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A field experiment was conducted in kharif 2011on blackgram genotype T-9. The
experiment was laid out in randomized block design with three replication and thirteen
treatments. There was significant improvement recorded in yield, nutrient content, uptake
and physico-chemical properties viz. pH, electrical conductivity, organic carbon and
available N and P of soil under black gram crop. Grain yield was increased by 47.06% in
treatment T13 over control while, organic carbon showed significantly highly positive
correlation with available nitrogen (r=.878) in post harvest soil. However, combination of
rhizobium, PSB and P levels had proved significant influence on yield, content, uptake of
nutrient and physico-chemical properties of soil under blackgram. Furthermore,
inoculation of rhizobia and PSB into the soil found beneficial to increase the availability of
native fixed phosphate and to reduce the use of fertilizers and build up significant
improvement in residual soil fertility.

Introduction
Pulses are one of the important segments of
Indian agriculture after cereals and oilseeds.
India and central Asia are considered as the
primary and the secondary centers of origin of
black gram respectively. The distribution of
black gram is comparatively restricted to
tropical regions. The productivity of pulses is
quite low since they are mainly cultivated in
low fertile soil. Pulses are not only improving
soil health by enriching nitrogen status, long
term fertility but also sustainability of the
cropping systems (Anonymous, 2011). The
role of microorganisms in solubilizing

inorganic phosphates in soil and making them
available to plants is well known (Barroso et
al., 2006). The nutritional requirement of
pulses is similar to cereal but due to the
unique feature of biological nitrogen fixation
only 20 kg ha-1 nitrogen is recommended.
Rhizobium is the bacteria which are involve in
symbiotic biological nitrogen fixation;
success of biological nitrogen fixation
depends on population of Rhizobia in soil.
Rhizobium is widely distributed in soils of the
tropics which have the ability to fix
atmospheric
nitrogen
in
symbiotic
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association. The amount of nitrogen fixed
varies with the strain of Rhizobium, the plant
species and environmental conditions.
Rhizobium requires phosphorus for its growth
and survival in soil, Rhizosphere colonization,
infection and nodule development and energy
transformation during Nitrogen fixation in
root nodules (Hara et al., 1988).
Phosphorus is second most critical plant
nutrient, but for pulses, it assumes primary
importance, owing to its important role in root
proliferation and thereby atmospheric
nitrogen fixation. The yield and nutritional
quality of pulses is greatly influenced by
application of phosphorus.Phosphorous has
referred to as the “Master key element” in
crop production. Most of the phosphorous
present in soil is unavailable to plants which
are made available by action of efficient
micro organism like bacteria, fungi, and even
cyanobacteria.
These
microorganisms
bring
about
solubilization by the production of organic
acid and phosphate enzyme activity. As
regards phosphate only about 15-20 per cent
of the applied phosphorous is utilized by first
crop. The phosphate solubalising Bacteria
(PSB), dissolving inter locked phosphates
appear to have an important implication in
Indian agriculture (Alikhani et al., 2006).
In particular, soil microorganisms are
effective in releasing phosphate from total
soil phosphorus through solubilization and
mineralization. It is generally believed that a
starter dose of phosphorus enhances the yield
of crop. So the present experiment was
conducted to find out the effect of Rhizobium,
PSB inoculation and phosphorus levels on
yield, concentration and uptake of nutrients
by black gram and to manage soil phosphate
is to optimize crop production and minimize
phosphate loss from soils.

Materials and Methods
The field experiment was conducted in kharif
season of 2011 at Crop Research Centre,
Chirori of Sardar Vallabhbhai Patel
University of Agriculture and Technology,
Meerut (U.P.), India, to evaluate the effect of
biofertilizers and P-levels on yield, nutrient
content, uptake and physicoo-chemical
properties of soil under blackgram (Vigna
mungo L). The experiment was arranged in
randomized block design with three
replications, each plot size being 3.0m x 4.0m
(Table 1). Soil collected from research farm
was analysed for various initial physicochemical properties given in parentheses, viz.
bulk density (1.38 g cm-3), particle density
(2.65 g cm-3), pH (8.2), EC (0.28 dSm-1),
organic carbon (0.45%), porosity (46.52%),
available N (150.0 kg ha-1), available P (11.30
kg ha-1) and available K (170.0 kg ha-1) was
analysed by standard procedure. Treatments
consisted of 3 levels of phosphorus (25, 50
and 75 kg ha-1) and two carrier based cultures
(Rhizobium and PSB). The cultures
(Rhizobium and PSB) was· mixed in
minimum amount of water and Gur solution.
The seeds of black gram were mixed up in
various Rhizobium cultures and kept under
shade before sowing the seeds. All the
treatments comprising of different levels of P
@ 25, 50 and 75 kg ha-1 respectively, were
applied as basal as per treatment description
through Single super phosphate. Intercultural
operations viz., weeding, irrigation, and
insecticide spray were done as and when
required. The yield, nutrient content and
uptake and physico-chemical properties were
recorded at pertinent stages. All obtained data
from experiment were statistically analyzed
by analysis of variance (ANOVA) according
to randomized block design as prescribed by
(Panse and Sukhatme, 1978). Standard error
of mean in each case and critical difference
only for significance cases were computed at
5% levels of probability.
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Results and Discussion
Yield
Grain yield was significantly affected by
different treatments (Table 2). The maximum
grain yield (9.28 q ha-1) was recorded in
treatment T13 (75 kg P2O5 ha-1 + PSB +
Rhizobium) respectively, which were superior
to rest of the treatments, while minimum was
recorded in T1 (control). Grain yield was
increased by 47.06% in treatment T13 over
control.
Straw yield was significantly affected by
different treatments (Table 2). The maximum
grain yield (31.60 q ha-1) was recorded in
treatment T13 (75 kg P2O5 ha-1 + PSB +
Rhizobium) respectively, which were superior
to rest of the treatments, while minimum was
recorded in T1 (control). Straw yield was
increased by 47.11% in treatment T13 over
control.

increase was observed in combined
application of Co – inoculation of Rhizobium,
PSB and 75 kg P2O5 ha-1. T13 treatment was
found superior than others. The similar
findings were also obtained by Singh et al.,
(1993). The result is supported by Jain et al.,
(1999), Meena et al., (2002), Tanwar et al
(2002), Bhat et al., (2005), Band et al., (2007)
and Rathore et al., (2007). The optimum level
of phosphorous application, thus lead to better
development of grain yield.
Nutrients content and uptake
N and P content in grain and straw

Harvest index was significantly affected by
different treatments and it is varied from
21.87 to 23.16% (Table 2). The maximum HI
(23.16%) was recorded in treatment T11 (75
kg P2O5 ha-1 + PSB) respectively, which were
superior to rest of the treatments.

The nitrogen content in grain and straw was
affected by different treatments has been
presented in table 3. It is apparent from that
result the application of Rhizobium, PSB and
P-levels on significantly affected the content
of nitrogen in grain and straw. Nitrogen
content of grain varied from 3.30 to 3.83%
and in straw varied from 1.20 to 1.80% under
different treatments. The maximum N content
in grain (3.83%) and in straw (1.80%) was
found in T13 (75 kg P2O5 ha-1 + PSB +
Rhizobium) which statistically at par to T6 (25
kg P2O5 ha-1 + Rhizobium), T7 (25 kg P2O5 ha1
+ PSB + Rhizobium), T9 (50 kg P2O5 ha-1 +
Rhizobium), T10 (50 kg P2O5 ha-1 + PSB +
Rhizobium) and T12 (75 kg P2O5 ha-1 +
Rhizobium). T13 (75 kg P2O5 + PSB +
Rhizobium) was significantly superior to rest
of the treatments, while minimum N content
in grain (3.30%) and in wheat (1.20%) was
recorded in T1 control Most of the treatments
related to nitrogen content in Straw were
found statistically at par. Similar result was
also reported by Tanwar et al., (2003).

The grain and biological yield (q ha-1)
increased significantly, when inoculation was
supplemented with phosphorus due to the
synergistic effect of Rhizobium and PSB
inoculation over control. Highly significant

The phosphorus content in grain and straw
was affected by different treatments has been
presented in table 3. It is apparent from that
result the application of Rhizobium, PSB and
P-levels on significantly affected the content

Biological yield was significantly affected by
different treatments (Table 2). The maximum
grain yield (40.88 q ha-1) was recorded in
treatment T13 (75 kg P2O5 ha-1 + PSB +
Rhizobium) respectively, which were superior
to rest of the treatments, while minimum was
recorded in T1 (control). Straw yield was
increased by 47.10% in treatment T13 over
control.
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of nitrogen in grain and straw. Phosphorus
content of grain varied from 0.21 to 0.36%
and in straw varied from 0.10 to 0.20% under
different treatments. The maximum P content
in grain (0.36%) and in straw (0.20%) was
found in T13 (kg P2O5 ha-1 + PSB +
Rhizobium) which were statistically at par to
T11 (75 kg P2O5 ha-1 + PSB) and significantly
superior to rest of the treatments. Most of the
treatments related to phosphorus content in
Straw were found statistically at par.
Higher NP content of plant parts in these
treatments can be related to the better plant
growth and sufficient nutrient supply in these
treatments. Better root growth with proper
nutrient supply may the reason for extraction
of available plant nutrient from soil depth and
ultimately which improve the nutrient content
in plant parts. The positive effect inoculation
on N and P content of black gram was also
reported by Singh et al., (2009) and Jain et
al., (2003).
N and P uptake by grain and straw
The nitrogen uptake in grain and straw was
affected by different treatments has been
presented in table 3. It is apparent from that
result the application of Rhizobium, PSB and
P-levels on significantly affected the uptake
of nitrogen in grain and straw. Nitrogen
uptake of grain varied from 20.83 to 35.55 kg
ha-1 and in straw varied from 25.78 to 56.88
kg ha-1 under different treatments. The
maximum N uptake in grain (35.55 kg ha-1)
and in straw (56.88 kg ha-1) was found in T13
(75 kg P2O5 ha-1 + PSB + Rhizobium) which
was significantly superior to rest of the
treatments, while minimum N uptake in grain
(20.83 kg ha-1) and in straw (25.78 kg ha-1)
was recorded in T1 control.
The phosphorus uptake in grain and straw was
affected by different treatments has been
presented in table 3. It is apparent from that
result the application of Rhizobium, PSB and

P-levels on significantly affected the uptake
of nitrogen in grain and straw. Phosphorus
uptake of grain varied from 1.33 to 3.34 kg
ha-1 and in straw varied from 2.15 to 6.32 kg
ha-1 under different treatments. The maximum
P uptake in grain (3.34 kg ha-1) and in straw
(6.32 kg ha-1) was found in T13 (kg P2O5 ha-1
+ PSB + Rhizobium) which were statistically
at par to T11 (75 kg P2O5 ha-1 + PSB) and
significantly superior to rest of the treatments.
Similar result reported by Jain et al., (2003)
also reported that uptake of N and P increased
significantly due to inoculation. Summauria et
al., (2009) also reported the positive effect of
inoculation on N and P uptake by legume.
Singh et al., (2009) also reported that uptake
of P increased significantly due to
inoculation.
Physico-chemical properties of post harvest
soil
pH: The effect of different treatments on soil
pH was found non-significant, it is presented
in table 4. pH was ranged from 7.28 to 8.15.
No particular trend was found in soil under
different treatments,
Electrical conductivity: The effect of
different treatments on soil EC was also found
non-significant, it is presented in table 4. EC
was ranged from 0.14 to 0.25dsm-1. The EC
was slightly higher in the treatments receiving
PSB application.
Organic carbon: The effect of different
treatments on soil organic carbon (%) was
found significant, it was also found that soil
Organic carbon ranged from 0.24 to 0.50%, is
presented in table 4. Organic carbon content
in soil improved slightly due to integration of
nutrient sources. As the production of total
biomass was higher in these treatments, more
amount of residue might have added in the
soil in form of leave fall and roots which will
build up the organic matter level in soil.
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Similar result was also reported by Rajkhowa
(2003) and Mohan et al., (2007). These
results also corroborate with the findings of
Sharma et al., (2005), Sharma et al., (2005,
Baskar (2003) and Tolanur and Badanur
(2003).
Available N: The available nitrogen status of
soil was significantly affected by different
treatments presented in table 4. The values of
available nitrogen content for T1, T2, T3, T4,
T5, T6, T7, T8, T9, T10, T11, T12 and T13
treatments were 160.12, 161.58,184.16,
188.41, 169.44, 195.0, 198.21, 176.87,
200.21, 201.10, 182.91, 203.70 and 205.70 kg
ha-1 at harvesting, respectively. Available soil
nitrogen varied from 160.12 to 205.70 kg ha-1
highest being in T13 and lowest in T1. Sharma
et al., (2009) noticed that enhancement in
available N content of soil with the balanced
use of nutrient sources.
Available P: The available phosphorus status
of soil was significantly affected by different
treatments presented in table 4. The values of

available phosphorus content for T1, T2, T3,
T4, T5, T6, T7, T8, T9, T10, T11, T12 and T13
treatments were 8.50, 10.60, 10.21,11.35,
12.36, 11.40, 12.40, 12.54, 12.30, 12.50,
13.60, 13.31 and 15.60 kg ha-1 at harvesting,
respectively. Available soil phosphorus varied
from 8.50 to 15.60 kg ha-1 highest being in
T13 and lowest in T1. Similar results were
obtained by Kumar et al., (2003) and Jamir et
al., (2013) have also noted the improvement
in available phosphorus status due to balanced
use of chemical fertilizers.
Correlation matrix between physicochemical properties of post harvest soil
samples
pH and EC significantly negetive correlated
with organic carbon, available nitrogen and
phsphorus.
Organic
carbon
showed
significantly correlated with available
nitrogen (r=.878) and phosphorus (r=.851) in
a posative way but available nitrogen also
showed a posative correlation with available
phosphorus in table 5.

Table.1 Details of the field experiment and treatment
Experimental details
Crop

:

Blackgram (Vigina mungo L.) Cv T-9

Experimental design :

Randomized Block Design (RBD)

Number of treatments :

13

Number of replication :

3

Number of plots
Treatment

39 (13 × 3)
P - 25, 50 and 75 kg ha-1, Rhizobium and PSB

:
:

Treatments details :
T1 (Uninoculated,
T3 (Rhizobium),
T5 (25kg ha-1 P2O5 + PSB),
T7 (25kg ha-1 P2O5 + PSB + Rhizobium),
T9 (50kg ha-1 P2O5 + Rhizobium),
T11 (75kg ha-1 P2O5 +PSB),
T13 (75kg ha-1 P2O5 +PSB+Rhizobium)

T2 (PSB),
T4 (PSB + Rhizobium),
T6 (25kg ha-1 P2O5 + Rhizobium),
T8 (50kg ha-1 P2O5 + PSB),
T10 (50kg ha-1 P2O5 +PSB+Rhizobium),
T12 (75kg ha-1 P2O5 +Rhizobium)
PSB= Phosphate Solubilizing Bacteria
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Table.2 Effect of Rhizobium, PSB and P-levels on grain, straw, biological yield and harvest index of blackgram
Treatments
T1
T2
T3

Grain yield (q ha-1)
6.31
6.91
7.05

Straw yield (q ha-1)
21.48
23.27
24.27

Biological yield (q ha-1)
27.79
30.18
31.81

Harvest Index (%)
22.71
22.90
22.16

T4

7.33

25.10

32.43

22.60

T5
T6

6.92
7.41

24.77
26.47

31.19
33.88

22.19
21.87

T7

8.02

27.07

35.09

22.86

T8

7.50

26.77

34.26

21.89

T9
T10

8.08
9.15

28.70
31.47

36.78
40.62

21.97
22.52

T11

8.86

29.40

38.26

23.16

T12
T13
SEm ±
CD (P=0.05)

9.03
9.28
0.25
0.74

30.33
31.60
0.34
1.01

39.36
40.88
0.34
0.99

22.94
22.70
.036
0.106

Table.3 Effect of Rhizobium, PSB and P-levels on N and P content (%) and uptake (kg ha-1) by grain and straw of blackgram
Treatments
T1
T2
T3
T4
T5
T6
T7
T8
T9
T10
T11
T12
T13
SEm ±
CD (P=0.05)

N content (%)
Grain
3.30
3.34
3.50
3.60
3.36
3.65
3.75
3.40
3.69
3.80
3.46
3.72
3.83
0.08
0.24

Straw
1.20
1.24
1.30
1.38
1.26
1.42
1.48
1.27
1.45
1.70
1.29
1.68
1.80
0.10
0.29

N uptake (kg ha-1)
Grain
20.83
23.07
24.69
26.41
23.25
27.04
30.08
25.49
29.82
34.78
30.68
33.55
35.55
0.39
1.14

P uptake (kg ha-1)

P content (%)

Straw
25.78
28.85
31.55
34.65
31.21
37.59
40.08
34.00
41.62
53.51
37.93
50.95
56.88
0.44
1.28
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Grain
0.21
0.23
0.22
0.24
0.26
0.23
0.27
0.30
0.25
0.32
0.35
0.28
0.36
0.01
0.03

Straw
0.10
0.12
0.14
0.13
0.15
0.12
0.16
0.17
0.13
0.18
0.18
0.14
0.20
0.01
0.03

Grain
1.33
1.59
1.55
1.76
1.80
1.71
2.16
2.25
2.02
2.94
3.10
2.53
3.34
0.09
0.25

Straw
2.15
2.79
3.40
3.26
3.72
3.18
4.33
4.55
3.73
5.66
5.30
4.25
6.32
0.23
0.66
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Table.4 Effect of Rhizobium, PSB and P-levels on physico-chemical properties of post harvest soil samples under blackgram
Treatments

Soil pH

EC(dsm-1)

Organic Carbon %

Available Nitrogen (kg ha-1)

Available Phosphorus (kg ha-1)

T1
T2
T3
T4
T5
T6
T7
T8
T9
T10
T11
T12
T13

8.15
7.95
8.05
7.81
7.99
8.02
7.83
7.28
8.09
7.36
7.93
8.06
7.53

0.25
0.24
0.22
0.21
0.18
0.17
0.19
0.16
0.17
0.15
0.20
0.17
0.14

0.24
0.28
0.37
0.39
0.36
0.42
0.45
0.44
0.46
0.49
0.47
0.48
0.50

160.12
161.58
184.16
188.41
169.44
195.00
198.21
176.87
200.21
201.10
182.91
203.70
205.70

8.50
10.60
10.21
11.35
12.36
11.40
12.40
12.54
12.30
12.50
13.60
13.31
15.60

S Em ±
CD (P=0.05)

0.83
N.S.

0.02
N.S.

0.02
0.06

2.44
7.18

0.41
1.20

Table.5 Correlation matrix between post harvest soil parameters
Parametars

pH

pH

1

EC

.589*

EC

Organic Carbon

Available N

Available P

1

Organic Carbon

-.476

-.864**

1

Available N

-.248

-.742**

.878**

1

Available P

-.475

-.806**

.851**

.653*

*. Correlation is significant at the 0.05 level (2-tailed).
**. Correlation is significant at the 0.01 level (2-tailed).
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Organic carbon showed significantly highly
posative correlation with available nitrogen
(r=.878). In conclusion, from the above study
it is concluded that the combination of
Rhizobium, PSB and P levels were found
superior than alone application of treatments
in terms of yield, nutrient concentration,
uptake and physico-chemical parameters viz.
pH, EC, organic carbon, available N, and
available P of soil under Blackgram. Grain
yield increased by 47.06% due to application
of Rhizobium and PSB along with 75 kg ha-1
P2O5 in treatment T13 gave the maximum
grain yield (9.28 q ha-1) respectively, which
were superior to rest of the treatments, while
minimum was recorded in T1 (control).
Inoculation of rhizobia and PSB into the soil
found beneficial to increase the availability of
native fixed phosphate and to reduce the use
of fertilizers and build up significant
improvement in residual soil fertility.
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