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Abstract 

A field experiment involving two plant densities (83,333 and 166,666 plants per hectare), two cropping systems 

(monoculture and mixed culture) and five cowpea (Vigna unguiculata L. Walp.) genotypes (3 farmer-selected varieties: 

Bensogla, Sanzie and Omondaw, and 2 breeder-improved cultivars: ITH98-46 and TVu1509) was conducted for two years 

in 2005 and 2006 at Nietvoorbij (33
o
54S, 18

o
14E), Stellenbosch, South Africa, to evaluate the effect of these treatments on 

the growth and symbiotic performance of cowpea. The results showed that, of the five cowpea genotypes, plant growth and 

N2 fixation were significantly greater in the three farmer-selected varieties (Sanzie, Bensogla and Omondaw) relative to the 

two improved cultivars (ITH98-46 and TVu1509). Furthermore, plant growth and symbiotic performance (measured as 

tissue N concentration, plant N content, 
15

N natural abundance and N-fixed) were significantly (P≤0.05) decreased by both 

high plant density and mixed culture (intercropping). However, the %Ndfa values were significantly (P≤0.05) increased by 

both high plant density and mixed culture compared to low plant density or monoculture (or monocropping). Whether under 

low or high plant density, the cv. Sanzie was found to accumulate significantly greater total N per plant in both 2005 and 

2006, followed by the other two farmer varieties relative to the improved cultivars. Similarly, the actual amount of N-fixed 

was much greater in cv. Sanzie, followed by the other farmer varieties, under both low and high plant density. The data also 

showed better growth and greater symbiotic N yield in cowpea plants cultivated in monoculture (or low plant density) 

relative to those in mixed culture (or high plant density). Our data suggest that optimising legume density in cropping 

systems could potentially increase N2 fixation in cowpea, and significantly contribute to the N economy of agricultural soils 

in Africa. 
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1. Introduction 

 
Symbiotic legumes are an important component of the 

cropping systems in tropical agriculture because of their 

ability to contribute fixed-N to associated cereal and other 

non-legume crops (Peoples et al., 1995). The contribution 

of N2 fixation is particularly important in Africa, where N is 

 

 
 

 

 

one of the most limiting mineral nutrients for plant growth 

(Palm and Sanchez, 1991). Values of N contribution by 

various legumes, including cowpea (Vigna unguiculata L. 

Walp.) are quite high, ranging from 50–300 kg N ha
–1 

yr
–1 

 

(Peoples et al., 1995; Dakora and Keya, 1997). In Ghana, a 

local cowpea genotype has been estimated to fix as much as 

201 kg N ha
–1 

season
–1

, and provided about 42 kg N to a 

following maize (Zea mays L.) crop (Dakora et al., 1987). 

The levels of N2 fixation have however been suggested to 

be dependent on a number of factors, ranging from plant 

 

Presented at the 15th International Congress on Nitrogen Fixation, January 21–26, 2007, Cape Town, South Africa 

https://www.researchgate.net/publication/226235271_Biological_nitrogen_fixation_An_efficient_source_of_nitrogen_for_sustainable_agricultural_production?el=1_x_8&amp;enrichId=rgreq-f34e4eeedd2233e6f325da565b99eff1-XXX&amp;enrichSource=Y292ZXJQYWdlOzI0Njk5NDc5MztBUzoxOTA2Mzk0MDI0Nzk2MTdAMTQyMjQ2MzM4MzYyMg%3D%3D
https://www.researchgate.net/publication/226235271_Biological_nitrogen_fixation_An_efficient_source_of_nitrogen_for_sustainable_agricultural_production?el=1_x_8&amp;enrichId=rgreq-f34e4eeedd2233e6f325da565b99eff1-XXX&amp;enrichSource=Y292ZXJQYWdlOzI0Njk5NDc5MztBUzoxOTA2Mzk0MDI0Nzk2MTdAMTQyMjQ2MzM4MzYyMg%3D%3D
https://www.researchgate.net/publication/226235271_Biological_nitrogen_fixation_An_efficient_source_of_nitrogen_for_sustainable_agricultural_production?el=1_x_8&amp;enrichId=rgreq-f34e4eeedd2233e6f325da565b99eff1-XXX&amp;enrichSource=Y292ZXJQYWdlOzI0Njk5NDc5MztBUzoxOTA2Mzk0MDI0Nzk2MTdAMTQyMjQ2MzM4MzYyMg%3D%3D
https://www.researchgate.net/publication/222932539_Nitrogen_release_from_the_leaves_of_some_tropical_legumes_as_affected_by_their_lignin_and_polyphenolic_contents?el=1_x_8&amp;enrichId=rgreq-f34e4eeedd2233e6f325da565b99eff1-XXX&amp;enrichSource=Y292ZXJQYWdlOzI0Njk5NDc5MztBUzoxOTA2Mzk0MDI0Nzk2MTdAMTQyMjQ2MzM4MzYyMg%3D%3D
https://www.researchgate.net/publication/226235271_Biological_nitrogen_fixation_An_efficient_source_of_nitrogen_for_sustainable_agricultural_production?el=1_x_8&amp;enrichId=rgreq-f34e4eeedd2233e6f325da565b99eff1-XXX&amp;enrichSource=Y292ZXJQYWdlOzI0Njk5NDc5MztBUzoxOTA2Mzk0MDI0Nzk2MTdAMTQyMjQ2MzM4MzYyMg%3D%3D
https://www.researchgate.net/publication/226235271_Biological_nitrogen_fixation_An_efficient_source_of_nitrogen_for_sustainable_agricultural_production?el=1_x_8&amp;enrichId=rgreq-f34e4eeedd2233e6f325da565b99eff1-XXX&amp;enrichSource=Y292ZXJQYWdlOzI0Njk5NDc5MztBUzoxOTA2Mzk0MDI0Nzk2MTdAMTQyMjQ2MzM4MzYyMg%3D%3D
https://www.researchgate.net/publication/289636948_Biological_nitrogen_fixation_An_efficient_source_of_nitrogen_for_sustainable_agricultural_production?el=1_x_8&amp;enrichId=rgreq-f34e4eeedd2233e6f325da565b99eff1-XXX&amp;enrichSource=Y292ZXJQYWdlOzI0Njk5NDc5MztBUzoxOTA2Mzk0MDI0Nzk2MTdAMTQyMjQ2MzM4MzYyMg%3D%3D
https://www.researchgate.net/publication/222348616_Contribution_of_legume_nitrogen_fixation_to_sustainable_agriculture_in_Sub-Saharan_Africa?el=1_x_8&amp;enrichId=rgreq-f34e4eeedd2233e6f325da565b99eff1-XXX&amp;enrichSource=Y292ZXJQYWdlOzI0Njk5NDc5MztBUzoxOTA2Mzk0MDI0Nzk2MTdAMTQyMjQ2MzM4MzYyMg%3D%3D
https://www.researchgate.net/publication/222348616_Contribution_of_legume_nitrogen_fixation_to_sustainable_agriculture_in_Sub-Saharan_Africa?el=1_x_8&amp;enrichId=rgreq-f34e4eeedd2233e6f325da565b99eff1-XXX&amp;enrichSource=Y292ZXJQYWdlOzI0Njk5NDc5MztBUzoxOTA2Mzk0MDI0Nzk2MTdAMTQyMjQ2MzM4MzYyMg%3D%3D


58 J.H.J.R. MAKOI ET AL. 
 

 

density, legume species, crop management to cultural 

systems (Kumar Rao et al., 1996). As a result, the amount 

of N-fixed has been found to vary with different cropping 

systems (Fujita et al., 1992; Jensen, 1996; Xiao et al., 

2004). In mixed cultures, for example, reduced photo- 

synthesis in leaves can occur in the legume due to shading 

by cereal, and thus, lower N2 fixation (Wahua and Miller, 

1978; Trang and Giddens, 1980). It has also been shown 

that in a cereal/legume mixture, planted at a density of 1:4, 

N contribution by legume to cereal was equivalent to 96 kg 

fertiliser N ha
–1 

(Walsh, 1995), indicating that greater 

legume density enhances nodule activity. The only critique 

of many of these earlier studies is that single legume 

genotypes were used in the density and mixed culture 

experiments with no chance for genotypic comparisons. 

This study examines the effect of plant density and 

cropping system on N2 fixation in five cowpea genotypes at 

different levels of crop improvement. 

 

 
2. Materials and Methods 

 
Site description and soil properties 

 

The study was conducted at the Agricultural Research 

Council (ARC) Nietvoorbij station in Stellenbosch, South 

Africa, during the 2005 and 2006 summer seasons. The site 

is located at 33
º
54′S and 18

º
14′E at an elevation of 146 m 

above mean sea level. The mean annual potential 

evapotranspiration (ETO) as measured by Penman 

Monthieth (FAO-56) was 1573 mm. The mean annual day 

and night temperatures were 22.6
º
C and 11.6

º
C, 

respectively and the mean monthly radiation 544 MJm
–2 

m
–1

. The experimental sites had a previous history of table 

grape cultivation with a moderate application of P fertilizer 

(80 kg ha
–1 

maxfos, 20% P). According to the Soil 

Classification Working Group, the field soil used for this 

study is a sandy loam classified as Glenrosa, Hutton form, 

equivalent to skeletic leptosol (SCWG, 1991) in the FAO 

soil classification system. Prior to planting during each 

year, soil samples were collected from the experimental 

plots, pooled, and sub-samples analyzed for chemical 

properties (see Table 1). 

 
Field design 

plant density as the main plot, cowpea genotypes as sub- 

plots, and cropping system as sub-subplots. Four replicates 

were used per treatment, and plots measured 3.6 m 3.2 m 

(11.52 m
2
). Cowpea genotypes in monoculture were sown 

with row-to-row spacing of 60 cm, and plant-to-plant 

spacing of 40 cm to reflect low plant density whereas row- 

to-row spacing of 60 cm, and plant-to-plant distance of 20 

cm was used to reflect high plant density. Sorghum 

(Sorghum bicolor L.) plants in plots with 90 cm row-to-row 

spacing and 40 cm plant-to-plant spacing was used for the 

density of 55,555 plants per hectare. In mixed culture, 

cowpea was sown at a row-to-row spacing of 90 cm and 

plant-to-plant distances of 26.6 cm to give the lower plant 

density. Similarly, row-to-row spacing of 90 cm, with 

plant-to-plant spacing of 13.3 cm was used for high plant 

density cowpea in mixed culture. At planting, the cowpea 

seeds were inoculated with Bradyrhizobium strain CB756, 

and following germination, cowpea and sorghum seedlings 

were thinned out to two plants per stand. Weeding was 

done manually with a hoe, and plants irrigated every three 

days up to flowering, and then once a week thereafter. 

 
Plant harvest and sample preparation 

 

At 67 days after planting during early pod development, 16 

and 8 plants of cowpea and sorghum were respectively 

harvested from the middle rows of each plot. The plants 

were carefully dug out with intact root system, washed, and 

separated into nodules, roots, shoots and pods in the case of 

cowpea, while sorghum plants were separated into only 

roots and shoots. The plant organs were oven-dried at 60°C 

for 48 h and ground into fine powder (2 mm sieve) and 

stored, prior to analysis for 
15

N natural abundance. 

 
15

N/
14

N isotope analysis and determination of %Ndfa 

 

The isotope ratio of 
15

N/
14

N and the concentration of N in 

plant organs of cowpea and sorghum plants were 

determined using a Thermo Finnigan Delta Plus XP Stable 

Light Isotope Mass Spectrometer coupled to a Thermo 

Flash Elemental Analyser 1112 via a Thermo Conflo III 

devise. 
15

N abundance is usually expressed in a relative, δ 

(delta) notation, which is the ‰ deviation of the 
15

N natural 

abundance of the sample from atmospheric N2 (= 0.36637 

atom % 
15

N) (Unkovich et al., 1994): 
 

The experimental treatments used in this study included 

two cowpea densities (83,333 vs. 166,666 plants per 

hectare), two cropping systems (monoculture vs. mixed 

culture) and five cowpea genotypes, two of which were 

improved (ITH98-46 and TVu1509) and three unimproved 

 

15 N 
atom % 15 N sample atom % 15 N air 

atom % 15 N air 

 

* 1000 

landraces (Bensogla, Sanzie and Omondaw). The lower 

cowpea density was chosen to reflect farmers’ practice that 

often has low plant stand. The experimental layout was 3- 

factorial in  a  completely  randomised  block  design  with 

Whole plant 
15

N natural abundance was calculated as an 

average of δ15
N in all plant organs weighted by their 

respective total N contents as described by Robinson et al.  

(2000): 
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The 
15

N natural abundance technique was used to 

quantify plant reliance upon N2 fixation for growth 

(%Ndfa) as follows (Shearer and Kohl, 1986): 

using the software of STATISTICA program 2007 (StatSoft 

Inc., Tulsa, OK, USA). Fisher’s least significant difference 

was used to compare treatment means at P≤0.05 (Steel and  

Torrie, 1980). 

%Ndfa 





Nref  
15 

N fix 
100 

 N ref  Bva    

 3. Results 

Where δ15
Nref is the 

15
N natural abundance of the non- 

N2-fixing reference plant and B is the 
15

N natural abundance 

of N2-fixing plant relying on atmospheric N2 as the sole N 

source. The B value is included in the equation to account 

 
Effect of plant density on growth, symbiotic performance 

and grain yield of cowpea genotypes 

 
Increasing plant density significantly (P≤0.05) altered 

for 
15

N discrimination during the N2-fixing process in plant 

(Evans et al., 2001). Sorghum from monoculture plots was 
plant growth, δ15

 N (15 
N natural abundance), %N and %Ndfa 

sampled as reference plants for assessing the 
15

N 

enrichment of soil. The δ15
N values (‰) of the reference 

plant material used in 2005 were: 6.077 for roots, 9.997 for 

shoots and pods; in 2006 the values were: 5.912 for roots, 

10.32 for shoots, and 9.836 for pods. The B (‰) values of 

cowpea organs were: -1.759 for shoots, -0.94 for roots, 

-1.4713 for pods and -0.6333 for whole plant (S.B.M. 

Chimphango and F.D. Dakora, unpublished data). 

The amount of N in cowpea and sorghum plant parts 

was calculated by multiplying the organ’s dry matter by its 

%N. 

 
1 

in all plant organs of cowpea during 2005 and 2006. More 

specifically, increasing cowpea density from 83,333 to 

166,666 plants per hectare reduced (P≤0.05) the dry matter 

of shoots, roots, pods and nodules, and therefore whole- 

plant biomass (Table 2). The %N in all organs of cowpea 

was similarly decreased with increasing plant density 

(Table 3), just as the amounts of N-fixed in shoots, pods 

and whole plants of cowpea were reduced (P≤0.05) with 

increasing plant density (Table 5), in contrast to %Ndfa 

which increased (P≤0.05) with greater  plant   density 

(Table 4). Increasing cowpea plant density significantly 

increased the grain yield of this legume during both 2005 

and 2006 (Table 5). 
Amount of N (mg. plant ) Dry massorgan (mg)%N organ  

Effect   of   mixed   culture   on   plant   growth,   symbiotic 
The proportion of N derived from fixation (Ndfa) was 

calculated by multiplying total N in the organ by %Ndfa 

from the respective plant organ. These were then added 

together to get the value on a whole-plant basis. This 

amount was then multiplied by plant density to convert to 

per hectare basis. 

 
1 

performance, and grain yield 

 

In all instances, growing  cowpea in  monoculture 

resulted in larger organ development and whole plant 

growth (Table 2) with significantly (P≤0.05) greater N 

concentrations in tissues (Table 3). Plants from mono- 

culture showed greater δ15
N values, which indicate lower 

N fixed  (mg. plant ) Amount of N organ (mg)%Ndfaorgan levels of N2 fixation compared to mixed culture (Table 4). 

Consequently, the %Ndfa of monocultured plants was 

consistently lower than those in mixed culture (Table 4). As 
N 

fixed (kg.ha 
1 

) N fixed (kg. plant 
1 

)Density ( plants.ha 
1 

) a result of the greater plant growth and %N in tissues of 

cowpea plants grown in monoculture, their total plant N 

was   significantly   higher   compared   to   mixed   culture 

Cowpea grain yield 

 
At physiological maturity during both 2005 and 2006, 

cowpea pods were harvested from the remaining inner rows 

of each plot, shelled, and grain yield assessed. 

 
Statistical analysis 

 
A 3-factorial design involving plant density, cropping 

system and cowpea genotypes was used to statistically 

analyse the data collected.  The analysis was performed 

(Table 5). The amount of N-fixed was also greater in plants 

under monoculture relative to those in mixed culture 

(Table 5). At physiological maturity, the grain yield of 

cowpea was significantly greater in monoculture compared 

to mixed culture during both 2005 and 2006 (Table 5). 

 
Effect of genotypes on symbiotic performance and grain 

yield of cowpea 

 
In  general,  the  three  unimproved  farmer  varieties 

Sanzie,  Omondaw and  Bensogla  showed  better  growth 

15 15 15 15 

15 15 
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Table 1. Chemical properties of soil at planting. 
 

Year pH C P K Ca Mg S Na   Fe Cu Zn Mn B   

 (CaCl2) (g.kg–1) (mg.kg–1) (µg.g–1) 

2005 6.20 18.09 18.75 137.76 70.50 16.60 4.16 90.53 253.40 3.78 3.38 8.81 0.51 
2006 6.15 22.99 18.56 136.57 68.70 15.50 3.97 90.44 255.90 3.59 3.19 8.62 0.32 

 

 
 

Table 2. Plant dry matter yield (g.plant
–1

) at flowering of nodulated cowpea genotypes (Vigna unguiculata L. Walp.) in different cropping 

systems and density in during 2005 and 2006. Values followed by dissimilar letters in the same column are significant according to Fischer 

LSD. * = P≤ 0.05; ** = P≤ 0.01; *** = P≤0.001. There were significant interactive effects (not shown here) of density and genotypes on 

roots and whole plant biomass (in 2005); and on pods and whole plant biomass (in 2006). 
 

 

Treatment 
2005 

Shoot 

 

Pod 

 

Root 

 

Nodule 

 

Whole plant 
2006 

Shoot 

 

Pod 

 

Root 

 

Nodule 

 

Whole plant 

Density (plants.ha–1) 

83,333 

 
20.5a 

 
6.1a 

 
1.2a 

 
0.6a 

 
28.4a 

 
23.0a 

 
6.0a 

 
1.3a 

 
0.7a 

 
30.9a 

166,666 15.9b 3.5b 0.9b 0.5b 20.9b 18.8b 3.5b 1.0b 0.5b 23.9b 

Cropping system           
Monoculture 21.4a 6.6a 1.3a 0.7a 30.0a 23.9a 6.5a 1.3a 0.7a 32.6a 

Mixed culture 15.1b 2.9b 0.8b 0.4b 19.3b 17.8b 3.0b 1.0b 0.5b 22.2b 

Genotypes           
Bengsogla 18.7ab 5.4ab 1.0a 0.6ab 25.6ab 20.2ab 5.6ab 1.1a 0.6a 27.5ab 

ITH98-46 15.9b 3.5a 0.9a 0.6ab 20.8b 18.2b 3.5b 1.0a 0.6a 23.5b 

Sanzie 21.4a 4.9ab 1.2a 0.8a 28.2a 25.4a 4.0b 1.3a 0.8a 31.4a 

TVu1509 17.3ab 3.3b 1.0a 0.5b 22.1b 19.5ab 3.3b 1.1a 0.5a 24.5ab 
Omondaw 17.9ab 6.9a 1.0a 0.5b 26.4ab 21.1ab 7.3a 1.2a 0.6a 30.2ab 

3-Way ANOVA (F-Statistic) 
Density 22.5*** 14.5*** 9.3** 7.5** 31.4*** 9.5** 19.0*** 15.6*** 4.7* 16.9*** 

Cropping system 41.9*** 30.5*** 29.7*** 40.0*** 63.6*** 20.5*** 37.3*** 26.4*** 22.9*** 37.6*** 

Genotypes 3.6* 3.8** 1.7 4.3** 4.3** 3.3* 7.1*** 2.4 1.6 3.3* 

CV (%) 23.7 63.0 33.2 38.0 24.4 29.2 54.0 25.8 44.3 27.6 

 

 
 

Table 3. Effect of plant density and cropping system on N concentration (%) in five cowpea genotypes planted in 2005 and 2006. Values 

followed by dissimilar letters in the same column are significant according to Fischer LSD. *: P≤0.05; **: P≤0.01; ***: P≤0.001. There 

were significant interactive effects (not shown here) of density and cropping system on N concentration in shoots; of density and genotypes 

on N concentration in pods (in 2005 and 2006). 
 

 

Treatment 

2005 

Nodule 

 

Root 

 

Shoot 

 

Pod 

2006 

Nodule 

 

Root 

 

Shoot 

 

Pod 

Density (plants.ha–1) 

83,333 

 

4.2a 

 

2.2a 

 

3.6a 

 

4.4a 

 

4.2a 

 

2.2a 

 

3.6a 

 

4.4a 
166,666 3.4b 1.8b 3.0b 3.6b 3.4b 1.8b 3.0b 3.6b 

Cropping system 

Monoculture 

 
4.2a 

 
2.1a 

 
3.6a 

 
4.2a 

 
4.2a 

 
2.1a 

 
3.6a 

 
4.3a 

Mixed culture 3.5b 1.9a 3.0b 3.8b 3.5b 1.9a 3.0b 3.8b 

Genotypes 

Bengsogla 

 
3.8ab 

 
2.1ab 

 
3.2b 

 
4.0a 

 
3.8ab 

 
2.1ab 

 
3.2b 

 
4.0a 

ITH98-46 3.5b 1.9ab 3.2b 4.0a 3.5b 1.9b 3.2b 4.0a 

Sanzie 4.2a 2.4a 4.0a 4.1a 4.2a 2.5a 4.0a 4.1a 

TVu1509 3.9ab 1.6b 3.2b 3.9a 4.0ab 1.7b 3.3ab 4.0a 

Omondaw 3.7ab 1.9b 2.9b 3.9a 3.8ab 1.9b 3.0b 4.0a 

3-Way ANOVA (F-Statistic) 

Density 

 
33.0*** 

 
9.4** 

 
15.9*** 

 
111.6*** 

 
35.9*** 

 
9.5** 

 
15.1*** 

 
112.0*** 

Cropping system 23.9*** 2.3 13.7*** 37.0*** 27.9*** 2.5 12.7*** 37.3*** 

Genotypes 3.0* 4.0** 5.2** 0.6 3.2* 4.0** 5.1** 0.6 

CV (%) 15.9 29.7 20.8 8.5 15.5 28.8 21.0 8.4 
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Table 4. Effect of plant density and cropping system on δ15
N and %Ndfa of five cowpea genotypes planted in 2005 and 2006. Values 

followed  by  dissimilar  letters  in  the  same  column  are  significantly  different  according  to  Fischer  LSD.  *:  P≤0.05;  **:  P≤0.01; 
***: P≤0.001. There were significant interactive effects (not shown here) of density and genotypes on δ15

N in pods (in 2005), of cropping 

system and genotypes on δ15
N in pods (in 2005 and 2006), of cropping system and genotypes on %Ndfa in shoots and pods (in 2005 and 

2006). Shoots and pods were considered separately. The B value (‰) of cowpea organs were: shoots = -1.759, roots = -0.94, pods = 

-1.4713, whole plants = -0.6333 (S.B.M. Chimphango and F.D. Dakora, unpublished data). The sorghum reference plant δ15
N values (‰) 

were: shoots = 9.997, roots = 6.077 in 2005; shoots = 10.320, roots = 5.912 in 2006. 
 

Treatment δ15N (‰) 
Nodule 

 

Root 

 

Shoot 

 

Pod 

 

Whole plant 

%Ndfa 

Root 

 

Shoot 

 

Pod 

 

Whole plant 

2005 

Density (plants.ha–1) 

         

83,333 8.9a 3.8a 2.4a 4.9a 5.3a 28.6b 64.4b 44.4b 44.4b 

166,666 8.1b 3.3b 2.1b 3.7b 4.5b 39.6a 66.8a 54.9a 51.5a 

Cropping system          
Monoculture 8.9a 3.9a 2.5a 4.8a 5.3a 30.7b 64.0b 45.4b 44.4b 

Mixed culture 8.1b 3.2b 2.1b 3.8b 4.5b 37.5a 67.1a 54.0a 51.5a 

Genotypes          
Bengsogla 8.6a 3.2a 2.1a 4.5a 4.9a 38.6a 66.9a 47.9b 48.0a 

ITH98-46 8.3a 3.6a 2.3a 4.5a 4.9a 31.1b 65.2a 48.0b 48.0a 

Sanzie 8.8a 3.6a 2.3a 4.0a 4.9a 32.0b 65.2a 52.0a 48.4a 

TVu1509 8.6a 3.9a 2.5a 4.1a 5.1a 29.4b 63.3a 51.1ab 46.2a 
Omondaw 8.1a 3.3a 2.1a 4.3a 4.8a 39.4a 67.3a 49.5ab 49.2a 

3-Way ANOVA (F-Statistic) 
Density 12.8*** 6.8* 4.5* 102.8*** 60.5*** 79.3*** 4.51* 102.8*** 60.5*** 

Cropping system 12.6*** 16.8*** 7.4** 68.1*** 60.2*** 31.1*** 7.38** 68.1*** 60.2*** 

Genotypes 1.3 1.8 1.5 2.5 1.1 11.1*** 1.52 2.5* 1.1 

CV (%) 11.2 21.9 26.3 12.4 8.9 16.2 3.7 9.3 8.5 

2006 

Density (plants.ha–1) 

         

83,333 8.9 3.8a 2.5a 4.9a 4.9a 31.4b 65.1b 43.3b 49.4b 

166,666 8.1b 3.3b 2.2b 3.7b 4.2b 38.0a 67.5a 54.0a 55.8a 

Cropping system          
Monoculture 8.9a 3.9a 2.5a 4.8a 4.9a 29.5b 64.8b 44.3b 49.4b 

Mixed culture 8.2b 3.2b 2.1b 3.8b 4.2b 39.9a 67.8a 53.0a 55.7a 

Genotypes          
Bengsogla 8.6a 3.2a 2.2a 4.5a 4.5a 39.0a 67.6a 46.8a 53.5a 

ITH98-46 8.4a 3.6a 2.4a 4.5a 4.5a 33.1a 66.0a 46.9ab 53.0a 

Sanzie 8.8a 3.6a 2.4a 4.1a 4.5a 33.9a 65.9a 51.0ab 52.8a 

TVu1509 8.7a 3.9a 2.6a 4.2a 4.8a 29.6a 64.1a 50.2b 50.0b 
Omondaw 8.2a 3.3a 2.1a 4.4a 4.5a 38.0a 68.0a 48.5a 53.5a 

3-Way ANOVA (F-Statistic) 
Density 13.4*** 6.8* 4.4* 102.1*** 78.5*** 6.8* 4.4* 102.1*** 78.5*** 

Cropping system 13.3*** 16.9*** 7.1** 67.3*** 76.1*** 16.9** 7.1** 67.3*** 76.1*** 

Genotypes 1.3 1.8 1.5 2.5 3.3 1.8 1.5 2.5* 3.3* 

CV (%) 11.0 21.9 26.2 12.4 7.7 15.8 4.0 9.3 10.2 

 

compared to the two improved cultivars (Table 2). During 

2005 and 2006, Sanzie showed much better growth 

compared to the other genotypes (Table 2). The %N of 

organs was also greater in Sanzie relative to the rest 

(Table 3). The  δ15
N values of genotypes were however 

similar (Table 4). As a result, the %Ndfa data were also 

similar at whole-plant level in 2005, but differed 

significantly in 2006 with cv. Bensogla and Omondaw 

deriving more N from symbiotic fixation (Table 4). 

However plant total N and N-fixed were highest in cv. 

Sanzie compared to the other genotypes (Table 5). As a 

result, grain yield was also significantly higher in cv. 

Sanzie compared to the other four genotypes during both 

2005 and 2006 (Table 5). 

Interactive effects of legume density and cropping system 

 
There was a significant interaction between cropping 

system and plant density. Whether cultivated as 

monoculture or mixed culture, cowpea plants consistently 

showed lower levels of %N in shoots, and N content of 

roots, shoots (Fig. 1), and N contents in pods, and whole 

plants, as well as fixed-N in shoots and whole plants (data 

not shown) at high plant density compared to low plant 

density. 

 
Interactive effects of plant density and cowpea genotypes. 

 
There was also a significant interaction between plant 

https://www.researchgate.net/publication/240343622_Nitrogen_Fixation_of_Faba_Bean_Vicia_faba_L_Interacting_with_a_Nonlegume_in_Two_Contrasting_Intercropping_Systems?el=1_x_8&amp;enrichId=rgreq-f34e4eeedd2233e6f325da565b99eff1-XXX&amp;enrichSource=Y292ZXJQYWdlOzI0Njk5NDc5MztBUzoxOTA2Mzk0MDI0Nzk2MTdAMTQyMjQ2MzM4MzYyMg%3D%3D
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Table 5. Cowpea total N, N-fixed and grain yield in different cropping systems and plant densities during 2005 and 2006. Values followed 

by dissimilar letters in the same column are significant at P≤0.05 according to Fischer LSD. *: P≤0.05; **: P≤0.01; ***: P≤0.001. There 

were significant interactive effects (not shown here) of density and cropping system on total N and N-fixed in shoot, pods and whole plant 

(in 2005), and of density and genotypes on total N and N-fixed in whole plant (in 2005). 
 

 

Total N (mg.plant–1)    N-fixed (mg.plant–1)   N-fixed Grain 

Nodule Root Shoot Pod Whole plant Root Shoot Pod Whole plant (kgN.ha–1) yield 

(kg.ha–1) 

 

2005 

Density (plants.ha–1) 

 

83,333 28.0a 26.1a 766.23a 271.8a 1092.1a 7.1a 490.8a 116.1a 614.0a 51.2b 1787.5b 

166,666 18.7b 16.1b 469.8b 127.5b 632.2b 6.4a 313.1b 67.7b 387.2b 64.5a 2339.0a 

Cropping system            
Monoculture 31.2a 26.2a 780.3a 286.0a 1123.8a 7.6a 498.4a 124.4a 630.3a 71.9a 2387.4a 

Mixed culture 15.5b 16.0b 455.7b 113.3b 600.6b 5.9b 305.4b 59.5b 370.8b 43.8b 1739.1b 

Genotypes            
Bengsogla 20.9b 21.1b 603.6b 220.5ab 866.1b 7.8a 396.2b 99.4ab 503.4b 60.4b 2063.4ab 
ITH98-46 21.2b 17.9b 515.0b 145.6b 699.8b 5.0b 331.0b 62.2b 398.2c 46.3c 1596.2b 

Sanzie 34.2a 30.3a 867.6a 214.2ab 1146.3a 8.7a 561.9a 100.5ab 671.2a 75.3a 2415.0a 

TVu1509 19.7b 16.3b 567.6b 134.9b 738.5b 4.5b 360.5b 66.1b 431.1bc 50.4bc 2060.9ab 
Omondaw 20.9b 20.0b 536.3b 283.1a 860.2b 7.6a 360.0b 131.4a 499.0b 56.8b 2180.7a 

3-Way ANOVA (F-Statistic) 
Density 16.7*** 29.2*** 69.6*** 24.8*** 97.7*** 1.5 49.8*** 12.5*** 60.4*** 17.0*** 22.3*** 

Cropping system 47.6*** 30.3*** 83.5*** 35.6*** 126.5*** 9.1** 58.7*** 22.5*** 79.1*** 75.1*** 30.9*** 

Genotypes 5.7*** 7.0*** 13.0*** 3.5* 11.3*** 8.4*** 10.8*** 3.5* 10.4*** 9.6*** 5.2** 

CV (%) 43.5 39.1 25.7 64.8 24.1 38.0 28.0 66.5 26.1 25.0 25.3 

2006 

Density (plants.ha–1) 

           

83,333 28.9 28.9a 856.5a 266.1a 1180.5 7.9a 557.2a 109.9a 675.7a 56.3b 1850.1b 

166,666 19.2b 18.0b 550.0b 127.3b 714.5b 7.1a 369.9b 65.9b 442.7b 73.8a 2607.6a 

Cropping system            
Monoculture 31.7a 27.9a 866.5a 278.1a 1204.2a 8.1a 561.2a 117.7a 686.6a 79.0a 2677.8a 

Mixed culture 16.4b 19.0b 540.0b 115.4b 690.8b 7.0b 365.9b 58.1b 431.7b 51.1b 1779.9b 

Genotypes            
Bengsogla 21.3b 22.3b 643.5b 230.6ab 917.6b 8.2a 427.4b 100.2ab 535.8b 65.3b 2200.1ab 

ITH98-46 20.3b 19.9b 585.5b 146.0b 771.8b 5.7a 379.6b 61.5c 447.3b 51.4c 1763.3b 

Sanzie 32.9a 32.6a 1026.4a 171.6b 1263.6a 9.6a 676.9a 78.7bc 766.0a 86.5a 2654.2a 

TVu1509 22.8ab 19.1b 636.9b 133.6b 812.4b 5.2a 411.0b 64.2c 480.4b 57.1bc 2210.2ab 
Omondaw 23.1ab 23.3b 624.0b 301.8a 972.3b 8.9a 422.9b 134.8a 566.4b 65.0b 2316.5ab 

3-Way ANOVA (F-Statistic) 
Density 14.2*** 34.7*** 39.1*** 30.2*** 61.3*** 1.7 27.5*** 15.0*** 34.3*** 17.9*** 28.0*** 

Cropping system 35.3*** 23.2*** 44.3*** 41.5*** 74.4*** 3.7*** 29.9*** 27.5*** 41.0*** 45.9*** 39.4*** 

Genotypes 3.1* 6.7*** 11.0*** 6.1*** 8.5*** 8.9 9.1*** 5.7*** 7.8*** 8.3*** 4.0** 

CV (%) 47.7 35.5 31.2 57.4 28.1 44.1 34.5 57.8 31.8 28.4 28.7 

 

 

 
density and cowpea genotypes. It was noteworthy to note 

that the five cowpea genotypes behaved differently under 

the same plant density. Compared to the other genotypes 

Sanzie, for example, showed greater root growth under low 

plant density while at high density cv. ITH98-46 developed 

the least root mass (Fig. 2A). As a result of the higher root 

mass in 2005, the cv. Sanzie had the greatest total plant 

biomass (Fig. 2B), a pattern similar to cv. ITH98-46, 

which showed the lowest root mass in 2005 and therefore 

the lowest total dry matter (Fig. 2B). The 2006 data also 

showed cv. Sanzie as the genotype with the highest plant 

growth under low plant density (Fig. 2C), even though its 

pod  dry  matter  was  significantly  lower  relative  to  cv. 

 
Omondaw under the same conditions of low plant density 

(data not shown). During both 2005 and 2006, the cv. 

Bensogla was consistently the highest producer of roots, 

and total biomass under high plant density (Figs. 2A–C). 

The interaction between plant density and genotypes 

was significant (P≤0.05) for %N in pods, and N content of 

shoots, pods and whole plants, as well as for fixed-N of 

pods and whole cowpea plants. For example, N 

concentration of pods from cv. Sanzie was greater than that 

of the cultivar Omondaw under low, but not high, plant 

density (data not shown). Shoot N was higher in cv. Sanzie 

than the other cultivars at low plant density; while at high 

density it was greater than only cv. ITH98-46 (data not 
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Figure 1. Interactive effects of plant density and cropping systems 

on: A) %N in shoots in 2005, B) %N in shoots in 2006, C) Root N 

content in 2006, D) Shoot N content in 2005, E) Shoot N in 2006. 

Root N content in 2005 is not shown here as it was not significant. 

 

 

 

 

 

 

 

 
shown). Similarly, the Sanzie genotype was higher in plant 

total N (data not shown) and N-fixed compared to the rest 

at low plant density (Figs. 3A and B). However, pod-N and 

pod fixed-N was highest in cv. Omondaw relative to the 

other genotypes at low plant density (data not shown). A 

significant interaction was also observed for %Ndfa of 

pods, with that of TVu1509 being higher than those of cvs. 

Bensogla and ITH98-46, but not Sanzie or Omondaw at 

low plant density (data not shown). 

 
Interactive effects of cropping system and cowpea 

genotypes 

 

A significant (P≤0.05) interaction of cropping system 

and cowpea genotypes was observed during both 2005 and 

2006. While under monoculture there were no significant 

differences between cowpea genotypes, the δ15
N of pods 

was lower in cultivar Sanzie compared to ITH98-46 when 

 
the two species were intercropped (data not shown). 

However, the %Ndfa of cv. Omondaw was greater than that 

of cv. Bensogla in monoculture, while in mixed culture, 

%Ndfa of shoots in cv. Omondaw was greater than that of 

cvs. Sanzie and TVu1509 (data not shown), and %Ndfa of 

Sanzie pods also higher than that of ITH98-46 (data not 

shown). 

 

 
4. Discussion 

 
Effect of plant density and cropping system on N2 fixation in 

cowpea 

 
Farmers in Africa are frequently confronted with poor 

crop yields as a consequence of low soil nutrient fertility. 

The inclusion of symbiotic legumes in cropping systems is 

one approach African farmers use to improve soil nutrient 
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Figure 2. Interactive effects of plant density and genotypes on 

cowpea growth: A) Root dry matter in 2005, B) Whole plant dry 

matter in 2005, C) Whole plant dry matter in 2006. Root dry mass 

for 2006 is not shown here as it was not significant. 

 

 

 
fertility for increased yields. However, the level of N 

contribution by symbiotic legumes is dependent on the 

legume plant density, the cropping system and the choice of 

legume genotype. While a few studies have examined 

legume plant density and cropping systems as factors 

affecting cowpea yields in Africa, none has addressed 

symbiotic N nutrition in the species. Thus, the effect of 

plant density on N2 fixation and N contribution by cowpea, 

in particular, remains unknown in the traditional cropping 

systems of Africa. In this study, cowpea N2 fixation was 

evaluated, using five genotypes in two plant densities and 

two cropping systems. The data showed that plant growth 

and N2 fixation in the five cowpea genotypes were 

significantly altered by treatment densities and cropping 

systems during both 2005 and 2006. The use of lower plant 

density (i.e. 83,333 plants per hectare), a population that 

mimicked farmer practice, significantly increased plant 

growth, tissue N concentration and δ15
N values at both 

organ and whole-plant level (Tables 2–4). Because of the 

high δ15
N values (i.e. low N2 fixation) of cowpea plants 

from the low density treatment, the %Ndfa was much lower 

relative to cowpea from higher plant density. However, as a 

result of the greater biomass produced by cowpea at low 

plant density, the actual amounts of N-fixed were greater at 

low than at high plant density during both 2005 and 2006 

(Tables 4 and 5). These data suggest that, at low plant 

density, cowpea roots probably explored wider and bigger 

soil volumes and accumulated greater nutrient resources, 

including mineral N, which is known to inhibit nitrogenase 

activity and decrease N2 fixation (Streeter, 1988; Dakora, 

1998; Ayisi et al., 2000). In contrast, at high plant density, 

intense plant-to-plant competition can decrease the uptake 

of various nutrients, including mineral N, and thus enhance 

nodule functioning, leading to significantly higher %Ndfa 

values as shown in Table 4. It would be interesting to know 

whether Bambara groundnut (Vigna subterranea L. Verdc.) 

and Kerstings bean (Macroptyloma geocarpum L.), which 

are reported to be tolerant of nitrate (Dakora, 1998), would 

also decrease their %Ndfa with low plant density. 

Cultivating cowpea plants in monoculture, as opposed to 

mixed culture, led to better plant growth, higher nodule 

formation, increased tissue N concentration and greater 

δ15
N values at both organ and whole-plant level in 2005 and 

2006 (Tables 2 and 3). The high δ15
N values of mono- 

cultured  cowpea  plants  resulted  in  significantly  lower 

%Ndfa relative to their mixed-cultured counterparts in 2005 

and 2006. However, because the monocultured cowpea 

plants accumulated greater biomass than those in mixed 

culture, the actual amounts of N-fixed were also 

significantly higher in monoculture compared with mixed 

culture (Tables 4 and 5). In many ways, the effect of 

monoculture on cowpea growth and symbiotic performance 

was similar in pattern to that of low plant density. Not only 

would the N-starved in mixed culture with symbiotic 

cowpea create intense competition for soil  N, and thus 

eliminate any inhibition of N2 fixation by soil mineral N 

(Streeter, 1988), but also the transfer of fixed-N to sorghum 

could further induce greater nodule functioning (Eaglesham  

et al., 1981; Walsh, 1995) and hence the higher %Ndfa 

values in mixed-cultured cowpea plants. In other studies 

growing nodulated legumes in mixed culture with cereals 

similarly   increased   the  values  of   %Ndfa  relative  to 

https://www.researchgate.net/publication/233132322_Inhibition_of_nodule_formation_and_N2_fixation_by_nitrate?el=1_x_8&amp;enrichId=rgreq-f34e4eeedd2233e6f325da565b99eff1-XXX&amp;enrichSource=Y292ZXJQYWdlOzI0Njk5NDc5MztBUzoxOTA2Mzk0MDI0Nzk2MTdAMTQyMjQ2MzM4MzYyMg%3D%3D
https://www.researchgate.net/publication/281392636_Nodule_formation_and_function_in_six_varieties_of_cowpea_Vigna_unguiculata_L_Walp_Grown_in_a_nitrogen-rich_field_soil_in_South_Africa?el=1_x_8&amp;enrichId=rgreq-f34e4eeedd2233e6f325da565b99eff1-XXX&amp;enrichSource=Y292ZXJQYWdlOzI0Njk5NDc5MztBUzoxOTA2Mzk0MDI0Nzk2MTdAMTQyMjQ2MzM4MzYyMg%3D%3D
https://www.researchgate.net/publication/233132322_Inhibition_of_nodule_formation_and_N2_fixation_by_nitrate?el=1_x_8&amp;enrichId=rgreq-f34e4eeedd2233e6f325da565b99eff1-XXX&amp;enrichSource=Y292ZXJQYWdlOzI0Njk5NDc5MztBUzoxOTA2Mzk0MDI0Nzk2MTdAMTQyMjQ2MzM4MzYyMg%3D%3D
https://www.researchgate.net/publication/240417030_Improving_the_nitrogen_nutrition_of_maize_by_intercropping_with_cowpea?el=1_x_8&amp;enrichId=rgreq-f34e4eeedd2233e6f325da565b99eff1-XXX&amp;enrichSource=Y292ZXJQYWdlOzI0Njk5NDc5MztBUzoxOTA2Mzk0MDI0Nzk2MTdAMTQyMjQ2MzM4MzYyMg%3D%3D
https://www.researchgate.net/publication/240417030_Improving_the_nitrogen_nutrition_of_maize_by_intercropping_with_cowpea?el=1_x_8&amp;enrichId=rgreq-f34e4eeedd2233e6f325da565b99eff1-XXX&amp;enrichSource=Y292ZXJQYWdlOzI0Njk5NDc5MztBUzoxOTA2Mzk0MDI0Nzk2MTdAMTQyMjQ2MzM4MzYyMg%3D%3D
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monoculture (Izaurralde, 1992; Senaratne et al., 1993;  

Jensen, 1996; Xiao et al., 2004). More recently, Fan et al.  

(2006) also showed that growing faba bean (Vicia faba L.) 

in mixed culture with wheat (Triticum aestivum L.) 

increased its %Ndfa relative to monoculture. The greater 

%Ndfa values observed in mixed cultures involving 

legumes and cereals was attributed to soil N depletion by 

cereals, which reduced nitrate inhibition of nodulation and 

nodule functioning (Streeter, 1988; Hardarson et al., 1988;  

Stern, 1993; Kerley and Jarvis, 1999). Crop plant densities 

and cropping patterns were found to have similar elevating 

effects on %Ndfa in symbiotic legumes (Fujita et al., 1990), 

as shown in this study. 

Of the five cowpea genotypes (Bensogla, Sanzie, 

Omondaw, ITH98-46 and TVu1509) assessed for symbiotic 

performance in this study, Sanzie (a farmer variety) 

consistently showed superior plant growth, as a result of 

better nodulation and nodule functioning (Tables 2 and 3). 

Because the δ15
N values of organs and whole plants were 

not significantly different in 2005 and 2006, except for cv. 

TVu1509, the rest of the genotypes showed similar %Ndfa 

values (Table 4). However, due to the differences in plant 

biomass, symbiotic N yield was found to be significantly 

higher in cultivar Sanzie in both 2005 and 2006 (Table 5), 

indicating that this farmer-selected variety is better adapted 

for intercropping as well as cultivation under different plant 

densities. As shown in this study, variation in symbiotic 

performance of legume genotypes is common (Kishinevsky  

et al., 1996), where many cultivars are assessed. As shown 

in Table 5, the amount of N-fixed by cv. Sanzie was 75.3 

and 86.5 kg N ha
–1 

for 2005 and 2006, respectively, while 

that of cv. ITH98-46 was 46.3 and 51.4 kg N ha
–1 

for 2005 

and 2006. The levels of N2 fixation obtained for cowpea in 

this study are within the range (9–201 kg N ha
–1

) estimated 

for this legume in on-station research (Peoples and  

Crasswell, 1992; Herridge et al., 1993; Dakora and Keya,  

1997), as well as in farmers’ fields (15–267 kg N ha
–1

, see  

Peoples et al., 1995). 

 
Interactive effects of plant density, cropping system and 

cowpea genotype on N2 fixation 

 

The data from this study also revealed significant 

interaction between plant density and cropping system. 

Whether planted as monoculture or mixed culture, N 

concentration of cowpea shoot was consistently higher at 

low plant density compared to high plant density in both 

2005 and 2006 (Figs. 1A and B), leading to greater shoot N 

content in the low-density cowpea plants growing in mixed 

or monocultures (Figs. 1D  and E). In 2006, the root N 

content of cowpea was also higher in low-density cowpea 

plants relative to high density in  both monoculture and 

mixed culture (Fig. 1C). These results suggest that plant 

density rather than cropping system controls the tissue N 

levels of cowpea organs such as shoots and roots. 

 

 

Figure 3. Interactive effects of plant density and genotypes on: 

A) Whole-plant N-fixed in 2005, B) Whole-plant N-fixed in 2006. 

 

 

 

However, dry matter accumulation by individual cowpea 

genotypes was found to depend on plant density. For 

example, at low plant density, cowpea cv. Sanzie 

produced significantly more root biomass than cvs, 

Bensogla and TVu1509 (Fig. 2A), which led to 

significantly greater plant total biomass in Sanzie compared 

to Bensogla and TVu1509 in 2005 and 2006 (Figs. 2B and 

C). At high plant density, however, there were no 

differences in dry matter accumulation by these genotypes 

at both organ and whole-plant level in 2005 and 2006 (Figs. 

2A–C). The increased root growth  by Sanzie (a farmer 

variety) at low plant density (which is similar to farmer 

practice) could be linked to its selection by farmers, as the 

trait directly influences nutrient/water uptake, and nodule 

formation for N2 fixation. It is therefore not surprising that 

cv. Sanzie, with a much better root development, showed 

the highest plant growth and N2 fixation during both 2005 

and 2006 (Tables 2 and 5). As shown in this study, cv. 

Sanzie also accumulated more shoot and total plant N at 

both low and high plant densities than cvs, Bensogla and 
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TVu1509 (data not shown), thus indicating the species’ 
ability to maintain a higher level of symbiotic N nutrition 

(Figs. 3A and B) despite any intense plant-to-plant 

competition for soil resources when planted in high 

densities. 

 
Agronomic implications of the study 

 

On per-plant basis, high density produced significantly 

reduced plant growth (15.9 vs. 20.5 g dry matter.plant
–1 

in 

2005, and 18.8 vs. 23.0 g dry matter.plant
–1 

in 2006), lower 

N-fixed (387.2 vs. 614.0 mg.plant
–1 

in 2005, and 442.7 vs. 

675.7 mg.plant
–1 

in 2006), and decreased grain  yield 

(14.0 vs. 21.4 g.plant
–1 

in 2005, and 15.6 vs. 22.2 g.plant
–1 

in 2006) relative to low density. However, on per-hectare 

basis, high density produced more biomass, more fixed-N 

(64.5 vs. 51.2 kg N.ha
–1 

in 2005, and 73.8 vs. 56.3 kg 

N.ha
–1 

in 2006), and more grain yield (2.3 vs. 1.8 t.ha
–1 

in 

2005, and 2.6 vs. 1.9 t.ha
–1 

in 2006) compared to low 

density. In agronomic terms, the greater biomass and larger 

amount of N-fixed at high plant density (Table 5) are more 

likely to enhance soil N fertility, and thus increase yields of 

succeeding crops. The greater grain yield per hectare with 

increasing plant density (Table 5) is also more likely to 

encourage farmer adoption of cowpea production in 

monoculture (i.e. high density), where land is readily 

available. The data in Table 5 show that cowpea cv. Sanzie 

fixed more N and produced more grain yield, and was 

therefore the best variety among the five genotypes. 

 

In conclusion, our data showed superior plant growth 

and N2 fixation in the three farmer-selected varieties 

(Sanzie, Bensogla and Omondaw) relative to the two 

improved cultivars. This implies greater potential  N 

contribution to cropping systems. Whether under low or 

high plant density, the cv. Sanzie produced significantly 

greater symbiotic N in both 2005 and 2006, followed by the 

other two farmer varieties, and last the improved cultivars. 

Similarly, the actual amount of N derived from fixation was 

much greater in cv. Sanzie, followed by the other farmer 

varieties under both low and high plant density. 

Furthermore, on per-plant basis, the data also showed better 

growth and greater symbiotic N yield in cowpea plants 

cultivated in monoculture (or low plant density) relative to 

those in mixed culture (or high plant density). Taken 

together, our results suggest that, in order to optimize for 

higher N2 fixation and N contribution in cropping systems 

for increased  agronomic yields, legume genotypes must 

first be evaluated for their levels of symbiotic fixation 

under robust field conditions, as done in this study. 
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