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Extended abstract

Introduction

Drought stress is considered an important abiotic stress, one of the factors affecting the production of
crops and agricultural sustainability around the world, especially in arid and semiarid regions. Pinto
bean (spotted bean) (Phaseolus vulgaris L.) is one of the major pulse crops in Iran. It is widely cultivated
in arid and semiarid regions. The protein content of the pinto bean varied from 21.4% to 23.6%. Drought
is a major limiter of yield in pinto beans, decreasing food security for those who rely on it as an important
source of protein. Protecting plants from adverse environmental conditions by using simple methods
could be of great value under these conditions. Salicylic acid (SA) is one of the important growth
regulators that modulate plant responses to environmental stresses including drought stress.

Materials and methods

A split plot experiment was conducted based on a randomized complete block design with three
replications at the research farm in the East Azerbaijan province, Sarab, during 2019-2020. Factors
experiment included irrigation at two levels (full irrigation as control, irrigation withholding in 50% of
flowering stage) and foliar application of salicylic acid at three levels (foliar application with water as
control, 100 and 200 mg.]l"1). In this study, morphological traits, plant height, the number of sub-
branches, the number of pods per plant, the weight of 100 grains, grain yield, and harvest index of pinto
beans were investigated. Also, the measured traits included the chlorophyll index, malondialdehyde
(MDA), hydrogen peroxide (H.O.), and Electrical Conductivity (EC).

Results and discussion

Drought stress reduces the value of all traits (chlorophyll index, plant height, the number of sub-
branches, the number of pods per plant, the weight of 100 grains, grain yield and, harvest index) except
MDA, EC and H,0O.. However, salicylic acid foliar application was able to mitigate the adverse effects of
water stress. Drought stress decreased chlorophyll index (about 14.2%), plant height (about 8.2%),
number of sub-branches (about 22.9), the number of pods per plant (about 10.5%), the weight of 100
grains (about 8.9), grain yield (about 14.1) and harvest index (3.1%) and increase in the content of the
MDA, EC and H.0O. (about 61, 2.1, and 92.2 present, respectively) as compared to the control treatment.
Chlorophyll index, plant height, the number of sub-branches, the number of pods per plant, the weight
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of 100 grains, grain yield and harvest index in pinto bean were increased with the application of different
concentrations of salicylic acid. Foliar spraying with 200 mg.l* salicylic acid caused a significant increase
in the chlorophyll index, number of sub-branches, the number of pods per plant, (about 17.9, 33.02 and
18.4 present, respectively) and decreasing the MDA (about 49.33%) as compared to the control
treatment. Under full irrigation and drought conditions, foliar spraying with 200 mg.1 salicylic acid
caused a significant increase in the plant height (15.92 and 9.8%), the weight of 100 grains (17.8 and
12.8%), grain yield (27.3 and 20.4%) and harvest index (13.5 and 10.7%) and decrease in the content of
the EC (1.7 and 2.3%) and H.O, (28.9 and 81.9%), respectively.

Conclusion

In this study, by exacerbation of water stress, all agronomic traits were reduced. Foliar spray of salicylic
acid improved the pinto bean plant tolerance to drought stress by regulating several physiological
responses. Salicylic acid treatments with the increase of content of the MDA, EC and H.,O., mitigated
the negative effects of drought stress, thereby increasing tolerance and growth of the pinto bean plant.
The results also showed that the concentration of 200 mg.1- salicylic acid improved plant growth and
drought tolerance in pinto bean plant more effectively than the concentration of 100 mg.1-* salicylic acid.

Keywords: Chlorophyll index, Drought stress, Hydrogen peroxide, Malondialdehyde, Salicylic acid
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Table 4. Mean comparison of chlorophyll index and MDA of pinto bean leaves affected by irrigation and salicylic acid
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Irrigation levels Drought stress ~  Sis s 25.74° (-14.06)" 3.682(+61. 4)

Sl b s Control sl 25.68¢ 3.722
Salicylic acid 100 mg.I* 27.59° (+7. 4) 3.34° (-10. 21)
200 mg.I* 30.292 (+17.9) 1.89° (-49.19)

aril o Sl glasals siz ael el 170 Jlaxsl o 10 lo ixe (5Ll gles 0Bl aiiis 5 i B> S y0 4T ol Sl (gt y2 )0

el aall e @) s i duoy0 sanms ylas sl s slael #

In each column, means which followed by the same letter are not significantly different at the 5% probability leve according
to Duncan test. *: The numbers in parentheses indicate the percent change compared to the control treatment.
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Fig. 1. The effects of irrigation and salicylic acid treatment on EC (A) and H20: (B) of pinto bean leaves. The means
with the same letter(s) are not significantly different according to Duncan test (p < 0.05).
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Table 5. Analysis of variance the effects of irrigation and salicylic acid treatments on agronomic and yield traits of pinto

bean

a0 Mean of squares Ol o (1SSl

e wig gl 55 a5 Lh Slox Wgs 5o BUE ol
SXeAY Olydi @l gf Plant height  Number of branches Number of pods per plant
Block Sgb 2 26.79™ 1.147™ 14.115™
Irrigation (1) el 1 465.125" 7.22" 4.109"
Error a ol gl 2 5.522 0.107 0.116
Salicylic acid (SA) Sabvadlos ol 2 250.26™ 3.487 3.283"
I x SA SoleTX Salicdlls sl 2 19.247" 0.087" 0.096"
Error b ek 8 1.538 0.053 0.069
CV (%) Ol gl g i 1.27 4.71 3.05

w050 @ 5 S Jleiol mhes 5 st 2o g 3 e G55 A NS g ek

ns, * and **: Not-significant and significant at 5% and 1% probability levels, respectively.
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Table 6. Comparison of mean effects of irrigation and salicylic acid treatment on agronomic and yield traits of pinto

bean
Treatment o =50 s ls oloxy Agy 5o BME sl
Number of branches Number of pods per plant

sl zglans Normal irrigation ol g LsT 5.532 9.092
Irrigation levels Drought stress i i 4.27°(-22.8)" 8.13° (+10.56)

Control Lo b c

Sl ! o 4.33 7.93

salicvlic acid 100 mg.I* 4.60° (+6.23) 8.50° (+7.19)
y 200 mg.I* 5.76%(+33.02) 9.40° (+18.54)
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In each column, means which followed by the same letter are not significantly different at the 5% probability leve according
to Duncan test. *: The numbers in parentheses indicate the percent change compared to the control treatment.
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Fig. 2. The effects of irrigation and foliar application with salicylic acid on plant height (A) and 100 grains weight (B)
of pinto bean. The means with the same letter(s) are not significantly different according to Duncan test (p < 0.05).
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Table 7. Analysis of variance the effects of irrigation and salicylic acid treatments on 100 grains weight, grain yield and

HI of pinto bean

sl a0 wlo wo (439 als o ySlos ol as b
S.0.vV Oyt 2aleo Df 100 grains Weight Grain yield Harvest index
Block Sels 2 11.815™ 49175.63™ 54.562"
Irrigation (1) 3N 1 56.676" 388897.26" 22.748™
Errora sbol sl 2 0.771 6598.12 4.284
Salicylic acid (SA) Sl b vl 2 30.084™ 127784.79™ 11.668™
I x SA b TX Sdnnnd s sl 2 1.368" 15931.62™ 6.964"
Errorb =0 sl 8 0.287 793.79 0.954
CV (%) sl s i 1.72 2.078 3.80

S sire BB 045 5 a0 ) 50 Jlaio! s )0 o cire BB o5 54y NS 4 ¥ 7
*, **and ns: significant at a probability level of 5% and 1% and non-significant, respectively
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Fig. 3. The effects of irrigation and foliar application with salicylic acid treatments on grain yield (A) and harvest index
(B) of pinto bean. The means with the same letter(s) are not significantly different according to Duncan test (p < 0.05).
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