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Introduction

Soil salinity is one of the environmental stresses that is an important threat to agricultural production in the world. The
global scientific community has been testing possible technologies for increasing salt stress tolerance in plants for more
than three decades. New advances and perspectives have been obtained to restore the productivity of plants under salt
stress. Utilization of plant growth regulators is one of the promising strategies to overcome the adverse effects of
salinity. Also, row inter-cropping can increase the efficiency of the used resources. Improving the yield of chickpeas and
barley in row inter-cropping using foliar spraying of salicylic acid, jasmonic acid and brassinosteroid was the
hypothesis proposed in this research. Therefore, the aim of this study was to investigate the effect of these hormones’
application in mixed cropping of chickpeas and barley under salt stress conditions.

Materials and Methods

A split plot experiment was conducted in the form of a randomized complete block design with three replications in the
growing seasons of 2021 and 2022. This research was carried out in Fasa, Iran. The main factor was the planting
arrangement included monocropping of chickpeas and barley and their row inter-cropping (75% chickpeas + 25%
barley, 50% chickpeas + 50% barley and 25% chickpeas + 75% barley as row intercrop). The second factor was the
foliar spray of growth regulators consisting of salicylic acid, jasmonic acid, brassinosteroid and distilled water as
control. Data variance analysis for different traits was done using SAS statistical software version 9.1.

Results and Discussion

In the row inter-cropping of 25% chickpeas + 75% barley, the leaf sodium concentration of chickpeas and barley
showed a decrease of 5 and 3%, respectively, compared to the monocropping of these two plants. An increase in leaf
nitrogen concentration was observed in the mixed cropping of chickpeas and barley compared to the monocropping
system. In the monocropping of chickpeas and barley, salicylic acid and jasmonic acid foliar application improved the
leaf potassium content of chickpeas and barley. In the conditions of mixed cropping, foliar spray of salicylic acid and
jasmonic was able to increase the leaf potassium concentration of chickpeas compared to the control. The plant's ability
to remove sodium from the cytosol increases water absorption and preserves photosynthetic pigments. The results of
this experiment confirmed the hypothesis of synergistic effects of row inter-cropping compared to monocropping.
Positive changes in the row inter-cropping can be related to the diverse absorption of ions by plants, changes in ion
solubility and interaction between ions. In 2021, the highest biological yields of chickpeas and barley (3199 and 10351
kg ha-1) were observed in mixed cropping of 50% chickpeas + 50% barley. In 2022, the row inter-cropping of 50%



chickpeas + 50% barley increased the biological yield of chickpeas and barley by 9% and 18%, respectively, compared
to monocropping. The highest yield of chickpeas and barley seeds was observed in row inter-cropping of 75% chickpea
+ 25% barley, using foliar spray of salicylic acid and jasmonic acid. The increase in the grain yield of chickpeas and
barley plants in other treatments of row inter-cropping was also observed with foliar spray of salicylic acid and
jasmonic acid.

Conclusion

The results of this research showed that salt stress and sodium absorption cause disturbances in the absorption of
nutrients. Foliar spray of growth regulators improved growth by reducing sodium and increasing nutrient absorption.
Also, the positive effect of row inter-cropping of chickpeas and barley compared to their monocropping on increasing
the growth and grain yield under salt stress conditions was a successful result. Therefore, row inter-cropping can be
used to ensure production stability under salinity stress conditions.
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Table 1. The results of the chemical and physical analysis of the soil at the experiment location.

Year Texture EC 0.C N Na* Cl Mg*? Ca* P K Zn Mn Fe Cu
(dSm) (%) (megqL™) (mg Kg ™)

Sandy

2021 clay 6.02 0.42 0.07 104.11 124.60 27.40 20.50 1260 141 144 093 457 0.05
loam
Sandy

2022 clay 6.01 0.97 0.24 106.74 125.31 27.22 19.89 11.12 136 134 107 4.49 0.05
loam
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Figure 1. The climate conditions for the seasonal patterns from March to July 2021 and 2022.
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Table 2. Analysis of variance for the effects of cropping system and plant growth regulators on the Na*, K*, N, spad
and fv/fm of chickpeas (Cicer arietinum L.) and Barley (Hordeum vulgare L.).

Source of Degre chickpeas Barley
variation es of Na* K* N Spad  fv/fm Na* K* N Spad fv/fm
freedo
m
Year 1 ** ** ** ** ** ** ** ** ** **
Block 2 NS NS *k NS NS NS NS NS NS NS
CrOppIng 3 ** ** ** ** ** ** ** NS ** **
system (C)
Block x C (Ea) 6 0.191 0.084 0.008 7.45  0.0019 0.679 0.597 0.012 1042 0.0084
Plant grOWth 3 *%* ** ** ** ** ** ** *%* ** **
regulators
(PGR)
CxPGR 9 NS * 3 NS NS NS *x * NS NS
Block x PGR 24 0520 0.095 0.001 1.147 0.0002 0.230 0.072 0.008 1.30 0.0013
(Eb)
Cx Year 3 NS NS NS NS NS NS NS NS NS NS
Block x C x 8 0.662  0.090 0.032 9.67  0.0057 0.358 0.229 0.008 5.28 0.0010
Year (Ec)
PGR x Year 3 NS * * NS NS NS * * NS NS
C x PGR x 9 NS NS NS NS NS NS NS NS NS NS
Year
Error 24 0.398  0.140  0.002 2.88  0.0004 0.343 0.111 0.005 1.45 0.0011
CV (%) - 11.2 9.26 10.1 14.1 10.5 10.3 8.2 12.1 12.7 9.4

(SIS0 Ciglis pae g oy ) 90 Jlodisl mhaw )3 I3 Jxo i Ay NS g s e
%% ,% and ns are significant at the 5 and 1 percent of probability levels and non-significant, respectively.
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Table 3. Mean comparison for the effect of intercropping on the measured traits of chickpeas (Cicer arietinum L.) and
Barley (Hordeum vulgare L.).

Cropping system chickpeas Barley

Na* Spad fv/ifm  Chlorophyll Na* Spad fv/fm Chlorophyll




(mgg? a (mg g leaf a

leaf dry (mgg? dry weight (mgg*
weight fresh fresh
weight) weight)
sole cropping 29.25a 37.83b 0.728b 1.88¢c 25.29a 41.77b 0.702 ¢ 191b
75% chickpeas + 28.80b 41.20a 0.767a 1.97hb 25.33a 42.80ab 0.792 ab 2.00a
25% Barley
50% chickpeas + 28.13¢ 43.00a 0.764a 2.00a 24.70b 44.30 a 0.824 a 2.03a
50% Barley
25% chickpeas + 27.86 c 42.37a  0.759 1.99 ab 2455b 43.95ab 0.756 bc 2.03a
75% Barley ab

i I3 gze CglT JSlled g b ilidee gy (1D slaeld W a0l wlw!
Different letters indicate significant differences (5%) based on Duncan’s multiple range tests in each column.
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Table 4. Mean comparison for the effect of plant growth regulators on the measured traits of chickpeas (Cicer arietinum
L.) and Barley (Hordeum vulgare L.).

chickpeas Barley
Plant growth Na* Spad fv/fm Chlorophyll b Na* Spad fv/fm Chlorophyll b
regulators (mg g* leaf dry (mg g* fresh (mg g* leaf (mg g fresh
weight weight) dry weight weight)
Control 28.96 a 39é64 0.738 ¢ 0.886 ¢ 9543 3 42534 0.741b 0.867 ¢
salicylic acid 28.10 b 42(;112 0.765a 0.942 a 24 55 b 43578 0.787 a 0.942 ab
Jasmonic acid 28.29 b 42508 0.764 a 0.936 a 2467 b 43579 0.785a 0.958 a
Brassinosteroid 28.69 2 40556 0.750 b 0.910 b 2591 2 42692 0.768 a 0.910b

i 13 gre gl JSilled (g 3 ilisee By > (xSUID glild Wi g0 3l (wlw!
Different letters indicate significant differences (5%o) based on Duncan's multiple range tests in each column.
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Table 5. Mean comparison for the effect of year on the Na*, spad and fv/fm of chickpeas (Cicer arietinum
L.) and Barley (Hordeum vulgare L.).

chickpeas Barley
Year Na* Spad  fv/fm Na* Spad fv/fm
(mg g* leaf dry (mg g leaf dry
weight weight
2021 2891a 40.12 0.706 b 25.68 a 42.26 0.757b
b b
2022 28.11b 42.09 0.803a 24.26 b 44.15 0.780 a
a a

i 415 e Crgldd SLLod ygiw g lisee gy (BSUID (gldield W 905 (wlw! p
Different letters indicate significant differences (5%) based on Duncan's multiple range tests in each
column.
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Table 6. Mean comparison for the effect of intercropping and plant growth regulators on the measured traits of chickpeas (Cicer
arietinum L.) and Barley (Hordeum vulgare L.).

chickpeas Barley

Cropping Plant growth (m'; gt N Biological Grain K* N Biological Grain

system regulators leaf dry (%) yield yield (mg g* leaf %) yield yield
weight) (kgha?) (kg ha?) dry weight) (kgha?) (kg hal)

Control 10.29b 161b 2979 b 8l4c 11.54b 151a 8386 b 2643 b
Sole Salicylic acid 1094 a 1.73 a 3208 a 863 a 12.10a 156a 8954 a 2841 a
cropping Jasmonic acid 10.86a 1.69ab 3174a 856 ab 11.98 ab 157a 8854 a 2820 a
Brassinosteroid  10.39b  1.64ab 3034 b 825 bc 11.62 ab 1.56 a 8759 a 2760 ab
75% (_:on_trol _ 10.79b 1.67a 3092 c 840 c 11.95a 1.77b 9427 c 2822 b
chickpeas + Sallcyll_c aC|_d 11.53a 1.77a 3370 a 924 a 12.27a 197a 10135 ab 2988 a
25% Barley Jasmonic acid 11.49a 1.76 a 3285 ab 908 ab 12.18a 197a 10326 a 2932 ab
Brassinosteroid  11.21a 1.73a 3209 b 890 b 12.18a 1.87 ab 9861 b 2869 ab
50% Qon_trol _ 11.11b 173 a 3251b 890 b 12.18b 1.68a 9663 b 2927 b
chickpeas + Sallcyll_c aC|_d 1157a 1.76 a 3455 a 916 ab 12.41 ab 1.76a 10861 a 3019 ab
50% Barley Jasmonic acid 11.79a 1.78 a 3403 a 933 a 1254 a 178 a 10731 a 3125a
Brassinosteroid 114lab 174 a 3284 b 910 ab 12.26 ab 1.74a 10381ab 2993 ab
2506 g:on_trol _ 11.02b 1.73b 3111c 879b 12.19a 164a 9000 b 2799 b
chickpeas + Sallcyll_c aC|_d 1155a 1.78ab 3283 ab 897 ab 12.39a 1.68a 9475 a 3083 a
75% Barley Jasm_omc amq 11.65a 18la 3312 a 917 a 12.59a 1.70 a 9576 a 2983 a
Brassinosteroid  11.45ab  1.78ab 3205b 877b 1244 a 1.64a 9497 a 2938 ab

Wyl o y3 0 Jleis ! g j3 LS. Means dgg, b (5,15 sro BWAT CullS iul,l 12 5 gt g2 45 Cilideo g yo ¢ ,SUI5 (glaiald W 9051 (wlw! 5
Different letters indicate on Duncan's multiple range tests in each column and every cropping system has a not significant difference

with the procedure of L.S. Means at the 5% probability level.
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Table 7. Mean comparison for the effect of year and plant growth regulators on the measured traits
of chickpeas (Cicer arietinum L.) and Barley (Hordeum vulgare L.).

chickpeas Barley
N Chlorophyll N Chlorophyll
Plant growth K a K a
Year regulators (mg g* N (mgg* (mg g* N (mgg?
leaf dry (%) leaf dry (%)
weight) fresh weight) fresh
weight) weight)
2021 Control 10.62 ¢ 1.56 ¢ 1.90b 11.90b 1.67b 1.87¢c
Salicylic acid 11.32a 1.65 ab 2.00 a 12.21a 1.75a 2.01a




Jasmonic acid 11.38 a 1.66 a 2.00 a 12.25a 1.74 a 2.00 ab

Brassinosteroid 11.01b 1.61 bc 1.94 ab 12.08 a 1.68 b 1.94b

Control 10.68 b 1.77b 1.87b 11.87b 1.56¢ 1.92b

2022 Salicyli_c aci_d 11.38a 1.85a 197a 12.22 a 1.86a 2.05a
Jasmonic acid 11.61a 1.87a 2.00a 12.45a 1.73b 2.08a
Brassinosteroid 1152 a 1.88 a 1.99a 1242 a 1.69b 2.07 a

Jlosia! glaw 43 LS. Means asgy U (5,15 sze BET Jlw y2 g cygius 2 pd Bliske Bgyo ¢yS1d (glainld Wi (49051 (wl]
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Different letters indicate on Duncan’s multiple range tests in each column and every year has a not
significant difference with the procedure of L.S. Means at the 5% probability level.
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Table 8. analysis of variance for the effects of cropping system and plant growth regulators on the chlorophyll a, chlorophyll b, biological yield and
grain yield of chickpeas (Cicer arietinum L.) and Barley (Hordeum vulgare L.).

Source of Degrees of chickpeas Barley
variation freedom Chlorophyll  Chlorophyll  Biological yield G_raln Chlorophyll  Chlorophyli Biological yield Grain yield
a b yield a b
Year 1 * *% *% **% * **% NS **
NS wx NS
Croppl(ncg)SyStem 3 ** ** ** ** ** ** ** **
Block x C (Ea) 6 0.761 0.007 19388 345 0.011 0.014 12440242 7462
Plant grOWth 3 ** ** ** ** ** ** ** **
regulators (PGR)
CxPGR 9 NS NS * * NS NS * *
Block x PGR (Eb) 24 0.003 0.0008 4403 442 0.004 0.004 128475 12952
Cx Year 3 NS * * * NS * el *
Block ’(‘E%x Year 8 0.0041 0.016 12901 323 0.011 0.003 1107657 22799
PGR x Year 3 * NS NS NS * NS NS NS
C x PGR x Year 9 NS NS NS NS NS NS NS NS
Error 24 0.003 0.001 6422 656 0.006 0.002 117382 14053
CV (%) - 9.5 7.4 13.6 12.4 10.0 8.8 15.8 14.0

(S Sre Cglii pas g o yd Y 9 0 Jlotisl mhaw 13 I gro i S NS g s o
s % and ns are significant at the 5 and 1 percent of probability levels and non-significant, respectively.
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Table 9. Mean comparison for the effect of year and intercropping on the measured traits of chickpeas
(Cicer arietinum L.) and Barley (Hordeum vulgare L.).

chickpeas Barley
Chlorophyli
Year Cropping Chlort())phyll Biologic Grain b Biological  Grain
system (mg g fresh al yield yield (mg g? yield yield
gg (kgha?l) (kg ha?) fresh (kgha') (kg ha?)
weight) .
weight)
Sole cropping 0.827b 2994 ¢ 834 b 0.814c 8657 b 2719c¢c
75% chickpeas
+ 25% Barley 0.865 a 3095 b 883 a 1.05a 10275a  2815hc
2021 50% chickpeas
+ 50% Barley 0.885a 3199 a 896 a 0.945b 10351 a 2966 a
25% chickpeas
+ 75% Barley 0.880 a 3081 b 883 a 0.888 bc 9132 b 2892 ab
Sole cropping 0.922 a 3203 ¢ 845 ¢ 0.795¢ 8819 ¢ 2812 b
75% chickpeas
+ 25% Barley 0.963 a 3383 b 898 b 1.03a 9600 b 2990 a
2022 50% chickpeas
+ 500 Barley 1.03a 3498 a 929 a 0.930b 10466 a 3066 a
25%chickpeas 979, 3375 903b 0.898b  9642b  3010a

+ 75% Barley
0 Jlois! g 3 L.S. Means dygy b (5,15 sxe ST Jlur y2 g g y2 0 o gy ¢ ySI1d (gldield Wiy (49031 !
RS KRR
Different letters indicate on Duncan’s multiple range tests in each column and every year has a not
significant difference with the procedure of L.S. Means at the 5% probability level.
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