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 In order to study the effect of irrigation interval and different planting patterns on 
production components of mung bean (Vigna radiata L. Wilczek), a split plot 

experiment in the form of randomized complete block design with four replications was 

carried out in the research field of Agriculture and Natural Resources University of 
Ramin located in Mollasani in the summer of 2013. Experimental factors included three 

levels of irrigation intervals I1=7 days, I2 =11 days and I3 =15 days as the main factor 

and four planting patterns including A: one-row furrow, B: two-row cross, C: two-row 
zigzag, and D: manual planting. The measured traits included grain yield, biological 

yield, harvest index, number of pods per plant, number of grains per pod, and 1000-

grain weight. The results showed that as the irrigation interval increased from 7 to 15 
days all the studied traits decreased. However, application of two-row planting patterns 

significantly increased most of the traits. the highest grain yield, biological yield, 

harvest index, belonged to 7-day irrigation interval and two-row planting pattern 
particularly two-row zigzag pattern. According to the results of the research it can be 

said that in Mollasani weather conditions, planting mung bean with 7-day irrigation 

interval and two-row planting pattern particularly tow-row zigzag planting pattern is 
appropriate for achieving a high yield. 
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INTRODUCTION 

 

 Legumes are considered as one of the most important food sources full of protein in many developing 

countries. Mung bean (Vigna radiata L. Wilczek) is a valuable legume which is rich in protein and contains 

about 25% protein and it grows in tropical and subtropical regions in Iran in irrigation conditions. Due to its 

short period of growth, mung bean is able to fix nitrogen in air, to improve land and to prevent soil erosion and 

thus is preferred to other plants for second cultivation and in some areas it can be used as the green manure in 

crop rotations in order to achieve sustainable agriculture provided that it is economically affordable [11]. There 

is good ecological condition for its cultivation in Khuzestan. In arid and semiarid areas such as Khuzestan, water 

is the main restricting factor for agricultural development. Therefore, the most important issue in water 

management is to balance water supply and demand, With regard to the limitation of economic supply of water 

and the increasing demand for water due to the population growth, planning for the optimal use of water 

resources is highly important. Consequently, the necessity of using more efficient and appropriate mechanisms 

such as determining optimal irrigation intervals for allocation and utilization of water resources should be more 

emphasized [20]. Sadeghpoor [24] in an experiment on the effect of limited irrigation on mung bean stated that 

the effect of irrigation interval on the yield and yield components of the mung bean was significant. Lack of 

irrigation at the flowering stage reduced the number of pods per plant, number of grains per pod, and grain yield 

while limited irrigation at pod filling stage decreased1000-grain weight. Mirfakhraee et al. [17] examined fluffy 

vetch in three humidity conditions and stated that the grain yield reduced the most due to drought stress. 

  One of the effective factors in producing crops is the optimal use of solar energy and changing the planting 

pattern for optimal and effective use of solar energy is highly important, as well. Planting arrangement which is 

the geometric position of plants on the row has some advantages. For instance, it decreases the completion 
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between plants within the rows for light, water, and nutrients due to very important and similar plant 

arrangement [6]. In order to achieve the highest yield plant must be able to receive maximum active 

photosynthetic radiation and similar spaces between and on the rows make it possible for the plant to receive the 

maximum solar radiation. When other environmental factors are in a good condition, limitation in receiving 

solar energy due to the plant canopy can reduce the crop production [2]. Riahipoor [23] showed that the 

alteration of planting pattern in the mung bean affected the yield and yield components and traits such as the 

number of pods, number of grains per pod and 1000-grain weight increased. Mousavi et al. [19] stated that as 

the plant density decreased, the number of lateral branches per plant increased. In an experiment on different 

bean cultivars Mehrpooyan et al. [16] reported that different planting methods (stream and ridge and furrow) 

significantly affected the grain yield. 

 Even though the mung bean generally grows in tropical regions and needs a lot of water, it is possible to 

decrease its consumption of water moderately by selecting appropriate planting pattern because within an 

appropriate planting pattern more radiation energy is absorbed by plants and they can have maximum 

photosynthesis and less energy reaches the surface of soil and causes evaporation. With regard to the conducted 

studies on the development of sustainable agriculture it seems like that appropriate planting pattern and also 

optimal use of supplies such as water can improve the production, This research was planed and implemented in 

this regard.    

MATERIALS AND METHODS 

 

Site climate and geograghical situation: 

 This research was carried out in the summer of 2013 in the research field of Ramin Mollasani University of 

Agriculture and Natural resources 35 km from the southeast of Ahvaz (in iran) at latitude 31°36´N and 48°53´E 

and 22 m above the sea level which is classified as an arid and semiarid area in terms of climate classification. 

The soil texture of the experiment site was clay loam with Ph=7/5 and EC=1/2 mm/s. 

 

Field experiment and treatments: 

 The experiment was carried out as split plots in the form of randomized complete block design with four 

replications. The main treatment included three levels of irrigation intervals (I1=7 days, I2 =11 days, I3 =15 days) 

which were applied during 6-8-leaf stage and the sun treatment included four levels of planting as A: one-row 

furrow (density of 5.32 plant/m
2
), B: two-row cross furrow (density of 10.64 plant/m

2
), C: two-row zigzag 

furrow (density of 10.64 plant/m
2
), and D: manual planting (density of 8 plant/m

2
). The total area of the land 

was 1800 m
2 

by 60×30. In this research each block (replication) included 3 big plots so that each plot was as 

long as 18 m and as wide as 5 m. the space between big plots was 2 m. Each big plot included 4 small plots and 

there were 5 lines in each small plot and the space between the furrows was 75 cm conventionally. The space 

between plants on the row was 25 cm. 

 

Operation and sampling method: 

 Land preparing operation began in the mid of July including flatting the land. One week after flatting and 

preparing the land in terms of moist conditions for tractors, the land was plowed by the tiller at the depth of 25-

30 cm and then in order to loosen the clog resulting from plowing, vertical disk was used twice. Then, leveling 

operation was done using a trowel and the base fertilizer was injected into the soil. As recommended by the 

center of agricultural research and education, 150 kg/ha triple superphosphate fertilizer was used to provide 

phosphorus and 60 kg/ha urea (one half as the base fertilizer and the second half as fertilizer road during 6-8-

leaf sage of mung bean growth) was injected into the soil to provide nitrogen. Then, the ridge and furrow were 

made 75 cm spaced from each other by a slot machine. Finally, according to the plan the creeks were made. 

After preparing the land and implementing the plan, the seeds were planted manually and based on the type of 

the treatments in July 17, and 2-3 seeds were planted in each stack. The first irrigation was done in July 23. At 

4-leaf stage the plants were thinned (except treatment D) to maintain the desired density. The grass weeds were 

cut by hand. Since the seeds germination time until the ultimate harvest time not any symptoms of disease or 

pest were observed in the products and chemical control was not required. During the podding stage, in order to 

prevent the damage by the birds, a fabric net was used. When the majority of the pods got black, the ultimate 

harvest was done on October 10, from the central lines (2, 3, 4) manually and the planted were cut from the 

bottom. The harvested level of one square meter varied in proportion to the planting pattern and accordingly the 

planting pattern included A=5, B and C=11, and D=8 plants per square meter. 

 

Data Variance analysis and draw the figures: 

 SAS software was used to analyze the data and Excel was used to draw the figures. The means of the data 

were compared using Duncan's multi range test at 5% level.    
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RESULTS AND DISCUSSION 
 

 The ANOVA results showed that the effect of irrigation interval, planting pattern, and the interactive effect 

of irrigation interval and planting pattern on all the studied traits were significant at 1% level except the number 

of grains per pod which was not affected by planting pattern and the interactive effect of irrigation interval and 

planting pattern (Table 1). 

 
Table 1: The ANOVA results of the experiment characteristics. 

1000-grain 
weight 

Number of 
grains per pod 

Number of pods 
per plant 

Harvest 
index 

Biological 
yield 

Grain 
yield 

df S.O.V 

15.48 1.48 5.22 5.26 19539.67 287.56 3 replication 
**651.91 **49.98 **415.38 **382.51 **1098503.35 **25401.04 2 Irrigation interval 

18.83 1.07 28.42 25.75 13195.14 3632.28 6 Main error 
**307.75 0.47ns **1409.32 **111.37 **3862723.81 **349020 3 Planting pattern 

**45.76 1.13ns **250.88 **43.64 **256920.15 **45742.75 6 Irrigation interval× 

planting pattern 

7.54 0.93 11.81 8.39 38806.96 2904.38 27 Minor error 

4.74 12.37 12.61 10.85 17.27 16.93 - CV (%) 

ns, *, ** respectively mean non-significant difference, significant difference at 5% and 1% probability levels. 

 

Grain Yield: 

 The mean comparison of the interactive effect of irrigation interval and planting pattern on grain yield 

showed that the highest grain yield by 2248.8 kg/ha belonged to the treatment with 7-day irrigation interval and 

two-row cross planting pattern which was not significantly different from the treatment with 7-day irrigation 

interval and two-row zigzag planting pattern and the lowest grain yield by 249.9 kg/ha belonged to the treatment 

with 15-day irrigation interval and manual planting pattern (Figure 1). The stress resulting from the increase of 

irrigation interval through reduction of leaf area and disruption of absorption and transfer of nutrients trend 

reduces assimilates distribution and changes the yield components and decreases the grain yield [25]. Water 

stress reduces the grain yield more than other biological and environmental factors [12]. The sensitivity of 

ultimate yield depends on the water stress and the physiological stage in which the stress occurs. Lack of water 

during the flowering stage and pollination due to its effects on reproductive organs can significantly reduce the 

yield of crops. The increase of abortion and the decrease of number of seeds and pods due to the decrease of 

assimilates are mentioned as the main reasons of grain yield reduction under water stress conditions [4]. In two-

row planting pattern due to proper density, plants are distributed more uniformly and the highest potential of 

plant is used for absorbing the light. Moreover, by producing more lateral stems in such planting pattern the 

number of pods per plant will increase and will ultimately lead to the increase of grain yield. It is inferred that in 

the treatment with 15-day irrigation interval and manual planting pattern, due to the shortage of water resulting 

from high irrigation interval and also serious competition, lack of enough space and much shadowing and 

consequently high maintenance respiration and less mobilization of assimilates into grains and on the other hand 

due to lower production of pods per area unit which is considered as the most important yield component, the 

grain yield was lower than the other irrigation intervals and the planting patterns used in this research. The 

results were consistent with the findings of  Mehrpooyan et al. [16] on beans and the findings of Izadi and Imam 

[10] on maize.  

 

 
Fig. 1: The interactive effect of irrigation interval and planting pattern on grain yield. 
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Biological yield: 

 The highest biological yield belonged to the treatments with 7-day irrigation interval and two-row cross 

planting pattern and two-row zigzag planting pattern by 6159.7 and 6182.6 kg/ha respectively and the lowest 

biological yield belonged to the treatment with 15-day irrigation interval and manual planting pattern by 1132.1 

kg/ha (Figure 2). The increase of produced dry matter in plants in optimal irrigation conditions could be due to 

more development of leaf area and its continuity which has increased the production of dry matter by creating 

efficient physiological sources for better use of the received light [26]. In general, higher dry weight indicates 

plant efficiency in producing assimilates and mobilizing them into the growing organs. Due to lack of water, the 

cell volume, cell division, cell wall, general size of the plant and dry and wet weight of the plant will decrease 

[5]. The decrease of access to environmental resources particularly moisture and nutrients at higher levels of 

drought stress reduces the growth and ultimately the biological yield. Rezaei and Kamgar Haghighi [22] 

reported that the highest dry weight of cowpea belonged to the control treatment (without stress) and by 

applying different levels of water deficit stress on the plant different results were achieved and the dry weight of 

plant decreased. The increase of plant dry weight in two-row planting pattern could be due to better growth of 

the plant in this pattern compared with manual and one-row planting pattern. In two-row planting pattern, the 

plant has expanded its leaves and branches more and the number of leaves in each plant has increased which 

could lead to the increase of biological yield in this planting pattern. The results were consistent with the 

findings of  Mehrpooyan et al. [16] on bean and Mazahery et al. [14], Bazr Afshan et al. [1] on Maize who 

stated that two-row planting pattern in comparison to one-row planting pattern, due to creating a dense cover of 

leaf area index, appropriate distribution of plants, and maximizing shades on the furrow, increased the efficiency 

of using the light and maximum absorption of solar radiation which in turn played an important role in the 

increase of biological yield. 

 

 
 

Fig. 2: The interactive effect of irrigation interval and planting pattern on biological yield. 

 

Harvest Index: 

 Harvest index is a criterion of the efficiency of mobilizing the produced assimilated within the plants into 

the grains. The mean comparison results showed that the highest harvest index belonged to the treatment with 7-

day irrigation interval and two-row cross planting pattern by 36.5% and the lowest harvest index belonged to the 

treatment with 15-day irrigation interval and manual planting pattern by 16.9% (Figure 3). With regard to the 

trend and the effect of drought stress on dry matter and grain yield, the harvest index changes can vary at 

different irrigation levels. In drought stress conditions and as irrigation interval increases, the harvest index and 

consequently the yield of mung bean will reduce due to the reduction of podding rate and the decrease of pod 

growth. De Costa et al. [3] in an experiment on the mung bean response to irrigation in different phonological 

stages concluded that irrigation during the flowering stage and pod filling stage increased the harvest index by 

forming more pods and increasing their growth rate. Probably, the decrease of harvest index in this experiment 

with the increase of irrigation intervals was due to the decrease of grains weight, number of grains per pod, and 

number of pods per plant as a result of the increase of drought stress level.  Considering the planting patterns, 

one-row furrow and manual treatments didn't have high harvest index compared to two-row treatments because 

of excessively low and high densities, respectively. In two-row planting patterns, due to appropriate density, 

more appropriate distribution of plants and the decrease of competition between them more lateral branches 

have been produced and thus the number of pods per plant, number of grains per pod, grain yield, and ultimately 

the harvest index have increased. Zafarani [28] believes that the increase of competition in higher densities has 
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relatively affected grain yield more than biological yield and thus the harvest index has decreased. Therefore, 

appropriate irrigation intervals and planting patterns with good density lead to the increase of plant 

photosynthetic ability during the growth of reproductive organs, and also the increase of sink power through the 

increase of number of grains and size of grains per pod can lead to the increase of grain yield and consequently 

the increase of harvest index. The results were consistent with the findings of Sadeghi Poor [24] and 

Mirfakhraei et al. [17] and Riahi poor [23]. 

 

 
 

Fig. 3: The interactive effect of irrigation interval and planting pattern on the harvest index. 

 

Number of Pods per Plant: 

 The results showed that the highest number of pods per plant by 54.4 belonged to 11- day irrigation level 

and one-row furrow planting model and the lowest number of pods per plant by 10.8 belonged to 15-day 

irrigation interval and manual planting pattern (Figure 4). The results of the research showed that the number of 

pods per plant was very sensitive to high irrigation intervals. Fewer numbers of intervals in 15-day irrigation 

interval was probably due to flowers abortion, decrease of reproduction and flowering stage. Another reason of 

reduction of number of pods per plant in water stress condition might be the decrease of plant growth stage 

which resulted in the decrease of assimilates. The decrease of assimilates and consequently the increase of 

competition between plants and also the loss of flowers due to the lack of water led to the production of fewer 

number of pods per plant [21]. Greater number of pods per plant in 7-day and 11-day irrigation intervals was 

probably due to more access of reproductive organs to water and also more efficient use of solar radiation in 

irrigation without stress for the plant. High number of pods per plant can be related to the plant height and the 

number of lateral stems. Since the pods are also formed in the lateral stems, the plants which own more lateral 

stems are able to produce more pods in plant. Moreover, interplant competition decreases as the irrigation 

intervals decrease. This affects grater production of pods per plant. In fact, the same factor which increases the 

number of lateral stems in plant, influences greater production of pods per plant. In general, in manual planting 

pattern plant density is higher than one-row and two-row planting patterns and it has been reported that as plant 

density increases, the light penetration into the vegetation and the number of lateral stems will decrease and the 

competition for environmental factors such as water and nutrients will increase and the assimilates mobilization 

from the source into the sink will decrease. Consequently the number of fertile pods per plant will decrease 

significantly. The results were consistent with the findings of Riahipoor [23] on mung bean who stated that 

changing planting pattern would increase the number of pods per plant, and also with the findings of Gholab et 

al. [7] who stated that drought stress had a negative reducing effect on the majority of traits of mung bean 

cultivars such as the number of pods per plant. 

 

Number of Grains per Pod: 

 Number of grains is one of the main components of the yield. The factor that changes the number of grains 

per pod is the potential number of flowers which is determined during the vegetative growth of plant particularly 

by the expansion of the leaves [11]. The mean comparison results showed that the highest and the lowest 

number of grains per pod by 9.2 and 5.8 belonged to the treatments with 7-day and 15-day irrigation interval. 

The treatment with 11-day irrigation interval produced 8.4 grains per pod which was not significantly different 

from 7-day irrigation interval (figure 5). Lack of irrigation during the flowering stage causes the decrease of 

flowers fertility, and consequently the number of grains per pod decreases too. Climate and irrigation conditions 

can affect the inoculation and proper irrigation during the inoculation increases the number of inoculated 

flowers within the pod. Although Mckenzie and Hill [15] have stated that the number of grains per pod is 
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mainly affected by genetic factors and the role of environmental factors is less in this regard, some other 

researchers have stated that good weather conditions lead to better pollination and consequently the number of 

grains per pod will increase [8]. The results of the experiment were consistent with the findings of Moradi et al. 

[18] and Thalooth et al. [27]. 

 

 
 

Fig. 4: The interactive effect of irrigation interval and planting pattern on the number of pods per plant. 

 

 
 

Fig. 5: The effect of irrigation interval on the number of grains per pod. 

 

1000-Grain Weight: 

 The weight of grain depends on current photosynthesis and assimilates remobilization. Moreover, the rate 

and the length of grain filling stage determine the grain weight. The mean comparison results showed that the  

highest 1000-grain weight belonged to the treatments with 11-day irrigation interval and two-row zigzag 

planting pattern and two-row cross planting pattern by 81.9 and 81.2 g respectively and the lowest 1000-grin 

weight belonged to the treatment with 15-day irrigation interval and manual planting pattern by 54.8 g (Figure 

6). 1000-grain weight is a trait which is more affected by genetic characteristics of the cultivars and is less 

affected by the environmental factors. As the irrigation interval increases and under drought stress conditions, 

fewer assimilates are produced by the plant. Drought stress at the fruiting stage has the lowest effect on the 

organs of the flower; however, since the length of grain filling stage decreases the weight of 1000-grain 

decreases, too. Drought stress during the grain filling stage can reduce the number of endosperm cells in the 

grain. In such conditions, the rate of current photosynthesis decreases in leaves, due to their premature aging and 

decrease of chlorophyll rate, and thus the produced assimilates won't be even sufficient for the physiological 

properties of the plant. In this case, the plant reliance on assimilates remobilization through the vegetative 

organs which have been reserved before the pollination increases [9]. Irrigation-off during the grain filling stage 

decreases the photosynthesis and grain filling stage and thus reduces the grain weight. It seems that in two-row 

planting pattern particularly two-row zigzag pattern due to more nutritional space and appropriate density the 
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synthesis of assimilates increased and the interplant competition decreased and thus the weight of 1000-grain 

increased in comparison to manual planting pattern with high density.  According to the results it can be inferred 

that in dense planting patterns as the irrigation interval increases the weight of grains decreases due to reduction 

of photosynthetic materials, decrease of leaf area duration, and decrease of dry matter production and the 

wrinkling of the grains. The results were consistent with the findings of Maghsood [13] and Izadi and Imam [10] 

but were not consistent with the findings of Mousavi et al. [19] who reported that 1000-grain weight was not 

affected by the plant density. 

 

 
 

Fig. 6: The interactive effect of irrigation interval and planting pattern on 1000-grain weight. 

 

Conclusion: 

 Generally, it can be concluded that in this research all the studied traits responded to irrigation interval 

differently. Treatments with 7-day and 11-day irrigation intervals were always superior to 15-day irrigation 

interval which indicates that in case of lack of water limitation in the region where the mung bean is planted 

irrigation with less interval and application of appropriate planting pattern can increase the grain yield. This 

subject indicates the fact that wherever sufficient water and nutrients are supplied for the plant, the plant 

response is positive and the plant volume and the grain yield will increase significantly. Moreover, two-row 

planting patterns were superior to one-row sorrow and manual planting patterns in terms of the majority of the 

studied traits which indicates that two-row planting pattern, particularly two-row zigzag planting pattern has a 

high yield, due to better use of the space by plants, light penetration into the depth of filed vegetation and also 

the possibility of relative benefit of each plant from water and food sources, and when there is not sufficient 

water it can be a good planting pattern for cultivation. Therefore, according to the results of the research, in 

order to achieve maximum yield and yield components in the mung bean 7-day irrigation interval and two-row 

planting pattern particularly two-row zigzag planting pattern seem to be appropriate.  
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