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A B S T R A C T 

A three year (2002, 2003 and 2004) field experiment was conducted with the main objective of achieving optimum 
cowpea grain yield without starter mineral nitrogen and inorganic pesticides. Three spatial arrangements were tested 
against three weeding frequency. The experiment was a factorial design with a Completely Randomized Block layout. 
The treatments were replicated three times. The effects of these cultural interventions were observed on cowpea 
srtiga count nodulation, net assimilation rate (NAR) and grain yield. Data collected were subjected to ANOVA and 
means were separated using LSD (P ≤ 0.05). NAR were enhanced (P≤0.05) by the interaction of weeding frequency 
and spatial arrangement.  Weeding × spatial arrangements reduced (P ≤ 0.05) striga incidence on cowpea during 2003 
and 2004. Weeding thrice × sowing 1:2 and weeding twice × sowing on the same hill gave a statistically similar result. 
Nodulation was enhanced by the interaction of weeding frequency and spatial arrangement. Weeding frequency × 
planting arrangement significantly increased (P ≤ 0.05) cowpeas grain yield during 2004. The highest grain yields 
(1344 and1347 Kg/ha) were recorded from weeding twice × sowing 1:2 and weeding thrice × sowing on the same hill. 
Based on these  field data the frequency of weeding enhanced physical removal of weeds, minimized  competetion for 
growth resources, improved soil conditioning for optimum aeration, increased soil air-water ratio for optimum 
mycorraler and other beneficial soil microbial activities; While intercropping possibly provided canopy coverage for 
moisture conservation and pest control. 
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INTRODUCTION 

Millions of rural people in Nigeria depend on legumes 

and cereals for their food and livelihood. However, the 

production of these crops is seriously affected by 

constrains such as unfavorable weather conditions, low 

and declining soil fertility. Another constrain in cowpea 

production is the parasitic weed infestation, the most 

common of which in Nigeria are Striga hermontica, S. 

gesnoroides and S. alectra. Coincidentally, these species 

are closely associated with Cowpea grown on nutrient 

deficient soils (Gucheru and Rao, 2001). These weed 

species are very important because there is no chemical 

control for them yet. With the awareness of the 

aforementioned dangers involved in the use of synthetic 

compounds (i.e. inorganic compounds) for  insect pests 

and diseases control of crop nutrition, enhancement 

efforts have been more intensified in production 

technologies. Cowpea production is also limited by 

some other constrains. These include an insect pest 

complex of aphids, thrips, leaf hhoppers, grass hoppers, 

beetles, stem maggots and sting flies; while the diseases 

include, wilt, powdery mildew, root  knot, crown knot, 

rust, web blight and blotch. The incidence of these pests 

and diseases could reduce yields to zero if an 

appropriate control measure is not used. 

Enhancing maximum production via affordable and 

acceptable solution is needed to overcome these 

constrains that threaten the livelihood of the small 

holders. Past efforts in these areas were geared towards 

the improvement in crops efficiency in the exploration 

and exploitation of the natural eco-system. Management 

practices such as mineral fertilizer application and 

application of inorganic pesticides  gives   fast results, 

but in the long run may be environmentally unfriendly. 

This is because conservation and sustainability is 

frequently disregarded (KATC 2007). The 

afforementioned consequently leads to a gradual and
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un-noticed attack on and degradation of the eco-

system.) Apart from the side effects on the non- targeted 

organisms (such as beneficial insects), the food chain is 

sometimes contaminated with heavy metals (such as 

arsenic, mercury, iron, lead, aluminum and cadmium) 

which are sometimes major ingredients in pesticides 

(herbicides, insecticides and fungicides). The applied 

micro-fertilizers sometimes include some of these 

metals. (Memon and Schröder. 2009). The prevailing 

medical cases such as human kidney, liver, and cancer 

disease cannot be entirely separated from such uses of 

inorganic compounds in the business of food 

production. 

Cowpea production by native farmers doesn’t rely on 

the use of mineral and organic fertilizers. This is 

because farmers are aware of cowpea's ability to 

nodulate (i.e. carry out biological nitrogen fixation). 

However, a cowpea production system that relies 

entirely on biological N-fixation, needs to ascertain that 

some root environmental conditions are favorable for 

this autotrophic nutrition to take place. These lnclude 

moisture stress (Siverling 1978), water logging, (Sprent 

et al.,1983). salinity, temperature stress and inherent 

soil nutritional status. (KumarRao et al., 1998; 

Hernandez-Armeta, 1989). 

The organic production according to Liebman and Dyle 

(2005) and Isubukan et al.,1999. facilitates weed 

suppression.  Gworgwor (2004), Edema and Adipala 

(1997) reported that it facilitates insect pest control; 

while Tsubu et al., (2003) attributed the performance of 

crops in a mixed culture to higher water use efficiency. 

Although native farmers adopted mixed cropping for 

the sake of food security, in case  of failures due to 

climate related problem and space management,  an 

crease in crop productivity without expanding the 

production area is simultanously enhanced. There is the 

possibility that more will be unveiled if deeper 

investigation is conducted in the area of plant density 

space management and weed control in a sorghum-

cowpea intercrop. 

The present study examines the interaction of planting 

arrangement and weeding frequency as an alternative 

to the use of pesticide and mineral fertilizer on cowpea 

established in mixed culture with sorghum. 

MATERIALS AND METHODS 

Experimental ddesign, plot layout and seed sowing. 

The experiment was conducted at Maiduguri in the 

Northern Guinea Savannah of Nigeria during the wet 

seasons of year 2002, 2003 and 2004. Experimental 

treatments consisted of factorial combinations of 

spatial arrangements of the two crops and weeding 

frequency/frequencies laid in a randomized complete 

block design with 3 replications. With 3 replications. 

The main treatments were in a three by three 

factorials design: 

*Weeding frequency (WR) in weeks after sowing 

(WAS): The three regimes were weeding once (at 2 

WAS); weeding twice (at 2 and 6 WAS); and weeding 

thrice (at 2, 4 and 6 WAS). 

*Spatial Arrangements (SA): The arrangements were 

sowing sorghum and cowpea in ratio 1:1, 1:2 and 

same hill. 

Inter-row spacing as 50cm × 75cm for sorghum and 

30cm × 75cm for cowpea, giving a total  plant 

population of 56,000 plants/ha and 20,000 plants/ha of 

cowpea and sorghum respectively. The spacing was 

manipulated within rows to give the desired plant 

population in accordance with the replacement series 

technique of Willey and Osiru (1972). 

Observations and ddata ccollection: The characters 

below were assessed according the procedures outlined. 

Where measurements were taken on plants growing in 

the field, a sample of 10 plants was selected at random 

using point quadrant. 

Striga count per plot (cowpea and sorghum) at 

seven weeks after sowing: The base of each plant 

stand was inspected to observe striga infestation for the 

entire 5 x 5m plot size. 

Nodule count for cowpea: At seven weeks after 

sowing, ten cowpea plants were randomly uprooted and 

the soil shaken off from the roots Nodules on these 

plants were counted and the mean value determined. 

Grain yield (cowpea/sorghum): Grain yield from net 

plots were harvested for yield determination at 

maturity. Pods were packed and bagged and the grains 

obtained after threshing were further air- dried and 

weighed on a meter balance. 

 

Cowpea crude protein (%):Total nitrogen in the seed 

was determined by micro Kjeldahl method as described 

by Bremner (1965). 

Cowpea plant growth analysis: 

a. Dry matter determination: (kg/plot): Ten plants of 

cowpea were uprooted and washed with water.
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This was done to remove any traces of sand particles. 

The samples were sundried for five days until there was 

no further change in weight. The dried samples were 

weighed on an electronics weighing machine. 

b. Leaf area determination: Five leaf samples were 

also taken from cowpea as in (a) above. Leaf area was 

determined by tracing the leaves on a graph paper 

(Planimetry method) as described by Bleasdale (1973). 

The area on the graph occupied by the leaves was 

measured and taken to be the leaf area. This procedure 

was carried out at 2, 3, 4,5,6,7 and 8 WAS. The values of 

leaf area were recorded as L1 for week 2 and L2 for week 

3, and the procedure was repeated until 8 WAS. 

The data collected as W1, W2.......W7 and LI and L2.......L8 

were used in equations below;    

Net assimilation rate (g/cm2/day): Net assimilation 

rate was determined thus; 

 

The net assimilation rate is the rate of increase in the 

whole plant dry matter per unit leaf area following 

Watson (1947). 

Data analysis: The data collected were subjected to 

analysis of variance using fisher’s F test. The data were 

analyzed using software, statistics 8.0. Difference 

between treatments means was compared using LSD at 

P ≤ 0.05. 

RESULTS 

The interaction of weeding frequency and planting 

arrangement on cowpea affected( P≤ 0.05) the striga 

population on intercropped cowpea,(Figure 1). The 

lowest striga populations of 6.7 and 4.2 plants per plot 

were recorded for same hill × weeding thrice. in 2002 

and 2003 respectively.The highest striga count of 22.1 

and 23.3 plants per plot were recorded from weeding 

once and sowinng 1:2 in years 2003 and 2004 

respectively. 

  
Figure 1a. Effect of weeding frequency and planting 

arrangement on striga count of cowpea in year 2003. 

Figure 1b. Effect of weeding frequency and planting 

arrangement on striga count of cowpea in year 2003. 

  

Figure 2: Effect of Weeding frequency × spatial 

arrangement on cowpea  nodulation in year 2004. 

Figure 3a. Effect of weeding frequency and planting 

arrangement net assimilation rate (g/cm2/day) of Cowpea in 

year  2002. 
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Figure 3b. Effect of weeding frequency and planting 
arrangement net assimilation rate (g/cm2/day)  of 
Cowpea in year  2002. 

Figure 4. Effect of weeding frequency and planting 
arrangement on  grain yield of Cowpea in year  2004 

 

 
Figure 5. Effect of weeding frequency and planting 

arrangement on the percentage protein content of 

Cowpea  in year  2002. 

DISCUSSION 

The spatial arrangements of sowing sorghum and cowpea 

appeared to have a significant effect on cowpea nodulation. 

Striga species cause damage on cowpea and sorghum by 

getting attached to their roots; sucking water and 

nutrients from them. A reduction in row spacing or 

increasing plant population (via sowing 1:1 or 1:2) as in 

the present experiment, according to Dugje (2000), could 

consequently  increase root concentration per unit area and 

the volume of root exudates  produced  as well.  Sowing of 

cowpea and sorghum on the same hill might have produced 

root exudates that were mixed together, this could possibly 

alter the stimulants for the various species of  striga of 

sorghum and cowpea, which are ordinarily host stimulant 

specific. When the mixing of exudates composition Butler 

(1991), it is possible that the parasites find it difficult to 

identify the hosts when the root exudates of two species 

are in a mixture. When the composition of the exudates 

are altered or mixed Butler (1991), it is possible that the 

species of striga (e.g S. gesnoriodes and S. hermontica) 

are confused as per which host had produced the 

exudates/stimulant. The foregoing could be an 

explanation for the low striga population on plots of 

sorghum and cowpea sown on the same hill. In addition, 

Kamara et al., (2002) explained that the biologically 

fixed nitrogen by cowpea could further strengthen 

sorghum-cowpea resistance to srtiga infestation. This is 

achieved by affording a stronger inhibitory effect on 

striga germination. 

The data of Olasantan (1988), Odiamgbo and Ariga 

(2004) are in further agreement with the present study; 

the shading of the soil surface by the heavy crop canopy 

(at the immediate crop root zone) was capable of 

reducing the soil temperature. In 1:1, spatial 

arrangement, a larger area of wider soil surface was 

exposed than sowing 1:2, while in sowing same hill; the 

bases of the crops were completely mulched. In 

addition, sowing same hill had an advantage of added 

canopy coverage from sorghum on the cowpea as a 

protection against the intensity of the heat from the sun 

on the root zone temperature is also more favoured 

able. Striga seed germination was reduced on bean 

inhibited by low soil temperature according to 

Olasantan (1988). 

The growth parameters of cowpea such as net 

assimilation rate and relative growth rate, recorded 

their best performances when cowpea and sorghum 

were sown in same hill spatial arrangements. It is 

reasonable to attribute this to the favorable 

modification of growth environments. A similar 

observation was reported by Singh and  Rhanti; (2003) 

and; Singh and Nair (1986). The establishment of 
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sorghum and cowpea on the hill could further promote 

nitrogen fixation and nitrogen exchange. The higher 

yield recorded from intercropping against sole cropping 

was explained by Fukai and Trenbath (1993) to be a 

consequence of the favorable modification of the growth 

environment. A reduction in striga infestation and 

conservation of soil moisture by reducing  evaporation  

and evapotranspiration together with  an enhanced  

inprovement  of the  soils' micro-flora activity as 

reported by (Wahua 1984), could also be responsible 

for the growth and yield improvements of the  crops. 

This explanation was reported by Gworgwor (2004); 

Gworgwor and Webber (2004). 

Sowing sorghum and cowpea on the same hill gave 

superior grain yield in cowpea. This performance was 

suggested to be a consequinces of the various 

modifications of growth environment. In addition to, 

weed suppression cowpea grown in an intercrop (1:1, 

1:2 or same hill) could also have improved the crops 

performances via the control of insect pests and weed 

Lal (1997). 

It is also possible that the sowing of sorghum and 

cowpea in an intercrop (using 1:1,   1:2  or same  hill  

spatial  arrangements)  was  capable  of reducing the  

soil temperature  due to the shading effect of sorghum 

and mulching effect of cowpea on the soil, Hullugale and 

Ezuma (1991), Gworgwor (2004). A higher soil 

temperature is expected from sowing in 1:1 planting 

arrangement which has a larger area of soil surface 

exposed which could explain why this spatial treatment 

recorded the lowest performance for yield parameters. 

Thus sowing sorghum-cowpea in 1:1 might have 

suffered a greater moisture loss (via evaporation). The 

consequence of this could be a reduction in nodulation 

and biological nitrogen fixation. These losses according 

to Huang et al., (1975), could lead to a reduction in the 

production of   photosynthates as a consequence of 

stomata closure, the overall effect of which was a 

reduction in grain yield. 

Net assimilation rate are both very sensitive to nutrient 

supply, temperature and general crop environment. 

Yoshio (1975); Bitman and Simpson (1987), At 5 and 6 

WAS crops were likely to be undergoing active growth 

probably due to favourable temperature and moisture 

regime modified by the heavy canopy coverage. 

Weeding thrice recorded the highest NAR and at 7 WAS, 

which could be an attestation to the benefits of weed 

suppression up to 6 WAS.  At 4 WAS, only the first 

general weeding had been done, the weeding at 4, 5 and 

6 WAS did not benefit the crops as much as it may have 

past the critical period for seedling competition. This 

explains why NAR at 7 WAS produced the highest NAR 

with weeding thrice, which is similar to the work of IITA 

(1987). The increase in NAR could be due to a reduction 

in pest and disease incidence; intercropping would 

generally reduce weed and pest interference on cowpea 

and probably increase the NAR. 

Grain yield of both cowpea and sorghum were 

optimized in plots kept weed free up to 6 weeks after 

sowing. This suggests that a frequent removal of weeds 

probably eliminated weed interference resulting in 

enhanced growth. Weeding at 2, 4 and 6 weeks after 

sowing could have further contributed to grain yield of 

the crops through reduction of soil compaction. The soil 

is pulverized more frequently as a result of which 

aeration could have been further facilitated. Improved 

rate of infilteration and water holding capacity of the 

soil were other benefits that were consequential to the 

enhancement of the growth and yield parameters 

discussed earlier. The improvement in the crop 

performance can be attributed to the destruction of 

alternative hosts for pest and diseases. There was a 

higher protein content in grain of cowpea sown in same 

hill and 1:2 spatial arrangements with sorghum. This 

may be a result of the improvement in nodulation and 

reduction in striga incidence which is in agreement with 

Eppendofer (1978). 

CONCLUSION AND RECOMMENDATION 

The cowpea grain yield and other growth parameters 

were enhanced by the interaction of weeding and 

spatial arrangement. The favorable modification of the 

crop environment was suggested as a reason for this  

hence sorghum should be established in a mixed culture 

with cowpea in a same hill planting arrangement based 

on these data. The same hill planting arrangement will 

interact with weeding at 3 regimes to improve cowpea 

productivity. Based on the findings of this study, organic 

farming (which is a cropping/production system that 

does not require synthetic chemical insecticide) is 

recommended for boosting the grain yield of cowpea. 
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