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Extended abstract

Introduction

Red kidney bean is one of the most important plant-based protein sources and plays a vital role in human
nutrition. However, the global water crisis, particularly in Iran, where large areas are characterized by
arid and semi-arid climates, poses a serious threat to the sustainable production of this crop. Moreover,
excessive use of chemical fertilizers increases production costs and causes environmental degradation.
Therefore, identifying sustainable strategies to improve crop productivity is essential. Humic acid, as a
natural organic compound, has been reported to enhance plant growth and increase tolerance to abiotic
stresses such as drought. It improves root development, enhances water and nutrient uptake, stimulates
beneficial soil microbial activity, increases crop yield, and therefore plays a crucial role in sustainable
agriculture. Accordingly, this study aimed to assess the potential of foliar-applied humic acid as a
sustainable approach to mitigating water scarcity and reducing reliance on chemical fertilizers by
evaluating its effects on yield and morphological traits of red kidney bean (Phaseolus vulgaris L., cv.
Yaghout) under water-deficit conditions.

Materials and methods

The experiment was conducted as a randomized complete block design with three replications in Boyer-
Ahmad County, Iran, during the year 2023. In this experiment, the main factor was the irrigation regime,
which consisted of three levels: full irrigation, moderate water stress, and severe water stress (100%,
80%, and 60% of the plant’s water requirement, respectively). Foliar application of humic acid was
assigned as the sub-factor at four levels: 0 (control), 2.5, 5, and 7.5 L ha 1. The study assessed the
combined effects of irrigation stress and foliar application of humic acid on the grain yield of red kidney
beans, yield components (such as number of pods per plant, number of seeds per pod, and hundred-
seed weight), growth indices (such as plant height and dry weight), and other traits.

Results and discussion

The results showed that irrigation regimes and humic acid application significantly affected both
vegetative and reproductive growth of red kidney bean. Severe water stress (60% of water requirement)
reduced the number of nodes on the main stem, leaf area index, plant height, and main stem diameter
by 26.09%, 11.35%, 18.36%, and 20.33%, respectively, compared with full irrigation. In addition, foliar
application of humic acid at 7.5 L ha! significantly improved reproductive growth. This treatment
increased the number of lateral branches, number of seeds per pod, 100-seed weight, and biological
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yield by 19.65%, 25.08%, 10.26%, and 20.78%, respectively. These improvements can be attributed to
enhanced soil physicochemical properties, improved water and nutrient uptake, stimulation of
enzymatic activity, and increased photosynthetic capacity and dry matter production. The observed
reduction in growth under water stress was attributed to the limited water and nutrient uptake under
these conditions.

Conclusion

Foliar application of humic acid at 7.5 L ha-1 significantly enhanced the tolerance of red kidney bean
plants to water stress. This improvement was achieved through enhanced root development and
improved water and nutrient absorption. Moreover, humic acid application increased grain yield under
both water stress and full irrigation conditions. This indicates an overall positive effect of humic acid on
plant growth and development. Moreover, the application of humic acid can enhance water use
efficiency in irrigated red kidney beans. As a result, similar or even higher yields may be achieved with
reduced water consumption. Therefore, the application of humic acid as a sustainable management
strategy improves the yield and quality of red kidney beans under water stress in Boyer-Ahmad County,
assisting farmers in overcoming water scarcity challenges.
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Table 2. Analysis of variance (mean square) of the effect of irrigation regime and humic acid on morphological traits,
yield components and grain yield in red kidney beans

45@65)0; ulm).las ).b).;t_éﬁ.é
i b g p2Lo Wy el il 5Ll o Ay
Olpti @b g3l51 4253 Nodes on Sy Plant Side Main Stem Filled Pods
S.0.vV df Main Stem LAI Height Branches  Diameter  per Plant
o A 2 0.83" 0.03™ 38.55"™ 0.92" 0.02m 2.39™
Replication
o ekeh 1018% 053"  938.73" 7580  946”  72.79"
Irrigation regime (I)
_ shelgles 0.27 0.01 23.46 0.46 0.006 231
Main plot error
el ol 7.1 150® 39065 510 026  9.99"
Humic acid (H)
I xH 6 0.02m 0.04m 491" 0.61™ 0.02m 0.13™
= st 18 0.25 0.02 14.09 0.53 0.03 0.91
Subplot error
ol o
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CV (%)
Table 2. Continued ldl.Y Joua
2% R4l 039 sl
; M &15 s ' ey 0 Sdes oy ST ‘_g’l)w
Olpti gl 6oLl 4250 Fjjled Grains  100- Seed %' 25%4e<  Biological ~ Harvest <!
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Main plot error
S sl g 093"  3891" 502681"  1353432" 11.65”  0.001"
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CV (%)
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ns, *, and ** indicate no significant difference, significance at the 5% and 1% probability levels, respectively.
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Table 3. Comparison of Means of the effect of irrigation regime levels and humic acid foliar application on some
morphological and functional traits in red kidney beans.

Sl ok ol Blo 53)0,5 Spphw wilh agpely)l Sl Bl
Treatment levels Nodes on Main Stem LAI Plant Height Side Branches
No. cm No.
o Ve okl 7.05° 4120 84.857 11.93°
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In each column, at least one common letter indicates no statistical difference based on the LSD test at the 5% probability level.
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Fig. 1. Comparison of mean humic acid at each irrigation regime level for the number of filled grains per pod in
red kidney beans. At each irrigation regime level, at least one common letter indicates no statistical difference
between the means at the five percent probability level based on the L.S.Means procedure.
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Fig. 2. Comparison of mean humic acid at each irrigation regime level for red kidney bean grain yiel. At each
irrigation regime level, at least one common letter indicates no statistical difference between the means at the
five percent probability level based on the L.S.Means procedure.
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Fig. 3. Comparison of mean humic acid at each irrigation regime level for red kidney bean harvest index. At
each irrigation regime level, at least one common letter indicates no statistical difference between the means at
the five percent probability level based on the L.S.Means procedure.
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Fig. 4. Comparison of mean humic acid at each irrigation regime level for water use efficiency in red kidney
bean. At each irrigation regime level, at least one common letter indicates no statistical difference between the
means at the five percent probability level based on the L.S.Means procedure.
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