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Introduction

Chickpea (Cicer arietinum L.) is a plant from the legume family, which is usually cultivated under rainfed conditions.
This crop is mostly cultivated in late winter or early spring. In these conditions, there is a high probability of heavy
rains (short or long term) and there is a possibility of waterlogging in early spring and during the early growing stages
of chickpea. In waterlogged conditions, due to the lack or absence of oxygen in the plant roots occur anaerobic
conditions and greatly reduced the amount of energy production in the roots. In this case, the root does not have the
necessary energy to transport materials from the cell membrane, and plants face ionic stress, reduced hydraulic
conductivity, and reduced water absorption. Reduced and disrupted root growth leads to diminished shoot growth,
impaired water and nutrient absorption, and ultimately lower grain yield. In general, the extent of damage caused by
oxygen deficiency depends on the plant species, variety, growth stage, soil type, and environmental conditions.
Therefore, the purpose of this experiment was to investigate the effects of waterlogging on chickpea cultivars (Desi and
Kabuli), physiological characteristics, root growth and yield.

Materials and Methods

This experiment was carried out as factorial based on completely randomized design (CRD) in three replications in the
research farm via pot of the Campus of Agriculture and Natural Resources, Razi University, Kermanshah, Iran in 2013-
2014. Factors included chickpea cultivars ILC482 and Azad (from Kabuli type) and Kaka and Pirooz (from Desi type)
and duration of waterlogging including no waterlogging (control), 4, 8 and 12 days at 30 days after planting (vegetative
stage). Physiological traits (relative water content, membrane stability and pigments) as well as total root length, root
dry weight, number of nodes, main root length and root volume in a destructive way in the pod setting stage, as well as
in the ripening stage, root traits, remobilization, relative water content, membrane stability, pigments, seed protein,
biological yield, seed yield, 100-seed weight and plant height were investigated. Planting was done in the first year on
March 11, 2013 and in the second year on March 15, 2014. The size of plastic pots was 30 x 30 cm. 30 days after
planting were applied treatments. Compound analysis of data was done with SAS software and means comparisons
were performed using the least significant difference (LSD) at the 5% level.

Results and Discussion

The results of compound analysis showed that there were significant differences between the two years in seed yield
and the number of seeds per plant. In the second year, the seed yield and the number of seeds per plant compared to the
first year increased by 16.9% and 12.1%, respectively. In the second year, the ambient temperature was lower. At a
lower temperature, the waterlogging damage is more severe to plants. The total dry matter yield of chickpea cultivars in
waterlogged conditions was significantly different and Kaka, Pirooz, ILC482 and Azad cultivars were 4.42, 3.19, 2.99
and 2.54 g.plant?, respectively. The highest damage to seed yield in waterlogging in 12 days was related to Azad
variety (71% compared to the control). In waterlogged conditions, the seed yield was in Kaka (1.51 g.plant), Pirooz
(1.16 g.plant?), ILC482 (0.95 g.plant™) and Azad (0.97 g.plant?). There was a significant difference between Kabuli
type and Desi type, however, grain yield in Desi type was 28.3% higher than Kabuli type. In the pod setting stage, the
Pirooz cultivar in the control treatment had the highest total root length with 7741 cm (in the first year) and 7432 cm (in
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the second year), but the lowest was in the second year at the Kaka cultivar and 12 days with 440 cm. In general, with
the increase of the duration of flooding in chickpea cultivars, the total root length decreased significantly and between 4
days, 48.4 to 60.4 percent, 8 days to 8.8 to 70.8 percent, and 1.12 days from 81 to 89.4 percent. In all treatments, the
control treatment (without waterlogging) had the highest chlorophyll a, and the amount of chlorophyll a decreased in
other treatments. However, no reduction was observed in Pirooz in 4, 8 and 12-day treatment. Chlorophyll b had a
different response to waterlogging levels and cultivar. Chlorophyll b was the highest in ILC482 in control treatment,
while in Azad, Kaka and Pirooz treatments, chlorophyll b increased with increasing duration of waterlogging. Pigment
carotenoids in 1LC482 and Azad significantly decreased with increasing duration of waterlogging, but it was not
significant in Kaka and Pirooz cultivars. Overall, carotenoids were less fluctuating in the desi type.

Conclusions

Waterlogging in the vegetative stage even for 4 days with a decreasing effect on total root length, number of nitrogen
fixing nodes, plant height, total dry matter, chlorophyll and carotenoids content, membrane stability index, relative leaf
water content, biological yield, seed protein, the number of seeds per plant and the weight of 100 seeds and finally
caused a decrease in seed yield. Among the components of seed yield, the amount of damage was higher on the number
of seeds per plant. In general, the seed yield of ILC482 and Azad (Kabuli type) was lower than that of Kaka and Pirooz
(Desi type). In the second year, due to the lower air temperature compared to the first year, the damage to the total root
length and total dry matter decreased. This experiment provides valuable results on the response mechanisms of
chickpea to waterlogging stress and can help develop strategies to improve its performance in waterlogged
environments, which are expected to waterlogging increase due to climate change. However, more research is needed to
investigate the response of different chickpea species to short-term and long-term waterlogging conditions.
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Table 3- Comparison of grain yield and grain number per plant of chickpea cultivars under waterlogged in two-years
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Fig. 1- Comparison of biological yield (a), grain yield (b) and 100-grain weight (c) under duration of waterlogging of chickpea
cultivars
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Table 4- Means comparison of plant height, total root length, total dry matter and shoot.root™ ratio of chickpea cultivars
under different duration of waterlogging at pod setting stage

oSN
Pod setting

Juo e GadasbShe g, g sy otls el e
Year Chlckpea Waterlogging duration e L ; B s o
cultivar (Day) (%0 L) (%0 L) (ag2 35 055) )
Plant height ~ Total root  Total dry matter Shoot.root*
length (cm) (g.plant?) ratio
o Jl! Control 28.60" £0.72 5925b +195 3.00¢+0.06 2.129+0.03
4 25.6°+1.12 28384 +97 2.82¢+0.07 2.307+0.01
FAY 8 23394056 22530435 2.051+0.01 1.79"+0.01
ILC482 12 2339+0.75 1094 +58 1.819+0.06 2.019 +0.02
Control 26.5¢+0.75 3933¢+19 2.95¢4+0.09 2.8649+0.06
o5 4 26.6¢+0.45 28059 +43 2.368+0.02 2.619+0.07
Azad 8 24.69+0.17 1579¢ +20 1.629 +0.01 2.16¢ +0.03
ITAY -V v 12 23.59+0.62 756f +3.5 1.00" +0.10 1.47"+0.07
2013 Control 30.724+0.70 63520 +92 3.45240.10 2.979+0.01
15 4 28.3°+0.45 1357¢ +20 2.679+0.05 3.46¢+0.08
Kaka 8 28.50+0.25 8707 £31 2.167+0.04 2.649+0.05
12 26.3¢+0.32 4807 +2.8 2.147+0.02 3.47°+0.04
Control 25.1¢+0.18 77412 +91 3.17° +0.04 2.75¢+0.03
Sope 4 252¢+0.85  1707°+66 2.719£0.02 2.56¢ £0.02
Pirooz 8 24.69+0.32 1418¢ £23 2.06f+0.05 2.9594+0.09
12 24.54+0.09 854 +23 1.05"+0.03 2.049 +0.01
s Control 27.1¢+0.25 60710 +98 3.14° +0.02 2.207+0.03
4 27.5¢+0.40 3059¢ +44 2.90¢+0.02 2.337+£0.06
FAY 8 259¢4075 22199413 2.23°+0.02 2.009 +0.03
ILC482 12 24594025  1146°+35 1.94f £0.02 2.70440.01
Control 26.6¢+0.14 3867°+13 3.00¢ +0.02 2.91¢+0.07
S 4 25.3¢+0.25 26919 £52 2.26¢ +0.01 2.51¢ +0.06
Azad 8 24.39+0.30 1427¢ +23 1.869 +0.01 2.53¢ +0.06
1Ty -y YAy 12 23.39+0.17 568 +£15 1.13"40.02 1.884 +0.10
2014 Control 28.9° +£0.25 56820 +57 3.552 +0.01 4.102+0.03
15 4 28.0°+0.75 1284¢ +18 2.90¢ +0.01 3.932+0.06
Kaka 8 26.6¢ +0.48 8647 £12 2.539+0.01 3.730+0.01
12 23.2940.31 440 +18 2.33¢+0.02 3.810+0.01
Control 26.2¢+0.70  74322+118 3.523+0.04 2.82¢+0.01
39 4 26.4¢+0.38 1659¢ +26 2.90¢+0.01 2.83¢+0.01
Pirooz 8 25.7¢+0.30 1398¢ +34 2.13¢+0.02 3.38¢+0.01
12 24.3¢+0.17 7877 23 1.289+0.01 2.48° +0.01
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* Means in each column followed by the same letters are not significantly different at 5% probability level using LSD test.
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Table 5- Means comparison of plant height, total root length and remobilization of chickpea cultivars under different
duration of waterlogging at maturity stage

9599 5 (S y al> o

L ) o Physiological maturity stage Just ol
Jls e’.’u 2 (39 dmu.uu Ay el alny 5 b duzme JUGI e (duoy0) duzo
Year Chlc!<pea wate_rlogglng o L ) _ o
cultivar duration (day) (o Hlw) (s L) (&g 9 p,5)  Remobilization
Plant Total root Remobilization  €fficiency (%)
height (cm) length (cm) (g.plant?)

Control 28.5¢" +£0.50 66019 £347 0.514£0.005 33.99+1.10

FAY o Jl ! 4 28.4¢+0.29 41289 +152 0.21"+0.008 16.4' +1.05

ILC482 8 27.9% 10,50 2253 £35 0.101 +0.020 15.5'+1.93

12 27.7% +0.40 1796} £104 0.08% +0.020 11.10+1.93

Control 31.1°+0.47 4559 £56 0.62° +0.020 37.3°+0.67

ols 4 30.5° +0.66 3229" 53 0.772+0.015 35.7¢+0.76

Azad 8 28.2¢+0.29 18321 +62 0.18'+0.003 15.31+£2.74

1Y v 12 26.4¢ +0.57 15331 £22 0.131+0.028 14.8'+1.10
2013 Control 31.9°+0.16 7178¢+13 0.289+0.006 25.174+0.40
s 4 26.8°+0.33 3060" +67 0.19' +0.003 15.21+1.14

Kaka 8 26.8¢+£1.23 18091 +31 0.081 +£0.003 10.31+1.61

12 24 .47 +£0.07 13141 £38 0.101 +0.006 8.0k+0.70

Control 28.5¢+0.42 7905 £85 0.46¢° £0.025 31.1+5.10

3902 4 24.47+0.15 3278"+119 0.45¢ +0.025 26.9+£5.48

Pirooz 8 23.9F+£0.42 2020' £55 0.499+£0.020 21.89+1.26

12 22.59+0.10 12841 +20 0.407£0.003 18.0M +4.85

Control 30.8°+0.28 79445 £81 0.57¢+0.018 40.92 +0.26

FAY o J ! 4 28.6°+0.16 6098° +47 0.18'+0.015 14.11+0.76

ILC482 8 28.4°+0.30 3771M+£32 0.12i +0.003 16.9'+0.29

12 28.1°+0.57 2399 £22 0.06% +0.003 13.21+0.22

Control 30.7°+0.43 42347 +46 0.792+0.006 36.3°+2.17

al5l 4 29.7%+0.35 27301 £36 0.339+0.001 26.27+5.48

Azad 8 27.4% +0.23 14531 £14 0.23"+0.005 24.174+5.49

yray -yyay 12 25.9¢+0.14 938k +7.0 0.19' +£0.006 24,0f+£1.82
2014 Control 33.82+0.20 6121° +42 0.309 +0.006 21.39+0.35
s 4 31.1°+0.92 2790' £29 0.24"+£0.012 18.5"+£1.00

Kaka 8 31.8°+0.45 2039 £12 0.101 +0.008 10.41 +0.88

12 25.5¢ +0.55 10391 +26 0.121 +£0.001 10.41 £0.35

Control 30.3°+0.35 81952 +£122 0.494+£0.005 30.1+0.39

395 4 28.59+£0.50 4552f £37 0.329 +£0.005 20.09 +£1.50

Pirooz 8 27.5% +0.15 19781 £32 0.329+0.023 17.2" £3.50

12 27.5% +0.26 11891 +21 0.23"+0.020 15.21 +3.08
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* Means in each column followed by the same letters are not significantly different at 5% probability level using LSD test.
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Fig. 2- The effect of waterlogging on root volume at pod setting in two years
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Table 6- Means comparison of main root length, root dry weight and of nodule numbers (at the pod setting) and root length,
root dry weight, root volume and nodule numbers (at the maturity stage) affected by durations of waterlogging on chickpea

cultivars
= I al> po 23998 (S Al p0
§ Pod setting stage Physiological maturity stage
§ g — — A
= v 1 g § N = @ § 7 b= 3% g
. O = - ~— . : R 1. ~—" . . 1o
188 32 358 s32-34928 3583 o ,.48 198
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Control  28.64°"+1.21  1.40%+0.04 57.9%0.08 29.74°+0.62 1.83%£0.005 12.2+0.17 42.2+0.2
FAY o Jl ! 4 23549033  1.21°+0.03 52.4°+0.65 26.43%+0.33  1.29°+0.06 10.0°:0.10  38.4°+0.2
ILC482 8 18.90%0.36  1.11°+0.02  39.5¢+0.17 20.78%£0.51 0.79%+0.04 5.2+0.10  26.3°+0.32
12 12.81%+0.32  0.90°+0.04  33.89+0.54 14.67"+0.26  0.71%+0.01  2.2+0.20  16.8%+0.18
Control  31.73"+0.27  1.00%0.04  35.79+0.16 33.62°+0.78  0.90%£0.05 10.1%£0.12  28.4%+0.52
al5l 4 27.68°+0.27  0.89°0.04  30.2"+0.08 28.26+3.13  0.80%£0.11  9.0%+0.50  24.8°+0.50
Azad 8 221294213 0.75%+0.04  25.6+0.50 22.04%£2.42  0.69%+0.03  5.4°+0.20  17.09+0.32
12 19.66°+0.04  0.68°+0.06  19.01+0.54 21.33+1.00 0.49%+0.04 2.37+0.26  12.8-+0.17
Control  23.65%3.63  1.17°+0.04 47.5°+1.16 35.48%+0.45 1.25°+0.03 11.2’+0.11 27.7°+0.06
s 4 24.73%2.15  0.69%+0.04  43.19+0.52 33.99°+1.03 0.59°%£0.04  5.2°+0.50  25.7%+0.05
Kaka 8 18.24%+0.40  0.53°+0.03  38.0+0.29 20.627£0.40 0.44°+0.01 2.5+0.40 14.3"+0.92
12 17.7440.76  0.60+0.03  36.1%+0.57 22.20%£0.62 0.259+0.02  1.2M40.20  9.740.25
Control  36.59%1.00  1.17°+0.04  51.5°+0.25 36.43*%1.35 1.21°+0.03 10.3°:0.20 30.0°+0.08
395w 4 21.96%£0.13  0.99°0.03  44.99+0.62 25.06%0.05 0.91%£0.03  3.3%+0.19  22.0%+0.44
Pirooz 8 18.89°+0.48  0.63%+0.01  41.0°+0.17 21.30+0.24 0.41°+0.01 2.2%+0.45 13.8"+0.82
12 17.66°£0.48  0.53*£0.01  39.6°+0.08 19.69%£0.76  0.25%£0.05 1.2"+0.30  5.29%:0.35

35l a0 i Jlei ! o j0 (5500 sme glas (LSD) jlo sme s JBlaz 5031 bl gt 58 50 aoline g, b (slap Sileo 3
a)xt;....»l sl =+
* Means in each column followed by the same letters are not significantly different at 5% probability level using LSD test.
+: Standard Error
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Fig. 3- Means comparison of the membrane stability (a), the leaf relative water content of leaves (b), chlorophyll a (c),

chlorophyll b (d) and carotenoids (e) in pod setting and seed protein (f) traits under the effect of waterlogging stress on
chickpea cultivars
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