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Introduction

Red kidney bean is one of the most important plant-baseaX)rotein 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, pases 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 te improve crop productivity is essential. Humic acid, as a
natural organic compound, has been reported tolenhance plant growth and increase tolerance to abiotic
stresses such as drought. It improves root development, enhances water and nutrient uptake, stimulates
beneficial soil microbialiactivity, increases crop yield, and therefore plays a crucial role in sustainable
agriculture. Accotdingly, 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
evaluatinggits effects on yield and morphological traits of red kidney bean (Phaseolus vulgaris L., cv.
Yaghout) under water—{eficit conditions.

Materials andimethods

The experimentwas 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 ‘¢éan 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 stres§jin Boyér-Ahmad County,
assisting farmers in overcoming water scarcity challenges.
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Table 1. Physical and chemical characteristics of the soil where the experiment was carried out
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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 ).)).;J)Lé
i b g p2Lo Wy el il 5Ly o Ay
Olydi @be 931 4253 Nodes on Sy Plant Side MainiStem  Filled Pods
S.0.V df Main Stem LAI Height Branches “wDiameter  per Plant
o ) 2 0.83" 0.03™ 38.55" 0.92™ 0.02™ 2.39™
Replication AN
o ekmh 1018” 053" 90383”75807 946~ 7279
Irrigation regime (I) \
_ shelgles 0.27 0.01 23.46 0.46 0.006 231
Main plot error
o Seeed el g 7.91" 150, 390.65™ 510" 026"  9.99"
Humic acid (H)
IxH 6 0.02m 0.04ns \ 4,91 0.61"™ 0.02" 0.13%
i Cos 18 0.25 0.02 14.09 0.53 0.03 0.91
Subplot error
ol o
R e 8.19 4.20 472 7.22 2.47 9.23
CV (%)
Table 2. Continued ldl.Y Joua
3oy &ilo )9 =™ '
9 3l abwe St 0hes wddloy X ‘_g’l)w
Syt 2ol g2l 4255 Fjjled Grains  100- Seed %' 25%e<  Biological ~ Harvest <!
S.0.V d per Pod Weight  Grain Yield Yield Index WUE
QW s 2 0.35"™ 0.71" 1738™ 8228™ 0.004"  0.000009™
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o ‘5)_ 2the5) 2 2.69™ 25.877  164923™ 2737062™ 69.56™ 0.026™
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Main plot error
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Humic acid (H)
I xH 6 0.61™ 2.94" 24264™ 21362™ 3.76™ 0.00001"
o= sl 18 0.17 2.84 2399 10194 0.36 0.000005
Subplot error
Syl 1057 4.27 221 2.12 1.30 1.83
CV (%)

23 oo s ) 7Y 570 Jleizl zakaw 10 (6,18 sixe o pe BT 0929 pae Cud ) 4y i g 5 NS

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.
x2y2 ) sl 7.05° 412 84.85° 11.93
Wl ot 100 percent irrigation
Sl ) . (1
rriaat 220 A s)lel 6.06" 3.96" 84.32° 11.15°
rrigation 80 percentirrigation
regime P g _
w02 P ol 5.21¢ 3.7° 69.27" 7.24¢
60 percentirrigation
0 4,99 3.5¢ 71.97¢ 9.26°
Seoged ool 25 5.72° 3.66° 76:14° 9.9%
Hl(llf_"'rfai‘)?'d 5 6.59" 4,250 83522 1019
' 7.5 7.118 4.32 86.292 11.082
N\
Table 3. Continued sl Jou>
o ot GJ..ol-a.SLw,laé 4?’»'9.3 ,aﬁdxé 4ils v (439 w, é)-ﬁc&
Treatment levels Mgln Stem Filled'Pods per 100- _Seed Blol_oglcal
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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,jat 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 Jevel, at least one‘common letter indicates no statistical difference between the means at the
five percent probability level based on the b.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 percént probability level based on the L.S.Means procedure.
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Fig. 4. Comparison of mean humic acid at eachiirrigation 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 pereent probability level'based on the'L.S.Means procedure.
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