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ABSTRACT 
 

Pot experiments were performed in the greenhouse of the National Research Centre, Cairo, Egypt, to study 
the response of cowpea plants (Vigna sinesis) to different forms of nitrogen i.e. urea and ammonium nitrate at 
rates 0, 50, 75 and 100 kg N/fed. with or without cobalt application (0.0 and 7.5 ppm) on vegetative growth 
parameters, yield and nutrient status of cowpea plants which grown in El-Nobaria farm as a newly reclaimed 
soil. The obtained results indicated that addition of cobalt (7.5 ppm) significantly increased plant height, plant 
fresh and dry weight either shoots or roots, nodules number and the contents of elements (N, P, K, Co and Mn) 
except iron in the different parts of cowpea plants. Also, there was a markedly increase in number of pods per/ 
plant, length, diameter and weight of pods, yield parameters, as well as protein percentage of grains as compared 
to plants which untreated with cobalt. Nitrogenous forms and rates treatments significantly increased all the 
vegetative growth, pod characters and nutrients content as compared to control treatment. The highest values of 
growth characters yield, yield components, the content of nutritional elements, uptake of N, P and K in grains 
and protein were obtained by addition of urea fertilizer except K content followed by ammonium nitrate in 
decreasing order. The increase of N levels up to 100 kg N/fed. significantly increased all mentioned parameters, 
followed by 75 and 50 kg N/fed.. in decreasing order. The highest values of all studied parameters except iron 
content were obtained by cobalt addition (7.5 ppm) in combination with rate of 100 kg N/fed. as urea fertilizer. 
Data notice that simple correlation between Co and N, P; K content was highly positive with r values 0.815**, 
0.869** and 0.674**, respectively. Also, Co correlated positively with no. of pods/plant (0.793**), pods 
weigh/plant (0.834**) and protein content (0.781**).  
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Introduction 
 
 Cowpea (Vigna sinesis, L.) is a summer vegetable legume crop and considered as one of the most important 
leguminous vegetables crops grown in Egypt since long time sever as a good source of protein, carbohydrate 
and other nutrients (Siam 2008). Efforts have been made to increase the seeds production in many leguminous 
crops in Egypt to serve the need of increasing population Christensen and Meints (1982) and Siam (2008) 
reported that the addition of N as urea with different rates of N increased all growth parameters and yield than 
ammonium nitrate. 
 Sandy soil should constitute a substantial part of Egyptian cultivated land now and in future. It mainly 
characterized by light texture, weak structure, very low in organic matter, water retention and nutrients contents. 
Intensive efforts were directed to use soil consigner to increase productivity of such soil (Yinbo et al 1997, 2004 
and Siam, 2008) reported that, although leguminous crops can use atmospheric N2 as nitrogen source, they are 
generally more productive when grown with additional NO-

3 or NH4
+. 

 For cowpea plants many investigators obtained results which supported using the nitrogen fertilizers for 
vegetable for example (Ahmed, 2006 and Siam, 2008) reported that nitrogen is considered the first essential 
nutrient element for plants and microorganisms, respectively. Hosseini et al (2003) reported that cowpea 
produced the maximum grain yield of 820 kg /ha of urea application 
 Mishra and Baboo (2002) and Singh et al, (2006) found that all parameters of pods and growth vegetative 
and seed weight, the length of primary root, weight of pods per plant, seed weight and stover per plant, seed 
yields and protein content markedly increased with each successive increase in N levels over control by cowpea 
plants. 
 Cobalt is important in the plant world. Bacteria on root nodules of legumes require cobalt and other trace 
elements to synthesize B12 and fix nitrogen from air. The addition of cobalt increased the nodules formation of 
root and atmospheric N fixation by micro organisms which increased the N content in cowpea plants more than 
the addition of organic fertilizers alone (Abd El-Moez and Nadia Gad, 2002 and Hala Kandil, 2007). Also they 
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stated that cobalt addition had a promotive effect for better status N, P and K, Co and Mn contents. Such 
treatment found that cobalt and iron were competitive elements in the nutrition of tomatoes, cowpea, ground nut 
and faba bean plants.  
 The objectives of this study are to evaluate the effect of nitrogen forms and rates with or without cobalt 
addition on vegetative growth parameters, pods characters, yield and nutrient status of cowpea plants. 
 
Materials and Methods 
 
 This investigation was conducted in the greenhouse of the National Research Centre (NRC), Cairo, Egypt. 
Soil sample was collected from NRC farm in El-Nobaria, El-Behera Governorate. Some physical and chemical 
properties of the used soil are determined by Cottenie et al., (1982) and represented in Table (1). Two nitrogen 
fertilizers were used namely urea (46 % N) and ammonium nitrate ( 33.5 % N). Four rates of nitrogen fertility 0, 
50, 75 and 100 kg N/fed., represent (0, 50, 75 and 100 % of N recommended dose) with and without the soil 
addition of 7.5 ppm cobalt sulphate. The basic amounts of added mineral fertilizers were 150 kg/fed. 
superphosphate and 50 kg/fed. potassium sulphate. 
 
Table 1: Some physical and chemical properties of the studied soil. 

Particle size distribution %  Field capacity  
% Sand  Silt Clay Texture 

82.6 14.6 2.8 Sandy loam 14.4 
Chemical properties 

EC 
dSm-1 

pH 
(1:2.5) 

CaCO3 
% 

OM 
% 

Cobalt (ppm) 
Soluble Available Total 

0.32 8.0 4.17 0.12 0.34 1.67 7.66 
Soluble cations (meq/l) Soluble anions (meq/l) 

Ca++ Mg++ K+ Na+ CO=
3 HCO-

3 Cl- SO=
4 

1.5 1.5 0.16 1.18 0.0 0.6 1.8 0.84 
Total N 

(mg/100 g) 
Available macro and micronutrients (ppm) 

P K Fe Mn Zn Cu 
15.1 13 123 4.47 2.61 1.44 4.0 

 
 The experiment was carried out in design randomized was factorial experimental in completely with three 
replicates in plastic pots, the pots were filled with 10 kg of air dried soil to study the response of cowpea plants 
to nitrogen forms rates with or without cobalt addition. Seeds of cowpea (Vigna sinesis, L.) which were 
previously inoculated with specific strains of cowpea Rhizobia (okadin) were sow in each pot by pressing them 
into soil to depth of 1 cm. The pots were watered daily to 60 % of water holding capacity by weighting pot, after 
15 days the seedlings were thinned out to four seedlings per pot and allowed for a period of 90 days. At harvest 
time data recorded on the following characters: growth parameters and pods characters were calculated. All the 
soil and plant analysis was determined using the standard methods scribed by Jackson, 1973 and Lindsay and 
Norvell, 1978. 
 Total protein of cowpea seeds was calculated as total N % x 6.25 
 All data were subjected to statistical analysis according to procedure outlined by Snedecor and Cochran 
(1980). Treatment means were compared by LSD test. 
 Four rates of nitrogen fertilizer (46 % of N) as urea and (33.5 % of N) as ammonium nitrate at the rate of 0, 
50, 75 and 100 kg N/fed. represent (0, 50, 75 and 100 % of N recommended dose.  
 
Results and Discussion 
 
Vegetative Growth Characters: 
 
A) Effect Of Nitrogen Forms And Rates: 
 
 Vegetative growth parameters namely plant height, number of nodules/plant, both fresh and dry weight 
either shoots or roots of cowpea plants grown on El-Nobaria soil as influence by factors forms and rates of 
nitrogen fertilizer with or without cobalt applied are presented in Table (2) and Fig. (1 – 8).  
 Data show that all vegetative growth parameters were increased significantly as a result of application of 
various forms and rates of N fertilizer with or without cobalt comparing with the control. 
 It could be concluded that, in spite of the cowpea plants is one of the legume which can fixed the 
atmospheric nitrogen through its bacterial nodules, hence these forms cause a promotion for building the 
bacterial on cowpea plants roots. This point was studied previous by many investigators such as Sangakkara et 
al, (1999) and Siam (2008). All of them reported that, its necessary to supply legumacae plant by N to increase 
the activity of bacterial nodules. Also nitrogen is considered the first essential nutrient element for plant and 
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microorganisms. Also, N acquisition is one of the most important factors for plant production and N 
contribution from biological N2 fixation ( Carlson and Huss-Danell, 2003).  
 On the other hand, Baboo and Mishra (2004) found that plants height, number of nodules and dry matter 
accumulation increased with increasing levels of N. In addition with increasing the rate of N forms 100 % Kg 
N/fed. resulted in the best values of plant growth. Also, results in Table (2) and Figs. (1-8) indicated that all 
vegetative growth parameters were increased as a result of application of various forms of nitrogen. In the same 
Table and Figs., among the available forms of nitrogenous fertilizers, addition of urea with different rates of N 
increased all growth parameters than ammonium nitrate and control. The height efficiency of urea compared to 
ammonium nitrate could be attributed to the positive effects of NH+

4 as urea compared to NO-
3 was applied as 

ammonium nitrate. 
 
Table 2: Vegetative growth characters of cowpea plants as affected by various forms and rates of nitrogen with or without cobalt addition. 

Nitrogen 
forms 
(A) 

Nitrogen 
levels kg/fed 

(B) 

Cobalt 
Ppm 
(C ) 

Plant 
length cm 

  
No. nodules 
/plant 

Roots (g/plant) Shoots (g/plant)  

F.W D.W F.W D.W 
NH4NO3 N0 0 22.0 2 1.6 0.8 31.0 9.3 

    7.5 28.0 3 1.9 1.2 37.0 10.7 
    Mean  25.0 2.5 1.7 1.0 34.0 10.0 
  N50 0 30.0 5 2.3 1.3 48.0 12.3 
    7.5 36.0 7 3.2 1.5 53.0 14.9 
    Mean  33.0 6 2.7 1.4 50.5 13.6 
  N75 0 35.0 7 3.6 1.4 54.7 14.1 
    7.5 41.0 9 4.2 1.9 62.0 16.8 
    Mean  38.0 8 3.9 1.6 58.3 15.4 
  N 100 0 39.0 8 3.9 1.5 56.1 16.2 
    7.5 42.0 11 5.6 2.1 65.0 17.4 
    Mean  40.5 9.5 4.8 1.8 60.5 16.8 
    MEAN 34.1 6.5 3.3 1.4 50.8 13.9 

Urea N0 0 22.0 2 1.6 0.8 31.0 9.3 
    7.5 28.0 3 1.9 1.2 37.0 10.7 
    Mean  25.0 2.5 1.7 1.0 34.0 10.0 
  N50 0 34.0 7 2.9 1.6 53.9 14.9 
    7.5 39.0 9 3.9 1.7 59.0 16.2 
    Mean  36.5 8 3.4 1.6 56.4 15.5 
  N75 0 41.0 9 4.3 2.0 59.1 17.7 
    7.5 48.0 11 5.5 2.4 68.0 19.7 
    Mean  44.5 10 4.9 2.2 63.5 18.7 
  N 100 0 45.0 10 4.8 2.3 62.9 19.5 
    7.5 50.0 13 6.8 2.7 72.0 20.9 
    Mean  47.5 11.5 5.8 2.5 67.4 20.2 
    MEAN  38.4 8.0 4.0 1.8 55.3 16.1 

LSD 5% A   0.689 0.441 0.017 0.04 0.63 0.53 
B   0.975 0.62 0.025 0.057 0.899 0.61 
C   0.689 0.44 0.017 0.04 0.63 0.53 

A x B   1.3 0.93 0.029 0.09 0.15 0.14 
A x C   ns ns 0.03 ns ns 0.18 
B x C   ns 0.52 0.028 0.06 1.09 0.12 

AxBxC   ns ns 0.033 0.093 ns 0.22 
F.W: Fresh weight, D.W: dry weight 
 

 
 

Fig. 1: Root fresh (R.F.W.) and dry weight (R.D.W.) as affected by nitrogen forms with or without Co. 
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Fig. 2: Shoot fresh (S.F.W.) and dry weight (S.D.W.) as affected by nitrogen forms with or without Co. 
 

 
 
Fig. 3: Root fresh (R.F.W.) and dry weight (R.D.W.) as affected by nitrogen levels with or without Co. 
 

 
 
Fig. 4: Shoot fresh (S.F.W.) and dry weight (S.D.W.) as affected by nitrogen levels with or without Co. 
 

 
Fig. 5: Plant length as affected by nitrogen forms with or without Co. 
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Fig. 6: Plant length as affected by nitrogen levels with or without Co. 
 

 
 
Fig. 7: Nodules no/plant as affected by nitrogen forms with or without cobalt. 
 

 
 
Fig. 8: Nodules no/plant as affected by nitrogen levels and with or without cobalt. 
 
 On nodulation and growth parameters have been reported for various legume species (Imsande, 1998 and 
Vessey and Luit, 1999) these differential responses might be associated with differences in plant gyno-type, 
Rhizobium strains, mineral N concentration and timing of application and grow the condition. On the other 
hand, ammonium nitrate fertilizer may be subjected to loss through leaching and denitrification processes 
(Bardisi and Abd El-Bary, 2000). 
 Similar results were obtained by many investigators: i.e. Hosseini et al, 2003, and Siam 2008). On the other 
hand results show that increasing N levels forms to 100 % of the recommended dose significantly increased all 
growth parameters (Figs. 3 & 4), this may be due to the high increase in plant growth criterion and in turn 
increase the production yield. The obtained result are in full agreement with those obtained by Amans and 
Slangen (1993) and Silverira et al, (2001). 
 Generally the highest values of all growth parameters were recorded when cowpea received urea fertilizer 
at 100 kg N/fed. 
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B) Effect Of Cobalt On: 
 
 Nitrogen forms or rates of treatments with cobalt reveal that significantly increased all the yield parameters 
compared to nitrogen forms treatments without cobalt (Figs 1-8). 
 Subasinghe et al, (2003) and Hala Kandil and Abdel-Fattah (2008) stated that the application of cobalt 
increased nodulation. The highest value of dry weight (20.9 -2.7 gm) either shoots or roots of cowpea plants 
production were obtained when 7.5 ppm cobalt with 100 kg N/fed. as urea fertilizer was used. These results are 
in harmony with those of Sowiciki (2002) who found that cobalt increased fodder hay yield compared to NPK 
fertilizers alone. Cobalt increased the effect of 100 kg N/fed. as urea fertilizer on dry weight (roots and shoots) 
by 15.4 and 14.4 %, respectively compared with urea alone on cowpea plants. Favorable growth response 
associated with low catalse and peroxidase enzymes activities more than the high levels of cobalt.These 
enzymes are known to induce plant respiration possibly resulting in successive consumption for products of 
photosynthesis and subsequently reduction in plant growth (Flanagam and Owens, 1985 and Hala Kandil, 2007). 
 
Effect Of Nitrogen Forms And Rates With Cobalt On Macronutrients Status Of Shoots And Roots: 
 
 Table (3) and Figs. (9-11) shows that the effect of various forms and rates of nitrogen application with 
cobalt had significant beneficial effect on the concentration of (N, P and K) either shoots or roots of cowpea 
plants compared to control. Also, it was noticed that the addition of nitrogen form as urea fertilizer combination 
with cobalt at 7.5 ppm increased significantly roots and shoots content of N, P and K compared to control, but 
the effect was more at N and P, was less at K compared to NH4 NO3 fertilizer. These values of N and P content 
were higher in shoots and roots of cowpea plants with urea application at rate 100 kg N/fed with cobalt and they 
were 1.61, 0.58 and 1.23, 1.41 % for shoots and roots, respectively. While K content gave the highest values in 
shoot and root when NH4NO3 used at rate of 100 kg N/fed with cobalt application and they were 2.10 and 0.48 
% in same sequences 
 
Table 3: Macronutrients content in roots and shoots of cowpea plants as affected by various forms and rates of nitrogen with or without 

cobalt addition. 

Nitrogen forms 
(A) 

Nitrogen 
levels 
kg/fed 

(B) 

Cobalt 
ppm 
(C ) 

Roots  Shoots  

N % P % K % N % P % K % 

NH4NO3 N0 0 0.21 0.07 0.17 0.46 0.22 1.10 
    7.5 0.28 0.10 0.19 0.68 0.26 1.25 
    Mean  0.25 0.09 0.18 0.57 0.24 1.18 
  N50 0 0.33 0.15 0.28 1.05 0.29 1.56 
    7.5 0.49 0.20 0.35 1.14 0.32 1.69 
    Mean  0.41 0.18 0.32 1.10 0.31 1.63 
  N75 0 0.59 0.19 0.36 1.17 0.36 1.67 
    7.5 0.68 0.24 0.43 1.27 0.39 1.90 
    Mean  0.64 0.22 0.40 1.22 0.38 1.79 
  N100 0 0.71 0.29 0.38 1.26 0.41 1.79 
    7.5 0.86 0.38 0.48 1.33 0.47 2.10 
    Mean 0.79 0.34 0.43 1.30 0.44 1.95 
    MEAN 0.52 0.21 0.33 1.05 0.34 1.64 

Urea N0 0 0.21 0.07 0.17 0.46 0.22 1.1 
    7.5 0.28 0.1 0.19 0.68 0.26 1.25 
    Mean  0.25 0.09 0.18 0.57 0.24 1.18 
  N50 0 0.65 0.21 0.2 1.18 0.35 1.35 
    7.5 0.8 0.27 0.28 1.25 0.41 1.55 
    Mean  0.73 0.24 0.24 1.22 0.38 1.45 
  N75 0 0.89 0.23 0.31 1.29 0.41 1.48 
    7.5 1.07 0.31 0.35 1.41 0.49 1.68 
    Mean  0.98 0.27 0.33 1.35 0.45 1.58 
  N100 0 1.11 0.36 0.35 1.45 0.49 1.6 
    7.5 1.23 0.41 0.42 1.61 0.58 1.75 

    Mean 1.17 0.39 0.39 1.53 0.54 1.68 
    MEAN 0.78 0.25 0.29 1.17 0.40 1.47 

LSD 5% A   0.014 0.007 0.005 0.011 0.007 0.013 
B   0.020 0.009 0.007 0.016 0.100 0.018 
C   0.014 0.007 0.005 0.011 0.007 0.021 

A x B   0.023 0.011 0.009 0.019 0.012 0.021 
A x C   ns ns 0.009 ns 0.012 0.021 
B x C   0.023 0.01 0.01 0.019 ns ns 

AxBxC   0.039 0.02 0.013 0.02 0.015 0.03 
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 These results are in a good agreement with those found by Abd El-Moez and Nadia Gad (2002) and Hala 
Kandil (2007) who stated that cobalt addition had a promotion effect for better status of N, P and K in tomato 
and cowpea plant.  
 Generally, data (Table 3) show that the content of shoots from N, P and K values (1.17, 0.4; 1.47 %) were 
higher than those obtained by roots of cowpea plants (0.78, 0.25; 0.29 %) with urea fertilizers. 
 

 
 
Fig. 9: Macronutrients content in roots and shoots as affected by with or without cobalt. 
 

 
 
Fig. 10: Macronutrients content in roots and shoots as affected by nitrogen forms with or without cobalt. 
 

 
 
Fig. 11: Macronutrients content in roots and shoots as affected by nitrogen levels with or without cobalt. 
 
Micronutrients:  
 
 Table (4) showed the effect of various forms and rates of nitrogen with or without cobalt application on Fe, 
Mn and Co (ppm) in roots and shoots of cowpea plants. It was noticed that the content of Fe, Mn and Co 
increased with addition of any form or rates of nitrogen compared to control. 
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Table 4: Micronutrients content in roots and shoots as affected by various forms and rates of nitrogen with or without cobalt addition. 

Nitrogen forms 
(A) 

Nitrogen 
levels 
kg/fed 

(B) 

Cobalt 
ppm 
(C ) 

Roots (ppm) Shoots (ppm) 

Co Fe Mn Co Fe Mn 

NH4NO3 N0 0 0.31 32.00 23.20 0.12 30.00 21.50 
    7.5 0.61 49.00 34.00 0.49 41.00 30.00 
    Mean  0.46 40.50 28.60 0.31 35.50 25.75 
  N50 0 0.86 66.00 30.00 0.51 59.00 28.00 
    7.5 1.50 51.00 40.00 1.30 35.00 35.00 
    Mean  1.18 58.50 35.00 0.91 47.00 31.50 
  N75 0 1.20 105.00 38.00 0.70 85.00 34.00 
    7.5 1.95 72.00 46.00 1.60 55.00 44.00 
    Mean  1.58 88.50 42.00 1.15 70.00 39.00 
  N100 0 1.55 125.00 49.00 0.83 105.00 48.00 
    7.5 2.50 91.00 59.00 1.83 78.00 47.00 
    Mean  2.03 108.00 54.00 1.33 91.50 47.50 

    MEAN 1.31 73.88 39.90 0.93 61.00 35.94 
Urea N0 0 0.31 32.00 23.20 0.12 30.00 21.50 

    7.5 0.61 49.00 34.00 0.49 41.00 30.00 
    Mean  0.46 40.50 28.60 0.31 35.50 25.75 
  N50 0 1.09 77.00 40.00 0.68 71.00 32.00 
    7.5 1.95 60.00 50.00 1.45 49.00 39.00 
    Mean  1.52 68.50 45.00 1.07 60.00 35.50 
  N75 0 1.51 115.00 48.00 0.80 92.00 46.00 
    7.5 2.30 92.00 58.00 1.85 75.00 51.00 
    Mean  1.91 103.50 53.00 1.33 83.50 48.50 
  N100 0 2.01 138.00 56.00 1.10 121.00 57.00 
    7.5 3.20 110.00 66.00 2.10 90.00 57.00 

    Mean  2.61 124.00 61.00 1.60 105.50 57.00 
    MEAN  1.63 84.13 46.90 1.08 71.13 41.69 

LSD 5% A   0.025 1.25 0.95 0.025 2.57 0.61 
B   0.037 1.77 1.32 0.036 2.63 0.86 
C   0.025 1.25 0.93 0.025 2.57 0.61 

A x B   0.05 2.31 2.03 0.06 4.57 1.13 
A x C   0.041 ns ns 0.06 4.93 ns 
B x C   0.041 2.6 ns ns 5.01 1.14 

AxBxC   0.0621 3.1 ns ns ns 1.25 

 
 Nitrogen fertilization in combination with cobalt additions increased significantly roots and shoots contents 
of studied micronutrients except iron compared with N fertilization alone. These results agree with those 
obtained by Hala Kandil and Abd El-Fattah (2008). On the other hand, increasing nitrogen rates from 50 to 100 
kg/fed. significantly increased the content of Co, Fe and Mn in shoots and roots. However, the presented data 
show that cobalt addition in combination with nitrogen forms to the soil improved the availability of Co and Mn 
except iron. The highest values of Co and Mn in shoots and roots of cowpea plants were found by addition of 
100 kg N/fed. as urea with 7.5 ppm cobalt amounted to 2.1 and 57 ppm for shoots and 3.2 and 66 ppm for roots, 
respectively. These results confirmed by Bibak (1994) and Jackowska and Borkwoska (2002) who found that 
increase N rates increase Co and Mn content by the crop. On the other hand although Co addition increased the 
content of Mn and Co in shoots and roots, the opposite trend was true in the case of the iron resulted in 
progressive depression effect on iron content in the shoots and roots of cowpea plants.  
 The obtained results of iron are in accordance with those found by Bisht (1991) and Blaylock et al, (1995) 
who showed certain antagomistic relationship between Co and Fe. Moreover, data show that cobalt content in 
shoots and roots of cowpea were significantly increased by increasing nitrogen rates from 50 to 100 kg N/fed.. 
These results were confirmed by Biback (1994) and Jackowska and Borkowska (2002) who found that increase 
N rates increased Co and Mn uptake by the crop. 
 Generally, the highest values of Fe content were found by using of 100 kg N/fed. as urea without cobalt. 
Data also, presented in Table (4) show that the content of all studied of Micronutrients in roots cowpea higher 
that those obtained in shoots.  
 
Pods Yield And Its Components: 
 
Effect Of Nitrogen Forms And Rates: 
 
 The obtained data Table (5) and Figs. (12; 13) demonstrated that, supplying cowpea plants by various forms 
of nitrogen either urea or ammonium nitrate with or without cobalt significantly increased the values of (No. of 
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pods, pods length, pods diameter and pods weight) compared to control. The highest values of the weights of 
pods per plant were obtained 7.5 ppm Co with urea fertilizer was used. These different responses might be in 
which plants performed better with NH+

4 than NO-
3, this may be related to the fact that assimilation of the NH+

4 
ions is less energy-demanding, than that of nitrate ions (Gloser et al, 1996). The efficient uptake of NH+

4 by 
roots may also contribute to its advantage over nitrate (Forde and Clarkson, 1999). So, cowpea prefers urea than 
nitrate. Similar results have been reported by Hosseini et al, 2003, who found that minimum values may be 
subjected to loss through leaching and denitrification processes. 
 
Table 5: Pods characters of cowpea plants as affected by various forms and rates of nitrogen with or without cobalt addition. 

Nitrogen forms 
(A) 

Nitrogen 
levels 
kg/fed 

(B) 

Cobalt 
ppm 
(C ) 

pods diameter  
cm 

Pods no/plant 
pods length  

cm 

pods  
Weight/plant 

g 

NH4NO3 N0 0 0.4 4 4.2 2.1 
    7.5 0.48 5 5.5 2.8 
    Mean  0.44 4.5 4.85 2.45 
  N50 0 0.53 6 6.4 3.37 
    7.5 0.61 8 7.75 6.53 
    Mean  0.57 7 7.08 4.95 
  N75 0 0.6 7 7.8 6.19 
    7.5 0.69 9 10.1 8.4 
    Mean  0.65 8 8.95 7.3 
  N100 0 0.62 8 8.5 7.51 
    7.5 0.71 10 11.05 9.04 
    Mean  0.67 9 9.78 8.28 
  MEAN 0.58 7.13 7.67 5.75 
Urea N0 0 0.4 4 4.2 2.1 
    7.5 0.48 5 5.5 2.8 
    Mean  0.44 4.5 4.85 2.45 
  N50 0 0.58 9 8.4 5.8 
    7.5 0.66 10 9.3 7.8 
    Mean  0.62 9.5 8.85 6.8 
  N75 0 0.63 10 9.3 7.05 
    7.5 0.75 12 12.6 9.01 
    Mean  0.69 11 10.95 8.03 
  N100 0 0.66 11 11.9 9.45 
    7.5 0.78 13 13.7 10.5 
    Mean  0.72 12 12.8 9.98 
  MEAN 0.62 9.25 9.36 6.82 

LSD 5% A   0.0047 0.509 0.07 0.083 
B   0.006 0.72 0.107 0.117 
C   0.0047 0.51 0.07 0.083 

A x B   0.0901 1.03 0.09 0.19 
A x C   0.0901 ns Ns 0.12 
B x C   ns ns 0.09 0.12 

AxBxC   0.01 ns 0.11 0.197 

 
 Moreover, with increasing the rate of N resulted in the highest values of the previous parameters. Moreover, 
the values of pods yield parameters increased significantly to reach highest values with addition 100 kg N/fed. 
as urea fertilized compared to other rates and forms of N. the heaviest of dry weight of pods/plant of cowpea 
(10.5 g/plant) as well as the highest number of pods/plant, length and pods diameter all of them were associated 
with addition urea fertilizer at 100 kg N/fed. in present of cobalt. 
 

 
Fig. 12: Pod characters of cowpea as affected by nitrogen forms with or without cobalt. 
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Fig. 13: Pod characters of cowpea as affected by nitrogen levels with or without cobalt. 
 
 These results may be attributed to the highest increase in plant growth criterion and in turn increased the 
production yield (Amans and Slangen, 1993). Moreover, legumes can rise the levels of N through atmospheric 
N due to nodule bacteria allowed to increase the content or the availability of some nutrients in soil overcome 
some productivity (Shata et al., 2007). In fact these results agree with those obtained by Okpara (2000) who 
found that pods yield of vegetable cowpea significantly increased with N fertilizer application. Also, overall N 
is considered first essential element for plant and macroorganisms (Ahmed, 2006). 
 
Effect Of Cobalt: 
 
 On the other hand, nitrogen forms and rates treatments with cobalt revealed that significantly increased all 
the pods yield and its components compared to nitrogen forms treatments without cobalt, the highest value of 
weight of pods/pot of cowpea plants were obtained when 7.5 ppm cobalt + 100 kg N as urea fertilizer was used 
(10.5 gm/pant). These results are in harmony with those obtained by Campo and Hungria (2002) who found that 
the important of cobalt for nitrogen fixation, and efficiency of nitrogen and for soybean yield. These results 
agree with those obtained by Jasmin et al. (2002) who found that addition of nitrogen, cobalt and other minerals 
nutrients increased plant growth for common bean plants. Also, Nadia Gad (2006) found that the addition of 7.5 
ppm cobalt had a high production of cucumber fruits, which was observed by about 152 % compared to control.  
 
Seeds Nutrients Status and Crude Protein Of Cowpea Plants: 
 
 Effect of nitrogen forms and rates on macronutrients as well as protein in seeds of cowpea plants were 
recorded in Table (6) and Figs. (14-18). Nitrogen, P, K content and uptake and protein (%) in seeds of cowpea 
increased with addition of various nitrogen forms and rates of nitrogen compared to the control. It means that 
the highest percentage of N, P and K as major elements and protein were associated with supplying at 100 kg 
N/fed these results agreed with those obtained by Suresh and Rao (2000), Singh et al. (2006) and Siam (2008).  
 Results also, indicated that the highest values of N, P and protein % were obtained when addition of urea as 
the nitrogen forms at 100 kg N/fed. comparing to ammonium nitrate at the same rate of N. These values were 
2.50, 0.72 and 15.2 %, respectively. While the K gave the highest content of nutritional element when addition 
with ammonium nitrate as N source at 100 kg N /fed. This effect could be resulted from differences responses 
might be associated with different plant genotype, rhizobium strains mineral N concentration and timing of 
application and growth condition (Svenning et al, 1996). 
 These results agree with those obtained by Ozuran and Gulunser (2004), Singh et al (2006), and Siam 
(2008). On the other hand, negative effect of NH+

4 as a role N source problems may occur originating from 
competitive interaction between NH4

+ and K+ resulting in a strong in K+ concentration in the presence of NH4
+ 

as nitrogen source (Frode and Clarkson, 1999). This effect could be resulted from K+ is essential; from 
maintenance of the cation-anion balance, it is intensively recycled within plants, and a low conc. of K+ during 
nitrogen restricts uptake of NH4

+ (Yinbo et al., 2004).  
 Generally, Table (6) and Figs (17-18) showed that crude protein, in cowpea seeds increased significantly by 
increasing N levels. These results are in a good agreement with those found by Singh et al, 2006 and Abd El-
Lateef, 1997) who found that application of N significantly increased protein percentage. Moreover, addition of 
7.5 ppm cobalt had significantly effect on the status of macronutrients in grains of cowpea plants compared to 
control and nitrogen fertilizer treatments, without cobalt (Fig. 17; 18). These results are in a good agreement 
with those found by Jana et al (1994), Castro et al (1996), Abd El-Moez and Nadia Gad (2002), Basu et al 
(2006) and Hala Kandil 2007) who stated that cobalt addition had a promotive effect for better status of N, P and 
K in tomato, cowpea, groundnut and faba bean plants. Generally, the highest content values in grains of cowpea 



925 
J. Appl. Sci. Res., 8(2): 915-929, 2012 
 

 

plants were found when 7.5 ppm cobalt addition with urea as nitrogen source were obtained at the treatments 
100 kg N/fed followed by 75 and 50 kg N/fed with urea fertilizer in decreasing order. However, the content 
values of K in grains of cowpea plants found when 7.5 ppm addition of cobalt with ammonium nitrate as N 
source were obtained at the treatments 100 kg N/fed. with ammonium nitrate fertilizer in decreasing order. 
These results are in a good agreement with those found by Bakken et al (2004) stated that positive correlation 
between Co content and N concentration on the on the red clover. Also, Campo and Hungria (2002) found that 
importance of Co for N fixation efficiency and cowpea plants. Moreover, Biback (1994) reported that increased 
N rates increased Co and Mn uptake by the crops. Also, Jackowska and BorKowska (2002) found that increase 
fertilizer application rate involved successive increase of Fe and Co content in winter wheat grain fertilized with 
150 kg N/ha the highest rate of N.  
 On the other hand, the effect of cobalt on the concentration of micronutrients (Co, Fe and Mn) in grains of 
cow pea plants are shown gave significantly increased the content of all treatments forms are rates of nitrogen 
except Fe. These results are in harmony with those of Biback (1994) and Jackowska and Borkowska (2002) 
found that increased N rates increased Co and Mn uptake by the crop. Atta-Aly et al., (1991) found that cobalt 
and iron were competitive elements in the nutrition of the tomato plants and showed that iron content were 
significantly reduced when cobalt levels increased. Also, Atta-Aly et al (1998), Abd El-Moez and Nadia Gad 
(2002) and Hala Kandil (2007) and Hala Kandil and Abd El-Fattah (2008) found that cobalt and iron were 
competitive elements in the nutrition of tomato, cowpea and faba bean plants. Data also resulted in Table (5) 
showed that the content of all studied of micronutrients in root cowpea was higher than those obtained in shoots 
and roots and grains in decrease order with all treatments. 
 
Table 6: Macronutrients content and uptake in seeds of cowpea plants as affected by various forms and rates of nitrogen with or without 

cobalt addition.  

Nitrogen forms 
(A) 

Nitrogen levels 
kg/fed 

(B) 

Cobalt 
ppm 
(C ) 

Content ( % ) Uptake ( mg/pot ) Protein 

N P K N P K % 

NH4NO3 N0 0 0.78 0.36 0.55 16.38 7.56 11.55 4.88 
    7.5 0.93 0.41 0.75 26.04 11.48 21 5.82 
    Mean  0.86 0.39 0.65 21.21 9.52 16.28 5.35 
  N50 0 1.32 0.42 1.25 44.98 14.15 42.13 7.63 
    7.5 1.46 0.47 1.38 95.3 30.69 90.11 8.55 
    Mean  1.39 0.45 1.32 70.14 22.42 66.12 8.09 
  N75 0 1.6 0.49 1.4 99.04 30.33 86.6 8.82 
    7.5 1.82 0.55 1.5 152.8 46.2 126 9.26 
    Mean  1.71 0.52 1.45 125.92 38.27 106.3 9.04 
  N100 0 1.85 0.57 1.52 138.94 42.81 114.15 9.2 
    7.5 2.3 0.64 1.65 207.92 57.85 149.16 12.27 
    Mean  2.08 0.61 1.59 173.43 50.33 131.66 10.74 

    MEAN 1.51 0.49 1.25 97.68 30.14 80.09 8.31 
Urea N0 0 0.78 0.36 0.55 16.38 7.56 11.56 4.88 

    7.5 0.93 0.41 0.75 26.04 11.48 21 5.82 
    Mean  0.86 0.39 0.65 21.21 9.52 16.28 5.35 
  N50 0 1.75 0.48 0.9 101.5 27.84 52.2 10.95 
    7.5 2.1 0.53 1.1 163.8 41.43 85.8 14.58 
    Mean  1.93 0.51 1 132.65 34.64 69 12.77 
  N75 0 1.98 0.55 1.13 139.59 38.77 79.66 12.39 
    7.5 2.58 0.67 1.27 232.45 60.36 114.42 16.14 
    Mean  2.28 0.61 1.2 186.02 49.57 97.04 14.27 
  N100 0 2.1 0.65 1.25 198.45 61.42 118.13 13.14 
    7.5 2.89 0.78 1.35 303.4 81.9 141.75 17.33 
    Mean  2.5 0.72 1.3 250.93 71.66 129.94 15.24 

    MEAN  1.89 0.56 1.04 147.70 41.35 78.07 11.91 
LSD 5% A   0.022 0.008 0.011 8.104 2.218 0.077 0.096 

B   0.031 0.011 0.015 71.46 3.137 0.109 0.137 
C   0.022 0.008 0.011 8.104 2.218 0.077 0.096 

A x B   0.032 0.012 0.2 74.56 4.61 0.12 0.183 
A x C   0.032 0.012 ns 14.2 ns ns 0.183 
B x C   0.029 0.012 0.02 77.56 3.21 ns 0.195 

AxBxC   0.061 0.014 ns ns 3.62 ns 0.23 
 
 
 

  
 
 



926 
J. Appl. Sci. Res., 8(2): 915-929, 2012 
 

 

 
Fig. 14: Macronutrients content in seeds cowpea as affected by with or without cobalt. 
 

 
 
Fig. 15: Macronutrients content in seeds cowpea as affected by nitrogen forms with or without cobalt. 
 

 
 
Fig. 16: Macronutrients content in seeds cowpea as affected by nitrogen levels with or without cobalt. 
 

 
 
Fig. 17: Protein % in cowpea seeds as affected by nitrogen forms with or without cobalt. 
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Fig. 18: Protein % in cowpea seeds as affected by nitrogen levels with or without cobalt. 
 
 Simple correlation was estimated between Co from side and N, P and K content from the other one, data 
noticed that highly positive correlation were obtained with r values 0.815**, 0.869** and 0.674**, respectively. 
Also, Co correlated positively with no. of pods/plant (0.793**), pods weigh/plant (0.834**) and protein content 
(0.781**). Same trend was observed with Mn content, but its r values was higher that of Co. Simple correlation 
between N, P and K from side and same plant characters were highly significant with r values 0.948**, 0.901**, 
0.630**; 0.909**, 0.901**, 0.681** and 0.909**, 0.931**, 0.827**, respectively. Also Fig. (19) showed the 
close correlations between pods weight and protein % and nitrogen levels expressed in polynomial regression 
equations with highly significance.  
 

 
 
Fig. 19: Regression analysis between pods weight and protein % and nitrogen levels. 
 
 From the above mentioned results, one can notice that Co and Mn played an important role in plant healthy 
and improved plant characters such as pods/plant, pods weigh/plant and protein content. Also N, P and K played 
the same role in plant 
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