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Abstract: A two-year study was carried out at Mallawi Agricultural Experiments and Research Station, A.R.C., El-Minia 

governorate, Egypt, during 2014 and 2015 seasons to determine the compatible soybean cultivar with high maize plant density 

to achieve farmer's benefit under intercropping conditions. Alternating ridges (70 cm width) between maize and soybean were 

used as 1:3, 2:4, 2:2, 3:3 and 4:2, respectively, in addition to sole culture of both crops. Local maize cultivar T.W.C. 310 was 

grown in one plant per hill distanced at 30 cm under intercropping and sole cultures, meanwhile local soybean cultivars (Giza 

22, Giza 82 and Giza 111) were drilled in both sides of the ridge (two plants/hill distanced at 15 cm) under intercropping and 

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

indicated that maize yield attributes were increased significantly by decreasing maize plant density from 67 to 25% of sole 

maize under intercropping conditions, meanwhile the converse was true for plant height and grain yield per ha. All the studied 

maize traits were not affected by soybean cultivars. Also, all the studied maize traits were not affected the interaction between 

intercropping patterns and soybean cultivars. Soybean yield and its attributes were increased significantly by decreasing maize 

plant density from 67 to 25% of sole maize under intercropping conditions except plant height. The late-maturing soybean 

cultivar Giza 22 recorded the highest values of intercepted light intensity within soybean canopy, number of pods per plant, 

seed index, seed yields per plant and per ha, meanwhile, the highest values of biological yield per ha, plant height and number 

of branches per plant were recorded for soybean cultivar Giza 111. Soybean cultivar Giza 22 gave the highest seed yield per 

plant compared to the other cultivars under all the intercropping patterns. Relative yield of soybean showed that the early-

maturing soybean cultivar Giza 82 is better adapted to low light intensity than the other cultivars. Land equivalent ratio and 

area time equivalent ratio values for intercrops were greater than 1.00 indicating less land requirements of intercropping 

patterns than sole maize. Growing four maize ridges alternating with two ridges of soybean cultivar Giza 82 achieved the 

highest net return compared to sole maize. 
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1. Introduction 

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 814435 ha in 2013 with 

an average yield of 7.64 ton per ha, meanwhile, the soybean 

acreage reached about 9270 ha in 2013 with an average yield 

of 3.61 ton per ha [1].  

Over the past few decades, increasing attention has been 

given to intercropping in Egypt. Several studies have 

reported that maize – soybean intercropping is more 

productive than the individual sole crops [2, 3, 4, 5 and 6].  

In general, maize yield was not affected by the presence of 

soybean while soybean yield was reduced specially under 
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high maize population [7]. Adjusting planting density is an 

important tool to optimize crop growth and the time required 

for canopy closure, and to achieve maximum biomass and 

grain yield [8]. Recently, the practice of intercropping 

soybean with maize is common, particularly amongst 

smallholder farmers who have to optimize their use of 

limited land. Generally, intercropping legumes with cereals is 

usually done to maximize productivity in many parts of the 

Mediterranean region [9]. 

However, crop species in intercropping pattern must be 

carefully chosen to minimize competition and enhance the 

efficient use of water, light and nutrients [10]. Success of 

intercropping pattern depends on the ability of the second 

crop to become established under the canopy of the first crop 

in variable midsummer conditions. Intercropping of 

incompatible species can result in one crop completely 

suffocating the other; that is adverse effects [11]. It is known 

that the light plays an important role in the vegetative 

development of soybeans. There are two types of plant 

response to light, firstly' the plant responds to the duration of 

the light period and this response is cal1ed the photoperiodic 

response. Secondly, plants respond to the intensity of the 

light source. Seed yield of soybean reduced under the low 

light because of reduction in dry matter production [12]. To 

obtain the maximum seed yield of intercropped soybean 

under shading effects of adjacent maize plants, selection of 

suitable soybean cultivar could play an important role for 

intercropping system. The cultivars may respond to shading 

stress differently in terms of growth and yield. Seed yield of 

soybean consists of several components, including the 

number of plants per unit area, pods number per plant, seeds 

per pod, and seed size [13]. Therefore, the main objective of 

the present research was to determine the compatible soybean 

cultivar with high maize plant density to achieve farmer's 

benefit under intercropping conditions. 

2. Material and Methods 

A research was carried out at Mallawi Agricultural 

Experiments and Research Station, El-Minia governorate 

(31°06'42" N, 30°56'45" E, 17 m a.s.l.), Egypt, during 2014 

and 2015 seasons. Wheat was the preceding winter crop in 

both seasons. The experimental soil texture was clay. Table 

(1) shows pedigree, flower color, leaf shape, country of 

origin and maturity of the tested soybean cultivars. 

Table 1. Pedigree, flower color, leaf shape and country of origin of the three soybean cultivars. 

Soybean cultivar Pedigree Flower color Leaf shape Country of origin Maturity 

Giza 22 Giza 21 x 186 k – 73  White  Heart Egypt Late 

Giza 82 Crawford x Maple presto Purple Heart Egypt Early 

Giza 111 Crawford x Celeste Purple Heart Egypt Late 

Data from Food Legumes Research Department, Field Crops Research Institute, Agricultural Research Center, Egypt. 

The experiment included fifteen treatments which were the 

combination between five intercropping patterns (alternating 

ridges; 1 maize : 3 soybean, 2 maize : 4 soybean, 2 maize : 2 

soybean, 3 maize : 3 soybean and 4 maize : 2 soybean were 

expressed as 25% maize : 75% soybean, 33% maize : 67% 

soybean, 50% maize : 50% soybean, 50% maize : 50% 

soybean 'I' and 67% maize : 33% soybean, respectively) and 

three soybean cultivars (early – maturing cultivar Giza 82 

and late – maturing cultivars; Giza 22 and Giza 111). The 

treatments were shown in Figure (1) as follows:  

1. One maize ridge alternating with another three of 

soybean. This pattern resulted in 11900 and 285600 

plants of maize and soybean/ha, respectively.  

2. Two maize ridges alternating with another four of 

soybean. This pattern resulted in 15708 and 255136 

plants of maize and soybean/ha, respectively.  

3. Two maize ridges alternating with another two of 

soybean. This pattern resulted in 23800 and 190400 

plants of maize and soybean/ha, respectively.  

4. Three maize ridges alternating with another three of 

soybean. This pattern resulted in 23800 and 190400 

plants of maize and soybean/ha, respectively.  

5. Four maize ridges alternating with another two of 

soybean. This pattern resulted in 31892 and 125664 

plants of maize and soybean/ha, respectively.  

Maize was grown in one row/ridge by leaving one 

plant/hill spaced at 30 cm, meanwhile soybean seeds were 

drilled in two rows/ridge and thinned to two plants /hill 

spaced at 15 cm), in addition to: 

1. Sole maize: pure stand of maize ridges by growing 

one plant/hill spaced at 30 cm (recommended pattern). 

This pattern resulted in 47600 maize plants/ha.  

2. Sole soybean: pure stand of soybean ridges by 

drilling soybean seeds in two rows/ridge and soybean 

was thinned to two plants/hill spaced at 15 cm 

(recommended pattern). This pattern resulted in 

380800 plants of soybean/ha.  

Calcium super phosphate (15.5% P2O5) at rate of 357 

kg/ha and potassium sulfate (48.0% K2O) at rate of 119 kg/ha 

were applied during soil preparation for planting maize and 

soybean in the two summer seasons. Mineral N fertilizer of 

maize was applied at rate of 285.6 divided into two equal 

doses at 15 and 30 days from maize sowing. 

Water was supplied by furrow irrigation. Seeds of soybean 

were inoculated with Bradyrhizobium japonicum and Arabic 

gum was used as a sticking agent. Soybean seeds were sown 

on May 13th and 9th in 2014 and 2015 seasons,  

  



 International Journal of Applied Agricultural Sciences 2016; 2(2): 21-31 23 
 

 

 

Figure 1. Intercropping soybean with maize under different patterns and sole cultures of both crops. 
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respectively, meanwhile maize grains were sown on May 19th 

and 15th in 2014 and 2015 seasons, respectively. Soybean 

cultivar Giza 82 was harvested on August 18th and 14th in 

2014 and 2015 seasons, respectively, meanwhile soybean 

cultivars Giza 22 and Giza 111 were harvested on September 

15th and 10th in 2014 and 2015 seasons, respectively. Maize 

plants were harvested on September 18th and 15th in 2014 and 

2015 seasons, respectively. The treatments were laid out in 

split plot design with three replications. Intercropping 

patterns were randomly assigned to the main plots and 

soybean cultivars were devoted to sub plots. The area of sub 

plot was 25.2 m2, each sub plot consisted of 12 ridges and 

each ridge was 3.0 m in length and 0.7 m in width. 

2.1. The Studied Traits 

2.1.1. Maize Traits 

The following traits were measured on ten guarded plants 

from each sub plot at harvest; plant height (cm) and, stem 

diameter (cm), number of ears/plant, ear length (cm), ear 

diameter (cm), ear weight (g) and grain yield per plant (g). 

Grain yield/ha (ton) was recorded on the basis of 

experimental plot area by harvesting all plants of each sub 

plot. 

2.1.2. Soybean Traits 

Light intensity (lux) inside soybean canopy at middle and 

bottom of the plant was recorded by Lux-meter apparatus at 

mid – day on five plants from each sub plot at 75 days from 

soybean sowing and expressed as percentage from full 

sunlight intensity (100%) measured above the plants. The 

following traits were measured on ten guarded soybean 

plants from each sub plot at harvest; plant height (cm), 

numbers of branches and pods per plant, seed index (g) and 

seed yield/plant (g). Biological and seed yields/ha (ton) were 

recorded on the basis of experimental sub plot area by 

harvesting all plants of each sub plot. 

2.1.3. Competitive Relationships 

2.1.3.1. Land Equivalent Ratio (LER) 

LER defines as the ratio of area needed under sole 

cropping to one of intercropping at the same management 

level to produce an equivalent yield [15]. It is calculated as 

follows: LER = (Yab / Yaa) + (Yba / Ybb), where Yaa = Pure 

stand yield of crop a (maize), Ybb = Pure stand yield of crop b 

(soybean), Yab = Intercrop yield of crop a (maize) and Yba = 

Intercrop yield of crop b (soybean). 

2.1.3.2. Area Time Equivalent Ratio (ATER) 

Area time equivalent ratio provides more realistic 

comparison of the yield advantage of intercropping over 

monocropping in terms of time taken by component crops in 

the intercropping systems. ATER was calculated by formula: 

ATER = LER x Dc / Dt [16], Where LER is land equivalent 

ratio of crop, Dc is time taken by crop, Dt is time taken by 

whole system. 

2.1.4. Farmer's Benefit  

It was calculated by determining the total costs and net 

return of intercropping culture as compared to recommended 

sole culture of maize  

1) Total return of intercropping cultures = Price of maize 

yield + price of soybean yield (US$). To calculate the 

total return, the average of maize and soybean prices 

presented by Bulletin of Statistical Cost Production and 

Net Return [1] was used. 

2) Net return per ha = Total return – (fixed costs of maize 

+ variable costs of soybean according to intercropping 

pattern). 

2.2. Statistical Manipulation 

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 [17]. Mean comparisons were done using 

least significant differences (L.S.D) method at 5 % level of 

probability to compare differences between the means [18]. 

3. Results and Discussion 

3.1. Maize Traits 

3.1.1. Intercropping Patterns 

Plant height, stem diameter, number of ears/plant, ear length, 

ear diameter, ear weight, grain yields per plant and per ha were 

affected significantly by intercropping patterns in the 

combined data across 2014 and 2015 seasons (Table 2). 

Intercropping pattern 67% maize : 33% soybean had the 

highest values (P ≤ 0.05) of plant height and grain yield per ha, 

meanwhile intercropping pattern 25% maize : 75% soybean 

produced the shortest plant with the highest values of stem 

diameter, number of ears/plants, ear length, ear diameter, ear 

weight and grain yield per plant as compared with the other 

intercropping patterns. These data may be due to maize plants 

of intercropping pattern 67% maize : 33% soybean suffered 

from mutual shading than those of the other intercropping 

patterns. Mutual shading is known to increase the proportion 

of invisible radiation, which has a specific elongating effect 

upon plants [18]. Consequently, there was more shading inside 

maize plants of intercropping pattern 67% maize : 33% 

soybean which formed more amounts of plant hormones and 

resulted in an increase of inter node elongation of maize plant 

that reflected negatively on stem diameter. The increased 

maize plant height of intercropping pattern 67% maize : 33% 

soybean was due to thick plant stand compared to the other 

patterns. Stem diameter is strongly influenced by 

environmental conditions during stem elongation [19]. Also, 

the results show that the ear length and diameter decreased 

with increase in maize plant density per unit area, probably due 

to variable plant competition. However, it is expected that all 
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leaves of maize plants are not light saturated even at high 

maize plant density within intercropping pattern. Therefore, 

maize plant had high ability for acclimation by increasing 

number of maize plants per unit area to reach 67% of pure 

stand which contributed mainly in increase in grain yield/ha. 

These results are in accordance with those obtained by 

Konuskan [20] and Mobaser et al. [21] who reported that stem 

diameter were lower in higher plant densities as a consequence 

of inter plant competition. 

3.1.2. Soybean Cultivars 

Plant height, stem diameter, number of ears/plant, ear 

length, ear diameter, ear weight, grain yields per plant and 

per ha were not affected by soybean cultivars in the 

combined data across 2014 and 2015 seasons (Table 2). 

These data may be primarily attributed to the ability of maize 

plant to be grown successfully during growth and 

development. Consequently, all the investigated soybean 

cultivars 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, especially the genetic 

base of soybean in the U.S. and Canada is narrow [22]. 

Therefore, genetic variation of the Egyptian soybean 

cultivars does not have sufficient capacity to influence the 

growth and development of intercropped maize plant. 

Accordingly, yielding ability of maize plant was not affected 

by the soybean cultivars. These results are in harmony with 

those obtained by Metwally et al. [23] and Abdel-Galil et al. 

[24] who revealed that there was vegetative vigour of maize 

plants more than soybean cultivars. 

Table 2. Effect of intercropping patterns, soybean varieties and their interaction on maize grain yield and its attributes, combined data across 2014 and 2015 

seasons. 

Treatments 
Plant height (cm) Stem diameter (cm) Ears/plant (no.) Ear length (cm) 

G.22 G.82 G.111 Mean G.22 G.82 G.111 Mean G.22 G.82 G.111 Mean G.22 G.82 G.111 Mean 

25% maize:75% soybean  223.33 225.66 225.32 224.77 2.46 2.42 2.43 2.43 1.18 1.15 1.18 1.17 21.56 21.53 21.57 21.55 

33% maize:67% soybean  232.33 233.00 233.67 233.00 2.35 2.30 2.31 2.32 1.12 1.10 1.10 1.10 21.24 21.22 21.19 21.21 

50% maize:50% soybean  249.66 247.00 248.91 248.52 2.14 2.10 2.11 2.11 1.09 1.09 1.10 1.09 20.50 20.44 20.42 20.45 

50% maize:50% soybean 'I'  254.00 252.33 252.52 252.95 2.06 2.05 2.08 2.06 1.05 1.06 1.05 1.05 20.15 20.05 20.09 20.09 

67% maize:33% soybean  268.66 267.00 269.02 268.22 1.83 1.80 1.83 1.82 1.01 1.01 1.01 1.00 19.91 19.87 19.92 19.90 

Mean 245.59 244.99 245.88 245.48 2.16 2.13 2.15 2.14 1.08 1.07 1.08 1.07 20.67 20.62 20.63 20.64 

L.S.D. 0.05 Intercropping patterns  8.17  0.33  0.16  0.72 

L.S.D. 0.05 Soybean cultivars N.S.  N.S.  N.S.  N.S. 

L.S.D. 0.05 Interaction N.S.  N.S.  N.S.  N.S. 

Sole maize 272.33  1.75  1.01  19.85 

Table 2. Continued. 

Treatments 
Ear diameter (cm) Ear weight (g) Grain yield/plant (g) Grain yield/ha (ton) 

G.22 G.82 G.111 Mean G.22 G.82 G.111 Mean G.22 G.82 G.111 Mean G.22 G.82 G.111 Mean 

25% maize:75% soybean  5.33 5.24 5.32 5.29 273.66 275.23 273.42 274.10 216.38 220.54 219.69 218.87 2.53 2.52 2.53 2.52 

33% maize:67% soybean  5.10 5.05 5.06 5.07 271.49 273.33 272.01 272.27 208.61 216.77 214.13 213.17 3.26 3.30 3.29 3.28 

50% maize:50% soybean  4.88 4.80 4.89 4.85 230.18 228.17 228.83 229.06 196.56 195.01 196.24 195.93 4.62 4.61 4.55 4.59 

50% maize:50% soybean 'I'  4.60 4.56 4.56 4.57 205.46 207.06 207.49 206.67 195.20 196.84 195.46 195.83 4.56 4.63 4.49 4.56 

67% maize:33% soybean  4.50 4.45 4.51 4.48 185.14 182.78 184.32 184.08 184.43 181.03 183.30 182.92 5.64 5.73 5.60 5.65 

Mean 4.88 4.82 4.86 4.85 233.18 233.31 233.21 233.23 200.23 202.03 201.76 201.34 4.12 4.15 4.09 4.12 

L.S.D. 0.05 Intercropping patterns  0.36  86.99  32.43  1.73 

L.S.D. 0.05 Soybean cultivars N.S.  N.S.  N.S.  N.S. 

L.S.D. 0.05 Interaction N.S.  N.S.  N.S.  N.S. 

Sole maize 4.39  150.34  148.40  7.01 

 

3.1.3. Response of Intercropping Patterns to Soybean 

Cultivars 

Plant height, stem diameter, number of ears/plant, ear 

length, ear diameter, ear weight, grain yields per plant and 

per ha were not affected by interaction between intercropping 

patterns and soybean cultivars in the combined data across 

2014 and 2015 seasons (Table 2). These data show that each 

of these two factors act independently on all the studied traits 

of maize plant meaning that soybean cultivars responded 

similarly (P> 0.05) to intercropping patterns for the studied 

maize traits. These results are confirmed with those obtained 

by Metwally et al. [23] and Abdel-Galil et al. [24] who found 

that maize traits were not affected by cropping systems x 
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soybean cultivars. 

3.2. Soybean Traits 

3.2.1. Intercropping Patterns 

Intercepted light intensity within soybean canopy, 

biological yield per ha, plant height, numbers of branches 

and pods per plant, seed index, seed yields per plant and per 

ha were affected significantly by intercropping patterns in the 

combined data across 2014 and 2015 seasons (Table 3). 

Soybean plants of intercropping pattern 25% maize : 75% 

soybean had the highest values (P ≤ 0.05) of intercepted light 

intensity within soybean canopy, number of branches and 

pods per plant, seed index, seed yields per plant and per ha as 

compared to those of the other intercropping patterns. 

Conversely, soybean plants of intercropping pattern 25% 

maize : 75% soybean gave the shortest soybean plant as 

compared to those of the other intercropping patterns. This 

pattern could be decreased internode elongation of soybean 

plant as a result of decreasing plant hormones. There were 

differential responses achieved increases in light interception 

indirectly by decreasing plant density of the cereal 

component, thereby modifying light intensity intercepted by 

the canopy of the legume component under intercropping 

conditions. Clearly, percentage of light intensity at middle 

and bottom of soybean canopy was decreased gradually by 

increasing maize plant density from 25 to 67% of sole maize. 

Table 3. Effect of intercropping patterns, soybean cultivars and their interaction on soybean seed yield and its attributes, combined data across 2014 and 2015 

seasons. 

Treatments 

Percentage of light intensity (lux) at 
Biological yield/ha (ton) 

Middle of the canopy Bottom of the canopy 

G.22 G.82 G.111 Mean G.22 G.82 G.111 Mean G.22 G.82 G.111 Mean 

25% maize:75% soybean  9.94 9.82 9.38 9.71 5.28 5.17 4.91 5.12 10.54 10.35 11.06 10.65 

33% maize:67% soybean  9.77 9.68 9.20 9.55 5.13 5.01 4.78 4.97 9.48 9.24 9.35 9.35 

50% maize:50% soybean  9.24 9.10 8.83 9.05 4.69 4.60 4.16 4.48 7.21 7.17 7.64 7.34 

50% maize:50% soybean 'I'  9.16 9.03 8.78 8.99 4.61 4.47 4.09 4.39 6.83 6.58 7.54 6.98 

67% maize:33% soybean  8.62 8.54 8.11 8.42 4.37 4.25 3.92 4.18 4.72 4.58 5.26 4.85 

Average of soybean cultivars  9.34 9.23 8.86 9.14 4.81 4.70 4.37 4.62 7.75 7.58 8.17 7.83 

L.S.D. 0.05 Cropping systems 0.87  0.41  0.43 

L.S.D. 0.05 Soybean cultivars 0.44  0.27  0.32 

L.S.D. 0.05 Interaction 1.16  0.46  0.54 

Sole soybean 10.71 10.63 10.26 10.53 5.52 5.43 5.18 5.37 13.92 13.73 14.00 13.88 

Treatments 
Plant height (cm) Branches/plant (no.) Pods/plant (no.) 

G.22 G.82 G.111 Mean G.22 G.82 G.111 Mean G.22 G.82 G.111 Mean 

25% maize:75% soybean  93.47 89.80 99.17 94.14 3.42 3.22 3.83 3.49 37.94 35.21 36.04 36.39 

33% maize:67% soybean  94.58 90.62 101.02 95.40 3.18 3.01 3.67 3.28 37.64 34.72 35.56 35.97 

50% maize:50% soybean  97.15 92.68 104.53 98.12 2.91 2.77 3.58 3.08 37.22 34.11 35.41 35.58 

50% maize:50% soybean 'I'  97.65 92.82 105.11 98.52 2.91 2.72 3.49 3.04 37.07 34.01 35.32 35.46 

67% maize:33% soybean  103.71 96.33 111.29 103.77 2.68 2.44 3.11 2.74 36.77 33.83 35.02 35.20 

Average of soybean cultivars 97.31 92.45 104.22 97.99 3.02 2.83 3.53 3.12 37.32 34.37 35.47 35.72 

L.S.D. 0.05 Cropping systems 0.87  0.41  0.33 

L.S.D. 0.05 Soybean cultivars 0.44  0.27  0.24 

L.S.D. 0.05 Interaction 1.16  0.46  0.38 

Sole soybean 90.02 85.30 97.44 90.92 3.46 3.30 3.92 3.56 38.18 35.54 36.85 35.85 

Treatments 
Seed index (g) Seed yield/plant (g) Seed yield/ha (ton) 

G.22 G.82 G.111 Mean G.22 G.82 G.111 Mean G.22 G.82 G.111 Mean 

25% maize:75% soybean  12.99 12.63 11.16 12.26 8.61 8.29 7.72 8.20 2.55 2.36 2.29 2.40 

33% maize:67% soybean  12.62 12.39 10.74 11.91 8.35 8.01 7.55 7.97 2.19 2.01 1.94 2.04 

50% maize:50% soybean  12.19 11.88 10.21 11.42 8.12 7.78 7.39 7.76 1.58 1.54 1.35 1.49 

50% maize:50% soybean 'I'  11.74 11.31 10.03 11.02 8.01 7.62 7.35 7.66 1.48 1.49 1.31 1.42 

67% maize:33% soybean  11.29 9.96 9.77 10.34 7.87 7.48 7.28 7.54 0.98 1.04 0.87 0.96 

Average of soybean cultivars 12.16 11.63 10.40 11.39 8.19 7.83 7.45 7.82 1.75 1.68 1.55 1.66 

L.S.D. 0.05 Cropping systems 0.34  0.16  0.12 

L.S.D. 0.05 Soybean cultivars 0.25  0.13  0.07 

L.S.D. 0.05 Interaction 0.41  0.18  0.18 

Sole soybean 13.11 12.82 11.36 12.43 8.70 8.42 7.92 8.34 3.30 3.22 3.01 3.17 

 
Accordingly, shading effects of intercropping pattern 67% 

maize : 33% soybean formed unfavorable conditions for 

soybean plant during the early stages of soybean growth and 

development,  consequently more amounts of plant hormones. 

Moreover, as the soybean plant becomes taller, self-shading 

is enhanced and there may be an exceedingly steep light 

gradient between the top and bottom of the plant [25].  These 

results were reported by Undie et al. [26] who revealed that 

soybean plant height was increased above its sole crop height 

at all intercrop arrangements.  

 It is important to note that increasing maize plant density 

from 25 to 67% of sole maize increased shading intensity 

around soybean plants and consequently little dry matter 

accumulation of soybean plant. Obviously, pod number per 

plant as the yield component was most influenced by change 

in cultural and environmental conditions [27]. It is known 

that light enrichment and shading imposed during early 

flowering stage would change assimilates availability to the 
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developing reproductive structures, influence flowering, and 

flower and pod abscission number with a resultant change in 

final pod number at harvest [13]. 

These results are in the same context of those obtained by 

Egbe [28] who showed that intercropped soybean produced 

lower seed yield than their sole crop counterparts. Also, 

Metwally et al. [29] showed that soybean solid plantings had 

the highest weight of 100 seeds, seed yields per plant and per 

ha as compared to those grown with maize under 

intercropping cultures. Moreover, Ijoyah et al. [30] showed 

that intercropping soybean with maize reduced (P ≤ 0.05) 

soybean yield by 43.8 and 55.6% in 2011 and 2012, 

respectively. 

3.2.2. Soybean Cultivars 

Soybean cultivars differed significantly for intercepted 

light intensity with soybean canopy, biological yield per ha, 

plant height, numbers of branches and pods/plant, seed index, 

seed yields per plant and per ha in the combined data across 

2014 and 2015 seasons (Table 3). The late maturing soybean 

cultivar Giza 22 recorded the highest values (P ≤ 0.05) of 

intercepted light intensity within soybean canopy, number of 

branches/plant, number of pods/plant, seed index, seed yields 

per plant and per ha compared to the other soybean cultivars. 

Soybean cultivar Giza 22 or Giza 82 intercepted more light 

intensity at middle and bottom of the canopy than Giza 111 

cultivar. Middle of soybean cultivars Giza 22 and Giza 82 

canopies received 9.34 and 9.23 % of full sunlight, 

respectively. Also, Giza 22 and Giza 82 intercepted 4.81 and 

4.70 % of full sunlight, respectively, at bottom of the plant.  

Obviously, the penetration of solar radiation to either the 

canopy of Giza 22 or Giza 82 cultivar was better than the 

other cultivar.   However, soybean cultivar Giza 111 

produced the highest biological yield per ha, plant height and 

number of branches per plant compared with the others. 

Also, soybean cultivar Giza 111 gave the maximum plant 

height and number of branches per plant (104.22 cm and 3.53) 

followed by Giza 22 (97.31 cm and 3.02) then Giza 82 (92.45 

cm and 2.83), respectively. This result could be due to the 

longer vegetative growth period of the late maturity cultivars 

(Table 1). The two late soybean cultivars (Giza 22 and Giza 

111) had greater growth and yield performance than the early 

Giza 82 cultivar because the late cultivars were able to utilize 

the environmental resources more than the early cultivar. 

However, soybean cultivar Giza 22 produced the highest 

number of pods/plant, seed index, seed yield per plant and 

per ha compared to the others. These results may be due to 

canopy structure of soybean cultivar Giza 22 had narrow 

leaves [29] that permitted more solar radiation to the other 

leaves of the plant and increased accumulation of dry matter 

in different organs of the plant which reflected on seed yield 

per plant as compared with the others. On the other hand, 

canopy structure of soybean cultivar Giza 111 had broad 

leaves [29] that decreased light penetration into the canopy 

and hence seed index and seed yield of this cultivar was not 

improved under the low light intensity condition as compared 

with the others. So, it may be possible that morphological 

traits of Giza 111 increased self-shading intensity compared 

with the others. Moreover, the difference in number of pods 

per plant can be attributed to differences in genetic makeup 

of the cultivars [31]. Obviously, soybean cultivar Giza 22 had 

high ability to overcome the severe conditions of 

intercropping culture as compared with the other cultivars 

[32]. 

Similar results were observed by Abd El-Mohsen et al. [31] 

who investigated that the lowest of number of branches and 

pods per plant was achieved in Giza 82 compared to the 

others. Also, Abdel-Galil et al. [32] indicated that Giza 111 

had the lowest values of seed index and seed yields per plant 

and per ha. 

3.2.3. Response of Intercropping Patterns to Soybean 

Cultivars 

Intercepted light intensity within soybean canopy, 

biological yield per ha, plant height, numbers of branches 

and pods per plant, seed index, seed yields per plant and per 

ha were affected significantly by intercropping patterns x 

soybean cultivars in the combined data across 2014 and 2015 

seasons (Table 3). Soybean cultivar Giza 22 of intercropping 

pattern 25% maize : 75% soybean recorded the highest 

values of intercepted light intensity within soybean canopy, 

number of pods per plant, seed index, seed yields per plant 

and per ha, meanwhile, soybean cultivar Giza 111 of the 

same pattern gave the highest values of biological yield per 

ha, plant height and number of branches per plant. Moreover, 

soybean cultivar Giza 82 ranked second cultivar with 

intercropping pattern 25% maize : 75% soybean for 

intercepted light intensity within soybean canopy, number of 

pods per plant, seed index, seed yields per plant and per ha. 

These results may be due to intercropping pattern 25% 

maize : 75% soybean interacted positively with canopy 

structure of soybean cultivar Giza 22 which permit more 

solar radiation to the other leaves of this cultivar compared to 

the other treatments. These data reveal that there was 

significant effect (P ≤ 0.05) of the interaction between 

intercropping patterns and soybean cultivars on the studied 

soybean traits.  

3.3. Competitive Relationships 

3.3.1. Land Equivalent Ratio (LER) 

The values of LER were estimated by using data of 

recommended solid cultures of both crops. Intercropping 

maize with soybean increased LER as compared to sole 

cultures of both crops in the combined data across 2014 and 

2015 seasons (Figure 2). It ranged from 1.07 (by 

intercropping 67% of maize plants with 33% of soybean 

cultivar Giza 111) to 1.13 (by intercropping 25% of maize 

plants with 75% of soybean cultivar Giza 22 or by 

intercropping 67% of maize plants with 33% of soybean 

cultivar Giza 82) with an average of 1.09. LER was affected 

significantly by intercropping patterns in the combined data 

across 2014 and 2015 seasons. The advantage of the highest 

LER by intercropping soybean with maize over sole cultures 

could be due to minimize intra – specific competition 
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between the two species for basic growth resources. 

Obviously, increasing maize plant density per unit area 

increased relative yield of maize and decreased relative yield 

of soybean. Consequently, LER depended on intercropping 

pattern. These results are in accordance with those obtained 

by Hayder et al. [33] who reported that the total relative yield 

of corn and soybean was greater in intercropping than 

monoculture. Also, Abdel-Galil et al. [32] found that 

intercropping culture increased LER as compared to sole 

cultures of both crops.  

LER was affected significantly by soybean cultivars in the 

combined data across 2014 and 2015 seasons (Figure 2). 

Soybean cultivars Giza 22 and Giza 82 gave the highest LER, 

meanwhile the lowest LER was obtained by soybean cultivar 

Giza 111. It seems that relative yield of maize was constant 

under all the studied soybean cultivars. Accordingly, the 

fundamental reason to change the values of LER was relative 

yield of soybean cultivars. Clearly, the late-maturing cultivar 

Giza 22 had narrow leaves that increased intercepted light 

intensity during growth and development which reflected 

positively seed yield per plant. On the other hands, the early-

maturing cultivar Giza 82 was the shortest cultivar (Table 3) 

and completed its life cycle quickly. It worthy to mention that 

the late-maturing cultivar Giza 111 was the tallest cultivar 

(Table 3) with broad leaves that enhanced self-shading and 

consequently little dry matter accumulation which reflected 

negatively on the economic yield. These differences among 

the three cultivars were attributed to the fact that the cultivars 

were developed for growth in different climates. The late-

maturing cultivar Giza 22 or Giza 111 was developed for a 

warmer climate than the early-maturing cultivar Giza 82 and 

consequently shows an adaptation for low shading intensity. 

 

Figure 2. Relative yields of maize and soybean and land equivalent ratio (LER) as affected by intercropping patterns, soybean cultivars and their interaction, 

combined data across 2014 and 2015 seasons. 

LER was affected negatively by the interaction between 

intercropping patterns and soybean cultivars in the combined 

data across 2014 and 2015 seasons (Figure 2). Relative yields 

of soybean cultivars Giza 22 and Giza 111 were increased by 

increasing number of soybean plants per unit area from 50 to 

75% of sole culture with decreasing maize plant density from 

50 to 25% of sole culture. Conversely, relative yield of 

soybean cultivar Giza 82 was increased by increasing number 

of maize plants per unit area from 50 to 67% of sole culture 

with decreasing soybean plant density from 50 to 33% of sole 

culture. These results show that the relative yields of three 

soybean cultivars could be related more to number of maize 

plants per unit area under intercropping conditions. Relative 

yield of soybean cultivar Giza 22 or Giza 111 was higher 

than the other cultivar under intercropping condition.  

Soybean cultivar Giza 82 seems to be better adapted to 

increase in number of maize plants per unit area compared to 

the other cultivars (Figure 2). Seed yield reduction in Giza 82 

cultivar due to shading effects of maize plants was lower than 

that of other cultivars. Therefore, it is likely that soybean 

cultivar Giza 82 was more adapted to low light intensity 

compared to the others under intercropping conditions. These 

results may be due to soybean cultivar Giza 82 had self 

regulation mechanism of redistributing the available 

assimilates to components, in an attempt to maintain or 

improve yield under low light intensity. One of these 

mechanisms of soybean cultivar Giza 82 was cross 

pollination of soybean cultivar Crawford and soybean 

cultivar Maple Presto (Table 1). It is known that soybean 

cultivar Maple Presto was intended to provide an 

agronomically suitable cultivar for production in areas of 

Canada with short and cool growing seasons [34].  

The other mechanism of soybean cultivar Giza 82 was due 

to this cultivar was earlier matured than Giza 22 or Giza 111 

cultivar. In this concern, Gourdon and Planchon [35] showed 

that Maple Presto cultivar has a shorter vegetative growth 

phase and a substantially shorter reproductive phase, shading 

on seeds yield per area depends on duration of shading [36]. 
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This implies that single plant nutrient area of three soybean 

cultivars is different and is also helpful for making decision 

on optimum density of both crops under intercropping culture. 

These results are in parallel with those obtained by Metwally 

et al. [37] who indicated that good yielding ability of 

soybean cultivar Giza 82 under intercropping culture may be 

due to least effect of intercropping on individual plant 

characters. They added that soybean cultivar Giza 82 may be 

more adapted to low light intensity.  

3.3.2. Area Time Equivalent Ratio (ATER) 

ATER provides more realistic comparison of the yield 

advantage of intercropping over sole cropping in terms of 

variation in time taken by the component crops of different 

intercropping systems. Total ATER values of was more than 

one in all treatments except growing the early soybean 

cultivar Giza 82 in intercropping patterns 25% maize : 75% 

soybean, 33% maize : 67% soybean, 50% maize : 50% 

soybean and 50% maize : 50% soybean 'I' in the combined 

data across 2014 and 2015 seasons (Figure 3). In all the 

treatments, the ATER values were lesser than LER values 

(Figure 2) indicating the over estimation of resource 

utilization.   

ATER was affected significantly by intercropping patterns 

in the combined data across 2014 and 2015 seasons (Figure 

3). The advantage of the highest ATER by intercropping 

soybean with maize over sole cultures could be due to 

minimize intra – specific competition between plants of each 

crop for basic growth resources indicating higher 

productivity per unit area. 

ATER was affected significantly by soybean cultivars in 

the combined data across 2014 and 2015 seasons (Figure 3). 

Soybean cultivars Giza 22 and Giza 111 had the highest 

ATER, meanwhile the lowest ATER was obtained by soybean 

cultivar Giza 82. Clearly, growth duration of Giza 22 and 

Giza 111 was longer than that of Giza 82 which reflected 

positively on ATER values.   

ATER was affected significantly by the interaction 

between intercropping patterns and soybean cultivars in the 

combined data across 2014 and 2015 seasons (Figure 3). 

Soybean cultivars Giza 22 and Giza 111 of intercropping 

pattern 25% maize : 75% soybean had the highest values of 

ATER, meanwhile Giza 82 cultivar of intercropping 67% 

maize : 33% soybean recorded the highest ATER compared 

to the other treatments. These results could be due to relative 

yields of soybean cultivars Giza 22 and Giza 111 were 

increased by increasing soybean plant density from 50 to 75% 

of sole culture with decreasing number of maize plants per 

unit area from 50 to 25% of sole culture. Conversely, relative 

yield of soybean cultivar Giza 82 was increased by 

increasing maize plant density from 50 to 67% of sole culture 

with decreasing number of soybean plants per unit area from 

50 to 33% of sole culture. These results may be due to 

soybean cultivar Giza 82 had self regulation mechanism of 

redistributing the available assimilates to components, in an 

attempt to maintain or improve yield under high shading 

intensity.  

3.4. Farmer's Benefit 

Intercropping culture increased net return by 37.16% 

compared with sole maize (Table 4). The results indicate that 

intercropping soybean with maize was more profitable to 

farmers than sole maize under all  

 

Figure 3. Area time equivalent ratio (ATER) as affected by intercropping patterns, soybean cultivars and their interaction, combined data across 2014 and 

2015 seasons. 
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intercropping patterns. Net return of intercropping soybean 

with maize was varied between treatments from US$ 655 to 

858 per ha compared with sole maize (US$ 557 per ha). 

Soybean cultivar Giza 22 of intercropping patterns 50% maize : 

50% soybean had the highest net return (US$ 858 per ha) 

followed by soybean cultivar Giza 82 of  intercropping pattern 

4 maize : 2 soybean (US$ 847 per ha). These findings are 

parallel with those obtained by Metwally et al. [23], Abdel-

Galil et al. [32] and Lamlom et al. [38] who reported that 

intercropping system gave higher net return over sole maize.  

Table 4. Total and net returns as affected by intercropping patterns, soybean cultivars and their interaction, combined data across 2014 and 2015 seasons. 

Treatments 
Soybean Maize Total Net 

G.22 G.82 G.111 Mean G.22 G.82 G.111 Mean G.22 G.82 G.111 Mean G.22 G.82 G.111 Mean 

25% maize:75% soybean  1532 1418 1376 1442 782 778 782 780 2314 2196 2158 2222 841 723 685 749 

33% maize:67% soybean  1316 1208 1165 1229 1007 1020 1016 1014 2323 2228 2181 2244 835 740 693 756 

50% maize:50% soybean  949 925 811 895 1428 1424 1406 1419 2377 2349 2217 2314 858 830 698 795 

50% maize:50% soybean 'I'  889 895 787 857 1409 1431 1387 1409 2298 2326 2174 2266 779 807 655 747 

67% maize:33% soybean  588 625 522 578 1743 1771 1730 1748 2331 2396 2252 2326 782 847 703 777 

Mean 1054 1014 932 1000 1273 1284 1264 1274 2328 2299 2196 2274 819 789 686 764 

Sole maize  ---   2166  2166 557 

Prices of main products are that of 2013: US$ 601.0 for ton of soybean; US$ 309.1 for ton of maize; intercropping soybean with maize increased variable costs 

of intercropping culture from US$ 190 – 238 per ha over those of sole maize. 

4. Conclusion 

Our results concluded that the availability of low light 

intensity due to shading effect of maize was the critical factor 

in determining intercropped soybean cultivar. Relative yield 

could be beneficial for estimating the shade tolerance of 

soybean germplasm and choosing the special soybean 

cultivars for the intercropping. Giza 82 was the compatible 

soybean cultivar with increasing maize plant density from 50 

to 67% of sole maize. Conversely, Giza 22 was the 

compatible soybean cultivar with increasing maize plant 

density from 25 to 50% of sole maize. 
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