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Soybean

Legume-Rhizobium symbiosis is a synergistic relationship that enriches soil
with atmospheric nitrogen (N) and fulfills a major requirement of N for legume
crops. An experiment was carried out in the Soil Science Field Laboratory
(AEZ-9) of Bangladesh Agricultural University, Mymensingh during January to
May 2015 to evaluate the performance of Rhizobium inoculum on growth and
yield of soybean (Glycine max L.). The soil of the experimental site belongs to
Sonatala series having silt loam texture, pH 6.4, organic matter content 1.72%,
total N 0.04%, available P 3.96 ppm, exchangeable K 0.11 cmol kg!, and
available S 11.9 ppm. The experiment was laid out in a Randomized Complete
Block Design (RCBD) with 7 treatments and 3 replications. The treatments
were To: control, Ti: NPKS, T2: Inoculum, T3: PKS + Inoculum, T4: PK +
Inoculum, Ts: 75% N + PKS + Inoculum and Te: 50% N + PKS + Inoculum.
Yield and yield contributing characters were measured after crop harvest. The
N content in grain and stover were determined and protein content was
calculated. The results demonstrate that the application of Rhizobial inoculant
with chemical fertilizers had significant effect on growth and yield components
as well as seed and stover yields of soybean. The treatment Tz (PKS +
Inoculum) produced the highest seed and stover yields of soybean which was
statistically similar to T1 (NPKS) and Ts (75% N + PKS + Inoculum). The
results indicate that application of Rhizobial inoculant alone or in combination
with chemical fertilizers produce higher seed and stover yields. In addition,
Rhizobium biofertilizer improved N contents in seed and stover, N-uptake by
seeds and stover as well as protein content of seeds. Inoculation of soybean
with Bradyrhizobium along with 75% N + PKS fertilizers produced identical
seed yield to that obtained with 100% NPKS. So it can be concluded that the
application of Rhizobial inoculant can supplement up to 25% of recommended
N for soybean cultivation.

Copyright © 2016 Ahsan et al. This is an open access article distributed under
the Creative Commons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is
properly cited.

INTRODUCTION

Soybean (Glycine max L.) is important oil producing protein
rich grain legume and is grown in many countries of the world
including Bangladesh. In FAO report 2004, about 83,695
thousand hectares of land in the world is under cultivation of
soybean and annual production is approximately 189.23 m
metric tons. In Bangladesh about five thousand hectares of land
is under soybean cultivation and annual production is
approximately 4 thousand metric tons with an average yield of
1.5-2.3 t ha!' (BARI 2006). Soybean is called the "Miracle
Bean" or “protein hope of future” in Bangladesh. Soybean
contains 40-45% protein, 18-20% edible oil and 24-26%
carbohydrate (Gowda and Kaul 1982). To boost up the yield of
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soybean, N is a prerequisite. But the price of N fertilizer is
getting higher day by day. Further, application of N pollutes the
environment in many ways. So we should look for the
alternative source of nitrogen. Rhizobium biofertilizer is a good
option in this regard. Since soybean is a legume crop, it is
capable of fixing and utilizing atmospheric N in symbiotic
association with Bradyrhizobium bacteria. The biological N»-
fixing efficiency of symbiosis is markedly dependent on the
mutual compatibility of macrosymbiont, the legume host and
microsymbiont, the bacterium and also influenced by a number
of environmental factors (Li and Wang 1990).
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Bradyrhizobium japonicum, a native species of Rhizobium, has
beneficial effect on growth and yield of soybean through
producing root nodules. Atmospheric air contains about 78% N
in the elemental form and this N can not be utilized by plants
unless it is converted into available forms. Fortunately, the
soybean nodulating bacteria Bradyrhizobium japonicum can fix
sufficient atmospheric N (about 300 kg ha™! yr'!) in symbiosis
with soybean (Keyser and Li 1992). It is beneficial to provide
suitable inoculant for soybean crop on new land or in areas
where effective nodulating bacteria are not present. Vincent
(1974) reported that inoculation is necessary in soil where the
Rhizobia are ineffective or where they are absent or minimum.
Increased nodulation, higher dry matter and seed yield
production with Bradyrhizobium inoculation have been
reported by several workers (Hoque et al. 1982; Solaiman et al.
1983; Moward et al. 1998; Hoque and Jahiruddin 1988; Singh
2005). However, the amount of nitrogen fixed by
Bradyrhizobium when inoculated with soybean is variable and
it needs to be investigated to figure out the true contribution of
Rhizobium biofertilizer. Therefore, the present study was
conducted to evaluate the effects of Rhizobial inoculant on the
growth and yield of soybean and to see if there is any
significant contribution of nitrogen to the crop.

MATERIALS AND METHODS

The experiment was conducted at the Soil Science Field
Laboratory of Bangladesh  Agricultural  University,
Mymensingh during the Rabi season of 2015. The study was
performed to evaluate the effect of Rhizobium inoculant and
urea-N on growth and yield of soybean and to assess the effect
of Rhizobial inoculant on nitrogen content and uptake by
soybean. The soil belongs to Sonatala series under the AEZ -
Old Brahmaputra Floodplain. The experimental soil was silt
loam in texture having pH 6.4, organic matter 1.72%, total
nitrogen 0.04%, available phosphorus 3.96 mg kg,
exchangeable K 0.11 cmol kg™!, available S 11.9 ppm, available
Zn 0.61 ppm and available B 0.39 ppm. Shohag, a high
yielding variety of soybean was used in this experiment as the
test crop. The experiment was laid out in a randomized
complete block design (RCBD). There were 7 different
treatment combinations: To - Control, T1 - NPKS, T» -
Inoculum, T3 - PKS + Inoculum, T4- PK + Inoculum, Ts - 75%
N + PKS + Inoculum, Ts - 50% N + PKS + Inoculum. The P, K
and S @ 30 kg P ha™! from triple super phosphate (TSP), 60 kg
K ha'! from muriate of potash (MoP) and 15 kg S ha’! from
gypsum were applied as basal during final land preparation.
Urea @ 25 kg N ha' was applied in T1. Half dose of urea was
applied during the final land preparation and other half was
applied in equal splits at 20 and 50 days after sowing. The
fertilizers were mixed well with the soil by hand and leveled.
Seeds were sown in the furrows which were covered by soils
after sowing. Seeds were sown in the morning to avoid the
direct sunshine. The spacing between row to row was 30 cm
and seed to seed within a row was 5 cm. There were 10 lines in
a plot. After emergence suitable number of seedlings was

maintained, other seedlings were uprooted and thrown from the
plots. The seeds were inoculated by mixing Rhizobial
inoculants in a bucket and some gum acacia were added to
ensure uniform inoculation. Intercultural operations such as
irrigation and weeding were done as and when necessary. The
crop was harvested at full maturity. Grain yield was measured
on 14% moisture basis and straw yield on sundry basis. Five
plants were randomly selected per square meter from each plot
at maturity to record the growth and yield contributing
characters. Grain and stover samples were analyzed for N
content following the method outlined by Bremner and
Mulvaney (1982). The N uptake by grain and straw was
calculated from its content and yield data using the equation,
Nitrogen uptake = [N content (%) x Yield (kg ha)]/100. All
the data were statistically analyzed by F-test and the mean
differences were ranked by DMRT at 5% level of probability
(Gomez and Gomez 1984).

RESULTS AND DISCUSSION
Growth and yield contributing characters

Growth and yield contributing characters such as plant height,
branch per plant, pods per plant, seeds per plant, 1000-seed
weight were influenced significantly due to the application of
Rhizobium biofertilizer (Table 1). The tallest plant of 65.86 cm
was found in T1 (NPKS) while the shortest plant of 42.26 cm
was observed in control treatment. The number of branches per
plant ranged from 3.01 to 4.73 at harvest. The number of
branches per plant of 4.73 obtained in Ts (75% N + PKS +
Inoculum) was superior to all other treatments. The lowest
number of branch per plant (3.01) was obtained in the control.
The highest pods per plant (42.93) was obtained in the
treatment Ts (75% N + PKS + Inoculum) which was
statistically dissimilar and superior to other treatments. The
second highest pods per plant (28.66) was observed in the
treatment T1 (NPKS) which was statistically similar to Tz, T3,
T4 and T treatments with values of 24.06, 26.46, 25.60 and
23.40. The lowest pods per plant of 13.13 were obtained in the
To (control). The highest seeds per plant of 78.20 was obtained
in the treatment Ts (75% N + PKS + Inoculum) which was
statistically dissimilar and superior to other treatments. The
second highest seeds per plant (56.13) were observed in the
treatment T1 (NPKS) and the lowest seeds per plant (24.46)
was obtained in the treatment To (control). The highest 1000-
seed weight (91.76 g) was obtained in the treatment Ts (75%N
+ PKS + Inoculum) followed by the second highest 1000-seed
weight of 87.46 g in Ts (50% N + PKS + Inoculum). The
lowest 1000-seed weight (62.03g) was obtained in the control.
In addition to fertilizer nitrogen, the N fixed by
Bradyrhizobium enhanced the vegetative growth of soybean
which promoted the yield attributes. These results are well
comparable with Li and Wang (1990) and Mottalib (2009) who
found that Bradyrhizobium inoculation significantly increased
the pod and seed number plant!, 1000 seed weight, grain and
stover yields of soybean as compared to control (Table 2).

Table 1. Effects of Rhizobial inoculant on the growth and yield characters of soybean

Treatments Plant height Branch Pods plant! | Seed plant! | 1000-seed  weight
(cm) plant! (no.) (no.) (no.) (2)

To (Control) 42.3c 3.0 13.1c 24.5¢ 62.0f

T1 (NPKS) 65.9a 4.6 28.7b 56.1b 75.5¢

T2 (Inoculum) 46.9bc 3.5 24.1b 36.2d 74.2¢

T3 (PKS + Inoculum) 53.1abc 3.5 26.5bc 45.6¢ 83.7¢c

T4 (PK + Inoculum) 51.2bc 4.1 25.6bc 38.5d 78.1d

Ts (75% N + PKS + Inoculum) 56.3ab 4.7 42.9a 78.2a 91.8a

Te (50%N + PKS + Inoculum) 54.3abc 3.8 23.4bc 38.6d 87.5b

CV (%) 132 13.6 6.9 5.7 1.7

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

CV = Co-efficient of Variance.
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Seed yield

The seed yield of soybean varied significantly due to
application of Rhizobium biofertilizer (Table 3). The seed yield
ranged from 600 to 1116 kg ha'l. The highest seed yield (1116
kg ha') was observed in the treatment T3 (PKS + Inoculum)
which was identical to T1 (NPKS) and Ts (75%N + PKS +
Inoculum) treatments with values of 1100 kg ha! and 1083 kg
ha'!, respectively. The lowest seed yield (600 kg ha') was
obtained in the treatment To (control). The treatments may be
ranked in the order of soybean seed yield as T3> T1> Ts> T¢>
T4> T2> To. The increase of soybean yield over control due to
different treatments varied from 19.3 to 86.0% with the highest
increase in T3 (PKS + Inoculum). The application of inoculum
alone produced 19.3% seed yield increase over control. The
seed yield increase of soybean due to Rhizobial inoculation
might be the consequence of additional nitrogen fixed by
Bradyrhizobium. The data support the findings of our previous
study (Islam ez. al. 2009) where we observed inoculation of
Rhizobium increased the seed yield of lentil. Li and Wang
(1990), Alam (2008) and Mottalib (2009) also reported that
seed yield of lentil and soybean was increased due to

inoculation of Bradyrhizobium.

Stover yield

Stover yields of soybean also varied significantly by different
treatments under study. The straw yield ranged from 750 to
1350 kg ha'! (Table 3). The highest stover yield of 1350 kg ha™!
was observed in T3 (PKS + Inoculum) which was statistically
similar with Ts (75%N + PKS + Inoculum) with a value of
1283 kg ha''. The lowest stover yield 750 kg ha™' was obtained
in the control. The treatments may be ranked in order of T3>
Ts> T2> Te>T1> T4> To in terms of stover yield of soybean. The
increase of stover yield over control due to different treatments
ranged from 28.8 to 80.0% with the highest increase in Ts. The
data indicate that the stover yield of soybean increased 46.6%
over control when inoculated with Bradyrhizobium. This is the
contribution of Rhizobium through the fixation of atmospheric
nitrogen. These results are in agreement with Hoque (1993) and
Islam et al. (2009) who found increased stover yield of soybean
and lentil.

Table 2. Effects of Rhizobial inoculant on the seed and stover yield of soybean

Treatments Seed yield % increase over Stover yield % increase over
(kg ha™!) control (kg ha™!) control
To (Control) 600c - 750d -
T:1 (NPKS) 1100a 83.3 1066bc 42.1
T2 (Inoculum) 716b 19.3 1100bc 46.6
T3 (PKS + Inoculum) 1116a 86.0 1350a 80.0
T4 (PK + Inoculum) 783b 47.1 966¢ 28.8
Ts (75%N + PKS+Inoculum) 1083a 80.5 1283ab 71.1
Ts (50%N + PKS + Inoculum) 783b 30.5 1066bc 42.1
CV (%) 11.9 - 11.1 -
Figure(s) in a column having common letter do not differ significantly at 5% level of significance.
CV = Co-efficient of Variance.
Table 3. Effects of Rhizobium biofertilizer on nitrogen uptake by seed and stover of soybean
Treatments Nitrogen uptake (kg N ha')
Seed Stover Total
To (Control) 31.98d 7.10c 39.08e
T:1 (NPKS) 64.68a 15.68a 80.36a
T2 (Inoculum) 40.38c 11.40b 51.78d
T3 (PKS + Inoculum) 64.61ab 10.28bc 74.89¢
T4 (PK + Inoculum) 49.09b 12.43ab 61.52¢
Ts (75% N + PKS + Inoculum) 59.78b 12.69ab 72.47b
Ts (50% N + PKS + Inoculum) 45.80ab 13.13ab 58.93¢
CV (%) 5.8 16.2 2.6
SE (&) 2.28 1.10 1.20

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

CV = Co-efficient of Variance.

Nitrogen uptake by seed and stover of soybean

Results in Table 3 indicate that the nitrogen uptake by soybean
seed varied significantly due to application of Rhizobium
biofertilizer. The highest nitrogen uptake by soybean seed
(64.68 kg ha') was observed in Ti (NPKS) which was
statistically similar to T3 and T treatments. The lowest nitrogen
uptake by seed (31.98 kg ha'') was obtained in the control. The
stover nitrogen uptake of soybean ranged from 7.10 to 15.68 kg
ha'! across the treatments with the highest value attained by T1.
Regarding total nitrogen uptake, the T1 (NPKS) exhibited the
maximum nitrogen uptake of 80.36 kg ha! whereas the
minimum nitrogen uptake of 39.08 kg ha! was noted in the
control. The total nitrogen uptake produced by Ts (PKS +

Inoculum), T4 (PK + Inoculum) and Ts (50%N + PKS +
Inoculum) was identical. Inoculation of soybean with
Bradyrhizobium might have fixed and added nitrogen to
soybean which resulted in higher N uptake. These results are
comparable with Hoque (1993), Saha (2007) and Islam (2009)
who found that inoculation with Rhizobial strains significantly
increased the N content and uptake by legume plant at different
stages.

CONCLUSIONS

From the overall results it can be concluded that soybean
cultivation may effectively be done in the Old Brahmaputra
Floodplain soils with the combined application of Rhizobial
inoculant and NPKS fertilizers. Inoculation of soybean with
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Bradyrhizobium in association with 75% N + PKS fertilizers
produced statistically similar seed yield to that obtained with
100% NPKS. So it can be concluded that the application of
Rhizobium can reduce up to 25% of recommended nitrogen.
However, the findings need to be verified in other AEZs of
Bangladesh.
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