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Effect of anti-transpiration substances and drought stress ameliorators
on leaf area duration, water use efficiency and grain yield of chickpea
(Cicer arietinum L.) under different irrigation regimes
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Table 1. Means of temperature and precipitation during the growing season of chickpea at
Ekbatan station in 2015
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Table 2. Physicochemical properties of the soil at the experimental location
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Table 3. Analysis of variance (mean squares) for some of the studied traits in chickpea

s plys jasls SN dgb wls s Ol s abslun &l S adens 3 Ses 4l Shes s Sles ST e LS

Sk mlie s3T5, b Pod lenght Seed &, s , e Seed protein 4> 555, Seed yield 5,0 Water use
SOV df LAID diameter full pod Seed percent Seed Biological efficiency
number number per protein yield
per plant  plant yield
Replication S 20 71.08™ 0.3153™ 0.0892"  9.75™ 7.08" 0.5590™  0.0314™ 0.5583"  2.203" 0.0163™
Irrigation regime Gkl oy, 3 1157347 36.95™ 8317 7904™ 930.87" 48.23™ 335" 93.85%  27521™ 0.6948"
Error(1) (Molzsl 6 0.1105  0.0046  0.0008 0.2346  0.4485 0.0233 0.0016  0.0411 0.1180 0.0005
Anti-transpiration Gywas 2 79387 0.11417 0.024™  1.177 3.14™ 0.1807"  0.0162" 0.2977™ 0.6693™  0.0092"™
Stress ameliorator Seamls 20 42478™ 236 0.5093™ 41.617  46.41™ 427" 0.2635" 451" 8.45™ 0.1381™
Anti-transpiration x Stress Gwas 4 39.04™ 02730 0.052™ 435 5.56" 0.4128" 0.0011" 0.0208™  0.1222" 0.0008"
ameliorator X 555 enialS
Bl

Anti-transpiration x Gyias Xl 6 4.90™  0.0075™ 0.0037" 0.2141"  0.2002" 0.073™ 0.0040™ 0.0785"  0.9684" 0.0016"
Irrigation regime

Stress ameliorator X s eamals X)Ll 6 16.02"  0.0356™ 0.0015™ 0.0941"  0.2664" 0.0209* 0.0307*"  0.5590" 1.28" 0.0152"
Irrigation regime

Anti-transpiration x Stress 0.5 X i5easls 12 4.627  0.0061™ 0.0031™ 0.0915" 0.1358" 0.0153"  0.00098" 0.0202°  0.0694" 0.0001*

ameliorator x Irrigation X ol
regime .

Error(2) (™)olzsl 64 0.131  0.0009 0.0004 0.1085  0.4872 0.0078 0.0015  0.0382 0.3002 0.0008

CV(%) ol ca,e 121 6.8 5.5 9.24 8.5 8.5 10.08 16.7 14.2 15.4 20.21

LAy 50 muk&pup—ur%tuu_u@thwr.\m%ﬁ“%.v_cnuwfb.m.
ns :non-significant, *and **: significant at 0.05 & 0.01 probability levels , respectively

\ER
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Table 4. Effects of irrigation regimes, anti-transpiration substances and stress ameliorators on some of the sudied traits in chickpea

Sles b plss asls e J b Gy s OO sl W s 4l sl WS oS3 Ses wilas Shas 5 Shes ST O e o1,
Treatment g (e Ae) (o bw) 65,5, Seednumber  gis 55, <l (655505 K3 Fon e A AS)
&£, b s ls) Pod length .wonm Full pod /plant Seed protein (s, ,> ?Nv Seed yield (s, s ?wv (eSe
(mm) diameter number/ percent . (gr/plant) . .
TN lant Seed protein Biological Water use
LAD (mm) — plan yield yield efficiency
(LAI/day) (gr/plant) (gr/plant) (kg/m?)
L 39.754 15.92 ¢ 6.46 ¢ 5.03¢ 5.05¢ 22782 0.2516¢ 1.10¢ 4334 0.31¢
LT e L 29.16¢ 16.70 6.97°¢ 11.25¢ 11.46¢  21.86° 0.6023 © 2.75¢ 7.88 ¢ 0.47°
) rmw g I 50.65° 17.42° 7.48° 13.93° 1441%  20.84¢ 0.7989 ® 3.83° 9.28° 0.62°
Irrigation regimes L. 5537% 18.672 7.71¢° 1791 19.07 19.67 ¢ 1.0900 2 5.54¢° 12.00 ® 0.66?
PPN P Ar  47.83° 17.13 ¢ 7.13°¢ 11.93° 1239%  21.21°¢ 0.6743° 3.26° 8.34¢° 0.51°
b b b b b b b b a b
Anti-transpiration substances Ay 4793 17.16 7.16 11.97 12.28 21.29 0.6731 3.24 8.25 0.51
A; 50452 17.242 7.18%2 12.24 a 12.83 2 21.35¢% 0.71052 341¢* 8.522 053¢
A5 ozalS” 51 40 Fi  4520°¢ 16.89 ° 7.02°¢ 10.82 ¢ 11.02°¢ 20.94°¢ 0.5897 © 290°¢ 7.81° 045°
Stress ameliorators F»  52.06? 17.39® 7.25¢° 1287 a 1332 21.63* 0.75342 3.57¢° 8.67° 0.56?
Fs  48.94° 17.25° 7.19° 12.40° 1297 21.29° 0.7148° 3.44° 8.632 0.54°

030N 5 a3 S ol o 53 65LT 5Lan t La ((as e al jo s (5 LTHLES i3 o a3 8 dlo o 3 (OLTHLESS L (5T pote 2
Ii: no irrigation, I». one-time irrigation at flowering stage, [3: one-time irrigation at podding stage, 14: twice irrigation at flowering and podding stages
O35S Ao D A3 (I 5 (Sl gonn s A2 (S gl st Al
A1 no spraying, A: spraying with kaolin, As: spraying with chitosan
e Db (2Tl t By (ST IS 5 dsloen 1 Fo ¢ il glons pas 1
Fi: no spraying, F»: spraying with calcium chloride, F3: spraying with sodium selenate
516 s e O] STl 8503 T bl y a3 O el pebann 53 ¢ D52 53 ool 51 a (51 alie O3 L sl o S0
Means for each main effect with similar letters in each column are not significantly different at the 5% probability level (Duncans MRT).
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Table 5. Interaction effects of irrigation regimes and anti-transpiration substances on some of the sudied traits in chickpea

rmuf.ﬂﬂlmu B s g0 ﬂrozﬂ_uu(‘hv.rw M J b PHERY CME sluas s ails sldws EW3T) ﬂﬂmuhu? &_uu%rrv rWﬂLﬂLxﬁ..u&Wrro A..\Wur.ﬂvrnﬂrh\hkr&_uq

Irrigation Anti- &, Gre o) Gobe)  6p 0, Sy S35 s 4ls (Gp5308)  (Gp,305) (S 0
regimes - transpiratio &, b e s) Pod length Seed Fullpod  Seed Seed (635 ¢ 5) Seedyield Biological Water use efficiency
n ] (mm) diameter number number  protein . (gr/plant) yield (kg/m?)
Substances Gy oy Seed protein
(mm) /plant /plant percent yield (gr/plant)
LAID
(LAI/Day) (gr/plant)

A 39.07 15.851 6.421 4838 486° 22.60° 0.2363 ¢ 1.04f 4204 0.29¢
L Az 39.72 15901 6461 4.848 487¢ 22.76 ° 0.2408 ' 1.05f 4174 0.30¢

As 40471 16.00 " 6.50 " 542 542¢ 22.97% 0.2775 f 1.20f 4614 0.34f

Al 48.67 ¢ 16.67 ¢ 6.94 ¢ 11.30° 11.53¢ 21.81°¢ 0.6023 © 2.75¢ 7.97°¢ 0.47¢
L As 48.06 " 16.69 ¢ 6.96 11.21¢ 11.28¢ 21914 0.5939 ¢ 2.70°¢ 7.78 ¢ 0.46 ©

As 50.74 ¢ 16.76 f 7.01°¢ 11.25¢ 11.579  21.85¢% 0.6105 © 2.78¢ 7.89¢ 0.47¢

Al 4947 17.40 © 7.46¢ 13.844 1431  20.84° 0.7998 « 3.78 9.28°% 0.62¢4
I As 4926 f 17.41 d 7.48 ¢ 13.75¢ 14.10¢ 20.85F 0.7813¢ 3.74 ¢ 9.10° 0.61¢

As 53.224 17.44 ¢ 7.494 14.20¢ 14.81° 20.82°F 0.8256 ¢ 395¢ 9.44° 0.64 b¢

A 54.10°¢ 18.60 © 7.68°¢ 17.75° 18.85% 19.59 1.0600 © 5.45° 11.90# 0.65®
L4 Az 54.66° 18.66 ° 7.74 2 17.91% 18.86% 19.66 1.0700 ® 5.46° 11.96* 0.66 ®

As 57.36% 18.76 * 7.71° 18.08* 19.53° 19.76 ¢ 1.1200* 5.69% 12.14® 0.68%

P3N 5 23 S oo 5 55LT Dbss i L (asIe o e 3 (LTSS i3 ¢ a3 S dlo e 3 LT e T ubT e Ty
I;: no irrigation, I». one-time irrigation at flowering stage, I3: one-time irrigation at podding stage, 14: twice irrigation at flowering and podding stages
OGRS (sl D A3 (IS AL gonnt A2 (2L s e T A
A\ no spraying, A: spraying with kaolin, Asz: spraying with chitosan
I 1 an 0] S5 0 g0 3T ol Ly o 53 0 Jlacml selan 53 O gt a3 ol 1 (sl alie o b sla Sl

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



‘\VQL’MU\\«MH -y a‘)Lo.:;:—“\ AJJQ«GC')}‘SQ‘Q)V‘SLB - 5"'.’4?‘ »

uwogu_%\\%otQU_Vyb&bf.ﬂRMb r\rgﬁ\_\nﬁlw Lbu’v
Table 6. Interaction effects of irrigation regimes and stress ameliorators on some of the sudied traits in chickpea

r@r;?ut r\vﬁhogqo;w‘o Qrtzﬂ_uu(.hv.rw rhv.rvL%V e._u\rm IR, R H ERRPY Aoy &_ubuﬂuhu\pb &_uu\p.v rﬂﬂwu.\ukcu\pb rw\bxr&_uq
Irrigation  Stress &£, (oo o) oo b Gy Gy Shoss, 65508 Wy (6npS) T
regimes ameliorators . . . . . _

&, o yastL2) Pod length ~ Seed diameter  Full pod Seed Seed Seed protein ~ Seed yield Biological = .. , 5 k)
G (mm) (mm) number  number  protein yield (gr/plant) yield s

2302 /plant /plant percent (gr/plant) (gr/plant) .
LAID Water use
(LAI/Day) efficiency
(kg/m*)

Fi 36.34 K 15.71! 631! 3.86! 3.86" 2248 ¢ 0.1797J 0.79 " 337f 0.231
I F2 41.881 16.071 6.581 5.881 591¢ 23.09® 0.3045 1 1.31¢ 4.96 ¢ 0.37¢
F3 41.041 15.97k 6.49« 534k 5.38¢ 22.75° 0.2705 1.18¢ 4.66 © 0.34"
Fi 46.36" 16.40 6.84 1 10.06 10.21F 21.52f 0.5221h 242f1 7.504 041F
L Fa 52324 16.94 ¢ 7.07¢ 12.02¢ 122649  22.18¢ 0.6581 ¢f 2.96°¢ 8.09¢ 0.50¢
F3 48.80 ¢ 16.78 1 7.01 0 11.67" 11.92°¢ 21.88°¢ 0.6266 ¢ 2.86° 8.06° 0.49 ¢
Fi 46.45h 17.16 7.35f 12.56 12.89 ¢ 20471 0.6888 f 3364 8.59¢ 0.55¢
I F2 55.96 ° 17.59 ¢ 7.56 ¢ 14.85¢ 1541°¢ 21.15¢ 0.8785¢ 4.15¢ 9.72° 0.67%
F3 49.54f 17.50 ¢ 7.52°¢ 1437 ¢ 14.92 ¢ 20.88 " 0.8295 ¢ 397¢ 9.52°% 0.65°
F1 51.67¢ 18.31°¢ 7.59¢ 16.79 ¢ 17.85° 19.27! 0.9683 © 5.02° 11.80% 0.60 ¢
Is F2 58.08 2 18.95¢ 7.80% 18.74 2 19.70 @ 20.08J 1.1700 @ 583® 11912 0.70 2
F; 56.37° 18.76 * 7.74° 18.20° 19.68 2 19.66 1.1300° 5752 12.30* 0.692

), CbuCW J e 53 6oWT 5bsn s Is ¢ as oD Al e s oL I3 :hpuLW A e 53 ,LTLLESS D o, LT phe 0y
Ii: no irrigation, I,. one-time irrigation at flowering stage, I3: one-time irrigation at podding stage, 14: twice irrigation at flowering and podding stages
e Sl (S sloen D B3 (ndS IS 5L Jslonn D F ¢ il d sl st F
Fi: no spraying, F»: spraying with calcium chloride, F3: spraying with sodium selenate
I 1 e O] S5 8 g0 3T el Ly Ao 53 0 Jlal o 53 ¢ Ot a3 ol 1 pa (sl alie o b slanSle

Means for each main effect with similar letters in each column are not significantly different at the 5% probability level (Duncans MRT).
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Table 7. Interaction effects of anti-transpiration substances and stress ameliorators on some of the sudied traits in chickpea

Sl 40 Cuz.h?hbqu_b; ﬂr{ﬂ_buﬁhv..ru M Jsb PHER Ggr 35 g ONE sldal & g 3 wls Sluay Aoy Qur.\nn.m\&.u\&vh e._uuu%r.v rWﬂLr.Lk..ughro Jnﬂr.h\hkr&_uq
EJRA) Stress £, o ko) (o ko) full pod number Seed number 415 55, (63308 Wuppf) (Wauype) (oS 0 SAS)
Anti ameliorators _ ) /plant /plant . . . . .
ti- o o l2) Pod length Seed Seed protein  Seed protein Seed yield Biological Water use
transpiration G (mm) diameter percent yield (gr/plant) yield efficiency
Substances 2302 (mm) (gr/plant) (gr/plant) (kg/m?)
LAID
(LAl/Day)
Fi 46.08 & 17.00 & 7.06 f 11.33f 11.78 ¢ 21.07 ¢ 0.6301 F 3.074 8.10 b 0474
— A Fa 49.92 ¢ 17.274 7.20°¢ 1243 ¢ 12.91° 2147¢ 0.7176 % 3.42 b 8.48° 0.54°
.M F3 4748 F 17.11°F 7.13°¢ 12.02 ¢ 12.46° 21.09 ¢ 0.6752 ¢ 3.28¢ 8.44° 0.51°
3 F1 44.85"h 16.90 1 7.05f 10.85¢ 11.14¢ 2095 0.5880 ¢ 2.89¢ 7.79 <« 0.45¢
K Az F2 51.09 ¢ 17.38 ¢ 7.26° 12.69 b 13.03° 21.62° 0.7357 ¢ 3.48° 8.52° 0.55°
i) F3 47.83¢ 17.21¢ 7.174 12.23 de 12.66° 21314 0.6957 d 3.350b 8.45" 0.52 b
-
%)

3 Fi 44,671 16.771 6.96¢ 10.28 10.69 ¢ 20.78 ¢ 0.5511"h 2.73¢ 7.544 042f
0 As F2 55.17% 17.51% 7.30% 13.50 2 14.02 ® 21.79 2 0.8068 * 3.79¢° 9.02° 0.60?
W F3 51.50° 17.44° 7.27°% 12.94° 13.80*° 2148°¢ 0.7736 ° 3.69° 9.01° 0.58?

; OG5S (Ahdslost A3 (5T ELdsloet A (8L s pus T A

A\: no spraying, A: spraying with kaolin, Asz: spraying with chitosan

e

Fi: no spraying, F,: spraying with calcium chloride, F3: spraying with sodium selenate

‘&u_&&urw.ﬁsr.nuﬁv.._r.\%_uo%&ﬂc,zrx_ﬁtpuvLr?.,VLQF&uvBouﬁ:\puurwr\_\u_\ppm_&e.ﬁ%(wuwf:mrv%f

Means for each main effect with similar letters in each column are not significantly different at the 5% probability level (Duncans MRT).
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Table 8. Interaction effects of irrigation regimes, anti-transpiration substances and stress
ameliorators on some of the sudied traits in chickpea

kT 3 Slga S ekal slge oS el pasls B Jb s s Gp3 p OMeslls G s 4l sl
Irrigation S8 L Stress Gy, 5, b o) G ) (e o) Full pod Seed number
regimes Anti- ameliorators LAID Pod length Seed number/plant /plant
transpiration (LAI/Day) (mm) diameter
substances (mm)
Fi 37.35¢ 15.67% 6.35Y 4.06" 4.06 P4
Ay F2 40.58 ¢ 1594 = 6.50" 5.56 5.63m
Fs3 39.29¢ 15.86 % 6.42* 486" 4.90 °»
Fi 37.34" 15.70 = 6.31* 393¢ 393
I Az F2 40.24 ¢ 16.06Y 6.62" 5.53% 5.53m
Fs3 41.58" 15932 6.46 v 5.06 5.16°p
Fi 3432V 15.66 * 6.28 ~ 3.60" 3.60
As F2 44.84° 16.21Y 6.63" 6.56 4 6.56 "
Fs 42264 16.14Y 6.61" 6.10 & 6.10 ™
Fi 48.18 16.51"V 6.87 % 10.90 » 11.16 ¥
Al F2 50.221 16.84 ¢ 7.02P 11.53m™ 11.93 ik
Fs3 47.62 1 16.65" 6.94" 11.46™ 11.50 i
Fi 45.53° 16.39 v 6.85% 10.00 o 10.10 ™
I Az F2 51.44h 1693 7.06 o 12.03 Im 12.13 ik
Fs 4722m 16.74 ¢ 6.98 q 11.60™ 11.63 ik
Fi 4536 °p 16.29* 6.79* 9.30°P 9.36m™
As F2 55.314 17.04 4 7.14 ™ 12506 12.73 hi
Fs 51.56h 16.95* 7.10™ 11.96 ™ 12.63 M
Fi 45.60 ° 17.29° 7421 13.141 13.54 ¢
Ay F2 53.44F 17.51! 7.53 & 14.40 b 15.09
Fs 49.361 17.40" 7471 13971 14.29 fe
Fi 46.40 " 17.18° 7.34k 12.64 & 12.85 M
I Az F2 54.51¢ 17.59 7.56 ¢ 14.56 ¢ 14.98 <
Fs3 46.89 mn 17.46 ™ 751" 14.05 hi 14.48 fe
Fi 47.35m 17.00 ¢ 7.29! 11.921m 12.29 hiik
As F2 59.95° 17.681 7.61¢ 15.60 16.16 ¢
Fs 52.36¢ 17.63 i 7.57 < 15.09 f& 16.00 ©
Fi 53.19f 18.45¢ 7.58 ¢f 17.23 4 18.36 <«
Al F2 55474 18.814 7.76 ¢ 18.23 b¢ 19.00 ¢
Fs 53.64 1 18.54F 7.68 ¢ 17.79¢ 19.18 ¢
Fi 50.14 1 18.34 M 7.70 4 16.83 d 17.69 ¢
L4 Az F2 58.20 ¢ 18.94 ¢ 7.79 be 18.66° 19.46 2b¢
Fs3 55.66 4 18.70 ¢ 7.72 4 18.22 ¢ 19.39 b
Fi 51.67*h 18.141 7.49 hi 1630 ¢ 17.50 ¢
A3 F2 60.58 * 19.112 7.84 2 19.352 20.62 2
Fs 59.82° 19.03° 7.81° 18.60° 20.47 ®

(PO 5 23 S ol e 53 (65T Slss T4 e as I dl e 3 (HLTHLESS T ¢ as IS Al o 55 (5L THLeSG D 5T pte iy
Ii: no irrigation, . one-time irrigation at flowering stage, I3: one-time irrigation at podding stage, l4: twice
irrigation at flowering and podding stages
DS (A slons D A3 (IS b soe D A2 SLT e pie T A
A1: no spraying, As: spraying with kaolin, As: spraying with chitosan
e Sl (3L gl T B3 ndS ST 5L Jglone 1 F2 ¢ (SLglows pis 1 F
F1: no spraying, F»: spraying with calcium chloride, F3: spraying with sodium selenate
A s an SN S0 0 g0 5T alal 2 053 O ool pebams 53 ¢ O gt 2 55 (ool 31 o sl alin oy U sl
Means for each main effect with similar letters in each column are not significantly different at the 5%
probability level (Duncans MRT).
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Continued Table 8. Interaction effects of irrigation regimes, anti-transpiration substances and
stress ameliorators on some of the sudied traits in chickpea

6)‘—:T¢-’.);) 3l ga A5 e kalS sl g Aoy Gls ois 3 Slas 4l 3 Sles éjjxaﬂéff‘,l;)gTQﬂ&blf
Irrigation & s Stress Gl 55, (CPRpR Y] 6y 8) 6y ) (oS o p
regimes Anti- ameliorators Seed protein Seed protein Seed yield Biological =~ Water use efficiency
transpiration percent yield (gr/plant) yield (kg/m®)
substances (gr/plant) (gr/plant)
Fi 22.56 4 0.1915 vov 0.8489 s 3.58'm 024"
Aq F2 22.80 ¢ 0.2794 1.23 @ 4.70 0.35™
Fs 22.44 4 0.2381 ™ 1.05 rst 434K 0.30°¢
Fi 22474 0.1830 Yv 0.8144 332m 023"
I Az F2 23.05" 0.2823 .22« 4.69 0.35m
F3 22.78 ¢ 0.2572 st 112w 4,501 0.32¢
Fi 22424 0.1645 " 0.7341! 3.20m™ 021"
A3 F2 23442 0.3518" 1.5049 5.501 0.43 nop
F3 23.06° 031621 1.37« 5.15 K 0.39 par
Fi 21.69 ¢ 0.5771 °p 2.66 " 7.96 i 0.45 mne
Ay F2 22.14¢ 0.6343 Imno 2.86 mn 8.05 & 0.49 Jkim
Fs 21.61¢ 0.5955 2.75mn 7.91 i 0.47 mn
Fi 21.57¢ 0.5180 P4 2.40 °p 7.50 hi 0.41 °pd
IE] Az F2 22.21¢ 0.6525 'mn 2.93 mn 8.00 &hi 0.50 Jkim
F3 21.95° 0.6113 mne 2.78 mn 7.85 hi 0.48 Kimn
Fi 21.30" 0.47114 2.21° 7.051 038
A3 F2 22.19°¢ 0.6874 1 3.09 Kim 821 ¢ 0.53 ik
F3 22.07 ¢f 0.6731 Km 3.04 kim 8.42 cfeh 0.5214
Fi 20.64 ™ 0.7321 % 3.54i 8.94 cdefe 0.58 hi
Ay F2 21.07 1 0.8515™M 4.04 ¢ 9.68 b 0.66 defe
F3 20.82! 0.7859 i 3.77 M 9.25 bedef 0.62 f&h
Fi 2053 ™ 0.6884 X 335k 8.55 defeh 0.54 1
I Az F2 21.15™M 0.8535™M 4.03 & 9.46 bed 0.66 defe
Fs3 20.85 K 0.80191 3.84 N 9.3] bede 0.63 cfeh
Fi 20.25" 0.6458 mno 3.184 8.27 feh 0.5214
A3 F2 21.23*h 0.9305 ¢ 438f 10.05° 0.71 abe
F3 20.98 i 0.9005 ¢ 429 % 10.03° 0.70 2bed
Fi 19.40 1.01 5.25¢ 11932 0.63 cfeh
Ay F2 19.87°P 1.10 5.56b 11.51% 0.67 cdef
Fs 19.50 1.08 d 5.54be 12.28 2 0.67 cdef
Fi 19.25 0.9624 f 4,99 de 11.80% 0.60 ¢
Is Az F2 20.05° 1.15%¢ 5.75% 11932 0.69 abed
F3 19.68 ¢ 1.11 < 5.64° 12.16 2 0.68 bede
Fi 19.18¢ 0.9228 ¢ 481°¢ 11.672 0.58 M
As F2 2031 " 1.25% 6.91° 12302 0.74%
F3 19.80 4 1.20® 6.08 ® 12452 0.73 %

@:Q))\b B} 6&}‘}? J»lf BY) ‘5)\.3T Sl 14 c@:;'})\'s 4l>)A BR) ‘5)le)\{¢§1 :I; ;QA:J.? 41>j= BY ‘5)lﬂT)L3¢<;_ M0 cg)kiT rJ.c ZII
I;: no irrigation, I,. one-time irrigation at flowering stage, 15: one-time irrigation at podding stage, Ls: twice irrigation at
flowering and podding stages

L35S ihdJon T A3 (ST Bhd et A2 (ELJ slos e D A
A\: no spraying, A,: spraying with kaolin, As: spraying with chitosan
o Sl (2L sl t By codS 187 (34 Jglonn t Fa ¢ (20 ons pe 1 Fy
F\: no spraying, F»: spraying with calcium chloride, F3: spraying with sodium selenate

..AJ)IAJ)\A‘;;‘AJ)\:S\;SJ\:Q,-)TJLA,!.\.@):DJ&bléa.spgb):«,h)AL}.A;\,asl){A{L:.»J}fl{éu;ﬁiil.:n

Means for each main effect with similar letters in each column are not significantly different at the 5% probability level

(Duncans MRT).
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50k sl J8 sl odST IS 5 015 8
g plss I ESUST @ g adl ol
23 OMe sl e ol 2 S
ROW PRTPTN
gy 30 IS B

Cov (Sl gae ssb 4 @ g 5 &l sl
L5 sl ool Gl a3, LS
Ao slge i Ol j1 g (i edalS 5 B
OB oy &5 e 55 15 e a8 L G0
L5 5l b bl gle 3y Sl 5 28 8
OT 6 aw SISl 55 5 20 odialS 5 G
0L s oty el 3l gime el s
L gy als slaw op i (¥ Jgd) Lisls
4 05528 (AL Jsle 5 LT L 55 055
52 Dol 4SS ol 0dST L STl e
Jsloeo b 55 5 e Ol O pe b )1
A oedST IS ol e w0 ST
SN (LT 5L eSS sle 55 53 WD sdr)
2 A DS bl Jlomn b g2 S8 5 g2
5 el WIS e Ly s s sl
B> sldai o a8 el Candy s Sl
i Jool LT 05kl s s 4y s
S sl 5 e 3 Sl 5 L
GRIB S LS e L OGS
A gdr) 3 S50 s &5 g 53 ls sl

IS Gy wls slaw S b w
gjwsjsdo\.:fpdbsﬁww‘_dkl
S RN N S ETRCR N
A L 5 OGRS O olen 4
Jelse S Gy b 515 oS by Lol 3

w38 Sas i b oals ojlul il
L als Jbs 50530 (Balwinder e al,Y+)Y)
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Extended Abstract

Mohammadi, H., Sepehri, A., Sabaghpour, H., Effect of anti-transpiration substances and
drought stress ameliorators on leaf area duration, water use efficiency and grain yield of chickpea
(Cicer arietinum L.) under different irrigation regimes

Applied Research in Field Crops Vol 31, No. 2, 2018 Page: 13-15: 92-118(in Persian)

Introduction:

End-season drought stress causes a severe decrease in chickpea yield in most
growing regions, especially in Iran. Terminal drought stress, depending on the
geographical area and climatic conditions during the growing season, reduces
chickpea grain yield by 30 to 60 % (Kanouni et al., 2003). By developing new
crop management practices and irrigation methods and also using drought stress
tolerant varieties, we can compensate the drought-stress induced reduction
in chickpea yield (Saman et al., 2006). The application of anti-transpiration
substances such as chitosan (Jan- Mohammadi et al., 2014) and the use of drought
stress ameliorators are of the agricultural management practices that can increase
plant stress tolerance through enhanced physiological activities and intensification
of defence mechanisms. The main purpose of this study was to investigate the
effects of anti-transpiration substances and drought stress ameliorators on leaf area
duration, water use efficiency and grain yield of chickpea under different irrigation
regimes.

Email address of the corresponding author: sepehri2748@gmail.com
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Matrials and Methods:

This experiment was conducted at Ekbatan research station in Hamedan province
of Iran during the 2014-2015 growing season. A factorial split plot experiment
based on a complete randomized block design with three replications was used.
Four irrigation regimes including non irrigation (dryland), one-time irrigation
at flowering stage, one-time irrigation at podding stage and twice irrigation at
flowering + podding stages were allocated to the main plots and anti-transpiration
substances (kaolin 5%, chitosan 200 mlL") and stress ameliorators (calcium
chloride 5 mM, sodium selenate 40 mgL") with non spray (control) treatments
were allocated in a factorial arrangement to the sub-plots. In this investigation, the
traits related to yield including lenght of pod, grain diameter, number of pods per
plant, number of seeds per plant, grain protein yield, grain yield, biological yield,
water use efficiency and leaf area-duration were measured.

Results and Discussion:

The results of analysis of variance showed that in addition to two-way interaction
effects between irrigation regimes, anti-transpiration substances and stress
ameliorators, there were three-way interactions of the investigated factors on pod
length, diameter of grain, and leaf area duration (p < 1%) and on the number of
pods per plant, number of seeds per plant, grain protein, grain yield, biological yield
and water use efficiency (p < 5%). The highest leaf area was obtained from twice
irrigation with chitosan and calcium chloride applications, which was followed
by one-time irrigation alone and one-time irrigation together with chitosan and
calcium chloride applications at podding or flowering stages. Also, the highest
grain diameter, number of pods per plant and number of seeds per plant were
recorded under twice irrigation along with the use of chitosan and calcium chloride.
The maximum percentage of grain protein in non irrigation (dryland) regime was
obtained by spraying of chitosan and calcium chloride, and then by sodium selenate
treatment. The grain protein content of seeds in one-time irrigation at flowering or
podding and twice irrigation at flowering + podding stages together with spraying
of chitosan and calcium chloride was reduced by 4, 8 and 12 % compared to non-
irrigated conditions, respectively. In general, under different irrigation regimes,
the application of chitosan and calcium chloride was more effective than kaolin
and sodium selenate on most of the studied traits. The chitosan along with calcium
chloride protects the leaf water content and has a positive effect on the development
of leaf area, which prevents the early senescence of leaves during reproductive
stages under drought. Also, their application improves the leaf area duration at
the end of the growing season and increases the water use efficiency of plant. An
irrigation of 1910 m’ at podding stage with spraying of chitosan and calcium
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chloride increased the chickpea grain yield by 192% and water use efficiency by

65% compared to non irrigation regime.

Conclusion:

Due to the shortage of atmospheric precipitation during the growing season of
chickpea, especially the occurrence of drought at the end of the season, one-time
irrigation regime at podding stage and foliar application of chitosan and calcium
chloride with the mentioned concentrations can be beneficial to increasing the
grain yield of chickpea, although in the case of water supply, twice irrigation is
recommended during flowering and podding stages.

Key words: Calcium chloride, chitosan, drought stress, kaolin, sodium selenate,
supplemental irrigation.
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