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Abstract: Two field experiments were performed during the two successive summer seasons 
2013 and 2014 in a private farm El- Gmalia district, Dakahlia Governorate, Egypt. The 
experiments aimed to study the effect of biological stress resulted from relay intercropping of 
maize of growth and yield on mungbean. Four mungbean varieties were subjected to biological 
stress resulted from intercropping with maize at 2:2 intercropping pattern.  The results showed 
significant gradual reduction in light energy flux density (J m-2 s-1) at different heights for 
varieties, cropping systems and their interaction. Kawmy-1 plants under intercropping pattern 
suffered from the severe reduction in light energy flux density at all measuring heights of the 
canopy than the other varieties. There were insignificant differences among mungbean 
varieties in photosynthetic pigments content. NCM-7 and King under intercropping pattern 
produced the greatest DM weight of stem, leaf and total DM/plant. Mungbean growing under 
intercropping system gave the highest growth attributes NAR, RGR and CGR at 55-65 days 
from sowing without significant differences compared with SI and SII cropping systems. 
NCM-7 recorded the lowest no. of pods, seeds per plant, HI, seed yield per plant and seed 
yield per hectare as compared with the other mungbean varieties. The data of  biological yield 
/ ha showed that Kawmy-1 proved to be the most superior variety under intercropping system 
compared to the other varieties although it suffers from illumination shortage  but it seems 
that it has  lower saturation point of light than the other varieties. It could be concluded from 
this study that Kawmy-1 possessed greater tolerance for biological stress than the other tested 
varieties. However, NCM-7 performance showed that it is better to utilize it as forage crops 
under solid on intercropping systems. 

 

Introduction 

 In the last three decades, new crops have been incorporated successfully in the Egyptian agriculture to 
overcome the nutritional gap; i.e. soybean, sunflower, guar and millet .Recently, in the last decades,    mungbean 
(Vigna radiata L. Wilczek) has been introduced to the Egyptian agriculture as a promising crop1.  It is a short 
duration legume crop with low water requirements2 and high nutritive value and known in both southern parts 
of Asia and Africa for human consumption3. Mungbean as a summer crop will compete with other summer 
dominant crops in Egypt.  

 Intercropping of field crops is regarded as an essential practice when several economic field crops are 
competing for the same limited land area. Also, it is a common practice on small -scale farming system in the 
developing countries .Intercropping offers to farmers the opportunity to engage nature’s principle of diversity at 
their farms. Spatial arrangements of plants, planting rates and maturity dates must be considered when planning 
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intercrops. The early researches4,5 and the recent works6-8 in Egypt have been emphasized that intercropping is 
the most effective tool which permits higher grain yields and greater land use efficiency per unit land area. 
Mungbean has a wide range of compatibility with other crop species in intercropping systems such as guar9, 
maize10 sesame11, sunflower12 and sweet corn13.   

 Mungbean grown as intercrop suffers of shading stress form companion crop at different growth stages. 
Grain filling stage, which appears to be very much sensitive to light conditions, needs special attention to deal 
with, in order to maximize the benefit from intercropping systems14. When crop intensification through 
intercropping is practiced, short mungbean plants suffered much more from competition than the tall 
companion crop plants. Such phenomena may be due to the reduction in illumination intensity reaching the 
shorter canopy15 leading to the reduction of photosynthetically active radiation (PAS)16 and in turn reducing the 
biological efficiencies of legume17.   

It was reported that legume tolerance to intercropping varies according to the variety used. Sayed Galal and 
Metwally 18 evaluated 18 soybean varieties for intercropping with maize and found that the tolerance among 
different soybeans to intercropping expressed as yield reduction varied from 19 to 41 %. 

Therefore, mungbean intercropping may be considered as one of the essential methods of 
incorporating such crop in the Egyptian agricultural structure  . The objective of this study is to investigate the 
effect biological stress resulted from relay intercropping of maize on growth and yield of four mungbean 
varieties in order to fined the best compatible and tolerant to biological stress. 

Materials and Methods 

Two field experiments were conducted during the two successive summer seasons 2013 and 2014 in a 
private farm El-Gmalia district, Dakahlia Governorate, Egypt. The experiments aimed to study the growth and 
yield, of mungbean to relay intercropping with maize grown at 2:2 intercropping pattern. Four mungbean 
varieties from different origins viz. Kawmy-1 the only registered variety in Egypt, VC1000 (AVRDEC), NCM-
7 (Pakistan) and King (Australia) were used.  Mungbean was  planted in solid cultures at the densities of 447 
and 700 x 103 plants ha-1 while maize was planted as solid cultures at 67.2 and 84 x 103 plants ha-1 for solid I 
(The recommended practice) and solid II (The planting density under intercropping pattern), respectively. The   
planting densities of mungbean and maize were equal to 150 % of solid I treatment. Mungbean plants were 
intercropped with maize in 2:2 intercropping pattern by alternating 2 ridges of maize with 2 ridges of 
mungbean. The intercropping patterns provide 50 % of the cultivated area to maize and 50 % to mungbean. 
Thus the experiment included 12 treatments which were the combinations of four mungbean varieties and  
three cropping systems, intercropping, solid I and solid II. The treatments were arranged in factorial 
arrangement in four replicates. 

The experimental soil was ploughed twice, ridged and divided to experimental plots. A boarder of 1 
meter was left between each two experimental plots to avoid shading effects. Mungbean seeds were sown in 
hills 10 cm apart on ridges of 60 cm width (2 plants/hill) in intercropping and solid II cultures whereas, in solid 
I cultures sowing was carried out at 15 cm hill space and 60 cm between ridges. Maize was also sown in hills 
at 25 cm space in solid I culture (1 plant/hill) while for solid II and intercropping patterns sowing was applied 
in hills 40 cm apart (2 plants/hill). Mungbean was sown in the assigned ridges in 12 and 15 May in 2013 and 
2014 seasons, respectively. Two weeks later, and before the first irrigation of mungbean. Maize was sown in 
the predetermined ridges. 

After the germination was completed ،mungbean seedlings were thinned at two plants per hill to 
obtain the required density for each cropping pattern. Maize seedlings were thinned at two plants per hill for 
solid II and intercropping patterns while thinning was applied at one plant per hill for solid I culture. The 
theoretical numbers of maize, mungbean under the different cropping patterns are listed in Table -1. 
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Table 1. The theoretical number of maize and mungbean plants under the different cropping patterns     
                applied. 

Cropping pattern Number of plants ha-1 x 103 plants  

Maize Mungbean Maize Mungbean 
2 2 42.000 350.000 

Maize solid I (recommended) 67.200 … 
Maize solid II (comparative) 84.000 … 
Mungbean Solid I (recommended) … 447.000 
Mungbean Solid II (comparative) … 700.000 

 

Mungbean seeds were inoculated with the specific Rhizobium strain. Phosphatic fertilization was 
applied in the form of calcium super phosphate 15.5 % P2O5 at the rate of 260 kg ha-1during seed-bed 
preparation. Nitrogen was added as a starter dose at 36 kg N ha-1 as ammonium nitrate 33.5% N while maize 
plants were fertilized with 252 kg N ha-1 in two doses 168 and 84 kg N before the first and second irrigations, 
respectively. The recommended agronomic practices for mungbean and maize were applied during the growing 
seasons.  

Mungbean plants flowered (50% flowering) at 39 and 43 days and matured after 87 and 93 days from 
sowing in 2013 and 2014 seasons, respectively. Maize tasseling occurred after 56 and 52 days, silking after 67 
and 65 days from sowing and maturity after 120 and 117 days from sowing in 2013 and 2014 seasons, 
respectively. During the growing seasons, two vegetative samples were taken from mungbean after 55 and 65 
days from sowing to determine the total dry weight per plant. Ten plants were taken at random for each plot to 
determine the following characters: plant height, number of leaves and branches/plant and dry weight of stem, 
leaves and total plant (g/plant). Growth attributes, i.e. net assimilation rate (NAR) in (g/cm2/day), crop growth 
rate (CGR) in (g/cm2/day) and relative growth rate (RGR) in (mg/g/day) were calculated at the growth stages. 
At maturity, ten plants were taken randomly from each experimental unit, then pod number and weight, 100-
seeds weight and seed yield per plant were determined. Two ridges of each crop were devoted to determine seed 
yield per hectare. In this paper mungbean data will only discussed while maize data will be discussed in another 
work. 

Light interception measurements. 

The light interception was measured for the solid and intercropping systems by using luxmeter in luxes 
according to19 then the units were converted to energy flux density units in J m-2 s-1 according to the relationship 
described by 20. 

1 w m-2   = 111.8 lux 

1 w m-2   = 1 J m-2 s-1 

Statistical analysis. 

 The data were subjected to the proper statistical analysis using COHORT 6 package since the data in both 
seasons took similar trends، Bartlett's test was applied and the combined analysis of the data was done. For means 
comparison Least Significant Difference (LSD) at 5% level was applied. 

Results and Discussion 

Effect of intercropping systems on light interception photosynthetic pigments in mungbean. 

 Data presented in (Table 2) clearly indicate significant differences in light intensity at different 
measuring heights of mungbean plants under intercropping systems. Except for light intensity in the middle 
canopy, significant gradual reduction in light energy flux density (J m-2 s-1) were reported at different heights 
for all varieties, cropping systems and their interaction (Table 2). Generally, as expected, light intensity 
significantly decreased at mungbean different heights under intercropping systems compared with the solid 
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planting SI and SII treatments. From the same table, the data clearly show that Kawmy-1 plants under 
intercropping pattern suffered from the severe reduction in light energy flux density at all measuring heights of 
the canopy than the other varieties. The reduction in light penetration inside legume canopies was expected, but 
the data show that the biological stress resulted from the companion maize crop was minimized to reach similar 
values of light energy flux density under the same planting density in solid cultures of mungbean (SII) in mid 
and upper mungbean canopies. Such results indicate that the relay intercropping (cultivation a crop during a part 
of the life cycle of another crop) enabled mungbean seedlings to escape from the severe competition on light 
between maize and the legume crop since the later was grown two weeks earlier. Thus, the biological stress 
which resulted from the companion tall crop (maize) was relatively reduced especially at the lower heights of 
measuring in the intercropping although mungbean occupied the same proportion of land as maize. Moreover, 
such reduction in the biological stress may decrease the lower leaves of mungbean from being parasitic on the 
upper leaves 21. In this respect, several investigators attributed the variability of legume tolerance to shading 
effects to the difference in the foliage architecture of the intercropped legumes22-24,7. 

Table 2. Light energy flux density under, mid and above mungbean canopies under different cropping     
               patterns. (Combined data over two seasons 2013 and 2014). 

 Treatment 
Light Intensity J m-2 s-1 Percentage* 

 
under canopy mid canopy above canopy under Mid upper 

Varieties 
NCM-7 (v1) 105.1 341.7 999.8 3.89 12.66 37.03 
King (v2) 101.6 648.8 1006.7 3.76 24.03 37.28 
VC 1000 (v3) 112 501 953.6 4.15 18.56 35.32 
Kawmy-1 (v4) 80.8 314 787.3 2.99 11.63 29.16 

LSD 0.05 ns 36.5 28.6 ns 1.35 1.06 
Cropping patterns 
2:2 (Inter) 78.8 436.4 962.8 2.92 16.16 35.66 
Solid I (SI) 82.3 465.8 938.6 3.05 17.25 34.76 
Solid II (SII) 138.5 452 909.1 5.13 16.74 33.67 
LSD 0.05 15.1 ns 21 0.56 ns 0.78 
Cropping patterns x Var. 
Inter x v1 83.1 436.4 900.5 3.08 16.16 33.35 
Inter x v2 103.9 692.7 1059.8 3.85 25.65 39.25 
Inter x v3 24.2 277.1 1045.9 0.90 10.26 38.74 
Inter x v4 103.9 339.4 845.1 3.85 12.57 31.30 
SI x v1 24.2 297.9 1059.8 0.90 11.03 39.25 
SI x v2 103.9 637.3 976.7 3.85 23.60 36.17 
SI x v3 131.6 630.3 928.2 4.87 23.35 34.38 
SI x v4 69.3 297.9 789.6 2.57 11.03 29.25 
SIl x v1 207.8 290.9 1039 7.70 10.77 38.48 
SIl x v2 97 616.5 983.6 3.59 22.83 36.43 
SIl x v3 180.1 595.7 886.6 6.67 22.06 32.84 
SIl x v4 69.3 304.8 727.3 2.57 11.29 26.94 
LSD 0.05 29 36.5 28.6 1.07 1.35 1.06 
* % of the full sun light in the open air  
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Table 3. Effect of variety and cropping pattern on mungbean photosynthetic pigments in leaves.                
              (Combined data over two seasons 2013 and 2014). 

Treatment Chl. a mg/dm2 Chl. b mg/dm2 Carotenoids  
mg/dm2 

Chl. (a+b) / 
Carotenoids 

Varieties 
NCM-7 (v1) 0.67 0.27 0.28 3.54 
King (v2) 0.78 0.60 0.26 6.10 
VC 1000 (v3) 0.75 0.48 0.27 4.99 
Kawmy-1 (v4) 0.81 0.36 0.26 5.72 
LSD 0.05 ns 0.11 ns ns 

Cropping patterns 
2:2 (Inter) 0.68 0.44 0.24 5.42 
Solid I (SI) 0.70 0.38 0.25 4.76 
Solid II (SII) 0.87 0.46 0.31 5.09 
LSD 0.05 0.11 ns ns ns 

Cropping patterns x Var.  
Inter x v1 0.56 0.26 0.27 3.10 
Inter x v2 0.65 0.42 0.26 4.14 
Inter x v3 0.62 0.46 0.26 4.24 
Inter x v4 0.91 0.61 0.18 10.21 
SI x v1 0.69 0.33 0.23 4.55 
SI x v2 0.55 0.53 0.17 6.98 
SI x v3 0.84 0.32 0.34 3.44 
SI x v4 0.73 0.34 0.27 4.05 
SII x v1 0.74 0.22 0.33 2.95 
SII x v2 1.14 0.85 0.35 7.18 
SII x v3 0.79 0.66 0.22 7.30 
SII x v4 0.79 0.13 0.34 2.91 
LSD 0.05 ns 0.11 ns 2.78 

  

 The data presented in (Table 3) clearly show that there were insignificant differences among mungbean 
varieties in chl. a, carotenoids, (chl. a+b/carotenoids) whereas chl. b content in mungbean leaves was 
significant. The effect of cropping patterns was only significant on chl. a while the interaction (var. x cropping 
systems) significantly affected chl. b content. From the same table it seems that Kawmy-1 and King contained 
greater concentrations of chl. a and (chl. a+b/carotenoids) than that of NCM-7 and VC1000. Also, planting 
mungbean at solid II treatment (the higher density) and where the intercropping density is applied resulted in 
greater chl. a, b and carotenoids compared with the solid recommended planting or the intercropping system. 
The data of the interaction indicated that Kawmy-1 variety significantly contained the greatest chl. a and (chl. 
a+b/carotenoids) ratio under intercropping system. Such results reflect that Kawmy-1 is more tolerant to 
shading effects resulted from the competition of maize plants.  

Plant height, No. of branches and Leaves. 

 Significant differences among mungbean varieties and cropping systems in plant height were reported 
(Table 4). However, the interaction (var. x cropping system) was insignificant. The data clearly show the effect 
of mungbean competition with maize. NCM-7 was the tallest mungbean varieties and significantly exceeded the 
other varieties. Similarly, mungbean plants under intercropping systems significantly exceeded the plants under 
solid plantings (SI and SII) in plant height. Such increase in plant height of NCM-7 match to the severe 
competition between NCM-7 and maize, which led the plants to etiolate to reach and capture light. Furthermore, 
the pigmentation criteria for NCM-7 confirm this assumption since NCM-7 leaves content the least chl. a, chl. 
b, under intercropping system. Also the interaction effect (var. x cropping systems) confirm this attitude. 
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Significant differences among mungbean varieties and cropping systems in number of branches and leaves per 
plant were reported. NCM-7 possessed the lowest no. of branches/plant and the greatest no. of leaves /plant 
indicating that it is specific character for such variety in distribution the leaves on the main stem. In addition, 
NCM-7 possessed the greatest no. of leaves under intercropping pattern compared to the solid planting 
confirming the main effect results. 

Table 4. Effect of variety and cropping pattern on mungbean growth characters and dry matter                
              accumulation. (Combined data over two seasons 2013 and 2014). 

 

Dry matter of the different parts of mungbean varieties (stems, leaves and total) after 55 and 65 days 
from sowing are presented in (Table 4). Insignificant differences among mungbean plants in stem and total DM 
at 55 days from sowing were reported. Generally, mungbean varieties significantly differ in leaf DM. It is 
worthy to note that NCM-7 which was the tallest and possessed the greatest no. of leaves has the lowest DM 
weight of leaves reflecting that the superiority in plant height or no. of leaves could be attributed to the lower 
illumination which led to plant etiolating. From the same table, the data show that both King and VC1000 
surpassed the other two varieties in total DM per plant at 55 days from sowing. The interaction (var. x cropping 
systems) was significant and the varieties King and NCM-7 gave the greatest DM/plant under intercropping 
while King produced the greatest DM in solid plantings (SI and SII). Significant differences in stem, leaf and 
total DM/plant were recorded among mungbean varieties as well as the interaction (var. x cropping systems) at 
65 days from sowing. Meanwhile, only dry matter of leaves was significant due to cropping systems (Table 4). 
From the same table it is clear that NCM-7 and King varieties surpassed the other two varieties in stem, leaf and 
total DM at 65 days from sowing. Also, mungbean plants gave the greatest DM for stem, leaf and total DM 
under intercropping systems than the solid plants. In addition, NCM-7 and King under intercropping pattern 
produced the greatest DM weight for stem, leaf and total DM/plant whereas, King and NCM-7 surpassed the 
other varieties under Solid I planting and King and Kawmy-1 under solid II planting.  

Treatment 
Plant 
height 
(cm) 

No. of 
branches/ 
plant 

No. of 
leaves/ 
plant 

Dry matter weight  (g)      
(55 days) 

 

Dry matter weight (g) 
(65 days) 

 
Stems Leaves Total Stems Leaves Total 

Varieties 
NCM-7 (v1) 107.75 4.25 9.85 3.87 3.28 7.15 9.200 8.700 17.900 
King (v2) 75.83 5.83 6.90 4.35 4.23 8.58 10.500 7.733 18.233 
VC 1000 (v3) 82.00 5.75 6.07 4.23 3.83 8.07 6.217 5.650 11.867 
Kawmy-1 (v4) 76.42 6.92 6.38 3.75 3.55 7.30 8.900 6.250 15.150 
LSD 0.05 6.07 0.84 1.04 ns 0.69 ns 2.217 1.380 2.655 
Cropping  patterns 
2:2  (Inter) 96.06 6.00 7.81 4.10 3.66 7.76 9.263 8.300 17.563 
Solid I (SI) 85.63 5.88 6.98 4.30 3.83 8.13 8.588 6.375 14.963 
Solid II (SII) 74.81 5.19 7.11 3.75 3.69 7.44 8.263 6.575 14.838 
LSD 0.05 4.59 0.41 0.71 ns ns ns ns 1.796 ns 
Cropping  patterns  x Var. 
Inter x v1 117.50 5.25 12.60 4.90 4.20 9.10 11.600 11.800 23.400 
Inter x v2 87.50 6.25 7.45 4.05 4.00 8.05 13.450 9.100 22.550 
Inter x v3 90.50 5.00 5.70 3.40 2.90 6.30 4.550 5.850 10.400 
Inter x v4 88.75 7.50 5.50 4.05 3.55 7.60 7.450 6.450 13.900 
SI x v1 105.00 4.25 6.90 4.05 3.10 7.15 6.650 5.900 12.550 
SI x v2 77.00 6.25 8.65 4.90 5.15 10.05 11.300 7.900 19.200 
SI x v3 83.75 6.50 6.05 4.95 4.45 9.40 8.100 5.800 13.900 
SI x v4 76.75 6.50 6.30 3.30 2.60 5.90 8.300 5.900 14.200 
SII x v1 100.75 3.25 10.05 2.65 2.55 5.20 9.350 8.400 17.750 
SII x v2 63.00 5.00 4.60 4.10 3.55 7.65 6.750 6.200 12.950 
SII x v3 71.75 5.75 6.45 4.35 4.15 8.50 6.000 5.300 11.300 
SII x v4 63.75 6.75 7.35 3.90 4.50 8.40 10.950 6.400 17.350 
LSD 0.05 ns ns 1.04 ns 0.69 1.41 2.217 1.380 2.655 
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It is worthy to note that relay intercropping of mungbean with maize helped in minimizing the 
competition between legume crop and maize in the critical period of legume life cycle, especially at the early 
stage of growth, thus severe reductions in dry matter accumulation was not reported. The reduction in dry 
matter accumulation in the intercropped mungbean compared with the solid cultures could be attributed to the 
competition between legume plants on light as a result of the biological stress caused by the tall companion 
crop (maize) which decreased the photosynthesized metabolites and consequently the reduction in dry matter 
occurred. In this conceded   the productivity of a crop depends on photosynthesis, partitioning, and transfer of 
assimilates to the economically important parts. The differences in canopy height of (mungbean and maize) the 
two species not only competed for nutrient and water but also for sunlight. The shading effect of tall 
intercropped maize may have adversely  affected the biomass and photosynthesis of intercropped mungbean. 
Similar results were obtained by 25, 26, 6, 7. Also   Islam et al.14 found that there was almost no difference between 
the control and 15 % shaded plants for all the parameters studied. Total dry weight was found to decrease with 
increase in shading intensity and this phenomenon continued till the maturity of the crop. 

Growth attributes. 

A) Leaf Area Index. 

 Significant differences among mungbean varieties were reported at 55 and 65 days from sowing (Table 
5). The data clearly show that NCM-7 and King were the superior varieties in covering the unit of land area at 
65 days from sowing. It seems that mungbean plants under intercropping systems succeeded in escaping from 
maize competition at the early growth stages which reflected in similar or greater LAI at 55 and 65 days from 
sowing. Such result may be due to the nature of relay intercropping system which permits mungbean plants to 
grow faster than maize by 15 days earlier. The data of the interaction (var. x cropping systems) confirm these 
results where LAI for NCM7 and King were greater under intercropping than that under solid plantings. 

 B) Leaf Area Ratio (LAR) and Leaf Weight Ratio (LWR). 

 The data of leaf area ratio did not reveal any significant differences due to varieties, cropping system 
and their interaction (Table 5). Concerning LWR criteria, it is clear from the data presented in Table 5 that 
insignificant effects due to varieties, cropping systems and their interaction were recorded at 55 and 65 days 
from sowing.  

C) Net Assimilation Rate (NAR), Crop Growth Rate (CGR) and Relative Growth Rate (RGR).  

 Data in (Table 5) indicate that mungbean varieties differed in NAR at 55-65 days from sowing (the 
peak growth period). NCM-7 surpassed King and Kawmy-1 varieties in NAR without significant differences 
while VC1000 was the lowest mungbean variety in NAR. Similar results were reported for CGR and RGR at 
(55-65 days) growth period where NCM-7 significantly surpassed the other varieties in growth attributes. 
However, VC1000 possessed the lowest values of NAR, RGR and CGR at (55-65 days). From the same table it 
is obvious that growing mungbean under intercropping system gave the highest growth attributes NAR, RGR 
and CGR at 55-65 days from sowing without significant differences with SI and SII cropping systems. The 
interaction (var. x cropping system resulted in significant effects on RGR and CGR at 55-65 days from sowing. 
NCM-7 under intercropping system or the dense solid planting SII possessed the highest NAR at 55-65 days 
from sowing. However, the lowest variety in this criterion was VC1000. Islam et al.14  reported than the crop 
growth rate, relative growth rate and net assimilation rate decreased due to shading resulting in lower specific 
leaf weight and plant height. 
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Table 5. Effect of variety and cropping pattern on mungbean growth attributes. (Combined data over      
               two seasons 2013 and 2014). 

 

It is well established that the relative growth rate (RGR) declined with age and the RGR was higher in 
high yielding genotypes than low yielding ones at early growth stages under solid cultures. However such 
tendency was opposite under biological stress conditions (intercropping). Koller et al.27 observed a decrease in 
RGR as the season advanced. Moreover,  Mondal  et al.28  indicated that the NAR declined at later growth 
stages (reproductive stage) which may be attributed to excessive mutual shading as the LA was maximum 
during this period and increased number of old leaves could have lowered the photosynthetic efficiency .Also, 
Pandey et al.29 analyzed growth parameters of five varieties of black gram in order to study the physiological 
causes of yield differences and observed the differences in CGR, NAR, RGR, and LA among the varieties. 
They reported that in grain legume, the excess LA was reported to have lowered NAR drastically and resulted 
in a decreased dry matter accumulation, which probably resulted from excessive mutual shading. The 
relationship between growth attributes were explained by Mondal et al.30 who obtained results revealed that a 
relatively smaller portion of TDM in mungbean was produced before flower initiation and the bulk of it after 
anthesis. The maximum CGR was observed during pod filling stage in all the varieties due to maximum leaf 
area (LA) development at this stage. They explained that the two plant characters LA and CGR contributed to 
the higher TDM production. Results indicated that high yielding mungbean varieties should possess larger LA, 
higher TDM production ability, superior CGR at all growth stages, and high relative growth rate and net 
assimilation rate at vegetative stage, which would result in superior yield components. Under the conditions of 
this experiment, the data of growth characters DM of stems, leaves and total DM and LAI clearly indicate that 
the inter-specific competition among mungbean varieties is greater than the intra-specific competition with the 
companion crop. Such effect may be due to the lesser competition between the different crop species than under 
the same crop. 

Treatment LAI 55      
  day 

LAI 65    
  day  

  LWR 
55  day 

  LWR 
65 day 

  LAR  
55 day 

 LAR  
65 day 

NAR 
(mg/cm

2/day) 
55-65 

CGR 
(mg/cm2/

day)     
55-65 

RGR 
(mg/g/day

) 
55-65 

Varieties 
NCM-7 (v1) 4.925 6.525 2.093 2.188 2.093 2.188 0.486 0.019 1.075 
King (v2) 6.350 5.800 2.239 1.951 2.239 1.951 0.434 0.016 0.965 
VC 1000 (v3) 5.750 4.238 2.140 2.183 2.140 2.183 0.485 0.008 0.380 

 Kawmy-1 (v4) 5.325 4.688 2.192 1.887 2.192 1.887 0.419 0.017 0.785 
 LSD 0.05 1.038 1.380 ns ns ns ns ns 0.005 0.280 
Cropping patterns 
2:2  (Inter) 5.494 6.225 2.129 2.183 2.129 2.183 0.485 0.016 0.980 
Solid I (SI) 5.738 4.781 2.119 1.943 2.119 1.943 0.432 0.013 0.684 
Solid II (SII) 5.531 4.931 2.250 2.031 2.250 2.031 0.451 0.015 0.740 
LSD 0.05 ns 0.796 ns ns ns ns 0.049 ns ns 
Cropping patterns x var. 
Inter x v1 6.300 8.850 2.047 2.318 2.047 2.318 0.515 0.020 1.430 
Inter x v2 6.000 6.825 2.248 1.795 2.248 1.795 0.399 0.023 1.450 
Inter x v3 4.350 4.388 2.076 2.536 2.076 2.536 0.564 0.009 0.410 
Inter x v4 5.325 4.838 2.144 2.084 2.144 2.084 0.463 0.013 0.630 
SI x v1 4.650 4.425 1.952 2.146 1.952 2.146 0.477 0.012 0.540 
SI x v2 7.725 5.925 2.368 1.885 2.368 1.885 0.419 0.014 0.915 
SI x v3 6.675 4.350 2.121 1.882 2.121 1.882 0.418 0.008 0.450 
SI x v4 3.900 4.425 2.036 1.857 2.036 1.857 0.413 0.020 0.830 
SII x v1 3.825 6.300 2.280 2.099 2.280 2.099 0.467 0.025 1.255 
SII x v2 5.325 4.650 2.102 2.173 2.102 2.173 0.483 0.011 0.530 
SII x v3 6.225 3.975 2.223 2.132 2.223 2.132 0.474 0.006 0.280 
SII x v4 6.750 4.800 2.396 1.719 2.396 1.719 0.382 0.017 0.895 
LSD 0.05 1.038 1.380 ns ns ns ns ns 0.005 0.280 
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Effect of mungbean varieties, cropping systems and their interaction on mungbean yield characters. 

 Data presented in (Table 6) show significant differences among mungbean varieties in no. of 
pods/plant, no. of seeds per pod, HI, seed yield per plant and per hectare well as biological yield t/ha. NCM-7 
recorded the lowest no. of pods, seeds per plant, HI, seed yield per plant and seed yield kg/ha as compared with 
the other mungbean varieties. However, NCM-7 significantly exceeded the other varieties in biological yield 
t/ha. King variety significantly surpassed the NCM-7 and VC1000 in no. of pods/plant, no. of seeds/pod and 
seed yield kg/ha. Meanwhile, insignificant differences were recorded among King, VC1000 and Kawmy-1 in 
HI and biological yield t/ha. 

Table 6. Effect of variety and cropping pattern on mungbean yield characters. (Combined data over two seasons      
              2013 and 2014). 

 

As expected SI and SII treatments significantly exceeded the intercropping mungbean in all characters. 
Growing mungbean in the solid recommended density significantly surpassed solid II treatment in seed and 
biological yields per hectare. The data of the interaction (var. x cropping system) revealed significant 
differences in no of pods/plant, seed yield/plant and per hectare as well as biological yield characters. The data 
clearly show that biological yield/ha Kawmy-1 proved to be the superior variety under intercropping system 
compared to the other varieties. However, NCM-7 performance show that it is better to utilize it as forage crops 
under solid on intercropping systems. The reduction in the intercropped legume growth and yield characters 
was reported by several investigators on legumes. Abd El–Lateef et al.31,7 showed a reduction percent in 
mungbean seed yield per plant by 44.6., 43.2 and 29.3 % for the intercropping pattern 2:2, 2:3 and 2:4 
respectively, compared with the pure stand culture. Morgado et al.10 Reported that intercropping significantly 
decreased bean biomass yield and harvest index at all bean populations as compared to sole cropping system. 
Also, Muoneke  et al.32 reported a reduction in the intercropped soybean seed yield per hectare by 42 and 46% 
in early and late seasons, respectively they attributed such reduction to the decrease in number of pods per 
plant. Also, Islam et al.14 concluded that the reduction in photosynthetic active radiation caused significant 

Treatment No. of 
pods/plant 

No. of 
seeds/pod 

Seed yield 
/plant 

Seeds yield  
(kg/ha) HI  biological 

yield (t/ha) 
Varieties 
NCM-7 (v1) 7.7 9.5 1.49 704 0.042 22.32 
King (v2) 15 11.4 5.75 2165 0.289 10.31 
VC 1000 (v3) 13.7 10.6 3.71 1617 0.170 11.74 
Kawmy-1 (v4) 17.3 11.6 4.02 2289 0.539 9.30 
LSD 0.05 1.2 0.987 0.90 478 ns 3.66 
Cropping patterns 
2:2  (Inter) 11.75 10.6 2.22 1079 0.515 5.00 
Solid I (SI) 15.25 11.0 4.66 1858 0.110 21.09 
Solid II (SII) 12.75 10.7 4.35 1544 0.156 14.16 
LSD 0.05 1.4 ns 1.02 414 ns 3.17 
Cropping patterns x var. 
Inter x v1 7 8.5 1.37 648 0.075 9.09 
Inter x v2 13 11.5 2.75 1232 0.475 2.66 
Inter x v3 12 10.8 2.47 1089 0.240 4.48 
Inter x v4 15 11.8 2.30 1348 1.269 3.78 
SI x v1 9 10.3 2.22 843 0.027 30.85 
SI x v2 17 11.5 7.05 2679 0.202 14.34 
SI x v3 16 10.8 4.24 1897 0.100 20.01 
SI x v4 19 11.5 5.12 2012 0.110 19.17 
SII x v1 7 9.8 0.87 620 0.023 27.00 
SII x v2 15 11.3 7.45 2583 0.191 13.92 
SII x v3 13 10.3 4.42 1863 0.172 10.74 
SII x v4 18 11.5 4.64 1109 0.238 4.97 
LSD 0.05 1.9 ns 1.1 413 ns 3.17 
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reduction in pods per plant and thus there was a significant decrease in seed yield per plant. The relationship 
between growth characters and yield was reported by several investigators, Mondal et al.33 observed that seed 
yield of mungbean had no positive relation with pod and seed size as well as harvest index. They added that 
genotypes, which had higher LA, TDM, and CGR, also produced higher seed yield in mungbean. Meanwhile, 
Egli and Zhen-wen34 suggested that seeds per unit area were related to canopy photosynthesis during flowering 
and pod set and canopy photosynthesis rate was determined through LAI and CGR. Mondal et al.33 mentioned 
that plant with optimum LAI and NAR may produce higher biological yield as well as seed yield. The dry 
matter accumulation may be the highest if LAI attains its maximum value within the shortest possible time35. 
Furthermore, not only TDM production, but also the capacity of efficient partitioning between the vegetative 
and reproductive parts may produce high economic yield36, 33.  

Conclusion  

 It could be concluded from this study that Kawmy-1 due to the lower saturation point of light seems to 
be more tolerant to shading effects resulted from the competition of maize plants. However, NCM-7 
performance show that it is better to utilize it as forage crops under solid or intercropping systems. 
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