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Drought tolerance of chickpea varieties (Cicer arietinum L.) in seedling and adult
stages
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Table 1. Specifications of the cultivars examined in the experiment
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Table 2. The amount of polyethylene glycol used to create different drought stress
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Table 3. Variance analysis of factorial experiment in Completely Randomized Design (CRD) under laboratory
condition

dsb oSole SR 055 5N Sl doys S8l Aeyo

. . Sl e
L df T e e PEEEY “_“L“ Mean of
= Mean of Mean of Germination Final Germination
(S.0.V) radicle radicle dry percentage after  germination speed
length weight 5days percentage
«5,Variety 4 4.74™ 0.000023™ 2.93" 5.94™ 9.48™
s Stress 4 40.29™ 0.000221™ 3.59™ 76.72™ 60.85™
Variety x Stress 16 1.717 0.000019™ 1.16™ 2.19™ 3.05™
sbeosl slas ErrOr 50 0.304 0.00000145 0.209 0.647 0.436
CV% - 20.2 31.89 24.14 18.8 33.86

o Dl pde 570 L cl"“ 2315 gme 3 5 4 NS g cien—
- ** *and ns: Significant at the levels of 1% and 5% and non-significant, respectively.
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Table 4. Mean Comparison of Chickpeas varieties at the level of 5% by Duncan’s Multiple ranges test
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$6) Mean of radicl il 2 .t Mean of
Val’ietieS €an of radicle Mean Of radicle Germlnatlon Fl_nal . Germinaﬁon
length drv weight  Percentage after  germination speed
y welg 5days percentage
Arman 13.79° 0.0033° 49,670 51.33b 1.62°
b
Azad 18.85 0.0044b 40.67¢ 41.33¢ 2.4
ILC482 22,62 0.0056° 46,67 48330 1.55°
Kaka 18.94P¢ 0.0023¢ 52b 63 3.75°
b
Piroz 25,042 0.0032¢ 66.67° 65.332 3.36°

..\J)LUV.AL‘L;)\:LSLMQ}UJ.\j)l:dsz.i.nd)f‘\f&u)k; -

- The traits with common letter don’t have significant different
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Table 5. Mean Comparison of PEG levels at the level of 5% by Duncan’s Multiple ranges test

S 035 Kle 3 Sl deoyd S8l sy

Jsb Kk i o . S s
o ety T 2 ¥ Mean of
Stress Mean of Mean of Germination Final Germination
. radicle dry percentage after germination d
radicle length ; spee
weight 5days percentage
0 36.582 0.00942 97.332 97.33% 1.44¢
(-3) 41.86° 0.0059° 92.672 95.67° 2.66°
(-6) 14.74° 0.0020°¢ 50P 55P 4.262
(-9) 3.8° 0.00093¢ 9.33° 15.33° 2.25b¢
(-12) 2.27° 0.00046¢ 1.33° 6¢ 2.067

.,U)l.\}v.n\{&)b@mc;)wL)\:éfj:‘i.»g};f‘\fglu)l“::7

- The traits with common letter don’t have significant different
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Table 6. Mean Comparison of Variety x Stress interaction effect at the level of 5% by Duncan’s Multiple ranges

test
Jsb (=Sle O3 el e Sl sy Sialer vy Gialsr S g
o) Y azxdly, dzady, Sis T 59) sk Mean Of
Variety Stress Mean of Mean of Germination Final Germination
radicle radicle dry percentage germination speed
length weight after 5days percentage
0 25.54¢de 0.0083< 1002 1008 1.39ni
ale,T -3 31.990¢ 0.006¢f 08.32 98.332 2.7 cdefoh
’ -6 11.441 0.0023 50P 58.33" 4,128cd
Arman -9 0.00" 0.00' 0.00¢ 0.00¢ 0.00
-12 0.00" 0.00' 0.00¢ 0.00¢ 0.00!
0 43.71% 0.0126° 98.33? 98.33? 1.37fni
ST -3 42.19% 0.0067¢% 96.672 96.67a 2.5cdefgh
? -6 5.93fn 0.0023i 8.33¢k 10 5.4
Azad -9 2.4g" 0.00033¢ 0.00° 1.67¢ 2.G7cdefoh
-12 0.00" 0.00' 0.00¢ 0.00¢ 0.00i
0 42.96% 0.01672 1002 1002 1.167M
-3 53.8? 0.0090°¢ 91.672 91.672 2.32defgn
1LC482 -6 16.30f 0.0023ii 41.67" 50P 4.243bcd
-9 0.00" 0.00' 0.00¢ 0.00¢ 0.00
-12 0.00" 0.00' 0.00¢ 0.00¢ 0.00'
0 34.61b¢ 0.00433fa" 88.332 88.332 1. 75¢foni
s -3 29.87° 0.0033ghi 81.672 91.672 3.26bedefgh
-6 13.44¢f9 0.00133_j_k' 58.33° 65° 3.85abcde
Kaka -9 10.85%" 0.001671K 28.33¢ 48.33° 5.18%
-12 5.93fn 0.001K 3.33¢ 21.67° 4.67%C
0 36.08% 0.00533¢f 1008 1002 1.63¢foni
. -3 51.44#8 0.00467f 958 1002 2.48cdefgh
).)”‘ -6 26.58¢ 0.002iK 91.672 91.672 3.5gabedef
Pirooz -9 5.7fn 0.00267" 18.33¢ 26.67° 3.428bcdefg
-12 5.40fh 0.00133M 3.33¢ 8.33 5.672
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Table 7. Variance analysis of Randomized complete block(RCB) Design under farming condition

332 o G 5ss Gl @l slues wls > Shee
_ AL 3, _ g ERWINEY )
sov  df s Days to e Sy €x0*  100-grain 7
Days to Podding Daysto gt height Numberof — wejght ~ Grainyield
Flowering maturity seed per plant per plant
Block 3 0.906 0.906 264.6™ 4.482 0.733 0.05 4.60™
Variety 4 265.068™ 265.068™ 1976.375™ 93.163™  300.2™ 344.8™ 353.55™
Error 12 8.93 8.93 33.04 7.71 0.4 0.133 0.516
CV% - 15.23 15.23 11.02 8.20 0.296 0.211 0.383
Sogme SN pde 1 NS choys =y c\e,u 23 )l gae (o s te cla.~ 23 )l g™
- ** *and ns: Significant at the levels of 1% and 5% and non-significant, respectively.
Ao 38 1.0 gl 30 FOIS (Slald Wiz w9 4 3955 PB I Sl duwslio — A Jou
Table 8. Mean Comparison of Chickpeas varieties at the level of 5% by Duncan’s Multiple Ranges Test
BY3) G sy L PHERANPY Do als s Shes
i PN S, _ gl i Sl do 03 i
Variety AL Days to S A oy Gy 5 = 4
Days to Poddin Days to : Number of ~100-grain weight - Grain yield
. odaing . Plant height
Flowering maturity seed per plant per plant
Azad 173° 187.75° 209¢ 39.32 34.1¢ 34.1¢ 34.1¢
1LC482 168° 183.75°¢ 205°¢ 35.05% 28.2¢ 28.2¢ 28.2¢
Arman 167¢ 179.5° 214° 37.052 47.25° 47.25°¢ 47.25°¢
Kaka 1892 203.25% 227.52 30.8% 82.052 82.052 82.052
Pirooz 167.5¢ 182.25¢ 210° 27.25° 64.9° 64.9° 64.9°

.Jd)\JJ(..Al{&)\:LS:M\D}LE.\S)\:JJ&.»JJfS&Ln)la.:] -
- The traits with common letter don’t have significant different
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Table 9.Correlation analysis of measured characters in both conditions( farm and laboratory) according to Pearson Method

Olaw X1 X X3 Xa Xs X6 X7 Y1 Y2 Y3 Ys
X2 0.993™ -

X3 0.872 0.814 -

Xs -0.209 -0.232 -0.312 -

Xs 0.668 0.631 0.850 -0.737 -

Xs -0.605 -0.604 -0.696 0.892" -0.945" -

X7 -0.264 -0.366 0.067 0.512 -0.104 0.401 -

Y1 -0.125 -0.023 -0.357 -0.641 0.054 -0.362 -0.822 -

Y2 -0.555 -0.483 -0.843 0.507 -0.924* 0.756 -0.282 0.252 -

Y3 -0.050 -0.058 0.215 -0.927" 0.669 -0.760 -0.207 0.461 -0.550 -

Y4 0.332 0.320 0.542 -0.949" 0.879" -0.942" -0.302 0.369 -0.719 0.923" -
Ys 0.676 0.687 0.656 -0.727 0.873 |-0.898" -0.326 0.360 -0.739 0.550 0.746

(Days to Podding) »scdde b 59, :X2 (Days to Flowering) »ul5 b ;9 :X1

(Plant height) 5, glas | X4 (Days to maturity) Sa.w, b 59,:X3
(100 grain weight) als oo 34 :X6

(Mean of Radicle length) a>ais, Jsb Sl :Y1

(Number of seed per plant) ais ,o ails slass X5
Grain yield per plant) 45 o ails 5,Sles : X7

(Germination percent after 5 days) sy 59, ;9 (S)als> do,o Y3 (Mean of Radicle dry weight) axais, Sis 59 uSole Y2

(Mean of speed Germination) _jailg> & o :Y'5 (Final Germination percent) ol ojale> oo ,0:Y4

ILCAB2 (3, oS s oslis 3137 (3, 55500 Jlaz
Slio 55 p NS w Kos Bk 5l sl wdls
G 5 s B il e T al 3 0 &S 0310
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Figurel. Cluster analysis using Ward method to study genetic relationship of varieties
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Drought tolerance of chickpea (Cicer arietinum L.) varieties in seedling and

adult stages

E. Karami™, O. Karami 2
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Abstract:

Drought stress is one of the most important limiting factors in the expansion and regeneration of plants in the
agricultural systems and natural environment, which the best way to deal with it is to introduce cultivars resistant
to stress. For this purpose, by experimenting in the 2015 -2016 cropping year, the response of 5 cultivars of
chickpea including 3 Kabuli cultivars (Arman, Azad and ILC482) and 2 Desi cultivars (Pirooz and Kaka) to
drought stress resistance under 5 levels of water potential (0, -3, -6, -9 and -12 times), using 6000 polyethylene
glycol solution in the laboratory in a factorial design in a completely randomized design with 3 replications. These
cultivars were evaluated in field conditions in the form of a randomized complete block design with 4 replications
at the research site of the Kurdistan Agricultural Research Center. The results showed that there are significant
relationships between the characteristics measured in laboratory and field conditions. Among the studied cultivars,
only Desi cultivars showed good germination potentials in (-9) and (-12) times. Therefore, in terms of drought
stress tolerance at the germination stage, they had a significant advantage over Kabuli cultivars. In reducing the
potential from zero to (-6) times, the greatest difference was seen in all traits. The highest number of days to
flowering, day to maturity and the number of seeds per plant belonged to Kaka cultivar and the highest grain yield
belonged to Arman cultivar. Cluster analysis revealed the similarity of Kabuli cultivars and their genetic distance
from Desi cultivars.

Keywords: Drought stress; Poly Ethylene Glycol; Osmotic potential
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