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Abstract
A screen house experiment was conducted early in 2019 at the screen house of the Department of Soil Science and Land Management, School of Agriculture and Agricultural Technology, Federal University of Technology, Gidan-kwano campus, Minna, Niger State, to investigate the response of some selected cowpea cultivars to three sources of Nitrogen. Three cowpea cultivars (SamPea 15, SamPea 16 and Kananado white) were tested against three Nitrogen sources in sole and combined form (Control, 30kg urea N, 30kg urea N + Agrolyzer, Gw5 inoculant, 30kg urea N + Agrolyzer + Gw5 inoculant). The experiment was laid out in a Completely Randomized Design (CRD) replicated three times. The outcome of the experiment showed that SamPea 16 significantly increased the plant height, lowered weed density, lowered weed dry weight, increased branches, number of leaves, leaf area, as well as shoot and root biomass compared to SamPea 15. On the other hand, 30kg urea N + Agrolyzer + Gw5 inoculant significantly produced tallest plant, lowest weed density, lowest weed dry weight, more branches, leaves, leaf area, more shoot and root biomass, though statistically similar to the use of urea or Gw5 inoculant alone. Gw5 inoculant alone also improved nodule number and nodule dry weight. SamPea 16 can therefore inoculated with Gw5 inoculant to supplement the nitrogen supplied in cowpea production and curb the menace of the abuse of inorganic fertilizer in the advent of global warming.
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1.0	INTRODUCTION
11

Nitrogen is an essential nutrient for plant growth, development and reproduction. Despite nitrogen being one of the most abundant elements in the atmosphere, it is still the most limiting nutrient controlling the primary production of agricultural systems (Fagodiya et al., 2017), leading to a steady decline in food production system. Inspite of the low soil fertility, application of mineral fertilizer to leguminous crop such as cowpea in tropical Africa is not a common practice due to the crop’s ability to fix atmospheric nitrogen with rhizobia (Kan`ankuk`a, 1999). Regardless of this N fixing ability, a positive response of cowpea to the application of organic and inorganic fertilizer has been reported by several authors from various cowpea grown areas (Madukwe et al., 2008; Singh et al., 2011a) especially when they used nitrogen (Amujoyegbe and Alofe, 2003; Singh et al., 2007; Daramy et al., 2016). This has prompted farmers to amend soil with different N-sources, both organic and inorganic in order to enhance growth and increase yield. However, to avoid long-term negative cumulative effects of inorganic fertilizer on the soil, the use of organic fertilizer is usually suggested (Abayomi et al., 2008). However, organic manure is usually required in large quantity to sustain crop production and may eventually not available, hence the need for rhizobia inoculation. 
Weed is however another factor constraining the productivity of agricultural crops, when not properly managed in a famers field, it could reduce cowpea yield by 82 % whereas significant increase in pod yield could be recorded when weeds were controlled up to 45 days of sowing (Tripathi and Singh, 2001). Various approaches could be employed in controlling weeds. Presently, the most commonly employed method in cowpea weed control are manual, mechanical or the use of chemicals.  All these approaches have certain limitation such as non-availability of labor at right time and financial instability of the peasant farmer (Taramani et al., 2017) or contamination of the natural ecosystem by the use of chemicals. Contrary to these, cultural method of weed control such as choice of crop species, crop cultivars, planting density, crop geometry, inter cropping, crop rotation, time of sowing; crop rotation, fertilizers and irrigation practices have profound effect on weed suppression (Taramani et al., 2017).
In view of this, a study was conducted to evaluate the growth of cowpea and weed infestation as affected by cultivar and N-sources in Minna.
2.0	MATERIALS AND METHODS
2.1	Study Area
This study was conducted early in 2019 at the screen house of the Department of Soil Science and Land Management, School of Agriculture and Agricultural Technology, Federal University of Technology, Gidan-kwano campus, Minna, Niger State. Minna stands on the geographical coordinate of 0060 27` 240`` E and 090 31` 735`` N, which is 208 m above an average sea level. It has a sub-humid climate with a mean annual rainfall of 1284 mm (90 % of which falls between the month of June and August). The mean maximum temperature remains high throughout at about 33.5 oC particularly in March and June (Ojanuga, 2006). 
2.2	Soil Sampling and Analysis
The soil used for this experiment was gotten from the Experimental Research Farm of the School of Agriculture and Agricultural Technology, Federal University of Technology, Minna. Prior to pot filling, soil samples were collected from ten points within the plot marked for field experiment at the depth of 0-15cm using soil auger. Soil collected was bulked to form a composite. A substantial portion was used to fill the pots with 2 kg soil per pot while about 125 g of soil was passed through 0.5 mm and 2 mm sieve in preparation for physical and chemical analysis as described by ISRIC/FAO (2002). Indigenous rhizobia population of the soil sample was enumerated by MPN count.
2.3	 Treatments and Experimental Designs
Treatment consisted of three cowpea cultivars (SamPea 15, SamPea 16 and Kananado white) receiving 2 N-sources in sole and combined form (Control, 30kg urea N, 30 kg urea N + Agrolyzer, Gw5 inoculant, 30 kg urea N + Agrolyzer + Gw5 inoculant), arranged in a 3 by 5 factorial layout fitted to a Completely Randomized Design (CRD) replicated three times.
2.4	Planting and Crop Management
Two kilograms of the sieved soil were measured into poly pots, and thoroughly mixed with basal dose of phosphate fertilizer at the rate of 30 kg P per hectare which is equivalent to 0.27 g per pot prior to planting of four seeds per pot and later thinning to two seedling per pot. Thereafter, the seedlings received basal applications of 20 kg N ha-1 as 0.05 g pot urea followed by the application of various fertilizer treatments earlier mentioned. Inoculant used (Gw5) was obtained from the Laboratory of the Department of Soil Science and Land Management, Federal University of Technology, Main Campus, Gidan-kwano, Minna. Rhizobium isolate GW5, is an indigenous rhizobium isolate that has about 96.32 % similarity with BGC8 rhizobium strain that infect cowpea in Bangladesh. GW5 has percentage symbiotic effectiveness that is greater than 120 % i.e., the amount of N-fixed by GW5 is higher than 100 kg N ha-1.
2.4.1	Weed and Pest Control
Weeding was done manually by hand picking while the pests were control by the application of organophosphate insecticides as the plants attained 4 weeks after sowing at five days interval at the rate of 1.5 litres per hectare. The active ingredients contained in the organophosphate insecticides are lambda-cyhalothrim 2.5% E.C. and dimethoate at the rate of 15g/l and 300g/l respectively.
2.5	Weed Species Assessment
Weed species were assessed at 3 and 6 weeks after sowing. Weeds observed in each pot were cut at soil level, identified, and counted to obtain the weed density in number per meter square after which they were bulked into one sample and oven dried to a constant weight at the temperature of 65oC. Plant data collection were growth parameters which include the plant height, number of leaves per plant, number of branches per plant and leaf area at 3 and 6, while nodule assessment, shoot and root biomass were collected at harvest.
2.7	Harvesting and Data Collection
At harvest (6WAS), the plant shoots were cut at soil level using a clean pair of shears. The shoots from each treatment plots were packed separately into paper envelopes, while the plant roots were carefully dug out and the soil gently washed with water from the roots over a metal sieve.  Nodules were detached from the roots gently, counted and packed separately in paper envelopes per treatment plots. All the enveloped plant materials (shoots and nodules) were then taken to the laboratory, oven dried at 65 oC to constant weight for 72 hours. Thereafter, the shoot and nodule dry biomass were determined and recorded.
2.8	Statistical Analysis
All data collected and variables calculated were subjected to two-way Analysis of Variance (ANOVA) using the GLM procedure of SAS package version 9.0 (SAS Institute, 2002) and where the F-values were found to be significant, the treatment means were separated by Least Significant Difference (LSD) at 5% probability level. 
RESULTS AND DISCUSSION
Table 1. Shows the result for the soil physical and chemical properties of the experimental field. According to Esu (1991), the loam soil was revealed to be slightly acidic, very low in organic carbon and total nitrogen. 
The available phosphorous of 6.33 mg kg-1 was less than the soil critical available P level of 7.0 mg kg-1 required for proper growth and development of cowpea (Aune and Lai, 1995). This necessitated the application of SSP fertilizer at the rate of 30kg ha-1 as recommended by Haruna and Usman (2013) as a basal dose for enhancing N2 fixation in cowpea. On the other hand, the low soil total nitrogen indicate the need for external N input to compliment Biological Nitrogen Fixation (BNF). 
Organic carbon content of the soil was low according to Esu rating (1991) and this may be due to low organic inputs. This may also be responsible for the low level of soil nutrients observed. This is consistent with the report of Ayodele and Oso (2014) who reported that soil organic matter influenced nutrient retention and should be managed to prevent rapid depletion of soil nutrients.
Table 1:	Initial physical and chemical properties of the soil in the experimental field.
	Parameters
	Values
	Rating

	Sand (g kg-1)
	429
	

	Silt (g kg-1)
	488
	

	Clay (g kg-1)
	83
	

	Textural class
	Loam 
	

	pH (H2O)
	6.47
	Slightly acidic

	pH (CaCl2)
	5.39
	 acidic

	Total Nitrogen (g kg-1)
	0.19
	Medium 

	Available P (mg kg-1)
	6.33
	Low 

	Organic Carbon (g kg-1)
	0.68
	Very low

	Exchangeable Bases (cmol kg-1)
	
	

	Ca2+
	1.57
	Low 

	Mg2+
	0.48
	Medium

	K+
	0.10
	Low

	Na+
	0.61
	High

	Exchangeable Acidity (cmol kg-1)
	0.60
	

	ECEC (cmol kg-1)
	3.36
	Low 


Rating adopted from Esu (1991)
The results of the effect of cultivars and N-sources on weed parameters are represented in Table 2. These results has indicated that the weed density was significantly (P ≤ 0.05) affected by crop varieties and N-sources. SamPea 16 produced the lowest weed density throughout the sampling period, though it was not statistically different from the local check (Kananado White) especially at 3 WAS compared to SamPea 15 which had the highest weed infestation. The lowest weed density observed under SamPea 16 compared to SamPea 15 could be attributed to differences in their anatomy, morphology and physiology which differentiated their ability to absorb nutrients and water from the soil and carry out effective photosynthetic process to form wider canopies. This observation supports the report of Aaron (2009) who stated that crop varieties can vary substantially in response to weed competition, with those that form canopy earlier and provide more shading being the most competitive.
Similarly, the combination of the 2 N-sources + Agrolyzer produced the lowest weed density and weed dry weight though weed density was not significantly different from that obtained as a result of the use of Gw5 inoculant alone. The lowest weed dry weight observed when Urea + Agrolyzer + Gw5 inoculant were used could be related to the presence of micronutrient in the combination which enhanced nutrient uptake and assimilation in favour of the crop. This finding is in line with the work of Uzoma et al. (2013b) who maintained that inclusion of micronutrient improved the nutrients uptake and translocation of assimilates.
The interaction between crop varieties and nutrient combination did not significantly (p>0.05) affect weed density and weed dry weight across sampling period. This further supports the fact that with or without addition of nutrients, there will be a significant reduction of weed density by SamPea 16 and Kananado white over SamPea 15.
Height performance of the various cultivars of cowpea receiving different N-sources are presented in Table 3. The result of this experiment shows that cultivar significantly (P ≤ 0.05) affected plant height in the sense that SamPea 16 produced the tallest height which was statistically similar to the height produced by the local check but significantly different from the height of SamPea 15 at 6 WAS. The differences in plant height could be attributed to phenotypic as well as genetic make-up of the varieties (Magani and Kuchinda, 2009). The tallest plant height recorded with the application of Urea alone could be related to the effect of readily available inorganic Nitrogen which plays a vital role as a constituent of protein, nucleic acid

Table 2:	Effect of the Cultivar and N-sources on Weed Density and Weed Dry Weight
	
	Weed Density (per unit area
	
	Weed Dry Weight (g plant-1)

	
	3 WAS
	6 WAS
	
	3 WAS
	6 WAS

	Varieties (V)
	
	
	
	
	

	Kananado white
	4ab
	5 a
	
	1.58 a
	1.58 a

	SamPea 15
	5a
	6 a
	
	1.68 a
	1.68 a

	SamPea 16
	3b
	4 b
	
	1.27 a
	1.27 a

	SE±
	0.45
	0.57
	
	0.26
	0.28

	Nitrogen sources (N)
	
	
	
	
	

	Control
	8a
	9 a
	
	2.30 a
	2.96 a

	Urea
	6b
	6 b
	
	2.01 a
	3.08 a

	Urea + Agrolyzer
	4c
	6 b
	
	1.79 a
	2.47 a

	Gw5 inoculant
	2cd
	3 c
	
	0.69 b
	1.11 b

	Urea + Agrolyzer + Gw5 inoculant
	1d
	2 c
	
	0.63 b
	0.94 b

	SE±
	0.58
	0.74
	
	0.33
	0.37

	Interaction
	
	
	
	
	

	V * N
	NS
	NS
	
	NS
	NS


Means with the same letter(s) are not significantly different at 5 % level of probability. 
WAS = Week After Sowing NS = not significant

and chlorophyll which is essential for building up protoplasm and protein when optimally applied (Rizvi and Khan., 2018). This corroborate with the result reported by Abayomi et al. (2008) who stated that plants given inorganic nitrogen during vegetative period were much larger by the onset of flowering than those dependent on symbiotic N fixation. The effect of interaction between cowpea cultivar and N-source on plant height were recorded in Table 4. The result revealed that planting SamPea 16 without any fertilizer input produced the tallest plant height at 3 WAS suggesting that SamPea 16 could probably be nutrient efficient. Inoculation with Gw5 also produced the tallest plant height at 3 WAS compared to plants without any fertilizer input (Table 5). This suggests that nitrogen fixing ability of the inoculant used could be comparable to that of indigenous rhizobia. This can however be confirmed only when the shoot biomass accumulations are comparable. The tallest plant height obtained by SamPea 16 at 6 WAS when treated with urea alone is an indication that nitrogen enhances vegetative growth. The extent of enhancement will however depend on crop variety.
Table 3:	Cowpea Growth as Affected by Cultivar and N-Sources
	
	Plant Height (cm)
	
	Number of Branches
	
	Number of  Leaves
	
	Leaf Area (cm2)


	
	3 WAS
	6 WAS
	
	3 WAS
	6 WAS
	
	3 WAS
	6 WAS
	
	3 WAS
	6 WAS

	Varieties (V)
	
	
	
	
	
	
	
	
	
	
	

	Kananado white
	14.3 a
	27.2ab
	
	2a
	8a
	
	9 a
	42 a
	
	18.52 a
	38.06 a

	SamPea 15
	15.8 a
	26.4 b
	
	2a
	6b
	
	8 a
	34 b
	
	19.36 a
	33.79 b

	SamPea 16
	15.6 a
	29.4 a
	
	2a
	8a
	
	8 a
	40ab
	
	17.80 a
	37.41ab

	LSD (0.05)
	0.51
	0.87
	
	0.18
	0.46
	
	0.50
	2.14
	
	1.27
	1.27

	N-sources (N)
	 
	 
	
	 
	 
	
	 
	 
	
	 
	 

	Control
	15.2ab
	22.61 d
	
	2b
	6b
	
	8ab
	33 b
	
	19.65 a
	29.74 c

	Urea
	13.6 b
	32.41 a
	
	3a
	9a
	
	10 a
	36ab
	
	19.17 a
	44.99 a

	Urea + Agrolyzer
	15.3ab
	24.8cd
	
	2b
	7b
	
	9ab
	44 a
	
	17.53 a
	39.23 b

	Gw5 inoculant
	16.5 a
	28.0bc
	
	2b
	7b
	
	7 b
	41ab
	
	18.60 a
	36.76 b

	Urea + Agrolyzer + Gw5 inoculant
	15.4ab
	31.2ab
	
	2b
	9a
	
	9ab
	38ab
	
	17.90 a
	30.35 c

	LSD (0.05)
	0.66
	1.12
	
	0.22
	0.58
	
	0.65
	2.76
	
	1.64
	1.64

	Interaction
	 
	 
	
	 
	 
	
	 
	 
	
	 
	 

	V * INM
	*
	**
	
	NS
	NS
	
	NS
	NS
	
	NS
	NS


Means with the same letter(s) are not significantly different at 5 % level of probability. 
WAS = Week After Sowing NS = not significant 	* = significant	** = highly significant
Table 4:	Effect of Interaction between Cowpea Varieties and N- sources on Plant Height.
	
	Plant Height at 3 WAS
	
	Plant Height at 6 WAS

	
	Kananado white
	SamPea 15
	SamPea 16
	
	Kananado white
	SamPea15
	SamPea 16

	Nitrogen sources
	
	
	
	
	
	
	

	Control
	13.0d
	14.93bc
	17.57 a
	
	23.01gh
	23.33gh
	21.50h

	Urea
	16.0ab
	14.00cd
	10.93e
	
	34.77b
	24.43fg
	38.03 a

	Urea + Agrolyzer
	14.25cd
	16.37ab
	15.63bc
	
	23.13gh
	26.60ef
	25.38efg

	Gw5 inoculant
	14.87bc
	17.37 a
	17.40 a
	
	26.41ef
	27.47de
	30.22cd

	Urea + Agrolyzer + Gw5 inoculant
	13.05d
	16.13ab
	16.27ab
	
	31.45c
	30.17cd
	31.97bc

	SE±
	1.14
	
	1.94


Means with the same letter(s) are not significantly different at 5 % level of probability

This is consistent with the work of Uzoma et al. (2013a) who reported that inclusion of nitrogen increases dry matter accumulation of soybean. Rizvi and Khan (2018) also reported that adequate supply of nitrogen is essential for vegetative growth of legumes. 
The effect of cowpea varieties and N-sources on number of branches, number leaves and leaf area were shown in Table 3. The observed significant performance of Kananado white and SamPea 16 in terms of number of branches, number leaves and leaf area show variation in the anatomical, morphological and physiological structures of these crop varieties which made them readily able to absorb nutrients and water from the soil, carry out effective photosynthetic process and store more photosynthates than SamPea 15. This finding supports the earlier reports of Agbogidi and Ofuoku (2005), Alhaji (2008), Futuless and Bake (2010), Agbogidi and Egho (2012) who opined that response of plants to environmental factors differ based on their genetic makeup and their adaptation capability indicating variability among species. On the other hand, N-sources produced significant (P ≤ 0.05) effect on number of branches, number of leaves and leaf area. The increase in number of branches, leaves and wider leaf area recorded when 30 kg Urea was used buttressed the fact that inorganic nitrogen promotes heavy and luxurious vegetative growth. Similar response was reported by Abayomi et al. (2008) who concluded that inorganic nitrogen promote vegetative growth in plants even in cowpea.
SamPea 16 produced the heaviest shoot and root biomass that is statistically similar to the Kananado white but different from SamPea 15 (Table 6). The varietal difference observed in the cowpea cultivar in response to shoot and root biomass could be as a result of a positive correlation that exist between shoot and root biomass and other growth parameters such as height, branches, leaves and leaf area or an improvement in hybrid vigour of the cultivar which translated to its ability to convert nutrients more efficiently and effectively to cellular materials for cell division and elongation as reported by Abukutsa (2011). 
Variation in N-sources also produced a significant effect on shoot and root biomass (Table 6). Pots treated with urea alone had the heaviest shoot and root biomass, confirming  the fact that urea is essential for vegetative growth and plays important role in various metabolic process of the plant including being an essential constituent of protein and chlorophyll (Meena et al., 2014). Although, cowpea is known to obtain most of its nitrogen requirements through symbiotic fixation of the atmospheric nitrogen, the importance of externally applied N has been
Table 5:	Cowpea Shoot Weight, Root Weight and Nodule Production as Affected by Cultivar and N-Sources
	
	
	DSW
	DRW
	DNW
	NNPP

	Varieties (V)
	
	
	
	

	Kananado white
	29.36 a
	5.78 a
	1.75 a
	38 a

	SamPea 15
	25.16 b
	4.54 b
	1.15 a
	25 b

	SamPea 16
	30.14 a
	4.95ab
	1.08 a
	35ab

	SE±
	1.09
	0.32
	0.27
	4.21

	Nitrogen sources (N)
	
	
	
	

	Control
	24.18c
	3.61 b
	1.37ab
	30ab

	Urea
	33.79 a
	6.22 a
	0.62 b
	30ab

	Urea + Agrolyzer
	25.14bc
	3.98 b
	1.43ab
	32ab

	Gw5 inoculant
	29.15 b
	6.00 a
	1.80 a
	45 a

	Urea + Agrolyzer + Gw5 inoculant
	29.30 b
	5.84 a
	1.40ab
	25 b

	SE±
	1.40
	0.42
	0.37
	5.44

	Interaction
	
	
	
	

	V * N
	NS
	NS
	NS
	NS


Means with the same letter(s) are not significantly different at 5 % level of probability. 	WAS = Week After Sowing 		NS = not significant	DSW= Dry Shoot Weight  	DRW = Dry Root Weight 		
DNW = Dry Nodule Weight 	NNPP = Number of Nodule Per Plant

documented by several workers (Abayomi et al., 2008) including Dart et al. (1977) who further stress that application of a small quantity of inorganic nitrogen (20 kg N ha‑1) enhanced early vegetative growth as obtained in the present study.  There is no significant interaction effect between the cultivar and N-sources on shoot and root biomass.
Nodulation response of the cowpea cultivars to N-sources was presented on Table 6. The local check produced the heaviest nodule weight and highest effective nodule number followed by SamPea 16. The significant variation in nodulation amongst varieties could be attributed to the superiority in genetic constituents of individual varieties (Ayodele and Oso, 2014). Although, the Gw5 inoculant produced superior nodule weight of 1.8 g per plant, it was only significantly higher than nodule weight of plants treated with urea. This suggests that application of urea at 30 kg N depressed nodulation. This is contrary to the reports of so many authors and may be a reflection of poor soil management. A poorly drained soil may accumulate by-products of N that may depress nodulation (Wanek and Arndt, 2002). More nodules were produced when cowpea cultivars were treated with Gw5 inoculant.
CONCLUSION
This study was carried out to investigate the response of some selected cowpea cultivars to three sources of nitrogen in sole and combined form. The outcome of the experiment showed that SamPea 16 significantly (P<0.05) increased the plant height, lowered weed density, lowered weed dry weight, increased branches, leaves, leaf area, as well as shoot and root biomass compared to SamPea 15. on the other hand, 30kg urea N + Agrolyzer + Gw5 inoculant significantly produced tallest plant, lowest weed density, lowest weed dry weight, more branches, leaves, leaf area, more shoot and root biomass, than the use of urea of Gw5 inoculant alone. Gw5 inoculant alone also improved the nodule number and nodule dry weight. in most cases these improvements were not statistically different from the use of other N-sources
RECOMMENDATION 
SamPea 16 can therefore be inoculated with Gw5 inoculant to supplement the nitrogen supplied in cowpea production and curb the menace of the abuse of inorganic fertilizer in the advent of global warming.
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