çağatay, Diyar 95 and İnci (viz. 2, 4, 6 and 14 respectively)] survived and recovered (Figure 2).
Drought stress generally resulted in the accumulation of
the total chlorophyll contents of the half of the chickpea cultivars, whereas the contents of the other half of the chickpea

FIGURE 2 - Drought stress effect on malondialdehyde, a product of lipid peroxidation, of chickpea cultivars. Means are calculated across each
treatment of all the chickpea cultivars and the values of stress and recovery are normalized by the values of the control plants (control value:
1) for each cultivars. Numbers in the circle: Cultivars survived during recovery period following severe drought (13 days) stress.

4192

© by PSP Volume 24 – No 11c. 2015

Fresenius Environmental Bulletin

FIGURE 3 - Drought stress effect on total chlorophyll (a) and carotenoid (b) contents of the chickpea cultivars. Means are calculated across
each treatment of all the chickpea cultivars and the values of stress and recovery are normalized by the value of the control plants (control
value: 1) for each cultivars. Numbers in the circle: Cultivars survived during the last recovery period following severe drought (13 days).

cultivars were decreased by stress when compared to their
controls (Figure 3a). On the other hand, the total chlorophyll
contents of almost all the chickpea cultivars at the recovery
period were less than the chlorophyll contents of the controls. In addition to this, the drought stress markedly increased the carotenoid contents of almost all the cultivars
and the carotenoid contents decreased during the recovery
period (Figure 3b).
Injury in the cell membrane structure of the chickpea
cultivars caused losses of photosynthetic activity. The performance indexes (PIABS and PItotal) have been used to evaluate the effects of the environmental constraints on the
plant. It has been proved that both PIABS and PItotal are more
sensitive to the environmental changes than other fluorescence parameters, such as Fv/Fm and they correlates well
with plant vitality [7, 11]. In this study, the examined

chickpea cultivars were ranked according to their DFI values given on Table 1. These DFI values were calculated
from PItotal. Gökçe has been identified to be drought tolerant according to the agricultural characteristics [19-20].
Thus, the 21 chickpea cultivars might be classified into
four groups in respect with their DFI values: the first group
(highly drought tolerant) includes Aziziye, Çağatay, Diyar
95, ILC 482, İnci and Yerli. All these have superior DFI
values to that of the tolerant Gökçe (DFI= -6.54). The second group (drought tolerant) includes Akçin 91, Er 99 and
Menemen. They have DFI values between -6.54 and -6,73.
The third group (less drought tolerant) includes Eser 87,
Işık 05, Sarı 98 and Yaşa 05 (-8,31> DFI value ≥ -12.33).
The last group (drought sensitive) includes Canıtez 87,
Damla 89, Gülümser, Hisar, İzmir 92, Küsmen 99 and Uzunlu 99 (-12.33 > DFI value ≥ -39.60). Only four of the 21
examined chickpea cultivars (Aziziye, Çağatay, Diyar 95
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and İnci) recovered from 13 days of water deficit (severe
drought stress). The rest of the cultivars did not survive.
The results also prominently pointed out the genotypic variation in the drought responses of the chickpea cultivars.

ΔPItotal
HİS
KÜS
İZ
DAM
CAN
GÜL
UZ
ESER
SARI
YAŞA
IŞIK
GÖK
AK
MEN
ER
İNCİ
YER
ILC
DY
AZ
ÇAĞ

TABLE 1 - Drought factor index (DFI) values of 21 chickpea cultivars
exposed to drought stress. The cultivars were sorted according to
their DFI values. (The numbers of cultivars are given in alphabetical
order.)
Cultivar
number
4
6
2
21
12
14
1
17
9
7
20
13
18
8
19
3
15
10
5
16
11

Cultivar

Abbreviation

DFI Values

Çağatay
Diyar 95
Aziziye
Yerli nohut
ILC 482
İnci
Akçin 91
Menemen
Gökçe
Er 99
Yaşa 05
Işık 05
Sarı 98
Eser 87
Uzunlu 99
Canıtez 87
İzmir 92
Gülümser
Damla 89
Küsmen 99
Hisar

ÇAĞ
DY
AZ
YER
ILC
İN
AK
MEN
GÖK
ER
YAŞA
IŞIK
SARI
ESER
UZ
CAN
İZ
GÜL
DAM
KÜS
HİS

-1,71
-2,27
-2,27
-3,41
-3,72
-4,00
-6,39
-6,52
-6,54
-6,73
-8,31
-9,28
-11,53
-12,33
-37,42
-38,05
-38,20
-38,26
-38,54
-38,77
-39,60

-20

The relative deviation of PItotal values [ΔPItotal, rel=
((PItotal control - PItotal stress) / PItotal control))*100] for each
cultivar in percent of control is shown in Figure 4. Similar
to PIs (PIABS and PItotal), the ΔPItotal is the lowest in Çağatay
(negative value) and the highest in Hisar. When Table 1
and Figure 4 are observed together, the cultivars with the
highest DFI values also displayed the lowest decrease in
PItotal during the drought period. Similarly, the cultivars
with the smallest DFI values indicated the highest decrease
in PItotal. The results of ΔPItotal pointed out roughly the same
observation as those of DFI values. Thus, the drought response order and the classification of the cultivars are just
about the same according to both the parameters - the DFI
and ΔPItotal. Cultivars restored after severe stress have
higher DFI values and lower ΔPItotal values.
To further investigate the mechanisms of change and
to understand why only four cultivars are restored and have
exhibited changes, some other JIP-parameters related to
PSII donor side and PSI derived from fluorescence transient had to be clarified. The donor sides of the PSII [Fv/Fo,
oxygen evolving complex activity (OEC)] of all the four
chickpea cultivars were significantly reduced by 13 days
drought stress treatment, but exhibited good recovery during
the re-watering period, with the exception of Çağatay (Figure 5). On the other hand, the stress conditions decreased the
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FIGURE 4 - Relative deviation of PItotal in percent of control of each
chickpea cultivars exposed to severe drought stress [ΔPItotal was calculated according to Boureima et al. [29] with minor modifications].

fraction of OEC only in İnci. It did not change the activity
in other cultivars (Figure 5). However, the fraction of cultivars with the exception of Aziziye, decreased in the recovery period more than in the drought period. Drought
stress has adversely influenced the PQ pool (Area) in all
four cultivars and, the pool of Aziziye, Diyar 95 and İnci
have recovered from stress (Figure 5). The density of active
photosystems (RC/ABS) has also been influenced by the
drought conditions, with the exception of Çağatay.
RC/ABS of this cultivar decreased significantly during the
re-watering period (Figure 5). The drought stress has adversely influenced the IP amplitude of polyphasic fluorescence rise in the four chickpea cultivars (Figure 5). The absolute (ΔFIP) value and the relative (ΔVIP) value contributions of the IP rise to the OJIP fluorescence transient were
influenced by deficit of water. The change in ΔFIP value
caused by drought was bigger than the ΔVIP. The ΔFIP
value of Aziziye and İnci and, the ΔVIP value of Aziziye
and Diyar 95 showed recovery during the re-watering period (Figure 5). It was observed that drought stress had trivial effect on the VI which is an approximate estimation of
the fraction of QB-non-reducing PSII centers in almost all
four chickpea cultivars (Figure 5).
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4. DISCUSSION
Drought is one of the most important environmental
limiting factors for agricultural production. The current climate change has made this issue even more crucial. Environmental stresses, including water deficit have led to disorders in plant metabolic processes and have caused oxidative injuries by enhancing the production of free radicals.
Some indicators, such as malondialdehyde (MDA) content
are used to examine the oxidative damage in the membrane
systems of cells [21]. Increases in the MDA content of the
chickpea cultivars observed in this study are good symptoms of drought stress-induced oxidative damage. The
MDA contents of the cultivars increased significantly during the stress and the recovery periods when compared
with their controls. Most of the cultivars died, probably due
to the irreversible membrane damage and could not have
been recovered. On the other hand, only four cultivars (Aziziye, Çağatay, Diyar 95 and İnci) coped with the severe
drought stress (13 days drought stress) and recovered (Figure 2). Kaiser [22] suggested that the membrane damages
might be more likely to occur during rehydration periods
than during dehydration periods. Rehydration (re-watering) might cause membrane damage in these cultivars more
than in the four cultivars.

FIGURE 5 - Some JIP-parameters related to PSII donor side and PSI
acceptor side of the four recovered chickpea cultivars (a, Aziziye; b,
Çağatay; c, Diyar 95; d, İnci) exposed to severe drought stress (R, R3
recovery; S, S3 stress).

The total chlorophyll pigment contents of the chickpea
cultivars under drought stress and during the subsequent
re-watering period, showed considerable variations in response to the treatments, when compared with the control
plants (Figure 3). The total chlorophyll content increased
in some cultivars and the carotenoid content increased almost in all the cultivars during the drought stress treatments.
The four cultivars that have survived under re-watering condition had lower amounts of pigment content when compared with their controls, as well other cultivars. Despite
this, they were able to provide continuity of the work of the
photosynthetic machinery. It has been known that carotenoids act as natural defence mechanisms against photodynamic damage on the photosynthetic apparatus under stress
conditions [8]. The drought stress generally increased the
photosynthetic pigment contents in chickpea cultivars in
the present study. Carotenoids may be mediated to photoprotection under drought stress. In connection with this, it
has been reported that two mango cultivars had higher carotenoid/chlorophyll ratio under drought conditions [23].
Environmental stresses generally decrease the photosynthetic pigment contents. In present study, severe drought
stress increased the chlorophyll contents in the two of the
four cultivars that have survived (Aziziye and Çağatay),
whereas the chlorophyll contents of the other two cultivars
(Diyar 95 and İnci) maintained the level of their controls.
All four cultivars succeeded in protecting themselves from
detrimental effects of drought. In respect with this, it is suggested that the increase in the photosynthetic pigments (especially carotenoids) under stressful environmental conditions may be regarded as a plant strategy to dissipate the
excessive excitation energy (24, 25). A general assessment;
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researchers had better pay attention to follow the method
and Lichtenthaler and Buschmann [26] stated that using
mg/g fresh weight unit for photosynthetic pigment content
has been less suitable than any other units (i.e. mg/m2,
μg/cm2 leaf area, mg/g or μg/g dry weight).
Environmental stresses such as drought considerably
inhibit the photosynthetic process by affecting the ultrastructure of the organelles, the pigment contents and the
metabolites as well as the stomatal regulation [27]. Performance index (PIABS), a sensitive JIP-parameter, is made up
of three values quantifying the three functional steps of
photosynthetic activity by a PSII RC complex, from light
energy absorption, trapping of the excitation energy, and
conversion of this energy to electron transport occurring in
PSII [13]. The PItotal is the most sensitive JIP-parameter and
is defined as the product of the performance index and the
probability of an electron to move from the reduced intersystem electron acceptors to the PSI end-electron acceptors
[11]. Both PIABS and PItotal are measures of plant performance and vitality [7, 13]. Oukarroum et al. [7], Strauss et
al. [18], Zivcak et al. [28] and Boureima et al. [29] have
used PIABS parameter to screen barley, soybean, wheat and
sesame cultivars and lines respectively in response to
drought and chilling stress. In addition to this, they have
proposed that the drought factor index (DFI) and the
chilling factor index (CFI) to be used to sort the plant response. DFI was calculated for 21 chickpea cultivars and
were classified in four groups according to their responses:
highly drought tolerant (Aziziye, Çağatay, Diyar 95, ILC
482, İnci and Yerli nohut), drought tolerant (Akçin 91, Er
99, Gökçe and Menemen), less drought tolerant (Eser 87,
Işık 05, Sarı 98 and Yaşa 05) and drought sensitive (Canıtez
87, Damla 89, Gülümser, Hisar, İzmir 92, Küsmen 99 and
Uzunlu 99). In general, the order and the classification of
drought tolerances of the cultivars depending on DFI values are roughly similar to the ΔPItotal values. The restored
cultivars are in the first group (highly drought tolerant)
(Figure 5 and Table 1). Chen et al. [30] pointed out to the
fact that an important decrease in PItotal is not only due to
the loss of PSII activity, but also to the damage of PSI
structure and function. Decrease in both PIs of the cultivars
under water deficit conditions have revealed the decrease
in overall photosynthetic efficiency. This in return, is probably related to the decrease of the electron transport capacity. Oukarroum et al. [31] proved that drought stress has an
effect on the IP amplitude and suggested that a loss of PSI
is a general response to the drought stress. We also observed that the drought decreased I to P rise. Schansker et
al. [32] stated that the IP phase is related to the electrons
originating in PSII, flowing through PSI and the decrease
of this phase shows a traffic jam of electrons caused by a
transient block at the acceptor side of PSI due to the inactivation of ferredoxin-NADP+-reductase. It may be propound that smaller I-P amplitudes indicate that drought
causes a loss of the structure and the function of PSI resulting from the inhibiting electron donation and the reduction
of the end acceptors on the PSI acceptor side. In other
words, drought can inhibit the electron transport of the PSI

acceptor side. Ceppi et al. [33] proposed that the parameter
ΔVIP is a good measure for the PSII/PSI ratio in a leaf and
suggested that the changes in both the parameters ΔVIP and
ΔFIP can be used as semi-quantitative indicators for changes
in the PSI content of a leaf. This is somewhat in accordance
with results Zivcak et al. [34] who stated the early responses
related to thylakoid lumen acidification in drought-stressed
leaves could be associated with the activity of an enhanced
fraction of PSI, as well as to the drought-induced decrease
of IP-amplitude. As shown in Figure 5, the observed recovery of I-P amplitude related parameters following re-watering of survived cultivars with the exception of Çağatay,
might suggest that the drought stress treatment did not irreversibly damage the photosynthetic apparatus. Thus the
drought stress effects and recovery process are cultivar specific. Better recovered cultivars, namely Aziziye and Diyar
95, may be utilized as an alternative protective process
(such as heat dissipation) to increase the productivity in the
environments suffering from water deficit. In regard with
this, Silva et al. [5] recorded that excessive energy dissipation, such as heat and photorespiration, play important
roles in protecting the photosynthetic apparatus from photoinhibition during drought stress periods. They also emphasized that this must have been important for the photosynthetic recovery that is observed after re-watering.
Oukarroum et al. [7] have indicated that severe
drought stress affected the donor side of PSII. In the present study, drought stress influenced the OEC activity
(Fv/Fo) and fraction, but four cultivars exhibited different
responses. Thus, it might be suggested that there is a good
correlation between DFI and OEC functionality and the
performance of electron transport of PSII through PSI.

5. CONCLUSION
As a result, in this study the chickpea cultivars were
treated with recurring drought and recovery period as close
as to the probable conditions in nature. In the present study,
21 chickpea cultivars were classified into four groups according to polyphasic chlorophyll a fluorescence parameters (especially drought factor index, DFI): highly tolerant
(6 cultivars), tolerant (4 cultivars), less tolerant (4 cultivars) and sensitive (7 cultivars). Only four cultivars recovered from severe drought treatment (13 days). Variations
have been observed between the restored four chickpea
cultivars in terms of drought and recovery processes. Aziziye and Diyar 95 which established highly drought tolerant and recovered may be recommended for growth in the
drought prone regions. In addition, these two cultivars may
be used as gene sources for other drought sensitive cultivars to the increase drought tolerance capacity. Another result of the study, is that the drought factor index (DFI) calculated by PItotal was determined to be very sensitive selection index as proposed in previous studies. The results of
the present study also clearly suggest that the recovery processes of the plants exposed to environmental stress factors
should be studied closely to be able to make more realistic
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evaluations. Plants may overcome the environmental factors, but they might not completely recover from stress
conditions. Since, the recovery period is an important component of the plants’ responses to various environmental
stressors. To study the plants’ responses to both the stress
and the recovery processes are important to make proper
assessments. We hope that, the results of this study will
contribute to a better understanding of the plants’ ability to
adapt to the environmental changes. In the present study,
most of the cultivars could not be restored from severe
drought conditions followed by re-watering. Even if the
plants have overcome stress, they couldn’t completely
adapt their metabolisms to unstressed condition. Consequently, the present data obtained from this study emphasises that the recovery period is as important as stress. It
might also be suggested that the recovery process has been
cultivar and time specific, and that re-watering causes more
membrane damage than dehydration (most of the examined
cultivars did not recover).
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Ozan Demirözer1,*, Hülya Özgönen Özkaya1, Tolga Aldemir1 and Melis Karapire1
1

Department of Plant Protection, Faculty of Agriculture, Süleyman Demirel University, 32260, Isparta, Turkey

ABSTRACT
The purpose of this study was to determine the effects
of Arbuscular Mycorrhizal (AM) fungi mixture-Tetranychus
urticae and Glomus intraradices-T. urticae associations on
gossypol concentration levels of Carmen and Stoneville cotton cultivars. The effects of treatments on gossypol synthesis
were determined separately in four different plant growth
periods (15, 30, 45 and 60 days after cotyledons occurring)
of the two cotton mean gossypol concentration values of AM
fungi and T. urticae association trials were higher than Carmen in Stoneville cultivar in 15-day old plants. Association
with G. intraradices-T. urticae and AM fungi mixture-T. urticae produced significant effects in the 30-day old plants in
both cotton cultivars (P < 0.05). In 45-day old plants, no differences were found in the mean gossypol concentration values of AM fungi and T. urticae association in G. intraradices treatment for both cotton cultivars. Whereas mean
gossypol concentrations of the G. intraradices trials were
not different from each other in Carmen cultivar in 60-day
old plants, mean value determined in AM fungi mixture
(0.709 ± 0.080 µg/mL) in Stoneville cultivar was different
from the other trials (P < 0.05).
KEYWORDS: Glomus spp., Gigaspora margarita, Tetranychus urticae, Gossypium hirsutum, induced plant defense, Arbuscular Mycorrhizal fungi

1. INTRODUCTION
Herbivore attack and abiotic stresses can trigger
changes in plants, especially changes of secondary metabolites as phytoalexins synthesis [1, 2]. Stress factors that
induce plant defenses can increase the resistance of the
plants against biotic as herbivores and abiotic stresses. The
response of plants to stress factors can range from a single
leaf to whole plant or from minutes to evolutionary time
[3]. Defense mechanisms play a key role in plant health,
and this feature is expected to be stable in cultivars in pro* Corresponding author

tecting crops against biotic and abiotic stress factors. Environmentally-friendly approaches to pest control techniques
should be studied to reduce side effects of pest control by
chemical products. Use of arbuscular mycorrhizal (AM)
fungi (Glomales: Zygomycotina) has been promoted for the
same reason and seems advantageous for sustainable agriculture. AM fungi are in mutualistic symbiosis with 80%
of plant species on the Earth [4, 5]. This symbiotic partnership can cause many physiological and ecological changes
in plants. It can increase absorption of water, nutrients and
especially phosphate by plants [6-8]. Increased nutrient uptake has many positive effects, such as increased biomass,
plant height, flower number and size, seed size, abundance
and viability [9, 10]. In addition to enhanced nutrient uptake and growth, AM fungi increase the plant’s resistance
to pests by manipulating the concentration of defensive
chemical metabolites produced by plants [8, 11]. However,
these effects can also favor herbivores and increase their
performance and plant preference. Demirözer et al. [12]
found that the pepper plants infected by AM fungi had a
significantly greater number of thrips, Frankliniella occidentalis Pergande, (larvae, pupae, and adults) than untreated pepper plants. Another study showed that Plantago
lanceolata plants infected by Glomus intraradices increased some features (weight and fertility) of Myzus ascalonicus and M. persicae, compared to those of control
plants [7]. In the literature, there are a considerable number
of studies approaching from different perspectives focusing on non-nutritional benefits of mycorrhizae [11]. Most
of the plant species are positively affected by non-nutritional benefits of mycorrhizae, and many species have an
interaction with the genus of Glomus in nature [13-16]. Additionally, AM fungi help plants to survive in extreme abiotic conditions such as high soil salinity and in the presence
of heavy metals [17, 18]. Moreover, AM fungi help secretion of salicylic acid, jasmonate volatile terpenoids, which
are involved in plant defense mechanism. Changes in secondary metabolites can make plants more resistant to pests
and phytopathogens [19]. Gossypol is an important phytoalexin and a polyphenolic compound that occurs in cotton
(Gossypium hirsutum) pigment glands [20]. Together with
other related compounds, gossypol is a part of a self-defense mechanism that protects cotton plants against pests
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and pathogens [21]. Having knowledge about the level of
phytoalexins and related compounds in plant tissues in the
presence of pathogens and pests can help with the management of pests and diseases.
The purpose of this study was to determine gossypol
concentration of two different cotton cultivars (Carmen and
Stoneville) when the plants were under the attack of twospotted spider mites and when the roots were colonized by
the different species of AM fungi at different plant ages.

were determined for both cotton cultivars. Treatments consisted of Control (N): not inoculated with AM fungi (N
standing for negative) and not infested with T. urticae, Gi:
inoculated with only G. intraradices, Control TUP: infested with T. urticae (P indicates positive), TU + Gi: inoculated with G. intraradices and infested with T. urticae,
M9: inoculated with AM Fungi mixture, TU + M9: inoculated with AM Fungi mixture and infested with T. urticae.
There were 3 replications for each treatment.
2.3.2 Releasing of Red Mites

2. MATERIALS AND METHODS
The plant materials were Carmen and Stoneville cotton
cultivars and common bean plants. Glomus intraradices
(Mycosym, Agrobest, Turkey; 150 living spores / g) and a
mixture of nine different AM fungal species (Gigospora
margarita, Glomus aggregatum, G. brassilianum, G. clarum,
G. deserticola, G. etunicatum, G. intraradices, G. monosporus and G. mossea) [Endo Roots Soluble (ERS) BioGlobal
Limited Company Turkey; 1x104 living spores / g] were
used for the fungal colonization (mycorrhizal) of the cotton
roots. In addition, two-spotted spider mite (Tetranychus urticae Koch.) was used as the biotic stress factor in the study.

Cotton plants were covered with a 15-cm-diameter×30-cm-high plexiglass cylinder before T. urticae were
released. The plexiglass cylinder was covered at the top
with mite-proof screen, and each cylinder had two 5-cmdiameter ventilation holes covered with mite-proof screen.
Before they were applied to plants, T. urticae were denied food for 1 h. For the (+) TU experiments, 10 five-dayold adult female T. urticae were transferred using a moisturized fine paint brush to the plants in the cage and remained on the plant for four days. Cages were kept in climate-controlled rooms at 25±1°C, 60-70% RH, and 16:8
scotophase to photophase day and were watered as needed.
2.3.3 Sampling

2.1 Plant Propagation and AM fungi inoculation

The seeds of Carmen and Stoneville cultivars were obtained from Western Mediterranean Research Institute (Turkey) and were germinated in 15-cm-high and 12-cm-diameter pots containing 185±5g of sterilized soil. The seeds of
Phaseolus vulgaris L. were obtained from Süleyman Demirel University, Department of Crop Science and were germinated in 10-cm-high and 10-cm-diameter pots containing
125±5g of sterilized soil. Mycosym and ERS were applied
to seedbeds directly at sowing of Carmen and Stoneville cultivars. Mycosym was applied at the amount of 6 g which included ~1000 spores g-1 into each pot, ERS was applied at rate
of 5 ml which included 8 g of inoculum (~1000 spores g-1)
into each pot. Pots containing mycosym and ERS were maintained in a growth chamber room at 25±1°C, 60-70% RH, and
16:8 scotophase: photophase and were watered as needed.
2.2 Red mite rearing

Two-spotted spider mites, Tetranychus urticae Koch.
(Acari: Tetranychidae), were obtained from Süleyman Demirel University, Toxicology Laboratory of Plant Protection Department and were released onto the two-and-a-half
week old P. vulgaris plants. New bean seeds were germinated weekly for about 5 months to provide sufficient
adults for the experiments. Red mites were reared and
plants were propagated in different chamber rooms at
25±1°C, 60-70% RH, and 16:8 scotophase: photophase.
2.3 Experimental procedures
2.3.1 Determining gossypol levels

Mites were applied for four days to plants 15, 30, 45
and 60 days after cotyledons occurring and gossypol levels

The red mite treatments were applied to five plants at
each different age (15, 30, 45 and 60 days after cotyledons
occurring) and gossypol levels were determined for both
cotton cultivars in three randomly selected plants. The
plants were destructively sampled and the stems and leaves
were rinsed in distilled cold water to remove the T. urticae
in experiments containing red mites. Sampled plant parts
were placed into polyethylene bags. To determine the colonization by mycorrhizal fungi, roots portions were cleared
and stained as described by [22] and examined under stereomicroscope in each plant ages.
2.3.4 Gossypol extraction and measurement

Plant samples were homogenized and extracted in 10 mL
of 95% ethanol using a porcelain mortar and pestle. The obtained extract was filtered 2 times using cheesecloth to remove
plant solids. Plant filtrates were extracted 3 times with 1 volume of diethyl ether. Extracts were added to an equal volume
of sterile distilled water. The quantity of gossypol 1 mL of
ethanol added in the extract was measured with UV-visible
spectrophotometer (T80 UV/VIS Spectrometer PG Inst.
Ltd.) at 440 nm wavelength. For standard preparation, 1 mg
pure gossypol (Sigma) was dissolved in 2 mL of ethanol and
was measured at the same wavelength.
2.3.5 Statistical analysis

The experimental design was a complete randomized
block (2x2x3 factorial design) and all trials were conducted
in three replications. The data obtained were analyzed using the General Linear Model (GLM) procedure of SAS
(2004) [23] by using main effects and interactions in the
model and PDIFF statement was used to compare means
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for dependent variables. As for significance level (P <
0.05) was accepted as statistically significant.

3. RESULTS
The highest mean gossypol concentration was recorded in the TUP (1.160 ± 0.075 µg/mL) in Carmen cultivar in the period of 15 day-old plants. Additionally, mean
gossypol concentration of TU + Gi (0.932 ± 0.075 µg/mL)
was different from TUP (0.716 ± 0.075) and TU + M9 (0.716
± 0.075 µg/mL) (P < 0.05; Table 1). Moreover, mean values
of Gi and M9 trials were found significant than Control N (P
< 0.05), but they were not different from each other (P >
0.05) in Carmen cultivar. It was determined that mean gossypol concentrations of Gi, M9, TU + Gi and TU + M9 were
significantly different than Control (TUP/N) (P < 0.05) in
Stoneville cultivar in this plant age (Table 1). In conclusion, mean gossypol concentration values of AM fungi and
T. urticae association trials were higher in Stoneville cultivar than Carmen cultivar.
In 30 day-old plants, the highest mean gossypol concentration was recorded as 1.253 ± 0.105 µg/mL in TU +
M9 trial in Carmen cultivar and this value was different
from TU + Gi (0.615 ± 0.105 µg/mL) and TUP (0.366 ±

0.105 µg/mL) (P < 0.05; Table2). In contrast, no differences were found between gossypol concentrations of Gi,
M9 and TUN (P > 0.05) in Carmen cultivar. Whereas mean
gossypol concentrations of Gi (0.240 ± 0.105 µg/mL) and
M9 Gi (0.434 ± 0.105 µg/mL) were not different from Control N Gi (0.526 ± 0.105 µg/mL), mean values recorded in
TU + Gi (0.786 ± 0.105 µg/mL) and TU + M9 (1.000 ±
0.105 µg/mL) were significant than TUP Gi (0.180 ± 0.105
µg/mL) (P < 0.05; Table 2) in Stoneville cultivar. Consequently, it was observed that mean gossypol concentration
values of AM fungi and T. urticae association were found
higher than AM fungi trials (Gi and M9) (P < 0.05) in Carmen and Stoneville cultivars.
The lowest mean concentration value was recorded as
0.193±0.080 µg/mL in M9 trial in Carmen cultivar for this
period. It was observed that mean gossypol concentrations
of TU + Gi (0.377 ± 0.080 µg/mL), TU + M9 (0.501 ±
0.080 µg/mL) and TUP (0.567 ± 0.080 µg/mL) were not different from each other (P > 0.05; Table 3) in Carmen cultivar.
In addition, mean concentrations recorded in Gi (0.626 ±
0.080 µg/mL) and Control N (0.471 ± 0.080 µg/mL) were different from M9 (0.193±0.080 µg/mL) trial. Mean gossypol
concentrations of TU + Gi (0.412 ± 0.080 µg/mL) and TU +
M9 (0.483 ± 0.080 µg/mL) were not significant than TUP
(0.384 ± 0.080 µg/mL) in Stoneville cultivar. However,

TABLE 1 - The mean gossypol concentrations of 15-day old plants of Carmen and Stoneville cotton cultivars
Cotton Cultivars

Treatments

Infestation status
Glomus intraradices (Gi)
AM Fungi Mixture (M9)
Control (TUP/N)
Carmen
(+) TU
0.716cB ± 0.075
1.160aA ± 0.075
0.932bAB ± 0.075
(-) TU
0.888aB ± 0.075
0.834aB ± 0.075
0.210bC ± 0.075
1.109aA ± 0.075
1.108aA ± 0.075
0.674bB ± 0.075
Stoneville
(+) TU
1.106aA ± 0.075
1.088aA ± 0.075
0.280bC± 0.075
(-) TU
ab
AB
( Means with different superscript in the row differ (P < 0.05), Means with different superscript in the column differ (P < 0.05), s.e. Standard error,
n= 3 (In each trial), (+) TU Means infested with Tetranychus urticae, (-) TU Means non-infested with Tetranychus urticae)

TABLE 2 - The mean gossypol concentrations of 30-day old plants of Carmen and Stoneville cotton cultivars
Cotton Cultivars

Treatments

Infestation status
Glomus intraradices (Gi)
AM Fungi Mixture (M9)
Control (TUP/N)
Carmen
(+) TU
1.253aA ± 0.105
0.366b AB ± 0.105
0.615bA ± 0.105
(-) TU
0.102aB ± 0.105
0.158aB ± 0.105
0.322aAB ± 0.105
0.786aA ± 0.105
1.000aA ± 0.105
0.180bB ± 0.105
Stoneville
(+) TU
0.240aB ± 0.105
0.434aB ± 0.105
0.526aA ± 0.105
(-) TU
(abMeans with different superscript in the row differ (P < 0.05), ABMeans with different superscript in the column differ (P < 0.05), s.e. Standard error,
n= 3 (In each trial), (+) TU Means infested with Tetranychus urticae, (-) TU Means non-infested with Tetranychus urticae)

TABLE 3 - The mean gossypol concentrations of 45-day old plants of Carmen and Stoneville cotton cultivars
Cotton Cultivars

Treatments

Infestation status
Glomus intraradices (Gi)
AM Fungi Mixture (M9)
Control (TUP/N)
Carmen
(+) TU
0.501aA ± 0.080
0.567aA ± 0.080
0.377aA ± 0.080
(-) TU
0.626aA ± 0.080
0.193bB ± 0.080
0.471aAB ± 0.080
0.412aA ± 0.080
0.483aA ± 0.080
0.384aAB ± 0.080
Stoneville
(+) TU
0.402abA ± 0.080
0.641aA ± 0.080
0.272bB ± 0.080
(-) TU
(abMeans with different superscript in the row differ (P < 0.05), ABMeans with different superscript in the column differ (P < 0.05), s.e. Standard error,
n= 3 (In each trial), (+) TU Means infested with Tetranychus urticae, (-) TU Means non-infested with Tetranychus urticae)
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TABLE 4 - The mean gossypol concentrations of 60-day old plants of Carmen and Stoneville cotton cultivar
Cotton Cultivars

Treatments

Infestation status
Glomus intraradices (Gi)
AM Fungi Mixture (M9)
Control (TUP/N)
Carmen
(+) TU
0.466aB ± 0.080
0.350aA ± 0.080
0.347aA ± 0.080
(-) TU
0.274aA ± 0.080
0.325aB ± 0.080
0.453aA ± 0.080
0.400aA ± 0.080
0.334aB ± 0.080
0.331aA ± 0.080
Stoneville
(+) TU
0.478abA ± 0.080
0.709aA ± 0.080
0.290bA ± 0.080
(-) TU
ab
AB
( Means with different superscript in the row differ (P < 0.05), Means with different superscript in the column differ (P < 0.05), s.e. Standard error,
n= 3 (In each trial), (+) TU Means infested with Tetranychus urticae, (-) TU Means non-infested with Tetranychus urticae)

mean value of M9 (0.641 ± 0.080 µg/mL) (P < 0.05; Table 3)
was different from Gi and Control N in this plant age. In 45day old plants, no differences were found in the mean gossypol concentration values of AM fungi and T. urticae association in G. intraradices treatment for both cotton cultivars.
Whereas, mean gossypol concentration value of AM fungi
and T. urticae association was different (P < 0.05) from AM
fungi mixture trials in Carmen, this values were not different
from each other in Stoneville cultivar (P > 0.05).
The obtained mean gossypol concentrations showed
that, there were no differences between the mean values (P
> 0.05; Table 4) of Gi, M9, TU + Gi and TU + M9 in 60
day-old plants in Carmen cultivar. Likewise, mean gossypol concentrations of TU + Gi (0.400 ± 0.080 µg/mL), TU
+ M9 (0.334 ± 0.080 µg/mL) and TUP (0.331 ± 0.080
µg/mL) were not different from each other in Stoneville
cultivar (P > 0.05). Additionally, mean gossypol concentration value of M9 (0.709 ± 0.080 µg/mL) was different
from Gi (0.478 ± 0.080 µg/mL) and Control N (0.290 ±
0.080 µg/mL) in Stoneville cultivar. Moreover, this was the
highest concentration value found in the 60 day-old plants
(Table 4).

4. DISCUSSION AND CONCLUSION
The results of this study indicate that AM fungal colonization increases the mean gossypol concentrations in different plant ages of Carmen and Stoneville cotton cultivars.
This positive effect especially occurred in 15-day old
plants in both cotton cultivars. It has been reported by
Gehring et al. [24] that the presence of mycorrhizae in plant
roots had a positive (45% of tested AM fungal-plant-herbivore combinations), negative (35% of AM fungal combinations) or no-effect (21% of AM fungal combinations) on
herbivores AM fungi may have different effects on pests
by changing plant nutrient status, adjusting plant resistance
or altering defenses in different plants [25]. The meta-analysis of 144 published and unpublished interaction studies
which were relevant with arbuscular mycorrhizal fungi and
biotic stressors of plants indicated that AM fungi enhanced
plant tolerance to root-feeding rather than to shoot-feeding
herbivores and to rotting rather than wilting fungal pathogens. Moreover, there is evidence that AM fungi remarkably enhanced plant growth performance and volatile emissions in this meta-analysis [26]. Several studies showed

that performance of T. urticae and plant response is highly
variable and depends on the AM fungi species. Lotus japonicus plants infected by Gigaspora margarita and Acaulospora longula had less females of T. urticae and less damage of red mites than plants infected by Glomus etunicatum
and G. intraradices [27]. Common bean plants grown in the
presence of G. mosseae were attractive to T. urticae due to
higher host plant quality and indirectly the mite predator
Phytoseiulus persimilis was attracted to AMF colonized
plants due to the presence of nutritionally-superior prey [2830]. In another study it was found that the combination of
three Glomus species had different effects on host acceptance
of Leucanthemum vulgare. Changes in host-plant nitrogen
content increased plant height, flower number, flower size and
leaf number thereby increasing host acceptance of Leucanthemum vulgare by Ozirhincus leucanthemi (Diptera: Cecidomyiidae), Phytomyza syngenesiae (Diptera: Agromyzidae)
and Tephritis neesii (Diptera: Tephritidae) [9]. Changes in
nutrition levels within the plant root or plant biomass protect
plants against stressors, but plant immunity also plays an
important role in Mycorrhiza-Induced Resistance (MIR).
Attacks by herbivores can serve as a signal to induce volatiles and organic compounds in the plant [31]. The results
of our study show that T. urtiace had a positive impact on
gossypol synthesis in both cotton cultivars specifically in
15 and 30-day old plants. And we found that Carmen cultivar was more response to the T. urticae than Stoneville
cultivar in 15-day old plants. Moreover, mean gossypol
values of AM fungi mixture - T. urtiace and G. intraradices
- T. urtiace association showed that these trials had positive
effect on gossypol synthesis of both cotton cultivars and
recorded mean gossypol concentrations in Stoneville cultivar were higher than Carmen in 15-day old plants. Also, it
was observed that mean values recorded in AM fungi mixture - T. urtiace and G. intraradices - T. urtiace associations induced mean gossypol concentrations of both cotton
cultivars in 30-day-old plants. However, association of T.
urtiace and G. intraradices did not increase gossypol concentrations as much as AM Fungi mixture and T. urtiace
association in 30-day-old plants of Carmen cultivar. In previous studies researchers reported that plants can be selected for developing resistance traits against different
pests in different growth periods [32, 33]. Mean gossypol
concentrations obtained from non-inoculated plants of both
cotton cultivars support this. In the study, mean gossypol
concentrations did not differ (P > 0.05) in Control plants
(Control N) of 15 and 60-day-old plants, but mean gossypol
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concentrations were different (P < 0.05) from each other
Control N trials of Stoneville and Carmen cultivars and
mean value was higher in Stoneville than Carmen cultivar
in 30-day-old plants. Additionally, a difference was found
in the 45-day-old plants where the mean gossypol concentration of Control N trial of Carmen, mean gossypol concentrations was higher (P < 0.05) than Control N trial of
Stoneville at this time. Dynamics of the gossypol contents
may indicate differences in different growth stages of the
cotton plants. While cotyledons and flowers may contain
considerable levels of gossypol, higher proportions can be
found the period before the opening of the cotton boll [34].
Increasing the availability and use of environmentallyfriendly methods such as using symbionts is an important
factor that contributes to sustainable agriculture. This study
results suggest that the symbiosis of AM fungi and cotton
plant and the association of AM fungi - T. urticae can increase plant health. Revealing the effects of arbuscular mycorrhizal fungi - pest interactions on plant health can facilitate the integrated management of pests. Future research
on plant – herbivore - symbiont interactions should focus
on understanding which periods are favorable for the use
of symbionts in field conditions.
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ABSTRACT
SnS2-CNT nanocomposites were synthesized using
simple cheap and less toxic SnCl2 as the tin (II) precursor.
The prepared nanoparticles were characterized by powder
X-ray diffraction (XRD), transmission electron microscopy
(TEM) and UV–Vis diffuse reflectance spectra (DRS). XRD
and TEM results indicate that the prepared product is SnS2
nanoparticles and has a grain size of 30 nm in diameter. DRS
show that SnS2-CNT possesses the absorption profile
across the whole visible-light region. Furthermore, SnS2CNT has a high photocatalytic activity for the decomposition of Rhodamine B under visible-light. It is proposed that
both the strong visible-light absorption and the multiple exciton excitation contribute to the high visible-light photocatalytic activity.
KEYWORDS:
SnS, Texbrite BA-L (TBA), visible light, photosensitized, CNT

1. INTRODUCTION
In the recent years, nanosized semiconductors have
been studied extensively due to their technological importance [1]. With the development of photoelectric detection technology, the semiconductor photoelectric detector
with high efficiency and accuracy is applied abroad. Based
on region of photoelectric response, the detectors are distinguished into ultraviolet photoelectric detector, visible
light photoelectric detector and infrared photoelectric detector. At this stage, silicon proves to be the core of visible
light photoelectric detector, possessing excellent photoelectric properties in the region of visible light [2, 3].
Tin chalcogenides are attractive semiconductor materials and potentially used as solar cell, holographic recording medium, light-emitting diodes, electrical switching,
lithium ion battery, gas-sensor and optical material [4] etc.
* Corresponding author

Among them, SnS2 is one of important semiconductor material exhibiting both the p- and n-type conduction with a
band gap between those of Si (1.12 eV) and GaAs (1.43 eV)
[5].
The carbon nanotubes (CNTs) based composites has
received great attention due to the fact that the conductivity
can be increased significantly with a relatively low concentration of carbon in the host material [6]. Moreover,
MWCNTs have a variety of electronic properties. They
may also exhibit metallic conductivity as one of the possible electronic structure. MWCNTs have a large electronstorage capacity (one electron for every 32 carbon atoms),
and the ability of MWCNTs can promote the electrontransfer reactions at carbon nanotube modified materials
[7]. There are reports that the separation of the photogenerated charge carriers is more efficient in heterojunction of
TiO2 and CNTs. In photoelectrochemical cells it was observed that the photosensitivity was increased with the use
of TiO2/CNT composites [8]. The principal effect of CNT
was to increase the absorption of UV light and enhance
electron transport at the CNT/TiO2photoanode [9].
In this work we have prepared SnS2-CNT nanoparticles by the sonochemistry method. This nanoparticles combines the excellent charge transport property of the SnS2
and the absorption property of CNT. These catalysts were
irradiated with visible light and their catalytic activities
were compared.

2. EXPERIMENTAL
2.1 Materials

Benzene (99.5%) and ethyl alcohol were purchased as
reagent-grade from Duksan Pure Chemical Co. (Korea)
and Daejung Chemical Co. (Korea), and used as received.
Crystalline CNT powder (diameter :20 nm, length: 5 μm)
of 95.9 w t. % purity from Carbon Nano-material Technology Co., Ltd., Korea, was used as one of carbon nanomaterials. For the oxidization of MWCNTs, 3-Chloroperoxybenzoic acid (MCPBA) was chosen as the oxidizing
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agent and was purchased from Acros Organics, New Jersey,
U.S.A. Benzene (99.5%) was used as the organic solvent
and was purchased from Samchun Pure Chemical Co.,
Ltd., Seoul, Korea. Tin (Ⅱ) chloride (SnCl2) and sodium
sulfide·5-hydrate (Na2S·5H2O) were supplied by Duksan
Pure Chemical Co., Ltd, Korea. Texbrite BA-L (TBA) was
purchased from Texchem Co. Ltd, Korea. All chemicals
were used without further purification, and all experiments
were carried out using distilled water.
2.2 Preparation of SnS2 particles

The SnS2 nanoparticles were prepared via a precipitation process using SnCl2 and Na2S·5H2O as precursors.
First, 0.57 g of SnCl2 was dissolved in 100 mL of distilled
water, and then 0.006 mol of Na2S·5H2O solution was
added drop wise into the above solution with sonication at
room temperature for 30 min. Then, the mixture was vigorously stirred and ultrasonication for 6 h. For purification,
the mixture was rinsed and centrifuged several times with
acetone and distilled water. After filtration and drying under vacuum at 80 ℃, SnS2 was obtained as a black powder.
2.3 Oxidation of CNT surface

MCPBA (m-chloroperbenzoic acid, ca. 1 g) was suspended in 50 ml of benzene, followed by the addition of
CNT (ca. 0.5 g). The mixture was then refluxed in an air
atmosphere and stirred for 6 h. The solvent was subsequently dried at the boiling point of benzene (353.13 K).
After completion, the dark brown precipitates were washed
with ethyl alcohol and dried at 323 K, after which the oxidized CNT was formed.
2.4 Preparation of SnS2-CNT particles

A stoichiometric amount of 30 ml of SnCl2 solution
was mixed with oxidized CNT. With continuous stirring at
343 K, 50 ml of Na2S aqueous solution was then added to
the mixture drop by drop, respectively, at the rate of 6
drips/minute. After ultrasonication for 7 h, the final mixture was then filtered and washed with deionized water.
Through heat treatment at 573 K for 1 h, the dark green
SnS2-CNT powder was obtained.
2.5 Characterization of SnS2-CNT compounds

For the measurement of structural variations, XRD patterns were taken using an X-ray generator (Shimadzu XDD1, Japan) with Cu Ká radiation. SEM was used to observe
the surface state and structure of SnS2-CNT composites using a scanning electron microscope (JSM-5200 JOEL, Japan). Energy dispersive X-ray (EDX) spectroscopy was also
used for the elemental analysis of the samples. The
Brunauer–Emmett–Teller (BET) surface area was determined by N2 adsorption measurements at 77 K (Monosorb,
USA). Transmission electron microscopy (TEM, JEOL,
JEM-2010, Japan) was used to observe the surface state and
structure of the SnS2-CNT composites. At the acceleration
voltage of 200 kV, TEM was used to investigate the size
and distribution of the titanium and iron particles deposited

on the CNT surfaces of various samples. TEM specimens
were prepared by placing a few drops of the sample solution on a carbon grid.
2.6 Catalytic degradation of TBA

Photocatalytic activity was evaluated by dye degradation in aqueous media under visible-light irradiation. For
visible-light irradiation, the reaction beaker was located
axially and held in a visible lamp box (8 W, halogen lamp,
KLD-08L/P/N, Korea). The luminous efficacy of the lamp
was 80 lm/W, and the wavelength was 400 nm–790 nm.
The lamp was located at a distance of 100 mm from the
aqueous solution in a dark box. The amount of photocatalytic composite used was 0.05 g/(50 ml solution). On the
other hand, 0.001 v/v aqueous solution of TBA was also
prepared with deionized water in 1 L measuring flasks, respectively. The concentrations of the stocks solutions of
the three dye solutions depended on various factors such as
color intensity of the dyes, molecular structure complexity
of the dyes, intensity of visible light falling on the solutions
and activity of the photocatalysts.
The reactor was placed for two hours in the dark box to
make the photocatalytic composite particles adsorb as many
dye molecules as possible. After the adsorption phase, the
visible-light irradiation was restarted to make the degradation reaction proceed. To perform dye degradation, a glass
reactor (diameter=4 cm, height=6 cm) was used, and the reactor was placed on the magnetic churn dasher. The suspension was then irradiated with visible light for a set irradiation
time. Visible-light irradiation of the reactor was performed
for 90 min. Samples were withdrawn regularly from the reactor, and dispersed powders were removed in a centrifuge.
The clean transparent solution was analyzed by a UV-vis
spectrophotometer (Optizen POP, Mecasys Co., Ltd., Korea). The dye concentration in the solution was determined
as a function of the irradiation time.

3. RESULTS AND DISCUSSION
3.1 Surface characteristics of the samples

The additional amount of CNT was found to be a key factor
that can affect the morphology and phase structure of tin sulphides through the phase-controlled process. Fig 1 a-c shows
the typical scanning electron microscope (SEM) images of
the as-prepared samples. Without addition of CNT, SnS2
was synthesized showing a smaller sized flake-like shape (~
2-3 µm in width, ~500 nm in thickness). Fig 1 b is the SEM
image of pure CNT, it shows the tube shape of CNT. Then,
by adding CNT, flake-like shape of SnS was obtained with
a uniform size (~ 100 nm in thickness). We conjecture that
the flake-like shape particles in SnS2-CNT composites are
SnS2 particles on the surface of CNT clusters (Fig. 1 c). By
comparing Fig. 1 (a) and (c), after added CNT, the dispersion of SnS2 has a little meliorate. Fig. 2 shows HRTEM
images of the SnS2-CNT composites with different magnifications. HRTEM is a technique used for analyzing the
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morphology, crystallographic structure, and even the composition of a specimen. Fig. 2 gives direct evidence that the
CNTs are well contact with SnS2. As shown in Fig. 2, particles were observed upon enlargement of the images. This
indicates that the surfaces of the SnS2 particles are cleaned
under exposure to the reaction conditions. SnS2 particles
were distributed outside the surfaces of the CNT with a size
of approximately 30 nm, even though this caused partial
agglomeration to form block particles.

3.2 Structural features of the catalyst

X-ray diffraction patterns obtained for SnS nanoparticles and SnS2-CNT nanocomposites are shown in Fig. 3. Xray diffraction patterns reveal the polycrystalline nature of
the particles with orthorhombic crystal structure. The comparison of the observed diffraction peak patterns with SnS
nanoparticles and SnS2-CNT nanocomposites was carried
out. In Fig. 4, the main sharp peaks, which were assigned to
(120), (021), (101), (040), (002), and (042) crystal planes,

(a)

(b)

(c)
FIGURE 1 - SEM images of composites: SnS2 (a), CNT (b) and SnS2-CNT (c)
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originate from the acanthite SnS phase [10]. In the XRD pattern of SnS2-CNT (curve b), the peaks of CNT cannot be
found. This is because the small content of CNT. From the
XRD patterns (Fig. 4), it is also possible to compute the %
crystallinity and crystallite size. The amorphous phase fraction of the sample may be determined by taking the ratio of
the amorphous area (area not under the peaks) of the X-ray
diffractogram to the total area. Also the peaks at different
crystal planes of SnS2-CNT nanocomposite matches exactly
with that of SnS2, this indicating essentially no difference
with respect to the type of crystalline phase in the two products. It is found that SnS2 shows more crystallinity than prepared SnS2-CNT nanocomposite. This is attributed to the adverse environments created when added CNT, not allowing
the nucleation and crystal growth to occur fully [11].
FIGURE 2 - TEM images of SnS2-CNT

FIGURE 3 - XRD patterns of composites.

FIGURE 4 - UV-vis absorption spectra of the photocatalysts

The UV-vis absorption spectra of the samples are
shown in Fig. 4. We find that SnS2 and SnS2-CNT composites have great absorption in the ultraviolet and visible regions, which we can calculate that these composites have
great photocatalytic activity under ultraviolet light and visible light irradiation. SnS2 has photocatalytic activity in the
visible region due to SnS2 having a relatively small band
gap. It is found that the present SnS2 nanoparticles have an
absorption in the near-infrared region, suggesting the narrower optical band gap of 1.45 eV than TiO2 (> 3.0 eV)
[12]. The previous work demonstrated that this material is
able to generate more than one electron-hole pair per high
energy photon absorbed. Therefore, although the optical
band gap is positioned at the near-infrared region, SnS2 can
be still excited by the visible-light whose energy is higher
than that of the optical band gap [13].
When CNT coupled with SnS2, the CNT acted as an
electron sensitizer and donator which improves the quantum
efficiency and increases the level of charge transfer. Because
of the synergistic reaction of CNT and SnS2, the adsorption
effect of SnS2-CNT is good in both the ultraviolet and visible
regions [14, 15]. By comparing the UV-vis absorption spectra of SnS2 and SnS2-CNT, we can see that the adsorption
effect of SnS2-CNT is better than that of pure SnS.
Nitrogen adsorption isotherms for the SnS2 and SnS2CNT composites are shown in Fig. 5. The formation of type
IV adsorption isotherms confirmed the major presence of
mesopores on the surfaces of the samples. Characteristic
features of the Type IV isotherm are its hysteresis loop,
which is associated with capillary condensation taking
place in mesopores, and the limiting uptake over a range of
high p/p°. The initial part of the Type IV isotherm is attributed to monolayer-multilayer adsorption since it follows the same path as the corresponding part of a Type II
isotherm obtained with the given adsorptive on the same
surface area of the adsorbent in a non-porous form. Type
IV isotherms are given by many mesoporous industrial adsorbents [16, 17]. This indicates that the SnS2 and SnS2CNT composites studied were mainly mesoporous in character, with a minor presence of wider pores where capillary
condensation occurred. All of the isotherm shapes show similar types for all samples. The BET surface area values of
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the samples reached adsorption-desorption equilibrium. In
the adsorptive step, SnS2 and SnS2-CNT composites showed
different adsorptive effects with SnS2-CNT having the best
adsorptive effect. The adsorptive effect of pure SnS2 was
the lowest. The adsorptive effect of SnS2-CNT was better
than that of SnS2 because the added carbon materials can
enhance the BET surface area which can increase the adsorption effect. SnS2-CNT has the largest BET surface
area, which can enhance the adsorptive effect. A comparison of the decoloration effect of the catalysts showed that
the degradation effect can be increased by an increase in
the adsorption capacity. Fig 6 represent the degradation of
TBA with SnS2 and SnS2-CNT in visible light from which
it is clear that the concentration of TBA gradually diminishing with increasing time for all of samples. The decreasing concentration of TBA in the photocatalytic reaction
was used to evaluate the activity of SnS and SnS-CNT composites. The spectra of the dye solution show the relative
degradation yields at different time intervals. Moreover,
the dye solution increasingly lost its color intensity as the
dye concentration continued to decrease. The decrease in concentration was evaluated at the λmax values of the dyes which
were determined from the absorption spectra of the dyes.
However, due to confidential issues of the manufacturing

FIGURE 5- N2 adsorption-desorption isotherms for (a) SnS2 and (b)
SnS2-CNT

samples were shown in Table 1. The BET value was increased from 25.85 m2/g of SnS2 to 73.24 m2/g of SnS2CNT. The SnS2-CNT has the largest area which can affect
the adsorption reaction. Surface areas and pore volumes of
the SnS2-CNT was increased when modified by CNT.
TABLE 1 - BET surface area of the samples
Sample name

SBET (m2/g)

SnS

25.85

CNT

169.28

SnS-CNT

73.24

Fig. 6 shows the time series of TBA degradation using
SnS2 and SnS2-CNT composites under visible light irradiation. The spectra for the TBA solution after visible light irradiation show the relative degradation yields at different irradiation times. The decrease in dye concentration continued
with an oppositely gentle slope, which was due to visible
light irradiation. Two steps are involved in the photo-catalytic decomposition of dyes; the adsorption of dye molecules
and degradation. After adsorption in the dark for 30 mins,
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company, information about the textile dyes TBA the detailed reference was not found. But the UV/Vis spectroscopic analysis and the rate determination of the drastic diminish in the dye concentration clearly indicated photocatalysis.
Since the stability of the sulfide has always been a concern, it’s important to investigate the stability and repeatability of SnS2-CNT in photodegradation. So in our work,
the same catalysts are cycled over and over in same photocatalytic reactions under visible-light illumination for four
times. After each reaction which lasts for 2h, all of the catalystis taken out. After being cleaned, dried and weighed,
the catalystis used in a new cycle of photocatalytic reaction.
Taking into account the loss of catalyst during the recycle,
the photocatalytic performances are presented as decolor efficiency (%). As shown in Fig. 7, the photocatalyst do not
exhibit any significant loss of photocatalytic activity after
four runs of TBA degradation, which indicates that the SnS2CNT photocatalyst has high stability and cannot be photocorroded during the photocatalytic oxidation of the TBA
molecules. Thus, the SnS2-CNT composite photocatalyst is
promising for practical application in environmental purification. CNT modification can not only improve the photocatalytic performance but also long-term stability of SnS2
nanocrystals. This result is significant from the viewpoint of
practical application, as the enhanced photocatalytic activity
and prevention of catalyst deactivation will lead to more
cost-effective operation [18].

At CNT modified SnS2 system, CNTs acting as electron sensitizers and donators in the composite. They may
accept the electron (e) photo-induced by light irradiation.
It is considered that photo-induced charge transfer occurs
in the electronic interaction between the carbon layers or
walls of the CNTs and SnS2. The electrons on the surface
of CNTs migrate to the surface of the SnS2 and thus lead to
a higher rate of reduction in the e/h+ pair recombination.
Thus CNT modified SnS2 can increase of the photon efficiency, which reduces the quantum yield of the SnS2 catalyst. These SnS2 also can enhance the adsorption effect during the discoloration processes [21-24]. Fig. 8 shows a
schematic diagram of the catalyst growth machanism, separation of photogenerated electrons and holes on the SnS2CNT interface.

FIGURE 8 - Schematic diagram of the catalyst growth machanism,
separation of photogenerated electrons and holes on the SnS2-CNT
interface.

4. CONCLUSIONS

FIGURE 7 - Cycling runs about the photocatalytic degradation of
TBA with sample under visible light irradiation

SnS2 has a relativity narrow band gap and can be used
to induce photocatalysis with visible light irradiation. We
propose that the hydroxyl radical on the surface of nanoparticle SnS2 was easily generated. This means that the organic pollutants, which have already been adsorbed on the
photocatalysts, have a chance to be degraded due to the appearance of hydroxyl radical, resulting in the enhancement
of photodegradation performance [19, 20].

The SnS2-CNT nanocomposites were synthesized using a cheap and less toxic SnCl2 as the precursor. XRD and
TEM results show that the prepared product is orthorhombic SnS2 nanoparticles and has a grain size of 30 nm in diameter. The adsorption and surface properties as structural
and chemical composition of the SnS2-CNT composites
were investigated. UV-visi spectra demonstrated the strong
absorption band across the whole visible light region, indication that SnS2 and SnS2-CNT is a kind of an excellent
solar energy conversion material. It is demonstrated that
SnS2-CNT nanocomposites possess high photjcatalytic activity under visible light, which may be ascribed to the
strong visible light absorption and its efficient multiple exciton generation under the excitation of light irradiation
with the higher energy than the band gap.
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ABSTRACT
A field study was conducted to investigate translocation and accumulation of four heavy metals: cadmium
(Cd), lead (Pb), copper (Cu) and zinc (Zn) in 10 different
plants : corn (Zea mays L.), bean (Phaseolus vulgaris L.),
potato (Solanum tuberosum L.), onion (Allium cepa L.),
pepper (Capsicum annuum L.), tomato (Solanum lycopersicum L.), lettuce (Lactuca sativa L.), Swiss chard (Beta
vulgaris subsp.vulgaris L.), cabbage (Brassica oleracea
var.capitata L.), plantain (Plantago major L.) in samples
from 2 sites (unpolluted-Leposavić and polluted-Kosovska
Mitrovica, Kosovo province). The results presented here
showed that transfer factors -TF (heavy metals from soil to
plants) are dependent on each other and comparison of the
transfer factor for various species has significance only if
all other conditions (especially environments) are equal.
Heavy metals accumulate in plant species with different intensity. Our findings indicated that Cd and Zn accumulated
the most with the transfer factor of 1.0-10, followed by Cu
with TF of 0.1-1.0, while Pb had the lowest accumulation
with TF usually 0.01-0.1. TF decreased when the plants
were grown in the soil with higher level of heavy metals.
When the growing takes place on the same type of soil, the
heavy metals accumulation in different species decreases
in the following order: grains < root vegetables < fruit vegetables<leaf vegetables. Only one species (P. major) was
detected to be a bioaccumulator.
KEYWORDS:
lead, zinc, copper, cadmium, soil, plant

1. INTRODUCTION
Accumulation of heavy metals in agricultural soils is
associated with industralization and other human activities:
mining [1], smelting [2], cement-pollution [3], energy and
fuel production, power transmission, traffic activities [4],
intensive agriculture [5], sludge dumping [6] and melting
operations [7].
* Corresponding author

Plants uptake heavy metals from soils through ionic
exchange, redox reactions, precipitation-dissolution, etc.
As an extension to these reactions, it can be said that the
solubility of trace elements depends on different factors.
These factors are: minerals in the soil (carbonates, oxide,
hydroxide etc.), soil organic matter (humic acids, fulvic acids, polysaccharides and organic acids), soil pH, redox potential, content, nutrient balance, other trace elements concentration in soil, physical and mechanical characteristics
of soil, soil temperature and humidity, etc. [8].
The bioavailability of metals in soil is a dynamic process
that depends on specific combinations of chemical, biological, and environmental parameters [9]. Metals distribution in
plants is quite heterogenous and is controlled by genetic, environmental and toxic factors. The dynamics of heavy metals in plant-soil interactions depends mainly on the levels of
soil contamination and plant species [10]. Plants absorb
heavy metals from the soil through the root and from the atmosphere through over ground vegetative organs [11].
Some plants species were found to have lower tolerance to toxic metals uptake in polluted mine soil as they
were found to accumulate high concentrations of Al, As,
Cu, Ni, Pb and Zn [12]. Similarly, different plant species
grown in the same soil may contain different levels of the
same element [13]. Some authors have reported the existence of differences in accumulation of heavy metals in
plant cultivars [14], age of plants [15], plant organs [16]
and tissues [17].
Transmission of metals from soil to plant tissues is
studied using an index called Transfer Factor (TF). It is calculated as a ratio of concentration of a specific metal in
plant tissue to the concentration of same metal in soil, both
represented in same units [18]. Higher TF values (≥1) indicate higher absorption of metal from soil by the plant and
higher suitability of the plant for phyto-extraction and phytoremediation. On the contrary, lower values indicate poor
response of plants towards metal absorption and the plant
can be used for human consumption [19].
The availability of metals for plants is controlled by
plant’s requests for micronutrients and their capacity to absorb and eliminate toxic elements. This availability is different, depending on plant species and their adaptation to
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the environmental conditions. Based on this, plants can be
divided into three categories: excluderators, indicators and
accumulators. Herbs absorb less metal than fast growing
plants such as lettuce, spinach, carrot and tobacco [20].
Different plant parts contain different heavy metals
quantities; the highest quantities are in roots and leaves,
and the lowest are in fruits and seeds. Accumulation of Pb
in the seed coat is a form of protection mechanism from the
unfavorable effects of high concentrations and lead accumulation in the central parts of the seed (embryo). Seeds
with the largest total mass accumulate less content of Pb in
embryo and endosperm [21]. The analysis of the roots may
indicate the degree of heavy metals accumulation in the
polluted soil and could offer clues on the soil pollution degree, and the analysis of leaves may even suggest the atmosphere pollution degree.
The aim of this study was to investigate the levels of
heavy metal concentration in the edible parts of some cultivated plants and in the soil where plants were grown.
Also, transfer of heavy metals from soil to the plants in the
polluted and unpolluted area was evaluated.

and digestion was continued by evaporation to near dryness
again. Then, 2 mL of conc. HCl was added and heated at
150 ºC for about 15 min. Finally, the sample was transferred to a 25 mL volumetric flask and diluted up to the
mark with double distilled water. A Cole-Parmer micro-filtration apparatus with a 0.45 mm pore size membrane (Micro Filtration Systems) was used for the filtration of the
aqueous phase before metal determination. Detection of
the metals was carried out with flame atomic absorption
spectrophotometer (FAAS) (Perkin Elmer AA Analyst 700
model, Flame Atomic Absorption Spectrophotometer) connected with deuterium background correction, hollow cathode lamps (HCl) and acetylene burner.
The metal absorption measurements were performed
under the conditions recommended by the manufacturer.
Unless otherwise stated, all chemicals used were of analytical reagent grade. Triple distilled water was used throughout the experiments. To finish experiments, the final concentrations of metal standard solutions were freshly made
by diluting the stock standard solution with water.
2.3 Plant sample collection and preparation

2. MATERIALS AND METHODS
2.1 Sampling area

The city of Kosovska Mitrovica is an industrial town,
located in the valley of Ibar river, about 40 km north of the
capital Prishtina (province Kosovo and Metohija) in south
Serbia. It is at 499 m of altitude (Longitude: 20o08' E, Latitude: 42o09' N), with a continental climate and an average
annual precipitation of about 614 mm. This town was chosen as the study area because it has lead and smelting plant
and is the bigest source of lead and zinc pollution in Serbia.
There are many other industrial facilities in the area that
are as big poluters as the led and smelting plants (smelting
of zinc, metallurgical and flotation, factory of nitrogen fertilizer and sulphuric acid, batteries producing factory).
Samples from this industrialized area were taken from different places between 100 and 500 m around the factories.
For uncontaminated controls, samples were taken from Leposavić, about 35 km north of Kosovska Mitrovica. Composite samples of soil and plants (differen part of plant)
were randomly collected from four different communities’
farms.

At the end of the growing season, samples (average
sample is made up of 25 plants) were taken from roots,
stems and leaves (edible part of vegetables) to determine
the levels of Pb, Zn, Cu and Cd. The plant tissues were
cleaned to remove dust, soil and other particles by putting
them through a three step washing sequence. First they
were washed with water followed by de-ionized water. The
moisture and water droplets were removed with the help of
blotting papers. The samples were air dried, and placed in
a dehydrator at approximately 80 °C for 48 hours. This was
followed by mechanical grinding with the aid of an agate
mortar which was done with utmost care to avoid contamination with the elements to be analyzed. The ground tissues were further dried at 65 °C in an oven to obtain a constant weight upon which to base the analysis. The dried
samples were ground and powdered completely for each
repetition. Samples (5 g) were burnt to ashes in a muffle
furnace by gradually increasing the temperature from 25 ºC
to 450 ºC over one and half hour period, followed by 2 h at
450 ºC. The ash samples were suspended in 20 mL of aqua
regia (HCl:HNO3; 3:1 v/v), diluted (1:20) with deionised
water and analyzed by graphite furnace atomic absorption
spectroscopy (GFAA, Perkins-Elmer model 4100ZL, Cupertino, CA, USA).

2.2 Soil sample preparation and analysis

Composite top-soil and sub-soil samples were collected,
20 m apart at 0-20 cm (n=6) depths. The soil samples were
air-dried, ground mechanically with stainless steel soil
grinder and sieved to obtain < 2 mm fraction. 30 g sub-sample was drawn from the bulk (< 2 mm fraction) and reground
with laboratory mortar and pestle to obtain < 200 μm fraction. Soil sample of 0.5 g was placed in a glass beaker and
10 ml conc. HNO3 solution was added. The sample was
heated at 150 ºC for about 3h, followed by evaporation to
near dryness. After that, 2 mL of conc. HClO4 was added

2.4 Determination of Transfer Factor (TF)

The transfer coefficient was calculated by dividing the
concentration. The transfer coefficient was calculated by
dividing the concentration of heavy metals in vegetables by
the total heavy metals concentration in the soil.
TF = Cplant / Csoil
where, Cplant = metal concentration in plant tissue,
mg/kg fresh weight and Csoil = metal concentration in soil,
mg/kg dry weight.
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The metal concentrations in the extracts of the soils
and plants were calculated on the basis of dry weight. If the
ratios >1, the plants have accumulated elements, the ratios
around 1 indicate that the plants are not influenced by the
elements, and ratios <1 show that plants exclude the elements from the uptake [37]. If the plants have higher TF
values, they can be used for phytoremediation.
All data were subjected to analysis of variance and
treatment means were compared by Duncan’s multiple
range test at 1% and 5% probability levels.

3. RESULTS AND DISCUSSION
Concentration of different elements in vegetables depends upon the relative level of exposure of plants to the
contaminated soil as well as the deposition of toxic elements in the polluted air (from smelting of lead and zinc,
metallurgical and flotation production) by sedimentation.
The total metal concentrations in plant organs were high,
but only a small fraction of them were available for the
plants. These results can be explained by taking into consideration the chemical properties of the soils.
Total soil heavy metal concentration is commonly
used to indicate the degree of soil contamination [22].
Loading and accumulation of heavy metals in the soil depend on different factors such as the chemical form of elements, pH, organic matter content, texture and cation exchange capacity (CEC) of the soil [23]. With increasing
pH, organic matter content, CEC and clay, the percentage

and availability of the metals are reduced. In addition, the
existence of carbonate, sulphate and phosphate and sulphide in the soil creates an increase in the metal precipitation and consequently decrease their availability to the
plants [24]. Forstner [25], also expressed that uptake and
release of elements in the soil depend on plant species,
plant growth stage and composition of the soil solution, especially Ca.
The values of Zn ranged from 8.47 to 50.14; Pb from
4.61 to 32.69; Cu from 7.16 to 68.05 and Cd from 0.05 to
0.25 mg/kg in non-polluted and polluted soil, respectively
(Table 1). It is generally higher in urban and industrial area
compared to rural areas. The mean heavy metal contents in
soil samples decreased in the order of Cu>Zn>Pb> Cd.
These values were lower than the values in UK and
Germany permissible limits (Table 2) for metals (mg/kg)
in soils [26].
The present study aimed to investigate the concentration of different metals in agricultural soils and plants (field
crops/vegetables/wild plants) grown on those soils. Thus,
the soil-to-crop transfer of heavy metals might pose a potential health risk to the local residents [7].
Heavy metal concentrations values are higher in soil
samples (Table 2) compared to plants samples (Table 4).
Demi˙rezen and Aksoy [27] also reported that the level of
heavy metals in vegetables were generally lower than the
soil samples. The vegetables grown on contaminated soils
accumulate high concentrations of heavy metals in their edible parts. High levels of heavy metals in soils do not always indicate similar high concentrations in plants.

TABLE 1 - Content of heavy metals in soil (depth 0-20 cm) in Kosovska Mitrovica (polluted area) and Leposavić (non-polluted, control area)
Heavy metals mg/kg
Pb

Cd
Kosovska Mitrovica
Leposavić - control area
LSD 0.05
± SD
MAC '
Usually content
Tolerance limit values
' Maximum allowable concentrations

0.25
0.05
0.002
0.0005
2
0.1-1
>0.1

32.69
4.61
1.597
0.490
100
0.1 - 20
50-80

Zn

Cu

50.14
8.47
1.744
0.535
300
3-30
60-100

68.05
7.16
1.845
0.582
100
1-20
2-50

TABLE 2 - Permissible limits for total metals (mg/kg) in soil in UK and Germany
UK (1989)
Metals
pH 6‐7
pH 5.5‐6
Zn
300
250
Cu
135
100
Ni
75
60
Cd
3
3
Cr
400*
400*
Pb
300
300
*Permissible; Adapted from: (Ghorbani et al. [26])
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pH 5‐5.5
200
80
50
3
400*
300

Germany (1992)
pH > 6
pH 5‐6
200
150
60
60
50
50
1.5
1.0
100
100
100
100
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TABLE 3 - Heavy metals content in plant from polluted area - Kosovska Mitrovica
Concentration
corn
bean
potato
onion
tomato
pepper
lettuce
chard
cabbage
plantain
(±, standard deviation)

Cd
0.01± 0.0
0.03± 0.0
0.03± 0.0
0.10± 0.0
0.12± 0.01
0.15± 0.01
0.28± 0.02
0.25± 0.04
0.50± 0.06
17.70± 1.6

Pb
0.06± 0. 01
0.09± 0.01
0.19± 0.05
0.56± 0.08
0.71± 0.19
1.80± 0.16
2.05± 0.23
2.75± 0.25
3.75± 0.37
265.00± 16.5

Accumulation and distribution of heavy metals in the
plant depend on the plant species, the levels of the metals
in the soil and air, the element species and bioavailiability,
pH, cation exchange capacity, climacteric condition, vegetation period and multiple other factors [17]. This continuous uptake and translocation can increase the concentrations of metals in plant tissues instead of the soil that has
low metal concentrations [28]. Such results might be attributed due to root activity, which seems to act as a barrier
for translocation of metals [29]. The green vegetables particularly the leafy vegetables uptake high amounts of heavy
metals from the soil ecosystem.
Values obtained for Zn, indicated that all investigated
species in this study had Zn accumulation capacity in their
organs. Cultivated plants in this study had a high Zn concentration (8.25-49.5 mg/kg d.w.). The Zn accumulation
capacities of P. major in leaves (1.125 mg/kg) indicated
that these plants can be used as possible bioindicators of
Zn pollution (Table 3). The high Zn content in all plant
species from the Mitrovica area is in agreement with the
top soils around the smelter plant, the main polluted area,
being highly polluted with zinc.
Normal concentrations of Pb in plants are 0.1-10
mg/kg according to Kabata-Pendias and Pendias [24],
while toxic concentrations of Pb are defined as 30-300
mg/kg. Our results can be compared with already published
results, as the intensity of lead contamination as well as its
accumulation in plant organs progressively decline with
the distance from the emitter. Commercial and residential
vegetable growing areas are often located in urban areas,
which are subjected to anthropogenic contamination. Cabbage exhibited significantly higher levels of Pb (3.75
mg/kg) and Cd (0.50 mg/kg ) than the other vegetables. The
difference in level of heavy metal contamination between
cabbage and other species was due to their morpho-physiological differences in terms of heavy metal content, exclusion, accumulation, foliage deposition and retention efficiency. We also noted that, in plants (plantain, cabbage,
chard) where high Cd levels were found, high Zn and Pb
levels were also recorded ( Table 3).

mg/kg d.m
Zn
8.25± 0.33
12.97± 0.30
16.15± 0.25
23.12± 0.47
25.55± 0.68
35.75± 1.45
38.50± 1.62
39.70± 2.12
49.25± 3.27
1125.00±45.5

Cu
2.76± 0.22
3.15± 0.27
4.12± 0.43
5.30± 0.41
7.21± 0.52
8.24± 0.67
9.23± 0.78
10.88± 0.90
15.05± 1.05
420.50± 21.05

The ability of a metal species to migrate from the soil
into plant roots is referred to as transfer factor (TF). The
factors are based on the root uptake of the metal and discount the foliar absorption of atmospheric metal deposits.
If the value of the translocation factor is higher for plants,
more elements would be accumulated by them [36].
The TF values for Zn, Cu, Cd, and Pb for various vegetable crops varied greatly between plant species, locations
and soil contamination (Table 5). It was apparent that TF of
some metals (Zn, Cu) decreased when the plants were grown
in the soil with a higher contamination. From Table 5 it is
observed that Zn has higher transfer factor for all crops and
ranges from 2-3 in unpolluted locations. The range for TF
for chard, cabbage and lettuce was between 1-2 in the polluted area (Kosovska Mitrovica). Some plants are hyperaccumulators, example cabbage [38], while others are
mono accumulators of a given heavy metals. The leafy vegetables are found to show a higher transfer factor among
the studied vegetables. Similar results are reported from
Zhuang et al. [30].
Zinc is not considered to be highly phytotoxic and the
toxicity limit for Zn (300-400 mg/kg) depends on the plant
species and its growth stage [33]. High concentrations of
zinc in plants may cause loss of leaf production, where low
concentrations may cause deformation of leaves. A plant
foliar concentration of 100 mg/kg of Zn has been quoted
by various authors [33] as a critical indicator of whether
the environment is polluted with Zn.
TF values obtained for Zn in this study, indicated that
all investigated species had Zn accumulation capacity in
their organs. Even corn with the lowest TF in this study
(0.1-0.2), had a high Zn concentration. According to Sajjad
et al. [35] if the transfer coefficient of a metal is greater
than 0.5, the plant will have a greater chance of the metal
contamination by anthropogenic activities. The high Zn
content in all plant species from the Mitrovica area is in
agreement with the top soils content around the smelter
plant. The Zn accumulation capacities of P. major indicated that these plants can be used as possible bioindicators
of Zn pollution.
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TABLE 4 - Transfer factor plant/soil in polluted area
Cd
0.01-0.1
corn
0.1-0.5
bean, potato, onion
0.5-1.0
tomato, pepper
1.0-2.0
chard, lettuce, cabbage
>30
plantain

Pb
0.001-0.005
corn, bean, potato
0.005-0.05
onion, tomato,
0.05-0.1
pepper, chard, lettuce
0.1-0.2
cabbage
>10
plantain

Zn
0.1-0.2
corn
0.2-0.5
bean, onion, tomato
0.5-1.0
potato, pepper
1.0-2.0
chard, cabbage, lettuce
>20
plantain

Cu
0.01-0.05
corn, bean,
0.05-0.1
potato, onion
0.1-0.2
tomato, pepper, chard, lettuce
>0.2
cabbage
>5
plantain

TABLE 5 – Heavy metals content in plant from unpolluted (control) area - Leposavić
Concentration
corn
bean
potato
onion
tomato
pepper
lettuce
chard
cabbage
plantain

Cd
0.01± 0.0
0.02± 0.0
0.05± 0.01
0.06± 0.01
0.05± 0.01
0.07± 0.01
0.14± 0.02
0.15± 0.02
0.25± 0.03
1.20± 0.10

Pb
0.05± 0.01
0.07± 0.01
0.19± 0.02
0.24± 0.03
0.45± 0.05
0.90± 0.07
1.25± 0.08
1.21± 0.05
2.25± 0.35
26.20± 2.10
(±, standard deviation)

mg/kg d.m.
Zn
1.80± 0.08
4.25± 0.47
7.85± 0.69
6.82± 0.64
8.75± 0.50
9.30± 0.88
17.05± 1.64
16.05± 1.55
25.30± 2.05
157.50± 5.24

Cu
0.40± 0.03
0.55± 0.03
0.95± 0.05
1.25± 0.10
1.80± 0.18
2.30± 0.22
4.20± 0.52
3.88± 0.48
4.45± 0.75
55.60± 3.88

TABLE 6 - Transfer factor plant/soil in unpolluted plant
Cd
0.1-0.5
corn, bean
0.5-1.0
onion
1.0-2.0
pepper, potato
2.0-5.0
chard,cabbage, lettuce
>20
plantain

Pb
0.01-0.05
corn, bean
0.04-0.05
onion, potato
0.05-0.1
pepper, tomato, chard, lettuce
0.1-0.5
cabbage
>5
plantain

Zn
0.1-0.2
corn
0.5-1.0
bean, onion, tomato, potato
1.0-2.0
pepper, chard
2.0-3.0
cabbage, lettuce
>10
plantain

From Table 4 and 6 it is observed that Cu has medium
transfer factor for all types of vegetables and ranges from
0.01-0.2 in polluted to 0.05-0.5 in unpolluted area (exept
TF for plantain). Similar results are reported from Jolly et
al. [16] where TF for Cu is medium (0.069-0.127) in comparison with TF for Zn or Cd. The lowest TF for Cu
showed corn’s and bean’s seeds.
The highest TF values were found for Cd also in leaf
vegetables (cabbage, chard, plantain). This might be due to

Cu
0.05-0.1
corn, bean
0.1-0.2
potato, onion, tomato,
0.2-0.5
pepper, chard, lettuce
>0.5
cabbage
>5
plantain

higher mobility of Cd with a natural occurrence in soil, and
the low retention of Cd (II) in the soil than other toxic cations [34]. The absorption of Cd by plant roots is more influenced by soil factors, controlling Cd bioavailability than
by total soil Cd. Elevated soil-plant Cd transfer is observed
in soils with chloride salinity, in zinc deficient soils and
acid soils. The TF value for toxic element Cd (0.19-1.16)
is quite high compared to Pb (0.008-0.065) but Cd is found
only in three varieties of vegetables (cauliflower, radish
and Amaranthus) [32].
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Corn’s and bean’s also showed lower TF for Pb
(0.001-0.005) in comparison with TF of leaf vegetables
(0.02-0.1). The present result agrees with the investigation
made by Jolly et al. [16] where the bioaccumulation factors
for heavy metals were significantly higher for leafy than
non-leafy vegetables. The result also supports the findings
that accumulation of Pb is comparatively less than that of
Cd in plants. Also, as the distance from the emitter increased, the content of Pb in plant organs is reduced; thus
the TF for Pb in cabbage, chard and lettuce went from 0.10.5 in unpolluted-control area to 0.05-0.2 in a polluted area
of Kosovska Mitrovica. Only P. major obtained relatively
high TF (5-10).
Jafarian-Dehkordi and Alehashem [31] in his study indicated in different vegetables species (cucumbers, tomatoes, cabbage, lettuce, potatoes, onions, carrots, persian
leeks, dill, spinach, coriander, parsley) that the highest
concentration of heavy metals was for Pb. The concentrations (mg/kg) of heavy metals in the samples ranged from
0.00 to 3.66 for Cd and 0.00 to 7.14 for Pb. Transfer factor
for Pb was quite high [31]. As these plants are widely consumed by humans, it is apparent that toxic elements can be
easily transferred to human’s body creating disruption in
various biological systems.
Depending on their Cd content, plants are considered
Cd accumulators or Cd avoiders. Generally, it is accepted
that the normal Cd concentrations in plants are between 0.2
and 0.8 mg/kg and toxic concentrations of Cd are defined
as 5-30 mg/kg [24].
In the present study, TF for Cd in all samples from control plants was 0.01-0.1 while in polluted area the TF was
found to be between 0.1-0.5. The results revealed that there
is large variation in transfer factor of Cd, than other metals
in both locations. The TF value for Cd (0.01-2.0) is quite
high compared to Pb (0.001-0.2). It appears that the leafy
vegetables are found to show a higher transfer factor
among the studied vegetables (Tables 4; 6). According to
these findings, individuals who want to grow garden vegetables on urban soils are advised to maintain soil pH > 6.5,
and use adequate NPK fertilizers to minimize plant uptake
of Pb. Also, application of organic amendments, such as
compost, can further reduce Pb uptake by crops. However,
vegetables should be washed to remove soil and deposited
aerosols [39].

their foliage and leaves, and the degree of contamination
depends on the smoothness of leaves, wind speed and the
amount of rainfall [41].
Our results can be compared with already published
results in the sense that the intensity of lead contamination
as well as its accumulation in plant organs progressively
declines with the distance from the emitter. The obtained
results prove that P. major can successfully be used as a
bioaccumulation indicator, especially of Pb and Zn, under
the conditions of technogenic pollution in the region of Kosovska Mitrovica. Parts of the deposited particles are not
removed by rainfall and become irreversibly absorbed or
incorporated into the hydrophobic wax layer of the foliage
[42]. Plantain showed the ability to absorb metal and the
concentration of metal in its leaves showed a good correlation with the concentration of metals in soil [43]. Thus, TF
in P. major decreses from 30.0 for Cd level in polluted area
to TF >5 for Pb in unpolluted area.

4. CONCLUSIONS
Concentration of different elements in plants depends
upon the relative level of exposure of plants to the contaminated soil as well as the deposition of toxic elements in the
polluted air by sedimentation. In this study, the soil-toplant Transfer Factor (TF) for various metals and for most
common vegetable crops showed that the TF values differed significantly between locations and between plant
species. TF decreased when the plants were grown in the
higher soil heavy metal contamination. TF decreased in the
following order: Zn>Cd>Cu>Pb. TF for different species
decreases in the following order : grains < root vegetables
< leaf vegetables < wild plants.

The concentration of heavy metals in soil depended
mainly on the characteristics of the soil sample and the distance from the source of contamination. Uptake and accumulation of heavy metals by shoots and roots varied with
heavy metal type and plant species [16]. The capacity of
accumulating different heavy metals of different plant species is related to the heavy metal content in soil and the
alternative absorptivity to heavy metals [40]. Our results
are in agreement with results from the literature [17], suggesting that leaves from plants in the polluted area are better indicators of Pb pollution than other plant organs (bulbs,
tuber, fruits, seeds). Plant contamination in most cases
arises from atmospheric particle accumulation through
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TOTAL PHENOLIC CONTENT, PHOTOSYNTHETIC PIGMENT
CONCENTRATION AND ANTIOXIDANT ACTIVITY OF LEAVES
AND BULBS OF SELECTED Eucomis L'Hér. TAXA
Piotr Salachna*, Monika Grzeszczuk and Janusz Wilas
West Pomeranian University of Technology, Faculty of Environmental Management
and Agriculture, Department of Horticulture, ul. Papieza Pawla VI 3, 71-459 Szczecin, Poland

ABSTRACT
The genus Eucomis includes 10 species and many cultivars, which are becoming increasingly popular and widely
used in natural medicine and for ornamental purposes. The
aim of the study was to compare the total phenolic content,
photosynthetic pigment concentration and antioxidant activity of the leaves and bulbs of five different taxa: E. autumnalis (Mill.) Chitt., E. bicolor Baker, E. comosa (Houtt.)
Wehrh., E. comosa ‘Sparkling Burgundy’ and E. comosa
‘Twinkle Stars’. Among the examined taxa, the highest
content of dry matter and L-ascorbic acid was found in E.
comosa, which was also characterized by high antioxidant
activity, and high content of polyphenols, carotenoids, and
chlorophylls. Leaves of all compared in the experiment
taxa had higher antioxidant activity and content of L-ascorbic acid, total carotenoids and chlorophylls while the bulbs
were characterized by higher content of dry matter and total polyphenols.
KEYWORDS:
carotenoids, chlorophylls, DPPH, phenols, Pineapple lily, vitamin C

1. INTRODUCTION
Africa, and especially the southern Africa, boasts a huge
variety of plant species used in traditional medicine [1]. One
of the most highly regarded sources of ethnomedicines in the
southern Africa is Eucomis L'Hér. genus (Family Asparagaceae) including 10 bulbous plant species [2-4]. Among
Eucomis species, E. autumnalis (Mill.) Chitt. is one of the
best documented due to its pharmacological properties [1].
In traditional medicine, E. autumnalis (leaves, bulbs, roots)
is used for kidney and bladder problems, venereal diseases,
abdominal distension, urinary diseases, fever, fractures and
enemas, and to threat lower backache [1, 5, 6] . Eucomis bicolor Baker (bulbs) has been used for colic and as a purgative and E. comosa (Houtt.) Wehrh. (bulbs, roots) has been
* Corresponding author

employed to treat rheumatism, teething infants and as a purgative [7]. The extensive biological activities of Eucomis
species have been mainly attributed to homoisoflavanones
(e.g. eucomol, autumnalin), belonging to a small class of C16 flavonoids - phenolic compounds [8-10], which were also
found to be potent antioxidants, with activity comparable to
α-tocoferol and widely used synthetic antioxidants: butylated hydroxytoluene (BHT) and butylated hydroxyanisole
(BHA) [11, 12]. According to Masondo et al. [4] the prospective of the genus Eucomis particularly in terms of pharmacology cannot be overemphasized.
Biological activity exhibited by medicinal plants may
vary due to genetic, ecological and environmental differences [13-15]. In the case of E. autumnalis, it was found
that the plants harvested before and after the growing season differed significantly, with the highest anti-inflammatory activity shown shortly before the onset of dormancy.
The differences in phytochemicals content were also found
in different organs of E. autumnalis [13]. However, there
is still not sufficient information on how the environmental
factors affect the pharmacological properties of the other
Eucomis species.
As a result of breeding procedures, the ornamental plant
market offers numerous attractive cultivars of Eucomis suitable for growing in gardens, containers or as cut flowers, e.g.
‘Can Can’, ‘Sparkling Burgundy’, ‘Tugela Ruby’ or
‘Twinkle Stars’ [16, 17]. The knowledge on pharmacological potential of Eucomis cultivars is very limited. Therefore, the aim of the study was to evaluate the effect of the
taxa and the plant organs on the total phenolic content, photosynthetic pigment concentration and antioxidant activity
of of three species and two cultivars of Eucomis.

2. MATERIAL AND METHODS
2.1. Plant material and growth conditions

The studies were carried out in the Department of Horticulture at West Pomeranian University of Technology in
Szczecin (53° 25' N, 14° 32' E). The experiment involved
bulbs obtained from horticultural company Ogrodnictwo
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Wiśniewski Jacek, with a circumference of 14-16 cm, and
belonging to the following taxa: E. autumnalis, E. bicolor,
E. comosa, E. comosa ‘Sparkling Burgundy’ and E. comosa
‘Twinkle Stars’. Twenty bulbs of each taxon were planted
on 14th March 2013 into individual pots, 18 cm in diameter,
filled with deacidified peat (Kronen company), pH 6.5,
supplemented with 5 g·dm-3 of a multicomponent fertilizer
Hydrocomplex (Hydro company) containing 5% N-NO3,
7% N-NH4, 11% P2O5, 18% K2O, 2.7% MgO, 8% S,
0.015% B, 0.2% Fe, 0.02% Mn, and 0.02% Zn. The plants
were grown in a greenhouse to 15th September 2013 under
natural photoperiod, the temperature was 20-22°C during
the day and 16-18°C at night, and the relative humidity was
70-80%.
Experimental plant material consisting of leaves and
bulbs of all the Eucomis taxa was collected after the flowering period. Chemical analyses were conducted in the homogenized raw plant material. Before homogenization, the
leaves and bulbs were washed with water to remove soil,
cut into slices and dried for 48 hours in a circulating-air
oven (35°±2°C).
2.2. Dry matter determination

Dry matter content was determined by a gravimetric
method [18]. Homogenized samples were dried to constant
mass at 105°C (±5°C). The difference in mass before and
after the drying process was used to determine the dry matter content that was expressed in percentage.
2.3. Vitamin C content

Vitamin C was determined as L-ascorbic acid by Tillman’s titration method involving a reduction of 2,6-dichlorophenolindophenol [19]. Oxalic acid solution (2%) was
added (100 ml) to 5 g of a homogenized sample and the
mixture was kept in the dark for 15 minutes. Thereafter, the
flask with the mixture was placed in an ultrasonic cleaner
for 15 minutes and filtered. Twenty-five milliliters of the
filtrate were transferred to an Erlenmeyer flask and then
25 ml of 2% oxalic acid was added. The solution was
quickly titrated with 2,6-dichlorophenolindophenol until
pink color held for 30 s. The content of L-ascorbic acid was
expressed as milligrams per 100 g of fresh weight (FW).
2.4. Extraction of polyphenols

Approximately 0.5 g of a homogenized sample was
weighed (with an accuracy of 0.001 g) in a conical flask, and
40 ml of 70% methanol was added. The mixture was heated
using a water bath (75-80°C) under the reflux for 30 minutes.
After cooling, the mixture was transferred to a round-bottomed volumetric 100 ml flask containing 40 ml of 70%
methanol, the flask was filled to 100 ml and then its content
was filtered through Whatman No 1.
2.5. Determination of total polyphenols

Total polyphenol content (TPC) was evaluated by a
spectrophotometric method using the Folin-Ciocalteu's reagent and gallic acid as a standard [20]. Five milliliters of

the sample solution were transferred to a 100 ml roundbottomed volumetric flask. Then, 75 ml of distilled water,
5 ml of Folin-Ciocalteu's reagent and 10 ml of saturated
(35% w/v) sodium carbonate solution were added. The
sample solutions were made up to 100 ml with distilled water. Next, the sample solutions were left at room temperature
for 60 min before the absorbance was read against the reagent blank (water instead of the sample solution) at 760 nm.
TPC was expressed as gallic acid equivalents (GAE) in
mg/100 g FW. The concentration of polyphenols in the
samples was derived from a standard curve of gallic acid,
ranging from 0.001 to 0.01 mg/ml (Pearson’s correlation
coefficient: R2 = 0.998).
2.6. Determination of antioxidant activity by 2,2-diphenyl-1picrylhydrazyl free radical scavenging

Scavenging effect of Eucomis leaf and bulb homogenate
on DPPH-radical was determined according to the method
of Yen and Chen (1995) [21]. The DPPH (2,2-diphenyl-1picrylhydrazyl 95%, free radical) was obtained from SigmaAldrich Co. (USA). One gram of a homogenized sample was
mixed with pure methanol (99.8%) in a 100 ml roundbottomed volumetric flask. The flask was placed in an ultrasonic cleaner for 15 minutes. The obtained mixture was transferred to a tube and centrifuged at 10 000 rpm for 5 minutes,
at 10°C. One milliliter of the diluted sample was mixed with
3 ml of methanol and 1 ml of DPPH solution (0.012 g DPPH
was dissolved in 100 ml pure methanol; 0.3 mM). The solution (AT) was shaken and left at room temperature in the
dark for 10 min; the absorbance was measured spectrophotometrically at 517 nm. The reagent blank (AR) contained
methanol instead of the sample solution. Absorbance of
both samples (AT and AR) was read against methanol.
Percent (%) inhibition of DPPH was calculated according to Rossi et al. [22].
% DPPH = 100 – [(AT / AR) × 100],
where:
AT – absorbance of tested sample (test solution),
AR – absorbance of blank sample (reference solution).
2.7. Determination of total carotenoids and chlorophylls

The content of total carotenoids, total chlorophylls, chlorophyll a and b was evaluated as described by Lichtenthaler
and Wellburn [23]. Approximately 0.5 g of a homogenized
sample was weighed and blended with a few drops of 80%
acetone and then mixed with 80% acetone in a 50 ml volume
measuring flask. The flask was placed in an ultrasonic cleaner
for 5 minutes. Then, the mixture was transferred to a tube and
centrifuged at 10 000 rpm for 10 minutes, at 10°C. The absorbance of the samples was determined at 441 nm, 646 nm,
652 nm, and 663 nm, against a blank sample (80% acetone).
The concentration of chlorophyll a, chlorophyll b, total chlorophyll, and total carotenoids in the plant material was calculated based on the following equations:
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chlorophyll b (µg/g FW) = (20.13 × E646 – 5.03 × E663 )
× (V /1000 × m),
total chlorophyll (µg/g FW) = (27.8 × E652) × (V /1000
× m),
total carotenoids (µg/g FW) = [(1000 × E441) – 3.27 ×
(12.21 × E663 – 2.81 × E646) – 104 × (20.13 × E646 –
5.03 × E663) ] × [V / 1000 × (m × 229)],
where:
E – absorbance at a specific wavelength,
V – volume of a measuring flask, in ml,
m – weight of a sample, in g.
2.8. Statistical analysis

The results of the chemical measurements were subjected to an analysis of variance performed with AWAR
Software [24], created by the Department of Agrometeorology and Applied Informatics, Institute of Soil Science
and Plant Cultivation in Puławy, Poland. The means were
separated by the Tukey’s test at p≤0.05.

3. RESULTS AND DISCUSSION
The results of the chemical analyses of the leaves and
bulbs of different taxa of Eucomis genus showed differences in the content of dry matter, L-ascorbic acid, total
carotenoids, total polyphenols, antioxidant activity and
chlorophyll. In all the investigated taxa higher content of
dry matter was noted for the bulbs, it was 22.37% higher
than in the leaves (Table 1). The highest content of dry matter was observed in E. comosa bulbs. Comparing the leaves,
the highest values were obtained for E. comosa ’Twinkle Star’
and E. comosa.
The highest L-ascorbic acid content was observed in
E. comosa plants (151.25 in leaves and 20.57 mg/100 g FW
in bulbs), and it was significantly lower in E. bicolor, E.
comosa ’Sparkling Burgundy’, and E. autumnalis. A comparison of plant organs showed that the leaves of all tested
taxa contained significantly higher amount of L-ascorbic
acid in comparison with the bulbs.

The results indicated that leaves of E. bicolor, E.
comosa and E. autumnalis were characterized by significantly higher content of total carotenoids than E. comosa
’Sparkling Burgundy’ and E. comosa ’Twinkle Star’. However, the bulbs of E. comosa ’Twinkle Star’ contained significantly higher amounts of total carotenoids in comparison with the bulbs of the other taxa. In the study of Aremu
et al. [25] the content of total carotenoids in the leaves of
E. autumnalis ranged between 68.7 and 125.7 µg/g FW,
while in our experiment it amounted in this species to
227.49 µg/g FW. Moreover, it was noticed that the leaves
of all tested taxa contained significantly higher amounts of
total carotenoids, by 97.54%, in comparison with the bulbs.
Eucomis plants are a rich source of homoisoflavanones
(3-benzyl-4-chromanone, benzylidene and scillascillin type)
– a group of natural polyphenolics related to flavonoides that
exhibit high biological activity [26-29], and show high antioxidant activity as confirmed by DPPH scavenging bioassay [12].
Significant differences were found in the content of total polyphenols between the species and the plant organs
(Table 2). The highest amounts of total polyphenols were
observed in E. comosa (leaves – 161.45, bulbs – 288.54 mg
GAE/100 g FW) and E. comosa ’Twinkle Star’ (leaves –
106.83, bulbs – 338.41 mg GAE/100 g FW), while the least
for E. bicolor (leaves 59.02, bulbs – 102.24 mg GAE/100
g FW). For all tested species higher amounts of total polyphenols, on average by 151.34 mg/100 g FW, were determined in the bulbs than in the leaves. A similar correlation
was found by Aremu et al. [30]. The underground parts of
the South African medicinal plants investigated in this
study contained higher amounts of total polyphenols in
comparison with the leaves. However, it was also found
that plant age, seasonal variation and geographical deviation of the harvest site contributed to the variation in plant
biological activity [14, 15]. A study of Taylor and Van
Staden [13] showed that young plants of E. autumnalis
were characterized by the highest anti-inflammatory activity (caused by higher concentration of homoisoflavanones)
in leaves.

TABLE 1 - Content of dry matter, L-ascorbic acid and total carotenoids in the leaves and bulbs of different species and cultivars of Eucomis
genus
Taxa

Dry matter
L-ascorbic acid
(%)
(mg/100g FW)
leaves
bulbs
leaves
bulbs
6.63c
34.74b
50.50c
9.96b
Eucomis autumnalis
±0.01
±0.04
±4.04
±0.17
7.50b
28.23c
73.20bc
12.70b
Eucomis bicolor
±0.11
±0.00
±8.30
±0.51
8.43a
35.49a
151.25a
20.57a
Eucomis comosa
±0.03
±0.00
±9.65
±1.37
6.69c
23.25d
56.74bc
11.33b
Eucomis comosa
±0.02
±0.15
±1.25
±0.24
’Sparkling Burgundy’
8.66a
28.03c
96.34b
12.39b
Eucomis comosa
±0.02
±0.06
±4.85
±0.10
’Twinkle Stars’
Values represent the means of three replications ± standard deviations. Mean values in each column followed
different by Tukey’s least-significant difference test (LSD) at p≤0.05
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Total carotenoids
(μg/g FW)
leaves
bulbs
227.49ab
7.07ab
±11.97
±0.13
274.16a
1.26c
±7.03
±0.00
248.86a
6.00b
±16.85
±0.67
162.10bc
5.18b
±5.50
±0.23
143.32c
10.05a
±8.87
±0.95
by a different letter are significantly
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TABLE 2 - Content of total polyphenols and antioxidant activity assessed in the leaves and bulbs of different species and cultivars of Eucomis genus
Taxa

Total polyphenols
Antioxidant activity
(mg GAE/100 g FW)
(% DPPH)
leaves
bulbs
leaves
bulbs
64.91c
269.91bc
22.12c
9.69a
Eucomis autumnalis
±0.04
±1.63
±0.62
±0.21
59.02c
102.24d
48.04a
1.50c
Eucomis bicolor
±1.80
±1.01
±1.14
±0.08
161.45a
288.54b
39.88ab
9.45a
Eucomis comosa
±2.14
±0.85
±0.63
±0.32
115.99b
265.82c
46.14a
4.16b
Eucomis comosa
±1.03
±3.03
±0.01
±0.46
’Sparkling Burgundy’
106.83b
338.41a
34.50b
0.90c
Eucomis comosa
±2.42
±8.08
±3.20
±0.15
’Twinkle Stars’
Values represent the means of three replications ± standard deviations. Mean values in each column followed by a different letter are significantly
different by Tukey’s least-significant difference test (LSD) at p≤0.05

TABLE 3 - Chlorophyll concentration in the leaves and bulbs of different species and cultivars of Eucomis genus
Taxa

Chlorophylls (μg/g FW)
b
leaves
bulbs
leaves
bulbs
577.97ab
0.20b
163.72ab
1.34ab
Eucomis autumnalis
±34.96
±0.13
±11.38
±0.42
682.1a
0.16b
189.23a
0.25b
Eucomis bicolor
±16.00
±0.00
±3.14
±0.00
613.26a
0.19b
170.73a
0.71b
Eucomis comosa
±37.43
±0.08
±8.10
±0.12
410.75bc
0.19b
112.16bc
0.71 b
Eucomis comosa
±16.43
±0.08
±5.26
±0.12
’Sparkling Burgundy’
360.36c
1.06a
106.19c
2.72a
Eucomis comosa
±23.85
±0.21
±9.09
±0.54
’Twinkle Stars’
Values represent the means of three replications ± standard deviations. Mean values in each column followed
different by Tukey’s least-significant difference test (LSD) at p≤0.05
a

In the current study, we also assessed antioxidant activity of the leaves and bulbs of different Eucomis taxa. It
was proven that E. comosa ’Sparkling Burgundy’, E. bicolor and E. comosa leaves were characterized by significantly higher antioxidant activity than E. comosa ’Twinkle
Star’ and E. autumnalis leaves. Furthermore, in all tested
species, a significantly higher antioxidant activity was
noted in the leaves in comparison with the bulbs, on average by 32.99% DPPH. Aremu et al. (2014) [25], using the
free radical scavenging ability of 2,2-diphenyl-1-picryl-hydrazyl, found that the leaves of E. autumnalis had significantly higher antioxidant activity in comparison with the
bulbs - on average by 1.9 times higher. In the presented
study it was 2.3 times higher.
Numerous studies have conclusively showed that the
antioxidant activity can be mostly ascribed to the phenolic
compounds [31-34]. However, it is possible that DPPH
radical scavenging ability might be also exhibited by a synergistic action of total phenolics and other antioxidant components including antioxidant vitamins and pigments [35,
36]. Moreover, Heinonen et al. [37] and Kakhonen et al. [38]
claimed that different phenolic compounds might show different reactions to Folin-Ciocalteu reagent.
Based on the results presented above it was concluded
that the highest biological activity among all tested Eucomis

total
leaves
bulbs
816.93ab
1.62b
±51.82
±0.70
958.12a
0.46b
±20.96
±0.00
865.90a
0.69b
±48.89
±0.23
574.49bc
0.69b
±23.94
±0.23
514.32c
4.39a
±37.88
±0.70
by a different letter are significantly

taxa was observed in E. comosa plants, which were characterized by high antioxidant activity accompanied by high
content of total polyphenols and total carotenoids. High antioxidant activity of E. bicolor was significantly related
with high content of total carotenoids, while in the case of
E. comosa ’Sparkling Burgundy’ - with high content of total polyphenols.
Furthermore, the investigated Eucomis taxa were compared for their chlorophyll content (Table 3). Significantly
higher amounts of chlorophyll a, chlorophyll b and total
chlorophylls were found in E. bicolor, E. comosa and E.
autumnalis leaves, than in E. comosa ’Sparkling Burgundy’ and E. comosa ’Twinkle Star’ leaves. In the study
of Aremu et al. [25], aimed at the evaluation of the effect
of vermicompost leachate on the physiological and phytochemical responses of E. autumnalis, the content of
chlorophyll a in the plant leaves ranged between 239.8
and 425.1 µg/g FW, chlorophyll b - between 79.8 and
150.7 µg/g FW and total chlorophyll - between 319.6
and 575.9 µg/g FW. Our mean values for E. autumnalis
leaves were higher and amounted respectively to: 577.97,
163.72 and 816.93 µg/g FW. Moreover, the leaves of all
the investigated Eucomis taxa were characterized by very
high amounts of these pigments, while in the bulbs just
trace amounts were detected.
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[9]

4. CONCLUSIONS
The present study reported biologically active compound contents in the leaves and bulbs of five different taxa:
E. autumnalis (Mill.) Chitt., E. bicolor Baker, E. comosa
(Houtt.) Wehrh., E. comosa ‘Sparkling Burgundy’ and E.
comosa ‘Twinkle Stars’. It can be concluded that the highest antioxidant compound contents among all the investigated Eucomis taxa were observed in E. comosa plants.
Moreover, the findings of this study support the view that
plant organs differ significantly in their antioxidant compound content. The leaves of Eucomis taxa had significantly
higher antioxidant activity, higher content of L-ascorbic
acid, total carotenoids and chlorophylls than the bulbs,
which were characterized by significantly higher concentration of total polyphenols and dry matter.
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