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ABSTRACT 
 
 Drought stress has a major effect on agricultural production worldwide. Evaluation of crop's wild species 
for tolerance to biotic and abiotic stresses revealed the presence of a diverse gene pool. This study reports on 
reactions of three wild species of chickpea to drought stress. The purpose of this study was to evaluate wild 
Cicer species for drought tolerance and to identify which physiological traits can help different species to cope 
with drought stress successfully. In order to that, the responses of Cicer reticulatum, C. echinospermum and C. 
juduicum were evaluated under different terminal drought stress treatments including well-watered (85-90% 
FC), intermediate stress (55-60% FC) and severe stress (25-30% FC).The significant (P<0.05) decline in relative 
water content was observed in C. echinospermum and C. reticulatum at the 3rd and the 5th week of stress under 
sever drought treatment, while it was almost unchanged in C.juduicum.  The results indicated that the various 
species possessed different mechanisms for reducing the destructive effects of drought. High efficiency of 
radiation use through maintaining of a high Fv/Fm ratio in C. echinospermum and C. reticulatum and the greater 
photosynthesis per unit leaf area through maintaining more chlorophyll contents in C. juduicum and C. 
reticulatum are the possible mechanisms for drought tolerance. Although increase in osmotic content and cell 
membrane stability combined with reduction in specific leaf area considered as common responses of these 
three species of Cicer to drought stress. 
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Introduction 
 
 The ability to fix atmospheric nitrogen as well as 
having a high nutritional value makes chickpea an 
important food legume [7]. Biotic and abiotic 
stresses are major factors that can restrict chickpea 
productivity. The narrow genetic base of cultivated 
chickpea (Cicer arietinum L.) has limited progress in 
identifying tolerant genotypes for breeding programs 
[30]. 
 Genetic resources play an important role in crop 
genetic improvement, especially in targeting the 
resistance to abiotic and biotic stresses [6], specially 
wild species have been used in breeding as donor of 
resistance genes in many crops [14,6,32]. The 
identification and incorporation of genes from wild 
relative species provides a means to modify plant 
genetic structure. Hybridization of cultivated 
chickpea with its wild relatives can increase genetic 
diversity [5] and maximize polymorphism [7]. 

 Evaluation of wild species for useful traits has 
revealed the presence of a diverse gene pool for 
tolerance to biotic and abiotic stresses [30]. This has 
stimulated research interest in using wild species to 
improve for the improvement of chickpea [15]. 
  There are 42 wild species of chickpea. The 8 
species that share annual growth habits and 
chromosome numbers with C. arietinum have been 
the primary focus of screening and introgression 
efforts [5]. These species are separated into four 
groups on the basis of genetic distance from C. 
arietinum. The primary gene pool of C. arietinum 
includes C. echinospermum, and C. reticulatum, the 
putative wild progenitor. The second closest group 
consists of C. bijugum, C. judaicum, C. 
chorassanicum and C. pinnatifidum. The most 
distantly related annual wild Cicer species are C. 
yamashitae and C. cuneatum [1].  C. reticulatum and 
C. echinospermum species have been successfully 
crossed with cultivated chickpea using conventional 
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hybridization techniques, thus making these species 
of special interest to breeders [15].  
 Arid and semi-arid regions are major chickpea 
growing areas.  Irregular, insufficient and untimely 
precipitation in these areas caused the crop to suffer 
from terminal drought coincides with its reproductive 
phase of development. Drought tolerance is therefore 
the main objective in most chickpea breeding 
programs. Drought triggers a wide array of 
physiological responses in plants. Therefore 
physiological traits have been used as indicators of 
drought tolerance in several crops [11,3,23,34,10]. 
 It is believed that the ability to maintain 
physiological processes under drought is indication 
of a plant’s potential to sustain productivity [18]. 
Although, there are many literatures about diversity 
for drought tolerance in cultivated chickpea 
genotypes but only a few studies have focused on 
wild species. To our knowledge, there has yet been 
no report on the effect of drought stress in terms of 
physiological traits of wild species of chickpea.  
Finding valuable traits in wild genotypes will help 
breeding programs to introgress these traits into 
cultivated chickpea [25,7]. 
 This investigation reports on the reaction of 
three wild species of chickpea to drought stress. The 
purpose of this study was to evaluate wild Cicer 
species for drought tolerance and to identify which 
physiological traits can help different species cope 
with drought stress successfully. In order to that, the 
responses of C. reticulatum, C. echinospermum and 
C. juduicum were evaluated by measuring 
physiological traits including photochemical 
efficiency of photosystem II, SPAD chlorophyll 
meter readings, relative water contents, osmotic 
adjustment and cell membrane stability. The results 
should be helpful to understand the variation in 
drought tolerance mechanisms among wild Cicer 
species. 
 
Materials and Methods 
 
Plant materials and growth conditions: 
 
 This study was carried out in a greenhouse using 
three species of wild chickpea, provided from 
National Plant Gene Bank of Iran. The primary gene 
pool species of C. arientinum including C. 
reticulatum, C. echinospermum and C. juduicum 
which is a member of second closest group to C. 
arientinum were evaluated in this study. Plants were 
grown in PVC pots 18 cm in diameter and 30 cm in 
height filled with a mixture of soil, sand and peat 
moss at the ratio of 2:1:1 (v/v/v). The soil mix of 
every 50 kg was first fertilized with 7.1 g ammonium 
nitrate, 7.5 g of potassium nitrate, 10.7 g of calcium 
nitrate and 7.6 g of triple super phosphate [13]. The 
soil base was sandy loam consisting of 59.21% sand, 
36.01% silt and 4.78% clay, with the pH level of 
7.65 and with the EC of 4.5 ds/m. Surface sterilized 

chickpea seeds were germinated on filter paper. After 
three days, five germinated seeds were planted in 
each pot at the depth of three cm. The seedlings in 
each pot were thinned to three after emergence. 
Greenhouse conditions were maintained with natural 
photoperiod, mean day and night temperatures of 
25°C and 18°C, respectively and at relative humidity 
of 50- 60%.  
 
Instruction of drought treatments: 
 
 Before planting, the field capacity of the pot soil 
was determined. For this purpose, the soil was 
saturated with water, covered with plastic sheets and 
left to drain for 3 days. After that soil weight was 
recorded and transferred to oven for drying at 105ºC. 
After 24 hours soil weight was recorded again. The 
weight of soil moisture at field capacity was 
estimated as difference between two recorded 
weights. Soil water content was determined based on 
soil moisture at field capacity through weighing 
during the experiment. All the pots of each genotype 
were well-watered (regularly optimally irrigated to 
85-90% FC) until the start of flowering. After that 
different levels of drought intensity were imposed for 
each species as follows: well watered under regular 
irrigation (T1), intermediate stress (T2) provided 
with limited watering to 55-60% FC and severe 
stress (T3), where watering was limited to 25-30% 
FC. The surfaces of the pots were covered with 
sheets at the starting point of the treatments to inhibit 
evaporation. A PVC pipe with 10 mm diameter 
entered the pots to supply water [16]. Both water 
stressed and well-watered (control) plants were 
weighed every day and water loss was carefully 
replenished with tap water to maintain the soil’s 
water content at a level close to the desired FC until 
the end of the experiment.  
 
Trait assessment procedures: 
 
 Measurements of physiological traits were made 
on the third fully expanded leaf from the top of the 
plant soon after weighing the pots and replenished 
water loss. All measurements were taken three times 
(one, three and five weeks after exposure to drought 
stress treatments) to determine the best time of 
measuring the traits in order to maximize genetic 
resolution for their expression. Agronomical data 
were recorded at maturity.  
 Photochemical efficiency (quantum yield, 
Fv/Fm) was measured using a chlorophyll 
fluorometer (OS-30, Opti-Sciences, USA). The 
fluorescence transients were measured after the dark 
adaptation period of 25 min within 1 second. SPAD 
chlorophyll meter readings (SCMR) was directly 
measured, using a portable chlorophyll meter (SPAD 
502-Minolta Co. Japan) and recorded on all leaflets 
of the third fully expanded leaf [9]. Relative water 
content (%RWC) was measured using following 
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equation [12] RWC = ((FW – DW)/ (TW –DW)) × 
100.  
 For Osmotic potential (ψs) measurement, the 
extracted sap of leaf samples was transferred vapor 
pressure osmometer (Wescor Model 5520, Inc., 
Logan, UT, USA) calibrated with the manufacturer 
solutions. Cell membrane injury (EL %) was 
measured with a conductivity meter (Model WTW 
82362, Weilheim, Germany). Electrolyte leakage in 
control plants shows a leakage measure due to 
cutting and incubation of the leaf. However the 
conductance's of the stress samples was a 
measurement of membranes injury due to drought 
stress [33]. For measurement of specific leaf area 
(SLA), 35 days after stress, plants were wetted to the 
level of the control plants and allowed to equilibrate 
overnight, in order to rehydrate the plants before 
taking leaf samples. In this way, we avoided leaf 
rolling errors in the determination of leaf area [8]. 
Fully expanded and non-senescent leaves were 
harvested and retained in a moist polythene bag 
before measuring. The leaf area was measured using 
leaf surface area analyzer (Model LAI -3100C, Li-
Cor, Inc.). Leaf dry weight was recorded after drying 
the samples for at least 48 h at 70°C in an oven and 
SLA was estimated as cm2 g-1. Total shoot dry matter 
production, the numbers of pods and seeds per plant 
and their weight were recorded at maturity and used 
for comparative determination of yield loss under 
drought conditions in comparison to optimal 
conditions.  
 
Data analysis: 
 
 The experiment was laid out in factorial 
arrangement under Completely Randomized Design 
with eight replications. Analysis of variance 
appropriate to the experimental design was carried 
out using SAS (version 9.1). Differences between 
treatment means were compared using Duncan's 
multiple range test at P< 0.05.  
 
Results: 
 
 Analysis of variance for shoot dry matter 
production, numbers of pods and seeds per plant and 
their weights under various drought treatments were 
significant (P<0.05) in all traits. The trends of 
variability in these traits under different drought 
treatments are shown in Figure 1. 
 The production of dry matter, yield components 
including pod and seed numbers and weight were 
significantly affected by increasing drought severity 
in all 3 species, and as expected, were higher in non-
stress conditions (Fig. 1). Demonstrating that 
application of drought treatments successfully put the 
plants under stress. Reductions in dry matter 
production due to drought stress observed in all 

species but it was more obvious in C. reticulatum. 
The slope of reduction for seed and pod numbers was 
higher in C.juduicum; while the percentage of 
reduction in seed and pod weight was higher in C. 
reticulatum. These results show that drought affected 
yield production in C.juduicum through a reduction 
in pod setting and in C. reticulatum through 
inhibition of pod filling (Fig. 1).   
 Based on ANOVA (Table 1), there were 
significant differences in all measurements for 
physiological traits between the 3 species of Cicer 
except for El measured at the 1st and 3rd weeks of 
stress. This indicates that there is a good potential for 
the emergence of variety in these examined 
physiological traits between these species. 
 
Photochemical efficiency of photosystem II: 
 
 The effect of drought stress was significant on 
Fv/Fm ratio at the 1st and 5th weeks of stress (Table 
1), determining the 1st and 5th weeks of stress as the 
best times for evaluating the effect of drought on the 
Fv/Fm ratio.  
 The time course of photochemical efficiency of 
photosystem II of these three chickpea species are 
given in Figure 2. Considering the measurement of 
the 1st week of drought stress, there were significant 
differences between species in terms of 
photochemical efficiency of photosystem II. The 
least and the most photochemical efficiencies of 
photosytem II were observed in C. echinospermum 
and C. reticulatum, respectively. The Fv/Fm ratios in 
C. echinospermum were 0.92 and 0.81 under the 
control and severe drought treatments, respectively. 
The Fv/Fm ratio in C. reticulatum changed from 0.87 
in the control treatment to 0.76 in the T3 treatment. 
Reduction of Fv/Fm ratio in these two species was 
not significant. The Fv/Fm ratio significantly 
declined under drought stress treatments in C. 
juduicum (Fig. 2).  
 The effect of genotype and its interaction with 
drought stress was significant on the Fv/Fm ratio at 
the 3rd week of stress (Table 1). There were no 
significant differences in the Fv/Fm ratio under both 
drought stress and control conditions in all three 
species. These results demonstrate the ability of these 
species to express responses that could overcome the 
negative effects of drought on photochemical 
efficiency of the photosytem II and caused this trait 
to return to its normal level. 
 This safeguard mechanism(s) lost its capability 
with prolonged exposure to drought stress. In a way 
that severe drought treatment caused a decrease in 
the Fv/Fm ratio that was measured on the 5th week of 
stress in all 3 species (Fig. 2). Under T2 treatment 
significant decline in Fv/Fm observed in C. juduicum 
and C. echinospermum. 
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Fig. 1: Trends of some agronomical traits in three wild species of Cicer under drought stress. Each data point 

represents the average of four replications. Error bars indicate standard error of the means (SE). T1, T2 
and T3 shows non stress, moderate and severe water stress treatments, respectively. 

 
Table 1: Analysis of variance for various physiological characters. S1, S3 and S5 stand for the results at the1st, 3rd and 5th weeks after start 

of drought treatments respectively. 
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S1 Cell membrane injury 0.394ns 3.46** 2.22** 0.316 16.56 
Photochemical efficiency 0.02** 0.011** 0.001ns 0.001 3.95 

Osmotic potential 22514.11** 27411.11** 8511.05 ns 3163.55 9.63 
Relative water contents 236.583** 103.95ns 83.235 ns 34.187 6.887 

(SPAD)Chlorophyll Meter Readings 105.126** 7.9* 1.78 ns 1.95 2.7 
S3 Cell membrane injury 1.43ns 1.21ns 1.27ns 0.545 21.1 

Photochemical efficiency 0.02** 0.0023ns 0.0034* 0.001 3.87 
Osmotic potential 3433.04ns 32229.9** 3966.26 ns 3388.6 9.13 

Relative water contents 291.07** 103.55** 35.12 ns 18.574 5.34 
(SPAD) Chlorophyll Meter Readings 122.575** 15.65* 20.27** 4.31 3.96 

S5 Specific leaf area 11100.67** 1143.35* 511.067ns 244.395 7.58 
Cell membrane injury 5.12** 0.052ns 0.075ns 0.224 14.1 

Photochemical efficiency 0.012** 0.077** 0.002ns 0.0009 3.95 
Osmotic potential 6390.7* 17145.8** 6486.15* 1734.3 6.38 

Relative water contents 229.234** 218.327** 51.847* 21.64 5.63 
(SPAD) Chlorophyll Meter Readings 238.9** 65.26** 8.92ns 5.33 4.68 

ns, *, **:  Non significant and significant at 5% and 1% probability levels, respectively. 
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Fig. 2: The Fv/Fm ratio and SCMR of three wild species of Cicer, under different drought treatments at the1st 
(S1), 3rd (S3) and 5th (S5) weeks of stress.T1(  ), T2(   ) and T3 (  ) shows non stress, moderate and 
severe water stress treatments, respectively 

 
Chlorophyll contents: 
 
 The effect of drought on SCMR was significant 
at all three time measurements (Table 1). But the 
effect of interactions of drought and species was only 
significant at the 3rd week of stress (Table 1). It 
means that different species responded to drought at 
the 1st and 5th week of stress in similar ways.  
Reactions of different species at the 3rd week of 
stress were variable. 
 Significant reduction of SCMR was observed in 
C. reticulatum species under severe drought 
treatment at the 1st week of drought stress (Fig. 2).  
 Although, SCMR decreased in C. 
echinospermum proportional to severity of the 
drought at the 3rd week of stress; But it significantly 
increased in C. juduicum and C. reticulatum under 
T2 treatment. Under T3 treatment, SCMR decreased 
in C. juduicum and C. reticulatum, but reductions 
was not significant in comparison with the control 
(Fig. 2). At the 5th week of stress, drought treated 
plants showed a decline in SCMR especially in the 
severe drought treatment, but the reduction was only 
significant in C. echinospermum.  

 Generally, considering time course changes in 
SCMR, maximum and fast decrease in SCMR was 
observed in C. echinospermum. In a way that even 
mild drought stress caused the SCMR to decline in 
this species. The reduction percentage in SCMR in 
different species, especially in C. echinospermum 
was dependent to the time of plants exposure to 
drought (Fig. 2).  
 
Relative water content: 
 
 Interaction of drought and species did not have 
significant effect on RWC (Table 1). This means that 
all species respond to drought in the same manner. 
At the 1st week of drought stress, mild drought stress 
had no effect on RWC, at all (Table 1). RWC was 
almost unchanged by drought treatments in C. 
juduicum and C. reticulatum.The significant decline 
in RWC observed in C. echinospermum under severe 
drought treatment.  
 Based on Duncan's multiple test range, there was 
significant difference in RWC between the species; 
RWC in C. juduicum was significantly more than 
that in C. echinospermum under control condition 
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(Fig. 3). Drought affected RWC in C. reticulatum at 
the 3rd week of stress (Table 1). The effect of drought 
on RWC was significant (P<0.05) at the 3rd and 5th 
weeks of stress. Severe drought treatment caused a 

significant decrease in RWC in C. reticulatum and C. 
echinospermum at the 3rd and 5th weeks of stress 
(Fig. 3).   

 

 

 
 
Fig. 3: The RWC% and osmometer reading of three wild species of Cicer, under different drought treatments at 

the1st (S1), 3rd (S3) and 5th (S5) weeks of stress.T1 (  ), T2 (  ) and T3 (  ) shows non stress, moderate 
and severe water stress treatments, respectively 

 
Osmotic adjustment: 
 
 Figure 3 shows the time course of the 
osmometer reading as affected by drought 
treatments. The effects of species and drought on 
osmometer readings were significant at all three time 
measurements (Table 1). But the effect of 
interactions of drought and species was only 
significant at the 5th week of stress (Table 1). This 
determines that the various species responded 
similarly to drought at the 1st and 3rd weeks of stress. 
Therefore observations of variable reactions of 
different species must consider measurements taken 
at the 5th week of stress. At the 1st week of drought 

stress, osmotic content was significantly higher in C. 
juduicum.  Naturally, osmotic content in C. 
echinospermum under the control condition was 
lower than that in the two other species. C. 
echinospermum osmotic content increased 
significantly under drought, but was almost 
unchanged in C.juduicum and C. reticulatum (Fig. 3).  
 A significant increase in osmotic content 
occurred under T3 drought treatments in all three 
species at the 3rd and 5th weeks of stress (Fig. 3).  
Therefore an increase in osmotic content is a 
common response of the Cicer genus to drought. In 
species that constitutively have lower osmotic 
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contents (e.g. C. echinospermum), this response not 
only happens faster but also is more intense.   
 
Cell membrane integrity: 
 
 There was no significant difference between 
species at the 1st and 3rd week of drought stress. 
Therefore drought stress should be continued for a 
longer period of time to determine differences 
between species.  
 However, there was no significant difference 
between drought and its interactions with species at 
the 3rd and 5th weeks of drought stress. Therefore a 
week of stress was an appropriate time to determine 
the effect of drought on the El percentage in this 
study (Table 1). 

 Drought stress caused a significant increase of 
the El in C. echinospermum at the 1st week of 
drought stress (Fig. 4). El increased proportionally to 
drought stress in C. echinospermum at the 3rd week 
of stress. EL increased under mild drought treatment 
in C. juduicum and C. reticulatum, but decreased to 
the level of the control under T3 treatment (Fig. 4). 
There were no significant differences in El in any of 
the 3 species under drought treatments in comparison 
with the control at the 5th week of stress. As 
mentioned before, the effect of species was 
significant at this time; constitutive level of El in C. 
juduicum and C. reticulatum was significantly higher 
than that in C. echinospermum species (Fig. 4).   

 

 

                                                        
 
Fig. 4: The electrolyte leakage(%) of three wild species of Cicer, under different drought treatments at the1st 

(S1), 3rd (S3) and 5th (S5) weeks of stress.T1 (  ), T2 (  ) and T3 (  ) shows non stress, moderate and 
severe water stress treatments, respectively. 

 
Specific leaf area: 
 
 SLA was reduced significantly under severe 
drought stress treatment in all 3 species, but the 
reduction was only significant in C.juduicum and 
C.echinospermum under T2 treatment. 

C.echinospermum surpassed other species for SLA 
and showed the maximum amount of this trait in 
control condition (Fig. 5). Reduction of SLA under 
drought in turn of C.juduicum, C.echinospermum and 
C. reticulatum rose to 12%, 11% and 7% of control, 
respectively. 
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Fig. 5: SLA of three wild species of Cicer, under different drought treatments at the 5th week of stress.  
            T1 (  ), T2 (  ) and T3 (  ) shows non stress, moderate and severe water stress treatments, respectively. 

 
Discussion: 
 
 Considering the results of this study, there was 
obvious variability in physiological responses of 
different Cicer species. Therefore different species 
may possess different mechanisms to reduce the 
destructive effects of drought stress. 
 Maximum photochemical efficiency of 
photosystem II and stable chlorophyll contents are 
two traits that reveal the photosynthetic activity of a 
given plant. Induced reduction in Fv/Fm under 
drought is indicative of photo inhibition associated 
with an over-reduction of PSII [17]. Stomatal closure 
and decreased transpiration that occur under drought 
stress result in increased leaf temperature that may 
lead to chlorophylls degradation [31]. 
 Bearing these definitions in mind and based on 
the results, the ability to maintain high Fv/Fm in C. 
reticulatum and C. echinospermum under drought 
stress indicates a high efficiency of radiation use 
possibility for photochemistry and carbon 
assimilation. Generally, considering time course 
changes in Fv/Fm ratio, more stable Fv/Fm ratio was 
observed in C. reticulatum. Because significant 
reduction of Fv/Fm ratio in this species occurred at 
severe drought treatment and after prolonged 
exposure time to drought. Silva et al. [29] have 
reported correlations between Fv/Fm and drought 
tolerance in sugarcane cultivars. Rahbarian et al. [24] 
also reported high Fv/Fm values associated with 
drought tolerance in cultivated chickpea. Therefore it 
can be concluded that may be susceptibility of 
photosynthetic machinery of C.juduicum is more 
than that of C. reticulatum and C. echinospermum. 
However, chlorophylls degradation is one of the 
consequences of drought stress. Significant and faster 
decline in SCMR was evident in C. echinospermum. 
Although C. echinospermum can maintain its 
photosynthetic activity through stable Fv/Fm, 
C.juduicum species maintained its photosynthetic 
activity through more chlorophyll contents and 

greater photosynthesis per unit leaf area.  A 
phenomenon that was also observed in C. 
reticulatum. 
 SLA was reduced due to water deficit, as part of 
an adaptive mechanism to reduce leaf area and 
transpiration [4]. Identifying genotypes with low 
SLA and greater photosynthetic capacity for unit leaf 
area [19] on the one hand and the existence of a 
strong association between SLA and transpiration 
efficiency on the other has led to the suggestion that 
SLA is an economical surrogate tool for selection of 
transpiration efficiency [35].  
 Leaves with lower SLA typically have higher 
water use efficiency [35]. Therefore, one way to alter 
water use efficiency may involve selection based on 
leaf anatomy and using leaf thickness (low SLA) as 
appropriate selection criterion [20,21,27]. 
Considering changes in SLA, maximum and fast 
decrease in SLA was observed in C.juduicum and C. 
echinospermum. In a way that even mild drought 
stress caused the SLA to decline in these two species.  
Therefore change in leaf thickness is another 
mechanism that has been used by C.juduicum and C. 
echinospermum species to cope with drought stress 
even in low intensity. 
 RWC has been suggested as a reliable indicator 
of a plant’s water status. Unchanged RWC in 
C.juduicum and C. reticulatum species at the 1st week 
of stress showed that they have mechanisms that 
control the degree of cell and tissue hydration for 
optimum physiological functioning and growth 
processes [2]. Unchanged RWC of plants at the 1st 
week of stress indicated that stress remains outside of 
the plants for a while. The ability to absorb more 
water from the soil (by developing a low water 
potential gradient from soil to plant or by extending 
rooting depth and in result fully extracting water in 
the existing rooting zone) [26,28] or the ability to 
control water loss through the stomata [22] are 
possible reasons for maintaining RWC close to the 
unstressed level. This mechanism(s) lost its 
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capability with prolonged exposure to severe drought 
stress treatment in C.reticulatum and internalizes the 
stress and results in a reduction of RWC in this 
species, but stayed functional yet in C.juduicum. The 
decrease in RWC with water stress has been reported 
in common bean [11], wheat [3], peanut [23] and 
sunflower [10]. 
 As above-mentioned in the results, an increase in 
osmotic content was a common response to drought 
by the Cicer genus and it was more obvious in C. 
echinospermun. The result clearly shows the role of 
osmotic adjustment in drought tolerance of wild 
Cicer species especially under severe drought 
treatment. In C. juduicum in addition to induced 
osmotic adjustment, preexisting low cellular ψs is 
possible important factor to maintain unchanged 
RWC under drought.   
 The relatively rapid response of EL to mild 
drought stress makes it a promising trait for 
screening for drought tolerance. The results of time 
course changes in EL measurements showed that all 
3 species of Cicer have mechanisms to increase 
membrane stability; this response happened faster in 
C. juduicum and C. reticulatum but occurred as a 
delayed reaction in C. echinospermum.  
 In conclusion, although the three wild species of 
Cicer tested in this study performed well for most 
physiological traits contributing towards drought 
tolerance, but revealed reduction in dry matter 
production and yield components under drought. 
This supported the recognized facts that yield of 
plants declined under drought even in tolerant plants. 
More strong affection of yield component by drought 
shows the final test of the utility of genotypes or 
species containing drought resistant characters would 
be their yield performance that should be considered 
in introgression programs. 
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