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Abstract

A pot experiment was conducted in the net-house of the Department of Soil Science, Bangladesh
Agricultural University, Mymensingh during January to May, 2007 to investigate the effects of six
selected Bradyrhizobium strains and urea-N on the growth and yield of soybean. There were eight
treatments such as To: control, Ti: Urea @ 40 kg N had, T2: BAU 101, T3: BAU 107, T4: BAU 118, T5:
BAU 145, Ts: BAU 150 and T7: TAL 102. The experiment was laid out in a Completely Randomized
Design (CRD) having four replications. Phosphorus, potassium and sulphur were applied as basal dose
from TSP, MOP and gypsum @ 40 kg P ha-1, 60 kg K ha-1 and 15 kg S had, respectively.
Bradyrhizobium inoculation significantly increased the nodule number, nodule dry weight, root weight,
shoot weight, N content and N uptake by plant at 33, 60 and 98 days after sowing over uninoculated
control. Bradyrhizobium inoculation also significantly increased pod and seed number per plant, 100-
seed weight, grain and stover yield of soybean over control. The effects of the strain BAU 107 was
found most promising in growing soybean crop.
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Introduction -

Soybean (Glycine max L. Merrill) is an important oil producing protein rich grain legume and
is grown in many countries of the world. It grows well in different regions of the world,
Particularly in the tropics to the mid temperate zones. About 83,695 thousand hectares of
land in the world is under cultivation of soybean and annual production is approximately
1,89,234 thousand metric tons (FAO, 2004). As a grain legume, it is gaining important
Position in the agriculture of tropical countries including India, Sri Lanka, Thailand and
Bangladesh. In Bangladesh about 5 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"1 (BARI, 2006). Soybean contains 40=45% protein, 18-20% edible oil and 24-26%
carbohydrate (Gowda and Kaul, 1982). Soybean being a source of protein, unsaturated fatty
acids, minerals like Ca and P, and vitamins A, B and D can meet up different nutritional
needs (Poudyal and Prasad, 2005)). Bradyrhizobium japonicum has the beneficial effect on
the growth and yield of soybean through producing root nodules. Soybean nodulating
bacteria Bradyrhizobium japonicum can fix sufficient atmospheric nitrogen (about 300 kghe
yr 1) in symbiosis with soybean (Keyser and Li, 1992). So, the use of bradyrhizobial inoculant
in soybean production can play a vital role in improving soil environment and agricultural
sustainability. It is beneficial to provide suitable inoculant for soybean crop on new land or in
areas where effective nodulating bacteria are not present (Padmaja and Seethalakshmi,
2006). Chang et al. (2005) reported that inoculation is necessary in soil where the rhizobia
are ineffective or where they are absent or spare. Increased nodulation, higher dry matter
and grain yield production due to Bradyrhizobium inoculation have been documented by
several workers (Hogue et al., 1982; Hogue and Jahiruddin, 1988 and Singh, 2005). Though
soybean is cultivated in Bangladesh but its yield is not satisfactory due to lack of effective
native rhizobia in Bangladesh soils. Again, effective nodulation and high N2-fixation depend
largely on the efficiency of the nodule bacteria. The efficiency of the symbionts depends on
many factors, important of which are genetic variability of the symbiont host plant, soil and
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environmental factors (Danso et aL, 1987; Somasegaran et aL, 1990).
 Thus, selection of

more effective Bradyrhizobium strains is one of the most important means
 for obtaining

higher soybean yields. With the view in mind, a piece of research work
 was conducted to

valuate the effects of six selected Bradyrhizobium strains and urea-N on nodula
tion, growth

and yield of soybean and to investigate the effect of bradyrhizobial inoculan
ts and urea-N on

nitrogen content and uptake by soybean plants.

Materials and Methods

A pot experiment was conducted in a net house adjacent to the Departmen
t of Soil Science,

Bangladesh Agricultural University, Mymensingh during January to May
, 2007 to evaluate the

effects of six selected Bradyrhizobium strains and urea-N on the growth and yield
 of soybean.

The experiment was laid out in a Completely Randomized Design (CRD) havin
g four

replications. There were eight treatments such as To: control, T1: Urea @ 40 kg N ha-1, T2:

BAU 101, T3: BAU 107, T4: BAU 118, T5: BAU 145, T6: BAU 150 and T7: TAL 102
. The

inoculants included five local and one exotic strains of Bradyrhizobium.
 Soil was collected

from Boyra village near BAU campus, Mymensingh at a depth of 0-15 cm. A compo
site soil

sample was dried, ground, sieved and stored in plastic containers and
 then analyzed for

physicochemical properties following standard methods (Page et al., 1989). The soi
l was silty

loam in texture having pH 5.9, organic matter 1.92%, total N 0.09%, available P 8.
12 ppm,

exchangeable K 0.13 me/100 g soil, available S 11.26 ppm and CEC 13.1 me/100 
g soil.

Each pot was filled with 10 kg soil for sowing the seeds. Phosphorus @ 40 kg
 P ha-1 from

triple super phosphate (TSP), potassium @ 60 kg K ha-1 from muriate of potash (MOP
) and

sulphur @ 15 kg S ha-1 from gypsum were applied as basal dose. Urea @ 40 kg
 N ha-1 was

applied in T1. Half dose of urea was applied during the final soil preparation and the other half

was applied in 2 equal splits at 20 and 50 days after sowing. The plant parameters suc
h as

number of nodule per plant, nodule dry weight, shoot and root weight Data were rec
orded at

33, 60 and 98 days after sowing (DAS). The number of pods per plant, number of
 seeds per

plant, seed and stover yield was also recorded. The N content and uptake, and the p
rotein

content of soybean seed were estimated. The data were analyzed statistically and
 the mean

differences were adjudged by Duncan's Multiple Range Test (DMRT).

Results and Discussion

The nodule number and weight varied significantly due to inoculation with different

Bradyrhizobium strains and urea-N application (Table 1). The highest number of nodul
es and

nodule weight plant1 were obtained in T3 (BAU 107) and the minimum value was recor
ded in

the control both at 33 and 60 DAS of soybean. The nodule number at 33 and 60 DAS r
anged

from 0 to 20.0 plant-1 and 0 to 26.6 plant-1, respectively. The nodule dry weight at 33 an
d 60

DAS ranged from 0 to 14.2 mg plant-1 and 0 to 112.0 mg plant-1, respectively and the ef
fect of

the inoculants and urea-N on the nodule dry weight of soybean at 60 DAS may be rank
ed in

the orders of T3 > T5 > T6 > T4 > T7 > T2 > T1 > To. The findings are in agreement with th
at of

Hogue et aL (1980; 1981) who observed in a series of field trials with soybean that

Bradyrhizobium inoculation had always pronounced effects on nodule formation over

uninoculated control.
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Shoot dry weight of soybean varied significantly due to different inoculation treatments
(Table 1). The effects of all Bradyrhizobium strains and urea-N were statistically superior to
control in producing shoot dry weight at 33, 60 and 98 DAS of crop growth. The highest shoot
dry weight was obtained in T3 (BAU 107) and the lowest value was found in control. The
shoot dry weight at 33, 60 and 98 DAS ranged from 0.14 to 0.27 g plant'', 0.72 to 1.61 g
plant'l and 0.78 to 2.77 g plant'', respectively. The results are in conformity with that of
Hogue and Hashem (1994). Hogue et aL (1980) conducted two field experiments with Bragg
soybean inoculated with 7 Bradyrhizobium japonicum strains and recorded 15% higher shoot
dry weight over uninoculated control.

Table 1. Effects of different inoculants and urea-N on the nodule number, nodule
weight, shoot and root weight of soybean

Treatments

Number of nodules
plant-1

Nodule dry weight
(mg plantel)

Dry weight of shoot
(g plant')

Dry weight of root
(g plan11)

,
33 DAS 60 DAS 33 DAS 60 DAS 33 DAS 60 DAS 98 DAS DAS

60 DAS
DAS

To 0.00 d 0.00 d 0.00 d 0.00 f 0.14e 0.72e 0.78e 0.12g 0.33g 0.14d

T1 2.60 d 3.20 d 2.30 d 16.50 e 0.20d 0.93de 1.50cd 0.13f 0.55a 0.50a

12 14.20 bc 14.20 bc 10.80 b , 60.00 d 0.25b 0.85de 1.54cd 0.14e 0.40d 0.31b

13 20.00 a 26.60 a 14.50 a 112.00 a 0.27a 1.61a 2.77a 0.19a . 0.47b 0.33b

14 12.20 c 13.00 c 8.30 c 76.00 c 0.20d ' 1.06cd 1.60cd 0.14d 0.39e 0.24c

15 18.20 ab 20.00 b 14.20 a 94.00 b 0.26ab 1.31b 2.43b 0.20a 0.41c 0.32b

16 14.20 bc 15.60 bc 12.80 ab 82.00 c 0.22c 1.24bc 1.71c 0.19b 0.41d 0.23c

17 12.00 c 14.20 bc 11.70 b 62.00 d 0.21cd 1.06bcd 1.33d 0.17c 0.37f 0.22c
_ CV (%) 21.43 25.45 14.73 9.19 8.55 12.10 10.96 4.31 4.52 8.30

LSD0.05 4.331 5.395 2.377 10.120 0.017 0.232 0.324 0.005 0.006 0.055

To Control, T1 = Urea @ 40 kg N ha'', T2 = BAU 101, 13 = BAU 107, 14 = BAU 118, T5 = BAU 145,16 = BAU 150,
17= TAL 102
In a column figures having same letter(s) do not differ significantly by DMRT at 1% level of probability.

Inoculation of soybean seed with Bradyrhizobium strains and application of urea-N exerted a
significant variation in the root weight of soybean (Table 1). The highest root dry weight of
0.20 g plant'l was recorded in T5 (BAU 145) and the lowest value of 0.12 g plant.' was found
in control at 33 days of crop growth. The treatment T1 (urea-N) gave the highest root dry
weight and the lowest root weight was observed in control at 60 and 98DAS. Root dry weight
at 60 and 98 DAS ranged from 0.33 to 0.55 and 0.14 to 0.50 g plant'', respectively. Results
showed that all the inoculants and urea-N caused significantly higher root dry weight over
control.

Plant height of soybean varied significantly due to inoculation with of different Bradyrhizobium
strains and application of urea-N (Table 2). The tallest plant (38.20 cm) and the shortest plant
(29.88 cm) at harvest were observed in T3 (BAU 107) and To (control), respectively. The
highest number of pods (12.2 pods planfl) and seeds (17.5 seeds planf1) were recorded in
T3 (BAU 107) and the lowest values of 3.5 pods planfl and 4.1 seeds plant.' were obtained
in To (control). The treatments Ti (urea-N), T7 (TAL 102), T6 (BAU 150), T2 (BAU 101) and T4
(BAU 118) were statistically identical in producing soybean pods. The treatment T3 (BAU 107)
recorded the highest 100-seed weight of 14.60 g and the lowest value of 8.86 g was noted in
the control. Application of urea-N produced seeds of lower weight as compared to those of
the inoculants, although the variations were insignificant. These results are in accordance
With the findings of Sattar and Podder (1994) who found significant effect of Bradyrhizobium
Inoculation on the yield contributing characters of soybean over uninoculated control.
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Table 2.. Effects of Bradyrhizobium strains and urea-N on the yield and yield

contributing characters of soybean

Treatments
Plant height

(cm)
Number of
pods planfl

Number of
seeds plant"'

100 seed
weight (9)

Grain yield
(g plant')

Stover yield
(g plant')

To 29.88c
.._

3.50 d 4.10 e 8.86 c , 0.37 d 0.78 d

Ti 35.31ab 7.90 c 9.00 d 12.50 b 1.12 c 1.90 b

T2 33.05bc 8.20 c 10.90 c 13.50 ab 1.48 c 1.54 bc

T3 38.20a 12.20 a 17.50 a 14.60 a 2.49 a 2.77 a

1-4 33.88abc 7.20 c
_

10.30 cd 13.12 ab 1.34 c 1.60 bc _

T5 35.72ab 10.20 b 14.30 b 13.92 ab 2.00 b 2.43 a

T6 33.58bc 8.50 c 11.10 c 13.54 ab 1.50 c 1.71 bc -

T7 31.30bc 7.10 c 10.00 cd  13.10 ab 1.31 c 1.33c -

CV (°/0) 7.00 11.04 7.37 8.25 18.08 15.71

LSDoos , 4.105 1.548 1.390 1.842 , 0.455 0.477 ,

To = Control, T1 = Urea @ 40 kg N he, T2 = BAU 101, T3 = BAU 107, T4 = BA
U 118, T5 = BAU 145, T6 = BAU 150,

T7 = TAL 102
In a column figures having same letter(s) do not differ significantly

 by DMRT at 1% level of probability.

Table 2 reveals the seed yield of soybean as influenced by different bradyrhizob
ial inoculants

and urea-N. All the treatments resulted significant increase in seed yiel
d over control. The

seed yield of soybean ranged from 0.37 to 2.49 g plant-1 and the highest val
ue (2.49 g plant-1)

was recorded in T3 (BAU 107). Although the treatments T1 (urea-N), T2 (BAU 101), T4 (BAU

118), 16 (BAU 150) and 17 (TAL 102) were statistically similar in produci
ng seed yields of

soybean, the effect of inoculants were more pronounced as compare
d to the urea-N (r1).

There was significant variation in stover yield of soybean due to different treatments

(Table 2). The stover yield of soybean ranged from 0.78 to 2.77 g plan
11. The highest stover

yield (2.77 g plant-1) obtained from T3 (BAU 107) which was statisticall
y identical with T5 (BAU

145). The treatments T1 (urea-N), T2 (BAU 101), T4 (BAU 118) and 16 (BAU 150) were

statistically similar in producing the stover yield_ of _soybean. The contro
l (To) produced the

lowest stover yield (0.78 g plan11). The results are in consistent with the fin
dings of Podder et

aL (1999) who observed in a field experiment of seed inoculation with
 8 Bradyrhizobium

strains significantly higher grain and stover yields of soybean over the uninocu
lated control.

The inoculation caused significant effect on N content in soybean shoot at 33,
 60 and 98 DAS

of crop growth (Table 3). All the inoculants and urea-N produced signifi
cantly higher N

content over control. The highest N content in shoot was found in T1 (urea-N) and the lowest

value was noted in control both at 33 and 98 DAS. At 60 DAS, the highest N cont
ent in shoot

was found in T5 (BAU 145) and the lowest value was observed in the control.
 The root N

content in soybean at 33, 60 and 98 DAS ranged from 1.96 to 3.14%, 1.97 to 3.
53% and 1.03

to 2.07%, respectively. The lowest N content was observed in the control. Th
e highest N

content in seed (6.69%) was recorded in 13 (BAU 107) and the lowest value wa
s found in

control.

Total N uptake by soybean plants varied significantly due to different Bradyrhi
zobium strains

and urea-N application (Table 3). At 33 DAS, total N uptake ranged from 5.71
 to 15.26 mg

plant-1. The highest N uptake was observed in 15 and the lowest N uptake 
was noted in

control. At 60 and 98 DAS, total N uptake by soybean plants was maximu
m (98.60 and

240.00 mg plant-1) in 13 (BAU 107) and minimum in control and the uptake may b
e ranked in

the order of T3 > T5 > Tl> T6 > T2 > T4 > T7 > To at 98 DAS.

Protein content in soybean seed was influenced significantly due to differe
nt treatments

(Table 3). The highest protein content of 41.81% was found in T3 (BAU 107) w
hich was

statistically similar to those of treatments T1 (Urea-N), 12 (BAU 101), 15 (BAU 145), 16 (BAU

150), T7 (TAL 102) and T4 (BAU 118). The control (To) contained 27.44% protein 
in grain.



Table 3. Effects of different Bradyrhizobium strains and urea-N on N content, 
total N uptake and protein content in

soybean grain
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Shoot Root Nodule Shoot Root Nodule ' Grain Stover Root

To 2.40e 1.96d 0.00b 5.71c 2.46e 1.97d 0.00c 24.21 g 4.39b 1.07e 1.03e 26.00 d 27.44 b

Ti 3.64a 2.96ab 0.00b 11.13b 3.64c 2.80b 3..5213 49.83 e 6.55a 2.85a 1,62bcd , 135.00 c ,40.93 a

T2 3.08bc 2.61bc 2.78a 11.63b 3.08d 2.30bcd 4.76a 38.24 f 6.54a 1.62cd 2.07a 128.00 c 40.87 a

T3 2.80cd 2.24cd 2.91a 12.24b 4.76ab 3.53a 4.80a 98.60 a 6.69a 2.25b 1.65abcd 240.00 a 41.81 a

T4 2.58de 2.63bc 2.73a 9.07b 3.53c 2.35bcd 4.70a 50.16 e 6.35a 1.34de 1.84abc 110.40 c 39.69 a

. T5 3.30b 3.14a 2.85a 15.26a 5.04a 2.58bc 4.82a 81.13 b 6.55a 2.10bc 1.99ab 187.40 b 40.93 a

T6 2.52de 2.41c 2.74a 10.47b 4.42b 2.30bcd 4.58a 67.99 c 6.52a 1.74cd 1.54cd 131.60 c 40.75 a

T7 2.80cd 2.85ab 2.69a 11.04b 4.31b 2.07cd 4.54a 56.16 d 6.46a 1.56de 1.26de 106.80 c 40.36 a

CV (%) 6.55 8.66 8.90 9.54 6.41 12.44 7.74 4.84 8.42 15.43 14.20 15.04 8.76

LSD0 05 0.328 0.391 0.514 1.009 0.435 0.536 0.808 6.619 0.919 0.487 0.399 34.73 3.280

T0= Control, Ti = Urea @ 40 kg N T2 = BAU 101, T3 = BAU 107, T4 = BAU 118, T5 = BAU 145, T6= BAU 150, T7 = TAL 1
02

In a column figures having same letter(s) do not differ significantly by DMRT at 1% l
evel of probability.
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Conclusion

The overall results of the pot experiment indicate that inoculation of soybean seeds with
Bradyrhizobium strains exerted beneficial effect on nodulation, dry matter production, number
of pods plant-1, 100-seed weight, grain and stover yield, N content and uptake by soybean
plant. The effects of most of the Bradyrhizobium strains were promising in growing soybean
crop. Considering all the parameters studied, the performance of the inoculants was better as
compared to urea-N @ 40 kg N ha-1. Among the Bradyrhizobium strains, BAU 107 showed
the best performance. However, further field experimentation is needed for final
recommendation of the strain for soybean cultivation in Bangladesh.
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