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Introduction

r rain fed conditions.
protﬂility of heavy
g the ea‘ wing stages
he pla ts occur anaerobic

Chickpea (Cicer arietinum L.) is a plant from the legume family, which is usually cultivated u
This crop is mostly cultivated in late winter or early spring. In these ‘itions, there
rains (short or long term) and there is a possibility of waterlogging in early spring
of chickpea. In waterlogged conditions, dug to the lack or absence of oxyg
conditions and greatly reduced the amount o

rgy production in the roo is case, the root does not have the

necessary energy to transport materials from th Il membrane, and plants ionic stress, reduced hydraulic

conductivity, and reduced water absorption. Wi uction and di§ruption of raet growth reduced shoot growth,

absorption of water and nutrie . In genera of oxygen deficiency damage

depends on the plant type, variety, gkewth stage, soil typ ironmental c ns. Therefore, the purpose of this

experiment was to investigate ‘ e of waterlogging chickpea cultivars (Desi and Kabuli), physiological

characteristics, root growth apd yield.

w
Materials and I\lh ds
in based on completely randomized design (CRD) in three replications in
the resear i of Agriculture and Natural Resources, Razi University, Kermanshah, Iran in
2013-2014. Fa i a cultivars 1LC482 and Azad (from Kabuli type) and Kaka and Pirooz (from Desi
type) and duration ing including no waterlogging (control), 4, 8 and 12 days at 30 days after planting
(vegetative stage gical traits (relative water content, membrane stability and pigments) as well as total root
length, root dry weightynumber of nodes, main root length and root volume in a destructive way in the pod setting
stage, as well as in the ripgning stage, root traits, remobilization, relative water content, membrane stability, pigments,
seed protein, biological yieldy seed yield, 100-seed weight and plant height were investigated. Planting was done in the
first year on March 11, 2043 and in the second year on March 15, 2014. The size of plastic pots were 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.
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Results and Discussion

The results of compound analysis showed that there were significant differences between the two years of 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™), 1LC482 (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 year) and 7432 cm (in

the second year), but the lowest was in the second year at the Kaka ‘ti ar and 12 days wit cm. In general, with

the increase of the duration of flooding in chickpea cultivars, the total r‘ ngth decreas ifica t“nd 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 rcenti\ha t‘tments, the
p

nt of ch yll a decreased in

Conclusions ‘
Waterlogging in the vegetaMe stage even i g effect on total root length, number of nitrogen
fixing nodes, pIant‘ig‘totaI dry rophyll and carotenoids content, membrane stability index, relative leaf

water cQatent, biolog‘I yield, seed ein, the number of seeds per plant and the weight of 100 seeds and finally

chickpea to waterlog 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.

Keywords: Photosynthetic pigments, Relative water content, Remobilization, Total root length
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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 in pod setting

il wow ey B
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vear Cuitivare  aterlogging (Gagile)  (agile) (s e9) el
duration Total dr
(Day) Plant height Total root r%:ttery Shoot.root™
(cm) length (cm) (g.plant™) ratio
1TAY-17e) s J'¢l Control 28.6"°£0.72  5925°+195 3.00°+0.06 2.129+0.03
2013 FAY 4 25.6°+1.12 2838¢ £97 2.307+0.01
ILC482 8 23.39+0.56 22539 135 1.79" +0.01
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26.6°+0.48 8647 £12 2.53%10.01 3.73°+0.01
23.29+0.31 4407 +18 2.33°+0.02 3.81°+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.
+: Standard Error
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Table 5- Means comparison of plant height, total root length and remobilization of chick ultivars under different
duration of waterlogging at maturity stage

m Pl Sk Asyy.liw al> 50 Just 1)
2955 (39 lnbe Physiologicalypaturity stage o 53) saze
) g el aday 5 Jsb e wN
Chickpea waterlogging . (e, 530) s 15 °~‘ Remobilization
Year cultivars duration St 30 05 efficiency
(day) Total root emobilization (%)
length (cm) (g.plant™)
IFAY-1 ¥ FAY (o Jl 6] Control 28.5° 0 66019 +347 ¢4+0.005 33.99+1.10
2013 ILC482 4 ‘w +0. 4128° + "+0.008 16.4' +1.05
27.9% +0.50 2253 +3 +0.020 15.5'+1.93
27.7% +0.40 1796’ +104 K+0.020 11.1) +1.93
ol 31.1°+0.4 45591 156 0.62° +0.020 37.3°+0.67
Azad ‘ 4 30.5" +0.66 229" +53 0.77%+0.015 35.7°+0.76
28.2°+0.29 32 £62 0.18' £0.003 15.3'+2.74
4% +0.57 j 122 0.131+0.028 14.8'£1.10
31.9°+0.16 °+13 0.28° £0.006 25.17+0.40
26.8° +0.33 3060" +67 0.19' £0.003 15.2"+1.14
26.8°+1.23 1809’ +31 0.08 +0.003 10.3' +1.61
24.47+0.07 1314) +38 0.10' £0.006 8.0+0.70
28.5°+0.42 7905 +85 0.46° +0.025 31.1° £5.10
24.47+0.15 3278" +119 0.45° +0.025 26.97+5.48
23.97+0.42 2020' +55 0.49% £0.020 21.8%+1.26
22.5% +0.10 1284} +20 0.407+0.003 18.0" +4.85
1FAY-YTaY Control 30.8° +0.28 7944° +81 0.57°+0.018 40.9* £0.26
2014 4 28.6°+0.16 6098° +47 0.18' +0.015 14.1' +0.76
8 28.4°+0.30 3771" +32 0.12) £0.003 16.9' +0.29
12 28.1°+0.57 2399' +22 0.06% +0.003 13.2140.22
Control 30.7° +0.43 42341 146 0.79% +0.006 36.3°+2.17
Azad 4 29.7% £0.35 2730' +36 0.33% £0.001 26.2" £5.48
8 27.4% +0.23 1453 +14 0.23" +0.005 24.1f £5.49
12 25.9°+0.14 938X +7.0 0.19' £0.006 24.0" £1.82
s Control 33.82+0.20 6121° +42 0.309 +0.006 21.39+40.35
Kaka 4 31.1°+0.92 2790' +29 0.24" +0.012 18.5"+1.00
8 31.8°+0.45 2039 +12 0.10' £0.008 10.4 +0.88
12 25.5° +0.55 1039 +26 0.121 +0.001 10.4 +0.35
9 Control 30.3°+0.35 8195% +122 0.49° +0.005 30.1°+0.39
Pirooz 4 28.5% +0.50 4552 +37 0.329 £0.005 20.0% £1.50
8 27.5% +0.15 1978 +32 0.329 £0.023 17.2" +3.50
12 27.5% +0.26 1189 +21 0.23"+£0.020 15.2' +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.
+: Standard Error
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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

Oy ML > o SU5P g 3 Sy Al 5o
Pod setting stage Physiological maturity stage
O . . I . .
NN . S 39 Slas . S 39 Slas
ke aday Job . ; aly Job . x> .
g5k Ay sbo s ad sbo s
(395 b . e kel , ad .
( . ".LM)) )é P;) W ( . “‘LM!) )é ‘D;) ( s . «'L‘») W
T (g ousS 7o (g : T ousS
Chickpea Wféterloggmg Mi’;un r?]ot Root %ry Nodule Mlaln rﬁot Root (:]ry Root Nodule
cultivars uration engt Welg t_1 numbers engt Weig t,l volume (cm®) numbers
(day) (cm) (9.plant™) (cm) (g.plant™)
| <l "
l \‘fvd Control 28.64°°+1.21  1.40%+0.04 57.9%+0.08 290.74°+0.62  1.83%+0.005 2.2%4:0.17 42.2%40.2
1LC482 4 2354%0.33  1.21°+0.03  52.4°+0.65 26&0.33 °+0.10 38.4°+0.2
8 18.90+0.36  1.11°+0.02  39.5°+0.17 20. (ﬁ °+0.10 26.3%0.32
12 12.81%40.32  0.90°+0.04  33.8%+0.54 14.67‘7 2%4+0.2 16.8%0.18
ol Control 31.73%+0.27  1.00%+0.04  35.7°+0.16 33.62°+0.78 10.1% 28.4%+0.52
Azad 4 27.68+0.27  0.89°+0.04  30.2"+0.08 28.26°3.13 9.0%£0.50 ‘ 24.8°+0.50
8 22.12%2.13  0.75¢ 25.6'+0.50 22.04°+2.42 .20 17.0%:0.32
12 19.66°+0.04  0.68%+ 19.0+0.54 21.33%+1.00 340.26 12.8+0.17
' Control 23.65%3.63  1.17°+0.0 7.5%1.16 35.48%+0.45 11.2°£0.11 27.7°0.06
Kaka 4 24.73°+2.15  0.69°+0.04 440.52 33.99°+1.03 5.2°+0.50 25.7%+0.05
8 18.24°+0.40  0.53°+0.03  38.080.29 20.62" 2.5%40.40 14.3"£0.92
12 . 0.60%+0.03 W 36.1"+0¢ 1.2"+0.20 9.7+0.25
Fy Control 36.5 1.17°+0.04 51.5°+0.25 36.43%1.3 10.3%0.20 30.0°+0.08
Pirooz 4 21.96%+ 0.99°+0.03  44.9+0.62 25.06°+0.05 s 3.340.19 22.0%+0.44
8 18.89°+0.4 0.63%£0.01  41.0%0 21.30+0.24 0.41°+0.01 2.2%+0.45 13.8"+0.82
12 17.66°%048 39.6°+0.08 19.69%+0.76 0.25%0.05 1.2"£0.30 5.29%£0.35
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