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Responses of parameters related with photosynthesis and the involvement of various factors in photosyn-
thetic damage in two chickpea genotypes, Gokce (tolerant) and Kusmen (sensitive) under drought stress 
were assessed. Photosynthetic pigment content decreased under drought stress in two genotypes. 
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eters was measured in Gokce under drought stress. Fv/Fm, ÍPS2 and ETR decreased in drought stressed 
plants of Kusmen as compared to control plants however Fv/Fm'�ÍPS2 and ETR did not change in Gokce 
under drought stress. Increases in NPQ were determined under stress in both genotypes. Drought stress 
did not affect rubisco activity and rubisco concentration in Gokce while, the activity and the content 
declined in Kusmen. The drought tolerance of the Gokce genotype is a consequence of a balance among 
leaf water potential, stomatal conductance, photosynthesis, and transpiration. On the other hand, photo-
synthesis in Kusmen may be not only restricted by stomatal limitations but also by non-stomatal limita-
tions under drought stress.
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INTRODUCTION

Chickpea (Cicer arietinum L.) is an ancient legume crop believed to have originated 
in southeastern Turkey and the adjoining part of Syria. It is the third most important 
pulse crop in the world just behind dry bean (Phaseolus vulgaris����������	�����
(Pisum sativum L.) [32]. Drought stress during vegetative and/or reproductive growth 
stages is one of the most limiting factors for chickpea growth in Turkey.

Drought stress reduces plant growth by affecting photosynthesis, respiration, and 
nutrient metabolism [27]. Under drought stress conditions, plants close their stomata 
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to avoid further water loss. Decreasing internal CO2 concentration (Ci) and inhibition 
of ribulose-1,5-bisphosphate carboxylase/oxygenase enzyme (rubisco) activity and 
ATP synthesis lead to a decrease of net photosynthetic rate under drought stress [7]. 
Reduced inhibition of photosynthesis under drought stress is of great importance for 
drought tolerance [37].

The effect of drought stress on net photosynthetic rate, transpiration rate and water 
������������������"���������
���
��������������*��������
�����+��'��_<��¦������
[16] conducted a greenhouse experiment to assess the effects of drought stress on 
plant growth, photosynthesis, and water relations in 3 Tunisian chickpea genotypes 
(Cicer arietinum L.). A close relationship between plant growth, and photosynthesis 
and leaf water status was reported in that study.

Another plant response to drought stress is the change in photosynthetic pigment 
content. The contents of both chlorophyll (Chl) a and b can change under drought 
stress. Photosynthetic pigments play important roles in harvesting light. The carote-
noids (Car) play fundamental roles and help plants to resist drought stress. Drought 
stress inhibits Chl synthesis and decreases the content of Chl a/b-binding proteins, 
leading to reduction in the light-harvesting pigment protein complex associated with 
photosystem 2 [27]. The effects of drought stress on Chl a, Chl b and Car contents 
have been investigated in some chickpea genotypes [20, 22].
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photosynthetic reaction in photosystem 2 [1]. Drought stress affects maximum quan-
tum yield of PS2 photochemistry (Fv/Fm) in chickpea genotypes.  The Fv/Fm ratio 
allows detection of any damage to PS2 and possible photoinhibition. Furthermore,  
Fv/Fm ratio can be a useful marker in studies of tolerance to drought stress and in 
screening adapted cultivars of chickpea under drought stress [27]. However, if the 
�
���� ��	������		� $����������� ������
���� ���� "�� ���� ���� ���������� ��� ����*����
genotypes is not known.

There have been some studies about determination of drought tolerance of Turkish 
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chickpea genotypes, which were subjected to drought stress at pre- and post-anthesis 
stages and  determined that Gokce was drought tolerant while Kusmen was drought 
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gas exchange and mechanisms related to drought tolerance under drought stress are 
absent in the chickpea genotypes. In addition, effects of drought stress on rubisco 
activity in chickpea are not known. It is very important to know the parameters affect-
ing photosynthetic yield for developing high-yield genotypes under drought. 
Therefore, in this study, we measured responses of certain parameters associated with 
photosynthesis and various factors involved photosynthetic damage in chickpea 
plants under drought stress. 
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MATERIALS AND METHODS

Plant growth and stress application

Seeds of chickpea (Cicer arietinum cv. Gokce and cv. Kusmen) were provided by the 
Anatolian Agricultural Research Institute in Eskisehir, Turkey. Gokce was drought 
tolerant and its plantation was the highest among chickpea genotypes in Turkey. 
Kusmen was drought sensitive while its stability to different environmental condi-
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twice a week with full-strength Hoagland’s nutrient solution in a growth chamber 
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���^^�#�V�|���«��	��–2 s–1) for 10 days. After 10 days, the plants were irrigated 
every second day with Hoagland’s solution (control) or with polyethylene glycol 
�^����������Ð��|��¢^��������������{���	�������	�
����
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10 days. 

Leaf water status

The leaf relative water content (RWC) was evaluated according to Slavick [33]. Leaf 
��
�����
��
��	��Ñleaf) was measured with a thermocouple psychrometer at 27 ± 1 °C. 
������	�������Ñleaf were measured as MPa.

Electrolyte leakage

Leaf electrolyte leakage measurements were taken by a conductivity meter (YSI 
Model 345, Yellow Springs, OH, USA) according to the protocol of Blum and 
Ebercon [5]. 

Determination of photosynthetic pigments

Photosynthetic pigments were extracted according to Arnon [3]. Leaf samples (0.1 g) 
were ground in 5 ml of 80% acetone, and then centrifuged at 3000 rpm for 5 min. 
Supernatant was measured at three-wave lengths 470, 646 and 663 nm. The amounts 
of pigments were calculated according to Jaspars [12]. 
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the equation, (Fm – Fm’)/Fm’. Electron transport rate (ETR) was measured with special 
^�\��	��������	��	�
�������		�����ÒPS2 × PAR × 0.5 × 0.84).

Photosynthetic gas exchange measurements

Stomatal conductance (gs), transpiration (E) and net photosynthetic rate (Pn) were 
measured with a portable photosynthesis system (TPS-2 PP Systems). Leaf gas-
exchange measurements were performed in the growth chamber. Fifteen leaves were 
selected for the measurements. 

Determination of rubisco activity and concentration
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cations. About 0.25 g of frozen chickpea leaves were ground to a powder with liquid 
N2 and tissues were homogenized with cooled extraction buffer containing 50 mM of 
Tris–HCl (pH 7.5), 1 mM of EDTA, 10 mM of MgCl2, 12% (v/v) of glycerol, 0.1% 
��¨������½Q������
��
����	���������¨������^§^Q|�����	�"	��^§^���
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homogenate was centrifuged at 15,000 g for 15 min at 4 °C. Protein concentration 
��������
������������"��"���������+�<'�������"�������������	"�����������
��-
ard. Rubisco concentration was determined by immunodetection according to  
Ma et al. [19].

Statistical analysis

Fifteen leaves were used in each experiment. Each experiment was repeated three 
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in physiological parameters in plants under well-water and drought stress (P ¿�������

RESULTS

Leaf water status

RWC in Kusmen decreased from 76.5% (control) to 66.4% in stressed leaves. 
However, RWC did not change in Gokce (Table 1). An obvious decrease in leaf water 
potential (Yleaf) was measured when plants were subjected to drought. Kusmen had 
the higher decrease in water potential as compared to Gokce (Table 1). 
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Electrolyte leakage
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difference was observed in the EL between the genotypes. Kusmen expressed a 
higher EL than Gokce under drought stress. EL in control plants of Kusmen (34.9%) 
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was not observed in Gokce (Table 1). 

Photosynthetic pigments

Chl content in control plants of Kusmen (15.6 mg g–1 DW) decreased to 13.3 mg g–1 
DW under drought stress, and in Gokce it was also reduced by drought stress  
(Table 1). Car content in both genotypes decreased under drought stress. Car content 
in Kusmen control plants diminished from 5.5 to 5.2 mg g–1 DW due to drought 
stress. Chla content was reduced from 10.2 to 9.5 mg g–1 DW in Kusmen by drought 
stress. Chla content of Gokce control plants (6.6 mg g–1 DW) decreased to 5.8 mg g–1 
DW under drought stress. Chlb content also decreased from 5.4 to 4.0 mg g–1 DW in 
Kusmen under drought stress. Rate of Chla/b increased in the chickpea genotypes, 
meanwhile Chla/b increased from 1.9 to 2.3 in Kusmen under drought stress. 
Increments in Car/Chla+b were determined in both genotypes under drought stress 
(Table 1).

Table 1
Effect of drought stress on plant water and pigment content

Kusmen Gokce

Control Stress Control Stress

RWC (%) 76.5±2.63a 66.4±1.41c 72.2±2.22ab 67.7±3.90b

�leaf (MPa) –0.75±0.05c –1.41±0.02a –0.76±0.07c –1.2±0.03b

EL (%) 34.9±4.3b 52.5±3.1a 24.9±3.8c 32.4±4.9b

Chla (mg g–1 DW) 10.2±0.1a 9.46±0.01b 6.6±0.01c 5.79±0.1d

Chlb (mg g–1 DW) 5.36±0.01a 4.04±0.05b 2.74±0.05c 2.37±0.001d

Chla+b (mg g–1 DW) 15.6±0.01a 13.3±0.68b 9.2±0.28c 8.2±0.06d

Car (mg g–1 DW) 5.5±0.01a 5.2±0.06b 3.2±0.1c 2.96±0.01d

Chla/b 1.91±0.005d 2.33±0.04c 2.43±0.04b 3.28±0.03a

Car/Chla+b 0.35±0.001b 0.39±0.02a 0.35±0.005b 0.40±0.004a
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cultivars along with different treatments at p < 0.05.
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Maximum quantum yield of PS2 photochemistry (Fv/Fm) decreased in drought 
stressed plants of Kusmen as compared to control plants. However, Fv/Fm did not 
change in Gokce under drought stress. Fv/Fm was found 0.84 in Kusmen control 
plants while its value was 0.81 under drought stress (Table 2). Effective quantum 
���	����^������
�������
����ÍPS2�������������¦����������������
��
������ÍPS2 
value was 0.81 in Kusmen control plants while it decreased to 0.74 under drought 
�
������ &�� 
��� �
���� ���'� ÍPS2 did not change in Gokce under drought stress  
(Table 2). Increases in non-photochemical quenching (NPQ) were also determined. 
The increase of NPQ in Kusmen was greater than in Gokce (Table 2). ETR declined 
in Kusmen under drought stress as compared to the control plants while ETR did not 
change in Gokce (Table 2).

Photosynthetic gas exchange measurements

����������
��
����'����������
�������������
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Kusmen. gs in the control plants of Kusmen (255 mmol m–2 s–1) was down to 154 
mmol m–2 s–1 under drought stress. gs�����
�����������������
	�� �����*��������
drought stress as compared to the control (Table 2). Net photosynthetic rate (Pn) was 
reduced in Kusmen by drought. However Pn did not change in Gokce. The Pn in con-

Table 2
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and rubisco

Kusmen Gokce

Control Stress Control Stress

Fv/Fm 0.84±0.01a 0.81±0.01b 0.83±0.01ab 0.81±0.02b

ÍPS2 0.81±0.02a 0.74±0.03b 0.77±0.02ab 0.76±0.02b

NPQ 0.11±0.02d 0.85±0.01a 0.39±0.03c 0.73±0.01b

ETR 20.4±0.5a 18.7±0.7b 19.4±0.5ab 19.2±0.5ab

gs (mmol m–2 s–1) 255±20.2a 154±16.0b 166±12.0b 139±21.0b

Pn (mmol m–2 s–1) 4.04±0.6a 1.63±0.4c 2.5±0.5b 1.74±0.3bc

E (mmol m–2 s–1) 2.59±0.4a 1.16±0.18b 1.34±0.2b 1.17±0.1b

Rubisco activity (U mg–1 protein) 6.33±0.07b 5.51±0.35c 9.32±0.33a 9.28±0.12a

Rubisco content (pmol ml–1) 6.11±0.2a 1.67±0.05c 2.08±0.06b 1.96±0.2bc
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cultivars along with different treatments at p < 0.05.
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trol plants of Kusmen (4.04 μmol m–2 s–1) went down to 1.63 μmol m–2 s–1 under 
drought stress. Transpiration (E) declined from 2.59 mmol m–2 s–1 to 1.16 mmol m–2 
s–1����¦����������������
��
������{������'�������
����������
	��������������*���
under drought stress (Table 2). 

Rubisco activity and concentration

Drought stress did not affect rubisco activity in Gokce while the activity declined in 
Kusmen. Rubisco activity was determined as 6.3 U mg–1 protein in Kusmen control 
plants while the activity was down to 5.5 U mg–1 protein under drought stress. 
Rubisco concentration did not change either in Gokce under drought stress, however, 
the concentration decreased in Kusmen (Table 2).

DISCUSSION

Genotypic variation of leaf water potential may be attributed to differences in the 
ability to absorb more water from the soil and the ability to reduce water loss through 
stomata [31]. Genotypes that maintain higher relative water content under drought 
stress are believed to be more tolerant and give higher yield than others [4]. Drought 
sensitive genotype, Kusmen lost its leaf water content, however drought tolerant, 
Gokce kept it under drought. Similarly, Rahbarian et al. [27] recorded that drought 
�
��������������	���
	��	�����������������Ñleaf in sensitive chickpea genotype com-
pared to tolerant genotype. Thus, we can establish that the genotype with higher leaf 
water potential and relative water content has a higher photosynthetic rate under 
drought stress. 

Drought stress was also observed to have an inverse effect on the electrolyte leak-
age, which is commonly considered as one of the best physiological components of 
drought tolerance in plants [34]. In our work, drought sensitive genotype had higher 
���
���������
�
�	����
�����
�����������		Q��
��������
�������Î��Ï��
��	��+��<�
reported same results about same genotypes under control conditions. High EL under 
control conditions might exhibit increased membrane permeability so that the sensi-
tive genotype could increase plant water use. However, under drought conditions 
drought tolerant genotype expressed lower EL than sensitive one. This was in agree-
���
���
�� 
�������	����������Î��Ï��
��	�� +��<����^��������	��
��	�� +��<� ���������
correlation between EL and drought tolerance in different chickpea genotypes were 
reported.

In the present study, chlorophyll content decreased in both genotypes. Also, chlo-
rophyll content of Kusmen was higher than that of Gokce had under control condi-
tion. Kusmen had dark green leaves compared to Gokce. Similar to our study, Sairam 
et al. [29] found that wheat cultivar sensitive to drought produced the highest chloro-
phyll content under controlled condition and its chlorophyll content was low under 
drought conditions. In another study, Khayatnezhad and Gholamin [13] recorded that 
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drought tolerant maize genotype had the lowest amount of chlorophyll under irriga-
tion conditions but when drought stress was applied, it had the lowest change in 
chlorophyll content. The carotenoids have also played fundamental role and helped 
plants resist drought stress [27]. The effects of drought stress on chlorophyll content 
and Fv/Fm ratio have been investigated in some chickpea genotypes [22, 27]. Under 
drought stress, the decreases in pigments content of Gokce did not cause any decrease 
in Fv/Fm, which indicated that pigments breakdown was not accompanied by the 
�������������
�����!��������
��������	��������������
���
�	����
�����
����������
phenomenon was explained by a photo-protection mechanism through reducing light 
absorbance by decreasing pigment content. Increase in Chla/Chlb ratio has indicated 
a decrease in light collection in PS2 and reduction in PS2 photochemistry. For most 
of the plant species, increased the ratio of Chla/Chlb has been accepted as an indica-
tor of a decrease in peripheral light-harvesting complexes under drought stress. In 
addition, the increases in ratio of Car/Chla+b in the genotypes have shown that these 
plants needed photo-protection under drought conditions [18]. 

#�����
��
���������
�����	
�������������
�������������v/Fm in the drought tolerant 
genotype. Conversely, drought stress induced by PEG application resulted in reduced 
ÍPS2����
��������
������
��������
�������������
�������ÍPS2 could be interpreted as 
increase in thermal energy dissipation. In our experiments, NPQ increased with 
drought stress in both genotypes. However, the increase in Kusmen was more than 
Gokce under drought stress. An increase in NPQ induced by drought stress was 
reported in chickpea [20]. Chickpea might protect itself from detrimental effects of 
drought through increased NPQ, which has dissipated light energy and decreased the 
����������������
��������	�����
�����������
����
�������`�������
��'������
�
�	��-
ant genotype exhibited higher NPQ than sensitive genotype under control conditions. 
A similar increase in NPQ was also reported in drought tolerant transgenic tomato 
[24]. NPQ to protect the drought tolerant chickpea genotype from photo-damage can 
be a suitable parameter for the screening of drought tolerance.

���������
� ��	���� ��� ÍPS2 was followed by a reduction in ETR in response to 
drought in the present study. Depressed ETR in Kusmen under drought stress might 
have been caused in part by processes that affected excess light energy dissipation, as 
it has previously been described in chickpea [20, 21]. However, ETR values in con-

��	� ��� �
������ �	��
�� ��� ��*��� ����� ��
� ���������
	�� �������
�� ������ ����	
��
showed that the photochemical activity of Gokce was resistant to drought stress and 
electron transport chain was capable of maintaining well under drought. On the other 
hand, decreases in CO2 assimilation of Kusmen resulted in lower electron transport 
��
�����������������
��������	���������������������
�����
��������������-
ings have indicated the high metabolic sensitivity of photosynthesis to drought in 
sensitive genotype. First response of plants to drought is the stomatal closure restrict-
ing gas exchange between the atmosphere and the inside of the leaf, which causes 
decreased transpiration and stomatal conductance in the sensitive genotype imposed 
to drought stress. However, controlling leaf water losses when water is non-limiting 
for plant development may also be a suitable adaptation strategy. It has been recently 
shown that drought tolerant pearl millet genotype has had a low transpiration rate 
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under well-watered conditions [14]. Similarly to pearl millet, drought tolerant chick-
pea genotype, Gokce had also low transpiration under control conditions. This water-
����������������������
������������Q�
����������
���������"��"�������	�����
���
plants under stress conditions. This extra water, available for the later stage of the 
plant, may warrant water supply to the plants under water limiting conditions.

Zlatev and Yordanov [37] suggested that a decrease in Pn� ������ ��
��� ����
�
could be attributed to both stomatal and non-stomatal effects. Stomatal closure that 
���������
������
�	��������������������
���
���	���'����������		�	������������^n 
and gs under drought stress has generally been reported in some plants [37]. On the 
other hand, a low gs in drought tolerant genotypes under control condition is prob-
ably a way to conserve water when plants under drought stress [14]. Similarly to the 
����������¦��	��¸��
��	��+��<��������	���		�
����³����Q�		����
��	��+/�<��������*-
pea, we observed low gs in the control group of drought tolerant genotype. This 
adaptation might cause low photosysnthesis rate under control conditions. 
Furthermore, it could provide to the chickpea an ability of access to water available 
in soil during drought. 

Non-stomatal limitations of photosynthesis in the leaves have been attributed to a 
reduced amount of functional rubisco [35]. Lal et al. [17] reported that maximal 
��"�������
���
�����������������
�������
��
�������	��'�
��������������
�����
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under drought stress was due to decreases in both rubisco concentration and rubisco 
����������
���
��+�/<����������
��
�
���������������������"�
����������
����
������
in Kusmen under drought stress might be related to a reduced rubisco concentration. 
Furthermore, rubisco activity in Gokce was higher than Kusmen although Gokce had 
a low concentration of rubisco as compared to Kusmen under control conditions. This 
result might be related to high amount of inactive rubisco in drought sensitive geno-
type. As for the tolerant genotype, high activation state of rubisco might compensate 
its low concentration.

We suggest here that the tolerance or sensitivity of chickpea to drought is related 
to its capability of maintaining leaf water status. Gokce may have a tolerance to 
drought by forming a balance among leaf water potential, stomatal conductance, 
photosynthesis, and transpiration. Fv/Fm� ��� 
��� �
���� ��	������		� $�����������
������
��������������\'�ÍPS2 and NPQ can be used for screening chickpea genotypes 
and identifying drought-tolerant genotypes at the vegetative stage. On the other hand, 
photosynthesis in Kusmen may not only be restricted by stomatal but also by non-
stomatal limitations. 
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