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EFFECT OF PHOSPHORUS, MOLYBDENUM AND Rhizobium
INOCULATION ON THE GROWTH AND YIELD OF MUNGBEAN

ABSTRACT

A pot experiment was conducted, during kharifl2005 at the Soil Science Division,
Bangladesh Agricultural Research Institute to study the effect of phosphorus,
molybdenum and Rhizobium inoculation on the nodulation, growth, yield and yield
contributing characters of mungbean (Vigna radiata) on a silty clay loam soil. The
experiment was laid out in randomized complete block design with four replications. Ten
treatments including 8 treatment combinations 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. one control with
no Rhizobium or fertilization and a Rhizobium inoculation only were applied. The
performance of Rhizobium inoculant alone was superior to control in almost all
parameters of the crop studied. The maximum stover and grain yield (about 14.6 g/plant)
was obtained when plants were fertilized with phosphorus (40 kg/ha), molybdenum (1.0
kg/ha) and Rhizobium inoculation. Rhizobium inoculation along with phosphorus and
molybdenum significantly increased the growth of plants, number of nodules, dry matter
production as well as grain yield of mungbean significantly compared to uninoculated
control. Nodulation (nodule number/plant) was the highest with 20 kg P/ha and 1.0 kg
Mo/ha. However, phosphorus and molybdenum application at the rate of 40 kg P/ha and
1.0 kg Mo/ha progressively and significantly increased dry matter content of shoot and
root, yield and yield contributing characters of mungbean. Higher dose of phosphorus
(60 kg P/ha) and molybdenum (1.5 kg Mo/ha) decreased grain yield and other
parameters. Dry weight of plant tops, seed yield/plant and yield-contributing characters
were positively correlated with the number of nodules/plant. From this point of view,
dry matter production, nutrient uptake, yield and yield attributes of mungbean combined
application of Rhizobium inoculant with 40 kg P/ha and 1.0 kg Mo/ha was considered to
be the balanced and suitable combination of fertilizer nutrients for achieving the

maximum output through cultivation of mungbean in silty clay loam soil.
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CHAPTER 1
INTRODUCTION

Mungbean (Vigna radiata L. Wilczek) is one of the major pulse crops grown in

Bangladesh. It belongs to the family Leguminosae and sub family Papilionaceae.
Mungbean [Vigna radiata] is one of the major pulse crops grown principally for its
protein rich edible seeds. It is considered as quality pulse for its digestibility and
low flatulence. The mungbean yield is very low in our country as compared to other
countries of the world (BBS, 1991). Due to its rapid growth and early maturity,
mungbean is adapted to multiple cropping systems. Apart from this, it has long
been recognized that the use of any legume in crop rotations is one of the principal
ways of supplying additional nitrogen for the succeeding non-leguminous crop
(Tisdale cl a/., 1985).

Knowingly or unknowingly the people of Bangladesh take pulse as the supplement
of animal protein. Though the animal proteins are superior to vegetable protein, the
protein rich animal products are quite costly and beyond the reach of many of the
common people of this country (Gowda and Kaul, 1982). Pulses contain almost
double amount of protein as compared to cereals. Pulses can supplement the cereal -
based diet to improve the nutritional value of food. These are also best sources of
protein for domestic animals. Mungbean (Vigna radiata L. Wilezek) is one of the
important pulse crops in the country for its high digestibility, good flavor and high
protein content. It holds the first position in price, 3" in protein content and 4" in
both acreage and production in Bangladesh (Anonymous, 1999; Sarker et at., 1982).
Hence from the point of nutritional value, mungbean is perhaps the best of all other
pulses (Khan el al1982). It contains 51% carbohydrate, 26% protein, 3% minerals
and 3% viatmins (Kaul, 1982).

Mungbean has a special importance in intensive crop production system of the

country for its short growing period (Ahmed cl al., 1978). It requires warm



temperature regime. Summer mungbean can tolerate a high temperature but not
exceeding 40°C and does well in the temperature range of 30-35°C. In our country,
mungbean gives the highest yield under summer planting (Satter and Ahmed,
1995). The successes of growing mungbean in summer have already been made in
Bangladesh. One of the biggest advantages of summer pulses is their suitability for
early kharif period, particularly in the area where low yielding Aus is produced.
Experiments conducted at BARI indicate that summer pulses are more economical

than low yielding Aus rice.

Mungbean originated in South Asia (India, Burma, Thailand etc.). Now it is widely
grown in India, Pakistan, Bangladesh, Burma, Thailand, Philippines, China and
Indonesia. It is also grown in parts of east and central Africa, the West Indies, USA
and Australia (Gowda and Kaul, 1982). The production of mungbean has bean
steadily decreasing due to reduced acreage, poor management and low yielding
local cultivars. Therefore, to meet the situation it is necessary to boost up the
production through varietal development and proper management practices as well
as summer mungbean cultivation. Fitting them in our usual cropping system and
use of seed inoculation with effective Rhizobium strains will produce better

nodulation, nitrogen fixation, growth and higher yield.

Nitrogen is the most important nutrient element among the major essential
elements. It is the most deficient element in Bangladesh soils limiting crop
production. For legume, nitrogen is more useful because it is the main component
of amino acid as well as protein. Adequate supply of nitrogenous fertilizer is
essential for normal growth and yield of a crop. In Bangladesh, most of the lands
are deficient in organic matter and nitrogen. To fulfill the demand of nitrogen,
usually urea or ammonium sulphates are being used. The price of these fertilizers
is very high and often unavailable in the market. For this reason, the poor and
marginal farmers cannot afford to supply balanced fertilizers, as a result their

crops do not produce expected yield.



imbalanced application of chemical fertilizers is also detrimental to the
environment. On the other hand, due to the cultivation of modern varieties of
different crops with imbalanced and heavy use of nitrogenous fertilizer soil
toxicity is arising and soils of Bangladesh are loosing their fertility and
productivity. The use of biological nitrogen fixation (BNF) technology in the
form of Rhizobium inoculants in grain legumes can be an alternative of expensive
fertilizer, particularly for improving the production of food legumes in the
country. Rhizobium can fix atmospheric nitrogen by symbiosis process with roots
of legume crops and makes N available to plants. A field trail showed that
Rhizobium inoculant and different levels of nitrogen increased nodulation, growth
and nitrogen uptake of lentil (Mahmud et al1997). Biological nitrogen fixation
and seed vyield of soybean also significantly increased due to Rhizobium

inoculant.

Yield increases in mungbean by 10 to 37 percent following Rhizobium
inoculation have been reported by many researchers (Rajagopalan and
Sadasivan, 1964, Maheshwari, 1974, Singh, 1977. Rao, 1980 and Satter and
Ahmed, 1992). Singh and Chaubey (1971) reported a profit/cost ratio of 27/1 for
inoculation with their most efficient rhizobial strain. An increase of 38 percent
in grain yield with inoculation of blackgram was obtained by Reddy et al.
(1978). An 18 percent increase in nitrogenase activity was reported by Kothari

and Saraf (1987) from inoculation of mungbean.

Mungbean, like other legumes has the ability to fix atmospheric nitrogen

through partnership with symbiotic nodule bacteria and thus enrich the soil.

The nitrogen fixation process is influenced by many factors and phosphorus is

one of them. Rhizobial activities and nitrogen fixation is depressed without

proper application of phosphorus. The most obvious eftect ol phosphorus is on

the plant root system. It promotes early root formation and the formation of

lateral, fibrous and healthy roots, which is very important for nodule formation

and to fix atmospheric nitrogen and is used by the plants as well as by succeeding

crop. Phosphorus had a significant effect on increasing the nitrogen



content by legumes (Andrew, 1976). It was reported that application of phosphorus
along with Rhizobium inoculant influenced nodulation and nitrogen fixation of
legume crops (Solaiman and Habibullah, 1990). Leguminous crops meet up their
nitrogen requirement through biological nitrogen fixation, which is dependent on
proper growth, development and also leghaemoglobin content of the root nodules
(Chowdhury et al., 1998). It is supposed that phosphorus is effectively translocated
into grain at high rates, since phosphorus is necessary for the production of protein,
phospholipid and phytin in mungbean grain (Trung and Yoshida, 1982). Much of
the phosphorus applied to the soil in the form of chemical fertilizer is immobilized,
fixed in the soil particles and remains unavailable to the crop. Phosphorus
applications progressively and significantly increase dry matter production as well

as yield and yield contributing characters in mungbean (Satter and Ahmed, 1992).

Molybdenum is indispensable for a variety of plant species especially for legumes
forming root nodules becausc it is directly involved in nitrogen fixing enzymes
nitrogenase and nitrogen reduction enzyme, nitrate reductase. Molybdenum
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. On the
contrary, deficiency of molybdenum resulted in decreased growth, yield and quality
of mungbean as well as low nitrogen fixation through Rhizobium. Lewis (1980) and
Sharma et al., (1988) observed that molybdenum w'as responsible for the formation
of nodule tissue and increase in nitrogen fixation. They also reported that without
adequate quantities of molybdenum, nitrogen fixation could not occur and microbial
activity was depressed. Grewal et al., (1967) reported that molybdenum has a
significant response to fix atmospheric nitrogen and yield of legume crops. Pulses
could produce active nodule only when soils were properly supplied with
molybdenum (Ahmed. 1982). Numerous experiments were conducted in abroad on
mungbean but information on the effect of Rhizobium inloculant in combination with

phosphorus and molybdenum is scanty in our country. So it is necessary to



examine the effects of different levels of those nutrients and 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 fulfill the

following objectives:

1. To determine the effect of phosphorus, molybdenum and
Rhizobium inoculants on nodulation, growth and yield of mungbean.

2.To know the optimum dose of phosphorus and molybdenum on
nodulation, growth and yield with Rhizobium inoculation.

3. To determine the relationship between yield contributing

characters influenced by Rhizobium inoculants.
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CHAPTER 2
REVIEW OF LITERATURE

A number of studies have been undertaken in various aspects related to the mungbean
production in different countries of the world but research works on mungbean to
Rhizobium inoculation in relation to different phosphorus levels on the growth,

nodulation and enzymatic activities are limited in Bangladesh.

2.1. Nodulation

2.1.1 Effect of Rhizobium inoculant on nodulation

Solaiman cl al. (2003) investigated the response of mungbean cultivers. BARI Mung-
2, BARI Mung-3, BARI Mung-4, BARI Mung-5. Bina Moog-2 and BU Mung-1 to
Rhizobium sp. strains TALI69 and TAL441 and found that bacterial inoculation of the
seeds increased nodulation. They obtained highest inoculation from BARI Mung-4
with strain TALI69.

Narendra and Chandra (2003) conducted a field experiment to investigate the effects
of combined inoculation of Rhizobium strain M-27 (a nitrogen-fixing bacterium) and
VAM with different levels of P (0, 25, 50 and 75 kg/ha) on the nodulation of
mungbean cv. Pusa Baishakhi. They found that combined inoculation of Rhizobium +
VAM gave significantly more nodules at 30 and 50 days after sowing (DAS) with
phosphorus level 0, 25, 50 and 75 kg/ha than single inoculation with either Rhizobium
or VAM.

Chatterjee and Bhattacharjee (2002) studied the effects of inoculation with Rhizobium
sp. on the nodulation of mungbean cv. B-l and found that the plants inoculated with
Rhizobium strains showed higher nodulation and N content. Navgire et al. (2001)
conducted a field experiment with mungbean cultivars BM-4, S-8 and BM-86 and

these were inoculated with Rhizobium strains M-I 1-



85, M-6-84, GR-4 and M-6-65. They recorded the highest mean nodulation (16.66)
in S-8, BM-4 and BM-86.

Islam et al. (1999) conducted an experiment to study the performance of some
bradyrhizobial inoculants on soybean at BINA experimental farm. Mymensingh.
They found that the total nodule numbers were significantly higher in inoculant
treatments. All the Bradyrhizobium inoculated treatments performed better in nodule

formation in soybean.

Taiwo et al. (1999) conducted a field experiment in Ibadan, Nigeria, with soybeans
cv. TVX 1740-2F and TGX 1448-2E. Seeds were inoculated with Bradyrhizobium
strains Irj 284A and phosphorus level 0 and 40 kg/ha. Inoculation and P fertilization

led to increased nodulation in both cultivators.

Bhuiyan et al. (1998) conducted a field experiment at Regional Agricultural Research
Station, Ishurdi, Pabna to evaluate the effect of seed inoculation with 4
Bradyrhizobium strains on nodulation in soybean. They found that Bradyrhizobium

inoculation significantly increased nodule number than uninoculated control.

Ghosh and Poi (1998) carried out a pot experiment where soybean, groundnut, kalai
(Vigna mungo), moog (Vigna radiata) and lentil were inoculatcd with Rhizobium,
Bacillus polymixa and Glomus fasciculatum in different combinations. They found that
nodulation and population of microorganisms in the rhizosphere were the highest

from combined inoculation with all three microorganisms.

Das ct al. (1997) conducted field trails where Vigna radiata cv. Nayagrah local seeds
were inoculated with Rhizobium and/or VAM culture, which was applied at 15 kg/ha.
They observed that number of nodule was increased with dual inoculation compared

with uninoculated control.



Uslu et al. (1997) conducted a field trail of soybean and inoculated with
Bradyrhizobium japonicum. They found that nodules per plant were increased by

inoculation.

Satter and Ahmed (1995) carried out a field experiment on mungbean (Vigna radiata
L.) to study the response of inoculation with Bradyrhizobium inoculants incorporating
with BIN A 403, BINA 407. RCR 3824 and RCR 3825 strains as single and mixed
culture. They observed that Bradyrhizobium inoculation increased the number of

nodules and weight significantly.

Sharma et al. (1995) observed that seed inoculation with Rhizobium and application of
40 kg P205 /ha in chickpea (Cicer arietinum) either alone or in combination enhanced

nodulation and yield significantly over the uninoculated control.

Thakur and Panwar (1995) conducted a field trail where Vigna radiata cv. Pusa-105
and PS -16 were inoculated and they found that inoculation either alone or combined

increased plant height compared with no inoculation.

Rahman et al. (1994) observed in two field trails that Rhizobium (strain RCa- 220)
inoculation alone or in presence of phosphate and potash fertilizers significantly
increased nodule number and weights and also produced significantly higher grain
yield of chickpea than that of other treatments. The grain yield was increased
between 37 and 119%. The inoculum was more profitable than other chemical

fertilizers considering the cost benefit ratio.

Sarker et al. (1993) reported that Rhizobium inoculation along with P application and
Rhizobium inoculation along with Azotobacter chroococcum were equally effective in
enhancing grain yield of greengram. Combined applications of N and P along with

Rhizobium inoculation also performed better than other treatments.



Singh and Tilak. (1992) observed that Rhizobium inoculant might increase the
nodulation, which ultimately increased the N fixation in soil and thus the yield of

cowpea.

Satter and Ahmed (1992) reported that Bradyrhizobium inoculation significantly
increased the number and weight of nodules of mungbean as compared to

uninoculated control.

Haque (1991) studied the performance of some promising strains of lentil Rhizobia
under field condition. Rhizobial strains BAU 303 and TAL 638 were performed better
in producing higher nodule number and weight, as well as seed yield of lentil. These
results and other related studies showed 20 to 60% vyield increase in lentil due to
different Rhizobium inoculants. In other study by Haque (1991) reported that the strain
BAU 604 was the best in producing nodule number, shoot weight and seed yield of
mungbean. These results showed that seed yield of mungbean was increased upto 20

to 50%.

Solaiman and Habibullah (1990) conducted an experiment to observe the effect of
Rhizobium inoculation on groundnut and reported that higher nodulation (33.7%) and

total dry matter yield (28.10%) was found under inoculation treatment.

Muniruzzaman and Khan (1990) carried out an experiment on lentil and found that
inoculation had a great effect on N uptake. Nitrogen contents in inoculated plant
shoots recorded by the strains DUM 151, DUM 153 and DUM 155 were 2.5%, 2.9%

and 2.6%, respectively.

Rahman (1989) observed significantly higher number of nodules per plant, root and
shoot dry weight per plant, 1000 seed weight and grain yield due to inoculation over

control in soybean.

Namdeo et al. (1988) conducted an experiment on pigeonpea and observed that seed
inoculation with 5 Rhizobium stain increased nodulation.

Islam et al. (1987) found that N content in plant tops increased due to inoculation.

Bhuiya et al. (1986) studied the performance of some Rhizobium inoculants on

blackgram (Vigna mungo) and observed that the effective nodulation with all



inoculants were reflected in terms of main root and branch root nodule counts

relatively higher than uninoculated control.

Poi and Ghosh (1986) carried out an experiment on lentil and chickling pea and
found that seed inoculation with Rhizobium leguminosarum (strains L25 and L20)

increased nodulation and plant N content than other strains.

Khan et al. (1985) observed that inoculation of blackgram seed with different

Rhizobium strains showed highly significant effect on nodulation.

Bhuiya et al. (1984a) carried out a field experiment at BAU farm and observed that
the inoculation of mungbean gave the higher dry weight of nodules and shoot per
plant compared to control. They also reported that large size nodules were produced

due to inoculation.

Bhuiyan et al. (1984b) found that inoculated treatment of mungbean gave higher dry

weight of nodules over control and produced larger size nodules.

Ashraf Zahid et al. (1984) found significant increase in nodule number due to

inoculation of chickpea.

Raut and Ghosnsiker (1982) found that seed inoculation with Rhizobium strain no.24

increased nodulation of 4 chickpea cultivars.

2.1.2 Effect of molybdenum on nodulation

Solaiman (1999a) found increased nitrogenase activity due to seed inoculation along
with Mo application in soybean. The highest nitrogenase activity (82.44 H mol
C,H4/plant/hr) was obtained by inoculant + 1.5 kg Mo/ha.

10



Zaman et al. (1996) conducted an experiment on mungbean and observed that the
application of Mo (1 kg/ ha) produced 97% and 150% higher nodule number and

nodule weight, respectively over control.

Zaman et al. (1996) conductcd an experiment on mungbean and observed that
application of 2 kg B/ha in combination with 2 kg Mo/ha produced 176% and 229%

higher nodules/plant over control in 1989 and 1990, respectively.

Hasan et al. (1994) found higher nodule dry weight due to application of 13.3g

Mo/feddan in soybean.

Johal and Chahal (1994) found that when viable Vigna radiata seeds were surface
sterilized and treated with 5 concentrations of Mo (0, 2, 5, 10 or 15 ppm.) as sodium
molybdate and then inoculated with Rhizobium strain R-2 nodule numbers and dry

weight were greatest with 5 ppm. Mo.

Aghatise and Tayo (1994) found significantly higher nodule weight as compared to
control plants due to application of Mo. They also reported that application of Mo at
the rate of 0, 0.2, 0.4 and 0.8 kg/ha gave 0.001, 0.013,

0. 030 and 0.003g dry weights of nodules in soybean.

Maurya et al. (1993) reported that N uptake in soybean increased with Mo

application.

Tiwari et al. (1989) reported that Mo application improved 75% higher nodule
number in chickpea. Verma et al. (1988) and Pradhan and Sarkar (1985) found that

Mo application increased weight of nodules in chickpea.

Molybdenum is required for increasing nodulation in mungbean (Paricca et al.. 1983,
Velu and Savithri, 1982). It is essential for symbiotic N fixation. Pulses and legumes

can have active nodules only when soils arc adequately supplied with this element.

11



Franco and Day (1980) found that Mo application significantly increased nodulation,

N-fixation and growth of Phaseolus vulgaris in Brazil.

2.1.3 Effect of Rhizobium inoculant and different fertilizers on
nodulation

Chowdhury et al. (1998) observed that Rhizobium strain RVs-609 along with 50 PiOj +
50 K,0 + 1 Mo +1 B kg/ha increased 295% and 713% higher nodule number and

nodule weight, respectively over control.

Bhuiyan et al. (1997) conducted an experiment and observed that the application of
molybdenum and B, both at the rate of 1 kg/ha along with 50 kg PjOs/ha and 50 kg
K,0/ha produced 347% and 440% higher nodule number and nodule weight in

chickpea over uninoculated control treatment.

Bhuiyan et al. (1996) reported that Rhizobium inoculants in presence of P. K, Mo and
B fertilizers resulted significant increase in nodule number and nodule weight in
groundnut. They also reported that the inoculated plants with Mo and B fertilizers
produced significantly higher nodule number and nodule weight compared to

uninoculated ones.

Rahman et al. (1996) mentioned that Rhizobium inoculated (Strain RA11-S92)
groundnut plants either alone or in presence of P, K. S and Zn fertilizers produced

significantly higher nodule number and nodule weight over control.

Rahman et al. (1994) observed that Rhizobium inoculant (Strain Rca-220) alone or in
presence of phosphate and potash fertilizers significantly increased nodule number,

nodule weight in chickpea than other treatments.

Maurya et al. (1993) from a pot experiment reported that Rhizobium inoculant with Mo

in Vigna mungo increased nodule number and weight in soybean.
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Khanam et al. (1993) observed that Rhizobium inoculant (Strain Rlc-140) either
alone or in combination of phosphate and potash fertilizers significantly increased

nodulation of lentil cv. Utfala.

Satter and Ahmed (1992) reported that the phosphorus application upto 60 kg
P,0s/ha on mungbean progressively and significantly increased nodulation, shoot
length and weight, grain, hay and total protein yield and grain and hay phosphorus

content.

Solaiman et al. (1991) studied that higher dose of phosphorus decreased the grain
and hay yield and other parameters. Phosphorus application at the rate of 60 kg
P,0s/ha significantly increased nodule number, dry weight of plant tops and yield

of groundnut.

Singh and Bajpai (1990) reported that the nodulation of soybean was significantly
affected by higher dose of phosphorus. They also reported that highest number and
weight of nodules were recorded in 100 kg P,0s/ha. However, number of nodules

and nodule dry weight/plant responded significantly upto 60 kg P,0s.

Khandaker et al. (1985) reported that nodules per plant were increased
significantly in Blackgram (Vigna mungo) due to P application at 40 days after

germination.

Srivastava and Verma (1985) carried out an experiment on field pea and observed

that the increased P rate markedly increased P content in shoot of field pea.

Chowdhury (1996) reported that P content in mungbean increased due to

inoculation with Rhizobium.
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2.2. Plant height and root length:

2.2.1 Effect of Rhizobium inoculant o112 plant height and root length

Muhammad et al. (2004) conducted a field experiment on mungbean cv. NM- 92
under the rainfed conditions with five levels of phosphorus (0, 20. 35, 50. 65, and 80
kg/ha) combined with and without inoculation. They found that the plant height and
number of branches per plant were significantly affected with both inoculum and P
application. The highest plant height (72.6 cm) was recorded in the plot, which

received 35 kg PiOj/ha + Rhizobium inoculum.

Podder et al. (1999) carried out a field experiment at Brahmaputra Floodplain Soil to
evaluate the effect of seed inoculation with 8 bradyrhizobial strains on shoot length
of soybean. They reported significantly higher shoot length in the inoculated

treatments than the uninoculated control.

Solaiman (1999b) carried out an experiment and found higher plant height and root

length of mungbean due to Bradyrhizobium inculant over control.

Solaiman et al. (1999c) reported that the inoculation of chickpea significantly

increased the plant height.

Alam et al. (1999) conducted an experiment and obtained higher shoot and root
length due to inoculation of Rhizobium over control. The strain CC1192 recorded the
highest shoot (49.00 cm) and root (26.67 cm) length at flowering stage and also
recorded 60% higher plant height and 87% higher root length compared to control.

Chowdhury et al. (1998) conducted an experiment on cowpea and observed that

inoculum alone increased plant height by 90% more than the control.

Bhuiyan et al. (1998) conducted a field experiment at Regional Agricultural Research

Station, Ishurdi, Pabna to evaluate the effect of seed inoculation with
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4 bradyrhizobial strains viz: RGM-907, RGM-910. RGM-922 and RGM-928 on plant
height in soybean. They observed that the soybean plant height was significantly
influenced by the Bradyrhizobium inoculation. The RGM-922 produced the highest
plant height.

Krishnamohan and Rao (1998) conducted a field experiment in Andra Proadesh,
India with 4 soybean cultivar seeds inoculated with BraJyrhizobium japonicum strains
ASB-10, ASB-13 and ASB-15 and found that inoculation with rhizobial strains

significantly increased dry matter production over uninoculated.

Das et al. (1997) carried out field trials where Vigna radiata cv. Nayagrah local seeds
were inoculated with Rhizobium and/or VAM culture, which was applied at 15 kg/ha.
They found that shoot and root lengths were increased with dual interaction

compared with uninoculated control.

Dubey (1997) conducted a field experiment on soybean seed inoculation with
different strains of Bradyrhizobium japonicum and repoited that plant height

significantly increased over uninoculated control.

Uslu et al. (1997) conducted in a field trail of soybean and inoculated with
Bradyrhizobium japonicum. They found that plant height was increased due to

inoculation.

Aghatise and Tayo (1994) reported that Mo application significantly increased
soybean plant height compared with the control plants. At 10 weeks after
emergence, application of Mo at the rate ot 0.0, 0.2, 0.4 and 0.8 kg/ha gave
23.1, 24.2, 25.1 and 24.4 cm plant height, respectively.

Sattar and Podder (1994) conducted several field inoculation trails on groundnut
and inoculated with local single strain of inoculants and multistrain inoculants.
They found that the inoculation with local mixed culture resulted in maximum
shoot dry weight at 90 and 120 DAS and pod vyield.
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Johal and Chahal (1994) showed that Rhizobium inoculation increased all growth

characteristics compared with the uninoculated treatments.

Sultan (1993) conducted a field experiment on lentil inoculated with Rhizobium
inoculums and observed that inoculated plants produced significantly tallest plant

than uninoculated plants.

Vasilas and Fuhrmann (1993) showed that nodulation of soybean plant by superior
strains of Bradyrhizobium japonicum increased total shoot weight by 29% over

uninoculated control.

Sudhakar et al. (1989) conducted an experiment on blackgram and reported that the
crop growth was increased due to Rhizobium inoculation. They found that inoculation
or P application alone increased the protein content in blackgram while their
combination increased further Rhizobium inoculation to 22.06% higher protein

content with 40 kg P,0s/ha over control.

Fakir et al. (1988) revealed that the biomass production of soybean was the highest
with application of inoculum and phosphorus and all the effects were statistically
significant over the control. They also reported that the inoculation with N, caused

tallest plant height in soybean.

Rahman (1988) observed that the Rhizobium inoculation either alone or in presence of
P and K fertilizers increased nodule number, root and shoot dry weight and grain

yield of soybean significantly.
%2.2 Effect of molybdenum on plant height and root length

Zaman et al. (1996) conducted an experiment on mungbean and found the highest
plant height (30.29 cm) in plants which received 1 kg Mo/ha. This was 40.69%
higher over control. They also reported that the application of Mo (1 kg/ha)

produced 44.6% higher root length over control.
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2.2.3 Effect of Rhizobium inoculant and different fertilizers on plant height
and root length

Chovvdhury et al. (1998) obtained the tallest plant 64.9 cm, which received inoculum
along with Mo and B (both 1kg/ ha) as compared to all other treatments. They also
reported that the cowpea plant height was increased by 123% due to the inoculum
along with Mo (1 kg/ha) and B (1 kg/ha) over control.

Feng et al. (1997) reported that the pea plants inoculated with the bacterial strain
grew more vigorously with more branches, effective flowers and increased number of

pods.

Zaman et al. (1996) conducted an experiment on mungbean and observed that the
application of Mo (1 kg/ha) with B (2 kg/ha) produced maximum plant height (35.03
cm) as compared to control (21.53 cm). They also reported that the application of Mo
(1 kg/ha) either alone or in combination with B (1 or 2 kg/ha) appreciably increased
root length of mungbean over the control. They also reported that plant received 1 kg
Mo/ha with 2 kg B/ha produced 50.31 and 40.21% higher root length of mungbean
over control. Results suggested that Mo at the rate of 1 kg/ha promoted cell division
and cell denitrification (Hangstrom, 1968) and B (1 and 2 kg/ha) regulated
endogenous auxin levels during root development (Jarvis et al., 1983), which in turn

caused root elongation.

Sudhakar et al. (1989) conducted an experiment on blackgram and found that

Rhizobium inoculant increased crop growth rate compared to uninoculated control.
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2.3 Plant dry weight:

2.3.1 Effect of Rhizobium inoculation on plant dry weight

Solaiman et al. (2003) investigated the response of mungbean cultivers BARI Mung-
2, BARI Mung-3, BARI Mung-4, BARI Mung-5, Bina Moog-2 and BU Mung-1 to
Rhizobium sp. strains TALI69 and TAL441 and found that bacterial inoculation of the
seeds increased dry matter production. The best characteristics were obtained with
BARI Mung-4 inoculated with strain TALI 69.

Khan el al. (2002) stated that the effects of phosphorus (50, 75 and 100 kg PiOs/ha)
on the grow'th and yield of Rhizobium inoculated and uninoculated mungbean were
determined in pot experiments and reported that the straw yield increased with
increasing rates of P205 in Rhizobium inoculated. In case of uninoculated mungbean
straw yield was also increased with increasing P205. But there were significant

difference between Rhizobium inoculated and uninoculated mungbean.

Eusuf Zai et al. (1999) conducted a pot experiment on chickpea and found that
Rhizobium inoculation increased shoot and root dry weight compared to uninoculated

control.

Barakah and Heggo (1998) conducted a pot experiment on soybean (cv. Rillito) in
steam sterilized soil in a greenhouse and observed that seed inoculated with
Bradyrhizobium that had been amended with super phosphate (0.5 g/kg soil)
increased soybean shoot and root dry weight compared with uninoculated control.
The highest increase in root and shoot were obtained along with bradyrhizobium

application up to 167% and 400%, respectively.

Mahmud et al. (1997) reported that dry weight of shoot and root of lentil

significantly increased due to inoculation over control.
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Bhuiyan et al. (1997) reported that Rhizobium inoculants alone significantly increased

shoot weight in chickpea.

Vasilas and Fuhrmann (1993) observed that inoculation of soybean plant by superior
strains of Bradyrhizobium japonicum increased total shoot weight by 29% over

uninoculated control.

Hoque and Hashem (1993) observed that the use of Rhizobium as bio-fertilizer was
remarkably beneficial on shoot weight and total dry matter weight of soybean and

groundnut.

Hoque and Hashem (1992) reported that inoculation of soybean seeds with
Bradyrhizobium inoculum gave higher shoot dry weight over control.
Bhuiyan (1992) reported from a field experiment that Rhizobium inoculation

increased nodule number, nodule weights, shoot weights and pod yield significantly.

Namdeo et al. (1991) conducted a field experiment on pigeon pea and showed that
seed inoculation with Rhizobium strains produced significantly higher dry matter

weight over uninoculated control.

Hoque and Hashem (1992) conducted two field experiments one with soybean and
other with groundnut. They observed that inoculation with Bradyrhizobium inoculums

increased root dry matter during growth stage of the crops.

Muniruzzaman and Khan (1990) carried out an experiment on lentil and found that

nodulation, plant dry weight and N uptake increased when inoculated with Rhizobium.

Rahman (1989) observed that significantly higher root and shoot dry weight due to

inoculation over control in soybean.
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Podder et al. (1989) in a field experiment with 6 isolates of lentil reported significant
increase in grain and hay yield due to Rhizobium inoculation. They found 28-42

percent increase in grain yield over uninoculatcd control.

Asghar et al. (1988) conducted an experiment on lentil and observed that Rhizobium

inoculation increased nodule number and root dry weight.

Gill et al. (1985) reported that inoculation significantly increased the number of
branches/plant, pods/plant, seeds/pod, straw and grain yield and harvest index in

mungbean.

2.3.2 Effect of molybdenum on plant dry weight

Aghatise and Tayo (1994) conducted an experiment with soybean in Nigeria and
observed that Mo application significantly increased the leaves, stem and nodule and
the total dry weight compared with the control. They also reported that the
application of 0, 0.2, 0.4 and 0.8 kg Mo/ha produced 0.74, 0.79. 0.85 and 0.65g dry
weight of leaves: 0.8. 0.9, 0.93 and 0.79g diy weight of stem and 3.4, 4.2, 4.0 and
3.5¢g total dry weight respectively.

Wu et al., (1994) observed that total plant dry weight and the dry weight of different

organs in soybean were positively correlated with Mo concentration.

Pradhan and Sarkar (1985) found that application of molybdenum increased dry

matter weight of stem in horsegram.

Franco and Munns (1981) found higher dry matter weight due to Mo application in
bean. They also found significantly higher shoot weight in bean due to Mo

application.
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2.3.3 Effect of Rhizobium inoculant and different fertilizers on plant dry weight

Manpreet et al. (2004) conducted a field experiment to investigate the response of P
application (0, 20, 40 and 60 kg P,0s/ha) on mungbean and they observed that the
increase in P level showed significant increase in the number of pods per plant,
which accounted for significantly higher grain and straw yields at higher levels (40

and 60 kg/ha) compared to lower levels (0 and 20 kg/ha).

Singh and Pareek (2003) conducted a field experiment to investigate the effect of P
fertilizer (at 0, 15, 30, 45 and 60 kg P,0s/ha) on the growth and yield of mungbean
cv. RMG 62. They found that the dry matter accumulation, pods/plant, number of
seeds/plant and seed yield were highest with P at 45 kg P,0s/ha than the other P

rates.

Satish et al. (2003a) conducted an experiment to investigate the response of
mungbean cultivars to different P levels (0, 20, 40 and 60 kg P,Os/ha). They found
that total dry matter above-ground as well as the dry' accumulation in leaves, stems
and pods increased with increasing P level up to 60 kg P/ha. The number of branches

per plant increased with increasing P rates.

Navgire et al. (2001) conducted a field experiment with seeds of mungbean cultivars
BM-4, S-8 and BM-86 and these were inoculated with Rhizobium strains M-11-85,
M6-84, GR-4 and M-6-65 before sowing. They recorded the highest plant
biomass(8.29 g/ha) and grain yield (4.79 g/ha) in S-8. BM-4 and BM-86.

Singh et al. (2001) studied that the effect of phosphorus (0. 30, 60 and 90 kg
P,0s/ha) application on mungbean biomass and found that maximum dry
biomass/plant (24.8 g/plant) was recorded from 60 kg phosphorus followed by 30
kg (24.7 g/plant).



Choudhury and Fujita (1998) conducted an experiment in order to examine the inter-
specific difference in low P tolerance in terms of biomass production, photosynthetic
rate per unit leaf area (Po) and biological nitrogen fixation. They found that dry

matter production increased in all the species with the increasing P levels.

Bhuiyan et al. (1996) reported that Rhizobium inoculant of groundnut in presence of
P. K, Mo and B fertilizer resulted significant increase in shoot dry weight. They
found that shoot weight of groundnut increased due to Rhizobium inoculant in

association with Mo and B.

Bhuiyan et al. (1995) observed that inoculation of soybean with Bradyrhizobium in
presence of P, K, S and Zn gave 66.55% and 80.87% higher shoot dry w'eight of at
Joydebpur and Jessore, respectively. They also reported that the inoculation with
Bradyrhizobium in presence of P, K, S and Zn gave 14% and 72% in higher root dry

weight of soybean at Joydebpur and Jessore. respectively.

Surendra et al. (1995) carried out an experiment in Uttar Pradesh. India to study the
effect of phosphorus on total biomass, grain yield and nitrogen uptake in soybean.
They found that seed yield was 2.46 t/ha without applied P and highest (3.34 t/ha)
was with 35.2 kg P, which was significantly higher than without P (2.46 t/ha). Plant

N uptake, total biomass and soil organic C were also higher with 35.2 kg P ha'*.

Johal and Chahal (1994) showed that Rhizobium inoculation increased all growth

characteristics of mungbean compared with the uninoculated treatments.

Pangsakul and Jensen (1991) found that phosphorus supply increased top dry matter
production at flowering and the dry matter production of seeds, straw, pod shells

and roots at late pod filling stage of soybeans. Phosphorus supply
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did not influence the uptake of fertilizer or soil nitrogen in soybeans, even the

root mass was increased upto 60% due to P supply.

Solaiman and Habibullah (1990) stated that Rhizobium inoculant of groundnut in
presence of P, K and Mo gave significantly higher amount of total dry matter

yield at 50% flowering stage of the crop.

Thakuria and Saharia (1990) observed that phosphorus levels significantly
influenced the grain yield of summer greengram. The highest plant height,

pods/plant and grain yield were recorded with 20 kg P,0s/ha.

Padma et al. (1989) conducted a field in India, and obtained the dry matter
production of 62.8 g/plant of French bean with 75 ppm Mo + 2.5 ppm B.

Mishra and Singh (1989) observed that P content of groundnut plant decreased
steadily with advancing age stage of plants. The P level at 40 days, however
increased significantly over the control at 75 kg P,Os/ha, though not at 25 kg
P,0s/ha or 50 kg P,0s/ha. Available P content of the soil increased significantly

over control with increasing levels of phosphorus.

Reddy and Gajendragiri (1989) found that application of 40 kg P~Os/ha
significantly increased the root biomass, leaf area index, number of pods/plant.
100 kernel weight and pod yield of groundnut. Higher level (80 kg P,0s/ha) had no
advantage over 40 kg P,0s/ha.

Sairam et al. (1989) reported that N-uptake was maximum at 90 kg P,Os/ha in
fodder cowpea cultivator. They also reported that dry matter production recorded
at early pod formation stage were markedly increased due to application of

phosphorus up to highest level (90 kg P,0s/ha).

Arya and Kalra (1988) conducted an experiment on summer mungbean variety S-8
and revealed that application of phosphorus had no effect on the growth of
summer mungbean; while number of pods/plant, weight ot pods/plant, weight of

grains/plant, number of grains/pod, grain yield, dry matter and harvest index
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were found to be increased with increasing levels of phosphorus upto 50 kg
P202/ha.

Ninje and Jagdish Seth (1988) reported that the dry matter yield of whole soybean
plant and N, P content and uptake at flowering stages were significantly enhanced
with increasing levels of phosphorus. N-content of grain at harvest was, however

increased significantly upto 40 kg P,0s/ha.

Upadhyay et al. (1988) reported that leaf area index of soybean increased with P
level upto 69 kg P,0s/ha from 40 days after sowing to reproductive stage. Total
dry matter at harvest was maximum with 69 P,0s/ha, although statistically similar
with that of 46 kg P,0s/ha. The grain and straw yield increased significantly with
increasing levels of phosphorus upto 46 kg P,Os/ha.

2.4 Yield and yield attributes:

2.4.1 Effect of Rhizobium inoculation on yield and yield attributes

Many workers investigated the effect of inoculation on yield of mungbean and

other legumes. Some of these are described below:

Muhammad et al. (2004) conducted a field experiment on mungbean cv. NM- 92
and observed that both P and inoculum significantly affected grain yield. The

highest grain yield (1018 kg/ha) was obtained with 65 kg P,05/ha + inoculum.

Satish et al. (2003) conducted a field experiment to investigate the effect of
Rhizobium sp. on seed inoculation and they found that Rhizobium sp. inoculation

significantly increased the grain yield.

Chatterjee and Bhattacharjee (2002) studied the effect of inoculation with
Rhizobium sp. on grain yield of mung bean cv. B-I in field trials and found that the

plants inoculated with Rhizobium strains showed increased grain yield.
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Malik et al. (2002) conducted a field experiment on mungbean to observe the effects
of seed inoculation with Rhizobium on the growth, seed yield and quality of mungbean
cv. NM-98. They found that seed inoculation with Rhizobium resulted in the highest
number of pods per plant (22.47), number of grains per pod (12.06), 100-grain weight
(42.27 g), grain yield (1158 kg/ha) and grain protein content (24.61%).

Okereke et al. (2000) conducted two field experiments at Akw'a, Nigeria to asses the
competitiveness of foreign bradyrhizobia in infecting the promiscuous soybean
cultivar TGX 536-02D. Seeds were inoculated w'ith antibiotic mutants of the
bradyrhizobial strains before sowing. They observed that inoculation with

bradyrhizobial strains resulted highest grain yield of soybean.

Islam et al. (1999) studied the performance of some bradyrhizobial inoculants on
soybean. There were 8 treatments viz. uninoculated, urea @ 50 kg N/ha, TSP @ 60
kg P,0s/ha, inoculant RCR 3407, THA 5, TAL 102 and mixed inoculant alone and in
combination with TSP. All the Bradyrhizobium inoculants performed better in yield of
soybean. Grain yield w'as found highest (135.00 kg/ha) in mixed inoculant + TSP and

lowest in uninoculated treatments.

Podder et al. (1999) conducted a field experiment at Brahmaputra Floodplain soil to
evaluate the effect of seed inoculation with eight bradyrhizobial strains on seed
yield of soybean. All the bradyrhizobial treatments showed better performance in
number of pods/plant, number of seeds/plant. 100 seed weight and seed yield over

uninoculated control.

Chowdhury et al. (1998) conducted an experiment on cowpea and observed that
inoculum alone produced 151%, 78% and 21% more pods/plant, seeds/plant and
1000 grain weight, respectively than the control. They also observed that the plant

biomass was increased 265% more due to inoculation
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than the control. They also found higher seed yield due to inoculation, which was

197% more than the control.

Bhuiyan et al. (1998) stated that Rhizobium seed inoculation with 1 kg Mo/ha and 1 kg
B/ha increased nodule number, nodule and shoot weight and seed yield compared
with the control in soybean. Seed yield was 107% and 148% higher in two
consecutive growth seasons.

Gupta et al. (1998) conducted a field experiment with chickpea and observed that
seed yields w'ere higher with inoculation and 40 kg P,0s/ha and produced the highest
seed yield of 1.06 t/ha.

Paul (1998) conducted a field experiment where mungbean cv. PS-16 seed was
inoculated singly with 5 Rhizobium strains and exposed to 3 water regimes and found
that seed yield was not increased by inoculation under excess water or normal
irrigation conditions. But under water stress conditions seed yield was increased by

inoculation, particularly with strains N11 and D4.

Poonam and Khurana (1997) conducted a field experiment with summer mungbean
variety SML and observed that single strain and multistrain Rhizobium inoculants
increased the grain vyield by 10.4% and 19.3% over uninoculated control,

respectively.

Bhuiyan et al. (1997) conducted an experiment on chickpea and observed that
Rhizobium inoculant without any chemical fertilizers produced 64%, 31% and 63%
higher seed yield over uninoculated control during 1992-93. 1993-94 and 1994-95,

respectively.

Saraf et al. (1997) recorded that seed yield was higher with inoculation than without
(1.03 vz.0.88) inoculation and seed yield was highest with 60 kg P,0s/ha (1.24 t/ha)

in chickpea.

Sharma and Khurana (1997) studied the effectiveness of single and multistrain
inoculants in field experiment with summer mungbean variety SML32 and

found that grain yield was superior in multistrain inoculants. On an average, single
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strain and multistrain Rhizobium inoculants increased the grain yield by 10.4% and

19.3%, respectively over uninoculated control.

Gupta and Namdeo (1996) observed in a field experiment with chickpea that seed

inoculation increased seed yield by 9.6-27%.

Konde and Deshmaukh (1996) observed that plant dry weight and other vyield

components w'ere generally increased by inoculant in chickpea.

Shukla and Dixit (1996) conducted a field experiment where greengram cv. Pusha
Baiskhi seed was inoculated with Rhizobium shown in rows 20, 30 or 40 cm apart

w'ith 0-60 kg P,05/ha.They found that seed inoculation increased seed yield.

Satter and Ahmed (1995) conducted a field experiment at BARI farm Rajbari,
Dinajpur with mungbean inoculated with Bradyrhizobium and reported significant

increase in hay and total protein yield.

Satter et al. (1995) carried out a greenhouse trial on chickpea inoculated with two
local isolates of Bradyrhizobium, either alone or as mixed culture. They observed that

inoculation significantly increased N accumulation and seed yield.

Roy et al. (1995) reported that inoculum alone increased seed yield by 22% more

than the control in gram.

Shah et al. (1994) observed in chickpea that the number of nodules/plant and seed

yield increased significantly with Rhizobium strains.

Sarker et al. (1993) reported that Rhizobium inoculation along with P application and
Rhizobium inoculation along with Azotobacter chroococcum were equally effective in

enhancing grain yield of greengram.
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Sarker et al. (1993) conducted a field experiment to study the effect of nitrogen,
phosphorus and bacterial inoculation on yield and its components of summer green
gram (Phaseolus radiatus L.). Rhizobium inoculation along with Azotobacter

chroococcum was equally effective in enhancing grain yield of green gram.

Hoque and Hashem (1992) observed that inoculation of soybean seeds with
Bradyrhizobium inoculum gave highest nodule weight, shoot dry weight and stover

yield.

Satter and Ahmed (1992) reported that Bradyrhizobium inoculation gave better yield

performances of mungbean at 60 kg P,Os/ha.

Satter and Ahmed (1992) reported that Bradyrhizobium inoculant significantly

increased grain and hay yields of mungbean as compared to uninoculated control.

Yadav and Mandal (1992) reported that the number and DW of nodules and seed

yield were higher with inoculation of chickpea.

2.4.2 Effect of molybdenum on yield and yield attributes

Kliemann et al. (2002) conducted an experiment on productivity of soybean as a
function of the application of cobalt and molybdenum and they found that cobalt and

molybdenum did not increase the yield of soybean.

Hazra and Tripathi (1998) observed that Mo application at the rate of 1.5 kg/ha to

Berseem increased forage and seed yield in calcareous soil.

Sfredo et al. (1997) found that Mo significantly increased seed yield up to 0.48 t/ha.
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Zaman et al. (1996) conducted an experiment on mungbean and observed that 1000

seed weight increased by 34.42% over control due to application of Mo (2 kg/ha).

Aghatise and Tayo (1994) observed that application of Mo at the rate of 0.2 and 0.4
kg/ha increased seed dry weight of soybean by 29 and 10%, respectively compared
with the control. They also reported that application of Mo at the rate of 0.2 and 0.4
kg/ha gave significantly higher dry weight of pods, i.e. 2.9 and 2.5g, respectively.
They also observed that Mo application significantly increased dry matter
accumulation in pod and husk compared with the control throughout the period of

pod development.

Amadi (1994) conducted a field experiment in Baghdad to investigate the influence
of five levels of molybdenum (0, 0.16, 0.36, 0.48 and 0.64 k/ha as ammonium
molybdate) on the growth of soybean in the alkaline soil of Iraq (pH range 7.6 to
7.9). The results indicated a significant increase in weight of seeds/plant and total

crop yield, the plant height, protein and oil percentage but not significantly.

Ibupoto and Kotechi (1994) observed that the application of Mo or Mo + B to

soybean increased the number of seeds/plant, DW and seed yield.

Maurya et al. (1993) reported from a pot experiment that Rhizobium inoculation with
Mo in Vigna mungo increased nodule number and weight. 1000 seed weight and N

uptake.

Gupta and Narayanan (1992) reported that the pod r:jmber, seed number and weight
and shoot dry weight showed significantly higher values on exposure to 2mg Mo/kg
soil.

Sharma (1992) conducted an experiment to see the response of soybean to
micronutrients in acidic soil and observed that application of Mo (1.5 kg ammonium

molybdate/ha) gave 26.2% higher seed yield than control.
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Bertie et al. (1991) reported that application of Mo (0.5 kg/ha) increased average
yield (270 kg/ha) of soybean.

Yanni (1992) observed that seed yields of chickpea, lentil and Lupinus albus were

generally the highest due to Mo application (3 ppm).

Singh et al. (1992) reported that application of molybdenum at the rate of 1 kg/ha
increased the grain yield of chickpea significantly. Further increase in Mo level
had no effect on the yield. Results are in fair agreement with those of Tiwari et al.
(1989).

Sarkar and Banik (1991) conducted an experiment in Calcutta, India on green gram
and observed that Mo application significantly increased pods/plant, seeds/pod,
1000 seed weight, seed yield and straw yield. They also reported that application
of Mo at the rate of 0.10 and 0.25 kg/ha gave 11.45 and 11.76 kg/ha straw yield
and 19.25 and 20.18 pods/plant, respectively.

Anwar (1989) conducted a field experiment at BJRI farm, Fridpur in Calcareous
Dark Grey Floodplain Soil with mungbean (Vigna radiata L.). He observed that the
application of Mo had significant effect on grain yield and Mo content in straw

and grain.

Kalia and Sharma (1989) observed that soybean yield was increased by 46% over

control due to the application of 1.0 kg Mo/ha.

2.4.3 Effect of Rhizobium inoculation and different fertilizers on yield and
yield attributes

Satish et al. (2003) conducted an experiment to investigate the response of

mungbean cultivars to different P levels (0, 20, 40 and 60 kg INOs/ha). | hey

found that P at 40 and 60 kg/ha increased the number of pods/plant, grain yield

and grains per pod over the control and P at 20 kg/ha.
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Malik et al. (2003) conducted a study to determine the effect of varying levels of
phosphorus (0, 50, 75 and 100 kg ha-1) on the yield and quality of mungbean (Vigna
radiata) cv. NM-98. They observed that different levels of phosphorus significantly
affected various growth and yield components of mungbean. Fertilizer application
with 75 kg P/ha resulted maximum seed yield (1112.96 kg/ha).

Landge et al. (2002) conducted a field experiment and observed a progressive
increase in yield and yield contributing characters of soybean with the application of

P fertilizer in combination with Rhizobium.

Malik et al. (2002) conducted a field experiment on mungbean to observe the effects
of phosphorus application (0, 30, 50, 90 and 110 kg/ha) on the growth, seed yield and
quality of mungbean cv. NM-98. They found that application of 70 kg P/ha resulted
in the highest number of pods per plant (22.47), number of grains per pod (12.06),
100-grain weight (42.27 g), grain yield (1158 kg/ha).

Sharma et al. (2002) carried out a field experiment to know the effect of different
levels and sources of phosphorus under the influence of farm yard manure on growth
determinants and productivity of soybean (Glycine max L Merrill) and observed that P
@ 60 kg ha"! produced better yield, dry matter and yield components compared to 30
kg ha't.

Thirumurugan et al. (2002) conducted a field experiment to study the influence of
zinc, phosphorus and phosphobacteria on seed quality of soybean. The highest
protein content due to P application were obtained with 60 kg/ha + phosphobacteria

@ 2 kg/ha. Phosphorus treatments had no significant effect on oil content in seed.

Singh et al. (2001) studied that the effect of phosphorus (0, 30. 60 and 90 kg
P,0s/ha) application on mungbean grain yield was maximum when plants were

treated with P @ 30 kg/ha (4.3 g/plant) and minimum with P 0 kg/ha (1.2 g/plant).



Yadev and Jakhar (2001) conducted a field study on mungbean with P fertilizer
application (0, 20, 40 and 60 kg P,O, ha'') and found that the grain and straw yields
were significantly higher with 60 kg P,0s ha! (0.75 and 2.13 t ha?).

Mishra et al. (1998) observed in a field study on mungbean {Vigna radiata) cv. K-851
with phosphorus levels 0, 25 or 50 kg P,0s/ha and found the highest seed yield of 714
kg/ha with 50 kg P,0s/ha.

]

/k’f““ and Rao (1997) observed that the seed yield and number of pods/plant
generally increased with increasing rate of Mo (0.50 kg/ha) and P (90 kg
P205/ha).

Soni and Gupta (1997) found that mungbean with P fertilizer levels of 0, 20 or 40
kg/ha increased mungbean yield. The protein content of mungbean was also increased

with increasing P rates.

Rahman et al. (1996) observed that Rhizobium inoculant (Strain RAH-892) with
groundnut either alone on in combination of P, K. S and Zn fertilizers produced

significantly higher seed yield over control.

Patro and Sahoo (1994) carried out a field experiment on mungbean cv. Dhauli and
PDM 54 with 0, 15, 30, 45 or 60 kg P,0s/ha gave seed yields of 706. 974. 1049, 1234
and 1254 kg/ha, respectively.

Vara et al. (1994) observed in a field experiment on soybean cv. Gujrat soybean-1
that the application of 40, 60 or 80 kg P,0Os/ha produced 1199. 1255, 1282 kg/ha seed

yield, respectively.

Siag et al. (1992) reported that in a field trial on mungbean, seed yield increased with
up to 60 kg P,Os/ha .P application increased consumptive water use and water use

efficiency.

Singh et al. (1991) cited the results that seed yields of mungbean cv. PS 16. PDM 62,
PDM 54 and Pusa 105 grown in the rainy season averaged 1.09, 1.19.
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1.46 and 2.24 t/ha, respectively. Mean yields were 1.21, 1.46. 1.79 and 1.52 t/ha with
0, 30, 60 and 90 kg P,0s/ha, respectively. Highest seed yield 1.79 t/ha was recorded
with 60 kg P,0s/ha. Yield differences were mainly associated with differences in

number of pod/palnt.

Jana et al. (1990) reported that phosphorus application resulted significant increase in
number of pods/plant, number of seeds/pod and 100-kernel weight of groundnut.

Phosphorus also increased significantly pod and seed yield as compared to control.

Parihar (1990) reported that the phosphorus application had remarkable influence on
seed yield of chickpea. Increasing levels of phosphorus significantly increased the

number of pods/plant, number of grains/plant and 1000 seed weight.

Reddy et al. (1990) reported that phosphorus application in soybean significantly
increased N-uptake with successive increments of phosphorus levels from 0 to 90 kg
P,0s/ha. No appreciable difference in N uptake at harvest was recorded between 90 kg
and 60 kg P,0s/ha. Both at 60 DAS and at harvest highest phosphorus uptake was
recorded at highest level of phosphorus (90 kg P,0Os/ha) and it was significantly
superior to all other levels. Application of 90 kg P,0s/ha resulted in highest grain

yield (16.5 g/ha). but it was similar to 60 kg P,0s/ha.

Singh and Bajpai (1990) reported that grain yield of soybean increased significantly
with increasing phosphorus levels upto 60 kg P,0s/ha. The response in respect of per
kg of applied phosphorus to grain yield (8.2 kg grain/kg P,O¢/ha) was highest upto 60
kg P,O¢/ha, with a further addition of 40 kg P.0s/ha the grain yield per kg of
phosphorus (3.5 kg grain/ kg P,0s/ha) declined.
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Yadav et al. (1990) P application significantly increased the grain yield, though the

effect was not significant on plant height, branches and dry weight/plant of pea.

Javia et al. (1989) reported that the application of phosphorus responded upto the
higher level of 50 kg P,0s/ha. Higher yield at this level could be ascribed to higher
number of developing pods/plant and 1000 grain weight of gram. They also reported

that the protein content of gram was affected by phosphorus application.

Chauhan et al. (1988) observed that the application of 17.6 kg P,0s/ha increased
average pod vyield from 2.55 to 2.98 t/ha; further increase in P rates gave no

additional yield.

Dwivedi et al. (1988) reported with 10 mungo cultivars/lines that the application of 40
kg P,0s/ha increased seed yield, which was statistically significant with 60 kg
P205/ha.

Paikera et al. (1988) reported that the application of higher doses of phosphatic

fertilizer increased the percentage of fertile pods of soybean.

Shaktawat (1988) reported that application of 60 kg P,0s/ha increased the grain yield
of cowpea by 6.9 and 49.4 % over 30 kg P,0s/ha and control, respectively. However,

there was no remarkable response beyond 30 kg P,O/ha.
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CHAPTER 3
MATERIALS AND METHODS

Materials and methods of the experiment that were used to study the effect of
phosphorus, molybdenum and Rhizobium inoculation on the growth, yield and quality
of mungbean were described in this chapter.

A pot experiment was carried out at the Soil Science Division, Bangladesh
Agricultural Research Institute, Joydebpur, Gazipur during kharif season, 2005 using
mungbean variety BARI Mung -5. The physicochemical analysis of soils and chemical

analysis of plants were carried out in the laboratory of the Soil Science Division.

3.1 Soil

The soil used in this experiment belongs to Kodda series, under Madhupur tract (AEZ
28). Four soil samples were collected from bulk volume of soil. The soil was air dried,
crushed and passed through a 2 mm seive. Initial physical and chemical properties of

the soil are given in Table 1.

Tablel. Physical and chemical properties of initial soil

Soil properties Analytical value

Sand (%) 18.40

Silt (%) 45.60

Clay (%) 36.00
Texture Silty clay loam
pH (Soil water ratio 1:2.5) 5.6
Organic carbon (%) 1.067
Total-N (%) 0.097

C:N Ratio 11.00
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Total-P (ppm) 11.00

Ca (meq/100 g dry soil) 6.3

Mg (meq/100 g dry soil) 1.8

Na (meqg/100 g dry soil) 3.02

K (meq/100 g dry soil) 0.13
3.2 Crop

Mungbean (Var. BARI Mung-5) was used for the experiment. The seeds of mungbean were
collected from the Agronomy Division, Bangladesh Agricultural Research Institute (BARI),
Joydebpur, Gazipur. The seeds were healthy, vigorous, w'ell matured and free from other

seeds, weeds and extraneous materials. The germination percentage of the seeds was 85.

3.3 Preparation of pot soil

Each pot was filled with 12 kg of soil. Basal doses of nitrogen (N) and potassium (K) were
applied to the soil at the rate of 30 kg N/ha (in the form of Urea) and 60 kg K,0/ha (in the
form MP), respectively. N and K doses were applied to the upper half of the soil in the pots
seven days before sowing. Four levels of phosphorus (0, 20, 40 and 60 kg P/ha) and two
levels of molybdenum (1.0 and 1.5 kg Mo/ha) were applied to the pots according to the
treatment combinations. Phosphorus as Triple Super Phosphate and Mo as Ammonium

molybdate were applied 5 cm below the seed level two days before sowing.

3.4 Source of inoculum

The study was carried out with the Rhizobium inoculant containing the strains BARI RVr-
2005. The strains were collected from the Soil Science Division. Bangladesh Agricultural

Research Institute (BARI), Joydebpur. Gazipur.
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3.5 Preparation of inoculum

Rhizobium inoculants were prepared in the Soil Science Laboratory usin" the broth culture.
Rhizobium inoculants BARI RVr-2005 were used from the stock culture of the laboratory.
Yeast extract mannitol medium was prepared in a 1 L beaker. The medium contained the

following constituents

K2HPO4 0.5g
MgS0,4.7H,0 0.29
NaCl 0.29
CacCl,.6H,0 0.2¢9
FeCls.6H,0 0.0lg
Mannitol 10.0g
Yeast extract 0.49
Distilled H,0 1 litre

The pH was adjusted to 7.0 with 0.1 N 1IC1 solutions with the help of a pH meter. The
medium was then dispensed in 50 ml amount into 100 ml Erlenmeyer flasks. The liquid
medium was sterilized at 121° C for 15 minutes. The medium was cooled at room
temperature. After cooling the medium a small portion of Rhizobium culture was aseptically
transferred from slant to the liquid YEM medium in the flask with the help of a sterile
needle. Duplicate 50 ml aliquots of the medium in 100 ml Erlenmeyer flasks w ere
inoculated w ith a dilution of culture of Rhizobium from the logarithmic phase of growth to
give a final viable Rhizobium concentration of approximately 1 X 10 ' cells/ml of test

medium. The flasks were then kept in the incubator shaker at 25° C at 100 rpm to enhance
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rhizobial growth and observed for turbidity upto 7 days. Growth rates of the strain were
determined following visual observation of turbidity. Diluted broth culture of the strain was

mixed together in equal proportion before inoculating the peat.

For preparing the inoculant 100 g of dried and well ground peat was autoclaved at 121°C for
one hour and was inoculated with a diluted mixed rhizobial culture. Thirty (30) ml of broth
culture was aseptically injected to a polyethylene packct containing 100 g peat with the help
of a sterile syringe and was mixed thoroughly. Peat was moist (0.3 bar tension) after
inoculation but not saturated. The packet was labeled with the name of inoculants and date
and was incubated at 25°C for two weeks. After incubation the number of rhizobia/g in peat

inoculant was determined through enumeration by drop plate method (Vincent. 1970).

3.6 Determination of Rhizobium population in peat inoculant

1 g of inoculant was dissolved in a vial containing 9 ml of ringer solution to give a dilution
of 10't. The vial was shaken well without splashing the contents to the top of the vial and
transferred 1 ml suspension with a sterilized pipette from vial No.2 to give alO? dilution.
Again shaken and transferred 1 ml of suspension from vial No.2 to vial No.3 to give a 10™
dilution. In the same way 8 fold dilution was made.
0. 2 ml suspension was taken by sterilized pipette and was added to duplicate plate
containing sterile yeast mannitol agar (YMA) media and the suspension was spread to agar
media with the help of sterile glass rod and then it was covered. Plates were incubated for 3

days at 25°C. Colonies developed were counted on duplicate plates. Rhizobial population of

the inoculant was 4.86 X 10 cell/g. All operations were done in a clean bench.
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3.7 Experimental Design

The experiment was laid out in Randomized Complete Block Design (RCBD) with four
replications. Each replication consisted of 10 treatment combination. The total no. of
individual pot was forty. The capacity of each pot w as 15 k”. Four levels of phosphorus and
two levels of molybdenum were applied to the pots. Rhizobium inoculum was applied w ith all

the treatments exccpt control.

3.8 Treatments
There were 10 treatments combination which are shown below -

1. Control [T|]

2. Rhizobium (R) [T2]

3. 0kgP/ha+ 1 kg Mo/ha + Rhizobium (R) [T3]

4. 20 kg P/ha + 1 kg Mo/ha + Rhizobium (R) [T4J
5. 40 kg P/ha + 1 kg Mo/ha + Rhizobium (R) [Ts]

6. 60 kg P/ha + 1 kg Mo/ha + Rhizobium (R) [T]
7. 0 kg P/ha +1.5 kg Mo/ha + Rhizobium (R) [T/]

8. 20 kg P/ha + 1.5 kg Mo/ha + Rhizobium (R) [TgJ
9. 40 kg P/ha + 1.5 kg Mo/ha + Rhizobium (R) [Tg]
10.60 kg P/ha + 1.5 kg Mo/ha + Rhizobium (R) [Tj]

3.9 Fertilizer application

Total amount of Urea, Muriate of potash was applied to the upper half of the pot soil seven
days before sowing. Four levels of TSP and two levels of Ammonium molybdate were applied
to the pots according to the treatment combinations as a source of phosphorus and
molybdenum. TSP and Ammonium molybdate were applied 5 cm below the seed level two

days before of sowing.
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3.10 Inoculation of seeds and sowing

Mungbean seeds were taken in vinyl bags and then gum arabic solution was added to the
seeds to make them sticky. Prepared peat inoculant was used for inoculating seeds. The
seeds were mixed with the peat inoculant thoroughly without the control treatments. After
inoculation, the seeds were air dried by spreading on a newspaper placed on the table. Eight
(8) seeds were sown in each pot on March

12, 2005 in the evening.

3.11 Germination of seeds

Germination of seeds started from 2'"' day of sowing. On the 3™ day the percentage of

germination was more than 80% and on the 5" day nearly all plants came out of the soil.

3.12 Collection of soil samples

Soil samples were taken from each pot after each sampling. The composite soils was mixed
thoroughly and divided into four equal parts and one part was cleaned from plant root, stone
and other discrete materials and stored. Samples were air dried and were prepared for

analysis.
3.13 Intercultural operation

Five healthy plants per pot were retained after the formation of First trifoliate leaf. All the
intercultural operation like weeding, irrigation, mulching etc. was performed as and when
necessary. Fusarium wilt control measures were taken by

5 sprays with knowin @ Ig/litre water during the initial growth period. For controlling

insect pest Ripcord 100 EC @ 1 ml/litre water was sprayed.
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3.14 Plant sampling

Plant samples were collected randomly from each pot carefully at 50% flowering stage with
the help of a shuble so that no nodule was left in the soil. The roots were then carefully
washed with clean water and finally ringed with distilled water. The nodules from the root of
each plant were separated, collected and counted. Then number of roots plant'*, nodulation
data and shoot length, fresh weight of shoot, root and nodules were recorded. The plant
samples were oven dried at 65°C for 48 hours. The oven dry weight of plants (roots, shoots)
and nodules were recorded. After determination of dry weight of the samples, these were put
in a dessicator for further analysis. Oven dried shoot were grinded in a grinder (Neiko

sample mill, Model-T1 200) for their chemical analysis.
3.15 Data collection

Data were collected on the following parameters at 50% flowering stage:

Plant height

Leaf number

Nodule number

Number of branches per plant
Root length

Root weight

Shoot weight

Pod length

© © N o g A~ w bdh =

Number of pods per plant

=
o

. Number of seeds per pod

|
|

. 100 grain weight

=
N

. Grain yield per plant

=
w

. Stover yield per plant



3.16 Harvesting

The crop was harvested at full maturity. Harvesting was done in two picking within the 20™
of May, 2005. From each pot selected plant was collected and then plants were harvested

and tied with rope separately and tagged and brought to the threshing floor.

3.17 Threshing and processing

The harvested plant materials were allowed to dry in the sun for 3 days. After drying,
threshing and processing were done pot wise carefully. The processed grain and stover were
again dried in the sun for 3 days. Grain and stover yields were recorded pot wise, which

were then converted into yield in gm per plant.

3.18 Statistical analysis

The recorded data on various plant yield characteristics were statistically analyzed to find
out the significance of variation resulting from the experimental treatments. For this
purpose, analysis of variance was worked out for each plant and yield characters. The
differences between treatment means were compared by least significance difference (LSD)

test at 5% level of significance.

3.19 Measurement of Soil Initial Parameters
3.19.1 Soil Texture: The texture of the soil samples was determined by

hydrometer method (Bouyoucos, 1927).
3.19.2 Soil pH : Soil pFl was measured by pH meter (Horiba.Model No. M-

8L) fitted with glass electrode using a soil- water ratio of
1:2.5.
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3.19.3  Total Nitrogen : Total N in soil was determined by Kjeldahl method (Bremner.
1965) using CuS0,4 and KtS04 mixture (1:9) as catalyst.

3.19.4  Organic Carbon: Organic Carbon of the soil was determined by wet
digestion method (Tyurin, 1980).

3.19.5  Total Phosphorus: Total phosphorus of soil was determinedn by ‘Perchloric
acid digestion method.

3.20 Analytical Methods for Total N and P (%) in Plant Samples:

3.20.1 Total Nitrogen : Salicylic acid modified Kjehldahl method
following sulphuric acid digestion and then

colorimetric assay (Cataldo et al., 1974)

3.20.2 Total P : Perchloric acid digestion and assay method for mineral
elements following nitric acid digestion and then
vanamobdate was added for cholorimetric assay
(Yamakawa. 1992).
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CHAPTER 4
RESULTS AND DISCUSSION

This chapter includes the presentation of experimental results along with discussion
in relation to the effect of phosphorus, molybdenum and Rhizobium inoculation on
the growth, yield and quality of mungbean. Different agronomic parameters as well
as yield and yield contributing characters of mungbean are shown in the tables 2 to
11 and figures 1 to 15.

4.1 Plant height

The effects of phosphorus, molybdenum and Rhizobium inoculant on the plant height
of mungbean was found to be positive and significant. The plant height of
mungbean ranged from 30.13 to 44.95 cm (Table 2). The highest plant height 44.95
cm was found with 40 kg P plus 1.0 kg Mo/ha and Rhizobium inoculant, which was
statistically higher than other treatments. The lowest value 30.13 cm was recorded
with the control treatment. Rhizobium inoculant alone gave higher plant height
(32.12 m) than the control. Plant height increased with the increasing level of
phosphorus up to 40 kg. Similar trend was also observed with molybdenum being
highest with 1.0 kg/ha. But phosphorus with excess molybdenum also reduces crop
growth. Chemical and biologically fixed N is the most dominating factor
influencing the plant height. Muhammad et al. (2004) reported that the highest plant
height (72.6 cm) was recorded in plot receiving 35 kg P,0s/ha + Rhizobium inoculum
on mungbean. Aghatise and Tayo (1994) reported that Mo application significantly

increased plant height of soybean compared with control.

4.2 Root length

The effect of different treatments on root length of mungbean was found
significant (Table 2). The root length ranged from 6.52 to 11.90 cm. Plants

receiving phosphorus, molybdenum with Rhizobium inoculant gave higher root
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length. The highest root length 1 1.90 cm was found with P 60 kg/ha and Mo 1.0
kg/ha, which showed 82% higher root length over uninoculated control. Rhizobium
inoculant alone also gave 30% higher root length over uninoculated control. Similar

results were also reported by Solaiman (1999b) and Zaman et al. (1996).
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Table 2. Effect of phosphorus, molybdenum and Rhizobium inoculation on plant
height, root length and nodule number of mungbean

Treatment Plant height (cm) | Root length (cm) Nodule
number/plant
Control (T|) 30.13 g 6.52 e 6.75 f
Rhizobiuni(R)(T 2) 32.12 f 8.54 d 11.25d
PO+MOL 0'R (T3) 33.40 def 9.45 cd 11.75¢
P20+MO01 0+R (T,) 34.58d 8.87 cd 13.00 b
P40+MO01 0+R(Ts) 4495 a 11.84 a 13.50a
Pfco+Moi.o+ R (Tg) 37.49 c 11.90 a 13.00 b
PO+MO15+ R (T,) 32.87 ef 8.70 d 1175¢
Poo+Mo| 5+ R (Tpg) 33.79 de 9.71 be 13.00 b
P40+MO1 $+R (T) 41.32b 10.52 b 11.75¢
Pgo-+-MO| 5+ R (T10) 36.33 ¢ 11.72 a 11.00 e
LSD (0.05) 1.299 0.893 0.247
CV% 2.5 6.3 15!

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

level of significance.



4.3 Nodulation

Inoculation had a significant positive effect on the formation of nodules. Seed
inoculation with Rhizobium markedly increased nodule number as compared to that of
the non-inoculated plants of mungbean (Table 2 and Fig. 1). These results are in
agreement with Sarker el al. (1993) and Chowdhury et al. (1998). They reported that
phosphorus application at the rate of 60 kg P,O¢ha significantly increased
nodulation. Phosphorus application promotes early root formation and the formation
of lateral fibrous and healthy roots. Individual effect of P application was
pronounced in this study. Among the phosphorus levels, P at the rate of 40 kg/ha and
60 kg/ha, respectively along with 1.0 kg Mo/ha produced significant number of
nodules (13.50 and 13.00/plant) at flowering stage. However, mean data showed that
the highest nodule/plant was observed with P,0 (Table 4 and Fig. 2). Khandaker et al.
(1985) reported that nodules per plant were increased significantly in blackgram
(Vigna mungo) due to P application at 40 days after germination. Similar results were
reported by Satter and Ahmed (1992). Plant receiving Rhizobium inoculation alone or
w ith different levels of phosphorus and molybdenum produced higher number of
nodules over uninoculated control. The number of nodules ranged from 6.75 to 13.50
per plant and the increasing trend was recorded upto 40 kg P plus 1.0 kg Mo/ha
along with Rhizobium inoculation. Sharma el al. (1995) reported that seed inoculation
with Rhizobium and application of 40 kg P,0Os/ha in chickpea (Cicer arietinum) either
alone or in combination enhanced nodulation over uninoculated control. Rahman et
al. (1994) also reported the similar result. Chowdhury et al. (1998) found that 50 kg
P,0s/ha with other fertilizers increased 245% nodule number over control. Khanam el

al. (1993) also found the similar results in lentil.
The effect of molybdenum alone on total number of nodule per plant was

significant (Table 5). From the experiment it was clear that. 1.0 kg Mo/ha produced

significantly higher number of nodules per plant than 1.5 kg Mo/ha.
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The higher number of nodule 12.81 was obtained with 1.0 kg Mo/ha and the number
of nodule decreased significantly (1 1.88) with 1.5 kg Mo/ha (Fig. 2). Zaman et al.
(1996) observed that application of molybdenum (a) 1.0 kg/ha produced 97% higher
nodule number over control. Tiwari el al. (1989) also reported that molybdenum
application gave 75% higher nodule number in chickpea. Chowdhury et al. (1998)

observed similar trend on mungbean.
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Fig.1 Effect of phosphorus,molybdenum and
Rhizobium Iinoculation on nodule number per

plant at flowering stage of mungbean
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Fig. 2 Effect of phosphorus application on
number of nodules per plant of mungbean
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4.4 Number of leaves per plant

Inoculated plants produced significantly higher number of leaves with phosphorus
and molybdenum (Table 3). Highest number of leaves (22.84) was found with P &
Mo level 40 & 1.0 kg/ha, which was statistically significant with control treatment
(19.27). However, inoculation alone (T.). or inoculation plus molybdenum (T53)
failed to increase leaves no/plant significantly.

It was found that inoculated plants produced higher number of leaves compared to
uninoculated plants (19.27). Similar result was also reported by Reddy and

Gajendragiri (1989) in groundnut plants.

4.5 Number of branches per plant

The significant effect of phosphorus, molybdenum and Rhizobium inoculant on
branches of mungbean were found (Table 3). It was found that the inoculated plants
with phosphorus, molybdenum and Rhizobium inoculant had higher number of
branches per plant at harvest stage of the crop. The highest number of branches per
plant was 5.58 w'ith Ts, but statistically similar w ith T(,. T<, and T}, treatments. The
lowest number of branches 4.40 was obtained in control treatment. It was observed
that the higher number of branches was produced by inoculated plants compared to

uninoculated control (Table 3).

Similar result was also observed by Gill el al. (1985). Muhammad et al. (2004) found
that the number of branches per plant was significantly influenced with both

inoculum and P application.

50



f able 3. Effect of phosphorus, molybdenum and Rhizobium inoculant, on leaf,
branch, shoot and root dry matter (g/plant) of mungbean at flowering

stage
Treatment Leaves no./ Branches [Shoot wt./plant| Root wt./plant

plant no./ plant (9) (9)
Control (T]) 19.27 d 4.40 d 1.55h 0.25f
Rhizobium(R)(Tz) 19.54 d 4.67 cd 2224 0.28 ¢
Po+Moi (Ta) 19.70 d 4.80 bed 2.41 ef 0.31d
P,0+MO| o+ R (T,) 21.37 be 4.92 be 2.46 e 0.35 be
Pst+MO| (Ts) 22.84 a 5.58 a 3.29 a 0.40 a
Peo+tMoi 0+R (Tg) 22.90 a 5.54 a 2.94 b 0.38 ab
Po+Moi 5+ R (T7) 19.70 d 4.77 bed 2.39 0.30 de
Py+Mo, s+ R (Tg) 20.71c 4.88 be 2.42 ef 0.34c
P2o+MO[ s+R (To) 2152 b 5.17 ab 277 ¢ 0.37 be
Peo+Moi 5+ R (T10) 22.72 a 5.15 ab 2.68 d 0.36 be
LSD (0.05) 0.734 0.399 0.052 0.028

CV% 2.4 5.5 1.4 5.9
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Table 4. Effect of phosphorus on number of nodule, stover yield and seed yield of
mungbean

Phosphorus No. of nodules/plant |Stover yield/plant (g) | Seed yield/plant (g)
levels (kg/ha)
0 11.75 d 25.78 ¢ 10.15d
20 13.00 a 26.01 b 11.00c
40 12.63 b 26.38 a 14.00 a
60 12.00 ¢ 26.13 b 12.62 b
LSD (0.05) 0.166 0.15 0.269
CV (%) 0.9 0.4 1.6

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

Table 5. Effect of molybdenum on number of nodule, stover yield and seed yield
per plant of mungbean
Molybdenum No. of nodule/plant |Stover yield/plant (g)| Seed yield/plant

(kg/ha) (9)
1.0 12.81 a 26.17 a 12.34 a
15 11.88 Db 25.98 b 11580D
LSD (0.05) 0.166 0.15 0.269

CV (%) 0.9 0.4 16




4.6 Dry weight of shoot

Significant etlect of phosphorus, molybdenum and Rhizobium inoculant on shoot dry
weight of mungbean was observed (Table 3). The highest shoot dry w'eight (3.29
g/plant) was recorded in P4+Mo, (+R at flowering stage, which was significantly
higher than other treatments. At flow'ering stage treatments T;, T, and Tg were
statistically similar. Molybdenum 1.0 kg/ha performed better than higher dose (Table
3). The lowest dry weight of shoot was recorded in control treatment. Rhizobium

inoculation increased dry weight of shoot significantly over control.

Eusuf Zai el al. (1999) showed that Rhizobium inoculant significantly increased shoot
dry weight of chickpea compared to uninoculated control. Pradhan and Sarkar (1985)
found that application of Mo increased dry weight of stem in horsegram. Franco and
Munns (1981) also reported higher shoot dry weight due to application of Mo in bean.
Hoque and Hashem (1993) stated that Rhizobium as biofertilizer was remarkably
beneficial on shoot weight and total dry weight of soybean and groundnut. Mahmud et
al. (1997) reported that weight of shoot in lentil significantly increased due to
inoculation compared to control. Dry weight of shoot remarkably increased in

inoculated mungbean over control as reported by Solaiman (1999b).
4.7 Dry weight of root

The effect of phosphorus, molybdenum and Rhizobium inoculant significantly
increased dry weight of root of mungbean compared to control (Table 3). Rhizobium
inoculant alone and fertilizers along w'ith inoculum produced significantly higher
dry weight of root over control. Addition of Mo upto 1.0 kg/ha along with Rhizobium
inoculant and phosphorus upto 40 kg/ha produced higher dry weight of root and then
reduced gradually. Study show'ed that dry weight of root positively correlated with

total number of nodules (Table 1 1).
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Nodule/plant

¢+ No of nodule/plant at M1 level
4 No of nodule/plant at M2 level

M1= 1.0 kg Mo/ha
M2= 1.5 kg Mo/ha

Phosphorus
(kg/ha)
Fig. 3 Interaction effect of phosphorus and

molybdenum on number of nodule per
plant of mungbean
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4.8 No of pods per plant

Effect of Rhizobium inoculant along with phosphorus and molybdenum significantly
increased the number of pod per plant (Table 6). The highest number of pod (23.65)
was found with the treatment T, which was significantly higher than other
treatments and statistically similar with the treatment T4. The treatment containing
Rhizobium inoculant alone produced 20% higher number of pod/plant over control.
These results are in agreement with the findings of Muhammad cl al. (2004), Malik
clal. (2002 & 2003). Podder cl al. (1999). They reported that the number of pods per
plant of mungbean increased with Rhizobuim inoculant in association with P
application. There was a positive correlation between the number of pods per plant

and the number of nodules and mature seeds yield of the crop (Table 1 1).
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Relationship between pod per plant and seed yield

Pods per plant

Fig. 4 Relationship between number of pod per plant and
seed yleld of mungbean

Fig. 4 showed that there was a positive correlation (R? = 0.8795) between pods per plant
and seed yield. The relationship is described by yield response function y= 0.6295x +

15.025 where y indicates seed yield, which varied with pods per plant levels x.
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Number of pods/plant
—as—Seed yleld/plant (gm)

Treatment

Fig. 5 Effect of phosphorus, molybdenum and
Rhizobium inoculation on pod per plant and seed
yield of mungbean
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4.10 Pod Length

Pod length due to the application of phosphorus, molybdenum and Rhizobium
inoculation is presented in Table 6. Pod length varied significantly over control. The
highest pod length 10.93 cm was obtained with the treatment T> where phosphorus
was applied at 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 variations
were observed among other treatments. Again, no effect was observed due to
different levels of Mo application. In treatment Ts pod length increased to 32% and

27% over control and Rhizobium inoculated treatment, respectively (Table 6).

4.11 Number of seeds per pod

Rhizobium inoculant, P and Mo played a significant role on the number of seeds per
pod. Data regarding number of seeds/pod are presented in Table 6. Number of
seeds/pod increased upto P levels at 40 kg/ha along with Mo level upto 1.5 kg/ha,
but no effect was observed between Mo level at 1.0 and 1.5 kg/ha. The highest
number of seeds per pod (11.71) was found in P at 40 kg/ha along with 1.0 kg
Mo/ha and Rhizobium but statistically similar with P level at 60 kg and Mo level at
1.5 kg/ha. The lowest number of seeds per pod (8.68) was found in uninoculated
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) and Jana et al. (1990). In the present study, number
of seeds per pod had a positive correlation with seed yield/plant (Table 11 and Fig.
10).

58



Table 6. Effect of phosphorus, molybdenum and Rhizobium inoculation on pod
length, pod/plant, seeds/pod and 100 seed weight of mungbean

Treatment Pod length Pods/plant Number of 100 seed
(cm) seeds/pod weight (g)
Control (T,) 8.32b 17.46 e 8.64 e 3.90d
Rhizobium(R)(T,) 8.54 ab 21.85d 10.82 d 4.08 d
Po+Mo! (+R (T3) 10.43 ab 22.00d 11.07 cd 4.32 cd
P,0+Moi 0+ R (T,) 10.75 ab 22.25 cd 11.29 be 4.41 bed
Ps+Moi (Ts) 10.93 a 23.65 a 11.71 a 5.28 a
Peo*MO0i.o R (Te) 10.84 ab 22.85 be 11.47 ab 4.90 ab
Po+MO[5+ R (T7) 10.32 ab 21.86 d 10.82 d 4.13d
P,0+Moi.5+ R (Tg) 10.55 ab 22.20 ed 11.09 cd 4.34 cd
Pt+Moi s+R (Ty) 10.75 ab 23.19 ab 11.62 ab 4.97 a
Peo-t-Mo! 5+ R (T|o) 10.79 ab 22.65 bed 11.40 abc 4.81 abc
LSD (0.05) 2.235 0.714 0.309 0.507
CV% 15.1 2.2 1.9 7.7

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

significance.
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4.12 100 seed weigh

Rhizobium inoculant along with P and Mo significantly increased 100 seed weight
compared to control (Table 6). Treatments with Rhizobium inoculant along with Mo @ 1.0
and 1.5 kg/ha and P @ 40 and 60 kg/ha were statistically similar and recorded higher 100
seed weight compared to Rhizobium inoculant alone. Statistically similar effect was
observed between the treatment with or without inoculum (Table 6). The highest 100 seed
weight (5.28 gm) was recorded with the treatment Ts (P4 + Moi ¢ + R). This finding is in
agreement with Solaiman (1999b). Sarker et al. (1993) reported that Rhizobium inoculant
along with P increased 100 seed weight of green gram in a pot experiment. Zaman el al.
(1996) observed that 100 seed weight was increased to 34.42% over control due to
application of Mo. Malik et al. (2002) reported that seed inoculation with Rhizobium
significantly increased 100 grain weight (42.27 g) of mungbean. Similar results were
observed by Podder et al. (1999) and Chowdhury et al. (1998). There was a highly
positive correlation between 100 seed weight with seed yield/plant (Table 11 and Fig-9)
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Relationship between 100 seed weight and seed yield

100 seed welght (g)

Fig. 6 Relationship between 100 seed weight and seed yield of
mungbean

Fig. 6 showed that there was a positive correlation (R~ = 0.8638) between 100 seed
weight and seed yield. The relationship is described by yield response function y=

0.1649x + 2.687 where y indicates seed yield, which varied with 100 seed weight levels

X.
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4.14 Stover yield per plant

Phosphorus, molybdenum and Rhizobium inoculation influenced significant on the
stover yield of mungbean (Table 7). The highest stover yield per plant was recorded
(26.67 @) in P4 + Moi o + R at harvest, which was statistically higher over other
treatments. Treatments T4, Ts, To9 & T,0 were statistically similar. The lowest stover

yield per plant was recorded (20.75 g) in control treatment.

The single effect of phosphorus on stover yield of mungbean was also influenced
significantly at harvest (Table 4). The highest stover yield (26.38 g) per plant was
found with 40 kg P/ha, which w'as significantly higher than other treatments. With
increasing P rate, stover yield decreased significantly. The lowest stover yield was
recorded 25.78 g/plant with 0 kg P/ha. Manpreet et al. (2004) and Singh et al. (2001)

also observed the similar trend in mungbean.

Again the single effect of molybdenum on mungbean stover yield w'as also influenced
significantly (Table 5). The stover yield (26.17 g/plant) with 1.0 kg Mo/ha, was
significantly higher than the stover yield (25.98 g/plant) recorded with 1.5 kg Mo/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 highest stover yield per plant 26.67 g was recorded w'ith P*o + Mo| o kg/ha
(Table 7). The lowest stover yield (20.75g) was recorded in the control. Considering
interaction between phosphorus and molybdenum, the highest yield was recorded with
40 kg P and 1.0 kg Mo/ha (Fig. 8). In this treatment it was observed that stover yield
was increased to 28.53% over control (Table 7). Sharma (1992) reported the same

results with soybean.
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Strover yield/plant

Phosphorus (kg/ha)
Fig. 7 Effect of phosphorus application on stover yield of munghean

Fig 8. Interaction effect of phosphorus and
molybdenum on stover yield of mungbean
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4.15 Seed yield per plant

Seed vyield per plant of mungbean is presented in Table 7. Rhizobium inoculant
significantly increased seed yield per plant compared to control (Tabic 7). The
treatment inoculated with Rhizobium along with 1.0 kg Mo and 40 kg P/ha produced
the highest seed vyield (14.61 g) per plant. In treatment Ts plants receiving
Rhizobium, phosphorus and molybdenum @ 40 and 1.0 kg/ha, respectively gave yield
of 162% higher grain yield over the uninoculated control (T|) and 53% higher over
the Rhizobium alone (T.). Evans et al. (1993), Muhammad et al., (2004) and Solaiman
et al. (1999) reported the similar trend. Verma et al. (1988) reported that seed yield
increased with Mo application. Kalia and Sharma (1989) observed that soybean
yield was increased by 46% over control due to the application of 1.0 kg Mo/ha.
Satish et al. (2003) also observed that P at 40 and 60 kg/ha increased mungbean
grain yield over control. Same results were observed by Lange et al.(2002) in

soybean, Malik et al. (2003) and Singh et al. (2001) in mungbean.

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 (Table 11, Fig. 9, 10 and 11).

Seed yield of mungbean was significantly influenced by different levels of
phosphorus (Table 4 and Fig. 12 & 13). The highest seed yield (14.00g) per plant
was found with 40 kg P/ha, which was significantly higher than others. The lowest
seed yield was recorded in control (10.15 g per plant). Phosphorus at 60 kg P/ha
produced the 2nd highest seed yield (12.62g). Satish et al. (2003) found that P at 40
and 60 kg/ha increased grain yield over the control in mungbean. Yadev and Jakhar

(2001) also found similar result on mungbean.

Again main effect of Mo on seed yield of mungbean was also significantly

influenced (Table 5). The highest seed yield (12.34 g/plant) was found with 1.0
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kg Mo/ha and the lowest (11.58 g/plant) was recorded with 1.5 kg/ha. Sfredo et al.
(1997), Ibupoto and Kotechi (1994) also found same results on soybean. Interaction
effect of phosphorus and molybdenum also significantly influenced the seed yield of
mungbean and are presented in Fig. 13. The highest seed yield per plant was
recorded with P,y + Moi (y kg/ha. The lowest seed yield per plant was recorded with

Po + Moi 5 kg/ha. Sharma (1992) found the similar result on soybean.
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Table 7. Effect of phosphorus, molybdenum and Rhizobium inoculation on yield
of mungbean

Treatment Stover yield/plant | Increase over |Seed yield/plant| Increase over
(9) control (%) (9) control (%)
Control (T|) 20.75 e 5.56 h ’
Rhi:0bium(R)(T2) 2579 d 24.29 953 g 71.40
P,+Moi o+ R (T;) 25.77d 24.19 10.54 f 89.57
P,o+MO!0o"R (T,) 26.05 be 25.54 11.43 e 105.58
P40+Mo1 0+R (T;) 26.67 a 28.53 14.61 a 162.77
Pso+Mo; 0+R (Ts) 26.18 b 26.17 12.77 c 129.68
P,+MO| 5+ R (T,) 25.79d 24.29 9.74 ¢ 75.18
P20+MO01 5+ R (To) 7597 ¢ 25.16 1068 92.08
P4o0+Mois+ R (Ty) 26.09 be 25.74 13.40 b 141.00
Peo+MOI s+ R (T10) 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 significance.




Relationship between nodule number and seed yield

Number of nodule/plant
Fig. 9 Relationship between nodule number and seed yield of munghean

Fig. 9 showed that there was a positive correlation (R* = 0.6513) between number of
nodule per plant and seed yield. The relationship is described by yield response
function y= 0.6139x + 4.8763 where y indicates seed yield, which varied with

number of nodule per plant levels x.
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Relationship between seeds per pod and seed yield

Seed/pod

Fig. 10 Relationship between number of seeds per pod and seed yield per plant of
mungbean

Fig. 10 showed that there was a positive correlation (R~ = 0.8789) between seeds per
pod and seed yield The relationship is described by yield response function y=

2.6959x - 18.562 where y indicates seed yield, which varied with the seeds per pod

levels Xx.
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Relationship between seed and stover yield

Seed yield (g/plant)
Fig. 11 Relationship between seed and stover yield of munghean

Fig. 1 1 showed that there was a positive correlation (R?= 0.8213) between grain
yield and stover yield. The relationship is described by yield response function y=

0.1457x + 24.341 where y indicates straw yield, which varied with the grain yield

levels x.
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Seed yield/plant >**“ yield/plant (g)

Phosphorus (kg/ha)

Fig.12 Effect of phosphorus application on seed yield of mungbean

Phosphorus level
Fig. 13 Interaction effect of phosphorus and
molybdenum on seed yield of mungbhean
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4.19 Nitrogen content in shoot

| able 8 shows nitrogen content in shoot at harvest and significantly influenced by
Rhizobium inoculant, P and Mo fertilization. All the treatments significantly
increased N accumulation compared to control except the treatment, which received
Rhizobium inoculum only. Nitrogen content in shoot varied from 3.20 to 4.20% at
harvesting stage. The highest N content 4.20% was recorded in Ts

i. e. (P40 + MOJ| 0 + Rhizobium), which was followed by Rhizobium inoculant in
combination with P4 + Moi 5. Nitrogen content in the treatments Tg and T.) were
statistically similar. Singh et al. (1992) and Islam et al. (1987 reported that N content
in plant tops increase due to inoculation. A positive correlation was also observed in

relation to nodule number and N content in seed (Fig. 14).
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Relationship between nodule number and nitrogen content in shoot
¢ Nitrogen content (%)
---- Linear (Nitrogen content (%))

Nodule/paint

Fig. 14 Relationship between nodule number and nitogen
content in shoot of munghean

Fig. 14 showed that there was a positive correlation (R~ = 0.4401) between nodule
number per plant and nitrogen (%) content in shoot. The relationship is described
by yield response function y= 0.0967x + 2.5449 where y indicates nitrogen content in

shoot, which varied with the nodule number per plant x.
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4.21 Nitrofgen uptake by shoot
The effect of phosphorus, molybdenum and Rhizobium on N uptake by the shoot is

presented in 1 able 8. Application of P, Mo and Rhizobium inoculation had significant
and positive effect on nitrogen uptake by mungben shoot. 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. Treatment Ts (P4 + Mo0,0 + R) recorded the highest N uptake of 1.09 mg/plant
and above this level of P decreased the N content but statistically similar (Table 8).At
treatment Ts uptake of N is 58% more over control. Similar of result was also reported
by Muniruzzaman and Khan (1990). They observed increased N uptake by lentil due to
inoculation with Rhizobium strains. Maurya et al. (1993) reported that N uptake
increased with Mo application in blackgram. In this study N uptake by shoot had a
positive correlation with the total number and dry weight of nodules of mungbean
(Table 1 1 and Fig. 15).

73



Relationship between nodule number and nitrogen uptake by shoot

Nodule/paint

Fig. 15 Relationship between nodule number and nitrogen
content in shoot of munghean

Fig. 15 showed that there was a positive correlation (R~ = 0.7983 ) between nodule
number per plant and nitrogen uptake by shoot. The relationship is described by
yield response function y= 0.0507x + 0.3507 where y indicates nitrogen uptake by

shoot, which varied with the nodule number per plant x.
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Table 8. Effect of phosphorus, molybdenum and Rhizobium inoculation on
nitrogen content and uptake by shoot at harvest of mungbean

Treatment Nitrogen content in shoot (%) Nitrogen uptake by shoot
(mg/plant)

Control (T|) 3.20 f 0.69 f
Rhizobiwn(R){T {) 3.33e 0.86 €
Po+Mo, 0+/? (T3) 3.50d 0.92d
P20+MO01 o+R (T,) 3.66 ¢ 0.98¢c
PsotMoi ¢+R (Ts) 4.20 a 1.09 a
Pso+rMO( 0+/? (Tg) 3.88b 1.01b
Po+Moi 5+/7 (T7) 3.47d 0.91d
P,0+Moi s+R (Tp) 3.75¢ 0.97c
P4o+MO| 5+/2 (TQ) 3.90Db 1.02b
P60TMO[ 5+/7 (T]o) 3.75¢C 0.98¢
LSD (0.05) 0.112 0.032
CV% 2.07 2.29

*The figures in a column having common letter(s) do not differ significantly at 5%
level of significance.
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4.23 Phosphorus content in mungbean shoot

Phosphorus content and uptake in mungbean shoot at harvest are presented in Table
9. Significant ettect was observed due to the application of phosphorus,
molybdenum and Rhizobium inoculation. Treatment Ts, showed the highest P content
in mungbean stover w'hich was statistically different with other treatments but
similar with Tg and T4. The lowest (0.265%) P was found in control but statistically
identical with inoculant treatment (Table 9). No variation was observed due to the
application of different levels of Mo. The highest amount of P content was observed
in Ts (0.365%), which was 38% more over control treatment. This finding is in
agreement with Srivastava and Venna (1985) w'ho carried out an experiment and
observed that increased P rates markedly increased P contents in shoot of field pea.
Chowdhury (1996) reported that P content increased due to inoculation with
Rhizobium. Phosphorus content in shoot had a positive correlation with the number

and dry weight of nodules at all the growth stages (Table 9).
4.24 Phosphorus uptake by mungbean shoot

The influence of phosphorus, molybdenum and Rhizobium inoculant. on P uptake by
mungbean shoot was found significant at harvest (Table 9). 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 favored by the addition of Rhizobium inoculant with P
and Mo. The highest P uptake (91.88 mg/plant) was found with the treatment T,
which was statistically significant with control but no variation, was found with
treatment Tg and T,. Rhizobium inoculant alone led to uptake 34% higher P over
control treatment. These findings are in agreement with the Srivastava and varma

(1985). They reported the similar observation in P uptake.
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Table 9. hffect of phosphorus, molybdenum and Rhizobium inoculation on
phosphorus content and uptake by shoot at harv est of mun”hcan

Treatment Phosphorus content in shoot | Phosphorus uptake by shoot
(%) (mg/plant)
Control (T|) 0.265 ¢ 55.00 ¢
Rhizobium(R)(T 2) 0.268 ¢ 73.84 b
Po+Mo. 0+R (T3) 0.300 b 73.91b
P20+Mo,,+i? (T,) 0.308 b 81.10 b
P40+MO01 (Ts) 0.365 a 90.69 a
P60"MOi O'R (Ts) 0.355a 91.88 a
Po+Moi.5+/? (T;) 0.305b 80.99 ab
P,0+MO| 5+/? (Ts) 0.308 b 82.25 ab
P40+MO015+/? (Ty) 0.358 a 82.73 ab
Peo+MO| s+R (Tyg) 0.315b 91.64 a
LSD (0.05) 0.021 11.83
CV% 4.55 10.14

*The figures in a column having common letter(s) do not differ significantly at 5%
level of significance.
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4.25 Potassium content in mungbean shoot

Potassium content in shoot influenced by phosphorus, molybdenum and Rhizobium
inoculation and the data are presented in Table 10. All the treatments significantly
increased K accumulation compared to control. Potassium content in shoot varied
from 2.51 to 2.88% at harvest (Table 10). In treatment Ts potassium content was
2.88%, which was 14.74% more over control. The treatments T5, Tg, To, T|o Were
statistically similar. On the other hand, no variations were observed among the
treatments T,, T, and T,. No variation was found between inoculation and without

inoculation with Rhizobium.

4.26 Potassium uptake by mungbean shoot

The effect of Rhizobium, P and Mo on K uptake by mungbean shoot is presented in
Table 10. Accumulation of potassium (K) was significantly influence by application
of P, Mo and Rhizobium inoculation. Significantly higher uptake was found with Ts
but statistically similar with T and T,. Treatment Ts uptake 45% more K than the

control.
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Table 10. Effect of phosphorus, molybdenum and Rhizobium inoculation on
potassium contcnt and uptake by shoot at harvest of mungbean

Treatment Potassium content in shoot (%) Potassium uptake by
shoot (mg/plant)
Control (Ti) 2.51d 0.520 f
Rhizobium(R)(T,) 2.51d 0.645 ¢
PotMo, 0+R (T53) 2.64 c 0.702 d
P20+MO01 0+R (T,) 2.72 b 0.700 d
Ps+MO| 0+R (T5) 2.88 a 0.754 a
Peo+Moi 0+R (Ts) 2.84 a 0.735 ab
PotMoi 5+R (T5) 2.67 b 0.696 d
P,0+MO[ 5+R (Ty) 2.69b 0.71 1L cd
Pst+Moi 5+R (Ty) 2.87 a 0.745 ab
Peo+*MO[ 5+R (Tio) 2.82 a 0.730 be
LSD (0.05) 0.079 0.021
CV% 1.91 2.16

*The figures in a column having common letter(s) do not differ significantly at 5%
level of significance.
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Table 11. Relationship between different crop characters of mungbean

Parameter Correlation of coefficient (r value)
: 0.81
1 Number of nodules vs dry weight of
shoot
. 0.75
I Number of nodules vs dry weight of
root
. 0.44
1 Number of nodules vs | Nitrogen
content in shoot
. 0.64
I Number of nodules vs P content in
shoot
. 0.69
| Number of nodules vs Nitrogen uptake
by shoot
. 0.81
1 Number of nodules vs seed yield/plant
. 0.78
i Number of branches vs | pods/plant
jHusk yield vs seed yield/plant 0.85
Number of nodules vs stover j yield 0.92
. 0.55
jNumber of nodules vs plant ! height
0.94
jNumber of pods /plant vs seed
yield/plant
Number of seeds/pod vs seed yield/plant 0.94
. . 0.93
I 100 seed weight vs seed yield/plant
n =40 r value P,,5"0.367 P,.0i=
0.470

80






CHAPTER 5
Summary and Conclusion



CHAPTER 5
SUMMARY AND CONCLUSION

A pot experiment was carried out during kharif season of 2005 with mungbean variety
BARI Mung-5, laid out in randomized complete block design with four replications on
silty' clay loam (Kodda series) soil at the Soil Science Division. Bangladesh
Agricultural Research Institute, Joydebpur, Gazipur. AIll the treatments were
inoculated with Rhizobium strains (BARI RVr-2005) except control. There were 4
levels of phosphorus e.g. 0, 20. 40. 60 kg P/ha and 2 levels of molybdenum e.g. 1.0
and 1.5 kg Mo/ha. The objectives of this study were to determine the effect of
phosphorus, molybdenum and Rhizobium inoculants on nodulation, growth and yield of
summer mungbean and to know' the optimum dose of phosphorus and molybdenum on
nodulation. grow'th and yield with Rhizobium inoculation. Another objective was to
determine the relationship between yield and yield contributing characters influenced

by Rhizobium inoculants.

The highest plant height, number of leaves, branches per plant, root length were
produced by the inoculated plants with phosphorus and molybdenum application at the
rate of 40 kg and 1.0 kg/ha. respectively. The number of nodules was also

significantly higher in the same treatment combination.

The effect of phosphorus, molybdenum and Rhizobium inoculation was significant on
nodulation of mungbean plants. The individual effect of phosphorus and
molybdenum had also a significant influence on producing higher number of nodules
per plant. It was also found that inoculated plants produced higher number of nodules
compared to uninoculated control. The highest nodule number per plant was observed
with 40 and 1.0 kg/ha phosphorus and molybdenum, respectively. Higher dose of

molybdenum (1.5 kg Mo/ha) did not increase nodule number.
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The highest dry weight ol mungbean shoot was recorded with the treatment + Moi
ot R and statistically ditterent from the other treatments. Similar results were found
in root dry weight. | he highest root dry weight was found with the treatment P +
Mo, o+ R.

Phosphorus, molybdenum and Rhizobium inoculation had significant effect on stover
yield of mungbean. Increase in stover yield with phosphorus, molybdenum and
Rhizobium inoculation at 40 kg P/ha, was 28.53% higher over control. The
interaction effect between phosphorus and molybdenum was highly significant.
Significantly highest stover yield of 26.67 gm/plant was- obtained with phosphorus
and molybdenum application at the rate of 40 and 1.0 kg/ha, respectively. It was

28.53 and 3.49 % higher over both control and Rhizobium inoculation, respectively.

Phosphorus, molybdenum and Rhizobium inoculation had significant effect on yield
and vyield contributing characters of mungbean. Increase in seed yield with
phosphorus, molybdenum and Rhizobium inoculation at 40 kg/ha P and Mo,
respectively, which was 61.94 % higher over control. Number of pod per plant, seed
per pod. pod length and 100 seed weight were found higher in P and Mo level at 40
and 1.0 kg/ha, respectively with Rhizobium inoculation over other and uninoculated

plants.

The interaction effect between phosphorus and molybdenum was highly
significant. Significantly highest seed yield 14.61 (g/plant) was obtained by
phosphorus and molybdenum application at the rate of 40 kg P/ha,which was 162

and 53.31% higher over control and Rhizobium inoculation alone, respectively.

Maximum nitrogen content (4.20%) in shoot was recorded by the application of 40
and 1.0 kg/ha phosphorus and molybdenum, respectively and Rhizobium
inoculation. The highest amount of nitrogen uptake by shoot was also recorded in

Ts treatment. Maximum phosphorus contents in shoot was recorded with 40
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kg I/ha. 1.0 kg Mo/ha and Rhizobium inoculation. The highest phosphorus uptake by

shoot was also recorded in treatment T..

In the present investigation the following conclusions may be drawn:

1. Rhizobium inoculation had shown positive effect on nodulation. growth and
yield of mungbean.

2. Application of phosphorus upto 20 kg/ha increased nodulation and upto 40
kg/ha progressively enhanced growth, yield and yield contributing
characters of mungbean.

3. Application of molybdenum upto 1.0 kg/ha significantly enhanced
nodulation, growth, yield and yield contributing parameters and at 1.5
kg/ha Mo these parameters decreased significantly.

4. The present study also showed that Rhizobium inoculation with phosphorus
and molybdenum fertilization gave better yield and was maximum with 40
kg P and 1.0 kg Mo/ha.

5. There is enough scope to explore and exploit the production of mungbean
in Bangladesh through using Rhizobium technology along with phosphorus

and molybdenum @ 40 and 1.0 kg/ha. respectively.
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