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3- Redox (oxidation-reduction) potential
4- Reactive oxygen species (ROS)
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1- Waterlogging
2- Flooding
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Table 1. Monthly weather parameters including rainfall, maximum, minimum and average air temperatures during the

growingseason of chickpea in Kermanshah.

(Month) sl
Ak | g L 5 ; L i T
Parameter 5 oy seles gl a8 o Jos ol Y
Oct Nov Dec Jan Feb Mar Apr Jun Jul
: S0
(o) S50 0.0 107.3 62.2 68.5 43.9 69.2 24.8 8.6 0
Rainfall (mm)
15 sl los S|
Gl rle S 00 206 186 151 197 218 275 350 398
T max (°C)
15 sl s Sl
(LS b o) b 160 103 33 28 28 98 143 201 259
T average (°C)
15 sl L 3l
Gl = 56 02 77 66 437 40  -48 52 96
T min (°C)
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Table 2. Physico-chemical characteristics of experimental soil (depth of 0-30 cm).
S cdl o Sl o el e O o]
. Clay Silt Sand Potassium Phosphorus Nitrogen
Soil texture H
% %) (%) (ppm) (ppm) (%) P
Clay 45 46 9 190 4.3 0.12 7.9
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1- International Center for Agricultural Research
in the Dry Areas (ICARDA)
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3- Crude protein (CP)
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Table 3. Analysis of variance (mean squares) of grain yield and yield components and grain protein content under the
effect of waterlogging durations at different growth stages on of chickpea.

- > Sas > Sas oels Ll slaas Odesluws O3 S
O ot (jt“’ P 03 5 e &ls s Gy g PHE W &ls
S.0V ) Biological Grain  Harvest No.grain No.pod 100-grain  Grain
DF - - . : -
yield yield index  perplant  per plant weight  protein
S
s 2 44650™ 1941™  58.5™ 156.6" 361.5™ 14.8™ 58.5™
Block
Il Ole 3 - *x * *ox
e 3 1155147 313157 6.2 627 2115 75" 312"
Time of waterlogging (T)
Lo
6 21106 6171 27.4 120.5 110.9 3.3 54.0
Error
b glada - - ns * o s >
] ] 3 62347 12856 24.9 175 545.4 6.7 115.7
Waterlogging durations (D)
TxD e e -
e 9 27908™ 5998 26.4™ 46.7™ 190.9™ 3.2" 126.2
Interaction TxD
Lo
24 12825 1852 26.1 58.9 124.9 3.3 32.3
Error
13) Ol s o 8
(e2) s 2 - 21.5 13.8 8.7 26.1 28.4 7.0 25.8

CV (%)

Aoy \ 50 Jlaa| CE—.—/ BE Jbuf."" B )\)L;'.u:]:.i gﬂ;jA.y <33k

#* NS

ns, * and **: Non significant and significant at 5 and 1 % probability levels.
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Table 4. Mean comparison of grain yield and yield components under the effect of waterlogging atdifferent growth

stages on chickpea

sl C)Jw Ol 03y ) 3 S sy el PHER RPN e sldas Ao O
) (6.1.-3_) A.L;-JA) ] (CJ‘J:‘ 3 rjf) (MJ)) A.v).v Jé- A.v).v DL (rjf) 4.7‘)
Time of waterlogging Biological yield (g.m?) _Harvest No. grain No. pod 100-grain
(growth stage? gical’y 9 index (%) per plant per plant weight (g)
gew 565.9° 55.5° 28.1° 37.5° 27.3°
TS 469.8° 58.1° 25.5° 32.6° 25.8°
iy 644.7% 61.3°% 39.9% 57.0° 25.9°
A 425.8° 60.3° 23.9° 32.5° 25.9°
Poding +23.6 +2.1 +1.7 +2.0 +0.47

Al e oIkl olasl £ sl w2 Ll g DulE Ao =y Jlez| Ck”” 03wl G = glls gl . Kle Oz a3

Means with the similar letters in the each column are not significantly different at p<0.05, * is standard error.
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Table 5. Mean comparison of yield and yield components under the effect of waterlogging duration onchickpea.

slods 03 85 s 3 5 Shas il el &l sl G sldas EWNEY)
Gs) uile (grrie 5205 (As)3) 03 B (5 «ls
Waterlogging Biological Harvest No. grain No. pod 100-grain
Durations (days) yield (g.m?) Index (%) per plant per plant weight ()
b O 471.0° 59.8% 26.3° 32.7° 27.3
4 476.2° 60.9° 27.5° 36.9% 25.5°
+62.8 +2.0 +3.7 +8.2 +0.54
8 532.8° 57.0° 28.8° 39.0° 25.8°
+51.9 +0.92 +3.8 +8.0 +0.18
12 626.2° 57.6° 34.9% 48.6° 26.3°
+94.2 +2.8 +4.2 +7.1 +0.41

okl sl & sl 2 Ll e Sl ds s iy Jlaz| Cla.u): wlie Gy = ghls Gl Kls 052 a3
Means with the similar letters in the each column are not significantly different at p<0.05, %is standard error.
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Figure 1. Mean of grain yield of chickpea at waterlogging duration and differentgrowth stages, Vertical lines indicate
thestandarderror.
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Figure 2. Mean of grain protein percent of chickpea at waterlogging duration and different growth stages, Vertical
lines indicate the standard error.
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Figure 3. Trend of grain filling of chickpea at different times and durations of waterlogging.
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Table 6. R square, regression coefficient (a, b and tos0) and standard error for regression model of non linear sigmoid,
for description of grain filling period at waterlogging duration and different growth stage of chickpea.

I EEN il S R? a+SE b +SE tos0tSE
Time of waterlogging Waterlogging duration (days)

Bl 0 0.99 0.304+0.012 3.22+0.439  16.88+0.547
Establishment 4 0.99 0.286+0.013 3.27+0.445  18.00+0.569
8 0.99 0.280+0.016 3.80+0.530  18.90+0.729
12 0.99 0.262+0.011 3.67+0.367  19.50+0.508
s 0 0.99 0.300+0.009 3.02+0.337  16.61+0.414
Vegetative 4 0.99 0.281+0.009 3.04+0.334  17.64+0.420
8 0.99 0.274+0.014  3.72+0.493 18.71+0.667
12 0.99 0.260+0.009  3.55+0.293  19.55+0.339
iy 0 0.99 0.283+0.006 3.47+0.236  16.34+0.294
Flowering 4 1.00 0.224+0.004  3.52+0.191 17.46+0.245
8 0.99 0.248+0.008 2.38+0.358  16.66+0.448
12 0.99 0.205+0.005 3.57+0.248  17.98+0.324
P 0 1.00 0.283+0.004 3.90+0.145 17.93+0.195
Poding 4 1.00 0.237+£0.006  4.38+0.232  18.87+0.342
8 0.99 0.252+0.008 4.10+0.306  18.28+0.425
12 0.99 0.223+0.007 3.92+0.226  19.29+0.378
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Figure 4. Leaf area index of chickpea at waterlogging durations and different growth stages, Vertical linesindicates
thestandarderror.
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Figure 5. Leaf dry weight of chickpea at waterlogging durations and different growth stages, Vertical linesindicates
thestandarderror.
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Figure 6. Total dry weight of chickpea at waterlogging durations and different growth stages, Vertical lines indicate
the standard error.
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