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Abstract

Introduction: Agriculture, especially cereals, plays a very important role in food security. Among
cereals, wheat is one of the most important crops in terms of cultivated area and production rate in the
world, and plays an important role in providing the food needs of human societies. Among the
environmental factors, salinity stress has been the subject of much global research for more than 100
years as one of the most important factors in reducing the production of agricultural products, and for
about 50 years, it has received serious attention from researchers in our country. Many different
solutions have been proposed to increase the performance of agricultural plants under different stress
conditions, one of which is the use of plant growth regulators and their effect on the plant's hormonal
balance.

Materials and Methods: To investigate the effect of foliar application of growth regulators of
gibberellic acid, salicylic acid and cytokinin on physiological traits of wheat under salinity and water
stress conditions, a split plots experiment based on randomized complete block design with tree
replications was conducted in two agricultural research Station and farms in the northern plain of
Golpayegan city during the 2022-2023 cropping seasons. The first treatment of salinity stress includes:
a. Irrigation with EC: 1.5 ds / m™ (first farm) and b. Salinity stress with irrigation water EC: 10 ds /
m? (second farm) as an environmental factor, the second treatment of water stress with 2 irrigation
levels: a. After 90 mm of cumulative evaporation from the Class A evaporation pan, b. After 120 mm
of cumulative evaporation from the Class A evaporation pan as the main factor, the third treatment
was the application of growth regulators of salicylic acid, gibberellic acid, and cytokinin at the level
of 100 ppm, and the control treatment (no use of growth regulators) as a secondary factor. The
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examined traits included leaf area index, total dry matter, net assimilation rate, relative growth rate,
crop growth rate, chlorophyll a, b, and grain yield.

Results and Discussion: The non-saline environment and the irrigation level of 90 mm evaporation

from the class A pan, compared to the saline environment and the irrigation level of 120 mm
evaporation, increased the index of leaf area, total dry matter, net assimilation rate, relative growth
rate, product growth rate and chlorophyll a, b. The interaction effect of environment x irrigation level
x growth regulators showed the highest grain yield in non-saline environments at the irrigation level
of 90 mm, evaporation from the class A pan in the gibberellic acid +cytokinin treatment at the rate of
8979.00 kg/ha and at the irrigation level of 120 mm, Evaporation from class A pan was observed at
the rate of 7557.33 kg/ha in gibberellic acid +cytokinin treatment. The highest grain yield under
salinity stress conditions at the irrigation level of 90 mm evaporation from class A pan in gibberellic
acid x salicylic acid Treatment at the rate of 6737.33 kg/ha, and at the irrigation level of 120 mm
evaporation from class A pan in gibberellic acid +salicylic acid +cytokinin treatment was observed at
the rate of 5138.33 kg/ha.
Conclusion: The leaf area index and the production of more photosynthetic substances increased the
growth rate of the plant. With the increase in plant growth in the final stages due to the decrease in the
ratio of photosynthesizing organs to non-photosynthesizing organs, and by shading the upper organs
on the lower organs and reducing the photosynthetic power per unit area, the amount of leaf area, dry
weight, and the growth rate of the product and the relative growth rate of the product decreased. The
decrease in the dry weight of the aerial organs and the leaf area index at the end of the growing season
is probably due to the fall of the leaves and the negative net assimilation. The relative growth rate
changes with changes in the state of photosynthesis and respiration of the plant, and for this reason,
with the passage of time, the growth of the plant becomes negative with an increase in the amount of
respiration at the end of the growth period.
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Table 1- Climate characteristics of the region in the cropping seasons 2021-2022
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Table 2-Physicochemical characteristics of the soil of non-saline and saline fields in golpayegan in the cropping seasons 2021-2022
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Figure 1- The trend of leaf area index changes (LAI) in day after emergence in:
(a) Non-saline environment and irrigation with 90 mm evaporation level
(b) Non-saline environment and irrigation with 120 mm evaporation level
(c) saline environment and irrigation with 90 mm evaporation level
(d) saline environment and irrigation with 120 mm evaporation level
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Table 3- Composite analysis of physiological traits in two saline and non-saline environments under water stress and foliar

application of growth regulators
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Mean squares
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S.0.V df Leaf area index Total dry mater Chlorophyll a Chlorophyll b Grain yield
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. 1 9.93™ 5051755.04™ 453" 3.53™ 132713957.04™
Environment
buzo o S5
Repeat in 4 0.08 0.01 0.06 485758.46
Environment
LS)Lﬁ‘.T
o 1 2.46™ 471" 412" 45460290.04"
Irrigation
G)L,,.J x oo
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Wi glas
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Error a
oS il
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Regulator
0SS pulidd x oo
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S s
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(1) @l i’ gy
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Table 4- The results of Mean comparisons physiological traits in two saline and non-saline environments, water stress and foliar
application of growth regulators

s P s 5 s ool a Judg s b Judy 5 ails o Shos
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Treatment Leaf ind Total dry mater Chlorophyll a Chlorophyll b Grain yield
reatmen eaf area index (g/m?) (mglg) (mg/g) (kg/ha)
oo
Environment
5 e 7781.08%
Sog pus buxo
’ 2.39° 1367.58° 1.26° 1.10°
Non-saline
)9‘“ - b b b b b
Sali 1.57 908.79 0.82 0.71 5429.54
aline
d)lﬁ-fi Tobw
Irrigation Levels
(mm)
90 2232 1172.17% 1.26% 1.112 7293.46%
120 1.912 1104.212 0.82° 0.70° 5917.17°
o..\..\..fmh.u
Regulator
Control 1.71° 891.00¢ 0.72° 0.59° 5349.33°
GA 1.97° 927.5% 0.81° 0.67% 6760.42"
CY 2.03° 999.00% 0.97° 0.86° 6539.17%
SA 2.04%® 1133.33% 0.81° 0.73% 6331.754
GACY 2.16%® 1113.5°d 1.28% 1.15% 7040.83%
GASA 2.242 1268.17% 1.03° 0.83° 6921.42%
CYSA 2.17%® 1370.33° 1.322 117 6863.17%
GACYSA 2.242 1402.67° 1.38° 1.23° 7036.42%
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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 results of mean comparisons interaction effect of environment x irrigation levels on physiological traits
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Total dry mater Chlorophyll a Chlorophyll b
Treatment Index Leaf Area @) (mglg) (mg/g)
S pas buxo
90 mm 2,65 1385.17° 1470 1.29°
Non salty 120 mm 213° 1350.00 1.04° 0.89°
environment
39 Lo
B 90 mm 1.81° 959.17° 1.08° 0.93°
Salinity 120 mm 1.69° 858.42° 0.59° 0.49°

environment
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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 6- The results of Mean comparisons interaction effect of environment x growth regulators on physiological traits in two
saline and non-saline environments Foliar application of growth regulators

i B " J5 s ool a Judg s b Judg b5
slows S w2l
Treat X Leaf ind Total dry mater Chlorophyll a Chlorophyll b

reatmen eaf area index (@) (mg/g) (mglg)
Control 1.97¢ 1067.00% 0.87" 0.709

GA 2.30« 1116.00¢ 0.98¢9 0.82f

CY 2.25¢ 1210.33% 1.214 1.08¢

. . SA 2.4%¢ 1369.00° 1.007 0.91¢

Non-saline environment

GACY 2.46° 1300.67* 1.52° 1.38°

GASA 2.65° 1612.33% 1.31¢ 0.97¢

CYSA 2.49° 1624.00* 1.54° 1.41°

GACYSA 2.60° 1641.33% 1.622 152

Control 1.45" 715.00" 0.57¢ 0.481

GA 1.63¢ 739.009" 0.65 0.53

CYy 1.80 787.67%" 0.74! 0.64"

o . SA 1.68¢ 897.677 0.61i 0.55'

Salinity environment

GACY 1.85f 926.33¢f 1.03f 0.92¢%

GASA 1.83f 924.00°%f 0.75 0.699"

CYSA 1.84 1116.67¢ 1.10¢ 0.93%

GACYSA 1.88°f 1164.00% 1.14¢ 0.96¢
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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 7- The results of mean comparisons interaction effect of irrigation levels x growth regulators on physiological traits

s o e s J s 059 a Jedg s b gl
Treatment Leaf area index Total dry mater Chlorophyll a Chlorophyll b

(9/m2) (mg/g) (mg/g)

Control 1.87% 916.67¢ 0.869 0.75

GA 2.15%e 955.67¢ 1.00f 0.85°

cY 2.16"® 1010.33¢%f 1.19¢ 1.09°

90 mm SA 2.272bcde 1206.00%¢ 1.04f 0.94%
GACY 2,29 1138.33%¢® 1.52° 1.412

GASA 241 1324.67%° 1.29° 0.96

CYSA 2.320c 1388.67° 1.57° 1.422

GACYSA 243 1437.00° 1.64° 1.48

Control 1.55" 865.33f 0.58 0.43

GA 1.799 899.33f 0.63' 0.5M

cY 1.89% 987.674% 0.76" 0.63°

120mm SA 1.871 1060.67¢%f 0.58' 0.52"
GACY 2.03°7 1088.67°%f 1.04f 0.89d°

GASA 2.08°cf 1211.67% 0.77" 0.69%
CYSA 2.01°% 1352.00%® 1.07¢f 0.92%¢

GACYSA 2.06% 1368.33* 1.12% 0.99¢
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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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Figure 2- The trend of Total dry mater changes (TDM) in day after emergence in:
(a) Non-saline environment and irrigation with 90 mm evaporation level
(b) Non-saline environment and irrigation with 120 mm evaporation level
(c) saline environment and irrigation with 90 mm evaporation level
(d) saline environment and irrigation with 120 mm evaporation level
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Figure 3- The trend of Net assimilation rate changes (NAR) in day after emergence in:
(a) Non-saline environment and irrigation with 90 mm evaporation level
(b) Non-saline environment and irrigation with 120 mm evaporation level
(c) saline environment and irrigation with 90 mm evaporation level
(d) saline environment and irrigation with 120 mm evaporation level
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Figure 4- The trend of Relative growth rate changes (RGR) in day after emergence in:
(a) Non-saline environment and irrigation with 90 mm evaporation level

(b) Non-saline environment and irrigation with 120 mm evaporation level

(c) saline environment and irrigation with 90 mm evaporation level

(d) saline environment and irrigation with 120 mm evaporation level
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Figure 5- The trend of Crop growth rate changes (CGR) in day after emergence in:
(a) Non-saline environment and irrigation with 90 mm evaporation level
(b) Non-saline environment and irrigation with 120 mm evaporation level
(c) saline environment and irrigation with 90 mm evaporation level
(d) saline environment and irrigation with 120 mm evaporation level
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Table 8- The results of mean comparisons interaction effect of environment x irrigation levels x growth regulators on physiological

traits
Sl g Lo S eobe & Judg s b Jdg 5 ails o Shos
Treatment Sy Total dry mater ~ Chlorophylla  Chlorophyllb  Grain yield
Leaf area index (g/m?) (mg/g) (mg/g) (kg/ha)
Control 2.32f 1090.00¢%f 0.98i 0.84 7258.33¢f
GA 2.55% 1130.67%f 1.18" 1.00" 8743
CY 2.49% 1230.67°% 1.42% 1.30° 83162
SA 2,620 1336.67% 1.249% 1.11% 8154°0cd
90 GACY 2.67% 1390.00™ 1.76° 1.64° 8979°
GASA 2.96% 1624.67% 1.57¢ 1.06% 88252
CYSA 2.71° 1627.33% 1.78® 1.66° 8653.33%
GACYSA 2% 1651.33° 1.85° 1.76% 8925.33%
Non salty Control 1.61m 1044.00¢f 0.76™ 0.57™ 5715Km
environment
GA 2.06" 1101.33%f 0.78Km 0.63I" 7304¢°f
CcYy 2,021 1190.00% 1.007 0.85' 7056.67¢%
SA 2.189 1401.33%¢ 0.774m 0.70K 6865¢fn
120 GACY 2.26 1211.33% 1.29% 1.13¢f0 7557.33%
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GACYSA 2.29M 1631.33%® 1.39% 0.73K 7546
Control 1.41° 743.331 0.73™ 0.664 4685.67"
GA 1.75™" 780.67" 0.824 0.7 5964k
CcY 1.84Km 790.00" 0.96 0.87 6172.33"k
SA 1.8Km 1075.33%f 0.844 0.76 5866.677
90 GACY 1.971kim 886.677Ni 1.29% 1.19¢%f 6536.33 9"
GASA 1.86KIm 1024.67¢f%h 1.001 0.86' 6737.33¢fhi
CYSA 1.93iK 1150.00% 1.35° 1.18%f 6343¢hiik
GACYSA 1.954 1222.67%% 1.43¢ 1.20% 65369ni
29 oo
Salinity Control 1.49% 686.671 0.41° 0.30° 3738.33°
environment
GA 1.52% 697.33 0.48" 0.36% 5030.67™
CYy 1.77™m 785.33" 0.52" 0.42° 4611.67"
SA 1.56% 720.001 0.39° 0.34° 4441.33™
120 GACY 1.8Km 966.00°f" 0.78Km 0.65% 5090.67™
GASA 1.8Km 823.339ni 0.49" 0.52" 5074™"
CYSA 1.75m" 1083.33%f 0.844 0.674 4906.33"
GACYSA 1.824m 1105.33%f 0.85¢ 0.73k 5138.33'™"
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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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9000 m0
a a a
S 8000 abe P ¢ ab 1GA
;3 7000 | def de o d o de d :g:
% S 6000
e 5000 9 BGACY
32 1000 = GASA
8 mCYSA
© 3000 = GACYSA
2000
1000
0

P e ee 40l Gy S e e VYl
After 90 millimetr evaporation After 120 millimetr evaporation

Growth regulator

4ild o Slos (595 by (sld oussS puass g b Jolio K1 -V STl

Figure 7- The interaction effect of environment and growth regulators on grain yield

9000 =0

8000 be a8 ab 8 "GA
R i Lo
i £ 6000 = GACY
K 5000 = GASA
3> 4000 ECYSA
'5 3000 B GACYSA

© 2000
1000
0
After 90 et e e A0 5l g After ey e VYl ey
millimetr evaporation 120 millimetr evaporation
Ay 0USSS eudads

Growth regulator

415 5 Shos (59w y U oS i 5 5 kel Zgkaw Joliso W1 -A JSi
Figure 8- The interaction effect of irrigation levels and Growth regulators on grain yield



RULSEPISIRE

Yaf

oo (5 S0l Wlho o M -2 Joos
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