
P and rhizobium effect on N and P uptake in mungbean 

J. Agric. Res., 2012, 50(1) 

49

 
 
 

EFFECT OF PHOSPHORUS WITH AND WITHOUT 
RHIZOBIUM INOCULATION ON NITROGEN AND 
PHOSPHORUS CONCENTRATION AND UPTAKE 

BY MUNGBEAN (VIGNA RADIATA L.) 
 

Arif Hussain*, Amjed Ali and Ijaz Rasool Noorka**  
 

ABSTRACT 
 

A pot study was carried out at the Institute of Soil and Environmental Sciences, 
University of Agriculture, Faisalabad, Pakistan during the year 2008 to evaluate 
the effect of phosphorus with and without rhizobium inoculation on mungbean 
crop. Four levels of P fertilizers (50% of recommended dose, recommended 
dose, 150% of recommended dose) were applied by using SSP @1.2, 2.4 and 
3.6 g per 14 kg of soil, respectively. Layout system was 2 factorial completely 
randomized design with six repeats. The results revealed that 150 percent of 
recommended P dose with rhizobium inoculation increased P concentration 
significantly in roots (0.113), shoots (0.223), grains (0.300) and P uptake (25.19 
mg/plant). The same treatment also significantly increased nitrogen 
concentration in roots (1.74), shoots (1.79), grains (4.14) and N uptake (290.06 
mg/plant). The results further showed that inoculation with rhizobium 
increased nitrogen fixation in mungbean crop. The combination of phosphorus 
and inoculation showed maximum positive effect on nitrogen and phosphorus 
concentration and their uptake by plants. 
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agronomic characters; Pakistan. 
 

INTRODUCTION 
 

Mungbean (Vigna radiata L.) is an important pulse crop in many countries 
including Pakistan where the diet is mostly cereal based. It contains light 
protein, easily digestible, and does not cause the flatulence as many other 
legumes do. This crop is versatile having short growing period and easily fits 
in different cropping patterns (19). It is common fashion that leftover leaves, 
stalks and husk of mungbean plants are  usually used  as  animal  fodder  
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and  whole plant can be ploughed and buried as a green manure (15, 23) for 
soil improvement in view of different agronomic conditions of cereal crops 
(26, 29). In symbiotic association with specific soil rhizobia, root nodules 
develop on the roots.  
 
In legumes, VAM fungi increase nodulation and N2 fixation as a consequence 
of improved phosphorus nutrition (7). By this process atmospheric  nitrogen is 
converted into an available form for plants (1). The nitrogen addition @ 20 kg 
per hectare as a basal dose and 20 kg per hectare as split dose gave 
maximum mungbean yield (31) while nitrogen application at proper time 
produces maximum roots and shoots per plant (6) . The mungbean is ranked 
as drought crop and successfully grown in rainfed areas. In Pakistan, the 
average yield during the year 2009-10 was 709 kg per hectare which is much 
lower than that of other countries (2). 
 
The present study was conducted to evaluate the beneficial effect of 
phosphorus alone and in combination with rhizobium inoculums to determine 
the nitrogen and phosphorus concentration in roots, shoots and grains and 
their uptake by mungbean plant. 
 
 

MATERIALS AND METHODS 
 

A pot experiment was conducted at the Institute of Soil and Environmental 
Sciences, University of Agriuclture, Faisalabad, Pakistan during the year 
2008. Surface soil for pot filling was taken from 15 cm depth, air dried, mixed 
thoroughly and passed through a 2 mm sieve. Seeds of mungbean (cv. NM-
92) were inoculated with rhizobium and sown on 9th March in pots containing 
14 kg soil each. Recommended N (25 kg/ha) and K fertilizers (62 kg/ha) by 
using urea @ 38 g per pot and MOP @ 72 g per pot were applied at 
germination stage after ten days of sowing. Four levels of P fertilizer (0,  50% 
of recommended dose, 100% of recommended dose and 150% of 
recommended dose) were applied using SSP @ 1.2, 2.4 and 3.6 g per pot, 
respectively. In treatments, phosphorus alone at different levels with and 
without rhizobium inoculums was applied (19). The trial was laid out in 2-
factorial completely randomized design with six repeats. Plant material was 
digested by adding  0.50 g of plant material in 20 ml of concentrated H2SO4 
and 4 g digestion mixture (K2SO4: FeSO4: CuSO4, 10.0:1.0:0.5) and nitrogen 
was determined by micro Kjeldhal’s distillation method. Similarly plant 
material was digested by adding 0.5 g of oven dried material by adding 10 ml 
of concentrated HNO3 and 5 ml of 72% HClO4 and total phosphorus was 
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determined by the procedure given in hand book No. 60 (4). N and P uptake 
was calculated by the following formulae: 
 
                    Conc. of N in grain x Oven dry wt. of grain       Conc. of N in straw x oven dry wt. of straw 
N uptake (g/plant)  = ————————————————————— + ————————————————————— 
                                       100                         100 
          

                  (Conc. of P in grain x Qven dry wt. of grain)           Conc. of P in straw x oven dry wt. straw 
P uptake (g/plant) = —————————————————————— + ————————————————————— 

100      100 
 

The data thus collected for various characters were subjected to analysis of 
variance (30) and means were compared by using Duncan’s multiple range 
test (14). 
 

RESULTS AND DISCUSSION 
 

Nitrogen concentration 
 

In roots: The analysis of variance of data regarding nitrogen concentration in 
roots tissues (Table 1) depicted that phosphorus levels and rhizobium 
inoculation caused highly significant increase in nitrogen percentage in 
phosphorus fertilized treatments. At the same time effect of rhizobium 
inoculation was also significant whereas the interaction of P levels + 
rhizobium inoculums was non-significant. The comparison of overall means 
of P levels treatments of inoculated and un-inoculated plants showed 
significant increase in nitrogen concentration of the plant in response to P 
treatments. Maximum increase in nitrogen percentage (1.65%) was given by 
150 percent of recommended P which was 33.06 percent higher than control 
where no P was applied. The interaction effect of P levels + rhizobium 
inoculation was found non-significant. For optimum growth, 100 percent of 
recommended P combination was better. The results are in the line with Rao 
and Rao (22) who studied the effect of rhizobium inoculums and P application 
on green gram and reported significant N concentration in the roots of some 
legume crops as treated by graded P levels (21). 
 

In shoots: The average N concentration in shoots tissues in rhizobium 
inoculated plants was significantly higher (8.6%) than uninoculated plants 
(Table 1). The comparison of overall means of P treatments indicated that 
maximum N concentration in the shoots tissues (1.67%) was observed in P 
level of 150 percent of recommended dose which was 15.17 percent higher 
than control. However, this treatment was statistically at par with 100 percent 
of recommended P application. The interaction between P rates and 
rhizobium inoculums was also found significant. For optimum shoot growth, 
100 percent of recommended P combination showed better and economical 
results. Similar results were also found by Hoshiyar et al. (17) and Das et al. 
(13). 
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In grains: The comparison of overall means of P treatment indicated that 
maximum increase in N concentration was noted in P level of 150 percent of 
recommended dose which was 8.83 percent higher than control (Table 1). P 
levels of 100 percent was statistically at par with P 150 percent. Inoculation 
increased the N concentration in plants by 12.1 percent as compared to un-
inoculated plants. The interaction between P rates and inoculation was non-
significant. The level of 100 percent of recommended P combination 
produced better  results. Deka and Kakati (14) also reported that application 
of inoculums to gram increased N contents in grains. 
 

Phosphorus concentration 
 
In roots: The rhizobium inoculation alone increased P contents in roots 
tissues over control (no P and no rhizobium inoculation). The comparison of 
overall means of P treatments indicated that increase in P concentration in 
root tissues ranged from 42.42 to 190.9 percent over control (Table 2). 
Inoculation increased P concentration in root tissues by 26.4 percent as 
compared to uninoculated plants. The interaction between P levels plus 
inoculation was also significant. For optimum growth, 100 percent of 
recommended P combination showed better root development. These results 
agree to those of Deka and Kakati (14) and Das et al. (13). 
 
In shoots: Inoculated plants increased P concentration in shoots tissues 
significantly but interaction of both P levels and rhizobium inoculation was 
non-significant. Means of inoculated and un-inoculated plants also 
represented significant. P effect on P contents in shoot tissues with 46.38 to 
290.38 percent over control (Table 2). The inoculation increased P contents 
of shoots tissues and average P contents in inoculated plants were 28.70 
percent greater than average P contents in uninoculated plants. Brar and 
Sindhu (8) in also observed a significant concentration of P in green gram 
shoot as inoculated by rhizobium. 
 

In grains: Overall comparison of means showed that increase in P 
concentration in grains was 6.36 to 66.88 percent higher than control (Table 
2). The comparison of inoculated and un-inoculated plants also indicated 
significant increase (18.88%) of P contents in grains over un-inoculated 
plants. The interaction between P levels and inoculation was also significant. 
For optimum return, 100 percent of recommended P combination was better. 
Earlier workers (17, 27, 28) also observed high P concentration in grains as 
inoculated with rhizobium and fertilized by graded P levels. 
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Nitrogen uptake by plant 
 
In case of inoculated plants maximum nitrogen uptake (196.94%  higher than 
respective un-inoculated control) was noted in 150 percent of recommended 
P dose (Table 3). The comparison of overall means basis maximum uptake 
of N was at P level of 150 percent of recommended dose which was 157.19 
percent greater than control. Average N uptake in inoculated plants was 
significantly higher than un-inoculated plants. It was 111.74 percent higher 
than its respective uninoculated plants. The interaction between P rates and 
rhizobium inoculation was also found highly significant. . For optimum results, 
100 percent of recommended P combination was better. Earlier reports (5, 
18, 24, 25) also showed that rhizobium inoculums improved the N and P 
uptake by plants. 
 
Table 3. Effect of phosphorus and rhizobium inoculation on nitrogen and phosphorus 

uptake by plant 
 

P levels N uptake (g/plant). 
 Uninculated Inoculated Mean 
No P and no rhizobium  
 

64.85g 97.68e 81.27d 

50% of recommended P 83.27f 
(28.40)* 

152.79b 
(56.41)* 

118.03c 
(45.23)* 

100% of recommended P 112.38d 
(39.29) 

282.09a 
(188.78) 

197.23b 
(142.19) 

150% of recommended P 127.99c 
(97.36) 

290.06a 
(196.94) 

209.02a 
(157.19 

    
 P uptake (g/plant) 
 Uninoculated Inoculated Mean 
No P and no rhizobium  
 

2.43f 3.93e 3.18d 

50% of recommended P 3.65e 
(50.20)* 

6.81d 
(73.28)* 

5.23c 
(64.46)* 

100% of recommended P 7.36d 
(203.29) 

19.47b 
(395.41) 

13.41b 
(321.69) 

150% of recommended P 10.98c 
(351.85) 

25.19a 
(540.96) 

18.09a 
(468.86 

 
Phosphorus uptake in plant 
 
The data (Table 3) showed that  in uninoculated plants, the highest dose of P  
increased P uptake by 351.85 percent over its respective control followed by 
100 percent of reocmmended P dose (203%). The comparison of overall 
means of uninoculated and inoculated plants showed that P treatments had 
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significant effect on P uptake and maximum uptake was 25.19 g per plant 
which was 540.96 percent higher over its respective control. Inoculation 
significantly promoted the average P uptake by plants as compared to un-
inoculated plants. The interaction between P levels and rhizobium inoculation 
was also highly significant. For optimum results, 100 percent of 
recommended P combination was better. These results agree to those of 
carlier workers (8, 10, 11, 12). 
 

CONCLUSION 
 
The study concludes that inoculation with rhizobium has increased nitrogen 
fixation in mungbean crop. The combination of phosphorus and inoculation 
showed maximum positive effects on nitrogen and phosphorus concentration 
and their uptake by plant. The treatment of 100 percent of recommended 
dose of P with rhizobium proved as eocnomical dose with better results.  
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