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ABSTRACT
A field experiment was conducted in randomized complete block design (RCBD) with seven treatments in four
replications at Nuclear Institute of Agriculture (NIA), Tando Jam. Five plants were selected from middle rows of
the plot for yield parameters. Yield and yield components were recorded such as plant height (cm) number of
pods/plant, single plant biomass weight (g), number of branches/plant, number of panicles/plant, single plant grain
yield (g) biological yield kg/ha, grain yield (kg/ha), days to flowering,  days to  maturity of the crop, and 100-
grain weight (g). Bacterial enumeration after sowing of one week and after harvesting of the crop were recorded.
The results revealed that the all yield and yield components were highest in T2 (80 kg P/ha), whereas, the control
was the lowest. In treatment Bacillus  megatherium and 40 kg P/ha were identical with each other. T5 (Bacillus
megatherium+40 kg P/ha), T6 (Mycorrhiza) and T7 (Mycorrhiza + 40 kg P/ha) were similar with each other but
lower than T2, T3, T4 and higher than control. Biological yield and grain yield were highest in T2 (2541 kg/ha
and 883 kg/ha). Same trend was found for bacterial enumeration after sowing of one week the crop and after
harvesting of the crop at the depth of 0-15 and 15-30 cm in one gram of soil. It was observed that the addition of
Bacillus megatherium increased the yield and other yield associated traits of mungbean. The results showed that
the P solubilizing bacterial inocula alone may be used for obtaining reasonable yield in mungbean.
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INTRODUCTION
Mungbean (Vigna radiata L). is a well known
pulse crop of Pakistan. It is a short duration crop
and can be growth twice in a year. Being
drought resistant, it can withstand adverse
environmental conditions and is successfully
cultivated in rainfed areas. This is digestible,
high in protein (22-24%), (Malik,1994) and
does not cause flatulence that many other
legumes do moreover, it is rich in vitamins as
A,B,C niacin, and minerals such as potassium,
phosphorus and calcium which are necessary for
human body (Rattanga wongsa,  1993). It is a
good substitute of animal protein and forms a
balanced diet when it is taken with cereals.
Despite the high total soil P content, plant P
availability is often reported to be limited,
particularly in tropical soils (Collavino et al.,
2010). Most soil P is usually present as insoluble
metal chelates (Vassilev et al., 2006). Moreover,
substantial amounts of applied chemical (P)
fertilizer are also rapidly converted with in-
soluble phosphate source. This leads to regularly
applying P fertilizers, which is not only costly,
but also environmentally undesirable. In this
context, microbial solubilization of soil insoluble
phosphates with soluble forms is considered as
an important process in natural and agricultural
ecosystems. Several bacterial and fungal species
are available with varied potential to solubilize

inorganic phosphates have been found in
rhizosphere of plants (Jain et al., 2012). Next
two nitrogen, phosphorus is another important
key element not only in plant metabolism but
also present in soil microbiological processes,
solubilization of bound phosphates by acid
secretion, the mineralization of organic phos-
phatic compounds and the immobilization of
phosphorus by which inorganic ion are incur-
porated in the microbial cell material. Organic
matter rich soils are also rich in organic phos-
phorus derived from vegetation and protoplasm
of microorganism which undergo decompose-
tion. Phosphorus is added to soil in the form of
phosphatic fertilizer, part of which is utilized by
the plant and the remaining is converted  in the
fixed and insoluble forms  of  phosphorus. Major
portion of applied (P) in soil is converted in to
non-available form, which is mostly due to high
pH and activity of CaCo3, (Sharif, 1985). Phos-
phate solubilising microorganisms are ubiqui-
tons in soil and could play an important role in
supplying p to plant in a more environment
friendly and sustainable manner (Gyaneshwar et
al., 2002). The microbial biomass in soil contains
a significant amount of P and  considerable
pools are maintained  even in soils considered to
be P deficient for plant growth  (Obserson et al.,
2001). Phosphorus biofertilizers in the form of
microorganism  can help in increasing the avail-
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ability of accumulated  phosphates for plant
growth  by solubilisation (Goldstein, 1986;
Gyaneshwar et al., 2002). About  20-30 percent
of the soil microorganisms such as bacteria and
fungi  have been reported to solubilize the
insoluble phosphates of soils in to soluble forms
by secreting organic acid and lowering PH(
Cunningham and Kirliack, 1992;  Nahas,  1996)
and are hence considered important for  agri-
culture  production  (Motsara et al: 1995). Plant
P-content increased only when Penicillium
simplicissimum was inoculated. (Illmer et al.,
1995). Some fungi are  able to  release  phos-
phate from insoluble inorganic phosphates,  for
example, species of Aspergillus, Fusarium,
Penicillium and Sclerotim produce  organic
acids and /or chelating components which act as
solubilising agents (Beever and Burns,  1980;
wainwright,  1988). Such microbes act as bio-
inoculant which increase plant growth and yield
and reduce the chemical fertilizer requirement.
There are several reports of phosphate solubi-
lizing bacteria (PSB) which reported the
increase growth and biomass of several crops.
(Fernandez et al., 2007; Mittal et al: 2008;
Vikram and Hamzehzarghani 2008; Hariprasad
and Niranjana, 2009;  Jain et al: 2010). Some
fungi, along with some bacteria and actionmyce-
tes are able to solubilize phosphate through
secretion of organic acids (Khan and Bhatnager
1977; Kucey, 1987). The aim of these studies
was to isolate the bacterial and fungal species
which can enhance the mungbean production
and to increase the solubilization of soil (P).

MATERIALS AND METHODS
A field study was conducted at Nuclear Institute
of Agriculture (NIA) experimental farm Tando-
jam, Sindh Pakistan. Phosphate solubilizing
bacteria and mycorrhizae were  previously
isolated from the maize crop at (NIA)  Tando-
jam experimental  farm. The phosphate solubi-
lizing bacteria such as Bacillus megatherium and
mycorrhizae (Glomus fasciculatum) were
cultured on Pikovskaya’s medium for conforma-
tion their halo zones formation. After confirma-
tion the nutrient broth was prepared individualy
then the both organisms were inoculated into
broth  containing  flask 25 ml  of each organism
than the bacterial  concentration at the rate of
221 x 103 /ml (25 ml/kg of mungbean seed) was
inoculated and mycorrhizae at the rate of 108 x
102 spores /ml  (25 ml/kg of mungbean  seed)
was inoculated. The experiment was conducted

in randomized complete block design (RCBD)
with three replications and 07 treatments.
T1=  control, T2=  80 kg P/ha, T3= Bacillus
megatherium at the concentration of 221x103

/ml 25 ml /kg of mungbean seed,  T4=40 kg
P/ha, T5= bacteria Bacillus megatherium at the
concentration 221 x 103/ml + 40kg P /ha, T6=
Mycorrhhizae (Glomus fasciculatum) at the
concentration  108 x 102 spores /ml 25ml /kg of
mungbean seed, and T7=mycorrhizae same
concentration as T6 + 40 kg P/ha. During the
study the days to flowering and maturity of the
crop according to each treatment along with
replication were noted.

At the maturity of the crop, five plants were
randomly selected from middle two rows and
harvested for data collection on plant height
(cm),  number of pods/plant, single plant dry
biomass weight(g), number of branches/plant,
number of panicles/plant, single plant grain yield
(g), 100-grain weight (g), biological  yield and
grain yield (kg/ha). On microbial data, bacterial
counting /gram of soil (pore plate method) were
done after sowing of one week and after
harvesting of the crop. The collected data was
subjected to analysis of variance and DMR test
for comparison of means.

RESULTS AND DISCUSSION
The results revealed that the plant height (cm)
was significantly highest in T2= 80 kgP/ha as
compared to all other treatments. Whereas, T1,
T5, T6 and T7 showed lowest plant height.
Whereas, T3 and T4 showed similarity in plant
height (cm). The  maximum number of pods/
plant were noded in T2= 80 kg P/h. Treatments
T3 and T4 produced similar  number of pods/
plant. Non significant difference was found in
T5, T6 and T7. About 20-30 percent of soil
microorganisms such as  bacteria and fungi have
been reported to solubilize  the insoluble phos-
phates of soil in to soluble forms by secreting
organic acids and lowering pH (Cunningam and
Kuiack,  1992; Nahas, 1996) and are  hence
considered important  for  agriculture production
(Motsara et al; 1995). The highest single plant
biomass weight (g) was recorded in T2 = 80 kg
P/ha, whereas, the T3 and T4 showed similar
results in biomass  weight (g).  The lowest dry
biomass/plant weight (g) was found in  T1 =
control. The maximum number of ranches/plant
were recorded in T2 = 80 kg P/ha. Treatment T3
and T4 showed non significantly difference for
number of branches /plant. Whereas, control =
T1 produced minimum number of branches
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/plant.  Significantly  the  highest  number of
panicles /plant  were recorded  in T2 = 80 kg
P/ha,  Whereas, control could produce minimum
number of panicles /plant. T3 and T4 produced
similar number of panicles /plant followed by
T5, T6 and T7 (Table 01). The highest single
plant  grain yield (g) was recorded in T2=80 kg
P/ha, whereas, T3 and T4 showed  similar
single plant grain yield (g) followed  by T5, T6
and T7. The control T1 was found as lowest in
single plant grain  yield (g). The result showed

that 100- grain weight (g) was maximum in T2,
Whereas, lowest was recorded  in control.  T3
and T4 showed same 100-grain weight (g)
followed  by T5, T6 and T7. Biological yield
was recorded maximum in T2 while T3, T4 were
identical with each other followed by T5, T6 and
T7. T1 = control gave minimum biological yield
kg/ha. The data revealed that grain yield was
highest in T2. T3 and T4 showed same results
followed  by T5, T6 and T7. The control
showed lowest  grain yield kg/ha (Table- 2).

Table- 1: Influence of microbial different concentration on grain yield and yield associated characteristics
of mungbean variety AEM-96
Treatments Plant height

(cm)
No:of
pods/plant

Single plant bio-
mass weight (g)

No.of branches
/plant

No. of Panicles/
Plant

T1=Control 31   c 10   d 8.45     d 01   d 3   d
T2=80 kg P/ha 37   a 15   a 13.64   a 05   a 6   a
T3=Bacillus  megatherium
221 x 103 /ml (25 ml /kg of  seed)

34   b 14   b 10.29   b 04   b 5   b

T4=40 kgP/ha 34   b 14   b 10.33   b 04   b 5   b
T5= Bacillus  megatherium
221 x 103 /ml (25 ml /kg of
seed)  +40 kgP/ha

33   c 12   c 9.31     c 03   c 4   c

T6=Mycorrhiza 108 x 102 /ml
(25 ml  /kg of seed)

33   c 12   c 9.31     c 03   c 4   c

T7=Myco+40kgP/ha 33   c 12   c 9.22     c 03   c 4   c

Table -2: Effect of  synthetic  P  fertilizer and microbial  inoculants on mungbean .
Treatments Single plant

grain yield (g)
100-Grain
weight (g)

Biological yield
(kg/ha)

Grain yield
(kg/ha)

T1=Control 2.67   d 1.81   d 1391   d 381   d

T2=80 kg P/ha 3.94   a 4.81   a 2541   a 883   a

T3=Bacillus  megatherium
221 x 103 /ml (25 ml /kg of  seed)

3.50   b 3.71   b 2391   b 772   b

T4=40 kgP/ha 3.46   b 3.72   b 2376   b 777   b
T5= Bacillus  megatherium 221x103 /ml
(25ml/kg of  seed) +40 kgP /ha

3.02   c 2.91   c 2112   c 581   c

T6=Mycorrhiza 108 x 102 /ml (25 ml
/kg of seed)

3.23   c 2.90   c 2113   c 580   c

T7=Myco+40kgP/ha 3.12   c 2.92 c 2110   c 579   c

Mungbean seed inoculated with rhizobium strain
of bacteria  and  phosphate  solubilizing bacteria
(PSB)  increased rate of   nodulation and  seed
yield as compared  to control (Chatterjee and
Bhatterjee  2002).  Another study showed that
the mungbean seed inoculated with Rhizobium
strain significantly increased the number of
nodules / plant, dry matter accumulation in the
shoot, crop growth and plant height.  Bio-
fertilizer supply nitrogen and phosphorus
improve growth of several crop plant was
observed (Maruwaha, 1995). The data showed
that the  T2= 80 kg P/ha showed  the
significantly lowest  days to  flowering followed

by T3 and T4. There was non significant
difference found in T5, T6 and T7.  The
maximum days for flowering of crop were
recorded in control. The maximum days to
maturity were recorded in  control and the
lowest days were recorded  in T2= 80 kg P /ha.
Similar days to maturity were recorded in T3,
T4, T5, T6 and T7 (Table 03). The maximum
bacteria at the depth of 0-15 cm in after sowing
of 01 week (200x106) were found  /g of soil in
T2. Whereas, minimum bacterial counting was
recorded  in control = T1. The treatment such as
T3 and T4 showed  non significant  difference
among each other followed by T5, T6 and T7.
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At the depth of 15-30 cm. The bacterial counting
in T2 = 80 kg P /ha showed  highest  counting /g
of soil. Whereas, control= T1 showed the lowest
number of bacteria/g of soil. Treatment  such as
T3, T4 showed same  bacterial  counting/g of
soil followed by T5, T6 and T7 (Table 4).

Table-3: Phonological trails of mungbean as affected
by various treatments phosphorus and phosphor-

bacterial and mycorrhizal inoculums.
Treatments Days

to
flower

Days to
mature

T1=Control 52   a 72   a

T2=80 kg P/ha 40   d 62   d

T3=Bacillus  megatherium
221 x 103 /ml (25 ml /kg of  seed)

42   c 65   c

T4=40 kgP/ha 42   c 65   c

T5= Bacillus  megatherium
221 x 103 /ml (25 ml /kg of
seed)        +40 kgP/ha

46   b 67   b

T6=Mycorrhiza 108 x 102 /ml
(25 ml  /kg of seed)

46   b 67   b

T7=Myco+40kgP/ha 46   b 67   b

Table-4: Bacterial  enumeration/g of  soil after one
week of sowing at the depth  of 0-15 cm and
15-30 cm in  different treatments.

Treatments 0-15 cm 15-30 cm

T1=Control 130x103 d 100x102 d

T2=80 kg P/ha 200x106 a 187x105 a

T3=Bacillus  megatherium
221 x 103 /ml (25 ml /kg of
seed)

190x105 b 140x104 b

T4=40 kgP/ha 191x105 b 141x104 b

T5= Bacillus  megatherium
221 x 103 /ml (25 ml /kg of
seed) +40 kgP/ha

166x105 c 130x104 c

T6=Mycorrhiza 108 x 102

/ml (25 ml  /kg of seed)
166x105 c 130x104 c

T7=Myco+40kgP/ha 166x105 c 129x104 c

At the depth of 0-15 cm after harvesting  of
the crop: The highest bacterial counting /g of
soil were  recorded in T2.Whereas, T3 and T4
showed similar number of bacteria /g of soil
followed  by T5, T6 and T7 same trend was
found at the depth  of 15-30 cm. (Table 05). The
various studies showed  that the application of
phosphate solubilizing bacteria  (PSB)  increased
yield of maize, legumes and potatoes (Dubey
and Billore 1992).

Table -5: Bacterial counting/g in soil after one week
of harvesting at the depth of  0-15 cm and
15-30 cm in different treatments.

Treatments 0-15 cms 15-30 cms
T1=Control 110x102d 98 x102 d

T2=80 kg P/ha 198x104a 152 x103 a
T3=Bacillus  megatherium
221 x 103 /ml (25 ml /kg of
seed)

150x103b 140x102 b

T4=40 kgP/ha 150 x103b 141x102 b
T5= Bacillus  megatherium
221 x 103 /ml (25 ml /kg of
seed) +40 kgP/ha

140 x102c 130x101 c

T6=Mycorrhiza 108 x 102

/ml (25 ml/kg of seed)
141 x102c 131x101 c

T7=Myco+40kgP/ha 140x102c 130x101 c
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