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A field experiment was conducted in 2008 and 2009 cropping seasons at Ejiba (180 180N, 50 39°E), located in the Southern Guinea Savanna agro-ecological zone of Nigeria, to determine the response of cowpea of three maturity groups (early, medium and late maturing) to varying component population ratios of maize. Five intercrop component population ratios viz; 100%C: 75%M, 100%C: 50%M, 100%C: 25%C, 75%C: 25%M and 50%C: 50%M (where C and M represented cowpea and maize respectively) were used. Sole cowpea and maize were included as control treatments. The treatments were arranged as factorial in a randomized complete block design in three replicates. The Late maturing cowpea produced more branches and pods than the early and medium varieties either as sole or intercrop in all population ratios observed. Percentage yield reduction in medium maturing cowpea was higher than those recorded in the other varieties at all population ratios tested. The highest intercrop yield of cowpea (2.65t/ha and 2.80t/ha in 2008 and 2009, respectively) were obtained in late maturing cowpea at component population ratio of 100%C: 25%M. Intercropping maize at 75% full population with late maturing cowpea recorded the highest Land Equivalent Ratio (LER) (1.33 and 1.34 respectively, in 2008 and 2009). Similar LER and ATER values were obtained in the early cowpea/maize system at this component population ratio. These results clearly showed the superiority and suitability of intercropping early and late maturing cowpeas at full population with early maturing maize at 25-75% full population particularly when the component crops are planted at the same time.
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[bookmark: _GoBack]INTRODUCTION

Cowpea (Viana unquiculata (L), Walp) is a staple food in the subtropical Africa. The. grain contains about 22% crude protein which serves as a major source of dietary protein for resource-poor farmer and urban dwellers In Nigeria [1]. The unique ability of cowpea to fix nitrogen in poor soils with low organic matter and to sustain itself under poor fertility and moisture conditions has contributed to its widespread popularity among
*Corresponding Author's E-mail; adeafe22("aNahoo.com; afeade64qmail,com.

subsistence farmers, particularly as a component crop in crop mixtures in the Guinea savannah of Nigeria (2].
Incidentally, maize Is also a very important crop in the Nigerian Farming System. In the Guinea savanna agroecological zone, intercropping maize with crops such as yam, melon cowpea and rice features predominantly [3]. It has also been recognized as a major component in crop mixture particularly with legumes [4]. Intercropping maize with cowpea as widely practiced by farmers has demonstrated the attributes of intercropping such as flexibility, profit maximization, risk minimization, soil conservation and maintenance, pests and diseases
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)Table 1. Component Population ratios in cowpea/ maize system.

	Component population Ratios 
	Spacing (cm) +
	Plant population/h
	Total plant 
population/ha

	Cowpea	Maize
	Cowpea
	Maize
	Cowpea
	Maize
	146,666

	100%
	75%
	75x25
	75x60
	106,666
	40,000
	133,333

	100%
	50%
	75x25
	75x100
	106,666
	26,666
	119,999

	100%
	25%
	75x50
	75x125
	106,666
	26,666
	93,333

	75%
	25%
	75x37.5
	75x125
	79,999.5
	13,333
	79,999

	50%
	50%
	75x50
	75x100
	53,333
	26,666
	106,666

	100%
	Nil
	75x25
	75x50
	106,666
	
	53,333

	Nil
	100%
	
	
	
	53,333
	




 (
control
 [5,6]. 
Egbe
 171 reported an intercrop advantage of 
LER (1.63-1.97) and ATER (1.41-1.47) in soybean 
/sorghum mixture. Similarly, 
Takim
 [8] also reported 
greater LER greater than unity in cowpea maize mixture.
An earlier study on cowpea/maize mixture indicated a 
reduction in the yield of cowpea, while maize yield was 
unaffected [9
,10
]. In order to improve the performance of 
cowpea in the mixture, simultaneous planting of 
components crop or planting cowpea before the 
component maize crop were suggested [11] so that the 
peak of demand for natural resources by the two crops 
do not coincide. The maturity date of component maize 
and cowpea and component population ratios were 
however not taken into consideration. This study was
therefore
 designed to study the response of early,
medium
 and late maturing cowpeas to varying
component
 population ratios, of early maturing maize.
)Note: + = Two plants were maintained per stand.
MATERIALS AND METHODS
The experiment was carried out in 2008 and repeated in 2009, cropping seasons at the Lower Niger River Basin Development Authority, Ejiba, located in the Southern Guinea savanna agro-ecological zone of Nigeria. Three cowpea varieties, early (IT 97K-568-18), medium (IT90k277-2) and late maturing (IT89k-288), were intercropped with early maturing maize (ACR9931 DM SR-Y) at five intercropping population ratios.
The land was ploughed and harrowed twice. Four seeds of cowpea and maize were planted per stand but were thinned at 2 weeks after planting (WAP) to two plants/stand. Cowpea and maize were planted simultaneously at single alternate rows. Details of intercropping population ratios are presented in Table 1. Phosphorus (as single super phosphate, 18% P205) was broadcast uniformly at the rate of 60kg P205 kg/ha into all the plots two days before planting. Urea (46% N) was applied split to the maize rows at the rate oil 20kgN/ha at 3 and 6 WAR Pendimethalin was applied at the' rate of 1.5kg a.i/ha immediately after planting while Cylothrin was applied to cowpea at flowering at the rate of 40m1/201itres of water with knapsack sprayer to control insects. This was followed by fortnight application until harvesting of cowpea.
The treatments were arranged as factorial, in a randomized complete block design with three replications. Five population mixtures of cowpea and maize were tested using three varieties of cowpea which represented the three maturity classes (early, medium and late). Sole cowpea and maize at full populations were included as control treatments. Each plot size was 5.0m X 4.25m (21.25m2) with a distance of '0.5m between plots and 1.00m between blocks.
Ten plants from the two inner rows were tagged for data collection on number of branches and pods/plant and number of days taken to attain 50% flowering in cowpea and 50% tasseling in maize. All the pods in each plot were harvested, threshed, winnowed and weighed for cowpea grain yield while, maize cobs from each plot were also harvested.
The average grain yield of each treatment was computed as grain yield per hectare. Intercropping advantage was estimated using land equivalent ratio (LER) index [12] and area time equivalent ratio (ATER) [13]:
LER = (Yab/Yaa) +((YbaiYbb)
Where Yaa and Ybb are yields of sole crops of cowpea and maize and Yab and Yba are yields of intercrops cowpea and maize.
ATER .= liti + liti 
T
where;
Ii and lj = Partial yield of cowpea and maize
ti and tj = Duration (days) for cowpea and maize
T = Duration (Days) of the whole intercrop system
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)Table 2. Interactive effects of component population ratios and cowpea maturity dates on the number of branches/plant in a cowpealmaize intercropping system in 2008 and 2009*.

	Component population ratios 
	
	2008 
Maturity dates
	
	
	2009 
Maturity dates
	

	C:	M
	Early
	Medium
	Late
	Mean
	Early
	Medium
	Late
	Mean

	1.00: 0.75
	3.00d
	3.00d
	4.00b
	3.00d
	3.00c
	3.00c
	5.00b
	3.00b

	1.00:	0.50
	3.00d
	3.00d
	5.00b
	4.00c
	3.00c
	3.00c
	6.00a
	4.00b

	1.00: 0.25
	4.00c
	4.00c
	5.00b
	4.00c
	4.00b
	4.00b
	6.00a
	4.00b

	0.75: 0.25
	4.00c
	4.00c
	5.00b
	4.00c
	4.00b
	4.00b
	6.00a
	4.00b

	0.50: 0.50
	4.00c
	4.00c
	6.00b
	5.00b
	4.00b
	4.00b
	6.00a
	5.00b

	Sole
	4.00c
	5.00b
	6.00b
	5.00b
	4.00b
	5.00b
	6.00a
	5.00b

	Mean
	4.00c
	4.00c
	5.00b
	
	4.00b
	4.00b
	5.00a
	

	Se
	
	0.10
	
	
	
	0.10
	
	

	C.V (%)
	
	9.82
	
	
	
	9.41
	
	



Note: *Values with the same letter(s) in the same coiurnn or row under the same year are not significantly different at 5% level of probability by Duncans Multiple Rance Test (DMRT).
C = Cowpea, M=Maize.

Values of LER and ATER greater than 1 are considered advantageous while less than 1 are disadvantageous. All the data collected were subjected to statistical analysis using proc GLM procedure [141 and treatment means compared using Duncan's Multiple Range Test (DMRT) at 5% level of probability.
RESULTS
Late maturing cowpea had more branches and pods/plant than the early and medium maturing cowpeas (Tables 2 and 3), either as intercropped or in sole stand. Components population ratio of 1.00C:0,25M recorded similar average number of pods/plant as component ratios of 0.75C:0.25M and 0.50C:0.50M.The highest number of pods were recorded for the cultivars at component population ratio of 0.50C:0.50M, though not superior to the number recorded at population ratio of 1.000:0.25M, particularly in 2008. As expected, the three cowpea cultivars varied significantly in the number of days taken to attain 50% flowering. Late maturing variety had longer days to flower than other varieties (Table 4).
Late maturing cowpea yielded higher than the early and medium maturing varieties either as intercrop or as sole crop and the yield appeared not to be influenced by intercropping (Table 5).The early maturing cowpea compared favorably with medium maturing cowpea in the mixture, but was inferior when planted in sole stand. Irrespective of maturity group, the highest intercropped grain yield was recorded at component population ratio of 1.000: 0.25M in the two years. The effect of intercropping on yield reduction was more pronounced on medium maturing variety than other varieties. Significantly higher yield reduction was obtained with this variety at .all population ratios observed with the highest reduction (59.01 and 50.46 in 2008 and 2009, respectively) at component ratio of 1.00C:0.75M.
Based on the LER and ATER values (Tables 6 and 7), intercropping was superior to sole croppina for the early and late maturing cowpeas at all component population ratios where full population of cowpea was maintained. Also, while appreciable intercropping advantages were recorded for early cowpea/maize system at population ratios of 0.75C:0.25M and 0.50C:0.50M treatments, the intercropping advantage obtained was superior to those recorded in the late cowpeaJmaize system particularly, in 2009.There was no intercropping advantage from intercropping medium-maturing cowpea/maize system for all population ratios observed in the two years. lntercropping maize at 75% full population with late maturing cowpea at full population had the highest LER, that is, 1.33 and 1.34 respectively, in 2008 and 2000. Highest ATER value was also obtained at this compon=nt ratio, particularly in 2008. These values were however, similar to those obtained in early cowpea/maize system.
DISCUSSION
The results of this study showed that the biological productivity of cowpea/maize intercropping system as
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)Table 3. Interactive effects of component population ratios and cowpea maturity dates on the nurnb=r cf cowpea in a cowpealmaize intercropping system in 2008 and 2009'.

	Component population ratios 
	
	2008 
Maturity dates
	
	
	2009 
Maturity dates
	

	C	:	M
	Early
	Medium
	Late
	Mean
	Early
	Medium
	Late
	71.1.2n

	1.00: 0.75
	14.001
	14.001
	17.00d
	15.00e
	15.00d
	15.00d
	18.00b
	16.CCd

	1.00: 0.50
1.00: 0.25
	14.001 15.00ef
	14.001 
16.00de
	19.00c 
22.00b
	16.00de 18.00c
	16.00cd 
16.00c d
	16,00cd 
17.00c
	19.0Cb 
19.0Ob
	17.0C`
17.0Ccc".

	0.75: 0.25
	15.00ef
	17.00d
	21.00b
	18.00c
	16.00cd
	17.00c.
	20.00ab
	18.CCbc.

	0.50: 0.50
	15.00ef
	16.00de
	23.00a
	18.00c
	17.00c
	17.00c
	20.COab
	18.0Cbc

	Sole
	15.00ef
	19.00bc
	23.00a
	19.00bc
	17.00c
	19.00b
	21.COa
	19.00b

	Mean
	15.00ef
	16.00de
	21.00b
	
	16.00c
	17.00c
	20.00ab
	

	Se
	
	0.85
	
	
	
	0.79
	
	

	C.V (%)
	
	14.55
	
	
	
	9.42
	
	



	Note: 'Values with the same letter(s) in the same Winn probability by Duncans Multiple Range Test (DMRT).
C = Cowpea, M=Maize.
	or row under the same year are not sign-rf mr.fy	at r 12eal c



Table 4. Interactive effects of component populaton ratcs and cowpea maturity dates on days to 50% of cowpea in a cowpealmaize intercropping system in 200E and 20:19-.

	Component 
population 
ratios
	
	2008 
Maturity dates
	
	
	2009 
Maturity dates
	

	
	Early
	Medium
	Late
	Mean
	Early
	Medium
	Late
	

	C: M
	
	
	
	
	
	
	
	

	1.00 : 0.75
	41.67d
	47.33d
	79.00a
	56.00bc
	40.98d
	46.98d
	79.002
	55.32c

	1.00 : 0.50
	38.00d
	47,33d
	77.00a
	54.11 be
	40.82d
	46.00d
	78.00a
	54.04z;

	1.00 : 0.25
	38.00d
	47.00d
	78.33a
	54.11 be
	40.00d
	45.94d
	78.35a
	54.76c

	0.75 : 0.25
	40.67d
	47.67d
	77.33a
	54.ODbc
	40.00d
	45.94d
	78.00a
	54.544

	0.50 : 0.50
	37,00d
	46.33d
	78.33a
	55.10bc
	40.00d
	45.94d
	78.21a
	54.730

	Sole
	39.00d
	46.00d
	75.67a
	53.56bc
	40.00d
	45.89d
	78.00a
	54.63c

	Mean
	38.89d
	47.73d
	77.61a
	
	40.37d
	45.95d
	78.31a
	

	Se
	
	4.79
	
	
	
	4.85
	
	

	C.V (%)
	
	9.98
	
	
	12.65
	
	



	Note: 'Values with the same letter(s) in the same cciurnn of probability by Duncans Multiple Range Test (DMRT). C = Cowpea, M=Maize.
	cr row under the same year are not s'Gr.:17..-ar:...'y	at 5:: levF2




measured by LER and ATER was higher in all component population ratios tested for the early and late maturing cowpeas than it was in their sole crop. The reverse was the case for medium maturing cowpea/maize system. The implication of the results is that intercropping early and late maturing cowpeas with early maturing maize is more efficient than the sole
cropping of either crop for effective land t.t..31-----ton in space and time dimensions. The result acr==
works of other researchers who have reps led
advantages for intercropping over se.e
cowpea/maize system 19,10,151.
Maize is generally taller than mw pea, s:.0.- intercropped, the difference in plant height be:ween
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Table 5. Interactive effects of component population ratios and cowpea maturity dates on grain yield of cowpea in a cowpealmaize intercropping system in 2008 and 2009*•
 (
Component 
population 
ratios
) (
2009 
Maturity dates
)2008 
Maturity dates
Early	Medium	Late	Mean	Early	Medium	Late	Mean
	C M
1.00: 0.75
1.00 : 0.50
1.00 : 0.25
0.75 : 0.25
0.50: 0.50 Sole
Mean
Se
C.V (°/0)
	0,76f 0.931 1.08ef 1.02ef 0.781 1 .10ef 0.95ef
	0.88ef 1.19ef
.48ef 1.1 Oef 0.92ef
2.15b 1.28de
0.22
19.72
	2.09b 2.38ab 2.65a 2.13b 1.67d 2.71a 2.22b
	1.24de 1 .53cd 1.73cd 1.42de 1.12ef
1.98c
	0.82g 1 ,09fg 1.15fg 1.09fg 0.85g 1.28ef 1.02fg
	0,94g 1.38ef 1.51def 1.18fg 1 .14fg 2.1813c 1.39ef 0.19 18.65
	2.08bc 2.55ab 2.80a 2.25bc 1.90cd 2.88a 2.32bc
	1.28ef 1.67d 1.82cd 1.51def t 30ef 2.11 be


Note: *Values with the same letter(s) in the same column or row under the same year are not significantly different at 5% level of probability by Duncans Multiple Range Test (DMRT).
C = Cowpea, M=Maize.
Table 6. Interactive effects of component population ratios and cowpea maturity dates on Land Equivalent Ratio (LER) in a cowpea/maize intercropping system in 2008 and 2009*.

	Component 
population 
ratios
	
	2008 
Maturity dates
	
	
	2009 
Maturity dates
	

	C: M
	Early
	Medium
	Late
	Mean
	Early
	Medium
	Late
	Mean

	1.00: 0.75
	1.27a
	0.97cd
	1.33a
	1.18b
	1.30a
	1.06ef
	1.34a
	1.25b

	1.00: 0.50
	1.31a
	1.04c
	1.26ab
	1.22b
	1.29a
	1.06ef
	1.27a
	1.21b

	1.00: 0.25
	1.32a
	1.04c
	1.31a
	1.22b
	1.27ab
	1.06ef
	1.33a
	1.21b

	0.75: 0.25
	1.16b
	0.82e
	1.12b
	1.03c
	1,20c
	0.91h
	1.12de
	1.08e

	0.50: 0.50
	1.18b
	0.87e
	1.07cd
	1.04c
	1.12d
	0.96g
	1.05ef
	1.04ef

	Sole
	1.00c
	1.00c
	1.00c
	1.00c
	1.00c
	1.00fg
	1.09fg
	1.00fg

	Mean
	1.22ab
	0.95d
	1.19b
	
	1.20ab
	1.03ef
	1.18cd
	

	Se
	
	0.04
	
	
	
	0.03
	
	

	C.V (%)
	
	7.02
	
	
	
	5.02
	
	



Note: *Values with the same letter(s) in the same column or row under the same year are not significantly different at 5% level of probability by Duncans Multiple Range Test (DMRT),
C = Cowpea, M=Maize.

components might have accounted for better utilization of intercepted light and other natural resources. In an earlier study, Silwana and Lucas [16] have reported an increased capture of growth limiting resources with crop species in crop mixture, In another study, in a maizecowpea system the amount of nitrogen, phosphorous and potassium contents were found to increase compared to
mono crop maize [17].
The decrease in cowpea yields, particularly at component population ratio of 1.00C:0.75M In the present study could be attributed to significant decrease in the number of branches and pods/plant due to competition for natural resources that occur at these periods. The yield reduction (30-59%) was more pronounced in
