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Table 1- The results of soil analysis at the experimental sites (soil depth 0-30 cm)
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Ec pH oC N P K Fe Zn Mn Cu Sand Silt Clay
(dS.m™) (%) (PPM) (%)
-2019\vaA 25 752 044 0.02 134 349 72 153 1975 152 31.6 45.1 23.8
-2020\v44 3 760 046 001 134 338 71 14 19.8 1.50 33 43.2 23.8
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Table 2- Meteorological information of the place where the experiment was carried out during two years
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Precipitation Mean temperature Mean relative humidity
(mm) (C) (%)
1YaA-44 1raa-1f.. 1¥aA-44 1Fee-1va] 1¥aA-44 VFee—1va]
2019-20 2020-21 2019-20 2020-21 2019-20 2020-21

3l 1.66 47 51 8.11 49 51
Nov.

o 6.59 5.3 8 47 50.5 28
Dec

ot 8.41 5.14 8.8 9.11 41 23
Jan.

Al 2.13 5.17 14 15 28 335
Feb.

KR 127 1.7 1.15 5.2 52 19
Mar.

i) 8.46 0 521 24 315 19.5
Apr.

ols > 1.2 0 5.28 9.29 16.5 8.5
May.
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Table 3- Results of analysis of variance of the effect of levels irrigation, variety and time of salicylic acid foliar application on grain
yield, number of grains spike, 1000- kernel weight, harvest index, relative water content (RWC), biological yield, chlorophyll a, b
and proline of during two years of testing

o j Cagb . . ol ™
e gle 4T Ry A gagls b et sy G eshee o
Sources of (g3l Sy ChlorophyllChlorophyll Proline " 1000-Kernel Biological Grain vield s
variations pp RWC a b Grainin  yejght yield y Harvest

spike index

Y“JL‘) 1 1219.18 ** 0.1296 ** 0.368 ** 2.2735 ** 91.00 ** 0.19 ns 171760.6 ** 8957260.2 ** 735.86 **

ear

1S5
JL&R?Y))& 4 0.20 0.0005 0.0003 0.0061 0.21 0.11 45.2 197.3 22.00

(]

‘jg)“'_ 2 996059 * 3.8834 * 1.8546 ** 713.2713**3796.53** 1348.65 **10985868.3 ** 452554228.7 ** 19547.1**
Irrigation

(] [
6)"'YXIJ 2 468.01 ** 0.2037 ** 0.0093 ** 0.4360 ** 957 ** 021 ns 28797.2 ** 715622.3 ** 548.42 **

X
X JLx )|

| 8 0.18 0.0003 0.0001 0.0063 0.21 0.12 43.6 699.4 22.00

RxYx|

.”5) 2 135,53 * 0.4526 ns 0.0228 ns 252.9313** 161.28 * 123.07 * 122386.8 * 3180166.5 ** 58.55 **
Cultivar (C)

WS;X‘C'JLN 2 147 ** 0.0335 ** 0.0038 ** 0.2450 ** 471 ** 596 ** 2496.8 ** 4014153 ** 63.09 **
X

1
M’j‘sl’@' 4 21.20 * 0.1008 * 0.1098 ** 58.0469 ** 29.67 ** 15.01 ** 304545 * 1068303.0 * 13.39 **
X

x‘_g)LtijL_.J
o3, 4 2.68 ** 0.0150 ** 0.0033 ** 0.2954 ** 6.25 ** (0.63 ** 2097.0 ** 151209.3 ** 17.24 **
Yx IxC
Sl Sl
SA
><LJLA,J
dl Silowdls 3 0.39 ** 0.0047 ** 0.0002 ns 0.1745 ** 0.81 ** 0.72 ** 2130 * 7237 ** 0.12 ns
SA XY
X«S)Ltf‘
Sl Sl 6 390 ** 0.0068 * 0.0005 ns 33.1210 ** 0.42 ns 195 * 27263 ** 241933 ** 275 **
SAXI|
Xsokel X Jlo
¢ (" 6 330 ** 0.0013 ** 0.0005 ** 0.2861 ** 041 * 045 * 2676 ** 5536 ** 0.17 ns

SAX| xY
Sebidl X3,
| 6 1.69 ns 0.0027 ns 0.0004 * 21420 ** 134 ** 019 ns 1682 ns 20706 ** 142 **
SAxC
X8 X Jlo
sl SwJls 6 3.19 ** 0.0040 ** 0.0001 ns 0.0767 ** 038 * 040 ** 3149 ** 2464  ** 034 ns
SAXCxY

Xp8 % (k]

Sl Sl 12 242 ** 0.0016 ns 0.0002 ns 3.0706 ** 0.14 ns 018 ns 1383 ns 5224 ns 0.68 *
SAxC x|

g§)l-r.-,'T x Jl

3 38.63 ** 0.0182 ns 0.0072 ** 6.1836 ** 13.24 * 047 ** 174742 ** 1239667 ** 24.32 **

X 12 051 ** 0.0016 ** 0.0004 ** 0.2402 ** 020 ns 028 ** 3545 ** 2635 ** 025 ns
Sl Sl

SAXC x| xY

Error L> 132 0.08 0.0002 0.0001 0.0090 0.16 0.12 57.1 307.7 0.3
iy 15.0 8.3 6.2 11.6 12.2 10.5 18.3 15.0 8.7
CV.%

L
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*** and "™ represent significant at of 5% and 1% probability level and not significant, respectively
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Table 4-Comparison of averages on grain yield, number of grains spike, 1000- kernel weight, relative water content (RWC),

chlorophyll a, b and proline of during two years of testing harvest index, biological yield,
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Year Sy Chlorophyll a Chlorophyllb Proline J° 1000-Kernel Biological Grainyield <oblo
RWC (mgg™) (mgg™) (mg/g fw') e weight yield (kg h) Harvest
(%) Grain in ® (kg ) index
spike (%)
WWAA-IYAY 3 615 0.96 a 041 a 81hb 331 a 34.06 a 9389.9 a 37296 a 358 a
2019-20
VWAV F-- 5675 b 091 b 039 b 83 a 318 b 340 b 88259 b 33223 b 3211 b
2020-21
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In each column, there is no significant difference between treatments with common letters according to Duncan test.
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Table 5- The interaction effect of different irrigation treatments, different times of salicylic acid foliar spraying and barley cultivars
on the studied traits on number of grains spike, 1000- kernel weight, grain yield, biological yield, harvest index

Jlest gloj aloyl3 o3 " . e i
okl ) o A 381 o0 Kernel e o 25 St
L. . .. . Biological yield Grain yield Harvestindex
Irrigation  Cultivar Treatment Grain in spike weight (kg ha™) (kg ha™) %)
time (@
T: 38.10 c 35.03 hi 11191.6 g 4800 j 44.34 e
o) T2 38.90 b 35.50 h 11716.6 ef 5236 h 46.45 a
Reihan Ts 3880 b 3519 h 116166  f 5179 h 4566 b
Ta 38.63 bc 35.23 h 11341.6 g 5063 i 45.14 bcd
T, 38.70 b 37.94 de 12733.3 c 5651 e 45.06 cd
13 O T2 40.53 a 38.66 abc 13428.3 a 6246 a 46.75 a
Nosrat Ts 40.20 a 38.37 bed 13073.3 b 6031 b 47.02 a
Ta 39.13 b 38.28 cd 12861.6 bc 5808 d 45.59 bc
T 35.66 fgh 38.41 bed 11871.6 e 5355 g 42.85 fg
ol T2 36.88 d 39.24 a 12650.0 c 5919 c 44.64 de
Khatam Ts 36.70 d 38.98 ab 12293.3 d 5789 d 44.56 de
Ta 36.06 ef 38.63 abc 12128.3 d 5535 f 44.56 de
T 35.83 fg 33.76 k 9730.0 0 3875 r 39.03 n
“’1_"” T2 3683 d 3441 ik 101466 Im 4281 0o 4117 Kl
Reihan Ts 3683 d 3413 k 99766  mn 4260 o 4140 ik
Ta 36.48 de 34.32 jk 9785.0 no 4145 pq 40.66 |
T 3400 ij  34.87 hij 104650  jk 4090 q  42.00 ij
12 Oy T2 35.33 gh 35.25 h 10836.6 h 4569 | 42.86 fg
Nosrat Ts 3516 h 3544 h 10720.0  hi 4443 m 4312 f
Ts 3383 j  35.09 h 105133  ij 4256 o 4201 ij
T: 33.20 k 36.73 g 10266.6 kl 4158 p 39.78 m
o T2 3453 i 3742 ef 108466  h 4657 k 4216 hi
Khatam Ts 3426  ij  37.26 fg 10545.0  ij 4556 | 4268  fgh
Ta 3393 ] 3692 fg 10365.0  jkl 4366 n_ 4232  ghi
T 24.20 [o} 28.85 mn 4596.6 q 625 v 14.88 r
o, T2 24.76 n 28.34 n 4723.3 pq 665 uv 15.40 qr
Reihan Ts 24.60 no 28.48 n 4633.3 q 651 \% 15.46 qr
Ta 24.76 n 28.55 n 4595.0 q 636 \ 14.86 r
T 2586 m 2943 Im 47766  pq 719 tu  15.92 pq
1 & pai T2 26.83 | 28.48 n 4885.0 p 764 st 16.55 0
Nosrat Ts 26.93 | 28.73 n 4801.6 pg 750 st 16.51 op
T4 25.73 m 29.68 | 4788.3 pq 721 tu 16.13 op
T 2193  pg  30.02 | 47233 pq 761 st 1346 S
PRI T: 2243 p 2961 | 48100  pq 808 s 1384 S
Khatam Ts 22.10 pq 29.74 | 4736.6 pq 789 S 13.88 S
Ta 2183 g 30.05 [ 47116 pq 769 st 1371 S
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Irrigation levels: 11 one irrigation stage, 12 two irrigation stages and 13 four irrigation stages - different times of salicylic acid foliar spraying:
In each column, the means with common letters do not have a statistically significant different. T1 control (without the use of salicylic acid),
T2 tillering end, T3 50% emergence of stem and T4 flag leaf emergence leaves
W )l (e g lel IS S jiiie By > (Il sl eSile g o )0
In each column, the means with common letters do not have a statistically significant difference.
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Table 6- The interaction effect of different irrigation treatments, different times of salicylic acid foliar spraying and barley cultivars
on chlorophyll a, b, proline, relative water content (RWC)

skl o35 Slosd Jlasl o) Sy (oo by a Judg,l5 b Judg s oo
Irrigation Cultivar  Treatment time RWC(%) Chlorophyll a( mg g™*) Chlorophyll b( mg g*) Proline (mg/g fw)
T 66.36 f 0.91 | 0.50 fgh 411 qrs
ol T. 69.07 bcd  0.96 jkl 0.51 dg 7.03 kI
Reihan Ts 68.46 de 0.95 jkl 0.50 dh 6.18 m
Ta 68.03 e 0.92 kl 0.50 eh 472 opq
T 70.57 a 1.01 ghi 0.48 h 3.01 u
13 Dy T. 69.91 ab 1.08 def 0.52 def 7.55 k
Nosrat Ts 69.67 ab 1.09 cde 0.49 gh 4.96 op
Ta 69.16 bed 1.06 efg 0.49 h 3.13 tu
T 67.97 e 1.03 fgh 0.52 de 3.72 st
ol T. 69.96 ab 1.14 bc 0.57 ab 4.44 par
Khatam Ts 69.40 bc 1.10 cde 0.55 bc 4.05 rs
T4 68.50 cde 1.06 efg 0.53 cd 3.80 S
T 58.96 m 1.00 hij 0.56 ab 11.36 de
o, T 62.58 hij 0.97 ijk 0.58 a 8.20 j
Reihan Ts 61.74 jk 0.97 ijk 0.56 ab 9.40 fg
Ta 60.37 | 0.99 hij 0.55 be 11.38 de
T 61.77 jk 1.12 bed 0.39 | 12.48 c
|2 O pai T. 65.83 f 1.17 ab 0.42 jk 8.97 ghi
Nosrat Ts 64.62 [s} 1.16 ab 0.40 jkl 10.77 e
Ta 62.98 h 1.13 bc 0.40 kl 10.77 e
T: 61.60 k 1.20 a 0.40 jkl 6.91 |
ol T» 63.18 h 1.15 ab 0.45 i 511 no
Khatam Ts 62.82 hi 1.15 ab 0.42 ij 5.59 mn
Ta 61.97 ijk 1.17 ab 0.42 jk 6.18 m
T, 43.18 s 0.60 p 0.19 no 11.64 d
RESS T 44.83 r 0.65 0 0.19 n 8.40 ij
Reihan Ts 43.87 S 0.62 op 0.18 no 9.96 f
T4 43.14 S 0.61 op 0.17 0 10.95 e
T, 46.32 q 0.76 n 0.25 m 15.08 a
1 &yl T. 46.90 pq 0.82 m 0.27 m 12.79 c
Nosrat Ts 46.83 pg 0.82 m 0.27 m 14.08 b
Ta 46.29 q 0.76 n 0.26 m 14.00 b
T, 47.33 op 0.60 p 0.19 no 9.11 gh
o T. 48.69 n 0.64 op 0.20 n 7.46 Kl
Khatam Ts 48.20 no 0.61 op 0.19 no 8.45 ij
T4 47.37 op 0.59 p 0.19 no 8.68 hij

(ol Seocdlis 087 900l T sl Sl (234 Jslome slo 0loj - )kl Al o Sz I 5 )bl al> o 90 b s lal Al o S T is )l sk
070 S oot el Ta g a3l 70+ el e T o 5 4y slail 1o Ta e
Irrigation levels: 11 one irrigation stage, 12 two irrigation stages and 13 four irrigation stages - different times of salicylic acid foliar spraying:
In each column, the means with common letters do not have a statistically significant different. T1 control (without the use of salicylic acid),
T2 tillering end, T3 50% emergence of stem and T4 flag leaf emergence leaves
W55 )l de s le] BB S i By s slo (1Sl et o 50
In each column, the means with common letters do not have a statistically significant difference.
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Abstract

Introduction: In the tropical and subtropical regions of Iran, the growth and yield of cereals
decreases due to the presence of drought stress caused by the increasing decrease of water resources.
At the same time, barley is one of the most suitable crops for such conditions. Today, the use of plant
growth regulators such as salicylic acid has made plants resistant to environmental stresses such as
drought. Due to the water limitation in Iran and the widespread use of barley in animal feeding, this
research was carried out to evaluate the effects of different salicylic acid application times on some
morphological traits and grain yield of this crop under drought stress. Due to the water limitation in
Iran and the widespread use of barley in animal feeding, this research was carried out to evaluate the
effects of different salicylic acid application times on some morphological traits and grain yield of
this crop under drought stress.

Materials and Methods: A field experiment was conducted as a factorial split- plot on a randomized
complete block design with three replications were carried out during two cropping years 2019-2020
and 2020-2021in Neyriz city.The experimental factors include the number of times of irrigation in
three levels of one, two and four times as the main factor, Six-Rowed barley varieties Reihan, Nosrat
and Khatam, the sub factor and the spraying of salicylic acid hormone with a concentration of one
mM, in four levels with water (cotrol), tillering end, 50% emergence of stem, and end of flag leaf
emergence leaves were as the sub-sub factor. Therefore, the experiment included 36 treatments and
the whole experiment included 108 experimental units (plots). Each experimental plot consisted of
eight rows, and the spacing of rows was 20 cm and a density of 350 grains per square meter with
dimensions of 1.6 x 4.5 (4.5 meters long and 1.6 meters wide). The interval between the primary plots
was 1.5 meters, and the subplot spacing was 0.5 meters. The soil of the experiment site had a silty
clay texture, and the water used for irrigation had pH=8.02 and EC=0.2686 dS.m-1. The parameters
measured included the number of Grain in spike, ChlorophyllA, ChlorophyliB, Proline, Relative
water content, weight of 1000 seeds, biological yield and Grain yield. Data were analyzed after
Bartlett's test, proving the homogeneity of test error variance and considering the year as a random
variable. Variance analysis of the data was done based on the mathematical expectation of change
sources using SAS Ver.9.1 software. The means were compared using Tukey's test at the five percent
probability level.

Results and Discussion: The results showed that the independent effects of low irrigation treatments,
variety and salicylic acid had a significant effect on the content of chlorophyll a and b, proline
concentration, number of seeds per spike, biological yield, seed yield and also plant height. Based on
the results Compared with normal conditions, drought stress had a negative effect on the indicators:
RWC, chlorophyll a and b, other components related to yield and grain, and also increased proline
content. The lowest response to the reduction of irrigation frequency was related to the weight of 1000
seeds with a decrease of 22.1%. Spraying salicylic acid solution in drought stress conditions did not
have a significant effect on the weight of 1000 seeds and the number of seeds per spike, but it
improved other studied traits in both stress and normal conditions. that these positive effects were
strongly correlated with the time of foliar spraying and the highest efficiency of salicylic acid
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application was related to foliar spraying at the end of tillering and results show the highest sensitivity
to lack of irrigation in Khatam variety compared to other investigated varieties.

Conclusion: Among the barley cultivars, Rehan variety had the best performance in the experimental
treatments, and in general, spraying salicylic acid solution, especially at the end of the tillering stage,
was effective in reducing the effects of drought stress, and under similar water and soil conditions, its
use in barley is recommended.

Keywords: Drought stress, Harvest index, Irrigation levels, Plant hormones, Proline



