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 In recent years, trends in agricultural production systems have changed towards 

achieving high productivity and promote sustainability over time. A two-year study was 
carried out at Gemmiza Agricultural Experiments and Research Station, A.R.C., El-

Gharbia governorate, Egypt during 2010/2011 and 2011/2012 season to test if 

intercrops are more nitrogen (N) use in response to two wheat plant density in 
comparison with solid cultures. Relay intercropping culture was designated by growing 

wheat plants in six or eight rows in middle of beds (120 cm width) and cotton in both 

sides of the beds in addition to solid cultures of both crops. The treatments were the 
combination between four mineral N fertilizer rates and two wheat plant densities. A 

split plot design in three replicates was used. The results showed that 100% of wheat 

mineral N fertilizer without regarding to cotton mineral N fertilizer rate recorded the 
highest yields of both crops under relay intercropping system in comparison with the 

other treatments. Reduction in wheat mineral N fertilizer rate is the basic factor for 
decreasing yields of both crops. Under relay intercropping system, increasing wheat 

plant density from 6 to 8 rows decreased yield attributes of both crops but it had 

positive effect on wheat yield per ha. All the studied traits of both crops were affected 
significantly by the interaction between mineral N fertilizer rates and wheat plant 

density except lint percentage. Land equivalent ratio ranged from 1.65 to 2.65. This 

study found that intercropping six rows of wheat with cotton that received the 
recommended rate of wheat mineral N fertilizer under Egyptian conditions with 

decreasing mineral N inputs of cotton by fifty percent achieved $ 1476 and $1412 per 

ha over those of cotton solid culture (I) and (II), respectively. 
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INTRODUCTION 

 

 Wheat cultivation (Triticum spp.) reaches far back into history. Wheat was one of the first domesticated 

food crops and for 8 000 years has been the basic staple food of the major civilizations of Europe, West Asia 

and North Africa. Today, wheat is grown on more land area than any other commercial crop and continues to be 

the most important food grain source for Egyptian people, where, cultivated area of wheat reached about 

1,419,275 ha with an average yield of 6.66 ton per ha in 2012 season [1]. On the other hand, the high quality 

Egyptian cotton (Gossypium baradense L.) is popular around the world now, but cotton cultivated area 

decreased to about 135,714 ha in 2012 season [2]. Accordingly, one of the main problems associated with the 

Egyptian farmers is escaping from growing cotton in their farms as a result of low cotton productivity after 

wheat harvest. Wheat is grown from November to May and cotton from March to October under Egyptian 

conditions. To solve the problem efficiently, cotton-based intercropping is a promising strategy. However, the 

selection of an appropriate intercropping system in each case is quite complex as the success of intercropping 

systems depend much on the interactions between the component species, the available management practices, 

and the environmental conditions. Output improvement in a crop production system must be related to the better 

use of resources. Relay intercropping cotton (seedling and growth stages) with wheat (reproductive stage) is a 

recent technology in crop intensification field, where, the crops overlap in time, growing as an intercrop, from 

March till May. It is a simple but inexpensive strategy and has been recognized as a potentially benefited 

technology for increased crop production.  
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 However, this information is of little value in predicting the optimum densities of the components in 

intercrops [3], since yield of each component will depend on both inter-specific and intra-specific competition. 

Comparison of the light interception of three wheat rows : one cotton row (3:1) and six wheat rows : two cotton 

rows (6:2) system, both with a relative row length density of the wheat of 60%, compared to monoculture, 

showed that a distribution of wheat in narrower strips increased light interception [4].  

 Also, among the plant nutrients, nitrogen (N) plays a very important role in crop productivity [5]. Intercrops 

use soil nutrients more efficiently than sole crops, because of a higher N-recovery and increased dry matter 

yields [6 and 7]. So, the present study was conducted to test if intercrops are more N use in response to two 

wheat plant density in comparison with solid cultures. 

 

 
 

Fig. 1: Relay intercropping cotton with wheat and solid cultures of both crops. 
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MATERIALS AND METHODS 

 

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

Gharbia governorate (Lat. 30° 47' 27" N, Long. 30° 59' 53" E, 22 m a.s.l.), Egypt during 2010/2011 and 

2011/2012 seasons to test if intercrops are more N use in response to two wheat plant density in comparison 

with solid cultures. Wheat variety Gemmiza 9 and cotton variety Giza 89 were used. Relay intercropping pattern 

and solid cultures of both crops were illustrated in Figure (1). Intercropping pattern was designated by drilling 

wheat grains in rows in middle of the beds (120 cm width) and cotton seeds were sown on both sides of the 

beds. Intercropping pattern received the treatments which were the combinations between four mineral N 

fertilizer rates and two wheat plant densities as follows:  

1. Mineral N fertilizer rates for wheat (100%) and cotton (50%) were expressed as 178.5 and 71.4kg N per ha, 

respectively 'F1'. Wheat grains were drilled in 6 rows in middle of the beds and cotton seeds were sown on both 

sides of the beds. This pattern resulted in 166,600 plants of cotton. 

2. Mineral N fertilizer rates for wheat (100%) and cotton (50%) were expressed as 178.5 and 71.4kg N per ha, 

respectively 'F1'. Wheat grains were drilled in 8 rows in middle of the beds and cotton seeds were sown on both 

sides of the beds. This pattern resulted in 166,600 plants of cotton.  

3. Mineral N fertilizer rates for wheat (100%) and cotton (100%) were expressed as 178.5 and 142.8 kg N per 

ha, respectively 'F2'. Wheat grains were drilled in 6 rows in middle of the beds and cotton seeds were sown on 

both sides of the beds. This pattern resulted in 166,600 plants of cotton. 

4. Mineral N fertilizer rates for wheat (100%) and cotton (100%) were expressed as 178.5 and 142.8 kg N per 

ha, respectively 'F2'. Wheat grains were drilled in 8 rows in middle of the beds and cotton seeds were sown on 

both sides of the beds. This pattern resulted in 166,600 plants of cotton. 

5. Mineral N fertilizer rates for wheat (50%) and cotton (50%) were expressed as 89.2 and 71.4 kg N per ha, 

respectively 'F3'. Wheat grains were drilled in 6 rows in middle of the beds and cotton seeds were sown on both 

sides of the beds. This pattern resulted in 166,600 plants of cotton. 

6. Mineral N fertilizer rates for wheat (50%) and cotton (50%) were expressed as 89.2 and 71.4 kg N per ha, 

respectively 'F3'. Wheat grains were drilled in 8 rows in middle of the beds and cotton seeds were sown on both 

sides of the beds. This pattern resulted in 166,600 plants of cotton. 

7. Mineral N fertilizer rates for wheat (50%) and cotton (100%) were expressed as 89.2 and 142.8 kg N per ha, 

respectively 'F4'. Wheat grains were drilled in 6 rows in middle of the beds and cotton seeds were sown on both 

sides of the beds. This pattern resulted in 166,600 plants of cotton. 

8. Mineral N fertilizer rates for wheat (50%) and cotton (100%) were expressed as 89.2 and 142.8 kg N per ha, 

respectively 'F4'. Wheat grains were drilled in 8 rows in middle of the beds and cotton seeds were sown on both 

sides of the beds. This pattern resulted in 166,600 plants of cotton. 

In addition to solid cultures of both crops: 

1. Wheat solid culture by growing 4 wheat rows on both sides of the ridges (60 cm width). This pattern 

received 100% of mineral N fertilizer rate (178.5 kg N per ha). 

2. Cotton solid culture (I) by growing one cotton (two cotton plants per hill distanced at 20 cm) row on middle 

of the ridges (60 cm width) during March month. This pattern resulted in 166,600 plants of cotton. This pattern 

received 100% of mineral N fertilizer rate (142.8 kg N per ha). 

3. Cotton solid culture (II) by growing one cotton (two cotton plants per hill distanced at 20 cm) row on 

middle of the ridges (60 cm width) after wheat harvest during May month. This pattern resulted in 166,600 

plants of cotton. This pattern received 100% of mineral N fertilizer rate (142.8 kg N per ha). 

 Normal practices for growing all crops were used as recommended in the area. Calcium super phosphate 

(15.5% P2O5) at rate of 357 kg/ha and potassium sulfate (48% K2O) at rate of 119 kg/ha were applied during soil 

preparation for planting wheat in the winter season. Wheat variety kindly provided by Wheat Research 

Department, Field Crops Research Institute, ARC, while, cotton variety kindly provided by Cotton Research 

Institute, ARC. Normal cultural practices for growing the two crops were used as recommended in the area. 

Wheat grains were sown on 30
th

 and 26
th
 November at 2010 and 2011 seasons, respectively, under intercropping 

and solid cultures. Cotton seeds were sown on 17
th

 and 13
th

 March at 2011 and 2012 seasons, respectively, 

under intercropping and solid cultures (cotton solid culture I), while, cotton seeds were sown on 22
nd

 and 18
th

 

May at 2011 and 2012 seasons, respectively, after wheat harvest (cotton solid culture II). Wheat plants were 

harvested on 8
th

 and 4
th

 May at 2011 and 2012, respectively. Cotton plants were ginning at 5
th

 and 1
st
 October at 

2011 and 2012 seasons, respectively, under intercropping and solid culture (I). Cotton plants of solid culture (II) 

were ginning at 14
th

 and 10
th

 November 2011 and 2012, respectively. Cotton plants were thinned to two plants 

per hill distanced at 20 cm under intercropping and solid cultures. Solid cultures of both crops were used to 

estimate the competitive relationships. A split plot design with three replicates was used. Mineral N fertilizer 

rates were randomly assigned to the main plots and wheat plant density were allocated in sub plots. The area of 

sub-plot was 9.6 m
2
, it consisted of 4 ridges, and each ridge was 4.0 m in length and 0.6 m in width. 
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1. Wheat yield and its attributes: 

 At harvest, plant height (cm), number of spikes per m
2
, number of grains per spike, grain weight per spike 

(g) and 1000 – grain weight (g) were measured on ten guarded plants from each plot, whereas, grain yield per ha 

(ton) was recorded on the basis of experimental plot area by harvesting all wheat plants of each plot.  

 

2. Cotton yield and its attributes: 

 At harvest, plant height (cm), number of open bolls per plant, boll weight (g), seed cotton yield per plant (g) 

and lint (%) were measured on ten guarded plants from each plot, whereas, seed cotton yield per ha (ton) was 

recorded on the basis of experimental plot area by ginning all cotton plants of each plot.  

 

3. Competitive relationships: 

- Land equivalent ratio (LER): 

 LER defined as the ratio of area needed under sole cropping to one of intercropping at the same 

management level to produce an equivalent yield [8]. It is calculated as follows: 

LER = (Yab / Yaa) + (Yba/ Ybb) 

 Where Yaa = Pure stand yield of crop a (wheat), Ybb = Pure stand yield of crop b (cotton), Yab = Intercrop 

yield of crop a (wheat), Yba = Intercrop yield of crop b (cotton) 

 

Financial return: 

 Wheat grains and seed cotton prices presented by [1] and [2], respectively, were used. Net return was 

calculated by subtraction total costs from total return according to cropping pattern.  

 

Data analysis: 

 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 [9]. Mean 

comparisons were done using least significant differences (L.S.D) method at 5 % level of probability to compare 

differences between the means [10]. 

 

RESULTS AND DISCUSSIONS 

 

1. Wheat yield and its attributes: 

a. Mineral N fertilizer rates: 

 All the studied wheat traits were affected significantly by mineral N fertilizer rates in the combined data 

across 2010/2011 and 2011/2012 seasons (Table 1). All studied wheat traits were increased significantly by the 

full rate of wheat mineral N fertilizer (178.5 kg N/ha) whether adding the half or full rate of cotton mineral N 

fertilizer as compared to those received the half rate of wheat mineral N fertilizer (71.2 kg N/ha) without 

regarding to mineral N fertilizer rate of cotton. It is observed that number of grains per spike was increased by 

increasing rates of mineral N fertilizer for wheat plant [11]. This can be justified with logic that N availability 

satisfied wheat requirement for growth and development which enable the plant to produce more number of 

grains per spikes. Consequently, number of spike, grain weight and grain yield were increased by increasing 

rates of N fertilizer [12]. This response can be attributed to the adequate N availability (178.5 kg N/ha) which 

might facilitate the tillering ability of the plants, resulting in greater spike population [13] and consequently the 

final yield.  

 
Table 1: Effect of wheat plant density and mineral N fertilizer rates and their interactions on yield of intercropped wheat with cotton and its  

attributes, combined data across 2010/2011 and 2011/2012 seasons.  

Treatments Plant height 
(cm) 

Spikes/m2 
(no.) 

Grains/spike 
(no.) 

6 rows 8 rows Mean 6 rows 8 rows Mean 6 rows 8 rows Mean 

F1 116.80 118.24 117.52 455.72 451.17 453.44 55.77 54.32 55.04 

F2 117.15 119.62 118.38 456.81 453.08 454.94 56.04 54.90 55.47 

F3 88.33 90.76 89.54 408.98 406.66 407.82 41.87 40.49 41.18 

F4 89.98 91.29 90.63 409.79 408.12 408.95 42.55 41.28 41.91 

Average of mineral N fertilizer rates 103.06 104.97 104.02 432.82 429.75 431.29 49.05 47.74 48.40 

L.S.D. 0.05 Mineral N fertilizer rates 

L.S.D. 0.05 Wheat plant density 
L.S.D. 0.05 Interaction 

3.71 

1.83 
5.45 

5.87 

3.01 
7.19 

3.05 

1.22 
5.67 

Wheat solid culture 115.97 454.43 55.21 

Treatments Grain weight/spike 

(g) 

1000 – grain weight 

(g) 

Grain yield/ha 

(ton) 

6 rows 8 rows Mean 6 rows 8 rows Mean 6 rows 8 rows Mean 

F1 2.73 2.54 2.63 56.83 54.16 55.49 6.68 6.89 6.78 
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F2 2.85 2.68 2.76 59.61 57.25 58.43 6.84 7.00 6.92 

F3 1.92 1.74 1.83 37.83 36.01 36.92 5.08 5.29 5.18 

F4 2.01 1.86 1.93 39.91 38.03 38.97 5.21 5.47 5.34 

Average of mineral N fertilizer rates 2.37 2.22 2.29 48.54 46.36 47.45 5.95 6.16 6.05 

L.S.D. 0.05 Mineral N fertilizer rates 

L.S.D. 0.05 Wheat plant density 

L.S.D. 0.05 Interaction 

0.58 

0.11 

0.48 

5.56 

2.06 

8.38 

1.03 

0.17 

1.26 

Wheat solid culture 2.69 55.24 6.82 

F1: 178.5 and 71.4 kg N/ha for wheat and cotton, respectively. F2: 178.5 and 142.8 kg N/ha for wheat and cotton, respectively. F3: 89.2 and 

71.4 kg N/ha for wheat and cotton, respectively. F4: 89.2 and 142.8 kg N/ha for wheat and cotton, respectively.  
 

 These results reveal that early application of mineral N fertilizer may be highly utilized by wheat plant in 

the formation of vegetative parts during seedling stage of cotton plant on both sides of wheat ridge. Similar 

results were observed by Abedi et al. [14] who indicated that N fertilizer had a significant effect on yield 

components (spikes number per m
2
, seeds number spike

-1
 and 1000 grain weight) and grain yield. These traits 

enhanced significantly with increasing N levels. 

 On the other hand, mineral N fertilizer of cotton did not affect wheat attributes during reproductive stage of 

wheat plant under intercropping conditions. The number of spikes per unit area is set before stem elongation 

[15]. These results are confirmed by Abedi et al. [14] who showed that the maximum amount of grain yield was 

obtained when 240 kg N/ha was applied in vegetative growing stages, while removing the fertilization in grain 

filling period did not affect it negatively. 

 

b. Wheat plant density: 

 All the studied wheat traits were affected significantly by increasing wheat plant density from six to eight 

rows in the combined data across 2010/2011 and 2011/2012 seasons (Table 1). Increasing number of wheat 

rows from six to eight decreased number of spikes per m
2
, number of grains per spike, grain weight per spike 

and 1000 – grain weight, meanwhile, the reverse was true for plant height and grain yield per ha. These data 

may be due to there was higher intra-specific competition between wheat plants that grown on eight rows for 

basic growth resources during early stages of growth and development than the other one, thus there was a 

decrease in dry matter accumulation and consequently yield attributes which led to finally the economic yield 

per plant.  

 Obviously, number of wheat rows played a major role in wheat yield per ha. Narrowing the path between 

the wheat strips increased light interception and yield of wheat during the intercropping period [4]. These results 

are in the same context with those obtained by Donaldson et al. [16] who showed that thickening plant density 

resulted in decreasing grains per spike. Also, Ferreira and Abreu [17] indicated that grain yield would increase 

as a result of increasing plant density.  

 

c. The interaction between mineral N fertilizer rates and wheat plant density: 

 All the studied wheat traits were affected significantly by the interaction between mineral N fertilizer rates 

and wheat plant density in the combined data across 2010/2011 and 2011/2012 seasons (Table 1). The highest 

number of spikes per m
2
, number of grains per spike, grain weight per spike, 1000 – grain weight were obtained 

by intercropping six rows of wheat with cotton which received the full rates of mineral N fertilizer for both 

crops (F2), meanwhile, growing eight rows of wheat with cotton which received the half rates of mineral N 

fertilizer for both crops (F3) had the lowest number of spikes per m
2
, number of grains per spike, grain weight 

per spike, 1000 – grain weight in comparison with the other treatments.  

 These data indicate that each of these two factors act dependently on all the studied traits of wheat plant 

meaning that mineral N fertilizer rates responded differently (P ≤ 0.05) to wheat plant density. These results are 

in parallel with those obtained by Bulson et al. [18] who found that the %N of wheat decreased as the density of 

wheat increased which reflected on increased intraspecific competition for N.  

 

2. Cotton yield and its attributes: 

a. Mineral N fertilizer rates: 

 All the studied cotton traits were affected significantly by mineral N fertilizer rates, meanwhile, lint 

percentage was not affected in the combined data across 2010/2011 and 2011/2012 seasons (Table 2). The 

treatment (F1) or (F2) had the highest values of plant height, number of open bolls per plant, boll weight, seed 

cotton yields per plant and per ha in comparison with the other mineral N fertilizer rates. There were no 

significant differences between the treatment (F1) and the treatment (F2) for all the studied traits. It is observed 

that seed cotton yield per plant was increased as a result of increasing open bolls number and boll weight. This 

was likely achieved via reduced shedding of squares and bolls and enhanced photosynthetic activity, which in 

turn resulted in an increase in boll weight [19].  

 These data suggest that the half or full rate of mineral N supplied for cotton (71.4 or 142.8 kg N/ha, 

respectively) and the residual effect of mineral N supplied for wheat plants (178.5 kg N/ha) may be interacted 
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together and resulted in a positive effect on number of open bolls per plant and boll weight. Accordingly, the 

treatment (F1) or (F2) may be increased N uptake for cotton plant due to additional growth of cotton in the 

border rows, and the capture of extra N from the inner rows allocated to wheat. Additionally, Zhao and 

Oosterhuis [20] indicated that low N supply at the reproductive stage decreased leaf area, leaf net photosynthetic 

rate and chlorophyll content.  

 Consequently, analysis of variance for number of open bolls per plant and boll weight reveal that the half 

rate of mineral N (71.4 kg N/ha) fertilizer may be integrated with the residual effect of mineral N supplied 

(178.5 kg N/ha) for wheat plants (F1) to reach the same level of F2 significance and gave the same effect of the 

treatment [F2] on growth and development of boll formation. Hence, the positive effect of mineral N supplied 

for wheat on a number of sink organs results not only from an increase in mineral N supply, but also from an 

increase in the photosynthate supply to the sink sites [21]. Moreover, Zhang et al. [22] showed that the N 

surplus of sole crops amounted to 220 kg ha
−1

 for wheat and 140 kg ha
−1

 for cotton, while in the intercropping 

systems, the annual N surplus exceeded 400 kg ha
−1

 and hence conventional N-management in intercrops thus 

results in high N-surpluses that pose an environmental risk.  

 
Table 2: Effect of wheat plant density and mineral N fertilizer rates and their interactions on yield of intercropped cotton with wheat and its  

attributes, combined data across 2010/2011 and 2011/2012 seasons.  

Treatments Plant height 

(cm) 

Open bolls/plant 

(no.) 

Boll weight 

(g) 

6 rows 8 rows Mean 6 rows 8 rows Mean 6 rows 8 rows Mean 

F1 154.20 149.43 151.81 10.12 9.58 9.85 2.55 2.51 2.53 

F2 163.63 160.11 161.87 10.65 10.02 10.33 2.63 2.60 2.61 

F3 131.67 127.57 129.62 8.69 8.16 8.42 2.35 2.32 2.33 

F4 141.89 138.09 139.99 9.06 8.51 8.78 2.42 2.40 2.41 

Average of mineral N fertilizer rates 147.84 143.80 145.82 9.63 9.06 9.34 2.48 2.45 2.46 

L.S.D. 0.05 Mineral N fertilizer rates 

L.S.D. 0.05 Wheat plant density 

L.S.D. 0.05 Interaction 

11.60 

3.92 

12.44 

1.04 

0.52 

1.33 

0.10 

0.03 

0.21 

Cotton solid culture (I) 134.03 8.75 2.51 

Cotton solid culture (II) 108.37 5.82 2.06 

Treatments Seed cotton yield/plant 

(g) 

Seed cotton yield/ha 

(ton) 

Lint 

(%) 

6 rows 8 rows Mean 6 rows 8 rows Mean 6 rows 8 rows Mean 

F1 19.20 18.77 18.98 3.05 2.81 2.93 35.34 35.04 35.19 

F2 19.69 19.28 19.48 3.22 2.98 3.10 36.16 35.81 35.98 

F3 18.02 17.64 17.83 2.65 2.42 2.53 34.54 34.23 34.38 

F4 18.51 18.15 18.33 2.77 2.54 2.65 35.30 34.98 35.14 

Average of mineral N fertilizer rates 18.85 18.46 18.65 2.92 2.68 2.80 35.33 35.01 35.17 

L.S.D. 0.05 Mineral N fertilizer rates 
L.S.D. 0.05 Wheat plant density 

L.S.D. 0.05 Interaction 

0.61 
0.33 

0.72 

0.25 
0.22 

0.39 

N.S. 
N.S. 

N.S. 

Cotton solid culture (I) 18.15 2.74 34.79 

Cotton solid culture (II) 12.27 1.95 32.07 

F1: 178.5 and 71.4 kg N/ha for wheat and cotton, respectively. F2: 178.5 and 142.8 kg N/ha for wheat and cotton, respectively. F3: 89.2 and 

71.4 kg N/ha for wheat and cotton, respectively. F4: 89.2 and 142.8 kg N/ha for wheat and cotton, respectively.  

 

b. Wheat plant density: 

 All the studied traits of cotton were affected significantly by wheat plant density, meanwhile, lint 

percentage was not affected in the combined data across 2010/2011 and 2011/2012 seasons (Table 2). 

Intercropping six rows of wheat with cotton had higher values of plant height, number of open bolls per plant, 

boll weight, seed cotton yields per plant and per ha than those grown with eight rows of wheat. Obviously, 

increasing number of wheat rows from six to eight may be increased inter-specific competition between the 

component crops for light interception during seedling and growth stages of cotton. Six rows of wheat crop led 

to lower shade around the cotton plants during their seedling and growth stages than the other one. This 

observation confirms the important role of border rows as a compensatory mechanism for light interception. 

Narrowing the path between the wheat strips aggravated the shading of cotton seedlings during the intercropping 

period [4].  

 

c. The interaction between mineral N fertilizer rates and wheat plant density: 

 All the studied cotton traits were affected significantly by the interaction between mineral N fertilizer rates 

and wheat plant density, meanwhile, lint percentage was not affected in the combined data across 2010/2011 

and 2011/2012 seasons (Table 2). Growing six rows of wheat with cotton that received the treatment (F2) had 

higher values of plant height, number of open bolls per plant, boll weight, seed cotton yields per plant and per 

ha, meanwhile, the lowest values of plant height, number of open bolls per plant, boll weight and seed cotton 

yield per plant and per ha were obtained by intercropping eight rows of wheat with cotton that received the 



508                                                          Abdel-Galil Mohamed Abdel-Galil, 2015 

Advances in Environmental Biology, 9(3) February 2015, Pages: 502-511 

treatment (F3) in comparison with the other treatments. These data indicate that each of these two factors act 

dependently on all the studied traits of cotton plant (except lint percentage) meaning that mineral N fertilizer 

rates responded differently (P ≤ 0.05) to wheat plant density.  

 

3. Competitive relationships: 

 Relative yields of wheat and cotton were affected significantly by mineral N fertilizer rates in the combined 

data across 2010/2011 and 2011/2012 seasons (Table 3). Intercropping wheat with cotton that received the 

treatment (F1) or (F2) had higher values of relative yields of wheat and cotton as compared with those received 

the treatment (F3) or (F4). Intercropping eight rows of wheat with cotton had higher relative yield of wheat than 

those by growing six rows of wheat with cotton. 

 
Table 3: Effect of wheat plant density and mineral N fertilizer rates and their interactions on relative yields of intercropped cotton with  

wheat, combined data across 2010/2011 and 2011/2012 seasons.  

Treatments Relative yield 

RYwheat 

 

RYcotton 

Cotton solid culture (I) Cotton solid culture (II) 

6 rows 8 rows Mean 6 rows 8 rows Mean 6 rows 8 rows Mean 

F1 0.97 1.01 0.99 1.11 1.02 1.06 1.56 1.44 1.50 

F2 1.00 1.02 1.01 1.17 1.08 1.12 1.65 1.52 1.58 

F3 0.74 0.77 0.75 0.96 0.88 0.92 1.35 1.24 1.29 

F4 0.76 0.80 0.78 1.01 0.92 0.96 1.42 1.30 1.36 

Average of mineral N fertilizer rates 0.86 0.90 0.88 1.06 0.97 1.01 1.49 1.37 1.43 

L.S.D. 0.05 Mineral N fertilizer rates 

L.S.D. 0.05 Wheat plant density 
L.S.D. 0.05 Interaction 

0.04 

0.01 
0.07 

0.07 

0.04 
0.12 

0.11 

0.08 
0.19 

 

 It is observed that increasing wheat plant density by 33.3% over those of six rows increased grain yield per 

ha. Conversely, intercropping six rows of wheat with cotton had higher relative yield of cotton than those by 

growing eight rows of wheat with cotton. These results may be due to cotton growth, canopy structure and light 

utilization was enhanced by decreasing wheat plant density per unit area. Relative yields of wheat and cotton 

were affected significantly by the interaction between mineral N fertilizer rates and wheat plant density in the 

combined data across 2010/2011 and 2011/2012 seasons (Table 2). Intercropping eight rows of wheat with 

cotton that received that treatment (F1) or (F2) had the highest relative yield of wheat in comparison with the 

other treatments, meanwhile, intercropping six rows of wheat with cotton that received the treatment (F1) or (F2) 

had the highest relative yield of cotton as compared to the other treatments.  

 

Land equivalent ratio (LER): 

 The values of LER were estimated by using data of recommended solid cultures of both crops. LER was 

affected significantly by mineral N fertilizer rates in the combined data across 2010/2011 and 2011/2012 

seasons (Table 4). By using recommended cotton solid culture ( cotton solid culture I), LER ranged from 1.65 

(by intercropping eight rows of wheat with cotton that received the treatment (F3) to 2.17 by intercropping six 

rows of wheat with cotton that received the treatment F2 with an average of 1.90. By using cotton solid culture 

(II), LER ranged from 2.01 (by intercropping eight rows of wheat with cotton that received the treatment (F3) to 

2.65 by intercropping six rows of wheat with cotton that received the treatment (F2) with an average of 2.31. In 

general, intercropping wheat with cotton that received the treatment (F1) or (F2) recorded higher values of LER 

than those received the other mineral N fertilizer rates. The advantage of the highest LER by the treatment (F1) 

or (F2) could be due to the competitive interactions between the two crops were decreased by using the full rate 

of wheat N fertilizer (178.5 kg N/ha) either in the treatment (F1) or (F2) which contributed positively in 

increasing yields of both crops.  

 LER was affected significantly by wheat plant density in the combined data across 2010/2011 and 

2011/2012 seasons (Table 4). Intercropping six rows of wheat with cotton had higher values of LER than those 

by intercropping eight rows of wheat with cotton.  

 
Table 4: Effect of wheat plant density and mineral N fertilizer rates and their interactions on land equivalent ratio of intercropped cotton   

with wheat, combined data across 2010/2011 and 2011/2012 seasons.  

Treatments Land equivalent ratio 
(LER) 

Cotton solid culture (I) Cotton solid culture (II) 

6 rows 8 rows Mean 6 rows 8 rows Mean 

F1 2.08 2.03 2.05 2.53 2.45 2.49 

F2 2.17 2.10 2.13 2.65 2.54 2.59 

F3 1.70 1.65 1.67 2.09 2.01 2.05 

F4 1.77 1.72 1.74 2.18 2.10 2.14 

Average of mineral N fertilizer rates 1.93 1.87 1.90 2.36 2.27 2.31 
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L.S.D. 0.05 Mineral N fertilizer rates 

L.S.D. 0.05 Wheat plant density 

L.S.D. 0.05 Interaction 

0.10 

0.03 

0.15 

0.12 

0.05 

0.19 

F1: 178.5 and 71.4 kg N/ha for wheat and cotton, respectively. F2: 178.5 and 142.8 kg N/ha for wheat and cotton, respectively. F3: 89.2 and 

71.4 kg N/ha for wheat and cotton, respectively. F4: 89.2 and 142.8 kg N/ha for wheat and cotton, respectively.  

 

 The advantage of the highest LER by intercropping six rows of wheat with cotton may be attributed to 

cotton growth, canopy structure and light utilization was enhanced by decreasing wheat plant density per unit 

area. Also, six rows of intercropped wheat with cotton increased number of spikes per unit area and grain yield 

per spike. LER was affected by the interaction between mineral N fertilizer rates and wheat plant density in the 

combined data across 2010/2011 and 2011/2012 seasons (Table 4). The highest values of LER were obtained by 

intercropping six rows of wheat with cotton that received the treatment (F1) or (F2), meanwhile, lower values of 

LER were obtained by intercropping eight rows of wheat with cotton that received the treatment (F3) or (F4) 

than the other treatments.  

 

4. Financial return: 

 Intercropping wheat with cotton increased total and net returns as compared with solid cultures of both 

crops in the combined data across m2010/2011 and 2011/2012 seasons (Table5). Total return of intercropping 

wheat with cotton was increased by 72.22 and 14.93 % as compared with cotton solid culture (I) and wheat solid 

culture + cotton solid culture (II), respectively. Also, net return of intercropping wheat with cotton was 

increased by 94.12 and 82.84 % as compared with cotton solid culture (I) and wheat solid culture + cotton solid 

culture (II), respectively. Net return was $ 1481/ha by intercropping eight rows of wheat with cotton that 

received the treatment (F3) to $ 2587/ha by intercropping six rows of wheat with cotton that received the 

treatment (F2) as compared to cotton solid culture I ($1038/ha) and wheat solid culture + cotton solid culture II 

($1102/ha). The study indicates that relay intercropping wheat with cotton was more profitable to farmers than 

cotton solid culture (I) or growing cotton after wheat harvest (cotton solid culture II). These results are in the 

same context with El-Hawary [23] who showed that the highest net return has been recorded by cotton with 

wheat in relay intercropping system. Also, Foote et al. [24] reported that if wheat price increase without an 

accompanied increase in cotton price, the net return of relay intercropping may become more favorable.  

 
Table 5: Financial return as affected by mineral N fertilizer rates, wheat plant density and their interactions, combined data across  

2010/2011 and 2011/2012 seasons. 

 
 

Treatments 

Financial return 

Wheat Cotton 

6 rows 8 rows Mean 6 rows 8 rows Mean 

F1 2239 2309 2274 3233 2979 3106 

F2 2292 2346 2319 3414 3159 3286 

F3 1702 1773 1737 2809 2565 2687 

F4 1746 1833 1789 2937 2693 2815 

Average of mineral N fertilizer 1994 2065 2029 3098 2849 2973 

Wheat solid culture 2286 --- 

Cotton solid culture (I) --- 2905 

Wheat solid culture + cotton solid culture (II) 2286 2067 

 

Treatments 

Total Net 

6 rows 8 rows Mean 6 rows 8 rows Mean 

F1 5472 5288 5380 2514 2330 2422 

F2 5706 5505 5605 2587 2386 2486 

F3 4511 4338 4424 1654 1481 1567 

F4 4683 4526 4604 1665 1508 1586 

Average of mineral N fertilizer 5093 4914 5003 2105 1926 2015 

Wheat solid culture 2286 902 

Cotton solid culture (I) 2905 1038 

Wheat solid culture + cotton solid culture (II) 4353 1102 

F1: 178.5 and 71.4 kg N/ha for wheat and cotton, respectively. F2: 178.5 and 142.8 kg N/ha for wheat and cotton, respectively. F3: 89.2 and 

71.4 kg N/ha for wheat and cotton, respectively. F4: 89.2 and 142.8 kg N/ha for wheat and cotton, respectively.  

 

 Prices of main products are that of 2011: $ 335.2 for ton of wheat grains; $ 1060.3 for ton of seed cotton; 

relay intercropping cotton with wheat increased variable costs of intercropping culture from $ 529 to 1448 and $ 

465 to 1384 over those of cotton solid (I) and wheat solid + cotton solid (II) cultures, respectively.  

 

Conclusion: 

 The findings suggest that the productivity and resource use efficiencies of wheat – cotton relay 

intercropping can be improved by modifying the conventional management practices and by system 

optimization. Relay intercropping of cotton and wheat showed a clear advantage in land productivity over solid 

cultures of the both crops. Also, the N management could be improved by means of a demand-based rate and 
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timing of N applications, where, this system led to maturity dates or development periods of the two species 

varied in peak resource demands for mineral N fertilizer. Accordingly, it is concluded that this system could be 

increase financial return for Egyptian farmers in comparison with the conventional management practices of 

cotton solid cultures (I) and (II). 
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