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Abstract 

 
Chickpea (Cicer arietinum L.) is one of the important legumes widely grown for dietary proteins in semi-arid 

Mediterranean climatic conditions. To evaluate the genetic diversity with improved heat and drought tolerance 

capacity in chickpea, thirty-four selected chickpea genotypes were tested under different field-growing conditions 

(rain fed winter sowing, irrigated-late sowing and rain fed-late sowing) in 2015 and 2016 growing seasons. A 

factorial experiment in randomized complete block design with 3 reps was conducted at the Eastern 

Mediterranean Research Institute Adana, Turkey. Based on grain yields under different growing conditions, the 

values of tolerance index, mean productivity, yield index, yield stability index, stress tolerance index, stress 

susceptibility index, and geometric mean productivity were calculated to identify economically higher-yielding 

chickpea genotypes with greater heat and drought tolerance capacity. There were highly significant differences 

observed among the tested chickpea genotypes response to drought and heat stresses. Besides, in both non-stress 

and stress conditions mean productivity, yield index, stress tolerance index, and geometric mean productivity, 

which highly positively significantly correlated with seed yields, were the best indices. Among the chickpea 

genotypes, the Aksu, Arda, Çakır, F4 09 (X 05 TH 21-16189), FLIP 03-108 were identified with a higher drought 

and heat tolerance capacity. Based on our field studies, it is suggested that the drought and heat tolerance 

indicators of plants can be used by breeders to select stress-resistant economically productive chickpea genotypes 

suitable to grow under Mediterranean climatic conditions.  
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Introduction  

Chickpea with nearly 3.600.000 da sowing area and 

460.000 ton production in Turkey is the second 

important pulses after peas (TUIK, 2015). Due to high 

protein content, it has become an important 

component of human diet in the developing country. 

It is grown in semi-arid or arid regions and sown in 

autumn or spring and grows during the cool wet 

months of winter and spring in Mediterranean-

climatic regions. It is mainly grown in rainfed 

condition in Mediterranean area of TURKEY. 

Mediterranean area alone contributes about 23% of 

chickpea production of the country (TUIK, 2013).  

 

Abiotic stress is the most significant limiting factor in 

agriculture production in arid and semi-arid areas. 

Sensitivity to stress is often measured in terms of 

lower yields under stress conditions. Quantifying the 

degree of tolerance or resistance of crops to stress 

requires several indices. Several researchers 

suggested that screening should be performed under 

favorable conditions (Rajaram and Van Ginkle, 2001; 

Betran et al., 2003). However, selection in the 

stressed conditions has been emphasized as well 

(Ceccarelli and Grando, 1991; Rathjen, 1994). 

 

Chickpea is considered one of the most stresses 

tolerant of the cool season food legumes. The basis of 

its tolerance is unknown (Singh, 1993). For improving 

productivity in stressed condition, development of 

new chickpea cultivars with high yield potential 

through identifying tolerance mechanism is of great 

important (Rajaram et al., 1996). However, there is a 

greater variability for yield performance of different 

chickpea genotypes in stress conditions. Attempts to 

measure the degree of tolerance with single 

parameter have limited value because of the 

confounding effect of the various factors to drought 

and heat tolerance in field condition.  

 

Different workers used different methods to evaluate 

genetic differences in stress tolerance (Farshadfer et 

al., 2012; Zebarjadi et al., 2011; Anwar et al., 2011). 

Some screening indices for evaluating genotypes have 

been stressed based on a mathematical relationship 

between non-stress and stress conditions. 

Most of these indices such as tolerance (TOL), mean 

productivity (MP), stress susceptibility index (SSI), 

geometric mean productivity (GMP) and stress 

tolerance index (STI) have been used in various crops.  

 

Fernandez (1992) used stress tolerance index (STI) 

and geometric mean productivity (GMP) and 

suggested that STI is the best criteria for screening 

drought resistance in bean (Phaseolus vulgaris). 

Mean Productivity (MP), GMP and STI have been all 

considered as the most suitable indices for screening 

stress resistance of various crop cultivars such as 

chickpea (Cicer arietinum) (Ganjeali et al., 2005; 

Ganjeali et al., 2011), wheat (Triticum aestivum) (Sio-

Se Mardeh et al. 2006), durum wheat (Triticum 

durum) (Golabadi et al., 2006), Rice (Oryza sativa) 

(Abbasi and Sepaskhah, 2011). 

 

Field performance is the standard to assess plant 

response in stress. Field screening is a powerful tool 

for evaluation of genotypes for effective breeding to 

develop new crop varieties prone to stress (Yücel and 

Mart, 2014). The aim of the present study was to 

evaluate the tolerance chickpea genotypes to drought 

and heat stress as well as to identify a suitable index 

for further screening and to select chickpea genotypes 

tolerant to drought and heat stress.  

 

Materials and methods 

Plant Material and Experimental Design 

Thirty four chickpea genotypes that are high yielding 

and seen promising in carried out research in our 

region along with four control varieties (FLIP 87-59 

C, drought tolerant; ILC 8617, drought susceptible; 

ICC 1205; heat tolerant and ICC 4567, heat 

susceptible) were used as material. They were 

assessed in factorial randomized complete block 

design with 3 replications under winter sowing, 

irrigated-late sowing and non-irrigated- late sowing 

conditions. The experiment plots consisted of two 

rows of 4 m length with inter and intra-row spacing of 

45 and 10 cm, respectively.  

 

Fertilization was applied at a rate of 30 kg nitrogen 

and 60 kg phosphorus per ha before sowing. Sowing 

was performed in December, 01 2014 and 21 2015 for 

winter treatment, March 4 2015 and February 28 

2016 for late treatments.  
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Experimental Site and Conditions  

This experiment took place at the Eastern 

Mediterranean Research Institute, Adana, TURKEY 

(35o 18’E, 37o01’N; 23 m above the sea level) during 

2014-15 and 2015-2016 growing seasons. Winter 

sowing was evaluated as control (non-drought stress), 

irrigated late sowing was evaluated as control (non-

heat stress), while non-irrigated late sowing was 

evaluated both drought and heat stress conditions. 

The soil of the research area is clay that has a pH of 

6.7, 1.2% organic matter, 23.6% CaCO3 and 0.09% 

salt content. The research region has a Mediterranean 

climate with wet winters and hot dry summers. 

According to the long-term average from four decades 

of records, there is early total precipitation of 625mm 

and mean temperature 18.7 oC.  

 

Mean temperature relative humidity (%) and total 

precipitation of Adana during December 2014 to July 

2015 are presented in Table 1. 

 

Table 1. Monthly mean temperature (oC), Relative Humidity (%) and total precipitation (mm) of Adana during 

December 2014 to July 2016. 

 
Months 

 
Years 

Temperature (oC) Relative humidity (%) Total 
precipitation 

(mm) Max. Mean Min. Max. Mean Min. 
December 2014 22 13.0 2 100 71.6 17 50.05 

2015 22 11.0 -1 93 48.4 4 2.03 
January 2015 21 8.9 -3 100 66.3 13 56.39 

2016 19 8.0 -4 100 57.5 4 42.17 
February 2015 22 10.9 -1 100 70.1 7 90.68 

2016 28 14.0 1 100 62.4 9 43.18 
March 2015 28 13.9 3 96 64.6 13 115.81 

2016 27 16.0 3 94 57.1 9 36.83 
April 2015 28 13.9 3 96 64.6 13 115.81 

2016 34 20.0 8 100 56.1 4 8.89 
May 2015 38 21.7 11 100 64.3 8 81.02 

2016 33 26.0 20 94 67.2 8 26.7 
June 2015 33 24.2 15 100 69.1 11 9.5 

2016 39 32.0 25 100 69.0 12 1.5 
July 2015 36 28.0 18 100 69.3 19 8.8 

2016 37 31.0 26 100 70.9 18 0.0 

 

Calculation of Stress Indices 

After harvest, seed yield of each genotypes was 

recorded in grams after threshing and then converted 

into kg per decar. Drought and heat resistance indices 

were calculated using the following relationships: 

1. Tolerance Index (TI) = Yp-Ys   (Rosielle and 

Hamblin, 1981) 
 

2. Mean Productivity (MP) = (Yp + Ys)/2 (Rosielle 

and Hamblin, 1981) 
 

3. Yield Index (YI) = Ys/Xs (Lin et al., 1986) 
 

 

4. Yield Stability Index (YSI) = Ys/Yp  (Bouslama and 

Schapaugh, 1984) 
 

5. Stress Tolerance Index (STI) = (Ys x Yp) / (XP)2  

(Fernandez, 1992) 
 

 

6. Stress Susceptibility Index (SSI) = (1-(Ys/Yp))/(1-

(Xs/Xp)) (Fischer  and Maurer, 1978) 

7. Tolerance Efficiency (TE) = (Yp/Ys) x 100 

(Deshmukh et al., 2004) 

8. Geometric Mean Productivity (GMP) = (Yp x Ys)1/2 

(Fernandez, 1992) 

9. Stress Intensity (SI) I= (Xp-Xs)/Xp 

 

In the above formulas Ys, Yp, Xs and Xp represent 

yield under stress, yield under non-stress for each 

genotype, yield mean in stress and non-stress 

conditions for all genotypes, respectively. As a result 

of the screening at different growing terms (seedling, 

flowering, podding and maturity) of each plot, 

drought and heat tolerance of chickpea genotypes 

were evaluated with 1 to 9 scale (1- No damage; 9-All 

plants killed) according to Wery et. al., 1993. The 

evaluation was done after the susceptible check shows 

% 100 mortality. In 2015, the evaluation was not done 

because of non-mortality in check. 
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Statistical Analysis 

The statistically study focused on correlations between 

grain yield under two stress and non-stress conditions by 

using JMP software program. 

 

Results and discussion 

Data concerning yields under two different conditions (Yp 

and Ys) and drought stress indices in 2015 and 2016 were 

calculated for all the genotypes and given in Table 2 and 

Table 3. In drought stress condition, results of two years 

experiment showed that TI values ranged from 1.1 to 

217.63 in 2015 and from 55.7 to 243.57 in 2016 regarding 

to chickpea genotypes. In the first year ENA 8-2, ILC 

8617, İzmir-92, ENA 144-10, F4 09 (X 05 TH 80-16105-

31-2), EN 1750, ICC 4567, Dikbaş, ICC 1205, EN 766 and 

EN 952 chickpea genotypes had lower value than 

investigated genotypes. Besides, in the second year, Seçkin 

cultivar had the lowest value and followed by İzmir-92, 

ICC 1205, Dikbaş, ILC 8617, F4 09 (X 05 TH 80-16105-

31-2), Çağatay, ICC 4567, EN 952 and EN 808.  

As a result of two years research, according to TI ILC 

8617, İzmir-92, F4 09 (X 05 TH 80-16105-31-2), ICC 

4567, ICC 1205, Dikbaş and EN 952 were the most 

tolerant genotypes. Results of 2015 and 2016 

experiments showed that TI values in heat stress 

condition ranged from 3.33 to 54.27 and 6.9 to 59.77, 

respectively. In the first year, Hasanbey and FLIP 03-126 

C cultivars ranged as first, and followed by FLIP 05-170 

C, Azkan, ILC 8617, F4 09 (X 05 TH 69-16124-8), FLIP 

05-150 C, ICC 4567, ENA 8-2 and EN 952.In 2016, ICC 

1205 cultivar ranged as first, and followed by F4 09 (X 

05 TH 69-16124-8), Aksu, ICC 4567, Azkan, EN 766, 

FLIP 87-59 C, Dikbaş, ENA 8-2, Çakır and EN 952. As to 

TI, Azkan, F4 09 (X 05 TH 69-16124-8), ICC 4567, ENA 

8-2 and EN 952 were the most tolerant genotypes for 

both years. The study conducted by Yucel and Mart 

(2014) in Turkey evaluating drought tolerance in 

chickpea genotypes showed lower value of TI found the 

suitable parameter for screening for stress tolerant lines. 

Similarly, Sio-Se Mardeh et al. (2006) showed that a 

selection based on TI is superior in wheat. 

Table 2. Drought Stress Indices in 2015. 

Genotypes TI MP YI YSI STI SSI TE GMP 
Aksu 175.2 (31) 182.2 (2) 1.5 (4) 0.4 (21) 1.1 (2) 1.1 (21) 285.14 (14) 159.79 (2) 
Arda 217.6 (33) 201.8 (1) 1.5 (5) 0.3 (25) 1.2 (1) 1.2 (25) 334.09 (9) 169.93 (1) 
Azkan 218.4 (34) 160.2 (4) 0.8 (21) 0.2 (33) 0.6 (9) 1.4 (33) 528.90 (1) 117.13 (9) 
Çağatay 97.0 (20) 113.2 (14) 1.1 (14) 0.4 (18) 0.4 (13) 1.0 (18) 250.15(17) 102.22 (13) 
Çakır 87.9 (19) 144.2 (9) 1.6 (3) 0.5 (11) 0.8 (5) 0.8 (11) 187.75(24) 137.3 (5) 
Dikbaş 36.1 (8) 40.8 (33) 0.4 (33) 0.4 (19) 0.1 (33) 1.0 (19) 258.67(16) 36.62 (33) 
EN 1685 60.4 (12) 107.6 (18) 1.3 (7) 0.6 (6) 0.5 (12) 0.7 (6) 177.97(29) 103.29 (12) 
EN 1750 33.3 (6) 55.9 (31) 0.6 (30) 0.5 (10) 0.1 (30) 0.8 (10) 184.87(25) 53.39 (30) 
EN 766 53.3 (10) 70.2 (26) 0.7 (28) 0.5 (17) 0.2(26) 0.9 (17) 222.54(18) 64.94 (26) 
EN 808 102.2 (21) 110.7 (16) 1.0 (18) 0.4 (20) 0.4 (15) 1.1 (20) 271.53 (15) 98.21 (15) 
EN 952 58.1 (11) 92.2 (23) 1.0 (15) 0.5 (12) 0.3 (21) 0.8 (12) 192.10(23) 87.5 (21) 
ENA 144-10 27.2 (4) 61.6 (28) 0.8 (23) 0.6 (3) 0.2 (28) 0.6 (3) 156.70(32) 60.05 (28) 
ENA 8-2 1.1 (1) 75.9 (25) 1.2 (9) 1.0 (1) 0.2 (25) 0.0 (1) 101.46(34) 75.92 (25) 
F4 09 (X 05 TH 21 
16189-12-4) 86.3 (17) 150.0 (5) 1.7 (1) 0.6 (7) 0.9 (4) 0.7 (7) 180.71(28) 143.67 (4) 
F4 09 (X 05 TH 
69-16124-8) 78.3 (16) 58.3 (30) 0.3 (34) 0.2 (32) 0.1 (31) 1.3 (32) 509.95 (3) 43.13 (31) 
F4 09 (X 05 TH 
80-16105-31-2) 29.6 (5) 42.4 (32) 0.5 (31) 0.5 (15) 0.1 (32) 0.9 (15) 207.36(20) 39.74 (32) 
FLIP 01-24 C 120.2 (24) 104.4 (20) 0.7 (27) 0.3 (30) 0.3 (24) 1.2 (30) 371.43 (5) 85.32 (24) 
FLIP 01-39 C 127.6 (26) 117.3 (13) 0.9 (19) 0.3(26) 0.4 (14) 1.2 (27) 338.31 (8) 98.46 (14) 
FLIP 01-54 C 114.1 (22) 110.2 (17) 0.9 (20) 0.3 (23) 0.4 (18) 1.1 (23) 314.52 (12) 94.3 (18) 
FLIP 03-108 C 168.8 (30) 169.4 (3) 1.4 (6) 0.3 (22) 0.9 (3) 1.1 (22) 298.61(13) 146.83 (3) 
FLIP 03-126 C 66.1(14) 96.0 (22) 1.0 (16) 0.5 (14) 0.3 (20) 0.9 (14) 205.02(21) 90.16 (20) 
FLIP 03-21 C 87.5 (18) 120.6 (11) 1.3 (8) 0.5 (16) 0.5 (10) 0.9 (16) 213.85(19) 112.35 (10) 
FLIP 03-28 C 143.3 (27) 119.3 (12) 0.8 (24) 0.3 (31) 0.4 (17) 1.3 (31) 401.05 (4) 95.32 (17) 
FLIP 03-42 C 117.2 (23) 104.5 (19) 0.8 (26) 0.3 (29) 0.3 (23) 1.2 (28) 355.17 (6) 86.56 (23) 
FLIP 05-150 C 125.8 (25) 113.1 (15) 0.8 (22) 0.3 (28) 0.4 (19) 1.2 (29) 350.67 (7) 93.95 (19) 
FLIP 05-170 C 66.0 (13) 103.5 (21) 1.2 (10) 0.5 (13) 0.4 (16) 0.8 (13) 193.53(22) 98.12 (16) 
FLIP 87-59 C 77.0 (15) 142.1 (10) 1.7 (2) 0.6 (5) 0.8 (6) 0.7 (5) 174.41(30) 136.73 (6) 
Hasanbey 154.8 (28) 147.4 (7) 1.1 (11) 0.3 (24) 0.7 (7) 1.1 (24) 321.14 (11) 125.44 (7) 
ICC 1205 42.6 (9) 90.0 (24) 1.1 (12) 0.6 (4) 0.3 (22) 0.6 (4) 162.01(31) 87.44 (22) 
ICC 4567 34.4 (7) 58.7 (29) 0.7 (29) 0.6 (8) 0.1 (29) 0.8 (9) 182.89(26) 56.12 (29) 
ILC 8617 5.3 (2) 63.8 (27) 1.0 (17) 0.9 (2) 0.2 (27) 0.1 (2) 108.74(33) 63.74 (27) 
İnci 200.5 (32) 147.5 (6) 0.8 (25) 0.2 (34) 0.5 (11) 1.4 (34) 524.60 (2) 108.18 (11) 
İzmir-92 21.8 (3) 38.0 (34) 0.4 (32) 0.6 (9) 0.1 (34) 0.7 (8) 180.80(27) 36.34 (34) 
Seçkin 155.2 (29) 144.8 (8) 1.1 (13) 0.3 (27) 0.6 (8) 1.2 (26) 330.95 (10) 122.25 (8) 

 

TI: Tolerance index, MP: Mean productivity, YI: Yield index (YI), YSI: Yield stability index, STI: Stress tolerance 

index (STI),  SSI: Stress susceptibility index, TE: Tolerance efficiency, GMP: Geometric mean productivity (GMP)  



Int. J. Agron. Agri. R. 

 

Yücel et al.                                                                                                                               Page 110 

Table 3. Drought Stress Indices in 2016. 

Genotypes TI MP YI YSI STI SSI TE GMP DSS 
Aksu 213.83 (32) 184.52 (2) 1.31 (7) 0.27 (22) 0.59 (3) 1.05 (24) 375.55 (10) 150.38 (2) 3 
Arda 220.47 (33) 181.67 (3) 1.21 (12) 0.24 (29) 0.55 (5) 1.08 (27) 408.65 (69) 144.40 (4 ) 3 
Azkan 197.4 (30) 137.47 (14) 0.65 (31) 0.16 (34) 0.24 (19) 1.19 (33) 609.16 (1) 95.69 (19) 6 
Çağatay 86.7 (7) 91.82 (27) 0.82 (25) 0.36 (8) 0.17 (27) 0.92 (8) 278.87 (27) 80.94 (27) 5 
Çakır 125.9 (17) 140.35 (13) 1.31 (8) 0.38 (6) 0.41 (12) 0.88 (6) 262.66 (29) 125.44 (11) 3 
Dikbaş 80.8 (4) 78.37 (34) 0.64 (32) 0.32 (14) 0.12 (32) 0.97 (14) 312.80 (20) 67.15 (32) 6 
EN 1685 110.4 (13) 108.17 (21) 0.89 (22) 0.32 (15) 0.23 (20) 0.97 (15) 308.42 (21) 93.03 (23) 6 
EN 1750 107.73 (11) 82.04 (32) 0.48 (33) 0.21 (30) 0.10 (34) 1.13 (30) 482.43 (4) 61.87 (34) 7 
EN 766 147.96 (21) 122.55 (16) 0.82 (26) 0.25 (26) 0.25 (17) 1.08 (28) 404.63 (8) 97.70 (18) 3 
EN 808 101.8 (10) 106.83 (23) 0.94 (18) 0.35 (10) 0.23 (21) 0.92 (9) 282.01 (25) 93.92 (21) 7 
EN 952 90.8 (9) 99.53 (26) 0.91 (19) 0.37 (7) 0.21 (24) 0.90 (7) 267.74 (28) 88.57 (25) 5 
ENA 144-10 107.77 (12) 107.72 (22) 0.91 (20) 0.33 (12) 0.23 (22) 0.95 (12) 300.20 (22) 93.27 (22) 3 
ENA 8-2 117.5 (14) 117.72 (19) 1.00 (16) 0.33 (13) 0.27 (16) 0.95 (13) 299.25 (23) 102.01 (16) 4 
F4 09 (X 05 TH 21 
16189-12-4) 152.87 (22) 159.24 (7) 1.40 (3) 0.35 (11) 0.51 (7) 0.93 (11) 284.63 (24) 139.69 (7) 

3 

F4 09 (X 05 TH 
69-16124-8) 130.6 (18) 91.40 (28) 0.44 (34) 0.17 (33) 0.11 (33) 1.19 (34) 600.38 (2) 63.95 (33) 

8 

F4 09 (X 05 TH 
80-16105-31-2) 82.5 (6) 87.15 (30) 0.77 (27) 0.36 (9) 0.15 (29) 0.92 (10) 279.74 (26) 76.77 (29) 

7 

FLIP 01-24 C 163.33 (24) 121.57 (17) 0.67 (28) 0.20 (32) 0.21 (25) 1.15 (32) 509.35 (3) 90.05 (24) 5 
FLIP 01-39 C 139.27 (20) 126.07 (15) 0.95 (17) 0.29 (21) 0.29 (15) 1.02 (21) 346.80 (14) 105.09 (15) 6 
FLIP 01-54 C 122.17 (15) 100.99 (25) 0.67 (29) 0.25 (27) 0.17 (28) 1.08 (29) 406.19 (7) 80.42 (28) 5 
FLIP 03-108 C 178.54 (26) 169.30 (6) 1.35 (5) 0.31 (17) 0.54 (6) 0.99 (19) 323.09 (16) 143.85 (5) 3 
FLIP 03-126 C 138.14 (19) 120.30 (18) 0.86 (23) 0.27 (23) 0.25 (18) 1.04 (22) 369.65 (12) 98.50 (17) 7 
FLIP 03-21 C 122.43 (16) 149.89 (11) 1.50 (2) 0.42 (5) 0.49 (9) 0.83 (5) 238.07 (30) 136.81 (8) 3 
FLIP 03-28 C 192.37 (29) 147.12 (12) 0.86 (24) 0.21 (31) 0.32 (13) 1.13 (31) 477.71 (5) 111.32 (13) 4 
FLIP 03-42 C 159.27 (23) 153.24 (10) 1.24 (9) 0.32 (16) 0.45 (11) 0.98 (16) 316.40 (19) 130.92 (10) 3 
FLIP 05-150 C 170.7 (25) 157.72 (8) 1.22 (10) 0.30 (20) 0.46 (10) 1.00 (20) 335.87 (15) 132.63 (9) 2 
FLIP 05-170 C 187.56 (28) 156.25 (9) 1.05 (13) 0.25 (28) 0.41 (1) 1.07 (26) 400.24 (9) 124.98 (12) 5 
FLIP 87-59 C  183 (27) 174.03 (4) 1.39 (4) 0.31 (18) 0.57 (4) 0.98 (17) 321.74 (17) 148.03 (3) 1 
Hasanbey 198.07 (31) 171.34 (5) 1.22 (11) 0.27 (24) 0.51 (8) 1.05 (25) 373.96 (11) 139.81 (6) 2 
ICC 1205  74.83 (3) 116.82 (20) 1.34 (6) 0.51 (1) 0.32 (14) 0.69 (1) 194.24 (34) 110.66 (14) 1 
ICC 4567  87.1 (8) 83.15 (31) 0.67 (30) 0.31 (19) 0.13 (31) 0.98 (18) 319.95 (18) 70.83 (31) 8 
ILC 8617  81.57 (5) 102.79 (24) 1.05 (14) 0.43 (4) 0.23 (23) 0.81 (4) 231.56 (31) 94.35 (20) 8 
İnci 243.57 (34) 212.69 (1) 1.53 (1) 0.27 (25) 0.80 (2) 1.04 (23) 367.95 (13) 174.37 (1) 2 
İzmir-92 61.47 (2) 90.77 (29) 1.01 (15) 0.49 (2) 0.19 (26) 0.72 (2) 202.40 (33) 85.40 (26) 4 
Seçkin 55.2 (1) 81.23 (33) 0.90 (21) 0.49 (3) 0.15 (30) 0.72 (3) 202.93 (32) 76.40 (30) 4 

 

TI: Tolerance index, MP: Mean productivity, YI: Yield index (YI), YSI: Yield stability index, STI: Stress tolerance index 

(STI), SSI: Stress susceptibility index, TE: Tolerance efficiency, GMP: Geometric mean productivity (GMP). 

 

In 2015 and 2016, MP values in drought stress 

condition ranged from 37.95 to 201.79 and 78.37-

212.69, respectively. The highest value was obtained 

from Arda followed by Aksu, FLIP 03-108 C, Azkan, F4 

09 (X 05 TH 21 16189-12-4), İnci, Hasanbey, Seçkin, 

Çakır and FLIP 87-59 C in 2015. At the second research 

year, the highest value was obtained from İnci followed 

by Aksu, Arda, FLIP 87-59 C, Hasanbey, FLIP 03-108 

C, F4 09 (X 05 TH 21 16189-12-4), FLIP 05-150 C,FLIP 

05-170 C and FLIP 03-42 C. For MP, Aksu, Arda, FLIP 

03-108 C and F4 09 (X 05 TH 21 16189-12-4) were 

tolerant genotypes in both research years. In heat 

stress condition, MP values ranged from 23.35 to 

118.44 and 29.82-120.79 in 2015 and 2016. In terms of 

MP, F4 09 (X05 TH 21 16189-12-4), FLIP 87-59 C, 

Aksu, Çakır, Arda, Seçkin, FLIP 03-108 C, EN 1685, 

FLIP 03-21 C and ENA 8-2 cultivars in 2015 as well as 

İnci, F4 09 (X05 TH 21 16189-12-4), FLIP 03-21 C, 

FLIP 03-108 C, FLIP 03-42 C, FLIP 87-59 C, 

Hasanbey, FLIP 05-150 C, Çakır, Arda cultivars in 

2016 had higher value. Similar result was reported by 

Bellague et al. (2016), Farshadfer et al. (2012) and Ali 

and El-Sadek (2016). In drought stress condition, YI 

values ranged from 0.31 to 1.74 and from 0.44 to 1.53 

in 2015 and 2016, respectively. The highest value was 

obtained from F4 09 (X 05 TH 21 16189-12-4) 

followed by FLIP 87-59 C, Çakır, Aksu, Arda, FLIP 

03-108 C, EN 1685, FLIP 03-21 C, ENA 8-2, FLIP 05-

170 C and Hasanbey cultivars in 2015. The highest 

value was obtained from İnci and followed by FLIP 

03-21 C, F4 09 (X 05 TH 21 16189-12-4), FLIP 87-59 

C, FLIP 03-108 C, ICC 1205, Aksu, Çakır, FLIP 03-42 

C, Hasanbey and FLIP 05-150 C in 2016. As to YI, F4 

09 (X 05 TH 21 16189-12-4), FLIP 87-59 C, FLIP 03-

108 C, Aksu, Çakır were drought tolerant genotypes 

for both research years. YI values ranged from 0.31 to 

1.74 and 0.44-1.53 in 2015 and 2016 in heat stress 

condition.  
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In 2015, the highest YI value was obtained from F4 09 

(X05 TH 21 16189-12-4) cultivar and followed by 

FLIP 87-59 C, Çakır, Aksu, Arda, FLIP 03-108 C, EN 

1685, FLIP 03-21 C, ENA 8-2, FLIP 05-170 C and 

Hasanbey. In 2016, the highest YI value was obtained 

from İnci cultivar and followed by FLIP 03-21 C, F4 

09 (X05 TH 21 16189-12-4), FLIP 87-59 C, FLIP 03-

108 C, ICC 1205, Aksu, Çakır, FLIP 03-42 C, FLIP 05-

150 C and Hasanbey. For YI, F4 09 (X 05 TH 21 

16189-12-4), FLIP 87-59 C, Aksu, Çakır and FLIP 03-

108 C were the desirable heat tolerant genotypes in 

2015 and 2016. The genotypes which possess high 

value of YI can be considered tolerant to heat and 

drought stresses. These results are in agreement with 

Moein et al. (2015), Yucel and Mart (2014). 

Regarding the drought stress condition, YSI values 

ranged from 0.19 to 0.99 and from 0.16 to 0.51 in 

2015 and 2016, respectively.  

In the first year ENA 8-2, ILC 8617, ENA 144-10, ICC 

1205, FLIP 87-59 C, EN 1685, F4 09 (X 05 TH 21 

16189-12-4), ICC 4567, İzmir-92 and EN 1750 

cultivars registered as first. In 2016, the highest YSI 

value was obtained from ICC 1205 and followed by 

İzmir-92, Seçkin, ILC 8617, FLIP 03-21 C, Çakır, EN 

952, Çağatay, F4 09 (X 05 TH 80-16105-31-2), F4 09 

(X 05 TH 21 16189-12-4) and EN 808. 

 

Averaged across chickpea genotypes, in 2015 and 

2016 growing seasons, grain yields in response to 

drought stress were significantly decreased by 39% 

and 30 %, respectively. The results indicated that crop 

yields under drought stress were lower in all 

genotypes than under non-stressed conditions in 

2015 and 2016 (Fig. 1 and Fig. 2). 

 

 

Fig. 1. Grain yield of chickpea genotypes under drought stressed and non-stressed conditions in 2015. 

 

 

Fig. 2. Grain yield of chickpea genotypes under drought stressed and non-stressed conditions in 2016. 

 

According to YSI, the desirable drought tolerant 

genotypes were ILC 8617, ICC 1205, İzmir-92 for two 

research years. In heat stress condition, YSI values 

ranged from 0.43 to 0.95 and 0.47 to 0.92 in 2015 

and 2016. FLIP 03-126 C, Hasanbey, FLIP 05-170 C, 

ILC 8617, Azkan, ENA 8-2, FLIP 03-108 C, Çakır, EN 

952 and FLIP 03-21 C cultivars had higher value than 

other cultivars value in the first year. 
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In 2016, ICC 1205, Aksu, FLIP 87-59 C, Çakır, ICC 

4567, EN 766, ENA 8-2, Azkan, F4 09 (X 05 TH 69-

16124-8) and FLIP 03-21 C cultivars had higher value. 

According to YSI ENA 8-2 and FLIP 03-21 C were 

relatively heat tolerant genotypes in both 2015 and 

2016 growing season. YSI has been considering the 

most suitable indices for screening drought and heat 

resistant genotypes of chickpea. Similar result was 

reported by Farshadfer et al. (2012), Moein et al. 

(2015), Yucel and Mart (2014).  

 

With regard to drought stress, STI values ranged from 

0.07 to 1.21 and ranged from 0.1 to 0.8 in 2015 and 

2016, respectively. The highest STI value was 

obtained from Arda and followed by Aksu, FLIP 03-

108 C, F4 09 (X 05 TH 21 16189-12-4), Çakır, FLIP 

87-59 C, Hasanbey, Seçkin, Azkan and FLIP 03-21 C 

in 2015. The highest STI value was obtained from Inci 

and followed by Aksu, FLIP 87-59 C, Arda, FLIP 03-

108 C, F4 09 (X 05 TH 21 16189-12-4), Hasanbey, 

FLIP 03-21 C, FLIP 05-150 C, FLIP 03-42 C and Çakır 

in 2016. According to STI indices selected genotypes 

Arda, FLIP 03-108 C, Aksu, Çakır, F4 09 (X 05 TH 21 

16189-12-4), Hasanbey and FLIP 03-21 C as the most 

drought tolerant genotypes. 

Data concerning yields under two different conditions 

(Yp and Ys) and heat stress indices in 2015 and 2016 

were calculated for all the genotypes and given in 

Table 4 and Table 5.  

 

Table 4. Heat stress indices in 2015. 

Genotypes TI MP YI YSI STI SSI TE GMP 

Aksu 39.27 (29) 114.27 (3) 1.54 (4) 0.71 (20) 1.89 (3) 1.18 (20) 141.50(20) 112.57(3) 

Arda 27.40 (23) 106.67 (5) 1.51 (5) 0.77 (17) 1.67 (5) 0.91 (17) 129.47(17) 105.79(5) 

Azkan 7.04 (4) 54.45 (27) 0.83 (21) 0.88 (5) 0.44(26) 0.49 (7) 113.82(7) 54.34(27) 

Çağatay 31.50 (27) 80.38 (11) 1.05 (14) 0.67 (23) 0.92 (11) 1.32 (23) 148.74(23) 78.82(11) 

Çakır 18.13 (17) 109.27 (4) 1.63 (3) 0.85 (8) 1.77 (4) 0.62 (12) 118.09(12) 108.89(4) 

Dikbaş 29.63 (25) 37.59 (33) 0.37 (33) 0.43 (34) 0.18 (33) 2.27(34) 230.13(34) 34.54(33) 

EN 1685 17.20 (16) 86.03 (8) 1.26 (7) 0.82 (13) 1.09 (8) 0.73 (15) 122.21(15) 85.60(8) 

EN 1750 19.43 (18) 48.99 (29) 0.64 (30) 0.67 (24) 0.34(29) 1.33 (24) 149.48(24) 48.01(29) 

EN 766 14.07 (14) 50.57 (28) 0.71 (28) 0.76 (18) 0.37(28) 0.98 (19) 132.32(19) 50.07(28) 

EN 808 40.20 (30) 79.70 (12) 0.97 (18) 0.60 (26) 0.89(12) 1.62(26) 167.45(26) 77.12(12) 

EN 952 10.74 (10) 68.50 (19) 1.03 (15) 0.85 (9) 0.69(18) 0.58 (8) 117.01(8) 68.29(18) 

ENA 144-10 14.83 (15) 55.39 (25) 0.78 (23) 0.76 (19) 0.45(25) 0.95 (18) 130.92(18) 54.89(25) 

ENA 8-2 10.20 (9) 80.47 (10) 1.22 (9) 0.88 (6) 0.96 (10) 0.48 (6) 113.53(5) 80.31(10) 

F4 09 (X 05 TH 

21 16189-12-4) 23.13 (20) 118.44 (1) 1.74 (1) 0.82 (14) 2.07 (1) 0.71 (14) 121.64(14) 117.87(1) 

F4 09 (X 05 TH 

69-16124-8) 8.50 (6) 23.35 (34) 0.31 (34) 0.69 (21) 0.08 (34) 1.24 (21) 144.50(21) 22.96(34) 

F4 09 (X 05 TH 

80-16105-31-2) 
30.93 (26) 43.07 (31) 0.45 (31) 0.47 (32) 0.24(31) 2.12(32) 212.07(32) 40.19(31) 

FLIP 01-24 C 32.23 (28) 60.39 (23) 0.72 (27) 0.58 (27) 0.50(23) 1.69(27) 172.80(27) 58.19(23) 

FLIP 01-39 C 25.37 (21) 66.22 (20) 0.87 (19) 0.68 (22) 0.63(20) 1.29(22) 147.39(22) 64.99(20) 

FLIP 01-54 C 44.43 (31) 75.39 (13) 0.86 (20) 0.54 (29) 0.77(15) 1.83(29) 183.56(29) 72.04(15) 

FLIP 03-108 C 11.66 (11) 90.80 (7) 1.38 (6) 0.88 (7) 1.22 (7) 0.48 (5) 113.72(6) 90.61(7) 

FLIP 03-126 C 3.33(1) 64.64 (22) 1.02 (16) 0.95 (1) 0.62(21) 0.20 (2) 105.29(2) 64.61(22) 

FLIP 03-21 C 13.54 (13) 83.60 (9) 1.25 (8) 0.85 (10) 1.03 (9) 0.60 (9) 117.62(10) 83.33(9) 

FLIP 03-28 C 47.03 (32) 71.12 (18) 0.77 (24) 0.50 (31) 0.67 (19) 2.00(31) 198.80(31) 67.11(19) 

FLIP 03-42 C 25.74 (22) 58.80 (24) 0.75 (26) 0.64 (25) 0.49 (24) 1.44 (25) 156.04(25) 57.37(24) 

FLIP 05-150 C 8.73 (7) 54.54 (26) 0.82 (22) 0.85 (11) 0.44 (27) 0.60 (10) 117.40(9) 54.36(26) 

FLIP 05-170 C 6.14 (3) 73.60 (16) 1.15 (10) 0.92 (3) 0.80 (14) 0.32 (3) 108.71(3) 73.54(14) 

FLIP 87-59 C  27.94 (24) 117.50 (2) 1.68 (2) 0.79 (16) 2.03 (2) 0.85 (16) 126.99(16) 116.67(2) 

Hasanbey 3.33 (2) 71.67 (17) 1.14 (11) 0.95 (2) 0.76 (16) 0.18 (1) 104.76(1) 71.65(16) 

ICC 1205  12.23 (12) 74.82 (14) 1.12 (12) 0.85 (12) 0.83 (13) 0.61 (11) 117.80(11) 74.56(13) 

ICC 4567  8.83 (8) 45.92 (30) 0.67 (29) 0.82 (15) 0.31 (30) 0.70 (13) 121.28(13) 45.70(30) 

ILC 8617  7.20 (5) 64.73 (21) 0.99 (17) 0.89 (4) 0.62 (22) 0.42 (4) 111.78(4) 64.63(21) 

İnci 54.27 (32) 74.37 (15) 0.77 (25) 0.47 (33) 0.71 (17) 2.15(33) 214.91(33) 69.24(17) 

İzmir-92 22.20 (19) 38.13 (32) 0.44 (32) 0.55 (28) 0.20 (32) 1.81(28) 182.13(28) 36.48(32) 

Seçkin 58.63 (34) 96.52 (6) 1.09 (13) 0.53 (30) 1.26 (6) 1.87(30) 187.25(30) 91.96(6) 
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Table 5. Heat stress indices in 2016. 

Genotypes TI MP YI YSI STI SSI TE GMP DSS 
Aksu 7.7 (3) 81.45 (12) 1.31 (7) 0.91 (2) 0.92 (12) 0.30 (2) 109.92 (33) 81.36 (12) 3 
Arda 25.8 (20) 84.33 (10) 1.21 (12) 0.73 (15) 0.96 (10) 0.88 (15) 136.12 (20) 83.34 (10) 3 
Azkan 10.76 (5) 44.15 (31) 0.65 (31) 0.78 (8) 0.27 (30) 0.72 (8) 127.75 (27) 43.82 (31) 4 
Çağatay 24.56 (16) 60.75 (27) 0.82 (25) 0.66 (24) 0.49 (26) 1.12 (24) 150.67 (11) 59.50 (26) 3 
Çakır 14.7 (10) 84.75 (9) 1.31 (8) 0.84 (4) 0.99 (7) 0.53 (4) 118.99 (31) 84.43 (8) 3 
Dikbaş 14.13 (8) 45.04 (30) 0.64 (32) 0.73 (16) 0.27 (31) 0.90 (17) 137.21 (17) 44.48 (30) 4 
EN 1685 25.16 (18) 65.55 (23) 0.89 (22) 0.68 (19) 0.57 (23) 1.07 (20) 147.50 (14) 64.33 (23) 3 
EN 1750 24.5 (15) 40.42 (33) 0.48 (33) 0.53(32) 0.21 (33) 1.55 (32) 186.97 (3) 38.52 (33) 6 
EN 766 11.63 (6) 54.39 (29) 0.82 (26) 0.81 (6) 0.40 (28) 0.64 (6) 123.94 (29) 54.07 (28) 5 
EN 808 20.3 (13) 66.08 (22) 0.94 (18) 0.73 (17) 0.59 (22) 0.89 (16) 136.30 (19) 65.30 (22) 5 
EN 952 18.34 (11) 63.30 (24) 0.91 (19) 0.75 (12) 0.54 (24) 0.84 (13) 133.88 (22) 62.63 (24) 4 
ENA 144-10 26.1 (21) 66.88 (20) 0.91 (20) 0.67 (23) 0.60 (20) 1.09 (23) 148.49 (12) 65.59 (21) 2 
ENA 8-2 14.63 (9) 66.29 (21) 1.00 (16) 0.80 (7) 0.60 (21) 0.66 (7) 124.81 (28) 65.88 (20) 2 
F4 09 (X 05 TH 
21 16189-12-4) 38.3 (29) 101.95 (2) 1.40 (3) 0.68 (20) 1.39 (3) 1.05 (19) 146.26 (16) 100.14 (3) 

2 

F4 09 (X 05 TH 
69-16124-8) 7.43 (2) 29.82 (34) 0.44 (34) 0.78 (9) 0.12 (34) 0.74 (9) 128.47 (26) 29.58 (34) 

5 

F4 09 (X 05 TH 
80-16105-31-2) 32.87 (25) 62.34 (25) 0.77 (27) 0.58 (28) 0.50 (25) 1.39 (28) 171.61 (7) 60.13 (25) 

2 

FLIP 01-24 C 44.83 (32) 62.32 (26) 0.67 (28) 0.47 (33) 0.47 (27) 1.76 (33) 212.36 (1) 58.14 (27) 2 
FLIP 01-39 C 41.67 (30) 77.27 (15) 0.95 (17) 0.58 (29) 0.77 (15) 1.42 (29) 173.84 (6) 74.40 (15) 2 
FLIP 01-54 C 31.17 (24) 55.49 (28) 0.67 (29) 0.56 (30) 0.39 (29) 1.46 (30) 178.12 (5) 53.25 (29) 2 
FLIP 03-108 C 24.04 (14) 92.05 (4) 1.35 (5) 0.77 (11) 1.15 (4) 0.77 (11) 130.04 (24) 91.26 (4) 1 
FLIP 03-126 C 34.6 (26) 68.53 (19) 0.86 (23) 0.60 (26) 0.61 (19) 1.34 (27) 167.54 (8) 66.31 (19) 2 
FLIP 03-21 C 25.66 (19) 101.50 (3) 1.50 (2) 0.78 (10) 1.40 (2) 0.75 (10) 128.94 (25) 100.69 (2) 1 
FLIP 03-28 C 57.1 (33) 79.48 (14) 0.86 (24) 0.47 (34) 0.76 (16) 1.76 (34) 212.11 (2) 74.18 (16) 2 
FLIP 03-42 C 34.7 (27) 90.95 (5) 1.24 (9) 0.68 (21) 1.10 (5) 1.07 (21) 147.15 (15) 89.28 (5) 1 
FLIP 05-150 C 24.86 (17) 84.80 (8) 1.22 (10) 0.74 (14) 0.97 (9) 0.85 (14) 134.35 (21) 83.88 (9) 2 
FLIP 05-170 C 34.76 (28) 79.85 (13) 1.05 (13) 0.64 (25) 0.84 (13) 1.19 (25) 155.64 (10) 77.94 (13) 3 
FLIP 87-59 C  11.9 (7) 88.48 (6) 1.39 (4) 0.87 (3) 1.08 (6) 0.42 (3) 114.42 (32) 88.28 (6) 3 
Hasanbey 26.9 (22) 85.75 (7) 1.22 (11) 0.73 (18) 0.99 (8) 0.90 (18) 137.21 (18) 84.69 (7) 2 
ICC 1205  6.9 (1) 82.85 (11) 1.34 (6) 0.92 (1) 0.95 (11) 0.27 (1) 108.69 (34) 82.78 (11) 1 
ICC 4567  7.97 (4) 43.59 (32) 0.67 (30) 0.83 (5) 0.26 (32) 0.56 (5) 120.13 (30) 43.40 (32) 7 
ILC 8617  29.67 (23) 76.84 (16) 1.05 (14) 0.68 (22) 0.79 (14) 1.08 (22) 147.85 (13) 75.39 (14) 5 
İnci 59.77 (34) 120.79 (1) 1.53 (1) 0.60 (27) 1.90 (1) 1.32 (26) 165.75 (9) 117.03 (1) 2 
İzmir-92 19.57 (12) 69.82 (18) 1.01 (15) 0.75 (13) 0.66 (18) 0.82 (12) 132.60 (23) 69.13 (18) 3 
Seçkin 42 (31) 74.63 (17) 0.90 (21) 0.56 (31) 0.71 (17) 1.46 (31) 178.31 (4) 71.61 (17) 5 
 

TI: Tolerance index, MP: Mean productivity, YI: Yield index, YSI: Yield stability index, STI: Stress tolerance 

index, SSI: Stress susceptibility index, TE: tolerance efficiency, GMP: Geometric mean productivity. 

 

 

Fig. 3. Grain Yield of Chickpea Genotypes under heat stressed and non-stressed conditions in 2015.

 

In heat stress, STI values ranged from 0.18 to 2.03 

and 0.12-1.90 in 2015 and 2016. The highest STI 

value was obtained from F4 09 (X05 TH 21 16189-12-

4) cultivar and followed by FLIP 87-59 C, Aksu, Çakır,  

 

Arda, Seçkin, FLIP 03-108 C, EN 1685, FLIP 03-21 C 

and ENA 8-2 in 2015. In 2016, the highest STI value 

was obtained from Inci cultivar and followed by FLIP 

03-21 C, F4 09 (X05 TH 21 16189-12-4), FLIP 03-108 
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C, FLIP 03-42 C, FLIP 87-59 C, Çakır, Hasanbey, 

FLIP 05-150 C, Arda and ICC 1205. As to STI indices 

selected F4 09 (X05 TH 21 16189-12-4), FLIP 03-21 

C, FLIP 03-108 C as the best heat tolerant genotypes. 

Our result are consistent with the findings of Naderi 

and Emam (2014), Pireivatlou et al. (2014) who 

reported that STI is useful criteria for identifying 

drought and heat tolerant chickpea genotypes. In 

drought stress condition, SSI values ranged from 0.02 

to 1.35 and from 0.69 to 1.19 in 2015 and 2016, 

respectively. 

In 2015, ENA 8-2, ILC 8617, ENA 144-10, ICC 1205, 

FLIP 87-59 C, EN 1685, F4 09 (X 05 TH 21 16189-12-

4), İzmir-92, ICC 4567 and EN 1750 have lower SSI 

value than other cultivars STI value, as well as in 2016 

ICC 1205, İzmir-92, Seçkin, ILC 8617, FLIP 03-21 C, 

Çakır, EN 952, Çağatay, EN 808 and F4 09 (X 05 TH 

80-16105-31-2) cultivars had lower SSI value than 

other cultivars values. SSI selected genotypes ILC 

8617, ICC 1205, İzmir-92 as the best relatively 

drought tolerant genotypes. 

 
 

 

Fig. 4. Grain Yield of Chickpea Genotypes under heat stressed and non-stressed conditions in 2016. 
 
 
Table 6. Drought and heat stress indices correlation coefficients between Yp, Ys and tolerance indices in 2015. 

Stress 
indices 

Yp Ys 
TI 

MP YI YSI STI SSI TE GMP 

Yp  0.84** 0.52** 0.97** 0.83** 0.002 0.93** 0.002 -0.03 0.95** 
Ys 0.56**  -0.04 0.95** 1.00** 0.53** 0.95** -0.53** -0.54** 0.97** 
TI 0.95** 0.26  0.28 -0.03 -0.82** 0.22 0.82** 0.79** 0.23 
MP 0.97** 0.73** 0.85**  0.95** 0.26 0.98** -0.25 -0.28 0.99** 
YI 0.56** 1.00** 0.27 0.85**  0.53** 0.95** -0.53** -0.54** 0.97** 
YSI -0.60** 0.23 -0.78** 0.27 0.23  0.27 -0.99** -0.98** 0.31 
STI 0.88** 0.84** 0.70** -0.78** 0.84** -0.26  -0.27 -0.29 0.98** 
SSI 0.59** -0.24 0.78** 0.70** -0.23 -0.99** 0.25  0.98** -0.31 
TE 0.57** -0.30 0.78** 0.80** -0.30 -0.88** 0.16 0.88**  -0.33 
GMP 0.90** 0.86** 0.72** 0.78** 0.86** -0.27 0.98** 0.26 0.18  

 

Represent the result of the drought and heat stress correlations coefficients 

 

Table 7. Drought and heat stress indices correlation coefficients between Yp, Ys and tolerance indices in 2016. 

Stress 
indices 

Yp Ys 
TI 

MP YI YSI STI SSI TE GMP 

Yp  0.82** 0.67** 0.97** 0.83** -0.20 0.94** 0.20 0.19 0.95** 
Ys 0.64**  0.13 0.94** 0.99** 0.38** 0.94** -0.38** -0.38** 0.96** 
TI 0.97** 0.40**  0.46** 0.13 -0.84** 0.41** 0.84** 0.82** 0.41** 
MP 0.98** 0.77** 0.89**  0.94** 0.05 0.98** -0.05 -0.06 0.99** 
YI 0.64** 0.99** 0.40** 0.77**  0.38** 0.94** -0.38** -0.39** 0.96** 
YSI -0.44** 0.39** -0.66** -0.27 0.39**  0.11 -0.99** -0.98** 0.11 
STI 0.91** 0.89** 0.77** 0.96** 0.88** -0.06  -0.11 -0.12 0.98** 
SSI 0.44** -0.39** 0.66** 0.27 -0.39** -0.99** 0.07  0.98** -0.11 
TE 0.32 -0.49** 0.55** 0.15 -0.49** -0.94** -0.07 0.93**  -0.12 
GMP 0.91** 0.90** 0.76** 0.97** 0.90** -0.04 0.99** 0.04 -0.10  

 

Represent the result of the drought and heat stress correlations coefficients. 
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Regarding the heat stress, SSI values ranged from 

0.18 to 2.27 and 0.27-1.76 in 2015 and 2016. In 2015 

Hasanbey cultivars had the least SSI value and 

followed by FLIP 03-126 C, FLIP 05-170 C, ILC 8617, 

ENA 8-2, FLIP 03-108 C, Azkan, EN 952, FLIP 03-21 

C, FLIP 05-150 C and ICC 1205 cultivars. In 2016, 

ICC 1205, Aksu, FLIP 87-59 C, Çakır, ICC 4567, EN 

766, ENA 8-2, Azkan, F4 09 (X 05 TH 69-16124-8), 

FLIP 03-21 C, FLIP 03-108 C cultivars had lower SSI 

value. For SSI, in both research years, ENA 8-2, FLIP 

03-108 C, Azkan and FLIP 03-21 C were desirable 

heat tolerant genotypes. Screening based on SSI will 

lead to reduced yield under well-conditions. These 

results are accordance with those of Naderi and 

Emam (2014) and Yucel and Mart (2014). However, 

the results of many researchers have found that SSI is 

not very suitable for identifying stress tolerant 

genotypes (Sio-Se Mardeh et al., 2006; Bazrafsham et 

al., 2008; Clarke et al., 1992). 

 

In drought stress, TE values ranged from 101.46 to 

509.95 and from 194.24 to 609.16 in 2015 and 2016, 

respectively. In terms of TE value, Azkan, İnci, F4 09 

(X 05 TH 69-16124-8), FLIP 03-28 C, FLIP 01-24 C, 

FLIP 03-42 C, FLIP 05-150 C, FLIP 01-39 C, Arda and 

Seçkin cultivars had higher value in 2015. Also, the 

highest TE value was obtained from Azkan and 

followed by F4 09 (X 05 TH 69-16124-8), FLIP 01-24 

C, EN 1750, FLIP 03-28 C, Arda, FLIP 01-54 C, EN 

766, FLIP 05-170 C, Aksu, Hasanbey and FLIP 03-126 

C in 2016. In both research years, Azkan was the most 

drought tolerant genotypes as to TE indices. TE 

values ranged from 104.76 to 230.13 and 108.69-

212.36 in 2015 and 2016 in heat stress condition. 

Dikbaş, İnci, F4 09 (X 05 TH 80-16105-31-2), FLIP 

03-28 C, Seçkin, FLIP 01-54 C, İzmir-92, FLIP 01-24 

C, EN 808 and FLIP 03-42 C cultivars had high TE 

value in the first year. In 2016, FLIP 01-24 C, FLIP 

03-28 C, EN 1750, Seçkin, FLIP 01-54 C, FLIP 01-39 

C, F4 09 (X 05 TH 80-16105-31-2), FLIP 03-126 C, 

İnci and FLIP 05-170 C had high TE value in heat 

stress condition. 

 

Averaged across Chickpea genotypes, in 2015 and 

2016 growing seasons, grain yields in response to heat 

stress were significantly decreased by 73 % and 69 %, 

respectively. 

The results indicated that crop yields under heat 

stress were lower in all genotypes than under non-

stressed conditions in 2015 and 2016 (Fig. 3 and 

Fig. 4). 

 

Regarding the drought stress, GMP values ranged 

from 36.34 to 169.93 and from 61.87 to 174.37 in 2015 

and 2016, respectively. In 2015, the highest value was 

obtained from Arda cultivar and followed by Aksu, 

FLIP 03-108 C, F4 09 (X 05 TH 21 16189-12-4), 

Çakır, FLIP 87-59 C, Hasanbey, Azkan, FLIP 03-21 C, 

İnci and EN 1685. In 2016, the highest value was 

obtained from Inci cultivar and followed by Aksu, 

FLIP 87-59 C, Arda, FLIP 03-108 C, Hasanbey, F4 09 

(X 05 TH 21 16189-12-4), FLIP 03-21 C, FLIP 05-150 

CFLIP 03-42 C and Çakır. 

 

According to GMP, the desirable drought genotypes 

were Arda, Aksu, FLIP 03-108 C, Çakır, F4 09 (X 05 

TH 21 16189-12-4), Hasanbey and FLIP 03-21 C. In 

heat stress condition, GMP values ranged from 22.96 

to 117.87 and 29.58-117.03 in 2015 and 2016. In 2015, 

F4 09 (X05 TH 21 16189-12-4), FLIP 87-59 C, Aksu, 

Çakır, Arda, Seçkin, FLIP 03-108 C, EN 1685, FLIP 

03-21 C and ENA 8-2 had high GMP value. In 2016, 

İnci, FLIP 03-21 C, F4 09 (X05 TH 21 16189-12-4), 

FLIP 03-108 C, FLIP 03-42 C, FLIP 87-59 C, 

Hasanbey, Çakır, FLIP 05-150 C and Arda cultivars 

had high GMP value. According to GMP, F4 09 (X05 

TH 21 16189-12-4), FLIP 87-59 C, FLIP 03-21 C and 

Arda were heat tolerant genotypes in both research 

years. Many studies (Ali and El-Sadek, 2016; Moein et 

al., 2015; Bellague et al., 2016) indicated that GMP is 

useful for identifying stress-tolerant genotypes that 

perform well in stress environment Therefore, the 

genotypes with high GMP can be considered as 

tolerant. Drought stress intensity was calculated as 

0.61 and 0.69 for 2015 and 2016 growing season. 

Besides, heat stress intensity was calculated as 0.27 

and 0.30 in 2015 and 2016. 

 

Correlation co efficient between yield and drought and 

heat stress indices in 2015 and 2016 are presented in 

Table 6 and 7. In drought and heat stress conditions of 

two research years, there was a significantly positive 

correlation between (Yp) and (Ys). 
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This indicates that high yield performance under 

favorable condition resulted in relatively high yield 

under stress condition. 

 

In drought stress conditions of 2015 and 2016, Yield 

under non-stress conditions (Yp) was well correlated 

with all indices, except for TE in the second year. As 

seen Table 6 and 7, highly significantly positive 

correlation indicated that in heat stress conditions, 

yield under stress conditions (Ys) was significantly 

correlated with all indices, except for YSI, SSI and TE 

in both years. In drought stress condition, Yp and Ys 

were significantly positively correlated with TI, MP, 

YI, STI and GMP in two research years. 

 

Besides, in heat stress conditions, Yp and Ys were 

significantly positively correlated with MP, YI, STI and 

GMP in two research years. In terms of drought and heat 

tolerance, highly positively significantly correlation 

under stress as well as non-stress conditions indicated 

that these indices were more suitable for selection stress 

tolerant genotype. These results are accordance with 

those of Ali and Sadek (2016); Bellague et al. (2016) and 

Farshadfar et al. (2012). 

 

Conclusion 

In conclusion, there were highly significant 

differences observed among the tested chickpea 

genotypes response to drought and heat stresses. 

Significantly higher values of MP, YI, YSI, TE and 

GMP with an associated decrease in TI and SSI values 

suggested that, Aksu, Arda, Çakır, F4 09 (X 05 TH 21-

16189), FLIP 03-108 were the most drought and heat 

tolerant genotypes, respectively. Besides, in both non-

stress and stress conditions MP, YI, STI and GMP, 

which highly positively significantly correlated with 

seed yields, were the best indices. Based on our field 

studies, it is suggested that the drought and heat 

tolerance indicators of plants can be used by breeders 

to select stress-resistant economically productive 

chickpea genotypes suitable to grow under 

Mediterranean climatic conditions. 
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