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Abstract: Mixtures of cereals and legumes are used extensively for forage production. Maize (Zea mays) and 

cowpea (Vigna sinensis) monocultures as well as their mixture in three planting patterns (M1: alternate-row 

intercrop, M2: within-row intercrop, M3: mixed intercrop) were used to investigate on forage yield as well as 

the effect of intercropping on maize forage quality. The experiment was carried out as randomized complete 

block design with three replications. The results showed that intercropping systems had a significant effect on 

forage dry weight, where dry matter yield was increased by intercropping as compared with maize and cowpea 
sole crops. It was related with a higher consumption of environmental resources, such as photosynthetically 

active radiation and soil moisture, by intercropping. Maize forage quality in terms of crude protein was 

improved by intercropping. It was because of more nitrogen availability for maize in intercropping compared 

with its sole crop. 
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I. Introduction 
Maize (Zea mays), which is the third most important cereal crop of the world, is an important dual 

purpose crop used in human diet and animal feed. Maize has the potential to supply large amounts of energy-

rich forage for animal diets, and its fodder can safely be fed at all stages of growth without any danger of oxalic 
acid, prussic acid as in case of sorghum (Dahmardeh et al., 2009). Thus, forage maize has become a major 

constituent of ruminant rations in recent years, where its inclusion in dairy cow diets improves forage intake, 

increases animal performance and reduces production costs (Anil et al., 2000; Cusicanqui and Lauer, 1999).  

Although maize provides high yield in terms of dry matter, it produces forage with low protein content. 

However, protein is needed by livestock for growth and milk production. Protein is also needed by rumen 

bacteria which digest much of the feed for ruminant animals (Ghanbari-Bonjar, 2000). Because of low protein 

content, maize hay is usually lower than that  required to meet satisfactory production levels for many categories 

of livestock (Lawes and Jones, 1971). Therefore, it is necessary to provide livestock with protein supplements 

when forage quality is low. The purchase of protein supplements is expensive and results in high feed costs. 

Cowpea (Vigna sinensis), an annual legume with high level of protein (about twice times more than maize), can 

be mixed with maize to improve forage protein content of diets and, thus, the costs of high quality forage 
production can be lowered.  

The growth of two or more crop species simultaneously in the same field during a growing season, 

which is defined as intercropping (Ofori and Stern, 1987), has many advantages over sole cropping. It provides 

an efficient utilization of environmental resources, reduces risk to the cost of production, provides greater 

financial stability for farmers, decreases pest damages, suppresses weeds growth more than monocultures, 

improves soil fertility through nitrogen increasing to the system and improves forage yield and quality (Francis 

et al., 1976; Willey, 1979). Many researches have explored the use of intercropping for forage production. 

Toniolo et al. (1987) reported significantly higher crude protein (CP) content of maize-soybean intercropping 

than that of monocropped maize. Javanmard et al. (2009), worked on intercropping of maize with different 

legumes, indicated that dry matter yield and crude protein yield of forage were increased by all intercropping 

compositions as compared with the maize monoculture. Dahmardeh et al. (2009) concluded that intercropping 

of maize and cowpea resulted in more digestible dry matter and also crude protein content than maize sole 
cropping. 

Our objectives in this experiment were to evaluate forage production potential of maize and cowpea 

intercropping in terms of (i) total dry matter production and (ii) maize forage quality. 
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II. Materials and methods 
A field experiment was conducted during the 2007 growing season on a farm at Emmanuel Alayande 

College of Education, Oyo, Lanlate Campus,(EACOED) Teaching and Research Farm, Lanlate, Southwest 

Nigeria. Lanlate lies between latitude 7
0
 30

0
N and Longitude 3

0
 52 E in the tropical rainforest belt. The 

experiment was established in a silt loam soil with pH 7.1. The previous crop was winter wheat which was 

harvested in May 18, 2006. After that, wheat straw was removed from field. The meteorological data were 

recorded from sowing date to the harvest of each treatment (Tab. 1.). 

Five treatments (two monocultures and three mixtures of maize and cowpea) were included in the 

experiment as showed in Tab. 2. The experimental design was a randomized complete block (RCB) with three 

replications. 

The intercrop composition was based on the replacement design (Snaydon, 1991), in which one maize 

plant was replaced by three cowpea plants. Total population of intercrop components were half of their sole 

crops. The plots size was 15m2 consist of six rows of 5m long. The rows were located 50 cm apart. Treatments 

were separated by a 2m buffer zone. The site of experiment was ploughed to 0.2 – 0.3 m depth after the removal 

of winter wheat straw, followed by harrowing prior to drilling the trial. All plots were fertilized with the same 

amount of fertilizer before sowing, containing 70 kg of N ha-1, 70 kg P2O5 ha-1 and 70 kg of K20 ha-1. Maize 
and cowpea were sown to a depth of approximately 7 and 5 cm respectively by hand in July 26, 2003. Seed rates 

of 10 and 38 seeds of maize and cowpea, respectively, per m2 were sown to allow for thinning down to an 

approximate plant population of 6.7 and 20 plants per m2. Photosynthetically active radiation (PAR) was 

measured two times during the growing season (55 and 70 days after sowing) between 12-14 hours on oc-

casions. A Sun fleck ceptometer (model SF-80T) was used to measure above the plant canopy and the soil 

surface at 5 randomly selected locations within each plot. Mean values for each plot were then used to calculate 

the percentage of PAR intercepted by plant canopy. The soil water balance was expected to be influenced by 

different cropping systems. Soil water content at 0 – 0.25 m depth was determined on two occasions (55 and 70 

days after sowing) during the growing season. Soil samples were taken from three locations within each plot and 

a well mixed sample was used to determine soil moisture content by gravimetric measurement. Soil temperature 

was also recorded at a depth of 0 – 10 cm below the surface on two occasions in all plots, using a soil 
thermometer.  

Maize and cowpea were harvested simultaneously in a 1 m2 area of each plot in October 25, 2007. 

Plants were cut at 2cm above the soil surface and separated by hand into maize and cowpea. Plants were dried in 

the oven at 70 ºC for 48 h and weighed to record dry matter yield. Total N of maize in different cropping system 

was determined, using the Kjeldahl’s method and crude protein (CP) was calculated by multiplying the N 

content by 6.25. 

The analysis of variance of the data was carried out, using MSTATC software. Treatment mean 

differences were separated by the least significant difference (LSD) test at 0.05 probability level.  

 

III. Results and discussions 
Percentage of PAR interception was significantly (P ≤ 0.05) affected by cropping system (Tab. 3). The 

mean of PAR interception averaged over sampling dates by intercrop treatments and sole cropped cowpea were 

significantly (P ≤ 0.05) higher than that of sole cropped maize. The mean percentage of PAR interception for the 

intercrop treatments and cowpea sole crop was similar at 55 days after sowing (DAS) and higher for intercrop 

treatment at 70 DAS (Tab. 3). 

Soil temperature was significantly (P ≤ 0.05) affected by cropping systems. At 55 DAS, the soil 

temperature for intercrop treatments and cowpea sole crop was significantly lower than that of sole cropped 

maize (Tab. 3). At 70 DAS, soil temperature under intercrop treatments was significantly (P ≤ 0.05) lower than 

for maize and cow pea sole crops. 

The moisture content of soil, determined by gravimetric method, was significantly (P ≤ 0.05) 

influenced by cropping system (Tab. 3). Moisture content of soil in sole cropped wheat at two sampling dates 
was higher than for intercrop treatments and cowpea sole crop. However, there was no significant difference 

between maize and cowpea sole cropped at 55 DAS. 

Dry weights of all three intercrops were significantly (P ≤ 0.05) greater than those of sole crops (Tab. 

4) and exceeded the expected yield [(sole cowpea yield + sole maize yield) / 2]. There were no significant 

differences between intercrops grown with different planting patterns. Maize sole crop produced significantly 

greater dry weight than cowpea sole crop. The mean dry weight averaged over intercrops was 1.7 and 1.2 times 

that of sole cow pea and maize, respectively (Tab. 4). 

 Total nitrogen uptake by maize was significantly (P ≤ 0.05) affected by cropping system (Tab. 5). 

Nitrogen uptake by maize in intercropping was significantly greater than for sole maize. There were no 

significant differences betweens intercrops for N uptake by maize. The mean N uptake in intercrop plots were 

1.34 time that of sole maize plots. 
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Crude protein content (g kg-1 dry matter) of maize in intercrops was significantly (P ≤ 0.05) greater than in 

maize sole crop. Crude protein of maize showed no significant differences between different intercrop planting 

patterns (Tab. 6). Therefore, forage quality of maize was higher in intercrops compared with its sole crop. 

Differences in vertical arrangement of foliage and canopy architecture of intercrop components, may lead to 

more PAR interception by intercropping compared with sole crops (Keating and Carberry., 1993). More PAR 

interception by different intercropping systems has been rereported (Chand, 1997; Ghanbari-bonjar, 2000; 

Midmore et al., 1998). PAR interception seems to play a relatively important role in determining total intercrop 
productivity. High light interception by intercrops caused higher shading and, therefore, lowers soil temperature, 

which agrees with the finding of Harris and Natarajan (1987) who suggested that the micro climate within the 

canopy of cropping systems were altered, so that shading reduced canopy temperature. Thus, it seems that 

percent of light interception by canopies would be a major factor affecting soil temperature. 

Intercropping may be more efficient at exploiting a larger total soil volume if component crops have 

different rooting habits, especially depth of rooting (Ahlawat et al., 1985). Lower soil moisture content in 

intercrops treatments compared to sole crop could not be due to higher evaporation from the soil surface, 

because soil temperatures under intercrops were lower than sole crops (tab. 3). One explanation for more water 

extraction with intercrops could be as a result of more soil exploration by root system of intercrop, resulting in a 

drier soil profile compared to that for sole crop. 

The morphological and physiological differences among intercrop components result in their ability to 
occupy different niches. Thus, environmental resources could be more efficiently utilized and converted to 

biomass by mixed stands of crops than by pure stands. Therefore, in the present experiment, more PAR 

interception and also a greater water extract (Tab. 3) by intercrops could be the major reason for the greater dry 

weight observed for intercropping over sole cropping. Greater resource use by intercrops was considered as the 

biological basis for obtaining yield advantages (Willey, 1979; Keating and Carberry, 1993). 

The system of intercropping is an important factor which affects the quantity on N fixed by legumes 

(Rerkasem et al., 1988). The differences in the depth of rooting, lateral root spread and root densities are some 

of the factors that affect competition between the component crops in an intercropping system for nutrients. The 

cereal component, maize in this experiment, usually is taller, has a faster growing or more extensive root 

system, particularly a larger mass of fine roots and is competitive for soil nitrogen (Carr et al., 1998; Carruthers 

et al., 2000). This forces the legumes component, cowpea in this experiment, to fix N from the atmosphere 

(Jensen, 1996; Huaggaard-Nielson et al, 2001). This is expressed as a facilitative effect of intercrop 
components, meaning that maize and cowpea have complementary effect in consuming nitrogen. Maize receives 

its required nitrogen from soil and cowpea from biological fixation of atmospheric N. in intercrops, it prepares 

maize with more nitrogen, leading to more N uptake, and therefore, more crude protein of maize in inter-

cropping compared with its sole crop. Thus, forage quality of maize was improved by intercropping due to more 

nitrogen availability for maize in intercropping. 

 

IV. Conclusions 
Forage dry weights achieved by the intercrops were greater than those by either maize or cowpea sole 

crops. The results of this experiment could provide some quantitative evidence for the hypothesis that greater 
environmental resources consumption (such as PAR and soil moisture) by intercrops is a primary cause of yield 

advantages. Intercropping resulted in higher maize forage quality, because of more N supply for maize, induced 

by complementary interaction between maize and cowpea in intercropping for N consumption. 
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Table 1. Meteorological data for maize-cowpea intercropping area in 2007 
Month Minimum temp (ºC) Maximum temp (ºC) Relative humidity (%) Rainfall (mm) 

July 31 46 26 NR 

August 27.2 43.2 20 NR 

September 24.3 39.3 24 NR 

October 16.6 29.4 34 1.4 

NR: no rainfall 

 

Table 2. The description of experimental treatments 

Treatment Description 

Cp Sole cowpea 

C Sole maize 

M1 Alternate-row intercrop 

M2 Within-row intercrop 

M3 Mixed intercrop 

 

Table 3. Effect of different cropping system on PAR interception, soil temperature and soil moisture 

content 

Cropping 

system 

PAR interception 

(%)  

55 DAS 70 DAS  

Soil temperature 

(°C)  

55DAS 70DAS 

Soil moisture content 

(%)  

55 DAS 70 DAS 

Cp 63.8a     71.3b  28.0a      28.9b  15.9b     71.3b 

M1 69.4a     98.2a  28.3a      27.6a  9.4a       98.2a 

M2 66.4a     97.5a  27.9a      27.5a  11.5a     97.5a 

M3 64.2a     97.1a  27.1a      26.5a  12.2a     97.1a 

C 32.3b     62.1c  30.5b     30.0b  16.8b     62.1c 

LSD at 0.05 % 7.30       2.90  1.39       1.21  3.50       2.90 

Different letters in each column indicate significance at P ≤ 0.05; Cp: sole cow pea; M1: alternate-row 

intercrop; M2: within-row intercrop; M3: mixed intercrop;  C: sole maize 
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Table 4. Effect of different cropping system on forage yield (t.ha-1) 

Cropping system Forage yield 

Cp 6.13c 

M1 10.47a 

M2 11.13a 

M3 10.16a 

C 8.7b 

LSD at 0.05 % 1.44 

Different letters indicate significance at P ≤ 0.0 Cp: sole cow pea; M1: alternate-row intercrop; M2: within-row 
intercrop; M3: mixed intercrop; C: sole maize 

 

Table 5. Nitrogen uptake (kg. ha-1) by maize in different cropping system 

Cropping system Nitrogen uptake 

C 12.16b 
M1 16.16a 

M2 16.39a 

M3 16.03a 

LSD at 0.05 % 0.85 

Different letters indicate significance at P ≤ 0.05 C: sole maize; M1: alternate-row intercrop; M2: within-row 

intercrop; M3: mixed intercrop 

 

Table 6. Crude protein content (g.kg -1 dry matter) of maize in different cropping system 
Cropping system Crude protein 

C 76b 

M1 101a 

M2 102.38a 

M3 100.19a 

LSD at 0.05 % 3.45 

Different letters indicate significance at P ≤ 0.05 C: sole maize; M1: alternate-row intercrop; M2: within-row 

intercrop; M3: mixed intercrop 
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