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Introduction. Legumes, as a source of plant protein, are considered as one of the most valuable agricultural products,
playing a significant role in meeting the food needs of developing countries. Green mung beans, being small grain
legumes with a high protein content (22-25%), amino acids, minerals, and vitamins, are particularly valued. However,
water scarcity stress, one of the most important factors limiting crop production, has hindered the cultivation of this
crop in Iran. Drought stress leads to physiological, biochemical, metabolic disorders, and oxidative stress in plants,
making it one of the most crucial non-living stresses. Various methods are employed to mitigate the adverse effects
of drought stress and enhance plant tolerance, including the use of organic compounds such as amino acids and humic
acid. These compounds can stimulate plant growth and development under optimal conditions and stress. Amino acids
play direct and indirect roles in physiological metabolism, exchange, and structural activities, such as increasing the
concentration of photosynthetic pigments, enhancing the rate of photosynthesis, and promoting protein synthesis under
stress conditions. Humic acid, with its polymeric structure, enhances cell membrane permeability, stimulates root
growth, and improves water and nutrient absorption by roots. Consequently, it increases the relative water content of
leaves under stress conditions, mitigating the adverse effects of stress. Considering the importance of legumes in the
diet and the challenges of water scarcity in arid and semi-arid regions of the country, this research aimed to study the
effects of humic acid and amino acid foliar application on the yield and yield components of mung bean plants under
water stress conditions.

Materials and Methods. To investigate the effects of humic acid and various levels of amino acid on mung bean
yield and yield components under water stress conditions, a factorial experiment was conducted based on a randomized
complete block design with three replications in a greenhouse with open vents. The experiment took place in Urmia
city, West Azerbaijan province, during the 1401 growing season. The experimental factors included three irrigation
regimes (optimal irrigation, mild stress, and severe stress), six levels of commercial amino acid foliar application (1.
no foliar spraying, 2. foliar spraying with distilled water, 3-1 gram, 4-2 grams, 5-3 grams, and 6-4 grams of amino
acids per liter of water), and two levels of humic acid application (1. application of 0.1 gram of humic acid and 2. no
application of humic acid). Statistical analysis was performed using SAS 9.4, and mean comparisons were based on
the LSD method at a 5% probability level.

Results and Discussion. The results revealed that the highest plant height (26.58 cm) was obtained from the
application of humic acid with three grams of amino acids under optimal irrigation conditions. Additionally, the
highest leaf area (51.7 cm?) was observed with the application of two grams of amino acids and humic acid under
optimal irrigation conditions. The highest number of seeds per plant (26.2) was obtained from the application of humic
acid under optimal irrigation conditions, leading to the highest grain weight (1883.3 mg plant™) with foliar spraying
of two grams of amino acids under optimal conditions. The highest concentrations of photosynthetic pigments and
anthocyanin were recorded in the leaves of mung bean with amino and humic acid treatments. Foliar application of
amino acids significantly improved 1000-seed weight, number of seeds per plant, harvest index, and shoot dry weight
compared to the control. Generally, morphological and yield components were negatively affected under severe stress
conditions. However, the application of amino acids and humic acid appeared to enhance the adaptability of green
mung beans to drought stress conditions.

Conclusion. The study concluded that drought stress negatively impacts morphological traits (plant height, leaf area,
and dry weight of aerial organs) and yield components (grain weight, 1000-seed weight, number of seeds per plant,
and harvest index). However, foliar application of amino acids and soil application of humic acid effectively mitigated
these negative effects on mung bean traits. The highest plant height, leaf area, shoot dry weight, and grain weight were
achieved with the simultaneous application of amino acids and humic acid. Therefore, based on the research findings,
drought stress had negative effects on yield and morphological, therefore traits foliar application of three grams of
amino acids along with soil application of humic acid is recommended to improve the vegetative and yield traits of
mung bean plants.
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Table 1. Average rainfall, minimum temperature, maximum temperature during the growing season.
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Table 3. Physical and chemical properties of the potting soil.
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Table 4. Mean square of morphological traits of mung bean affected by irrigation regimes, soil application of humic acid and foliar
application of amino acids.
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Figure 1. Interaction of irrigation regime, soil application of humic acid, and foliar application of amino acids on mung bean height.
Means were compared using the least significant difference (LSD) test. Means followed by the same letter within a column are not significantly
different. Ii: Optimal irrigation; L.: Mild water stress; Is: Severe water stress; Fi: Foliar application of 1 g amino acid L™ water (first graph from
the left in each column); F2: Foliar application of 2 g amino acid L™ water (second graph from the left in each column); Fs: Foliar application of 3
g amino acid L™ water (third graph from the left in each column); Fa: Foliar application of 4 g amino acid L™ water (fourth graph from the left in
each column); Fs: Foliar application of distilled water (fifth graph from the left in each column); Fs: No foliar application (sixth graph from the left
in each column); Ho: Without humic acid application; Hi: With humic acid application.
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Figure 2. Interaction of irrigation regime, soil application of humic acid, and foliar application of amino acids on leaf area of mung bean plants.
Means were compared using the least significant difference (LSD) test. Means followed by the same letter are not significantly different. Li:
Optimal irrigation; L.: Mild water stress; Is: Severe water stress; Fi: Foliar application of 1 g amino acid L' water (first graph from the left in each
column); F»: Foliar application of 2 g amino acid L™ water (second graph from the left in each column); Fs: Foliar application of 3 g amino acid
L! water (third graph from the left in each column); Fa: Foliar application of 4 g amino acid L™! water (fourth graph from the left in each column);

Fs: Foliar application of distilled water (fifth graph from the left in each column); Fe: No foliar application (sixth graph from the left in each
column); Ho: Without humic acid application; Hi: With humic acid application.
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Figure 3. Main effects of irrigation regimes (A), humic acid (B), and foliar application of amino acids (C) on stem dry weight.
Means were compared using the least significant difference (LSD) test. Means followed by the same letter are not significantly different. Ii:
Optimal irrigation; L: Mild water stress; Is: Severe water stress; Fi: Foliar application of 1 g amino acid L™ water; F2: Foliar application of 2 g

amino acid L™ water; Fs: Foliar application of 3 g amino acid L' water; Fa: Foliar application of 4 g amino acid L™' water; Fs: Foliar application
of distilled water; Fe: No foliar application; Ho: Without humic acid application; Hi: With humic acid application.
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Figure 4. Main effect of irrigation regimes (A) and the interaction between humic acid and foliar application of amino acids (B) on grain dry weight.

Means were compared using the least significant difference (LSD) test. Means followed by the same letter are not significantly different. I;: Optimal irrigation;

I.: Mild water stress; Is: Severe water stress; Fi: Foliar application of 1 g amino acid L' water (first graph from the left in each column); F2: Foliar application of 2 g
Amino acid L™" water (second graph from the left in each column); Fs: Foliar application of 3 g amino acid L™' water (third graph from the left in each column); Fa:
Foliar application of 4 g amino acid L' water (fourth graph from the left in each column); Fs: Foliar application of distilled water (fifth graph from the left in each

column); Fe: No foliar application (sixth graph from the left in each column); Ho: Without humic acid application; Hi: With humic acid application.
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Figure 5. Interaction between humic acid and amino acids (A) and interaction between irrigation regimes and amino acids (B) on leaf dry weight.
Means were compared using the least significant difference (LSD) test. Means followed by the same letter are not significantly different. Ii:
Optimal irrigation; L: Mild water stress; Is: Severe water stress; Fi: Foliar application of 1 g amino acid L' water (first graph from the left in each
column); F»: Foliar application of 2 g amino acid L™ water (second graph from the left in each column); Fs: Foliar application of 3 g amino acid
L water (third graph from the left in each column); Fa: Foliar application of 4 g amino acid L' water (fourth graph from the left in each column);
Fs: Foliar application of distilled water (fifth graph from the left in each column); Fs: No foliar application (sixth graph from the left in each
column); Ho: Without humic acid application; Hi: With humic acid application.
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Figure 6. Main effects of irrigation regimes and amino acids on total shoot dry weight.

Means were compared using the least significant difference (LSD) test. Means followed by the same letter are not significantly different. Ii:
Optimal irrigation; I: Mild water stress; Is: Severe water stress; Fi: Foliar application of 1 g amino acid L' water; F2: Foliar application of 2 g
amino acid L™ water; Fs: Foliar application of 3 g amino acid L™ water; Fa: Foliar application of 4 g amino acid L™ water; Fs: Foliar application
of distilled water; Fs: No foliar application.
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Table 5. Mean squares of grain weight and yield components of mung bean as affected by irrigation regimes, soil application of
humic acid, and foliar application of amino acids.
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Figure 7. Main effect of irrigation regime on thousand-grain weight.

Means followed by the same letter are not significantly different. Ii: Optimal
irrigation; L: Mild water stress; Is: Severe water stress.

Ags 4O 1S dluai H—Y
2 Sl Spogem 338 5 o)l lite 3l g atpelislotgasl (Sl Jglre Lol 515l Cdio ) (uills 4328 Jgie @l 3
ol bl 53 sl Sogud 5,0)8 51 gy &l slass o ety 33 Lt 2ol (O Jgdo) cépdy 1l doyd S Jloas] prdaws
& o dipol gladenl 38 3y LS aiel gladiwl Lol 51wy opiomed (A JSK5) sel Cndty dae YEIY L gllae
IS Sl e o 53 (A JS5) 55 M5 (s er i 53 1> 3 il b pie 5 i o b b Jybes
dliss yialS” (Danaei Rad ef al., 2024; Aghdasi ef al., 2018) Cuwl 0id HAb 5 mMo (i pdaw ;3 &ild slaws ialS Coge
Cuol 00 (o)l 03,5 sladily abeaie o Ll 4 oddepwsd dlge JDl g jiiwgd > MBS Jdsas @g > 4l



14 s 4o (Vigna radiata L. ) juw Lilo 4l (g 5 o beoiig ldio 4 %of‘flb.gwldaﬁé‘j}buj dwhKogd il

059 8 (T =2/%%) Llan pluil Sis 59 o(r =+/AF**) &ild o OMe Sid 59 b &gy )0 &b dlawi (Raeisi ef al., 2020)
(Y Jods) cuily (o)l gixe g Cute (Sison (r=+/AY**) &l

H1 ®) )

30 25

20

= HO
a
25 I
b b
2 b 1
[ 15
Cc
15
10
10
5 5
0 0
11 12 13

F5 F4 F3 F2 F1 F0

N. of seed per plant
N. of seed per plant
e

gy 53 A lus s (B) deolSangan g (6 bl (iiSany g (A) diel sladpwl Lol @l 5l A JSWS
U5 Iy e (e (55 T cogllae ()bl Iy 35,105 jlsline BMS] S jtie By > (T (slayuSilio . ol (LSD) (gl sime M3 Jilus (3, (yolsl s 5ule dunslio
e b ol Jgloe Fay ool j2) ) aelinl p)5 aw b (5b Jglore :F3 ol jud )3 aiselinnl o8 93 b (sbJgloxe :Fo ol 2 )0 aisalinl o5 G b b Jolne F1 iy oleS
sl 5 g e L il Jpbe s ] ) 5 izl .5

Figure 8. Main effect of amino acids (A) and the interaction between irrigation regimes and humic acid (B) on the number of seeds per plant.
Means were compared using the least significant difference (LSD) test. Means followed by the same letter are not significantly different. I:
Optimal irrigation; I.: Mild water stress; Is: Severe water stress; Fi: Foliar application of 1 g amino acid L™! water; F2: Foliar application of 2 g
amino acid L' water; Fs: Foliar application of 3 g amino acid L' water; Fa: Foliar application of 4 g amino acid L' water; Fs: Foliar application
of distilled water; Fs: No foliar application.
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Figure 9. Interaction of irrigation regime, soil application of humic acid, and foliar application of amino acids on mung bean grain weight.
Means were compared using the least significant difference (LSD) test. Means followed by the same letter are not significantly different. I:
Optimal irrigation; L.: Mild water stress; Is: Severe water stress; Fi: Foliar application of 1 g amino acid L™ water (first graph from the left in each
column); F2: Foliar application of 2 g amino acid L' water (second graph from the left in each column); Fs: Foliar application of 3 g amino acid
L water (third graph from the left in each column); Fa: Foliar application of 4 g amino acid L™ water (fourth graph from the left in each column);
Fs: Foliar application of distilled water (fifth graph from the left in each column); Fs: No foliar application (sixth graph from the left in each
column); Ho: Without humic acid application; Hi: With humic acid application.
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Figure 10. Main effects of irrigation regime (A) and amino acids (B) on harvest index.

Means were compared using the least significant difference (LSD) test. Means followed by the same letter are not significantly different. Li:
Optimal irrigation; I: Mild water stress; Is: Severe water stress; Fi: Foliar application of 1 g amino acid L' water; F»: Foliar application of 2 g

amino acid L' water; Fs: Foliar application of 3 g amino acid L™ water; Fa: Foliar application of 4 g amino acid L™ water; Fs: Foliar application
of distilled water; Fs: No foliar application.
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Table 6. Mean squares of biochemical traits of mung bean as affected by irrigation regimes, soil application of humic acid, and
foliar application of amino acids.
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Figure 11. Interaction of irrigation regime, soil application of humic acid, and foliar application of amino acids on chlorophyll a concentration in
mung bean.

Means were compared using the least significant difference (LSD) test. Means followed by the same letter are not significantly different. Ii:
Optimal irrigation; L: Mild water stress; Is: severe water stress; Fi: Foliar application of 1 g amino acid L™ water (first graph from the left in each
column); F»: Foliar application of 2 g amino acid L™ water (second graph from the left in each column); Fs: Foliar application of 3 g amino acid
L water (third graph from the left in each column); Fa: Foliar application of 4 g amino acid L™ water (fourth graph from the left in each column);
Fs: Foliar application of distilled water (fifth graph from the left in each column); Fs: No foliar application (sixth graph from the left in each
column); Ho: Without humic acid application; Hi: With humic acid application.
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Figure 12. Interaction of irrigation regime, soil application of humic acid, and foliar application of amino acids on chlorophyll b concentration
in mung bean.

Means were compared using the least significant difference (LSD) test. Means followed by the same letter are not significantly different. Ii:
Optimal irrigation; I.: Mild water stress; Is: Severe water stress; Fi: Foliar application of 1 g amino acid L' water (first graph from the left in each
column); F»: Foliar application of 2 g amino acid L™ water (second graph from the left in each column); Fs: Foliar application of 3 g amino acid
L water (third graph from the left in each column); Fa: Foliar application of 4 g amino acid L™! water (fourth graph from the left in each column);
Fs: Foliar application of distilled water (fifth graph from the left in each column); Fs: No foliar application (sixth graph from the left in each
column); Ho: Without humic acid application; Hi: With humic acid application.
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Figure 13. Interaction of irrigation regime, soil application of humic acid, and foliar application of amino acids on total chlorophyll
concentration in mung bean.

Means were compared using the least significant difference (LSD) test. Means followed by the same letter are not significantly different. Ii:
Optimal irrigation; L: Mild water stress; Is: Severe water stress; Fi: Foliar application of 1 g amino acid L™! water (first graph from the left in each
column); F2: Foliar application of 2 g amino acid L™ water (second graph from the left in each column); Fs: Soliar application of 3 g amino acid
L~ water (third graph from the left in each column); Fa: Foliar application of 4 g amino acid L™' water (fourth graph from the left in each column);
Fs: Foliar application of distilled water (fifth graph from the left in each column); Fs: No foliar application (sixth graph from the left in each
column); Ho: Without humic acid application; Hi: With humic acid application.
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Figure 14. Interaction between humic acid and amino acids on carotenoid concentration in mung bean.

Means were compared using the least significant difference (LSD) test. Means followed by the same letter are not significantly different. I:
Optimal irrigation; L.: Mild water stress; Is: Severe water stress; Fi: Foliar application of 1 g amino acid L™ water (first graph from the left in each
column); F»: Foliar application of 2 g amino acid L™ water (second graph from the left in each column); Fs: Foliar application of 3 g amino acid
L water (third graph from the left in each column); Fa: Foliar application of 4 g amino acid L™ water (fourth graph from the left in each column);
Fs: Foliar application of distilled water (fifth graph from the left in each column); Fs: No foliar application (sixth graph from the left in each
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Figure 15. Interaction of irrigation regime, soil application of humic acid, and foliar application of amino acids on total anthocyanin

concentration in mung bean.

Means were compared using the least significant difference (LSD) test. Means followed by the same letter are not significantly different. I:
Optimal irrigation; L.: Mild water stress; Is: Severe water stress; Fi: Foliar application of 1 g amino acid L' water (first graph from the left in each
column); F»: Foliar application of 2 g amino acid L™ water (second graph from the left in each column); Fs: Foliar application of 3 g amino acid
L' water (third graph from the left in each column); Fa: Foliar application of 4 g amino acid L' water (fourth graph from the left in each column);
Fs: Foliar application of distilled water (fifth graph from the left in each column); Fe: No foliar application (sixth graph from the left in each

column); Ho: Without humic acid application; Hi: With humic acid application.
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Table 7. Correlation coefficients among growth traits, yield traits, and physiological characteristics of mung bean.
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