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ABSTRACT

Rahman M.M., Bhuiyan M.M.H., Sutradhar G.N.C., Rahman M.M. and Paul A.K. 2008. Effect of Phosphorus, Molybdenum and
Rhizobium Inoculation on Yield and Yield Attributes of Mungbean. Int. J. Sustain. Crop Prod. 3(6):26-33

An experiment was conducted during kharif season, 2005 at Soil Science Division, Bangladesh
Agricultural Research Institute to study the effect of phosphorus (P), molybdenum (Mo) and Rhizobium
inoculation on the yield and yield contributing characters of mungbean (Vigna radiata) on a silty clay
loam soil. The experiment was laid out in RCBD with four replications. Ten treatments were formulated
with the combination of 4 levels of P (0, 20, 40, 60 kg/ha) and 2 levels of Mo (1.0, 1.5 kg/ha) having a
common Rhizobium inoculant. P and Mo application at the rate of 40 and 1.0 kg/ha respectively,
significantly increased yield and yield contributing characters of mungbean compared to uninoculated and
control. Highest stover (26.67 g/plant) and grain yield (14.61 g/plant) were obtained with P (40 kg/ha), Mo
(1.0 kg/ha) and Rhizobium inoculation. Above these levels of P and Mo decreased yield and yield
contributing characters. Dry weight of plant tops, seed yield/plant and yield-contributing characters were
positively correlated with the number of nodules/plant. Combined application of Rhizobium inoculant
along with 40 kg P and 1.0 kg Mo/ha was considered to be the suitable combination of fertilizer for
mungbean cultivation in silty clay loam soils.
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INTRODUCTION

Mungbean (Vigna radiata L. Wilczek) is one of the important pulses grown in Bangladesh. Being rich in protein
it can provide a balanced human diet when taken in combination with cereal which contains low level of protein.
The mungbean yield is very low in Bangladesh as compared to other countries of the world (BBS, 1991). It is
grown twice a year and due to its short duration can be fitted in our existing cropping system without any major
change in the present agricultural practices. Nitrogenous fertilizer is important because it is the main component
of amino acid as well as protein. The use of biological nitrogen fixation (BNF) technology in the form of
Rhizobium inoculants in grain legumes can be an alternative of nitrogenous fertilizer. Mungbean, like other
legumes improves soil fertility by fixing atmospheric nitrogen through the process of symbiosis with roots of
legume crops and makes nitrogen (N) available to plant. Without proper fertilization by phosphorus, rhizobial
activities and nitrogen fixation is depressed because it promotes early root formation and the formation of
lateral, fibrous and healthy roots. It is very important for nodule formation and to fix atmospheric nitrogen.
Leguminous crops meet up their N requirement through BNF depending on proper growth, development and
also leghemoglobin content of the root nodules (Chowdhury et al., 1998). It is supposed that phosphorus is
effectively translocated into grain at high rates, since P is necessary for the production of protein, phospholipids
and phytin in mungbean grain (Trung and Yoshida, 1982). Mo is directly involved in nitrogen fixing enzymes
nitrogenase and N reduction enzyme, nitrate reductase especially for legumes forming root nodules. Its
application can play a vital role in increasing mungbean yield through its effect on the plant itself and also on
the nitrogen fixation process by Rhizobium. Sharma et al. (1988) observed that molybdenum was responsible for
the formation of nodule tissue and increase in nitrogen fixation and without adequate quantities of molybdenum,
nitrogen fixation could not occur and microbial activity was depressed. Works on the effect of phosphorus,
molybdenum with Rhizobium inoculation is scanty in Bangladesh. So, it is necessary to examine the effects of
different levels of those nutrients and to assess their best combination in terms of enhanced nitrogen fixation and
productivity of mungbean. In view of these points, the present study was undertaken to find out the best
combination of phosphorus, molybdenum and Rhizobium inoculants on yield and yield contributing characters
of mungbean and to determine the relationship between yield contributing characters influenced by Rhizobium
inoculants.

MATERIALS AND METHODS

Pot experiment was carried out at Soil Science Division, Bangladesh Agricultural Research Institute, Joydebpur,
Gazipur during kharif season, 2005 using mungbean variety BARI Mung -5. The experiment was laid out in
Randomized Complete Block Design (RCBD) with four replications having each of the pot was filled with 12
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kg of soil. Physical and chemical properties of initial soil were estimated by using standard analytical
procedures presented in Table 1. Ten treatments were as follows; Ty: Control, T,: Rhizobium(R), T5:PytMo; otR,
T4:P20+MO|'O+R, T5:P40+MO]'O+R, TG:PGO“FMO]'O‘FR, T7:Po+ M01.5+R, T81P20+M0145+R, T9 :P40+MO|'5+R and
T10:Pgo™Mo; s+R seeds were sown on. Total amount of urea, MP was applied to the upper half of the pot soil
seven days before sowing. Four levels of phosphorus (0, 20, 40 and 60 kg P/ha) as TSP and two levels of
molybdenum (1.0 and 1.5 kg Mo/ha) as ammonium molybdate were applied to the pots according to the
treatment combinations two days before the sowing. Pit based inoculants were prepared with the strains
designated as BARI RVr-2005. Seeds were treated with inoculants @ 30 g/kg of seed using gum arabic as
sticker and were sown in the evening. All the agronomic practices like weeding, irrigation, mulching, and plant
protection measures were performed as the requirement of the crop. The crop was harvested at full maturity.
Harvesting was done in two picking within the 20™ of May, 2005. From each pot selected plants were harvested
and tied with rope separately and tagged and brought to the threshing floor. The grain and stover yields were
estimated. Nitrogen, phosphorus and potassium content and uptake in plant materials were determined. Standard
procedures were followed for recording and analyzed the data on different yield parameters and means were
compared using LSD at 5% level of significance.

Table 1. Physical and chemical properties of initial soil

. Physical properties Chemical properties
Soil Sample - ocC C:N
From pot Sand | Silt Clay (%) pH Ratio | Total | Total P K Ca Mg
(%) | (%) (%) N (%) | (ppm) meq/100 g dry soil
An‘f‘g&‘:al 1840 4560 3600 1067 56 1100 0097 1100  0.13 6.3 1.8
Critical level ~ Texture : Silty clay loam - 14.00 0.2 2.0 0.8
Interpretation - - - - Acidic - Low Low Medium High High
RESULTS AND DISCUSSION
Nodulation

Seed inoculation with Rhizobium significantly increased nodule number as compared to that of the non-
inoculated plants of mungbean (Table 2).Chowdhury et al.,(1998) reported that phosphorus application at the
rate of 60 kg P,Os/ha significantly increased nodulation. Individual effect of P application was pronounced in
this study. Among the phosphorus levels, P at the rate of 40 and 60 kg/ha along with 1.0 kg Mo/ha produced
significant number of nodules 13.50 and 13.00/plant respectively at flowering stage. Plant received Rhizobium
inoculation alone or with different levels of P and Mo produced higher number of nodules over uninoculated
treatment (control). Chowdhury et al. (1998) found that 50 kg P,Os/ha with other fertilizers increased 245%
nodule number over control. Khanam et al. (1993) also found the similar results with lentil. The individual
effect of Mo on total number of nodule per plant was also significant (Table 2). Result showed that 1.0 kg
Mo/ha produced significantly higher number of nodule per plant than the Mo dose 1.5 kg/ha. The higher number
of nodule was obtained with 1.0 kg Mo/ha. Above this level the number of nodule significantly decreased.
Similar result was observed with P. Figure 1 showed that with increasing P levels, nodule number per plant
decreased significantly after a certain level. Zaman et al. (1996) observed that application of Mo @ 1.0 kg/ha
produced 97% higher nodule number over control.

Pod Length

Significant variation was observed in pod length due to the application of P, Mo and Rhizobium inoculation over
control (Table 2). The highest pod length (10.93 cm) was obtained with the Ts, where P was applied at the rate
of 40 kg/ha along with 1.0 kg Mo/ha and Rhizobium. The lowest pod length (8.32 cm) was found with control.
Except control, statistically no variation was observed among other treatments. No effect was also observed due
to different levels of Mo application. Pod length was increased 32% with the Ts than control (Table 2).

Number of pods per plant

Rhizobium inoculant along with P and Mo significantly influenced the number of pod/plant. Number of
pod/plant ranged from 17.46 to 23.65. Ts produced significantly higher pods/plant (23.65), which was though
higher than other treatments but statistically identical with Ty (Table 2). The treatment containing Rhizobium
inoculant alone produced 20% higher number of pod/plant than control. Muhammad et al. (2004) and Malik et
at. (2002 & 2003) reported that the number of pods per plant of mungbean increased with Rhizobuim inoculant

27 Int. J. Sustain. Crop Prod. 3(6) (October 2008)



Effect of Phosphorus, Molybdenum and Rhizobium Inoculation on Yield and Yield Attributes of Mungbean

in association with P application. There was a positive correlation between the number of pods and the number
of nodules and mature seeds yield of the crop (Figure 2).

Number of seeds per pod

Rhizobium, P and Mo influenced significantly on the formation of seeds per pod (Table 2). Number of seeds/pod
increased P level upto 40 kg/ha along with Mo 1.5 kg/ha. No variation was observed between Mo level 1.0 and
1.5 kg/ha. The highest number of seeds per pod (11.71) was found with T; but statistically identical with the T,
Ty and Tyy. The lowest number of seeds per pod (8.68) was obtained with uninoculated plot (control). It was
observed that Rhizobium inoculant in association with P and Mo led to increase the number of seeds per pod of
mungbean. Similar results were also reported by Landge et al. (2002). In the present study, number of seeds per
pod had a positive correlation with seed yield/plant (Table 5).

100 Seed weight

Result obtained on seed weight is presented in Table 2. Significant effect was observed on 100 seed wt. due to
the application of phosphorus, molybdenum and Rhizobium inoculation. Significantly higher 100 seed wt. (5.28
g) was obtained with T but statistically similar with T, Ty and T). Statistically no effect was observed between
with or without inoculum treatments. The highest 100 seed weight (5.28 gm) was recorded with the Ts (P4 +
Mo, + R) and the lowest (3.90 g) with the control. Malik et al. (2002) reported that seed inoculation with
Rhizobium significantly increased 100 grain weight (42.27 g) of mungbean. There was a highly positive
correlation between 100 seed weight with seed yield/plant (Table 5).

Stover yield per plant

The highest stover yield per plant was recorded (26.67 g) in Ts (P4 + Moo + R) at harvest, which was
statistically higher than other treatments. T4, Ts, To and T, were statistically identical (Table 3). The lowest
stover yield per plant was recorded (20.75 g) with control. The stover yield increased ranged from 24.19 to
28.53% than control (Table 3). The effect of phosphorus on stover yield of mungbean was also significantly
influenced at harvest. The highest stover yield (26.67 g) per plant was obtained with p level 40 kg/ha, which was
significantly higher than other treatments. P rate above 40 kg/ha, stover yield decreased significantly. The
lowest stover yield was recorded 25.79 g/plant with 0 kg P/ha. Manpreet et al. (2004) also observed the similar
trend with mungbean. The effect of molybdenum on mungbean stover yield was also significantly influenced.
The stover yields (26.18 g/plant) with 1.0 kg Mo/ha, which was significantly higher than the molybdenum rate
1.5 kg/ha. Wu et al. (1994) reported that plant dry weight and the dry weight of different organs in soybean were
positively correlated with Mo concentration. The lowest stover yield (20.75g) was recorded with control
treatment. Considering interaction effect between phosphorus and molybdenum, the highest stover yield was
recorded with 40 kg P and 1.0 kg Mo/ha (Figure 3), which was 28.53% increased than control.

Seed yield per plant

Seed yield was significantly influenced due to the application of P, Mo and Rhizobium inoculant and are
presented in Table 3. The treatment (Ts) inoculated with Rhizobium along with 1.0 kg Mo and 40 kg P/ha
produced the highest seed yield (14.61 g/plant), which was 162% higher grain yield than the uninoculated
control (T)) and 53% higher than the Rhizobium alone (T,). Muhammad et al. (2004) also observed the similar
trend. Satish et al. (2003) and Malik et al. (2003) also observed that P at 40 and 60 kg/ha increased mungbean
grain yield than control. Seed yield per plant of mungbean showed positive correlation with number of nodule
per plant, number of pod per plant, number of seed per pod and 100 seed weight of mungbean (Figure 4 and
Figure 5). Incase of nodule no. per plant and seed yield, the relationship is described by yield response function
y = 4.88 + 0.6139x, where y indicates seed yield which varied with number of nodule per plant levels x. Seed
yield of mungbean was significantly influenced by different levels of phosphorus. The highest seed yield (14.00
g/plant) was found with 40 kg P/ha, which was significantly higher than other treatments (Figure 6). The lowest
seed yield was recorded in control (5.56g/plant).Molybdenum application @ 1.0 kg/ha gave the highest seed
yield (14.61 g/plant). Above this level of Mo, the yield of mungbean was gradually decreased (Table 3). Ibupoto
and Kotechi (1994) also reported the same with soybean. Seed yield was increased 162.77% over control with
the T4, where P and Mo was applied 40 and 1.0 kg/ha, respectively.

Nitrogen content and uptake by shoot

Nitrogen content and uptake by shoot was significantly influenced by Rhizobium inoculant, P and Mo
fertilization. Nitrogen content in shoot varied from 3.20 to 4.20% at harvesting stage. The highest N content
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4.20% was recorded with Ts, which was significantly higher than other treatments (Table 4). No variation in
nitrogen content was observed in between the T¢ and Ty. Singh et al. (1992) reported that N content in plant tops
increase due to inoculation. Effect of Rhizobium inoculant alone or in combination with P recorded significantly
higher N uptake by shoot compared to control. Addition of Mo along with Rhizobium and P further increased N
uptake by shoot. Ts recorded the highest N uptake (1.09 mg/plant). N content decreased with increasing P level
(Table 4). Ts uptake of N was 58% more over control. Maurya et al. (1993) reported that N uptake increased
with Mo application in blackgram. In this study a positive correlation was also observed in relation to nodule
number and N content in seed and N uptake by shoot with the total number and dry weight of nodules of
mungbean (Figure 7 and Figure 8).

Phosphorus content and uptake by shoot

Significant effect was observed due to the application of phosphorus, molybdenum and Rhizobium inoculation
(Table 4). Ts showed the highest P content in mungbean stover which was statistically higher than other
treatments except Tg and To. The lowest P (0.265%) was found in control but statistically identical with
inoculant treatment (Table 4). Phosphorus content was highest in T5 (0.365%), which was 38% higher than
control treatment. Chowdhury (1996) reported that P content increased due to inoculation with Rhizobium. The
influence of phosphorus, molybdenum and Rhizobium inoculant, on P uptake by mungbean shoot was found
significant at harvest. Both the P content and weight of shoot directly influenced P uptake. Therefore, the values
of P uptake increased with the increase of shoot weight and rate of P application. Phosphorus uptake at harvest
was higher with the addition of RAizobium inoculant with P and Mo. The highest P uptake (91.88 mg/plant) was
found with the Ts, which was statistically significant with other treatments but identical with Ts and T).
Rhizobium inoculant alone led to uptake 34% higher P over control. These findings are in agreement with the
Srivastava and varma (1985). They reported the similar trend in P uptake. Phosphorus content in shoot had a
positive correlation with the number and dry weight of nodules at all the growth stages (Table 5).

Potassium content and uptake by mungbean shoot

Data obtained in potassium content and uptakes are presented in Table 4. Phosphorus, molybdenum and
Rhizobium inoculation significantly influenced potassium content and uptake by shoot. Potassium content in
shoot varied from 2.51 to 2.88% at harvest (Table 4). In Ts, potassium content was 2.88%, which was 14.74%
higher than control. The Ts, T, Ty, and T}, were statistically similar. Statistically no variations were observed
among the T;, Tg and T,. No variation was also observed between inoculation and without inoculation with
Rhizobium mungbean. Phosphorus and molybdenum with RAizobium inoculation had effect on K uptake by
mungbean shoot. Significantly higher uptake was found with Ts but statistically similar with T¢ and Ty. Ts
uptake 45% more K than the control.

The results showed that Rhizobium inoculants BARI RVr-2005 had positive effect on nodulation, yield and
yield contributing characters of mungbean. Phosphorus upto 40 kg/ha increased nodulation and enhanced yield
and yield contributing characters of mungbean. Molybdenum upto 1.0 kg/ha enhanced nodulation, yield and
yield contributing parameters and above this level yield and yield contributing parameters were decreased
significantly. The results indicated that Rhizobium inoculation with phosphorus and molybdenum @ 40 and 1.0
kg/ha, respectively performed better in case of yield and yield attributes of mungbean. There is enough scope to
explore the production of mungbean in silty clay loam soil in Bangladesh through Rhizobium inoculation with
phosphorus and molybdenum @ 40 and 1.0 kg/ha, respectively.
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Table 2. Effect of phosphorus, molybdenum and Rhizobium inoculation on nodule number per plant, pod length,
pod per plant, seeds per pod and 100 seed weight of mungbean

Treatment Nodule number/plant | Pod length (cm) | Pods/plant I:::(;i)/epro(()if 100 se?g)welght

Control (T)) 6.75f 8.32b 17.46 ¢ 8.64¢ 3.90d
Rhizobium(R)(T) 11.25d 8.54 ab 21.85d 10.82 d 4.08 d
Po+Mo, ¢+R (T3) 11.75¢ 10.43 ab 22.00d 11.07 cd 432 cd
Pyo+Mo gtR (T4) 13.00 b 10.75 ab 22.25¢cd 11.29 be 4.41 bed
P4o+Mo gtR (Ts) 1350 a 1093 a 23.65a 11.71 a 5.28a
PsotMo g+R (Ts) 13.00 b 10.84 ab 22.85be 11.47 ab 4.90 ab
Py+Mo; s+R (T5) 11.75¢ 10.32 ab 21.86d 10.82d 4.13d
Pyo+Mo; stR (Ty) 13.00 b 10.55 ab 22.20 ed 11.09 cd 434 cd
P4otMo, stR (To) 11.75¢ 10.75 ab 23.19 ab 11.62 ab 497 a
PgotMo; s+R (T ) 11.00 ¢ 10.79 ab 22.65 bed 11.40 abc 4.81 abc

LSD (0.05) 0.247 2.235 0.714 0.309 0.507

CV% 1.5 15.1 22 1.9 7.7

*The figures in a column having common letter(s) do not differ significantly at 5% level of probability

Table 3. Effect of phosphorus, molybdenum and RAizobium inoculation on yield of mungbean

Treatment Stover yield/plant Stover yield increase Seed yield/ Seed yield increase
(g) over control (%) plant (g) over control (%)
Control (T;) 20.75 e - 5.56h -
Rhizobium(R)(T») 25.79d 24.29 953¢g 71.40
Py+Mo; o+R (T5) 25.77d 24.19 10.54 f 89.57
PytMo, g+R (T,) 26.05 be 25.54 1143 ¢ 105.58
P4tMo, g+R (Ts) 26.67 a 28.53 14.61 a 162.77
PsotMo, g*+R (Tg) 26.18 b 26.17 12.77 ¢ 129.68
Py+Mo; stR (T7) 25.79d 24.29 974 ¢ 75.18
PytMo, s+R (Tg) 2597 ¢ 25.16 10.68 f 92.08
P4+Mo, s+R (Ty) 26.09 be 25.74 13.40b 141.00
PgotMo,; s+R (T1g) 26.08 be 25.69 12.48 d 124.46
LSD (0.05) 0.146 - 0.264 -
CV% 0.4 - 1.6 -

*The figures in a column having common letter(s) do not differ significantly at 5% level of probability.

Table 4. Effect of phosphorus, molybdenum and Rhizobium inoculation on nitrogen content and uptake by shoot
at harvest of mungbean

Nitrogen (N) | Phosphorus (P) | Potassium (K)
Treatment Content in | Uptake by shoot | Contentin | Uptake by shoot | Contentin | Uptake by shoot
shoot (%) (mg/plant) shoot (%) (mg/plant) shoot (%) (mg/plant)
Control (T)) 320f 0.69 f 0.265 ¢ 55.00 ¢ 2.51d 0.520 f
Rhizobium(R)(T>) 333e 0.86 ¢ 0.268 ¢ 73.84b 2.51d 0.645 ¢
Po+Mo, ¢+R (T3) 3.50d 0.92d 0.300 b 7391b 2.64 ¢ 0.702d
Pyt Mo o+R (Ty) 3.66 ¢ 098 ¢ 0.308 b 81.10b 2.72b 0.700 d
PyotMo; ¢+R (Ts) 4.20a 1.09 a 0.365a 90.69 a 2.88 a 0.754 a
PgotMo; g+R (T) 3.88b 1.01b 0.355a 91.88 a 2.84 a 0.735 ab
P¢*+Mo, 5+R (T7) 3.47d 091d 0.305b 80.99 ab 2.67b 0.696 d
P,y+Mo; 5s+R (Tg) 3.75¢ 0.97 ¢ 0.308 b 82.25 ab 2.69b 0.711 cd
PyotMoy s+R (To) 390D 1.02b 0.358 a 82.73 ab 2.87a 0.745 ab
PgoMo; s+R (T1o) 3.75¢ 0.98 ¢ 0.315b 91.64a 2.82a 0.730 be
LSD (0.05) 0.112 0.032 0.021 11.83 0.079 0.021
CV% 2.07 2.29 4.55 10.14 1.91 2.16

*The figures in a column having common letter(s) do not differ significantly at 5% level of probability.
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Table 5. Relationship between different crop characters of mungbean
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