
Introduction

Soybean (Glycine max L. Merrill) is an
important and well-recognized oil and pro-
tein containing crop of the world. The
approximate composition of soybean is 40-
45 % protein, 18-20 % edible oil, 24-26 %
carbohydrate and a good amount of vitamins 

(Kaul and Das, 1986). The soybean oil is
cholesterol free and easily acceptable diet.
The protein content in soybean is nearly dou-
ble than other pulses. On an average
Bangladeshi diet only of 8-10 percent of the
protein intake originate from animal sources,
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Abstract

The experiment was conducted to find out the influence of phosphorus (P) on growth and yield of soy-
bean (Glycine max L., variety: G-2). The treatments were: control (P1) and with the application of
50% (P2), 75 % (P3), 100 % (P4), 125 % (P5) and 150 % (P6) of the BARC recommended dose of P.
Nitrogen, K and S were applied as blanket as per BARC recommendation. Seeds were inoculated with
Bradyrhizobium inoculum before sowing. All the treatments of P application showed higher growth
than that of the control. P5 treatment (11.25 kg P ha-1) showed maximum growth and yield, which was
84.73% higher than that of control. The yield changed as a parabola curve with the increase of P appli-
cation. The yield component, namely number of pods plant-1, number of seeds pod-1, pod weight
plant-1 and number of seed plant-1 increased with the increase of P levels up to 11.25 kg P ha-1. The
application of P at 11.25 kg ha-1 (25% higher over BARC recommendation) produced the highest seed
yield of soybean (7.50 g plant-1). So, for better yield of soybean in silty clay loam soil of Jahangirnagar
University farm, application of P should be increased 25 % higher over BARC recommendation.
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the rest can be met from plant sources by
increasing the consumption of soybean and
pulses. The children who are intolerant to
cow's milk, a substitute like soyamilk can be
provided for them. The people who are aller-
gic to cow's milk develop hypolactasia
resulting in lactose intolerance, can safely
consump soyamilk. It is grown in
Bangladesh with no nitrogen fertilizer like
urea. As a result, the average yield does not
appear to be satisfactory. However, there is a
scope for improvement of this yield through
judicious application of chemical fertilizers
and biofertilizers. Phosphorus has beneficial
effects on both nodulation and nitrogen fixa-
tion capacity of soybean (Gates, 1975). The
most obvious effect of phosphorus is on the
plant root system. It promotes early root for-
mation and thus formation of lateral fibrous
and healthy roots, which is very important
for nodule formation and fixing atmospheric
nitrogen. Phosphorus application signifi-
cantly increases dry matter production as
well as yield and  yield  contributing charac-

ters of soybean (Idri et al., 1989). Singh et
al.1973 have also reported the positive role
of phosphorus to increase the growth and
yield of soybean. Unfortunately, there is a
lack of sufficient work on the nutrient
requirement, particularly phosphorus in
presence of seed inoculation with effective
strains of bradyrhizobia for successful soy-
bean cultivation in Bangladesh. The present
study was therefore, undertaken to study the
influnce of phosphorus application on
growth and yield of soybean.

Materials and Methods

A pot experiment was conducted at the
experimental space of the Department of
Botany, Jahangirnagar University, Savar,
Dhaka, during rabi season of 2004-2005
with a view to find out the optimum level of
phosphorus fertilizer for soybean cultivation.
The physical and chemical properties of the
experimental soil are  presented in Table I.
The  experiment  was  laid out in a complete 
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Properties Value 
Soil texture Silty- clay- loam
Soil pH 5.30
Soil organic matter (%) 2.02
Total nitrogen (%) 0.04
Available phosphorus (ppm) 16.36
Exchangeable potassium (meq. /100 g soil) 0.32
Available sulphur (ppm) 27.82
Exchangeable calcium (meq. /100 g soil) 5.75
Exchangeable magnesium (meq. /100 g soil) 2.25

Table I. Initial physical and chemical properties of experimental soil
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randomized design (CRD) with six levels of
P treatments. Each treatment was replicated
thrice. The treatments and their levels were:
P1 = Without P (control), P2= 50% P of
BARC recommendation ie, P @ 4.5 kg ha-1,
P3 = 75% P of BARC recommendation ie, P
@ 6.75  kg ha-1, P4=100% P of BARC rec-
ommendation ie, P @ 9.00 kg ha-1, P5 =
125% P of BARC recommendation ie, P @
11.25  kg ha-1, P6 =150% P of BARC recom-
mendation ie, P @ 13.50 kg ha-1. Phosphorus
was applied as T.S.P. In addition to P, other
nutrients such as N, K and S were applied @
21.16 kg, 7.50 kg and 1.80 kg ha-1, respec-
tively as urea, Muriate of potash (MOP) and
gypsum (Fertilizer Recommendation Guide-
1997, BARC). Each pot (20 cm diameter)
was filled with 5.66 kg of previously pre-
pared grounded and dried soil. Pots were laid
out according to the experimental design and
placed one meter apart from each other for
accumulation of sufficient sunlight.
Fertilizers were applied in each pot accord-
ing to treatments as basal dose. Soybean
variety G-2 (Bangladesh Soybean-4) was
used as the test crop in the experiment.
Required amount of soybean seeds were
inoculated with peat based inoculant
(obtained from BARI) of Bradyrhizobium
strain (BARI RGm-902) immediately before
sowing. Three to four seeds per pot were
sown on December 16, 2004.  Necessary
shading by newspaper was provided to pre-
serve soil moisture until germination.
Initially 3 plants were allowed to grow, but
two weaker plants were uprooted at 10 days

after germination keeping the healthiest one
to grow. Weeding and other intercultural
operations were done whenever necessary to
keep the plants healthy. As needed, insecti-
cide (Dersban 20 EC) was sprayed to control
hairy caterpillar in all the pots. The plant was
collected from each pot after 123 days from
the date of sowing. Data on different plant
parameters was statistically analysed by
using Analysis of Variance (ANOVA) and
Duncan's Multiple Range Test (DMRT) as
outlined by Gomez and Gomez (1984).

Results and Discussion

Plant height 

Plant height increased steadily up to 11.25
kg P ha-1 and then declined (Table II).
Treatment P5 produced the highest plant
height (61.67 cm) which was 40.16% higher
than that of control treatment (P1). Treatment
P4 and P5 are statistically identical. The low-
est plant height (44.00 cm) was recorded in
control treatment. This result was in agree-
ment with that of Shivakumar and
Sidramappa (2004), where it was reported
that plant height of soybean was highest with
20 kg P ha-1. Ramasamy et al., (2000) also
found that plant height of soybean increased
with P at 80 kg ha-1. Mohan and Rao (1997)
also found that plant height of soybean
increased with increasing P and Mo rates. 

Root length 

The effect of different levels of phosphorus
on the root length of soybean was found sig-
nificant (Table II). It was observed that the
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root length per plant increased up to the dose
of 11.25 kg P ha-1 of P5 treatment and then
decreased above this level. The maximum
root length (31.00 cm) was produced by P5
treatment which was 27.41% higher than
that of control treatment. The lowest root
length (24.33 cm) was recorded by control
treatment. Similar results observed by Singh
and Ahuja (1985) in groundnut and Singh et.
al. (2005) in lentil. Ramasamy et al., (2000)
also observed that P at 80 kg ha-1 increased
root length per plant of soybean. 

Dry weight of shoot

The effect of different levels of phosphorus
with the association of Bradyrhizobium inoc-
ulation on the dry weight of shoot of soybean
was found significant (Table II). The maxi-
mum dry weight of shoot (3.68 g) was pro-
duced by 11.25 kg P ha-1 at P5 treatment
which was 90.67% higher than that of con-
trol treatment. With the increase of different

levels of phosphorus fertilizer increased the
dry weight of shoot up to 11.25 kg P ha-1 and
above this level the shoot dry weight
decreased. The lowest dry weight of shoot
(1.93 g) was noted by control treatment. El-
Habbasha et. al. (2005) noticed that increas-
ing P levels increased stem dry weights per
plant of groundnut. Meshram et. al. (2000)
also found that among the P treatments, rock
phosphate (RP) recorded the highest values
for shoot dry weight (6.97 g per plant) of
chickpea. 

Dry weight of root 

Data on the dry weight of root of soybean as
influenced by P fertilization are shown in
Table II. Average dry weight of root per plant
varied insignificantly from 0.97 to 1.27 g
due to the treatment variations. Dry weight
of root increased gradually with the increas-
ing  rate  of  P application  up to 11.25 kg P

Table II. Effect of phosphorus on growth and nodulation of soybean 

P1 (0 kg ha-1) 44.00 e 24.33 c 1.93 d 0.97 2.33 0.110
P2 (4.50 kg ha-1) 49.33 d 25.67 bc 2.14 d 1.00 6.00 0.137
P3 (6.75 kg ha-1) 51.33 cd 27.00 bc 2.53 cd 1.06 6.67 0.140
P4 (9.00 kg ha-1) 58.00 ab 28.00 ab 3.23  ab 1.10 6.67 0.163
P5 (11.25 kg ha-1) 61.67 a 31.00 a 3.68 a 1.27 10.33 0.170
P6 (13.50 kg ha-1) 55.67 bc 27.33 bc 2.96 bc 1.07 6.33 0.153
LSD 4.944 3.081 0.634 NS NS NS
CV (%) 5.21 6.36 12.97 16.37 21.25 15.26

Means in a column followed by same letter (s) are not significantly different at 5% level of DMRT
NS = Not significant

Treatment
Plant height

plant-1

(cm)

Root length
plant-1

(cm)

Dry weight
of shoot

plant-1 (g)

Dry weight
of root

plant-1 (g)

Number
of  podules

plant-1

Dry weight
of nodules
plant-1 (g)
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ha-1, but above this rate dry weight of root
decreased. This result showed similarities
with the findings of Singh et al. (1987) in
pigeon pea, Singh and Ahuja (1985) in
groundnut and Singh et. al. (2005) in lentil. 

Number of nodules 

Bradyrhizobium inoculum along with differ-
ent levels of P produced higher number of
nodules per plant of soybean (Table II).
Number of nodules increased insignificantly
with increment level of P up to 11.25 kg ha-1

and beyond which it was decreased. The
increment of nodules per plant due to inocu-
lation with P application at the rate of 11.25
kg ha-1 was 343.35% higher over inoculated
control plant. The highest number of nodules
(10.33) was found in P5 treatment and the
lowest number of nodules (2.33) was found
in control plants. The results of the present
study in respect of number of nodules per
plant were very close to the findings of
Singh and Bajpai (1990), where they report-
ed that nodulation of soybean was signifi-
cantly affected by phosphorus levels and the
highest number of nodules was recorded at
100 kg P2O2 ha-1. Sharma and Namdeo
(1999) also observed that root nodulation of
soybean was greatest with 75 kg P ha-1 and
Rhizobium + FYM +PSB. 

Dry weight of nodules 

Dry weight of nodules was also insignifi-
cantly increased with increasing rate of P
application up to 11.25 kg ha-1 at P5 treat-

ment (Table II). Further addition of P (above
11.25 kg P ha-1) progressively decreased the
dry weight of nodules of soybean. Maximum
dry weight (0.170 gm plant-1) of nodule was
recorded at P5 treatment which was 54.55%
higher as compared to control plants. The
results of the present study in respect of nod-
ule weight per plant were very close to the
findings of Singh and Bajpai (1990), where
they reported that the highest weight of nod-
ules of soybean were obtained at 100 kg
P2O5 ha-1. Hoque et al. (1980) observed a
positive linear effect of variable phosphorus
rate on the nodule weight per plant of soy-
bean at 50% flowering. 

Number of pods per plant 

Different levels of phosphorus with
Bradyrhizobium inoculation significantly
influenced the number of pods per plant of
soybean (Table III). The number of pods per
plant increased significantly with the
increase of phosphorus levels up to 11.25 kg
ha-1 and then decreased above this level. The
highest number of pods per plant (57.67
plant-1) was found in P5 treatment which was
statistically superior to the rest of the treat-
ments. The lowest number of pods per plant
(30.67 plant-1) was observed in the control
plants. The results of the experiment were in
accord with those of Ramasamy et al.,
(2000) where it was reported that P at 80 kg
ha-1 produced significantly higher number of
pods per plant of soybean. Shivakumar and
Sidramappa (2004) also found that the high-
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est number of pods per plant of soybean with
40 kg P ha-1. Sharma and Namdeo (1999)
observed that pods plant-1 of soybean were
greatest with 75 kg P ha-1 and Rhizobium +
FYM +PSB. Mohan and Rao (1997) also
found that number of pods plant-1 of soybean
increased with increasing P and Mo rates. 

Number of seeds per pod 

The effect of different levels of phosphorus
with Bradyrhizobium inoculation on the
number of seeds per pods of soybean was
found significant (Table III). With the
increase of phosphorus fertilizers levels
increased the number of seeds per pod up to
11.25 kg P ha-1 and then declined. The high-
est number of seeds (1.87) per pod was
found in P5 treatment which was 2.75 %
higher than that of control plants. P5 treat-
ment was statistically similar to P6, P4 and P3

treatments. The lowest number of seeds
(1.82) pere pod was obtained by control
plants. Sharma and Namdeo (1999) observed
that seeds pod-1 of soybean were greatest
with 75 kg P ha-1 and Rhizobium + FYM
+PSB. Srivastava and Ahlawat (1995) also
found that number of seeds/pod of pea
increased 

with increasing P rate. Sundara et. al. (2004)
noticed that the application of 80 kg P2O5/ha
resulted in the highest number of seeds per
pod (5.74) of pea.

Pod weight per plant 

With the variation of different phosphorus
levels along with Bradyrhizobium inocula-
tion, the pod weight of soybean varied sig-
nificantly (Table III). It was found that the
pod weight per plant increased significantly

Table III. Effect of phosphorus on yield and yield attributes of soybean

P1 (0 kg ha-1) 30.67 d 1.82 b 6.35 e 55.67 d 4.06 d
P2 (4.50 kg ha-1) 33.33 cd 1.83 b 7.11de 61.00 cd 4.47 cd
P3 (6.75 kg ha-1) 38.67 c 1.85 a 8.48 cd 71.67 c 5.24 c
P4 (9.00 kg ha-1) 50.33 b 1.86 a 10.99 ab 93.67 b 6.64 ab
P5 (11.25 kg ha-1) 57.67 a 1.87 a 12.56 a 107.67 a 7.50 a
P6 (13.50 kg ha-1) 47.33 b 1.86 a 10.20 bc 88.00 b 6.20 b
LSD 7.299 0.0178 1.725 13.14 0.966
CV (%) 9.54 2.01 10.44 9.28 9.55

Means in a column followed by same letter (s) are not significantly different at 5% level of DMRT

Treatment Number of
pods plant-1

Number of
seeds pod-1

Pod weight
plant-1 (g)

Number of
seeds plant-1

Seed weight 
plant-1 (g)



Morshed, Rahman and Rahman 365

with the increase of phosphorus levels up to
P5 treatment and declined in P6 treatment.
The maximum pod weight (12.56 g) per
plant was found in P5 treatment at 11.25 kg P
ha-1 which was 97.80% higher than that of
control treatment. The lowest pod weight
(6.35 g) per plant was recorded in control
plants. Shivakumar and Sidramappa (2004)
in a similar experiment obtained the highest
pods weight per plant of soybean with 40 kg
P ha-1. Trivedi et. al. (1995) received
increased pod yield of groundnut with P
application at 22 kg/ha + pressmud at 5.0
t/ha. El-Habbasha et. al. (2005) also noticed
that increasing P levels increased weight of
pods per plant of groundnut. 

Number of seeds per plant 

There was a significant effect of different
levels of phosphorus with Bradyrhizobium
inoculation on the number of seeds per plant
of soybean (Table III). The number of seeds
per plant was found to be increased gradual-
ly up to 11.25 kg P ha-1 of P5 treatment and
then declined. Treatment P5 produced the
maximum number of seeds (107.67) per
plant which was statistically superior to the
rest of the treatments.  The lowest number of
seeds (55.67) per plant was recorded by con-
trol plants. El-Habbasha et. al. (2005)
noticed   that   increasing  P levels  increased 

 

D (At harvest) 

A (45 DAG) B (75 DAG) 

C (105 DAG) 

Fig. 1. (A-D) Comparison between control (P1) and different treatments phosphorus of at 45
(A), 75 (B), 105 (C) days after germination (DAG) and at harvest (D) 
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number of seeds per plant of groundnut.
Zafar et. al. (2003) also found that the appli-
cation of 75 kg P2O5/ha gave the highest
number of seeds per plant (1.89) of lentil.

Seed weight of soybean 

The effect of different levels of phosphorus
along with Bradyrhizobium inoculation on
seed weight of soybean was found signifi-
cant (Table III). The highest seed weight
(7.50 g) was obtained by P5 treatment which
was 84.73% higher than that of control
plants. With the increase of phosphorus lev-
els, increased the seed weight of soybean up
to 11.25 kg P ha-1. The lowest seed weight
(4.06 g) per plant was recorded by control-
plants. Shivakumar and Sidramappa (2004)
found that the highest grain yield of soybean
obtained with 40 kg P ha-1. Sharma and
Namdeo (1999) also observed that seed yield
of soybean were greatest with 75 kg P ha-1

and Rhizobium + FYM +PSB. Mohan and
Rao (1997) found that seed yield of soybean
increased with increasing P and Mo rates. 

Conclusion

It may be concluded that phosphorus has
positive effect on growth and yield of soy-
bean. Application of phosphorus up to 11.25
kg ha-1 (which was 25% higher than BARC
recommendation) gave the highest growth
and yield of soybean as compared to other
treatments including the control. So, applica-
tion of P should be increased 25% higher
over BARC recommendation for better yield

of soybean in Jahangirnagar University
farm.
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