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ABSTRACT  

BACKGROUND: The management of fertilizers is one of the important factors that great-

ly affect the growth, development and yield of mung bean.  

OBJECTIVES: This study was conducted to investigation effect of different irrigation 

levels and combination humic acid and chelated Potassium on quantitative and qualitative 

traits of Mung bean.  

METHODS: This research was carried out via split plot experiment based on randomized 

complete blocks design (RCBD) with three replications along 2023 year. The main factor 

included drought stress (80 mm evaporation from class A evaporation pan or control, 120 

mm evaporation from class A evaporation pan, 160 mm evaporation from class A evapora-

tion pan) based on the daily evaporation reported from Ahvaz weather station, the closest 

station to the test site. Also biologic fertilizer (nonuse of biofertilizer or control, 4 L.ha-1 

humic acid, 4 kg.ha-1 Chelated Potassium, Combination of 4 L.ha-1 humic acid and 4 kg.ha-

1 Chelated Potassium) belonged to sub plots.  

RESULT: Result of analysis of variance revealed effect of drought stress and biologic fer-

tilizer on all measured traits was significant but interaction effect of treatments (instead 

seed yield) was not significant. Mean comparison result of different level of drought stress 

indicated that maximum amount of all measured traits (instead protein content) was for 80 

mm evaporation from class A evaporation pan. Also as for Duncan classification made 

with respect to different level of biologic fertilizer maximum and minimum amount of 

measured traits belonged to combination of 4 L.ha-1 humic acid and 4 kg.ha-1 Chelated Po-

tassium and control.  

CONCLUSION: Therefore, in general, it can be stated that in order to achieve the maxi-

mum crop production and qualitative components, planting mung bean with 80 mm from 

evaporation pan with combined application of humic acid and potassium chelate fertilizer 

in studied areas will be recommended. 
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1. BACKGROUND   

Fabaceae family is one of the most 

important sources of protein and ener-

gy. Food legumes, after maize, wheat 

and rice, are the most important crops 

used for feeding the world's people, es-

pecially in developing countries (Moh-

tashami et al., 2016a). By having 17-

40% protein, legumes play an important 

role in the production of protein and 

calories needed by humans (Moh-

tashami et al., 2016b). The increasing 

need of society to food and irregular 

growth of the population and reduction 

of food sources is one of the most im-

portant issues that have attracted politi-

cians, thinkers and researchers' atten-

tion. Iran will need food approximately 

2 times more than the current figure un-

til another 20 years with current con-

sumption level. The population growth 

and economic and social development 

of the country in the past two decades 

has led to a dramatic increase in the 

consumption of protein, especially red 

meat. Accordingly, the increased pro-

duction of protein substances, especially 

plant proteins which are more valuable 

sources in nutrition, is inevitable. Leg-

umes, by having approximately 20% of 

protein and sometimes more, play an 

important role in providing the protein 

needed by human beings, especially in 

countries with low animal and agricul-

tural products. Legumes in human nutri-

tion can be considered as a good dietary 

supplement for cereals (Mahmoudi et 

al., 2016). Potassium mainly exists in 

three different forms in the soil, which 

includes usable, stabilized potassium 

and potassium found in soil minerals. 

Therefore, in order to supply potassium 

needed by the plant, soluble and ex-

changeable potassium should be pro-

vided by adding chemical fertilizers or 

by releasing stabilized potassium and 

weathering minerals containing potassi-

um (such as mica and feldspar) (Tabat-

abaei, 2014). In a research investigating 

the effect of potassium sulfate fertilizer 

on mung bean, it was reported that the 

yield of pod increased with increasing 

the amount of potassium sulfate fertiliz-

er from 0 to 50 kg.ha-1 under favorable 

irrigation conditions with a steep slope, 

which shows that the yield of pod in-

creased to some extent with the increase 

of fertilizer. Potassium sulfate has in-

creased and since then, with the in-

crease of potassium sulfate fertilizer 

from 50 to 100 kg.ha-1, the yield of pod 

has decreased rapidly (Ali et al., 2010). 

Researchers reported that the use of po-

tassium sulfate in mung bean is directly 

related to growth, biomass and yield. 

The results showed that the yield re-

sponse to different levels of potassium 

(0, 100, 120 kg.ha-1) is different. The 

lowest yield (700 kg.ha-1) was obtained 

with no potassium application (control 

treatment) and the highest yield (1096 

kg.ha-1) was obtained with the applica-

tion of 120 kg.ha-1 potassium (Kumar et 

al., 2014). Asghar et al. (2006) by ex-

amining the effect of potassium sulfate 

(at three levels of 0, 150, 250 kg.ha-1) 

on the yield of mung bean cultivars, 

they showed that the highest number of 

seeds per pod was obtained from the 

treatment of 250 kg.ha-1 of potassium 

fertilizer which was consistent with the 

results of this research. In arid and 

semi-arid areas of the world, water is 
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the principal limiting factor of agricul-

tural production primarily due to low 

and/or uneven distributions of annual 

rainfall (Keshavarz Afshar et al., 2014). 

Increasing the yield requires the use of 

proper agricultural management in each 

region and the knowledge of physiolog-

ical relationships of plant with the agri-

cultural systems (Hassani et al., 2015). 

Sadeghipour (2018) stated the effect of 

the irrigation cycle on the yield and its 

components was significant. The treat-

ment without irrigation in the flowering 

stage reduced the number of pods in the 

plant, the number of seeds per pod and 

the seed yield, while the limited irriga-

tion in the pod filling stage reduced the 

1000-seed weight. Efficient cell devel-

opment and growth of plant tissues, 

transport, storage of assimilates and 

other internal actions which are mostly 

based on physiological, biochemical 

and biophysical interactions, need suffi-

cient potassium in the cell sap. Potassi-

um plays a role in plant water status and 

overcomes soil moisture stress 

(Marscner, 1995). The role of potassium 

in reducing the effects of stresses such 

as drought, cold and high light intensity 

in plants has been reported (Waraich et 

al., 2012). 

 

2. OBJECTIVES  

This study was conducted to investi-

gation effect of different irrigation lev-

els and combination humic acid and 

chelated Potassium on quantitative and 

qualitative traits of Mung bean.  

 

3. MATERIALS AND METHODS  

3.1. Field and Treatments Information  

This research was carried out via 

split plot experiment based on random-

ized complete blocks design with three 

replications along 2023 year. Place of 

research was located in Dashteazadegan 

region at longitude 48°10'E and latitude 

31°33'N in Khuzestan province (South-

west of Iran). The main factor included 

drought stress (I1: 80 mm evaporation 

from class A evaporation pan or control, 

I2: 120 mm evaporation from class A 

evaporation pan I3: 160 mm evaporation 

from class A evaporation pan) based on 

the daily evaporation reported from Ah-

vaz weather station, the closest station 

to the test site. Also biologic fertilizer 

(F1: nonuse of biofertilizer or control, 

F2: 4 L.ha-1 humic acid, F3: 4 kg.ha-1 

Chelated Potassium, F4: Combination of 

4 L.ha-1 humic acid and 4 kg.ha-1 Che-

lated Potassium) belonged to sub plots. 

This experiment had 36 plots. Each plot 

consisted of 6 lines with a distance of 

50 cm and 5 meters length. The distance 

between the shrubs on every row was 

15 cm.  

 

3.2. Farm Management  

Base fertilizers (50 kg.ha-1 Nitrogen 

from urea, 80 kg.ha-1 phosphorus from 

triple superphosphates and 80 kg.ha-1 

potassium from potassium sulfate) were 

added to the soil based on soil tests and 

the recommendations of the Iranian Soil 

and Water Research Institute at planting 

stage. 50 kg.ha-1 Nitrogen from urea 

was added at stem elongation stage.  
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The light-disk harrow was used to 

mix the soil and the fertilizer after soil 

fertilization. The furrower was used to 

make furrows at a distance of 50 cm. 

The zinc and manganese Nano-chelate 

were used in the furrows (with 4cm 

depth) before planting. The furrows 

were covered with soil. The seeds were 

planted 2 cm above the fertilizer. Potas-

sium fertilizer based on 35% potassium 

chelate was purchased from Sepehr 

Parmis Technology Company and hu-

mic acid containing 12% fulvic acid and 

68% humic acid was purchased and 

used from Arman Sabz Adina Compa-

ny. The application of humic acid and 

potassium fertilizer was done twice dur-

ing crop growing season at before flow-

ering and before podding stages. The 

application of humic acid and potassium 

chelate according advised amounts 

based on the treatment with irrigation 

water was used in the field. Weeds were 

controlled by manual weeding. Physical 

and chemical properties of the soil are 

mentioned in table 1.  

 

Table 1. Physiochemical characteristics of field soil  

Soil depth 

(cm) 

OC 

(%) 

SP 

(%) 

P 

(ppm) 

K 

(ppm) 
pH 

EC 

(ds.m-1) 

Soil  

texture 

0-15 0.47 47 10.1 210 7.1 4.42 Clay loam 

15-30 0.32 45 9.8 198 7.0 4.21 Clay loam 

 

3.3. Measured Traits  

After removing the border of plots, col-

lect all pods in three, four and five 

planting lines (an area equal to two 

square meters) and after separating the 

seeds from the pods, the seeds are heat-

ed at 75 degrees for 48 hours was put in 

oven. Finally, the seed yield was deter-

mined based on grams per square meter. 

The height of 10 plants was randomly 

measured from the crown to the end of 

the stem and their average was consid-

ered as the plant height for each plot. 

Nitrogen content of the seeds was 

measured using with the Kjeldahl meth-

od (included nitrogen digestion, distilla-

tion and titration). The seed protein con-

tent was obtained by multiplying the 

seed nitrogen percent by 6.25. Protein 

yield was achieved by multiplying pro-

tein content by seed yield (Linn and 

Martin, 1999). To determine the leaf 

area of the linear relationship S= K. 

L.W was used in which S, L and W 

were the leaf area, L and W respective-

ly, the maximum length and width of 

each leaf and K= 0.75 correction coeffi-

cient. The leaf area index was calculat-

ed from leaf area ratio to ground level. 

Chlorophyll index was measured with a 

Spad meter device, model (spad-502) 

available in the laboratory of Islamic 

Azad University of Ahvaz, with an av-

erage of 10 leaves from the middle of 

the plant and from three parts of the leaf 

at 9:30-10 the morning during flowering 

from Each plot.  

 

3.4. Statistical Analysis  

Analysis of variance and mean compar-

isons were done via SAS (Ver.8) soft-

ware and Duncan multiple range test at 

5% probability level.  
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4. RESULT AND DISCUSSION  

4.1. Plant height  

According result of analysis of vari-

ance effect of drought stress and biolog-

ic fertilizer on plant height was signifi-

cant at 1% probability level but interac-

tion effect of treatments was not signifi-

cant (Table 2). Mean comparison result 

of different level of drought stress indi-

cated that maximum plant height (54.07 

cm) was noted for 80 mm evaporation 

from class A evaporation pan and min-

imum of that (43.25 cm) belonged to 

160 mm evaporation from class A 

evaporation pan (Table 3).  

 

 

Table 2. The results of analysis of variance of measured traits  

S.O.V  df 
Plant 

height 

Pod 

length 

Leaf area 

index 

Chloro-

phyll index 

Seed 

yield 

Protein 

content 

Replication 2 3.01ns 0.24ns 0.011ns 10.17ns 845.3ns 0.08ns 

Drought 

stress (I) 
2 388.70** 92.35** 0.618* 146.51* 45608.9** 24.10* 

Error I 4 14.6 0.972 0.071 19.76 337.11 6.15 

Bio 

fertilizer 

(F) 

3 453.02** 66.19** 1.105** 115.31* 27609.2** 48.27* 

I × F 6 3.92ns 0.041ns 0.012ns 4.24ns 8834.05** 0.33ns 

Error II 
1

8 
11.68 0.781 0.053 17.93 280.6 4.19 

CV (%) - 7.04 9.11 10.42 7.81 9.24 9.50 
ns, * and **: no significant, significant at 5% and 1% of probability level, respectively. 

 

As for Duncan classification made with 

respect to different level of biologic fer-

tilizer maximum and minimum amount 

of plant height belonged to combination 

of humic acid and chelated Potassium 

(56.01 cm) and control (42.30 cm) (Ta-

ble 3). Golgul et al. (2023) reported un-

der drought stress, there is a competi-

tion between aerial (stem) and ground 

(root) parts to obtain food and in this 

competition, a larger share of photosyn-

thetic materials is allocated to the root 

and as a result, less photosynthetic ma-

terials are allocated to the stem, which 

is one of the aerial parts of the plant as a 

result, the height of the plant may de-

crease. Zyada et al. (2020) reported that 

humic acid foliar application increased 

plant height. Other researchers such as 

Tripura et al. (2017) and Kuntyastuti et 

al. (2019) have also pointed out the pos-

itive role of humic acid and potassium 

chelate fertilizer in increasing plant 

height, which was consistent with the 

results of this research.  

 

4.2. Pod length  

Result of analysis of variance re-

vealed effect of drought stress and bio-

logic fertilizer on pod length was signif-

icant at 1% probability level, but inter-

action effect of treatments was not sig-

nificant (Table 2). According result of 

mean comparison maximum of pod 

length (12 cm) was obtained for 80 mm 

evaporation from class A evaporation 

pan and minimum of that (7.78 cm) was 

for 160 mm evaporation from class A 

evaporation pan (Table 3). 

Skandarnejad et al. (2017) reported that 
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the reduction of pod length is the reason 

that drought stress has reduced cell di-

visions and cell elongation, and the 

vegetative growth of the plant has been 

reduced, so the biological yield of the 

plant has decreased. Sadeghipour and 

Aghaei (2014) reported an increase in 

the number of seeds per pods under 

non-stress conditions than to stress situ-

ation was 25.64%. That matter was re-

lated to more photosynthesis and greater 

transfer of photosynthetic material to 

the seeds. It seems crop affected 

drought stress during flowering stages 

due to the short flowering period and 

sterility of some of their flowers due to 

pollen germination and lack of proper 

fertilization led to reduce the number of 

pods and seeds compared to normal 

conditions (Najarian et al., 2016).  

 

Table 3. Mean comparison different level of drought stress and biologic fertilizer on studied 

traits  

Protein 

content (%) 

Seed yield 

(g.m-2) 

Chlorophyll 

index 

Leaf area 

index 

Pod length 

(cm) 

Plant 

height (cm) 
Treatment 

      Drought stress 

19.50c 245.71a 57.43a 2.86a 12.0a 54.07a 

80 mm evaporation 

from class A evapora-

tion pan 

21.34b 169.11b 54.20b 2.10b 9.32b 48.12b 

120 mm evaporation 

from class A evapora-

tion pan 

24.65a 128.60c 51.0c 1.67c 7.78c 43.25c 

160 mm evaporation 

from class A evapora-

tion pan 

      Biologic fertilizer 

20.01c 143.58c 49.11c 1.70c 8.22c 42.30c 
Nonuse of biofertilizer 

or control 

21.76b 180.04b 55.30b 2.0b 9.03bc 49.11b 4 L.ha-1 humic acid 

22.0ab 175.26b 54.19b 2.24ab 10.0b 46.5b 
4 kg.ha-1 Chelated 

Potassium 

23.55a 225.68a 58.24a 2.90a 11.55a 56.01a 

Combination of 4 

L.ha-1 humic acid and 

4 kg.ha-1 Chelated 

Potassium 

*Mean which have at least once common letter are not significant different at the 5% level using (DMRT). 

 

Evaluation means comparison result 

indicated in different level of biologic 

fertilizer the maximum pod length 

(11.55 cm) was noted for combination 

of humic acid and chelated Potassium 

and minimum of that (8.22 cm) be-

longed to control treatment (Table 3). 

By investigating and studying different 

levels of potassium sulfate in mung 

bean plant, it was reported that the 

number of pods plant, seed and biologi-

cal yield were significantly affected by 

potassium. The lowest number of pods 

and the number of seeds per pod were 
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obtained from the treatment without po-

tassium (control) (Abbas et al., 2011). 

According to the findings of Maqbool et 

al. (2018), the reduction of pod length 

in drought stress conditions can be due 

to the plant's sensitivity to drought 

stress in the reproductive growth stage, 

which is consistent with the results of 

this research.  

 

4.3. Leaf area index (LAI)  

According result of analysis of vari-

ance effect of drought stress and biolog-

ic fertilizer on LAI was significant at 

5% and 1% probability level, respec-

tively but interaction effect of treat-

ments was not significant (Table 2). As-

sessment means comparison result indi-

cated in different level of drought stress 

the maximum LAI (2.86) was noted for 

80 mm evaporation from class A evapo-

ration pan and minimum of that (1.67) 

belonged to 160 mm evaporation from 

class A evaporation pan treatment (Ta-

ble 3). The results of the research of 

Salehi et al. (2017) and Shokouhfar and 

Abofatilehnezhad (2013) confirm that 

drought stress has a significant effect on 

the leaf area index, and with the in-

crease of drought stress, the LAI de-

creased significantly, which is con-

sistent with the results of this study. 

Compare different level of manganese 

Nano-chelate showed that the maximum 

and the minimum amount of LAI be-

longed to combination of humic acid 

and chelated Potassium (2.9) and con-

trol (1.7) treatments (Table 3). Zyada et 

al. (2020) stated that the increase in po-

tassium absorption causes a positive 

effect on photosynthesis, increasing the 

growth rate and the leaf area index of 

the plant. The increase in leaf area index 

with the application of humic acid and 

potassium chelate was also reported by 

Sadaf and Tahir (2017) and Eryigit and 

Husamalddin (2023), which was con-

sistent with the results of this research.  

 

4.4. Chlorophyll index  

Result of analysis of variance re-

vealed effect of drought stress and bio-

logic fertilizer on chlorophyll index was 

significant at 5% probability level, but 

interaction effect of treatments was not 

significant (Table 2). Mean comparison 

result of different level of drought stress 

indicated that maximum chlorophyll 

index (57.43) was noted for 80 mm 

evaporation from class A evaporation 

pan and minimum of that (51) belonged 

to 160 mm evaporation from class A 

evaporation pan (Table 3). As for Dun-

can classification made with respect to 

different level of biologic fertilizer 

maximum and minimum amount of 

chlorophyll index belonged to combina-

tion of humic acid and chelated Potassi-

um (58.24) and control (49.11) (Table 

3). It seems that the higher chlorophyll 

index in fertilizer treatments is due to 

the fact that potassium activates many 

enzymes, which are necessary for the 

synthesis of chlorophyll and the for-

mation of carbohydrates. Studies by 

Ganjipour (2007) confirmed these re-

sults. Abbas et al. (2011) by investigat-

ing and studying different levels of po-

tassium sulfate in mung bean plant, re-

ported that the chlorophyll index and 

seed yield were significantly increased 

by potassium consumption, which was 

consistent with the results of this re-

search. Miri et al. (2024) evaluated the 
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effect of drought stress on mung bean 

plant traits and stated that water stress 

reduced seed yield, relative moisture 

content and total chlorophyll content of 

mung bean plant. Aghdasi et al. (2018) 

studied the effect of water deficit stress 

on some physiological traits and the 

quantitative and qualitative yield of 

mung bean and reported that amount of 

chlorophyll b decreased in both stress 

levels in the vegetative and reproductive 

stages under the influence of drought 

stress compared to the control. Also the 

effect of drought stress on the reproduc-

tive treatment (32% reduction compared 

to the control) was more than the vege-

tative treatment.  

 

4.5. Seed yield  

According result of analysis of vari-

ance effect of drought stress, biologic 

fertilizer and interaction effect of treat-

ments on seed yield was significant at 

1% probability level (Table 2). Accord-

ing result of mean comparison maxi-

mum of seed yield (245.71 g.m-2) was 

obtained for 80 mm evaporation from 

class A evaporation pan and minimum 

of that (128.60 g.m-2) was for 160 mm 

evaporation from class A evaporation 

pan (Table 3). Evaluation means com-

parison result indicated in different lev-

el of biologic fertilizer the maximum 

seed yield (225.68 g.m-2) was noted for 

combination of humic acid and chelated 

Potassium and minimum of that (143.58 

g.m-2) belonged to control treatment 

(Table 3). Evaluation means compari-

son result of interaction effect of treat-

ments indicated maximum seed yield 

(251.03 g.m-2) was noted for 80 mm 

evaporation from class A evaporation 

pan and combination of humic acid and 

chelated Potassium and lowest one 

(119.22 g.m-2) belonged to 160 mm 

evaporation from class A evaporation 

pan and nonuse of biofertilizer (Fig.1).  

 

 

 

 

 

 

 

 

 

 

Fig.1. Interaction effect of drought stress 

and biologic fertilizer on seed yield. I1: 80 

mm evaporation from class A evaporation 

pan or control, I2: 120 mm evaporation 

from class A evaporation pan I3: 160 mm 

evaporation from class A evaporation pan. 

F1: nonuse of biofertilizer or control, F2: 4 

L.ha-1 humic acid, F3: 4 kg.ha-1 Chelated 

Potassium, F4: Combination of 4 L.ha-1 hu-

mic acid and 4 kg.ha-1 Chelated Potassium 

(Means with similar letters in each column 

are not significantly different by Duncan's 

test at 5% probability level)  

 

Abbas et al. (2011) by study on the 

application different levels of potassium 

sulfate in Mung bean, it was reported 

that the number of pods per plant, num-

ber of seeds per pod and seed yield were 

significantly affected by potassium. The 

minimum number of pods and number 

of seeds per pod were obtained from 

control treatment. Shirvanipour et al. 

(2014) reported the effect of potash fer-

tilizer on biological yield was signifi-

cant. So the highest amount of biologi-

cal yield (198.4 g.m-2) was obtained 

from use 100 kg.ha-1 of potash and the 

lowest one (117.1 g.m-2) was obtained 

from non-application of potash fertiliz-
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er. Fayad et al. (2019) by assess the ap-

plication of humic acid on cowpea crop 

production, stated that the use of organ-

ic fertilizers such as humic acid in-

creased the total chlorophyll, number of 

pods per plant, number of seeds per 

pod, the seed weight and the seed yield.  

 

4.6. Protein content  

Result of analysis of variance re-

vealed effect of drought stress and bio-

logic fertilizer and chelated Potassium 

on protein content was significant at 5% 

probability level, but interaction effect 

of treatments was not significant (Table 

2). Assessment means comparison re-

sult indicated in different level of 

drought stress the maximum protein 

content (24.65%) was noted for 160 mm 

evaporation from class A evaporation 

pan and minimum of that (19.50%) be-

longed to control treatment (Table 3). 

Compare different level of manganese 

Nano-chelate showed that the maximum 

and the minimum amount of protein 

content belonged to combination of 

humic acid and chelated Potassium 

(23.55%) and control (20.01%) treat-

ments (Table 3). Under drought stress, 

due to the shortening of grain filling 

period, the photosynthetic material 

transfer to the seed is reduced and 

starch content storage decreases, so that 

matter led to decreases the seed size and 

increases the percentage of protein. Al-

so in stress conditions, the crop by in-

creases the amount of soluble proteins 

by producing stress-tolerant proteins 

(De-Mejia et al., 2003). Daniel and Tri-

boi (2008) reported drought stress led to 

increased seed protein percentage than 

to normal conditions. Because of the 

decrease in photosynthetic material 

transport led to reduce the ratio of 

starch endosperm volume to total seed 

volume. In this study, it seems that in-

creasing seed protein percentage in use 

vermicompost treatment may be due to 

mineralization process of nitrogen and 

release of nitrogen in soil and appropri-

ate moisture.  

 

5. CONCLUSION  

Therefore, in general, it can be stated 

that in order to achieve the maximum 

crop production and qualitative compo-

nents, planting mung bean with 80 mm 

from evaporation pan with combined 

application of humic acid and potassium 

chelate fertilizer in studied areas will be 

recommended.  
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