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Fig. 1. Relationship between soil moisture content and soil water potential
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Table 1. Analysis of variance of the effects of drought stress, salicylic and ascorbic acids application on the
physiological traits of two chickpea cultivars
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ns ,** and *: Non significant and significant at 1 and 5% levels, respectively.
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Fig. 2. Mean comparison of chickpea seed yield affected by drought stress and irrigation treatments
(Control: full irrigated; Vegetative stress: drought stress at vegetative growth stage; Reproductive stress: drought stress at

reproductive growth stage; Continues stress: not irrigated at both vegetative and reproductive growth stages)
Different letters indicate significant differences at P<0.05 according to Duncan's test.
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Table 2. Mean of seed yield in two chickpea cultivars of I1LC482 and Kurdistan affected by ascorbic acid (AA),
Salicylic acid (SA) applications in drought stress and irrigation

s (wal) Jol5' (5Ll s 9y e sy s Jols' s
Treat;nen t Full irrigated Vegetative stress Reproductive stress Continues stress
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S |
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L”AS:\ ! 1270a 927.3bcd  566.1ef 326.1ef 362.7¢ef 338.8ef 288ef 271.6ef
bgie
985 876.1 496.4 404.3 343.9 3323 334.2 282.3
Average

5,105 5008 b (g, lo sime gl s ys O Jlesl o 10 Sils g0l ol s aslie Gy (sl (sloSiles
Means with different letters in each column indicate significant differences at P < 0.05 according to Duncan's test.

VoY



AV Jol o 15 ke Aude /o) 391 U gud GG 9 /... Ll Jolono 51 10,0 g pl> 3

SeysSmslisl 0 ol S psSsl al B pas b 5,
gy adozsl (So5e s ol by sloo S5k
205 5 ok meas dayge 90558 dacdglio o Joko o)le20
oSt sla yiid 28 1o S5l apwl yioren o )ls
4S5 010 e A (6965 e 9 Cawdlyg IS clid o3g0ome
Sygid Sodled Al carge Wl oo ISL nl asgerme
(Barthetal., s5,5 o] iz 59 Lialidl ams jo g oLS
Shalata Neumann, (2001) sle s,I55 wlol 5 .2006)
99— e 40 Ko ye5wlanl Al-Hakimi (2001) 5 &
S PAzsS g pAlS 3 Ay Sl ()39 SIS Hebdy

ol ralial ]y

50
40
30
20
10

Biomass (g/plant)

Full irrigated  Vegetative

stress

g SLS (339
o e by 0958 el 5 S 55 el 50 15
SO AT SES (59 0 w0y30 9 ) el pslaw o
D35 7 5 et 1 il deglia () Jyir) oy
SaS 59 Gl o ion 4 aes o Ll A ST Sis
Jlosel b gy Sis (355 05 JolS 25 o & bgape 55
2 o Jlesl 1 e (phagy 0, al e o (SaS fS
Sga el O jgody 3556wl (Y USE) gy (oiuly 0 al> e
S8 6 ol sleS g aslis ay iy 952 (nl b e
Ay ad> e 50 )bl @i plpli 0 6 Djgo 2AIS
i sleles plw an o]y alg S 59 (o,
Ay 0uuS pedit Olge Sl dlie lo alS iy
S (9 e 45 3l s (FUSS) &g S (5

b
b
Reproductive  Continues
stress stress

Irrigation treatments

S G 5 5l s slend JLos 3955 &gy LS (359 eSln nmglho —F S
(ol 55 5 (otal3 0 o) GB35 o JalS (5 T L)
I K050 b (6l sime ol aoj00 Jlaisl zrdans 50 S5l y903] el alie g, (6Tl slapSileo

Fig. 3. Mean comparison of chickpea biomass affected by drought stress and irrigation treatments
Different letters indicate significant differences at P < 0.05 according to Duncan's test.
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Fig. 4. Mean comparison of Biomass affected by salicylic acid (SA) and ascorbic acid (AA) applications
Different letters indicate significant differences at P<0.05 according to Duncan's test.

V¥



AV Jol o 15 ke Aude /o) 391 U gud GG 9 /... Ll Jolono 51 10,0 g pl> 3

Al ads e o (S s Jleel oS ol las wlo o Slee
Omby cum g GRS ] AlsY e+ (9 5yl Sre jsbar (2
5 ILCA82 o)l . Silo (s 00,5 ails o Slos ladie (el
il 02 (6 ,lo e glay Ao e yig o s S
S WY pliws S (e 03, )3 dils) < v (59 45 (555
5ot S o8, a5 a0 Hlaiay 0 ILCAB2Z (o3, 5l iy
) Ao S 4y () 5 Ve bojg0 9 YL S
L Yousefi et al, (1996) .ol o35 s ,55 5 ILCA82
G lizee slaosgs ailo) e« 55 a5 Woged Hlo siwgly plxl
WDlino by )ly 4o glis ol Dslds SouSy L wogss
= Oy S il Sl Sl me S5l sue I S
Slalllae )3 ol Xtaghy S0 () Jguz) o o)+ - 59
Sebemcdlos sl Ly Jlas 5150 ails (59 a5 bl o 995
aS =l L g (Sainio & Rajala, 2001) easle s (g0
ol enl cde Yo (Sliman et al., 1994) sl o alS

Sosbds 3 oo ti olS 0 1) Seey90 Joled SelwJl

Shakirova et al., ) 55,5 o S g alS g0
(2003

B a1 [o2]
o o o

N
o

100-Seed weight (g)
w
o

aloYer 39
slojla s 25U LS il ly 4o bs
eSlge dglio () Jouz) 05 o)+ (5 5 08, 5 )k
aS ols lois aslo) v 59 50 g lasl Oglite la o
Sl ol 65lml o oo aslo) e+ (359 0 i
Ao )0 g 30,0V B g, ado e yo i (O SS)
5o wle ymals sals 4y cand | wlo v e g ae 00F Lol
zge sl 5 (g ado e 500 S Jlesl &5 Jl>
Sl malS sald du Caws wloY ¢ v 59 gwe,0F ials
o 3l o wloY e yig aS ol lid udss ol bl
el lal i als Jasly ol als e o S
1 Sl S 45 0,8 bl iz o5 n 35
Laasils (al )y 0,90 aiolisS o 9956 cigly o) al> e
Slgs puizman g (lo,u>d Blg o daze Jlanl pl by oo
Cadgizme Cowl 4185 Oj00 yiaS Laails 4y (o)l (g5msi
Sl JUitl falS crge (2 5 (2alS (lejy0 Cugb,
(Ullah et og i o asly (alS g, il 10 5 (5 yimgid

al., 2002)
2,135 Mehrabain moghaddam et al, (2011)
O )...’i_. o (gl Sxe Hebody il e e e 5 A Woges
g aslo) e e 5g Slao o ataly adllas 285 )13 Sis

a
I ab

(S G 3 6l sslend Jlos b 3955 WV +e 359 raSilso aumalhin 0 JSC
(ol 25 5 (2l gy G5 el )kl saale)
355 K0S b gl e iglas suoy0b Jladl mhans 10 S5l yae3T bl s aslie By, sl sl il
Fig. 5. Mean comparison of chickpea 100-seed weight affected by drought stress and irrigation treatments levels
(Control: full irrigated; Vegetative stress: drought stress at vegetative growth stage; Reproductive stress: drought stress at

reproductive growth stage; Continues stress: not irrigated at both vegetative and reproductive growth stages)
Different letters indicate significant differences at P<0.05 according to Duncan's test.
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Fig. 6. Mean comparison of chickpea leaf relative water content affected by drought stress and irrigation treatments levels
(Control: full irrigated; Vegetative stress: drought stress at vegetative growth stage; Reproductive stress: drought stress at

reproductive growth stage; Continues stress: not irrigated at both vegetative and reproductive growth stages)
Different letters indicate significant differences at P<0.05 according to Duncan's test.
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Table 3. Analysis of variance of the effects of drought stress, salicylic and ascorbic acids application on the
physiological traits of two chickpea cultivars
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ns ,** and *: Non significant and significant at 1 and 5% levels, respectively.
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Fig. 7. Mean comparison of protein content affected by drought stress and irrigation treatments levels
(Control: full irrigated; Vegetative stress: drought stress at vegetative growth stage; Reproductive stress: drought stress at

reproductive growth stage; Continues stress: not irrigated at both vegetative and reproductive growth stages)
Different letters indicate significant differences at P<0.05 according to Duncan's test.
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Fig. 8. Mean comparison of protein content in two chickpea cultivars of ILC482 and Kurdistan affected by Salicylic
acid (SA) application in drought stress and irrigation levels
(Control: full irrigated; Vegetative stress: drought stress at vegetative growth stage; Reproductive stress: drought stress at
reproductive growth stage; Continues stress: not irrigated at both vegetative and reproductive growth stages)
Different letters indicate significant differences at P<0.05 according to Duncan's test.
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Fig. 9. Mean comparison of chickpea chlorophyll a affected by drought stress and irrigation treatments levels
(Control: full irrigated; Vegetative stress: drought stress at vegetative growth stage; Reproductive stress: drought stress at

reproductive growth stage; Continues stress: not irrigated at both vegetative and reproductive growth stages)
Different letters indicate significant differences at P<0.05 according to Duncan's test.
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Fig. 10. Mean comparison of chlorophyll a affected by salicylic acid (SA) and ascorbic acid (AA) application
Different letters indicate significant differences at P<0.05 according to Duncan's test.
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Fig. 11. Mean comparison of chickpea chlorophyll b affected by drought stress and irrigation treatments levels
(Control: full irrigated; Vegetative stress: drought stress at vegetative growth stage; Reproductive stress: drought stress at

reproductive growth stage; Continues stress: not irrigated at both vegetative and reproductive growth stages)
Different letters indicate significant differences at P<0.05 according to Duncan's test.
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Fig. 12. Mean comparison of chlorophyll b in two chickpea cultivars of ILC482 and Kurdistan affected by ascorbic

acid (AA) application

Different letters indicate significant differences at P<0.05 according to Duncan's test.
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Fig. 13. Mean comparison of chickpea carotenoids affected by drought stress and irrigation treatments levels
(Control: full irrigated; Vegetative stress: drought stress at vegetative growth stage; Reproductive stress: drought stress at
reproductive growth stage; Continues stress: not irrigated at both vegetative and reproductive growth stages)
Different letters indicate significant differences at P<0.05 according to Duncan's test.
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Fig. 14. Mean comparison of Carotenoids affected by salicylic acid (SA) and ascorbic acid (AA) application
Different letters indicate significant differences at P<0.05 according to Duncan's test.
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Fig. 15. Mean comparison of chickpea total pigments affected by drought stress and irrigation treatments
(Control: full irrigated; Vegetative stress: drought stress at vegetative growth stage; Reproductive stress: drought stress at

reproductive growth stage; Continues stress: not irrigated at both vegetative and reproductive growth stages)
Different letters indicate significant differences at P<0.05 according to Duncan's test.
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Fig. 16. Mean comparison of total pigments affected by salicylic acid (SA) and ascorbic acid (AA) application
Different letters indicate significant differences at P<0.05 according to Duncan's test.
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Introduction

Chickpea (Cicer arietinum L.) is the third most important food legume. Drought is one of the main
constraints restricting the growth and yield of crop plants. Most chickpea producing areas are in the arid and
semi-arid zones, and approximately 90% of world’s chickpea is grown under rainfed conditions. The water
deficit stress condition decrease chickpea yield and produced biomass. If the drought stress lasts long, the
plant will face the oxidative damage inevitably, and can be resulted in producing reactive oxygen species
(ROS) which are the result of incomplete reduction of oxygen. It is suggested that antioxidants, like salicylic
acid (SA) and ascorbic acid (AA), may enhance drought tolerance in plants. Salicylic acid is one of the
antioxidants which prevent the high activity of ROS and is introduced as an important messenger molecule
in plant responses to different biotic and abiotic stresses. It is reported that ascorbic acid increases the cell
division and causes increasing dry and fresh weight of leaf on plants and also antioxidant decreases the
damage from oxygen radicals produced due to drought stress. The purpose of this research was to study the
effects of SA and AA foliar application on physiological traits of two chickpea genotypes under different
drought stress conditions.

Materials & Methods

In this study the effects of drought stress and foliar application of salicylic acid and ascorbic acid on
different characteristics of chickpea including seed yield, seed protein content, leaf relative water content and
photosynthetic pigments were investigated in Agriculture and Natural Resources Research Station of
Sanandaj. The experimental layout was a split plot factorial as RCBD with four replications. Four levels of
water stress were considered arrangement in main plots including: Complete irrigation as control, Drought
stress at vegetative stage, Drought stress at reproductive stage, and Drought stress at vegetative and
reproductive stages. Combination of chickpea cultivars (ILC482 and local landrace) and ascorbic acid (100
mg/l) and salicylic acid (200 mg/l) were allocated to subplot. All the experimental plots from sowing to
branching were fully watered to achieve a proper stand establishment. Foliar spraying of the plants was
performed when the fifth lateral branch emerged. Plots were irrigated by a drip irrigation system. Soil
moisture content was measured by gravimetric method and thus the volume of water applied to each plot was
determined. Transparent plastic covers over the plots were used to avoid the effects of periodic rains and
then removed when the rain stopped. Accumulated rainfall and irrigation were determined in four levels of
irrigation. The measured data were analyzed statistically by analysis of variance operations using the SAS
computer package version 9.1. Means of treatments were compared by Duncan’s multiple range test at the
0.05 level of significance.

Results & Discussion
Results showed that drought stress reduced seed yield, biomass, hundred-seed weight, relative water
content, leaf protein content, concentration of chlorophyll a and b, carotenoids and total chlorophyll. The
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mean seed yield of chickpea under the stress treatments of vegetative, reproductive and continues stress was
decreased at the ratios of 53, 63 and 68% respectively as compared with control. In well watered conditions,
photosynthesis rate and assimilates production are increased which consequently results in the elevation of
seed yield through increasing in seed filling rate and seed weight. Moreover comparison between the
recorded yields in vegetative and reproductive stress treatments revealed that the yield reduction in
reproductive stress treatment was more pronounced compared to vegetative stress, indicating the
vulnerability of chickpea yield to terminal drought stress prevailing and occurring at reproductive stage of
chickpea development. Terminal drought stress is considered as a primary constraint to chickpea
productivity in countries such as Iran, where the crop is generally sown after the main rainy season and
grown on stored soil moisture. The results indicated that ascorbic acid application resulted in the increase of
seed yield, chlorophyll a, carotenoids and total chlorophyll. Results also indicated that application of
salicylic acid increased the amount of chlorophyll a content. Whereas hundred-seed weight and leaf relative
water content were not affected by growth regulator substances.

Conclusions

Results showed that drought stress decreased agronomic and physiological characteristics in this study.
Generally it was concluded that SA and AA have the potential of diminishing injury effects of drought stress
and promoting crop productivity. Results also indicated that application of ascorbic acid and 1LC482 cultivar
are suitable in climatic conditions of Sanandaj.
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