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Table2. Mean Fv/Fm, water use efficiency (WUE), transpiration rate (E), CO: assimilation rate (A), stomatal

resistance , water potential, in the flowering stage of chickpea genotypes in non-stress (control), 24 hours and 48 hours
after drought stress and recovery stages

Genotype CStress/ Stage Fv/Fm gﬁzgnﬁ? trani|3a|t;at|0n CO2 assimila_tzio_? Stomatgl resistance pz\tl:rﬁiiral
o ontrol S Slos ; T | m2st rate (umol m2s%) (m?2.s.mol) M
FEY laels oy SraeabE (MmAIMTS) Sl 5 14539 cuoglia ey
L3t o &% OFFETE it Sy Sy
MCC392 Control Control 0.83b-d 7.1a 1.06¢c-e 7.52¢ef 4.3i-k -0.12a
MCC688 Control Control 0.80b-e 13.2a 0.46¢c 6.05fg 4.7i-k -0.12a
McCcs77 Control Control 0.88a-c 19.1a 0.7d-g 13.40b 9.4fg -0.12a
MCC392 Control 24h. after stress 0.71e-h 12.1a 1.08c-e 13.10b-d 5.2i-k -0.12a
MCC392 Stress 24h. after stress 0.52i 10.1a 0.419 4.16gh 2.3k -0.10a
MCC68 Control 24h. after stress 0.63d-g 9.8a 1.01d-f 9.96de 6.7g-i -0.94a
MCC68 Stress 24h. after stress 0.19j 6.2a 0.68d-g 4.22gh 3.9i-k -0.98a
mMcCcs77 Control 24h. after stress 0.70gh 21.1a 0.63e-g 13.20bc 6.2h-j -0.10a
MCC877 Stress 24h. after stress 0.41j 11.6a 0.329 3.70gh 9.8¢c -0.12a
MCC392 Control 48h. after stress 0.92ab 6.0a 1.69b 10.20c-e 8.7f-h -0.94a
MCC392 Stress 48h. after stress 0.68f-h 3.5a 0.69d-g 2.43h 23.7¢c -0.13a
MCC68 Control 48h. after stress 0.82b-f 4.7a 1.57bc 7.39f 6.0h-j -0.97a
MCC68 Stress 48h. after stress 0.60hi 2.9a 1.18b-d 3.46gh 42.0a -0.12a
McCC877 Control 48h. after stress 0.86ab 7.1a 1.59bc 11.40b-d 11.7d-f -0.10a
mccar7 Stress 48h. after stress 0.44i 10.1a 0.369 3.65gh 29.7b -0.11a
MCC392 Control Recovery 0.89a 2.8a 2.69a 7.61jk 2.9jk -0.10a
MCC392 Stress Recovery 0.9a 5.3a 1.22b-d 6.41fg 13.3d -0.12a
MCC68 Control Recovery 0.86a-e 8.8a 1.09c-e 9.64jk 3.0k -0.10a
MCC68 Stress Recovery 0.86a-d 7.8a 1.01d-f 7.92¢f 12.0de -0.12a
mcCc877 Control Recovery 0.87a-c 27.3a 0.77d-g 21.00e-g 9.7e-g -0.13a
mccser7 Stress Recovery 0.75c-f 11.5a 0.51f g 5.80fg 9.7e-g -0.10a

(P<0.05) 5,105 (5l e BB (Sls (yg03] 3abs coiiand S e By G sl JBlos (gm0 0 a5 Sl Sl
Values with the same letter within a column are not significantly different (p<0.05).

0950 (S g} 50 Ay Job g gl qpie (S (339 ¢S g O (o Slgine slid (55l AL (il duslio Y Jguo

Table 6. Mean MSI, RWC, root dry weight, root volume, root area, root length in the flowering stage of chickpea
genotypes in without stress, 24 hours and 48 hours after drought stress and recovery stages

Stress/ MSI(%) _RWC(%) Root dr Root volume Root Root
Gen(?t)./EJe Control f}ige Skl el Sl s (gl g weight(g% (cmd) area(mm?) length(m)
TP S/ el - s £, gy K2 035 o Y w;db
MCC392 Control Control 57.40-i 62.8f-h 0.44a-c 8.3a 7508.0c 75.5a-C
MCC688 Control Control 60.0f-i 66.1e-h 0.32b-e 3.7cd 3280.7b-d 50.7cd
mccar7 Control Control 74.1b-d 60.2gh 0.26de 4.3b-d 6141.0b-d 76.1a-c
MCC392 Control 24h. after stress 75.8bc 78.0a-d 0.48ab 4.3b-d 7393.7ab 93.9a
MCC392 Stress 24h. after stress 54.4hi 64.0f-h 0.35a-e 3.3cd 4475.6a-c 58.6¢cd
MCC68 Control 24h. after stress 74.4b-d 64.0fgh 0.39%a-e 3.3cd 4933.3a-C 64.0b-d
MCC68 Stress 24h. after stress 53.2hi 61.6gh 0.37a-e 2.7d 3560.3c 52.8cd
MCC877 Control 24h. after stress 61.3e-h 76.5b-d 0.33b-e 4.0b-d 4403.0bc 72.6a-d
MCC877 Stress 24h. after stress 39.8j 54.4h 0.49a 5.8b 6301.0a-c 76.9a-C
MCC392 Control 48h. after stress 79.5ab 87.2a 0.41a-d 5.0bc 5503.6a-C 43.5d
MCC392 Stress 48h. after stress 71.3b-e 73.7c-e 0.38a-e 4.0b-d 5101.0a-c 62.2b-d
MCC68 Control 48h. after stress 79.3ab 72.0c-f 0.37a-e 4.0b-d 5650.6a-c 71.3a-d
MCC68 Stress 48h. after stress 67.9c-f 59.8h 0.38a-e 4.3b-d 5311.9a-c 68.5a-d
MCC877 Control 48h. after stress 66.3c-g 78.1a-d 0.34a-e 4.3b-d 5462.1a-c 60.6¢d
MCC877 Stress 48h. after stress 64.4d-g 66.7e-h 0.4Ya-d 5.0bc 6966.6ab 63.2a-C
MCC392 Control Recovery 85.8a 78.9a-d 0.31c-e 4.0b-d 6964.8ab 90.4ab
MCC392 Stress Recovery 73.9b-d 73.7c-e 0.32b-e 3.7cd 4948.6a-c 56.3cd
MCC68 Control Recovery 67.6¢c-f 84.4a-c 0.24e 3.3cd 5700.9a-c 91.3ab
MCC68 Stress Recovery 50.3i 73.5c-e 0.3Yb-e 3.3cd 4702.2a-c 65.7a-d
MCC877 Control Recovery 73.7b-d 79.3a-c 0.33b-e 3.7cd 4722.5a-c 74.3a-c
MCC877 Stress Recovery 60.8f-h 69.6d-g 0.3%a-e 3.3cd 5038.6a-C 64.4a-d

(P<0.05) 05,105 (5l (gme BT (Sl (5031 b ks S ie By S gyl JBlas gt o 0 a5 Llo Sl
Values with the same letter within a column are not significantly different (p<0.05).
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Introduction

Chickpea is an important source of protein supply in human diet. Drought decreases the yield and has
the potential for leading into a total crop failure. However, chickpea is known for its better drought tolerance
when compared to most of the other cool season legumes. Furthermore, drought stress is one of the
fundamental reasons for reducing the amount of growth and yield of chickpea. One of plant response to
drought stress is change in photosynthetic efficiency and photosynthetic pigment content. Fv/Fm ratio is a
parameter that determinate any damage to photosystems and possible photo inhibition. Photosynthetic
pigments play important roles in harvesting light. Drought stress decreases CO, assimilation rate and root
growing index leading to reduction of yield. Under drought stress condition plants close their stomata to
reduce water loss and retain relative water content. So decrease in internal CO, concentration and net
photosynthetic rate would occur. Reduced inhibition of CO; assimilation rate under drought stress is so
important for resistant chickpea genotypes. The effects of drought stress on membrane stability index,
relative water content and leaf water potential have also been investigated in many studies. This study is
designed to investigate effective traits regarding growth retain under drought stress and recovery stages in
resistant and susceptible chickpea genotypes. In addition, the study aims at determining the role of
physiological indexes in growth retaining in drought stressed chickpea plants.

Materials & Methods

In order to evaluate the effective traits regarding growth retain under drought stress and recovery stage
in chickpea genotypes, an experiment was conducted in controlled conditions with two tolerant genotypes
(MCC392 and MCC877) and one susceptible genotypes (MCC68) were grown under controlled (field
capacity) and drought stress (25% field capacity) conditions in growth chamber under 12.5 hours
photoperiod (21°C day/8°C night) for the first month and 13 hours, photoperiod (27°C day/12°C night) for
the second month similar to normal field situations in chickpea growing region. Drought stress induced for 9
days in the flowering stage and then plants were watering up to field capacity (recovery stage). Water use
efficiency (WUE), CO. assimilation rate (A), transpiration rate (E), leaf water potential, chlorophyll
fluorescence, membrane stability index (MSI), relative water content (RWC), stomatal resistance, and leaf,
area, dry weight and volume of roots were investigated before drought stress, 24 hours and 48 hours after
drought stress and recovery stages in investigated genotypes.

Results & Discussion

Drought stress significantly decreased CO, assimilation rate, transpiration rate, and PSII photochemical
efficiency (Fv/IFm), RWC and MSI in all genotypes. In the recovery stage, MCC877 genotype had the
highest WUE and the lowest transpiration rate as compared to other genotypes. Also in this stage, MSI in all
genotypes was lower than control plants. MCC68 genotype (susceptible genotype) had the lowest MSI in
recovery stage as compared to drought stressed plant after 48 hours According to these results, MCC68
genotype (as a susceptible genotype) could not retain MSI under drought stress and recovery stage while in
resistant genotypes (MCC392 and MCCB877) there was no significant difference for MSI in recovery stage as
compared to drought stressed plant after 48 hours. Water potential was higher in recovered plant as
compared to drought stressed plant after 48 hours while control plant in recovery stage had lower water
potential as compared to drought stressed plant. MCC392 (resistant genotype) and MCC68 (susceptible
genotype) recovered genotypes had the highest and the lowest increasing in leaf water potential as compared
to drought stressed plant after 48 hours. Higher water potential in chickpea genotypes is effective in
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increasing drought tolerance and growth retaining after drought. CO, assimilation rate and water use
efficiency was higher in resistant genotypes (MCC392 and MCC877) as compared to susceptible genotype
(MCC68) in all drought stress stages. Resistant genotypes had lower transpiration rate under drought stress
as compared to control plants in all investigated stages.

Conclusions

According to the results, higher membrane stability index, lower transpiration rate and higher water use
efficiency can be effective in growth retain under drought stress and recovery stage. Also tolerant genotypes
(MCC392 and MCC877) that have prevented the sharp decreased in photochemical efficiency and CO-
assimilation rate under drought stress had higher ability to growth retain after drought stress.
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