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ABSTRACT 
 

Two field experiments were carried out to evaluate the effect of different levels of molybdenum on nodules 
efficiency, growth, yield quantity and quality of cowpea plants. The experiments were conducted at Research 
and Production station, National Research Centre, EL- Nobaria site, Beheara Governorate, Delta Egypt, under 
drip irrigation system during 2011 and 2012 seasons. 

  The obtained results are summarized in the following: 
 Molybdenum enhance cowpea root nodules efficiency, growth, minerals composition, yield quantity 

and quality compared with control plants. 
 Molybdenum at 16 ppm resulted in maximum growth, nodules number and weight, nitrogenase 

activity, pods and seeds yield as well as nutritional and chemical content. 
 Increasing molybdenum levels more than 16 ppm decreased the molybdenum promotive effect on 

cowpea. 
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Introduction 

 
Cowpea is an annual legume. Important to the live food of millions of people as a vegetable. Cowpea seeds 

are a nutritious component in the human diet as well as a nutritious livestock feed. The protein in cowpea seeds 
is rich in lysine and tryptophan amino acids compared to cereal grains. Therefore, cowpea seed is valued as a 
nutritional supplement to cereals and an extender of animal proteins.  

Molybdenum is an essential element; it is constituent of the nitrogenase enzyme and every bacterium which 
fixes nitrogen needs molybdenum during the fixation processes. Molybdenum has a positive effect on yield 
quality and nodules forming in legume crops. The functions of molybdenum in leguminous plants include 
nitrate reduction nodulation, nitrogen fixation and general metabolism (Togay et al, 2008). Molybdenum was 
required for normal plant growth, reduction supply with molybdenum to the growth media decreased the 
activities of nitrate reeducate and glutamine synthesis involved at initial steps of nitrate assimilation 
(Hristozkora et al, 2006).  

Molybdenum is a trace element found in the soil is required for growth of the most biological organisms 
including plants and animals.  The availability of molybdenum for plant growth is strongly dependent on the soil 
pH, concentration of absorbing oxides (e, g, Fe. Oxides), extent of water drainage and organic compounds found 
in the soil colloids (Hafner et al, 1992).  Deb et al. (2006) pointed that molybdenum at 250 g/ha gave the best 
results like number of pods / plant, seeds / pod, seed index (100 seeds weight) and harvest index (%) in 
groundnuts. Singh et al. (2006) added that molybdenum at 10 kg/ ha increased the vegetative growth and yield 
of blackgram compared with the control. Hristozkova et al. (2006) stated that molybdenum improved plant 
growth such as root and shoot biomass in pea plants. Gungula and Gerjila (2006) reported that molybdenum at 
0.13 kg/ ha increased plant height, number of branches, dry weight and yield parameters of cowpea plants. 
Johansen et al. (2007) showed that Mo at 500 g/ha soil improved plant growth and resulted in seeds yield 
responses of 58%- 173% of chickpea. Togay et al. (2008) found that molybdenum increased plant height, 
number of branches and pods / plant, number of seeds / plant and seeds yield in lentil. Bhuiyan et al. (2008) 
demonstrated that molybdenum at 1.0 kg/ha significantly increased shoots and roots dry matter content and 
seeds yield /plant of mungbean.  

Vargas and Ramirez (1989) showed that molybdenum increased nodules dry weight in both groundnut and 
soybean plants under different levels of nitrogen and phosphorous fertilizers. Wankhade et al (1991) added that 
molybdenum at 2 - 4 g / kg seeds increased groundnut nodules number and dry weight per plant. Krishnappa et 
al (1992) and Noor et al (1997) indicated that nodules number and dry weight of groundnut were increased by 
molybdenum application and enhanced the rate of nitrogen fixation. Hanfer et al (1992) added that molybdenum 
availability in soils was insufficient to meet the Mo requirement for nitrogen fixation of groundnut and to a 
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lesser extent to higher specific nitrogenase activity / unit nodule dry weight. Bhattacharya et al (1997) and 
Bhuiyan et al (2008) showed that molybdenum at 1 – 3 kg/ha gave the maximum nodules formation in 
groundnut and improved nitrogen fixation. Vieira et al (1998a) pointed that the molybdenum avoided the 
nodules senescence, therefore maining a longer period of effective N2 fixation. Vieira et al (1998b) added that 
Mo application resulted in enhanced nitrogenase and nitrate reductase activities. Tripathy et al (1999a+b) 
indicated that Mo improved nodulation in groundnut and enhanced nitrogenase activity. Alves et al (2002) 
found that molybdenum at 400 g/ha increased cowpea number of nodules, while 200 g Mo/ha increased nodules 
dry weight during the first harvest. Khanal et al (2005) stated that loading 0.05% sodium molybdate through 
priming solution and soil application of molybdenum at 0.5 kg/ha resulted in a Mo increase in nodulation in 
both chickpeas and mungbeans. Bhagiya et al (2005) found that Mo at 1.0 kg/ha significantly increased peanut 
nodules dry weight by 21% over the control. Niranjana et al (2005) showed that Mo at 2.0g/kg seeds recorded 
the highest total number of peanut nodules by (57.2) and their dry weight 100.2 mg/plant, number of effective 
nodules (27.8) and their dry weight (70 mg/plant) compared the control. According to Jingli et al (2006) the 
results showed that Mo promoted the symbiotic nitrogen fixation and the competitive ability of peanut. Deb et al 
(2006) added that Mo at 25 ppm/kg seeds of groundnut significantly increased the number of nodules / plant by 
46.00 and 50.42 during 45 and 60 days after sowing respectively. Johansen et al (2007) found that Mo applied 
to the soil at 500 g/ha improved nodulation, Bhuiyan et al (2008) added that Mo significantly increased number 
of nodules per plant in mungbean with 20 kg P/ha and 1.0 kg Mo/ ha . Togay et al (2008) pointed that 
molybdenum increased the number of lentil nodules per plant. Bhuiyan et al (2008) added that Mo application 
can plays a vital role in increasing the nitrogen fixation and gave better nodulation in mungbean.  

Wankhade et al. (1992) found that molybdenum at 4.0 g/kg seeds increased seed oil concentration of 
groundnut. Noor et al. (1997) added that molybdenum at 2.0 kg/ ha increased groundnut seeds oil content 
compared the control. Farniev and kosyrev(1998) and Andrade et al (1998) stated that molybdenum increased 
protein yield in maize grains and total nitrogen in Phasselus vulgaris roots, stem and leaves. Vieira et al (1998 
b) showed that molybdenum application resulted in enhanced total nitrogen accumulation in shoots and 
increased total nitrogen content in both pods and seeds of Phasselus vulgaris cv. Ouro Negro compared with the 
control. Tripathy et al (1999 a+b) pointed that molybdenum significantly increased groundnut seed oil yield and 
nutrient uptake. Bhagiya et al (2005) demonstrated that molybdenum at 4.0 kg/ha increased oil content of 
groundnut seeds by 12.1% and N, P and K content of pods by 24.0%, 20.2% and 27.9% respectively compared 
with the control. Hristozkova et al (2006) showed that molybdenum enhanced the accumulation of nutrients in 
cowpea plant tissues. 

Recently, Nadia Gad stated that, molybdenum at 12 ppm enhances groundnut nodules efficiency, growth, 
minerals composition as well as chemical constituents and yield compared with control. 
 
Materials And Methods 

 
Soil analysis: 

 
Physical and chemical properties of Nubaria Soil were determined and particle size distributions along with 

soil moisture were determined as described by Blackmore (1972). Soil pH, EC, cations and anions, organic 
matter, CaCO3, total nitrogen and available P, K, Fe, Mn, Zn, Cu were run according to Black et al., (1982). 
Determination of soluble, available and total cobalt was determined according to method described by Cottenie 
et al., (1982). Some physical and chemical properties of Nubaria soil are shown in Table (1) 
 
Table 1: Some physical and chemical properties of Nubaria soil 

Physical properties 
Particle size distribution % Soil moisture constant % 
Sand 
70.8 

Silt 
25.6 

Clay 
3.6 

Soil texture 
Sandy loam 

Saturation 
32.0 

FC 
19.2 

WP 
6.1 

AW 
13.1 

Chemical properties 
 Soluble cations (meq-1L) Soluble anions (meq-1L) 
pH 
1:2.5 

EC 
(dS m-1) 

CaCO3% OM % Ca++ Mg++ K+ Na+ HCO3
- CO3 Cl- SO4

= 

8.49 1.74 3.4 0.20 0.8 0.5 1.6 1.80 0.3 - 1.9 0.5 
Cobalt Total Available Available micronutriments 
ppm mg 100 g-1 soil ppm 
Soluble Available Total N P K Fe Mn Zn Cu 
0.35 4.88 9.88 15.1 13.3 4.49 4.46 2.71 4.52 5.2 

FC (Field capacity), WP (Welting point), AW (Available water). 
 
Experimental works: 
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A Preliminary pot experiment was conduct at Wire house of National Research Cetre to define molybdenum 
concentrations range which gave the cowpea growth and yield responses.  

Seedlings of cowpea (at the third true leaves) irrigated once with molybdenum concentrations: 0.0, 2, 4, 6, 
8, 10, 12, 14, 16, 18 and 20 ppm. According to the preliminary experiment results, the concentrations range of 
molybdenum which gave the cowpea response on growth and yield were 0.0, 4, 8, 12, 16 and 20 ppm.  
Molybdenum at 16 ppm gave the best growth and yield parameters of cowpea. 

Tow field experiments conducted in the Production and Research Station, Notional Research Centre, EI-
Nubaria under drip irrigation system, during the two successive seasons of 2011 and 2012.  Experiments were 
carried out to evaluate cowpea physiological response to molybdenum nutrition. The sandy loam soil with plot 
area consists of five ridges, 3.5 meter in length and 60 cm width (10.5m2 = 1/400 fed). Calcium super phosphate 
(15.5 %) at the rate of 150 kg P2O5/fed, chicken manure (Table 2) at the rate of 15 m3/fed and potassium 
sulphate (48% k2O) at the rate of 100 kg /fed were added during soil preparation. Seeds of cowpea (Vigna 
Unguiculata var. karim-7) was inoculated prior to sowing with a specific strain of rhizobium (Rhizobium 
melitota.). Seeds were sown on April, 2011 and 2012 summer seasons.  
 
Table 2: Some properties of chicken manure 

O.M 
(%) 

Total 
N (%) 

C/N 
ratio 

pH 
(1:25) 

EC 
dsm-1 

Available nutrients (%) 
 

DTPA-extractable 
(ppm) 

P K Fe Mn Zn Cu 
36.0 2.96 7.07 6.40 8.85 0.72 0.93 566 36.8 28.2 34.7 

 
The seedlings (at the third true leaves) were irrigated once with six concentrations of molybdenum i.e. 0.0, 

4, 8, 12, 16 and 20 ppm  
All required agricultural managements for plants growth and production were carried out as recommended 

by Ministry of Agriculture. The experimental design was a piece of complete randomized block with three 
replications for each treatment 
 
Measurements of vegetative growth: 

 
After 80 days from sowing, all growth parameters of cowpea plants such as plant height, root length, 

number of branches and leaves as well shoot and root fresh and dry weights were recorded according to FAO 
(1980).  
 
Nodulation and nitrogenase activity: 

 
Nodules number and weight were recorded after 50 days from sowing. Nitrogenase activity was determined 

according to Hardy (1968). Cowpea plants were gently uprooted then the root nodules were placed in 500 ml 
serum bottles and were sealed with suba-seal rubbers and 10 % of the gas phase was replaced by C2H2 then 
bottles were incubated in dark at room temperature for 2hr. production of C2H4 was measured by injecting one 
ml gas sample into (GC). Nitrogenase activity values were recorded as µmol C2H4 /g/h. 

 
Measurements of plant yield: 

 
After 120 days from sowing respectively, cowpea yield parameters such as pods number/plant, weight of 

pods/plant, weight of seeds/plant, 100 seeds weight, total pods yield (kg/fed), total pods yield (Ton/fed) were 
recorded according to Gabal et al (1984).  
 
Chemical constituents: 
 

The percent of total carbohydrates, total soluble sugars, total soluble solids, of seeds were determined 
according to A.O.A.C (1995).  

 
Nutritional status: 

 
For chemical analysis, seeds sampled either from the intact plant for each treatment of both seasons was 

oven dried at 70C for 48 hr ground and kept to chemical determinations. For extraction a weight of 0.2 g finely 
powdered dry sample and digested using a mixture of sulfuric acid (H2SO4) with hydrogen peroxide (H2O2) 
according to the method described by Cottenie  et al (1982). 

 
Statistical analysis: 
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All data were subjected to statistical analysis according to procedure outlined by (SAS 1996) computer 
program and means were compared by LSD method according to Snedecor and Cochran (1980). 
 
Results And Discussion 

 
Vegetative growth: 

 
Data in Table (3) represented the vegetative growth of cowpea as affected by molybdenum. Data revealed 

that molybdenum had a significant promotive effect on all vegetative growth parameters such as plant hight, 
number of branches and leaves per plant, leaf area INDEX, root length of coepea plants after 80 days from 
sowing compared with untreated plants. Molybdenum at 16 ppm gave the highest growth parameters. Increasing 
molybdenum above 16 ppm decreased the promotive effect. These results are in harmony with those obtained by 
Singh et al (2006) who found that Mo at 10 Kg/ ha soil increased the vegetative growth of blackgram compared 
with the control. 

 
Table 3: Cowpea growth parameters as affected by molybdenum levels after 80 days from sowing (mean of two seasons).                                                                  

Molybdenum 
treatment 
(ppm) 

Plant hight 
(cm) 

Number/Plant Leaf area 
index 
(cm2) 

Root length 
(cm) 

Dry weight (9) 

Branches Leaves Shoot Root 

Control 40.4 6.5 24.1 1396 15.8 30.3 2.98 
4 42.2 7.0 25.5 1479 16.3 31.7 3.13 
8 44.0 7.8 27.0 1565 16.8 33.0 3.27 
12 46.3 8.2 27.6 1599 17.2 34.6 3.43 
16 47.4 8.8 28.3 1638 18.0 35.7 3.52 
20 44.7 8.5 27.4 1581 17.7 33.6 3.29 
LSD 5% 0.7 0.3 0.2 18 0.5 0.6 0.2 

 
Confirm these results, Niranjana et al (2005) who found that molybdenum at 2.0 g/Kg with seeds recorded 

the highest growth parameters and pods yield in groundnut compared with control. 
Data in Table (3) also indicate that shoot and root dry weight of cowpea increased with different levels of 

molybdenum compared with control. Molybdenum at 16 ppm gave the highest biomass. Increasing Mo dose 
above 16 ppm reduced the promotive effect. These results are agree with those obtained by Hristozkova et al 
(2006) who found that molybdenum improved plant growth such as root and shoot biomass in pea plants. 
 
Nodulation and nitrogen fixation: 
 

Data in Table (4) obviously show that molybdenum had a significant positive effect on cowpea root nodules 
number per plant, fresh and dry weights of nodules with all Mo levels compared with control. Molybdenum at 
16 ppm gave the best figures of both number and weights of cowpea root nodules.  When Mo dose increased 
more than 16 ppm the positive effect reduced. These results are in harmony with those obtained by Deb et al 
(2007) who stated that seeds treated with molybdenum at 25 ppm/Kg of groundnut significantly increased the 
number of nodules per plant by 46.00 and 50.42 during 45 and 60 days after sowing. Bhuiyan et al (2008) added 
that Mo application can play a vital role in increasing the nitrogen fixation and gave better nodulation in 
moonbeam. 
 
Table 4: Cowpea nodulation parameters as affected by molybdenum levels after 50 days from sowing (mean of two seasons). 

Molybdenum  
treatment 
(ppm) 

Nodules No. 
Per plant 

Nodules fresh 
weight 

Nodules dry  weight 
N-ase activity 

Nodule (g/plant) (g/ plant) µmol C2H2/g/h 
Control 43.3 4.63 1.56 18.6 
4 51.5 5.52 1.90 19.5 
8 62.0 6.07 2.25 21.0 
12 71.8 6.55 2.53 23.6 
16 79.7 7.14 2.91 25.2 
20 75.2 7.10 2.73 23.8 

LSD 5% 2.0 0.4 0.30 0.2 
 
 Data in Table (4) also indicated that all molybdenum concentrations gave the maximum nodules formation 

and enhanced nitrogenase activity compared with untreated plants. Molybdenum at 16 ppm gave the highest 
activity of nitrogenous enzyme. Increasing Mo above than 16 ppm reduced the one. These results are agree with 
those reported by Bhuiyan et al (2008) who found that root nodules parameters and nitrogenase activity gave the 
indication for nitrogen fixing activity in cowpea nodules as affected by molybdenum application. 
 
Yield characteristics: 
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The present data in Table 5 outline the effect of molybdenum on cowpea yield. Data indicate that all yield 

parameters such as pods number and weight per plant, weight of 100 seeds and pods yield per feddan 
significantly increased as affected by different Mo doses compared with control plants. Molybdenum at 16 ppm 
gave the maximum yield parameters. Molybdenum at 16 ppm increased pods yield about by 31.5% compared 
with control. Molybdenum more than 16 ppm reduction the positive effect. These data are agree with those 
reported by Niranjana et al (2005) who pointed that molybdenum recorded the highest pods yield in cowpea 
compared with control. 

 
Table 5: Cowpea yield parameters as affected by molybdenum levels after 120 days from sowing (mean of two seasons). 

Molybdenum  treatment 
(ppm) 

Pods No. 
Per plant 

100 seeds 
Weight 

Pods 
Weight 

Seeds yield 

(pod) (g/plant) (g/ plant) (Kg/fed) 
Control 14.0 9.60 11.8 927 
4 16.5 9.90 12.8 959 
8 18.1 10.3 15.0 1098 
12 19.6 11.5 16.2 1190 
16 20.0 12.1 17.8 1287 
20 18.7 11.8 17.0 1219 
LSD 5% 0.6 0.3 0.8 32.0 

 
 Confirm, Bhagiya et al (2005) showed that molybdenum significantly increased pods and seeds yield in 

chickpeas, mungbean and groundnuts. Nadia Gad (2012) added that molybdenum at 12 ppm had a promotive 
effect on groundnut yield parameters comared with untreated plants. 
 
Seeds nutritional status: 
 

Data in table (6) exhibits the effect of molybdenum on cowpea seed nutrients content. Data clearly indicate 
that all molybdenum concentrations significantly increased minerals composition of cowpea seeds. Nitrogen, 
potassium, phosphorus as macronutrients are significantly promotive effect as affected by Mo treatments 
compared with control plants. Also micronutrients i.e. Fe, Mn, Zn and Cu resulted better content in cowpea 
seeds treated with Mo.  Molybdenum at 16 ppm gave the highest values of both macro and micro nutrient 
content. This means that increasing molybdenum levels more than 16 ppm in plant media decreased the 
promotive effect. This may be explained on the basis of the obtained results by Bhagiya et al (2005) who found 
that molybdenum at 4.0 Kg per ha increased groundnut seeds N, P and K content. Tripathy et al (1999a+b) 
added that molybdenum increased nutrients concentration of groundnut shoots and pods. Data in Table (6) also 
indicate that increasing molybdenum levels in plant media increased Mo content in groundnut seeds. 

 
Table 6: Minerals composition in Cowpea seeds as affected by molybdenum levels (mean of two seasons).  

 
Molybdenum  treatments 
 

Macronutrients (%) Macronutrients (ppm) 
 

 
 
Mo  N P K Mn Zn Cu Fe 

Control 0.89 0.19 1.18 15.5 12.0 14.8 49.5 0.51 
4 1.41 0.21 1.23 15.9 12.8 15.3 51.0 1.60 
8 1.65 0.24 1.29 16.3 13.6 15.9 52.3 3.56 
12 1.80 0.26 1.34 17.0 14.0 16.4 53.9 7.31 
16 1.96 0.28 1.40 17.9 14.8 17.0 54.6 9.50 
20 1.85 0.27 1.37 17.2 14.5 16.6 55.5 11.3 
LSD 5% 0.5 0.2 0.3 0.2 0.3 0.2 0.9 1.7 

 
Seed chemical constituents: 

 
Data in Table 7 show that molybdenum application significantly increases cowpea seeds chemical content 

such as protein, total carbohydrates, total soluble sugars, total soluble solids, percentages as compared with 
untreated plants. Molybdenum at 16 ppm had a superior chemical content. The results in Table (6) show also the 
relative calculated values as percentage from control. It is evident that molybdenum rate at 16 ppm increased the 
content of: protein 82.2%, total carbohydrates 21.3%, total soluble sugars 27.3%, total soluble solids 13.9%, 
respectively. These results are in harmony with those obtained by Noor et al (1997) who reported that 
molybdenum at 2.0 Kg/ha increased groundnut seeds oil content compared with control. Also, Vieira et al (1998 
b) stated that molybdenum application resulted in enhanced total nitrogen accumulation in shoots, pods and 
seeds as well as seeds protein content of Pharsalus volgaris cv. Ouro Negro compared with the control. 
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Table 7: Chemical content of cowpea seeds as affected by molybdenum levels (mean of two seasons). 
Mo  treatment  (ppm) Protein 

 
Total Carbohydrates Total Soluble Sugars Total Soluble Solids 

 

% 
Control 5.56 19.7 9.11 30.1 
4 8.81 21.5 9.81 30.8 
8 10.3 22.3 10.1 32.3 
12 11.3 23.4 10.9 33.6 
16 12.3 23.9 11.6 34.3 
20 11.6 23.5 11.0 34.3 
LSD 5% 0.3 0.4 0. 6 0.7 

 
Conclusion: 

 
Cowpea plants needs 16 ppm molybdenum for its normal growth, molybdenum constituent of the 

nitrogenase enzyme and every bacterium which fixes nitrogen during the fixation processes. Also, Mo enhances 
plant growth as well as  seeds yield, minerals composition and chemical contents. 
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