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Table 1. Mean of temperature and precipitation in growth season of chickpea in Ekbatan station in 2015
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Table 2. Physicochemical properties of the soil at experiment location
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Table 3. Analysis of variance (squares mean) in some of chickpea var. Azad traits
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(22,)

ns: Non-significant, *and **: Significant at 0.05 & 0.01 probability, respectively
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Table 4. Mean of interaction effects between irrigation regime, transpiration and stress alleviator
substances in some of chickpea var. Azad traits
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Treatment Primary stem Secondry stem Pod number per Seed number weight
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F1 1445 41t 4.06 u 1.000 ¢ 20.86 v
Al F2 1.73¢q 5.06s 5.56rs 1.013 be 21.72u
F3 1.53rs 4.97s 4.86t 1.005 bc 21.61u
F1 1.50rs 412t 3.93u 1.000 ¢ 20.70 vw
11 A2 F2 1.85pq 5.13s 5.53s 1.000 ¢ 2211t
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A3 F2 2.78 hi 9.70n 12.50 ki 1.019 be 24.31n
F3 2.63 ijk 9.26 no 11.96 Im 1.057 abc 24.13 nop
F1 2.70 hij 26.86 | 13.14 1.030 abc 26.17 Im
Al F2 29649 28.66 ) 14.40 hi 1.048 abc 26.76 ij
F3 2.84h 27.35Kl 1397 1.023 bc 26.40 ki
F1 2.53 ki 26.831 12.64 jk 1.017 be 26.08 Im
13 A2 F2 3.20e 28.73j 14.56 gh 1.028 bc 26.90 ij
F3 2.83h 27.74 k 14.05 hi 1.030 abc 26.56 jk
F1 2.55kl 25.92m 11.92 Im 1.031 abc 25.93m
A3 F2 3.43d 30.06 h 15.60 f 1.036 abc 27111
F3 3.42d 29.45i 15.09 fg 1.060 abc 26.82 ij
F1 3.13 ef 3230 f 17.23d 1.065 abc 28.62 f
Al F2 3.63¢c 35.94c 18.23 be 1.042 abc 29.24 cd
F3 341d 3444 e 17.79¢c 1.076 ab 28.87 ef
F1 3.03 fg 3151g 16.83 de 1.051 abc 28.24 g
14 A2 F2 3.76 b 36.16 bc 18.66 b 1.043 abc 29.56 bc
F3 3.40d 34.96d 18.22 be 1.064 abc 29.13 de
F1 2.76 hi 29.03 ij 16.30 e 1.073 abc 2749 h
A3 F2 4.00a 3750 a 19.35a 1.065 abc 30.00 a
F3 3.83b 36.54b 18.60 b 1.102 a 29.71 ab

SR g aalS e 10 o lal s tla « BOE Al 1o 55 (5Ll LSy 3 (Bl Al ye 45 5Ll LSS 2 (gLl pas iy
558 2 dslre A dglS (S Jslme A2 (Sl Jsle poe Ay
poros Slidr 81 plone 3 ol 157 3 Jslone F2 o3l Jslona e Ft
W SRS b (s s sime IS S 3051 (ol yr o3 Jlaiol s 50 iyt o 5 ailiie By, b (sl Silis -
11: No irrigation, I,: One fold irrigation in flowering, I3: One fold irrigation in podding, 1.: Two folds irrigation in flowering+podding
Aa: No spraying, A,: Kaolin spraying, As: Chitosan spraying
F1: No spraying, F: Chloride calcium spraying, Fs: Selenat sodium spraying
Means with similar letters in each column are not significantly different at the 5% level (Duncans MRT).
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Table 5. Mean of interaction effects between irrigation regime, transpiration and stress alleviator substances in some

of chickpea var. Azad traits

f"° S8es S3elgm o Shos (o) bl il T S e i
(52 53 ¢ 5 5k5) (1L 52 p 5 5ks) Harvest index (595 3% @230 350 32 £55) P "
Lo Seed yield iological yi 2l 22
e y Biological yield (%) CGR max LAI max
(Kg/ha) (Kg/ha) (g/m?day)

F1 265.30 st 1117.82Im 23.70 uv 5.65a 0.86u

Al F2 382.63rq 1467.76 jk 26.03 rst 6.06 y 0.95s
F3 331.17 rst 1355.03 ki 24.53 tuv 545b 0.91t

F1 254.52 st 1038.20 m 24.51 tuv 5.27¢c 0.86 u

11 A2 F2 382.46rq 1466.69 jk 26.04 rst 6.70 v 0.96 s
F3 352.68rs 1409.08 jki 25.00 stu 5.77z 0.95s

F1 22940t 1002.17 m 22.89v 3.11d 0.81v

A3 F2 469.01q 1717.78 27.26r 6.62 w 1.01r
F3 428.85rq 1608.25 jk 26.69rs 6.54 x 1.00r
F1 831.33 no 2488.57 ghi 33.48 op 7.481 1.14 mn

Al F2 895.27 Imn 2516.94 ghi 35.57 mn 8.72p 1.17kl
F3 860.56 mn 2472.00 ghi 34.81 no 7.545s 1.08 p

F1 750.13 op 2345.28 hi 32.01 pq 7.24u 1.04q

12 A2 F2 918.03 Imn 2501.01 ghi 36.70 Im 8.66 q 1.20j
F3 870.07 mn 2452.66 hi 35.44 mn 8.47r 1.13n

F1 690.80 p 2201611 3143¢ 7.56 s 1.100

A3 F2 967.67 kim 2565.00 gh 37.73kl 10.45 k 1.28 hi
F3 952.84 kim 2631.85 efgh 36.22 Imn 8.68 pq 1.18k

F1 1108.09 ij 2793.61 cdefg 39.69 hij 8.930 1110

Al F2 1262.73 gh 3024.10 bc 41.75 fg 10.94 j 1.36¢€
F3 1179.50 hi 2889.75 bcdef 40.89 ghi 9.32n 1.22j

F1 1047.67 jk 2674.00 defgh 39.23 ijk 9.45m 117kl

13 A2 F2 1260.61 gh 2955.33 bed 42.62 efg 11449 1.34f
F3 1201.94 hi 2908.14 bcde 41.34 fgh 10.26 | 1.151Im
F1 996.41 kI 2585.71 fgh 38.56 jk 8.48r 1.14 mn

A3 F2 1369.29 f 3139.86 b 43.61 de 1142 ¢ 143c
F3 1340.99 fg 3133.66 b 42.81 ef 11.03i 1.27i

F1 1642.51 cd 3727.19a 44.08 de 11.43¢g 131g

Al F2 1737.70 bc 3595.47 a 48.31b 12.18¢ 1.33f
F3 1731.78 bc 3836.36 a 45.16 cd 11.69 f 1.27i

F1 1561.86 de 3688.36 a 42.34 efg 11.15h 1.30 gh

14 A2 F2 1798.64 b 3729.33a 48.26 b 12.72 b 1.41d
F3 1765.49 b 3800.87 a 46.43 c 12.27d 1.36e

F1 1503.57 e 3647.63 a 41.23 fgh 10.29 | 131g

A3 F2 1934.62 a 3843.60 a 50.32a 13.66 a 154 a
F3 1900.92 a 3892.07 a 48.87 ab 1249¢ 147b

2B 5 (BalS oo 10 gl Jlgs g (o Al s jo gkl LSy 3 2ulS dl> o yo 55l LS 2 (g LT pae iy
S5 s g IS 2 e B 2 o e Ay

s S 21 Jyons 3 sl J5 2 Joons 2 120 oo e Fi.

5505 K0S b (gl gime ST (SOl gl bl o j00 Jlai pehans 55 (gt o 50 alie By b (sl Sileo -

11: No irrigation, I: One fold irrigation in flowering, I3: One fold irrigation in podding, 14: Two folds irrigation in flowering+podding
Ay: No spraying, A,: Kaolin spraying, Az: Chitosan spraying

F1: No spraying, F,: Chloride calcium spraying, Fs: Selenat sodium spraying

Means with similar letters in each column are not significantly different at the 5% level (Duncans MRT).
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Introduction

Chickpea (Cicer arietinum L.) is one of the most important grain legumes, which is cultivated in most
parts of the world, especially in arid and semi-arid regions because of its strategic importance in plant protein
production. Among environmental stresses, drought stress limits plant growth and crop production more than
any other factor. Many reports indicate that drought stress at the end of the season is the cause of a severe
decrease in grain yield of chickpea in most regions, especially in Iran. Terminal drought, depending on the
geographical area and weather conditions reduces 30 to 60 percent of the yield. With the improvement of
crop management methods, such as breeding methods and using drought stress tolerant cultivars, it is
possible to ameliorate the reduction of yield due to drought stress. On the other hand, application of
supplemental irrigation at some stages of plant growth is a management factor for improvement, stability and
finally reduction of risk for crop production under drought stress conditions. By increasing the intensity of
drought stress, the plant development stages occur faster and the number of days to flowering, podding and
maturation decreases. Drought stress decreases the area and weight of leaves. The results of the experiments
indicated that drought stress caused a significant decrease in grain yield and yield components of chickpea.
One way to reduce the adverse effects of drought stress on plants is reducing transpiration rates. In recent
years, transpiration alleviator substances have been considered as a solution to reduce water losses from
plant, because they reduce the rate of water vapor release from the leaves. Also, stress ameliorator substance
such as calcium chloride and sodium selenate play an important role in adaptation of cells to abiotic stresses
and increase the activity of antioxidants anzymes and photosynthesis through water absorption, root growth
and maintaining turgor pressure in plant cells. The aim of this study was to investigate kaolin and chitosan as
transpiration alleviator substances as well as calcium chloride and sodium selenate stress ameliorators on
growth, yield and yield components of Azad chickpea cultivar under different irrigation regimes.

Materials & Methods

Effects of kaolin, chitosan and drought stress ameliorators on crop growth rate, grain yield and yield
components of chickpea were investigated under supplemental irrigation at Hamedan Agricultural and
Natural Resources Research Center during 2014-2015 growing season. A factorial split plot experiment
basesd on a completely randomized block design with three replications were used. Three supplemental
irrigation regimes, including irrigation at flowering stage, irrigation at podding stage and two irrigation
flowering+podding stages with non irrigation (rainfed) in main plots and transpiration alleviator substances
(kaolin 5%, chitosan 200 mIL) and stress ameliorators (chloride calcium 5 mM, selenat sodium 40 mlL™?)
with non spray (control) treatments as factorial were placed in sub plots. Seeds were cultivated with 30 cm
row spacing and 31 plants per m? density at 5 cm depth of soil on March 5th. Application of stress
ameliorators was performed in two stages before and after flowering. Spraying of anti-transpirations
substances in the middle of the pudding stage was done by hand sprayed on the leaves. During this

* Corresponding Author: sepehri2748@gmail.com
14


http://dx.doi.org/10.22067/ijpr.v8i2.48451

Iranian Journal of Pulses Research
Vol. 10, No. 2, 2019, p. 178-192 (Research Article)

investigation, maximum leaf area index, maximum crop growth rate, biological yield, grain yield, yield
components and harvest index of chickpea (var. Azad) were studied.

Results & Discussion

The results showed that the main effects of irrigation levels and transpiration alleviator substances in all
studied traits, except to biological yield, also drought stress ameliorators except for seed number per pod
were significant at the 1% level. The two and three interactions between studied factors were significant for
different traits except to the number of seeds per pod. Foliar application of chitosan and calcium chloride in one
irrigation at podding stage compared to irrigation at flowering stage or without irrigation (rainfed) increased
seed yield by 42% and 192%, respectively. Also, spraying of chitosan with calcium chloride in two
supplemental irrigation regime increased the grain yield comperad to one irrigation regimes at flowering or
podding and rainfed by 99%, 41% and 312%, respectively. Two irrigation regimes with chitosan spray and
calcium chloride consumption had the highest harvest index (50.3%) and in comparison to one irrigation
regimes at flowering or podding and rainfed increased harvest index by 33%, 15% and 85%, respectively.
Two irrigation regimes with chitosan and calcium chloride application had the maximum crop growth rate of
plant and in comparison to one irrigation regime at flowering, podding stages and rainfed increased by 31%,
19% and 104%, respectively. In the two irrigation regimes with chitosan foliar and calcium chloride
consumption, the maximum leaf area index was increased as compared to single irrigation regimes in
flowering or podding stages and without irrigation.

Conclusion

Based on the present study, if sufficient water is available, it is preferable to use a double irrigation
regime at flower and pod stages or at least a single irrigation regime in the podding stage with the spray of
chitosan and calcium chloride to increase the grain yield of the chickpea (var. Azad) is recommended.
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