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ABSTRACT

A field experiment on mungbean was conducted in a randomized complete block design (RCBD) with five
treatments and three replications. Treatments were T; = control, T2 = 75 kg P/ha, T3 = Bacillus polymyxa @ 25
mi/kg of seed (122 x 108 cells/ml); T4 = 37.5 kg P/ha; Ts = Bacillus polymyxa @ 25 ml/kg of seed (122 x 108
cells/ml) + 37.5 kg P/ha. . The results showed that plant height, no. of pods/plant, single plant dry weight, no. of
branches/plant, no. of panicles/plant, 100-grain weight, biological and grain yield recorded the highest values in
T,, followed by T3, T4 and Ts respectively. However, the lowest values were observed in control treatment.
Total bacterial count was highest (185 x 10° and 174 x10°) at 0-15 and 15-30 cm in T, after sowing of crop.
Even after crop harvest, T, recorded the highest total bacterial count of 181 x 10* and 161 x10* at 0-15 and 15-
30 cm soil depths, respectively. The control treatment showed the lowest bacterial counts at both soil depths
after sowing as well as harvesting of crop. It was further revealed that the application of Bacillus polymyxa
alone contributed at par with T4 (37.5 kg P/ha) to the most of yield and yield contributing parameters of
mungbean crop. Although T, was superior to all other treatments, the application of P solubilizing bacterial

inocula alone may contribute to mungbean yield potential to some extent in resource poor farming systems.
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INTRODUCTION

Use of biological alternatives to synthetic
fertilizers has radically increased due to the high
costs and environmental concerns associated
with later ones (Vance, 2001). Microbial inocu-
lants have proved their worth as biological alter-
natives to compensate agro-chemicals to sustain
environment friendly crop production (Dobbe-
laere et al., 2003). Various mechanisms involved
in plant growth promotion due to these inocu-
lants are N fixation, hormonal regulation, imp-
roved nutrient uptake, phosphate solubilization
and stress resistance (Sarwar et al., 1992;
Arshad and Frankenberger, 1988). Pakistan is an
agriculture country producing variety of crops
including legumes. Among these, pulses are
very important being a major source of protein
content. The area under mungbean crop stood at
146.3 thousand hectares and production was
around 98 thousand tons (Economic Survey of
Pakistan, 2015-16). Phosphorus (P) is a macro-
nutrient that plays a significant role in plant
metabolism, ultimately reflecting in crop yield
(Theodorou and Plaxton, 1993). Only 10-20% of
applied phosphatic fertilizer is recovered during
the year of its application and remaining 80% of
P becomes insoluble/fixed due to various chemi-
cal reactions occurring in soil. Plants cannot
access and utilize the fixed P. Phosphate solubi-
lizing microbes (PSM) have potential to solubi-
lize the fixed P and make it available to the

plants. Scientists have focused to exploit this
microbial potential to increase crop production
in resource poor farming systems (Khan et al.,
1998). Studies have revealed that inoculation of
PSM increased the crop yield by solubilization
the soil fixed and applied phosphates (Gull et
al., 2004; Sial et al., 2015). Bacteria and fungi
such as genera Bacillus, Pseudomonas, Rhizo-
bium, Aspergillus and Penicillium have potential
for P solubilization are commonly present in soil
(Rodriguez and Farga, 1999). Asea et al. (1988)
reported that bacteria such as Bacillus megather-
ium are most effective phosphate solubilizers.
PSMs produce low molecular weight organic
acids such as gluconic, ketogniconic, glyoxylic,
citric, malic and lactic acid to solubilize the
inorganic phosphates. Some microorganisms
produce the enzymes such as phosphatases
which are responsible for P-solubilization from
organic sources (Al-Ghazali et al., 1986). The
present study was conducted to evaluate the
effectiveness of P-solubilizing bacteria on yield
performance of mungbean variety AEM 96.

MATERIALS AND METHODS

Field experiment was conducted at Nuclear
Institute of Agriculture (NIA), Tando jam,
Sindh, Pakistan. The previously isolated P solu-
bilizing bacteria were used for seed inoculation.
Phosphate solubilizing bacteria (PSB) (Bacillus
polymyxa) were re-cultured on pikovskaya's
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agar medium for confirmation of their solubili-
zation halo zones. After confirmation, PSB were
cultured in nutrient broth for seed inoculation.
The final concentration of bacteria was adjusted
to 122x108 cells/ml and mungbean seeds were
inoculated with the culture @ 25 ml/kg of seed.
The experiment was conducted in randomized
complete block design (RCBD) with seven treat-
ments and three replications. T1 = control, T, =
75 kg P/ha, Ts = Bacillus polymyxa @ 25 ml/kg
of seed (122 x 108 cells/ml); T4 = 37.5 kg P/ha;
Ts = Bacillus polymyxa @ 25 ml/kg of seed (122
x 108 cells/ml) + 37.5 kg P/ha. At maturity of the
crop, the five plants from each middle line of
experimental unit were randomly selected and
data regarding plant height, number of pods/
plant, single plant dry weight, number of bran-
ches/plants, number of panicles/plant, single
plant grain yield, 100-grain weight. Biological
and grain yield were recorded from each experi-
mental unit. Bacterial counting per gram of soil
was done one week after sowing and harvesting
of the crop at the depth of 0-15 and 15-30 cm by
pore plate method. All the collected data were
statistically analyzed using ANOVA and signi-
ficant differences among treatment means were
obtained using least significant difference (LSD)
method at 5 % probability level.

RESULTS AND DISCUSSION

Pak. J. Biotechnol.

The results showed that plant height and
single plant dry weight were significantly higher
in T2 (37 cm and 13.64 g) than other treatments,
whereas control plots exhibited lowest plant
height as well as single plant dry weight (31 cm
and 8.45 g) (Table 1). Plots sown under treat-
ment T3 (Seed inoculated with Bacillus polym-
yxa) produced plants of identical height and
single plant dry weight when compared with
plots having T4 and Ts. T2, T3 and T4 had statis-
tically identical effect on no. of pods/plant and
no. of panicle/plant followed by Ts and control
treatment. No. of branches per plant were also
highest in T,, followed by Ts and T4, Ts and
control in descending order. Single plant grain
yield and 100-grain weight were highest in T,
(3.94 and 4.80g), whereas non-significant differ-
rence was found between T3 and T4 Control
plots produced lowest single plant grain yield
and 100-grain weight (2.60 and 1.80 g, respect-
tively). Application of 75 kg P/ha (T2) produced
higher biological and grain yield (2541 and 782
kg/ha) than any other treatment. T, and T3 were
statistically at par for their effect on biological
and grain yield (Table 2). Bacterial enumeration
/gram of soil at 0-15 and 15-30 cm depth was
significantly higher in T, one week after sowing
and harvesting of the mungbean crop (Table 3).

Table 1: Influence of different treatments on growth and yield associated characteristics of mungbean

Plant height No. of Single plant  No. of branches No. of panicles

Treatments (cm) pods/plant  dry wt. (g) /plant / plant
T1= control 31C 10C 8.45C 10D 10C
T,=75kg P/ha 37A 15A 13.64 A 50A 6.0 A
Tz =B. polymyxa @ 25 ml/kg of
s (12"2)({03’ Celgml) g 34B 14 A 10.29B 40B 5.0 AB
T,=37.5kg P/ha 34B 14 A 10.29B 40B 5.0 AB
Ts= B. polymyxa + 37.5 kg P/ha 33B 12B 9.31B 3.0C 5.0 AB
LSDo.os 1.02 1.26 0.01 0.93 1.15

Table 2: Influence of different treatments on yield parameters of mungbean

Single plant 100-grain Biological Grain yield

Treatments grain yield (g) weight (g)  vield (kg/ha) (kg/ha)

T, = control 26D 18D 1391 D 279D

T,=75kg P/ha 394 A 480 A 2541 A 782 A

T3 = B. polymyxa @ 25 ml/kg of

seed (12p2x)1/08ycells/ml) ’ 3508 3.12B 2391B 6748

T4=237.5kgP/ha 3.49B 371B 2391 B 676 B

Ts = B. polymyxa + 37.5 kg P/ha 3.29C 291C 2021 C 518 C

LSDo.0s 0.22 0.01 2.28 2.7
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Table 3: Bacterial count per gram of soil at the depth of 0-5 and 15-30 cm after one week of sowing and

harvesting of crop

After one week of crop sowing

After one week of crop harvesting

0-15cm 15-30 cm 0-15cm 15-30 cm
Treatments depth Depth depth depth
T, = control 120x10° D 111x102D 101x102D 80x102 D
T, =75 kg P/ha 185x10° A 174x105 A 181x10* A 161x10* A
T3 = B. polymyxa @ 25 ml/kg . " " 3
of seed (122105 colls/mi) 170x10°B 169x10*B 160x10*B 140x10°B
T4=37.5kg P/ha 170x10°B 169x10* B 160x10*B 140x10°B
;/Shz B. polymyxa + 37.5 kg 150x10° C 141x10° C 140x10°C 125x102C
LSDoos 8.18 2.96 1.66 3.15

Treatment T3 in which seeds were inocu-
lated with Bacillus polymyxa was statistically at
par with T4 (37.5 kg P/ha) regarding its effects
on almost all growth and yield parameters of
mungbean which imply that P-solubilizers inoc-
ula have potential to mobilize soil indigenous P
pool and make it available to the plants for their
growth and development. Sial et al. (2010;
2016) have reported similar results while study-
ing the effects of Bacillus megatherium inocu-
lation on mungbean growth and yield. Inocula-
tion with Bacillus megatherium var: phospha-
ticum, like phosphorus dissolvent, play a signi-
ficant role in increasing available phosphorus
level of soil (Sahran and Nehra, 2011). Further,
phosphorus helps in N-fixation and root nodula-
tion, and increases no. of pods/plant, 100-grain
weight, seed yield and water use efficiency (Jain
et al., 1999). Application of bacterial inoculants
has resulted in significant improvement of plant
growth and crop yield (Gull et al., 2004). A
majority of the isolated organisms from the soil
are bacteria, although several fungi are also
known to solubilize phosphates. These bacteria
and fungi have the potential to be used as bio-
fertilizer and cab play important role in incre-
asing crop yield of cereals, legumes, fibers,
vegetables, oil crops and other crop plants
(Kundu et al., 2009). Our study concluded that
PSBs can be effectively used to obtain subsistent
crop yield in resource poor farming systems of
Pakistan where phosphatic fertilizers are costly
and usually the farmers have poor purchasing
power as well as access to P fertilizers.
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