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Abstract 

Phosphorus is important for cowpea production and is inherently low in many tropical soils. Selection of cowpea 
genotypes that produce good yield under low soil P or those with high P response efficiency can be a low input 
approach in solving this problem. Therefore, the effect of root architecture and P application on the yield of 
cowpea and its P uptake were investigated. A screen house experiment was conducted at the International Institute 
of Tropical Agriculture (IITA) Ibadan, Nigeria. Three hundred cowpea genotypes obtained from the germplasm 
collection Unit of IITA were screened for number of root whorls and total number of roots using a completely 
randomized design with 12 replicates. Ten cowpea genotypes were further selected from the initial screening to 
determine the effect of three levels of P (0, 20 and 40 mg P kg-1 soil) application on their growth and nutrient 
uptake. The experiment was replicated three times. Phosphorus application significantly (p0.05) enhanced shoot 
and root dry weight, total biomass, number of nodules, nodules dry weight, N and P uptake of the cowpea 
genotypes investigated. Six cowpea genotypes exhibited increases in nodules dry weight with P application. There 
was no significant relationship between root architecture and P uptake (r = -0.13). The N and P uptake were 
enhanced by the application of P in the cowpea genotypes studied. In low P soil, IT97K-414-5 was efficient in P 
uptake and IT92KD-267-2 was efficient in N uptake. The two genotypes may produce cowpea lines suitable in low 
P soils when used as breeder lines.  

Keywords: Cowpea genotypes, Phosphorus response efficiency, Root architecture, Nutrient uptake 

1. Introduction 

Cowpea (Vigna unguiculata L. Walp) is a grain legume belonging to the family leguminosae. Its value lies in its 
high protein content and ability to tolerate drought. It also possesses the ability to fix atmospheric nitrogen through 
its nodules and thereby grows well in poor soils. Cowpea has been identified as one of the keys to crop-livestock 
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integration in the Sahelian region of Nigeria because of its drought tolerance, growth habit in sandy soils, its 
contribution to soil fertility improvement and its usefulness as food and fodder (Singh, 1999). 

Phosphorus is one of the most needed elements for crop production in many tropical soils. However, many tropical 
soils are deficient in P (Adetunji, 1995). The deficiency can be so acute in some soils that plant growth ceases as 
soon as the P stored in the seed is exhausted (Mokwunye et al., 1986). Soil P deficiencies primarily results from 
either inherent low levels of soils P or depletion of the P through cultivation. For sustainable food production to 
meet the increasing population in developing countries, the need for P fertilizer application is expected to increase 
(Brynes and Bumb, 1998). However, even when P fertilizers are applied to replenish soil fertility, about seventy to 
ninety percent of the P fertilizers are adsorbed and becomes locked in various soil P compounds of low solubility 
without giving any immediate consideration to crop production (Holford, 1997). Acquisition of P fertilizer by 
crops depends on soil and plant properties. Plants have evolved properties contributing to a more efficient use of 
available soil P and to mobilize P from less available soil P fractions. One of the properties evolved by plants in 
response to P availability is the modification of their root architecture. New crop varieties with improved root traits 
that are able to unlock and absorb P from bound soil P resources may be of additional value for increasing the 
efficiency of utilization of applied fertilizer (Abelson, 1999). 

Genotypic differences in the effects of P on nodulation (Ankomah et al., 1995) and yield (Jain et al., 1986; Tenebe 
et al., 1995; Sanginga et al., 2000) of cowpea have been reported previously. However, mechanisms by which 
these cowpea varieties exhibit differential abilities to grow at low or high P supply are not completely understood. 
A better understanding of cowpea varietal differences in P nutrition may help in breeding new lines for areas where 
fertilizers are scarce and expensive. Therefore, this study was aimed at determining the effects of root architecture 
and P application on the yield of cowpea and its P uptake were investigated 

2. Materials and Method 

2.1 Screening of Cowpea Genotypes for Variability in Number of Root Whorls 

The experiment was conducted at the International Institute of Tropical Agriculture (IITA) screen house between 
July and September 2007. The annual temperature ranges from 21o C to 30o C while the mean annual temperature 
was 28.1o C. The experimental design used was completely randomized design (CRD). Three hundred cowpea 
genotypes were used and each genotype was replicated twelve times. 

Beach sand collected from Lagos was acid-washed with concentrated hydrogen tetraoxosulphate VI acid (H2SO4) 
to remove the organic materials present in the sand and to reduce the salt content. A litre of H2SO4 was applied to 
20 kg of sand in 12 litres of water and left for 48 hours. The mixture was later rinsed with tap water until the pH of 
the sand was between 6 and 7. Two-hundred and fifty gram soil was weighed into the cup. The cowpea seeds were 
sown directly into the cups with four seeds sown per cup. The plants were terminated on the fifth day (seedling 
stage). The shoot was cut off at the soil surface and root carefully removed.  The data collected were the number 
of root whorls per plant and the number of lateral root per whorl. 

2.2 Effects of Phosphorus on Cowpea Genotypes 

The experiment was conducted at the screen house of IITA between October and November 2007 using 
completely randomized design and the treatments replicated three times. It was a factorial experiment with two 
factors, P application at 3 levels (0, 20 and 40 mgkg-1 soil) and 10 cowpea genotypes IT92KD--405-2, 
IT85D-3334-1, IT97K-414-5, IT98K-205-9, IT86D-330, IT93K-573-1, IT92KD-279-3, IT93K-2045-29, 
IT92KD-267-2 and IT93KZ-4-3-1-7. The genotypes were selected based on the screening in the first experiment. 
Five genotypes (first five) were randomly selected from those with high number of root whorls and the last five 
from those with low number of root whorls. 

Subsoil (20 to 40 cm) was collected from IITA-Ibadan and analyzed for macro and micronutrients. The subsoil 
was mixed with acid washed beach sand in the ratio of 1:1 and 2.5 kg of the mixture weighed into the pot for 
planting. 

Four seed were sown per pot and later thinned to two seven days after germination. 

2.3 Preparation and Application of the Nutrient Solution 

Modified Jensen’s nutrient solution (P free) was prepared as follows: the solution consists of stock solution I and II 
prepared separately. Solution I consists of 20 g MgSO4.7H2O, 20 g NaCl, 10 g FeCl3, 0.25 g KNO3 and distilled 
water to make up to one liter.  Solution II consists of 2.86 g H3BO3, 1.81 g MnCl2.4H2O, 0.22 g ZnSO4.7H20, 0.08 
g CuSO4.5H2O, 0.25 g NaMoO4.2H2O and distilled water to make up to one litre. To prepare 10 liters of nutrient 
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solution, 100 ml of solution I was added to 10 ml of solution II and distilled water to make up to 10 litres. The stock 
solution of P was prepared by dissolving 136.09 g of KH2PO4 in 1 litre of distilled water in a volumetric flask. 

The nutrient solution was applied a week after planting and at subsequent weeks with the application of distilled 
water in between because of the problem of salt accumulation. The P solution was also applied a week after 
planting. 

The plants were sprayed as at when required to prevent insect infestation with a mixture of 3 mls Sherpa plus 280 
EC (30 g/l cypermethrin and 250 g/l dimethoate as a water emulsifiable concentrate) and 1 ml of dimethoate 40 % 
EC (a.i. 0-dimethyl S-methylcarbamoylmethyl phosphorodithioate 40 % WW) making it up with water to one litre 
in a calibrated sprayer.  Harvesting was done six weeks after sowing. The plant samples were oven-dried at a 
temperature of 65oC after which the shoot was milled and analyzed for N and P content in the laboratory using 
auto-analyzer. 

2.4 Data Collection and Statistical Analysis 

Data were collected on root dry weight, shoot dry weight, total biomass, root whorls and their lateral root, number 
of nodules, nodules dry weight, nitrogen and P content of the shoot, nitrogen and phosphorus uptake of the plant. 
Analysis of variance was carried out on data using SAS PROC GLM (2003) and the means were separated using 
LSD. 

3. Results and Discussion 

3.1 Physical and chemical properties of the subsoil 

The subsoil used for the study was slightly acidic and low in organic matter (Table 1). The macro elements were 
below the critical levels required for the proper growth and development of cowpea. This indicates that the soil was 
depleted. The textural classification of the soil is loamy sand (Table 1). 

3.2 Variation in the number of root whorls of the cowpea genotypes 

Genotypic differences occurred in the number of whorls and total number of root of the 300 cowpea genotypes 
screened. All the 300 cowpea genotypes had a negatively skewed distribution pattern in the number of root whorls 
and were distributed into eight classes (Figure 1). The root whorl numbers ranged between 2 and 6 with 32 % of the 
genotypes having an average number of root whorl between 3.0 and 3.49. Seventeen percent of the genotypes were 
below the modal class while forty-five percent were above the modal class. The numbers of genotypes with 
number of root whorls above 5 were 4 while those below 2.5 were 5. This agrees with the findings of 
Roman-Aviles et al., (2004) who reported a marked difference in adventitious rooting of genotypes, which varied 
from 4 – 43 adventitious roots per plant among the bean genotypes screened in the field, and 0 – 8 adventitious 
roots per plant under green house conditions. Leon and Schwang (1992), Romer et al., (1988), and Atkinson (1991) 
had also reported large differences in root morphology and distribution between genotypes of plant species. 

3.3 Effect of P on the shoot and root dry weight of the cowpea genotypes  

The shoot dry weight and root dry weight for genotypes were not significantly different from each other. Only the 
application of 40 mg P kg-1 soil significantly increased the shoot and root dry weight (Table 2). With the 
application of 0 and 20 mg P kg-1 soil, shoot dry weight was significantly lower when compared to the application 
of 40 mg P kg-1 soil. All the genotypes with the exception of IT92KD--405-2 and IT93KZ-4-3-1-7 had increases in 
the shoot dry weight with increased P application. For the root dry weight, there was a significant difference 
(p0.05) between the application of 0 and 40 mg P kg-1 soil. Although, there was no interaction between genotypes 
and P rates, an increase of more than 100 % was observed in the root dry weights of IT92KD-405-2 and 
IT95K-2045-29 (Table 2). 

3.4 Effect of P on the number of nodules and the nodules dry weight  

The application of P at 40 mg P kg-1 soil significantly increased the number of nodules in all the cowpea genotypes 
studied, however the number of nodules was not significantly influenced by genotype. The increase in number of 
nodules as the P rate applied increases confirms the findings of Luse et al., (1975); Agboola and Obigbesan (1977), 
where they reported increases in the number of nodules in cowpea due to P application. IT97K-414-5, 
IT98K-205-9 and IT86D-330 did not nodulate under 0 mg P kg-1 soil (Table 3), this indicates that P is essential for 
nodule formation in cowpea. 

The genotypes were significantly different from each other (p<0.05) with reference to nodules dry weight (Table 
3). There was a highly significant interaction between the genotypes and the P rates under nodules dry weight 
which suggests that some genotypes are able to use P more efficiently than others. The genotypes exhibit 
differential responses in nodules dry weight; this is in agreement with the findings of Ankomah et al., (1995), 
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where they observed genotypic differences in the effect of P on nodulation. IT92KD-267-2 had significantly 
higher mean nodule dry weight when compared to other genotypes. The nodule dry weight under P rates applied 
are also significantly different (p<0.001) from each other. The nodule dry weight at 0 and 20 mg P kg-1 soil were 
significantly lower compared with 40 mg P kg-1 soil. The nodules dry weight increases with P application except 
IT85D-3334-1 and IT92KD-267-2. Although IT85D-334-1 and IT92KD-279-3 had some nodules the nodules dry 
weight were negligible at 0 mg P kg-1 soil for the formal and under 0 and 20 mg P kg-1 soil for the later. 
IT92KD--405-2 and IT93KZ-4-3-1-7 had higher number of nodules at 0 mg P kg-1 soil than at 20 mg P kg-1 but the 
nodules dry weight were higher at 20 mg P kg-1 indicating P response efficiency. The increase in nodules dry 
weight with P application also confirms the work of Kolawole et al., (2002), where they reported that 60 % of the 
cowpea lines studied had higher nodules weight with P application.  

3.5 Effect of P on the root architecture of the cowpea genotypes 

Significant genotypic differences (p< 0.001) were observed in the number of root whorls (Table 4). IT92KD-279-3, 
IT93K-2045-29 and IT92KD-267-2 were significantly lower compared to the other genotypes except 
IT93K-573-1. The cowpea genotypes with high number of whorl in the first experiment also exhibited high 
number of whorls in the second experiment. Four out of the ten cowpea genotypes (IT92KD--405-2, IT98K-205-9, 
IT86D-330 and IT93K-573-1) had the same number of root whorl even with the application of P. There was no 
significant difference in the number of root whorls under the three different P rates. Also, there was no interaction 
between the genotypes and the different P rates. Other genotypes with the exception of IT93K-2045-29 had the 
highest number of whorls at 0 mg P kg-1 soil, this suggests that P application decreases whorl formation in cowpea. 
However Basu et al., (2007), observed that neither the number of basal roots nor the number of whorls was 
affected by phosphorus availability, pointing to the fact that basal roots emerge while seedling growth is still 
dependent on cotyledonary reserves. 

Genotype, P rate and their interaction significantly affected total number of roots (Table 4). P application at 0 and 
20 mg P kg-1 soil were significantly different. IT92KD--405-2, IT85D-3334-1 and IT98K-205-9 had the highest 
total number of root at 0 mg P kg-1 soil. When compared with other P rates IT92KD--405-2, IT85D-3334-1, 
IT98K-205-9 and IT92KD-267-2 had the highest total number of root at 0 mg P kg-1 soil. 

3.6 Effect of P on the total biomass of the cowpea genotypes 

The total biomass was significantly (p<0.001) influenced by the application of P. The mean total biomass at 40 mg 
P kg-1 was significantly higher than at the other rates of P applied (Table 5). The genotypes were not significantly 
different from each other. Also there was no interactive effect between the genotype and P application. 

3.7 Effect of P on the N and P uptake of the cowpea genotypes 

Application of P significantly increased the N uptake (Table 6). The genotypes responded differently to P 
application. IT92KD-267-2 had the highest N uptake. This showed that the genotype had high response efficiency 
with P application despite the fact that the P uptake was not high.  

This efficient use of P could be seen in the number of nodules and the nodules dry weight. The genotype also had 
the highest mean shoot dry weight. Hence, genotypic differences that occur in nutrient uptake are important 
determinants of nutrient use efficiency. Marschener, (1998) stated that these differences could be related to root 
size and morphology and/or root physiology. This is in contrast to the findings in this study because 
IT92KD-267-2 had low number of whorls and corresponding total number of roots. However, it has been noted 
that the high P use efficiency of different cover crops, legume species (Horst et al., 2001), L. albus (Gardner and 
Boundy 1983), cowpea genotypes (Krasilnikoff et al., 2003; Sanginga et al., 2000), and faba bean (Nuruzzaman et 
al., 2005) could be related to their capability to acquire P from sparingly available P sources. 

Genotype, P rate and their interaction significantly affected the P uptake. Application of 40 mg P kg-1 soil was 
significantly higher than other rates (Table 6). The P uptake among the cowpea genotypes increased with the 
application rate except for IT85D-3334-1, IT97K-414-5 and IT98K-205-9. The mean P uptake increased 
significantly with applied P rate. The increase in P uptake could result in N2 fixation and this supports the work of 
Hogh-Jensen et al. (2002), where they reported an improvement in grain legume growth and N fixation owing to P 
application due to the high P requirement for N fixation. IT93K-573-1 had the highest P and N uptake at 40 mg P 
kg-1 soil. This same genotype at 40 mg P kg-1 soil had the highest shoot dry weight, total biomass, was the second 
highest in root dry weight as well as nodules dry weight. These suggest that the genotype had good response to P 
application. The response of cowpea genotypes to P application in terms of shoot dry weight, root dry weight, 
number of nodules, nodules dry weight, N and P uptake showed that P is an important nutrient element affecting 
the yield of cowpea. This corroborate the findings of Kolawole et al., (2002) where they observed that P fertilizers 
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significantly enhanced shoot, root and grain dry weights of cowpea. Okeleye and Okelana (1997) also observed 
significant increase in nodulation, grain yield and total dry matter for cowpea varieties in response to P application.  

3.8 Correlation coefficient of the parameters examined 

All the parameters are positively correlated with each other. All the parameters except the N and P uptake had a 
low correlation (Table 7). The N and P uptake had a high positive significant correlation among each other. Total 
biomass had significant correlation with all other parameters. The root dry weight was not significantly correlated 
with other parameters except the total biomass. The number of root whorls and total number or root had significant 
correlation with each other. The total number of root had a low positive correlation with N uptake but was 
negatively correlated with P uptake (Table 8). The number of root whorls had a negative correlation with N and P 
uptake. 

4. Conclusion 

The exploitation of genotypic differences in P acquisition from less available sources by legumes is of concern to 
scientist in sub Saharan Africa. This is particularly important because of the effect of P in improving productivity 
and in enhancing soil fertility through nitrogen fixation. Crop genotypes with greater P acquisition efficiency 
would be of great importance in ensuring food security in developing countries, where many regions have low 
fertility soils and inadequate fertilizer inputs.  

IT93K-573-1 had the highest P and N uptake at 40 mg P kg-1 soil. This same genotype at 40 mg P kg-1 soil had the 
highest shoot dry weight, total biomass, was the second highest in root dry weight as well as nodules dry weight. 
These suggest that the genotype had good response to P application and would be efficient in improving soil 
fertility through nitrogen fixation. 
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Table 1. Characteristics of the subsoil at a depth of between 20 and 40 cm 

Soil properties Value 
pH (H2O) 5.2 
OM (g/kg) 9.50 
N (g/kg) 0.57 

P (mg/kg) 1.61 
Ca (cmol/kg) 1.28 
Mg (cmol/kg) 0.38 
K (cmol/kg) 0.15 
Na (cmol/kg) 0.12 
Zn (mg/kg) 3.82 
Cu (mg/kg) 2.39 
Mn (mg/kg) 93.91 
Fe (mg/kg) 53.19 
Sand (g/kg) 800 
Clay (g/kg) 80 
Silt (g/kg) 120 

Textural class Loamy sand 
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Table 2. Shoot and root dry weights of cowpea genotypes as affected by P application rate under screen house 
condition at six weeks after sowing 

 Shoot dry weight (g/pot) Root dry weight (g/pot) 
Genotypes P rate (mg kg-1 soil) P rate (mg kg-1 soil) 
 0 20 40 Mean 0 20 40 Mean 
IT92KD--405-2 1.16 1.59 1.39 1.38 0.33 0.68 0.80 0.60 
IT93KZ-4-3-1-7 1.41 1.45 1.29 1.38 0.67 0.65 0.79 0.70 
IT85D-3334-1 1.33 1.75 1.91 1.66 0.53 1.11 0.61 0.75 
IT97K-414-5 1.31 1.58 1.59 1.49 0.41 0.47 0.45 0.44 
IT98K-205-9 1.73 1.04 1.94 1.57 0.49 0.66 0.78 0.64 
IT86D-330 1.11 1.01 1.81 1.31 0.55 0.27 0.71 0.51 
IT93K-573-1 1.35 1.26 2.19 1.60 0.59 0.37 0.88 0.61 
IT92KD-279-3 0.92 1.24 1.38 1.18 0.32 0.42 0.46 0.40 
IT93K-2045-29 1.07 1.56 1.67 1.43 0.33 0.65 1.23 0.74 
IT92KD-267-2 1.31 1.77 1.91 1.66 0.69 0.42 0.58 0.56 
Mean 1.27 1.42 1.71  0.49 0.57 0.73  
LSD         
Genotypes (G) 0.39  0.31   
P rate (P) 0.22  0.17   
G  P 0.68  0.54   
ANOVA         
Genotypes (G) ns    ns   
P rate (P) ***    *   
G  P ns    ns   

ns – not significant * - significant at p< 0.05 *** - significant at p< 0.001 

Table 3. Phosphorus application effect on the nodulation of cowpea genotypes under screen house condition at six 
weeks after sowing 

 Number of nodules Nodules dry weight (g/pot) 
Genotypes P rate (mg kg-1 soil) P rate (mg kg-1 soil) 
 0 20 40 Mean 0 20 40 Mean 
IT92KD--405-2 5 3 14 8 0.001 0.008 0.027 0.012 
IT93KZ-4-3-1-7 10 9 9 9 0.007 0.010 0.019 0.012 
IT85D-3334-1 4 18 18 14 0 0.040 0.017 0.019 
IT97K-414-5 0 8 9 5 0 0.002 0.011 0.004 
IT98K-205-9 0 4 7 4 0 0.011 0.015 0.009 
IT86D-330 0 3 24 9 0 0.002 0.025 0.009 
IT93K-573-1 7 6 12 8 0.004 0.002 0.031 0.013 
IT92KD-279-3 1 3 6 4 0 0 0.005 0.002 
IT93K-2045-29 5 11 15 10 0.001 0.010 0.025 0.012 
IT92KD-267-2 14 5 27 15 0.014 0.001 0.130 0.049 
Mean 5 7 14  0.003 0.009 0.031  
LSD         
Genotypes (G)  10    0.026   
P rate (P)  5    0.014   
G  P  17    0.040   
ANOVA         
Genotypes (G)  ns    *   
P rate (P)  **    ***   
G  P  ns    *   

ns – not significant   ** - significant at (p< 0.01) 

* - significant at (p< 0.05)  *** - significant at (p< 0.001) 
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Table 4. Phosphorus application effect on the root architecture of cowpea genotypes under screen house condition 
at six weeks after sowing 

 Number of whorls Total number of roots 
Genotypes P rate (mg kg-1 soil) P rate (mg kg-1 soil) 
 0 20 40 Mean 0 20 40 Mean 
IT92KD--405-2 4 4 4 3.89 10 8 8 8.39 
IT93KZ-4-3-1-7 4 3 4 3.44 8 6 9 7.44 
IT85D-3334-1 5 4 4 4.39 10 9 9 9.28 
IT97K-414-5 4 3 4 3.61 8 7 8 7.61 
IT98K-205-9 4 4 4 3.94 9 8 8 8.44 
IT86D-330 4 4 4 3.72 8 8 9 8.33 
IT93K-573-1 3 3 3 3.11 7 6 8 6.61 
IT92KD-279-3 3 3 2 2.56 6 6 4 5.28 
IT93K-2045-29 2 3 3 2.67 4 8 5 5.72 
IT92KD-267-2 3 2 3 2.67 7 5 6 5.72 
Mean 3.55 3.23 3.42  7.65 6.82 7.38  
LSD         
Genotypes (G)  0.59    1.39   
P rate (P)  0.32    0.77   
G  P  1.02    2.43   
ANOVA         
Genotypes (G)  ***    ***   
P rate (P)  ns    *   
G  P  ns    *   

ns – not significant * - significant at (p< 0.05) *** - significant at (p< 0.001) 

Table 5. Effects of P Application on the Total Biomass of Cowpea Genotypes under Screen house condition at six 
weeks after planting 

 Total biomass (g/pot) 
     P rate (mg kg-1) soil 
Genotypes 0 20 40 Mean 
IT92KD--405-2 1.48 2.27 2.19 1.98 
IT93KZ-4-3-1-7 2.08 2.10 2.09 2.09 
IT85D-3334-1 1.87 2.86 2.52 2.42 
IT97K-414-5 1.72 2.05 2.04 1.94 
IT98K-205-9 2.22 1.70 2.71 2.21 
IT86D-330 1.66 1.27 2.52 1.82 
IT93K-573-1 1.93 1.63 3.07 2.21 
IT92KD-279-3 1.24 1.66 1.85 1.58 
IT93K-2045-29 1.39 2.22 2.90 2.17 
IT92KD-267-2 2.00 2.19 2.48 2.23 
Mean 1.76 1.99 2.44  
     
LSD     
Genotype (G)  0.49   
P rate (P)  0.27   
G  P  0.84   
ANOVA     
Genotype (G)  ns   
P rate (P)  ***   
G  P   ns     

ns – not significant  ***- significant at (p< 0.001) 
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Table 6. Phosphorus application effect on N and P uptake under screen house condition at six weeks after sowing 

   N uptake     P uptake   
Genotypes P rate (mg kg-1soil) P rate (mg kg-1soil) 
 0 20 40 Mean 0 20 40 Mean 
IT92KD--405-2 3.99 5.16 4.29 4.48 0.13 0.27 0.25 0.22 
IT93KZ-4-3-1-7 2.41 4.47 3.70 3.53 0.10 0.19 0.21 0.16 
IT85D-3334-1 3.66 4.66 4.59 4.30 0.15 0.23 0.18 0.19 
IT97K-414-5 4.83 4.86 5.06 4.92 0.18 0.28 0.20 0.22 
IT98K-205-9 4.92 2.94 4.98 4.28 0.18 0.17 0.29 0.21 
IT86D-330 3.53 3.63 5.14 4.10 0.13 0.13 0.30 0.19 
IT93K-573-1 4.39 3.77 5.92 4.70 0.17 0.24 0.35 0.26 
IT92KD-279-3 3.16 3.40 4.20 3.59 0.14 0.16 0.25 0.18 
IT93K-2045-29 3.91 4.46 4.45 4.27 0.14 0.24 0.25 0.21 
IT92KD-267-2 4.68 4.63 5.69 5.00 0.15 0.18 0.28 0.20 
Mean 3.95 4.20 4.80  0.15 0.21 0.26  
         
LSD         
Genotype (P)  0.67     0.05  
P rate(P)  0.37     0.03  
G  P  1.16     0.08  
ANOVA         
Genotype (P)  ***     *  
P rate(P)  ***     ***  
G  P   **          **   

* - significant at (p< 0.05) ** - significant at (p< 0.01)   *** - significant at (p< 0.001) 

 
Table 7. Correlation Coefficient Relationship between Shoot and Root Dry Weight, Total Biomass, Number of 
Nodules, Nodules Dry Weight, N and P Uptake 

  
Shoot dry 
weight 

Root dry 
weight 

Total 
Biomass 

Number of 
nodules 

Nodules dry 
weight 

N 
uptake 

P 
uptake

Shoot dry weight 1       

Root dry weight 
0.19 

 1     
Total biomass 0.84*** 0.70*** 1     
Number of 
nodules 0.34** 0.10 0.30** 1    
Nodules dry 
weight 0.24* 0.08 0.22* 0.44*** 1   
N uptake 0.34** 0.14 0.32** 0.30** 0.31** 1  

P uptake 0.36*** 0.20 0.37*** 0.27* 0.37*** 0.64***
 

     1 

*- significant at p < 0.05 **- significant at p < 0.01 ***- significant at p < 0.001 
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Table 8. Correlation Coefficient Relationship between N and P Uptake, Number of Root Whorl and Total Number 
of Roots 

  N Uptake P Uptake Whorls Total root

N Uptake 1.000    

P Uptake 0.73*** 1.000   

Whorls -0.12 -0.13 1.000  

Total root 0.04 -0.05 0.89*** 1.000 

***- significant at p < 0.001 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Variation in number of root whorls among 300 cowpea genotypes 

Bar represents standard error. 
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