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Table 1. Results of soil physical and chemical properties of experimental location
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Table 2. Results of analysis of variance (mean of square) of variety and spraying effects on LAlmax, CGRmax, TDWmax, plant
height, number of sub stem, number of pod per plant, number of grain per pod traits
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o3, (V) 1 0.0213™ 1.101* 3216.30** 175.27** 5.35** 6.09** 0.1226**
5k Jsk(S) 6 0.118** 1.468** 5103.31** 0.9385" 2.61%* 0.26™ 0.031**
sl # 3, (V*S) 6 0.022" 0.545* 1070.56** 1.92" 0.1349" 0.48" 0.0076"
U (€) 26 0.0215 0.198 284.74 8.05 0.4157 0.719 0.0055
el ; 12.44 6.89 6.24 9.98 11.05 15.76 8.11
(cv)

RO PR N S N PO S NPT RN S Vg |
ns,* and **: Non significant, significant at 5% and 1% , respectively
R: Repeat; V: Variety; S: Spraying; V*S: Variety* Spraying; e: error; CV: Coefficient of variations

aBlw oloxi i g gl )l (s oolo S Tos (Jguamo ol GiSTos (S p mdaw 5l SSTos Olis colw Wl 1 (Kl dwg o -Y Jgus
L HO dild dlusi g aigy 0 ML dluwi ¢ £ 48

Table 3. Mean compared of simple effects of LAlmax, CGRmax, TDWmax, plant height, number of sub stem, number of pod
per plant, number of grain per pod traits

oy ESlas ool yiSTas W5l Slass
o Jpaze i NPT ] (LIRS, 30 &ilo olaws
. s 3Slas ) ) 0 = Gy yo e
o o o 50 p,5) Py py5) (o g5lw) Numbers N ‘b Numb
Treatment . Gay 5 ( Plant height of umber umbers
LAl max SR & (cm) lateral of pods of seed
CGRmax TDWiax " per plant per pod
(@m2d? (@m?) stem
3, (Variety)
seaie (V1) 1.2a 6.61a 279.08a 30.46a 6.19a 5.76a 0.97a
Jsle(V2) 1.16a 6.28b 261.58b 26.38b 5.47b 5.00b 0.86b
= sl=s(Spraying)
Sl 901 (S1) 1.18bcd 6.84ab 277.67bc 29.00a 5.83ab 5.16a 0.93a
Sepyg5l 90l (S2) 1.06¢d 6.15¢ 237.84d 28.75a 5.16bc 5.33a 0.84bc
oedS 0,15 (S3) 1.12bcd 6.33bc 264.82c 28.58a 5.83ab 5.66a 0.86bc
Sy 58l sl + Seleel sl (S4) 1.31ab 7.00a 287.83b 28.45a 6.5a 5.66a 0.96a
oS 2015+ Sl 0l (S5) 1.4a 6.86ab 313.52a 28.2a 6.66a 5.16a 1.01a
POV SRV SRS IRV (1) | 1.2bc 6.34bc 281.22hc 28.15a 6.00ab 5.33a 0.98a
(o1 b ool Jslome) aales (S7) 0.99d 5.6d 229.42d 27.83a 4.83c 5.33a 0.83c

el Hls gme B ABL o ys O et mhaw o LSD 5057 (ulolp ailice Gg > b oisasl)| slocpuSileo o Jole ;o LS 4 g g o 50
In each column and separately for each factor, means followed by the same letters are not significantly different based on LSD test at 5% probability levels.
Mansor variety (V1), Adel variety (V2), Salicylic acid (S1), Ascorbic acid (S2), Calcium chloride (S3), Salicylic acid + Ascorbic acid (S4), Salicylic acid + Calcium
chloride (S5), Ascorbic acid + Calcium chloride (S6), Spraying with water (S7=control).
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Tabel 4. Mean compared of interaction effects of LAlImax, CGRmax, TDWmax, Plant height, number of sub stem, number of pod
per plant, number of grain per pod traits

Al %::::’ °\>|-Zj:\’ ag el )yl “le é""w“ Slasy 30 &ild dlawy
Jow ghw sl T e (esile) S Gy e e
* _ P 30 0,5) S0 30 p,5) Numbers
Treatment Sy Gar oo ( Plant of Number Numbers
LA nax 98 & height lateral of pods of seed
CGRmax TDWmax (cm) per plant per pod
(@m?dy)  (gm?) stem
BT el
(V1)
Sebwdlos 0l (S1) 1.2abc 6.93ab 293.66abc 32.06a 5.33bcd 5.33a 0.92bcd
Syl anil (S2) 1.08bcd 5.99cd 230.77ef 30.7ab 5.00cd 5.00a 0.89bcd
oS 5,15 (S3) 1.18abcd 6.59bc 284.41bc 30.63ab 5.33bcd 5.33a 0.91bcd
S s8] sl + Selwdlo sl (S4) 1.35ab 7.43a 314.24ab 29.93ab 6.00abc 5.33a 1.02ab
oS I8+ Sl 0ol (S5) 1.44a 7.52a 322.29a 30.66ab 6.33ab 4.66a 1.11a
ool 0,18+ 55T sl (S6) 1.09bcd 6.24bcd 271.65¢cd 29.63ab 5.66bcd 4.66a 1.03ab
(1L 3k Jsl=e) walis (S7) 1.03cd 5.56d 236.56ef 29.63ab 4.66d 4.66a 0.91bcd
Jole
(V1)
Sl 30l (S1) 1.11bcd 6.76abc 261.68cde 25.93b 6.33ab 5.00a 0.94abc
S y95l arsl (S2) 1.04cd 6.3bcd 244 .23def 26.8ab 5.33bcd 5.66a 0.79de
oS’ 5,15 (S3) 1.06cd 6.08bcd 245.23def 26.53ab 6.33ab 6.00a 0.8cde
St ysSan] Smsl + S ls 2ol (S4) 1.26abc 6.56bc 261.42cde 26.96ab 7.00a 6.00a 0.9bcd
el 215+ Sl 9l (S5) 1.36ab 6.2bcd 277.74b 25.73b 7.00a 5.66a 0.9bcd
S 20,15+ S 68T apsl (S6) 1.32a 6.45bcd 272.79hc 26.66ab 6.33ab 6.00a 0.93bcd
(o1 b 3L Jsl=e) sals (S7) 0.95d 5.63d 222.28f 26.03b 5.00cd 6.00a 0.75e

ol o i B3 08l 3o 0 B Jleix| mhas ;0 LSD (5031 ulal s aslice g o b oaisatl | (slonuSilio (g o 50
In each column means followed by the same letters are not significantly different based on LSD test at 5% probability levels.
Mansor variety (V1), Adel variety (V2), Salicylic acid (S1), Ascorbic acid (S2), Calcium chloride (S3), Salicylic acid + Ascorbic acid (S4), Salicylic acid + Calcium
chloride (S5), Ascorbic acid + Calcium chloride (S6), Spraying with water (S7=control)
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Table 5. Results of analysis of variance (mean of square) of variety and spraying effects on 100- seed weight, biological
yield, seed yield, harvest index, seed protein yield, water use efficiency traits

Slay o (uKilo
Mean of square
e Bl 5 "
i N K PO & a «
Source of variance > ) J‘"""‘“ °’g‘“‘ ails 3 yShos il Wl el Srae 2l
df 100- seed Biological Seed vield : . Water use
weight yield Yl H_arvest Seed protein efficiency
index yield
55 (R) 2 49.31* 23759.98** 3958.21%** 95.86* 390.1%* 0.0504**
o5, (V) 1 530.01** 9928.50** 1204.73** 8.13™ 163.92** 0.0153**
PNENE)) 6 60.8** 4327.91** 365.97** 1.77™ 19.64** 0.0046**
S sle 3 o3, (V*S) 6 15.36* 579.53* 37.89™ 2.2 1.77 0.0048"
s (e) 26 5.42 224.59 64.71 17.88 4.02 0.008
s 2 (CV) - 6.72 8.14 14.20 13.94 15.88 14.23

ns,* and **: Non significant, significant at 5% and 1% , respectively
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R: Repeat; V: Variety; S: Spraying; V*S: Variety* Spraying; e: error; CV: Coefficient of variations
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Table 6. Mean compared of simple effects of 100- seed weight, biological yield, seed yield, harvest index, seed protein
yield, water use efficiency traits

S Slos ailo 5,5os il L . ) S o t$~'~‘)'5~
(py) &IVeeyis p)5) Soiglgm a5 %) (_\; 8 alo (iigy o %das 5 £ols) O
Slosd 100- seed (&ayo yio 3o ( Har\jest (&30 50 32 £,5) (o o
Treatment weight Biological & ind Seed protein Water use
(9) - Seed yield inaex ield (g m?) L
yield (g m?) (%) y g efficiency
(gm?) (Kgm?)
3, (Variety)
syae (V1) 38.18a 199.28a 61.87a 30.77a 14.61a 0.22a
Joe(V2) 31.08b 168.53b 51.16b 29.89a 10.66b 0.18b
5L Jslxs(Spraying)
Skl 0l (S1) 34.67b 181.66bc 56.62bc 30.21a 12.73abc 0.2bc
Syl anil (S2) 32.28bc 160.76de 48.19cd 30.00a 10.42¢ 0.17cd
eedS 0157 (S3) 33.99b 177.47cd 54.67bcd 30.75a 11.97bc 0.19bcd
Sty sl + Selalls 0! (S4) 35.4b 197.86b 62.5ab 31.02a 14.26ab 0.22ab
S0l + Sl ol (SB) 40.69a 231.1a 67.99a 29.65a 15.05a 0.24a
oS 25+ S5l el (S6) 34.92b 190.36bc 59.83ab 30.86a 13.06ab 0.21ab
(DIl b Jske) ol (S7) 30.46¢ 148.09 48.8d 29.82a 10.42¢ 0.16d

el I sime GBS 08l so 0 O Jlez| mhaws 10 LSD (5031 bl aslie g b sl (gl peSilis ¢ ole o S &y g (y5s 2 0
In each column and separately for each factor, means followed by the same letters are not significantly different based on LSD test at 5% probability levels.
Mansor variety (V1), Adel variety (V2), Salicylic acid (S1), Ascorbic acid (S2), Calcium chloride (S3), Salicylic acid + Ascorbic acid (S4), Salicylic acid +
Calcium chloride (S5), Ascorbic acid + Calcium chloride (S6), Spraying with water (S7=control)
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Tabel 7. Mean compared of interaction effects of 100- seed weight, biological yield, seed yield, harvest index, seed
protein yield, water use efficiency traits

S ySlos R el gy O ySlos ‘J:J.a.as‘vj)lf
FHISIRS &y < J s . e a; c T
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Introduction

Terminal drought stress is one of the important factors reducing the yield of chickpea in rainfed crops in
cold and temperate regions. Chickpea (Cicer arietinum L.) as an important grain legumes due to its special
properties such as nitrogen fixation ability, deep rooting and effective use of rainfall, play an important role
in the stability of crop production in sustainable agriculture (Amiri et al., 2011). In Iran, chickpea cultivation
under cold regions is mainly in spring using stored moisture in the soil and spring rainfall. One of the factors
affecting the yield of dryland chickpeas is water deficiency or teminal drought stress at the end of the season,
which severely reduces the growth and grain yield. The possibility of using some biochemical compounds
such as salicylic acid, calcium chloride and ascorbic acid increases the tolerance of drought stress at the end
of the growth season and reduces the amount of damage and increases grain yield in such conditions. It has
been previously reported that salicylic acid plays an important protective role in the development of
tolerance to environmental stresses (Raskin, 1992). Under drought stress conditions, salicylic acid prevents
the reduction of auxin and cytokinin hormones, increases cell division and improves plant growth by
regulating photosynthetic and chlorophyll processes (Sakhabutdinova et al., 2003: Patel et al., 2012). Also,
ascorbic acid protects and integrates chloroplast membranes, accumulates soluble carbohydrates, and
enhances the normal function of the photosynthetic apparatus by neutralizing superoxide and oxygen free
radicals from stresses. (Shao et al., 2008). It has been reported that the use of ascorbic acid improves
morphological and physiological parameters and increases plant resistance to stress, and by increasing plant
antioxidant capacity, increases photosynthesis and plant growth (Smirnoff, 2011). On the other hand it has
been reported that calcium chloride plays an important role in cell adaptation to abiotic stresses and increases
its antioxidant activity and photosynthesis through its effect on water uptake, root growth and maintenance
of turgor pressure in plant cells (Rab & Haq, 2012).

Materials and Methods

The experiment was carried out in Sararod rainfed agricultural research station, located in the east of
Kermanshah city, at an altitude of 1351 meters above sea level, with a mild cold climate and an average
annual rainfall of 454 mm in 2018-19 growing season. The experimental cultivars were new and improved
cultivars of Kabuli chickpea, named Mansour (V1) and Adel (V2). The experiment was performed as a
factorial experiment in a randomized complete block design with three replications. Foliar application
included salicylic acid (S1), ascorbic acid (S2), calcium chloride (S3), salicylic acid + ascorbic acid (S4),
salicylic acid + calcium chloride (S5), ascorbic acid + calcium chloride (S6) and spraying with water
(S7=control). Foliar application of salicylic acid at a concentration of 1.5 mM, ascorbic acid at a

*“Corresponding Author: a_sepehri@basu.ac.ir; sepehri2748@gmail.com
Y0


mailto:sohrabsahraei645@gmail.com
mailto:%20sepehri2748@gmail.com
mailto:sepehri@basu.ac

Iranian Journal of Pulses Research
Vol. 13, No. 2, December 2022, p. 191-206 (Original Research Article)

concentration of 10 mM and calcium chloride at a concentration of 5 mM. Triton X-100 non-ionic surfactant
with a concentration of 0.01% was used to reduce surface tension. Foliar application was done in two stages:
50% flowering and 50% podding of plants.

Results and Discussion

Results showed that the effect of foliar application on the number of sub-stems, number of seeds per
pod, 100-seed weight, biological yield, grain yield and grain protein yield was significant. The effect of the
compounds used individually was less than their combined use. Grain yield in Mansour cultivar with an
average of 61.87 g.m2 was better than Adel cultivar with an average of 51.16 g.m*. Among foliar treatments,
the most effect on grain yield belonged to salicylic acid + calcium chloride solution with an average of 67.99
and the least effect was the control treatment with an average of 45.80 g m?. In general, the highest grain
yield was obtained for Mansour cultivar with salicylic acid + calcium chloride solution equal to 71.55 g.m™.
The highest percentage of grain protein was also observed in Mansour cultivar with 23.12% and the lowest
percentage of grain protein was observed in Adel cultivar with 20.05%.

Conclusion

According to the results of this experiment, although individual foliar application of salicylic acid,
ascorbic acid or calcium chloride compared to the control (foliar application with water) was effective in
increasing the yield of cultivars, but in Mansour cultivar application of salicylic acid with calcium chloride
or ascorbic acid and in Adel cultivar application of salicylic acid with calcium chloride had the greatest
effect on reducing the adverse effects of drought stress at the end of the growing season, and preventing
reduced yield and economic losses of cultivars.

Keywords: Ascorbic acid: Calcium chloride: Foliar application: Salicylic acid: Terminal drought
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