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Introduction

Chickpea is one of the most significant crops in the legume family, ranking third globally after beans and peas. This
plant plays a crucial role in biological stabilization and serves as an important source of nutrition for humans, as well
as animal feed and forage. The majority of chickpea production in Iran occurs through spring sowing under rain-fed
conditions, where terminal drought stress particularly during seed filling significantly impacts growth and
productivity, leading to yield reductions of up to 70% . To enhance plant growth under dryland conditions, using
compounds that improve drought tolerance and metabolic activities in plants represents a practical strategy. Among
the identified compounds, humic acid (HA) and salicylic acid (SA) have shown promise. Humic acid has a significant
effect on root growth and the emergence of lateral roots and increases the levels of auxins, cytokinins, and gibberellins
in plants Salicylic acid stimulates flowering and enhances defensive responses to water deficiency conditions. External
application of SA reduces cellular lipid peroxidation and hydrogen peroxide accumulation, thereby mitigating
membrane damage in leaves of water-stressed plants. Thus, this study aims to investigate the effects of varying levels
of humic acid and salicylic acid on the yield and quality of chickpea seeds.

Materials and Methods

This study was conducted as a factorial experiment based on a randomized complete block design with four
replications. The experimental factors included foliar spraying of humic acid at three levels: 0, 3, and 6 L.ha* as the
first factor, and salicylic acid at four levels: 0, 50, 100, and 150 mg.L™ as the second factor. The plants were sprayed
with these treatments at two stages: during vegetative growth and just before flowering. The following variables were
measured in this experiment: number of pods per plant, seeds per square meter, weight of 100 seeds, grain yield,
biological yield, harvest index, and the content of protein, potassium, phosphorus, iron, zinc, and manganese in the
seeds. The experimental data were analyzed using SAS 9.1 statistical software, and the comparison of the means was
conducted based on the Least Significant Difference (LSD) test at the 1% and 5% probability levels.

Results and Discussion

Results revealed significant effects of salicylic acid on pod number per plant, seed number per square meter, 100 seed
weight and seed and biological yield, while humic acid did not have a significant effect on chickpea yield and yield
components. The highest number of pods per plant (20.95) was achieved with the application of 150 mg.L"* of salicylic
acid. Foliar spraying with this concentration led to increases of 35.27% in the number of seeds per square meter and
26.80% in the weight of 100 seeds, compared to the untreated control. Additionally, the application of 150 mg.L™*
salicylic acid resulted in the highest seed yield (1488.85 kg.ha) and biological yield (3451.93 kg.ha). Results
indicated significant effects of both humic and salicylic acid on the protein content and nutrient levels (potassium,
phosphorus, iron, zinc, and manganese) of chickpea seeds. As the concentration of salicylic acid and humic acid
increased, so did the levels of protein and potassium in the seeds. Conversely, foliar applications of humic acid and
salicylic acid on chickpea plants not only enhanced the nutrient content and protein levels in chickpea seeds but also
improved the overall quality of the seeds.

Conclusion

The present study underscores the efficacy of foliar application of humic acid at 6 L.ha™ and salicylic acid at 150
mg.L? in enhancing growth, yield, and nutritional quality of chickpeas under dryland conditions. Salicylic acid
particularly contributed to reproductive success and biomass allocation, while humic acid improved nutrient
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availability and metabolism. These findings suggest that simultaneous applications of HA and SA could serve as
effective strategies for boosting chickpea productivity and quality under challenging dryland farming conditions.
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Table 1. Meteorological statistics of Kamiyaran station in 2020
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Table 2. Physical and chemical Soil properties of the experimental location
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Table 3. Analysis of variance the effect of foliar application humic acid and salicylic acid of yield components and 100-
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Source of variation d.f The number of pods & 4ila o ‘33_9
The number of 100- seeds weight
per plant
seeds. m?
S
* 3 2.77™ 3848.10™ 4.46™
block
|
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Humic acid (HA)
ML" l Kk 3k Kk
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Salicylic acid (SA)
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Table 4. Mean comparisons the effect of foliar application salicylic acid on yield components of chickpea
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Salicylic acid The number of pods per plant  The number of seeds. m? 100- seeds weight (g.m)
0 (Control) 10.83 ¢ 294.80 ¢ 29.4¢

50 mg.L* 14.00 b 348.91 b 33.9b

100 mg.L* 14.60 b 362.06 b 346b

150 mg.L*! 20.87 a 398.80 a 37.3a
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The means with common letter(s) in each column do not have a significant difference based on the LSD test at the 5% probability level.
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Table 5. Analysis of variance the effect of foliar application humic acid and salicylic acid on yield traits of chickpea plant
Mean Square e po (Sl

Ol s @ilio @il 4y , - — —
Source of variation d.f «ls 3, el 2 Cudls p gad Lo
Grain yield Biological yield Harvest index
Sk 3 15487.84" 283813.50™ 33.27™
block
JMW ! 2 19810.10™ 155671.91™ 24,42
Humic acid (HA)
Sl sl ok % sk
e 3 783479.78 1328753.43 303.11
Salicylic acid (SA)
HA x SA 6 6621.57™ 53355.36™ 16.66™
s
33 8206.20 112892.54 44.83
Error
Sy - 9.41 11.35 16.59
C.V (%)

10> K g oy gy Jlein ! s )3 45 e g 45 dme il i 4 KK T NS
ns, * and **: non-significant and significant at the 5% and 1 % probability levels, respectively.
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Table 6. Mean comparisons the effect of foliar application salicylic acid on yield traits of chickpea plant

Sdnd L ] (LU )3 0,59kS) Al 3 )Slas 2 R EPS) a2 5los (o y5) il p b L
Salicylic acid Grain yield (kg.ha) (s Harvest index (%)
Biological yield (kg.ha™)
0 (Control) 869.21 ¢ 2521.37 ¢ 34.47b
50 mg.L? 1182.83b 2894.34 b 40.86 a
100 mg.L*! 1253.44 b 2914.83 b 4291 a
150 mg.L*? 1488.85a 3451.93 a 4312 a

)l 0oy gy Jlein] aws 13 LSD (905 (il o (6505 sixe BN (gm0 yo p3 S yie Bgp> l)b slapSibe
The means, in each column, similar letters show that there is no significant difference according to LSD test at the level of 5% probability.
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Table 7. Analysis of variance the effect of foliar application humic acid and salicylic acid on the amount of traits related to
chickpea seed quality
Mean Square les po (Sl

Ol dd bo @33l p e e N L s i <.
Source of variation d.f 1> og Lt 2 o® 89 Foe
Protein seed Potassium  Phosphorus Iron Zinc Manganese
bf9b k 3 0.60™ 0.19™ 0.016™ 0.00003" 0.0008™ 0.0000005"
oc
6\“’& 2! 2 17.47" 0.27™ 0.74™ 0.00025™ 0.20™ 0.0001™
Humic acid (HA)
o L"_ ! 3 68.39" 0.51" 175" 0.00008™ 0.016 0.00004"
Salicylic acid (SA)
HA x SA 6 1.43" 0.10™ 0.05™ 0.00003 ™ 0.015™ 0.00001™
S 33 0.88 0.16 0.013 0.000008 0.004 0.000007
Error
Sl c - 8.51 13.98 5.00 4.86 414 5.33
C.V (%)

20> K5 g oy gy Jlein ! s )3 45 e g 45 dmepd i 4 KK T NS
ns, * and **: non-significant and significant at the 5% and 1 % probability levels, respectively.
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Figure 1. Mean comparisons the simple effect of foliar application humic acid and salicylic acid on protein content seed
chickpea
Means with similar letters in each column are not significantly different based on LSD test. (probability level of 5%)
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Figure 2. Mean comparison of the foliar application effect of salicylic acid on seed protein content of chickpea
Means with similar letters in each column are not significantly different based on LSD test. (probability level of 5%)
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Figure 4. Mean comparison of the interaction effect of humic acid and salicylic acid foliar application on the phosphorus
content in chickpea seed
Means with similar letters in each column are not significantly different based on LSD test. (probability level of 5%)
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Figure 3. Mean comparison of the treatment combination effect of humic acid and salicylic acid foliar application on the
iron content in chickpea seed
Means with similar letters in each column are not significantly different based on LSD test. (probability level of 5%)
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Figure 5. Mean comparison of the interaction effect of humic acid and salicylic acid foliar application on the zinc content
in chickpea seed
Means with similar letters in each column are not significantly different based on LSD test. (probability level of 5%)
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Figure 6. Mean comparison of the interaction effect of humic acid and salicylic acid foliar application on the manganese
content in chickpea seed
Means with similar letters in each column are not significantly different based on LSD test. (probability level of 5%)
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