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ABSTRACT 

 

A two-year study was carried out at Gemmiza Agricultural Experiments and Research Station, A.R.C., El-

Gharbia governorate, Egypt, during 2011 and 2012 seasons to study the effect of maize planting geometry and 

different soybean varieties on the productivity of intercropped maize plants. Maizevariety S.C. 10 was grown in 

one, two and three plants per hill at 30, 60 and 90 cm hill spacing, under intercropping and solid cultures 

respectively, while soybean varieties (Giza 21, Giza 22, Giza 35 and Giza 111) were drilled in two rows (15 cm 

spaced) on both sides of maize ridge (mixed intercropping pattern), in addition to soybean  solid cultures. A split 

split plot distribution in randomized complete block design with three replications was used. The results 

indicated that growing three maize plants per hill increased light intensity atmiddle of maize plant by 10.84 per 

cent as compared with growing one maize plant per hill, whereas, all the studied maize traits were not affected 

significantly by cropping systems or soybean varieties at 75 days from maize sowing. All the studied maize 

traits were not affected significantly by all the interactions at 75 days from maize sowing. Maize plant geometry 

which formed by increasing distance between maize hills from 30 to 90 cm increasedgrain yields per plant and 

per ha by 16.48 and 15.08 %, respectively, whereas, all the studied maize traits at harvest were not affected 

significantly by cropping systems or soybean varieties. All the studied maize traits at harvest were not affected 

significantly by all the interactions. The highestgrain yield was obtained by intercropping soybean variety Giza 

22 with maize which grown at wide distance between hills (90 cm apart), in addition to 1.95 ton per ha of 

soybean seeds was gained by intercropping.   
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Introduction 

 

Intercropping cereals with legumes is usually done to maximize productivity in many part of the 

Mediterranean region (Aynehband et al., 2010).In Egypt, there is the need to expand the scope of soybean 

[Glycine max. (L.) Merr.] cultivation through intercropping system. Egyptian farmer suffering from increased 

costs of soybean production when planted and eventually gets a lower net returns as compared with the other 

strategic summer crops such as maize(Zea mays  L.) where demand for the maize grains in the Egyptian market 

is intensively increasing. Maize cultivated area reached about 679,898 ha in 2011 with an average yield of 1.35 

ton per ha, while, the soybean acreage reached about 8,785 ha in 2011 with an average yield of 3.23 ton per ha 

(Egyptian Bulletin of Statistical Cost Production and Net Return, 2012). 

Intercropping is defined as the simultaneous growth of two or more species, grown in the same area where 

they share the use of resources during all or part of their growing season (Ofori and Stern,  1987), but the plants 

grow together, interspecific competition and facilitation between plants may occur (Vandermeer, 1989). It is 

recommended to increase total agricultural products in Egypt (Metwally, 1999). Plant architecture is a 

commonly used strategy to allow one member of the intercropped plants to capture sunlight that would not 

otherwise be available to the other with regard to row spacing. Vegetation structure of maizeand soybean plants 

might be affected by the plant population density (low, normal, high) of each crop and maize-soybean 

intercropping. Light competition may be severe in mixed stands. Plants need to adapt to avoid shading by 

neighbours (Franklin and Whitelam, 2007). Maize plant geometry varied among different row spacing and 

distribution of maize plants per unit area. Obviously, leaf area of maize plant is increased with enhanced plant-

spacing precision. However, increasing plant density in maize is a method used to increase grain and whole-

plant yield. A smaller (2 to 8%) and possibly less reliable improvement in maize whole-plant yield may be 

obtained by growing maize in narrow rows (Cox and Cherney 2001). The objective of this study was to evaluate 

effect of maize planting geometry and different soybean varieties on the productivity of intercropped maize 

plants. 
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Materials and Methods 

 

A two-year study was carried out at Gemmiza Agricultural Experiments and Research Station of the Field 

Crops Research Institute, Agricultural Research Center, located in El-Gharbia governorate, Egypt (30° 47' 28" N 

and 30° 59' 53" E), on clay loam soil. During the growing summer seasons 2011 and 2012, maizevariety S.C. 10 

was grown in one, two and three plants per hill at 30, 60 and 90 cm hill spacing under intercropping and solid 

cultures (one row in middle of ridge 70 cm width), respectively. Four soybean varieties (Giza 21, Giza 22, Giza 

35 and Giza 111, maturity group IV) were drilled in two rows on both sides of maize ridge (mixed intercropping 

pattern), in addition to soybean solid cultures.  

Soybean was thinned to two plants at 15 cm between hills in intercropping and solid cultures. Soybean 

seeds were sown on May 22
nd

 and 27
th 

at 2011 and2012 seasons, respectively, while maize was sown ten days 

later. Maizegrains and soybean seeds kindly were provided by Field Crops Research Institute, Agricultural 

Research Center (ARC), Egypt. In all treatments combinations along with solid cultures of maize and soybean 

were distributed in split split plot in randomized complete block design with three replications. Cropping 

systems (mixed intercropping and solid cultures) were randomly assigned to the main plots, soybean varieties 

were allotted in sub-plots and the distributions of maize plants were devoted to sub- sub-plots. Each plot 

consisted of 5 ridges (4m length and 0.7 m width, plot area was 14 m
2
). 

Normal recommended cultural practices for growing maize and soybean crops were used. In all the 

treatments, the population of maize and soybean was uniformly maintained at 47,619 and 380,952 per ha, 

respectively. Egyptian clover (berseem) was the preceding winter crop in both seasons.  

At 75 days from maize sowing, measurements of vegetative growth of maize recorded on five plants from 

each plot: light intensity (lux) inside maize canopy at middle of the plant by Lux-meter apparatus at mid – day 

and expressed as percentage from light intensity (100%) measured above the plants. Plant height (cm), leaf area 

(LA) of maize plant (dm
2
) was estimated as max. leaf length x max. leaf width x 0.75 according to Francis et al. 

(1969) and plant dry matter (g).  

At harvest, the following traits were measured on ten guarded plants from each plot: prolificacy, grain yield 

per plant (g) and 100-kernel weight (g). Also, grain yield per ha (ton) was recorded on the basis of experimental 

plot area by harvesting all maize plants of each sub plot and adjusted maize grains to 15.5 % moisture.  

Analysis of variance of the obtained results of each season was performed. The homogeneity test was 

conducted of error mean squares and accordingly, the combined analysis of the two experimental seasons was 

carried out. The measured variables were analyzed by ANOVA using MSTATC statistical package (Freed, 

1991). Mean comparisons were done using least significant differences (L.S.D) method at 5 per cent level of 

probability to compare differences between the means (Gomez and Gomez, 1984). 

 

Results and Discussion 

 

1. Vegetative growth: 

 

a. Cropping systems: 

 

Light intensity at middle of maize plant, plant height, leaf area per plant (LA)and plant dry matter (DM) 

were not affected by the cropping systems at 75 days from maize sowing (Table 1). All the studied traits of 

maize plant in intercrops were statistically equal (P> 0.05) to maize solid culture. These data indicate that 

spatial arrangement of intercropping culture was identical for spatial arrangement of maize solid culture because 

it had the same number of maize plants per unit area. Maize is one of the C4 plants and is immune for light 

saturation; therefore there was stability for maize plant under mixed intercropping pattern to intercept sunlight 

and more photosynthesis rate, as well as, increments in metabolites and high economic yield as compared to C3 

plants (soybean).These results suggest that light transmission inside maize canopy was not changed between 

mixed intercropping and solid culture, and consequently there were a similarity in all the studied vegetative 

growth traits of maize plant under the treatments of this study. Obviously, growth and development of different 

parts of maize plant under cropping systems were similar during growth stages of maize plant, especially plant 

dry matter production often shows a positive correlation with the amount of intercepted radiation by crops in 

intercropping system (Sivakumar and Virmani, 1980) and sole cropping (Kiniry et al., 1989). 

These results are in accordance with those obtained by Francis et al. (1978) who showed that there were 

insignificant differences in height of maize plant between intercropping and sole cropping. Also, Mudita et al. 

(2008) demonstrated that leaf area indices in maize were not affected significantly by cropping system at all the 

measurement periods. 
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b. Soybean varieties: 
 
Light intensity at middle of maize plant, plant height, LA and DM were not affected by soybean varieties at 

75 days from maize sowing (Table 1). These data may be primarily attributed to the ability of maize plant to be 
grown successfully during the first period of vegetative growth at 75 days from maize sowing. Consequently, all 
the investigated soybean varieties exerted the same kind of depressant effects(P> 0.05) on maize plant under 
intercropping culture. Only a small fraction of the genetic diversity available is currently used in soybean 
breeding worldwide. Obviously, genetic variation of the soybean varieties under Egyptian conditions do not 
have sufficient capacity to form a soybean plant under intercropping conditions in order to influence the growth 
and development of intercropped maize plant, especially the genetic base of soybean in the U.S. and Canada is 
narrow (Burton, 1997).These results are in harmony with those obtained by Metwally et al. (2009) who 
mentioned that leaf area of maize plant at vegetative growth stages were not affected by soybean varieties.   

 
c. Maize plant geometry: 

 
Increasing levels of maize plant geometry from 30 to 90 cm between maize hills by increasing number of 

maize plants per hill from one to three plants increased significantly (P ≤ 0.05) light intensity at middle of maize 
plant, plant height, LA and DM at 75 days from maize sowing (Table 1). Maize plant geometry at 90 cm hill 
spacing increased light intensity at middle of maize plants, plant height, LA and DM by 10.84, 6.74, 5.98 and 
5.09 %, respectively, as compared with the narrow distance between maize hills (30 cm).  

Although light penetration was increased by increasing the distance between maize hills from 30 to 90 cm, 
however, increasing number of maize plants per hill from one to three plants led to high intra-specific 
competition for solar radiation among three maize plants than one plant per hill and consequently there was an 
increase in maize plant height (Table 1). These data may be due to three maize plants per hill suffered from 
mutual shading than one plant per hill. Mutual shading is known to increase the proportion of invisible 
radiation, which has a specific elongating effect upon plants (Chang, 1974).  

Consequently, there was more shading inside three maize plants than one plant per hill which formed more 
amounts of plant hormones and resulted in an increase of inter node elongation of maize plant. Although high 
intra-specific competition for sunlight among three maize plants per hill were observed, but all leaves of maize 
plant were not light saturated and dry matter accumulation was produced as a result of extended LA at 90 cm 
between maize hills. Maize plant geometry at 90 cm hill spacing had enough space to grow and competition for 
solar radiation among plants was low, allowing leaf orientation in different directions. Maize plants in the same 
canopy had leaves preferentially oriented perpendicular to the row when competition for light was intense 
(Girardin and Tollenaar, 1994).Obviously, maize plant had high ability for acclimation by increasing number of 
maize plants from one to three plants per hill with good utilization of nutrients and water. Consequently, dry 
matter production is encouraged by increasing amount of light intercepted by maize plant (Addo- Quaye et al., 
2011). 

 
d. Interactions among cropping systems, soybean varieties and maize plant geometry: 

 
All the studied traits of maize were not affected by the interactions among cropping systems, soybean 

cultivars and maize plant geometryat 75 days from maize sowing (Table1). These data show that each of these 
three factors act independently on all the studied traits of maize plant meaning that soybean varieties responded 
similarly (P> 0.05)to cropping systems and/or maize plant geometry. These results are confirmed with those 
obtained by Metwally et al. (2009) who found that the interactions among cropping systems, soybean varieties 
and distributions of maize plants did not effect on leaf area of maize.  

 
2. Yield and its attributes: 

 
a. Cropping systems: 

 
Prolificacy, grain yield per plant, 100 – kernel weight and grain yield per ha were not affected by the 

cropping systems (Table2 and Figure 1). These data show that yielding ability of maize plant was not (P> 
0.05)likely to be much affected by cropping systems. It is clear that dry matter accumulation in the plant during 
the vegetative growth of maize plant was not affected by the cropping systems and finally reflected on the yield 
per plant. Consequently, intercropped maize did not intercept more solar radiation than maize solid culture 
inside maize canopy and hence rate of light utilization was not differ by this canopy during the vegetative 
growth stages (Table 1).  

These data suggest that maize plant had the same ability for convert more solar energy to chemical energy 
and more translocation of photosynthate metabolites to the sink (ears) under cropping systems. These results are 
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in agreement with those obtained by Undie et al. (2012) who indicated that intercropping soybean with maize 
had no significant effect on grain yield of maize in 2007 season.  

 
b. Soybean varieties: 

 
Prolificacy, grain yield per plant, 100 – kernel weight and grain yield per ha were not affected by soybean 

varieties (Table 2 and Figure 1). Soybean varieties do not have sufficient capacity (P> 0.05) to influence 
yielding ability of maize plant. Obviously, yielding ability of maize plant was not affected among all the tested 
soybean varieties. These results are in harmony with those obtained by Metwally et al. (2009) who revealed that 
there was vegetative vigour of maize plants more than soybean varieties. 

  
Table 1: Effect of cropping systems, soybean varieties, distributions of maize plants and their interactions on light intensity at middle of 

maize plant, plant height, LA and DM at 75 days from maize sowing, combined data across 2011 and 2012 seasons.  

              Traits 
 
Cropping 
systems 

 
Soybean varieties 
 

Percentage of light intensity at  
middle of the plant 

Plant height 
(cm) 

Dist. maize plants Mean Dist. maize plants Mean 

1 P 2 P 3 P 1 P 2 P 3 P 

Intercropping 
culture 

Giza 21 23.83 25.02 26.29 25.04 283.1 289.2 302.2 291.5 

Giza 22 24.16 25.51 26.87 25.51 283.9 291.7 303.1 292.9 

Giza 35 23.89 25.22 26.62 25.24 282.1 292.2 301.7 292.0 

Giza 111 23.68 24.78 25.98 24.81 283.8 291.5 303.8 293.0 

   Average of intercropping  23.89 25.13 26.44 25.15 283.2 291.1 302.7 292.3 

Solid culture of maize 23.13 24.12 25.69 24.31 283.4 292.3 302.2 292.6 

General mean of maize plant distributions  23.51 24.62 26.06 24.73 283.3 291.7 302.4 290.4 

L.S.D. at 5% of Cropping systems (S) 
L.S.D. at 5% of soybean varieties (V) 
L.S.D. at 5% of distributions of maize plants (D) 
L.S.D. at 5% of S x V 
L.S.D. at 5% of S x D 
L.S.D. at 5% of V x D 
L.S.D. at 5% of S x V x D 

N.S. 
N.S. 
1.22 
N.S. 
N.S. 
N.S. 
N.S. 

 
 
 
 
 
 
 

N.S. 
N.S. 
9.44 
N.S. 
N.S. 
N.S. 
N.S. 

 
Table 1: Continued  

              Traits 
 
Cropping 
systems 

 
Soybean varieties 
 

LA 
(dm2) 

DM 
(g) 

Dist. maize plants Mean Dist. maize plants Mean 

1 P 2 P 3 P 1 P 2 P 3 P 

Intercropping 
culture 

Giza 21 84.35 86.61 88.53 86.49 122.16 124.54 127.66 124.78 

Giza 22 84.18 86.20 89.48 86.62 121.12 125.10 129.92 125.38 

Giza 35 83.61 86.06 89.98 86.55 122.48 126.08 129.91 126.15 

Giza 111 84.11 86.73 88.65 86.49 123.73 125.82 128.25 125.93 

   Average of intercropping  84.06 86.40 89.16 86.54 122.37 125.38 128.93 125.56 

Solid culture of maize 84.12 86.18 89.09 86.46 122.46 125.16 128.48 125.40 

General mean of maize plant distributions  84.09 86.29 89.12 86.50 122.46 125.27 128.70 125.48 

L.S.D. at 5% of Cropping systems (S) 
L.S.D. at 5% of soybean varieties (V) 
L.S.D. at 5% of distributions of maize plants (D) 
L.S.D. at 5% of S x V 
L.S.D. at 5% of S x D 
L.S.D. at 5% of V x D 
L.S.D. at 5% of S x V x D 

N.S. 
N.S. 
2.41 
N.S. 
N.S. 
N.S. 
N.S. 

 
 
 
 
 
 
 

N.S. 
N.S. 
3.13 
N.S. 
N.S. 
N.S. 
N.S. 

 
Table 2: Effect of cropping systems, soybean varieties, distributions of maize plants and their interactions on prolificacy, grain yield per 

plant, 100 – kernel weight and grain yield per ha, combined data across 2011 and 2012 seasons.  

Traits 
 
Cropping 
systems 

 
Soybean varieties 

Prolificacy  
(number of ears/plant) 

Grain yield per plant  
(g) 

Dist. maize plants Mean Dist. maize plants Mean 

1 P 2 P 3 P 1 P 2 P 3 P 

Intercropping 
culture 

Giza 21 1.28 1.20 1.20 1.22 141.5 153.2 168.7 154.4 

Giza 22 1.32 1.21 1.23 1.25 144.9 156.9 172.3 158.0 

Giza 35 1.30 1.20 1.23 1.24 146.0 157.4 174.6 159.3 

Giza 111 1.31 1.20 1.24 1.25 140.5 152.9 168.3 153.9 

   Average of intercropping  1.30 1.20 1.22 1.23 143.2 155.1 170.9 156.4 

Solid culture of maize 1.30 1.30 1.30 1.30 150.5 156.4 171.1 159.3 

General mean of maize plant distributions  1.30 1.25 1.26 1.26 146.8 155.7 171.0 157.8 

L.S.D. at 5% of Cropping systems (S) 
L.S.D. at 5% of soybean varieties (V) 
L.S.D. at 5% of distributions of maize plants (D) 
L.S.D. at 5% of S x V 
L.S.D. at 5% of S x D 
L.S.D. at 5% of V x D 
L.S.D. at 5% of S x V x D 

N.S. 
N.S. 
N.S. 
N.S. 
N.S. 
N.S. 
N.S. 

 N.S. 
N.S. 
13.62 
N.S. 
N.S. 
N.S. 
N.S. 
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Table 2: Continued  

          Traits 

 

Cropping 

systems 

 

Soybean varieties 

100-kernel weight 

 (g) 

Grain yield per ha  

(ton) 

Dist. maize plants Mean Dist. maize plants Mean 

1 P 2 P 3 P 1 P 2 P 3 P 

Intercropping 

culture 

Giza 21 36.03 34.27 33.32 34.54 6.37 6.99 7.45 6.93 

Giza 22 35.88 34.48 33.66 34.67 6.52 7.06 7.65 7.07 

Giza 35 36.50 34.31 33.84 34.88 6.49 7.08 7.60 7.05 

Giza 111 35.96 34.36 33.71 34.67 6.24 6.89 7.43 6.85 

   Average of intercropping  36.09 34.35 33.63 34.69 6.40 7.00 7.53 6.97 

Solid culture of maize 36.01 34.72 33.63 34.78 7.13 7.40 8.03 7.52 

General mean of maize plant distributions  36.05 34.53 33.63 34.73 6.76 7.20 7.78 7.24 

L.S.D. at 5% of Cropping systems (S) 
L.S.D. at 5% of soybean varieties (V) 

L.S.D. at 5% of distributions of maize plants (D) 

L.S.D. at 5% of S x V 
L.S.D. at 5% of S x D 

L.S.D. at 5% of V x D 

L.S.D. at 5% of S x V x D 

N.S. 
N.S. 

N.S. 

N.S. 
N.S. 

N.S. 

N.S. 

 
 

 

 
 

 

 

N.S. 
N.S. 

2.71 

N.S. 
N.S. 

N.S. 

N.S. 

 
 

Fig. 1: Effect of cropping systems, soybean varieties, distributions of maize plants and their interactions on 

maize grain yield per ha and soybean seed yield per ha, combined data across 2011 and 2012 seasons. 

 

c. Maize plant geometry: 

 

 Increasing levels of maize plant geometry from 30 to 90 cm between maize hills by increasing number of 

maize plants per hill from one to three plants increased significantly grain yields per plant and per ha, while, 

prolificacy and 100-kernel weight were not affected (Table 2 and Figure 1). Increasing distance between maize 

hills from 30 to 90 cm increased (P ≤ 0.05) grain yields per plant and per ha by 16.48 and 15.08 per cent, 

respectively.  Obviously, maize plant geometry at 90 cm between hills permitted more light penetration inside 

maize canopy and led to high amounts of photosynthates which were partitioned to the developing ears.  Cobs 

may be considered as temporary sink and the stored photosynthates were translocated to grains during their 

development. These results indicate that maize plant grown at 90 cm apart furnished suitable environmental 

resources, i.e. climatic and edaphic factors for maize plants to grow well and produce sizeable ears. These 

results are in agreement with those obtained by Andrade et al. (2002) who concluded that maize yield increases 

from narrow rows were due to increases in light interception. Also, Babaji et al. (2012) studied response of extra 

-early maize variety (95TZEE-Y1) to three levels each of intra-row spacing (25, 50 and 75 cm) and stand 

density (1, 2, and 3 plants per hill). They demonstrated that three plants per stand had the highest cob yield that 

is significantly comparable only with that obtained by two plants per stand in 2005 season. 
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d. Interactions among cropping systems, soybean varieties and maize plant geometry: 

 

All the studied traits of maize plant were not affected by the interactions among cropping systems, soybean 

varieties and maize plant geometry (Table 2 and Figure 1). These data show that each of these three factors act 

independently on all the studied traits of maize plant meaning that soybean varieties responded similarly (P> 

0.05) to cropping systems and/or maize plant geometry. These results are confirmed with those obtained by 

Metwally et al. (2009) who found that the interactions among cropping systems, soybean varieties and 

distributions of maize plants did not effect on the studied characters at harvest. 

The results of this study suggest that productivity of maize plant could be increased by growing maize 

plants at wide distance between hills (90 cm) in intercrop with soybean variety Giza 22 to reduce intra – specific 

competition and inter – specific competition; therefore mixed intercropping pattern recorded 7.65 ton per ha of 

maize grains and 1.95 ton per ha of soybean seeds. Further research on the mechanism of intercropping affects 

the growth development of both crops needs to be developed for mixed stand. 
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