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Abstract: A field experiment was conducted with ten treatments including nine different soybean rhizobia
strains and one un-inoculated control in soybean cv. PK-416 under rain fed condition. The highest increase in
plant dry matter and pod yield over control was achieved due to inoculation with strain SB-16. The strains like
SB-12, SB-16, SB-102, SB-271 and SB-9 showed consistently better performance in N uptake by shoot and grain
at different stages of growth, thus justifying the validity of the parameter to be used as indicator of N  fixation2

efficiency of the inoculated strain. The soil N depleted by 13.4 - 20.2 per cent in the inoculation treatments and
29.6 per cent in the uninoculated control treatment after cropping of soybean. On the basis of efficiency ratio
at 60 DAS the strains SB-12, SB-16, SB-102 and SB-271 were classified as efficient, the strains SB-6, SB-9, SB-120
and SB-294 as moderately efficient and the strain SB-243 was found inefficient with respect to their nitrogen
fixation ability.
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INTRODUCTION A field experiment was conducted at the Crop
Research Centre of the Govind Ballabh Pant University of

As a legume soybean utilizes two sources of N for its Agriculture and Technology, Pantnagar, with ten
growth viz. mineral N from soil and atmospheric N  fixed treatments including the nine test rhizobial strains and2

biologically in root nodules formed in symbiosis with one uninoculated control in soybean cv. PK-416 under
different species of Rhizobium and Bradyrhizobium. rain fed soil condition in Nainital Tarai during two
However, the legume has been characterized to be less consecutive kharif seasons. The experimental soil of the
responsive to the application of fertilizer N than the use of two years were silty loam in texture having pH 6.6-6.7, EC
symbiotically fixed source [1]. Thus, emphasis should be 0.17-0.26 dS m , organic carbon 0.87-0.93%, available N
given for establishment of efficient symbiotic N -fixing 224-235 kg ha , available P 48.6-59.4 kg ha , available K2

systems in soybean. Therefore, an attempt has been made 151.2 kg ha  and total Rhizobium count 0.87-4.75x10  g .
in the present investigation to find out the effect of During  both  the  years, fertilizers at the rate of 20 kg N,
inoculation of soybean cv. PK-416 with N -fixing rhizobial 60 kg P O  and 40 kg K O per hectare were applied, all as2

strains on growth, yield, N uptake and soil N status under basal dose through Urea, SSP and MOP, respectively. The
rain fed condition and to screen the strains on the basis seeds were inoculated plot wise with the freshly prepared
of their N -fixation efficiency. carrier based rhizobial cultures of the respective strains at2

MATERIALS AND METHODS package of practices was taken up as per schedule. Three

Nine different strains of soybean rhizobia including after sowing (DAS) keeping the nodules intact. Roots
the three isolated from Nainital Tarai soil were procured were washed carefully under the tap water; nodules were
from different centres of All India Coordinated Research separated and then counted. After counting, the nodules
Project on Soybean (ICAR) and used in the present study. and shoot samples were dried separately at 80°C to

1

1 1

1 4 1

2 5 2

the rate of 500 g per 75 kg seeds before sowing. Other

plants per plot were uprooted carefully at 40 and 60 days
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constant weight to record nodule and shoot dry weight like number of grains per pod and 100-grain weight
per plant for each plot. The oven dried samples  of  nodule remained more or less unaffected on inoculation with
and shoot were finely ground and analysed for nitrogen various strains. The maximum increase in stover yield
content following modified Kjeldahl method. (69.1% over control) was registered by strain SB-16

RESULTS AND DISCUSSION Almost similar trend was observed with the grain yield.

Effect of Inoculation on Plant Growth and Yield: Data strains SB-12, SB-102 and SB-271 registered the highest
presented in Table 1 revealed that at 40 DAS the highest increase of 45.4 per cent in grain yield over control. The
increase (36.9%) in shoot dry weight over the control was highest increase of 41.9 per cent grain yield per hectare
recorded with strain SB-16 which was statistically similar over control was achieved by the same strain SB-16 which
with SB-12, SB-102 and SB-271. Similar trend was was statistically on a par with SB-6, SB-12 and SB-294.
observed at 60 DAS. However, strain SB-9 which was Increases in harvest yields due to inoculation of different
significantly different from SB-16 at 40 DAS leveled with strains of rhizobia have also been reported earlier in crops
that at 60 DAS. like mungbean [2], Soybean [3] and Chickpea [4].

Data also indicated that all the strains except SB-102
and SB-9 were significantly better in terms of pod dry Effect of Inoculation on N-Uptake: As evident from the
weight than the uninoculated control. The maximum results (Table 2) the maximum increase (78.5%) in N-
increase in pod dry weight (45.8%) over control was uptake by shoot over control was registered with strain
recorded with the strain SB-16. But the varietal characters SB-16  at  40 DAS which  was  statistically  on  a  par with

followed closely by SB-12 with a 60.4 per cent increase.

The strain SB-16 remaining statistically at par with the

Table 1: Effect of inoculation of soybean cv. PK-416 with rhizobial strains on growth and yield (Mean of two years)
Shoot dry weight
(g plant ) Grain yield1

------------------------ Stover yield ----------------------- Number of pods Pod dry weight Number of grains 100 grain weight
Sl. No. Strains 40 DAS 60 DAS (g plant ) (g plant ) q ha (plant ) (g plant ) (pod ) (g)1 1 1 1 1 1

1. SB-6 9.70 17.40 18.23 18.50 21.38 108.77 30.77 1.76 9.36
2. SB-12 12.17 20.53 25.83 19.43 22.21 113.70 32.23 1.70 9.28
3. SB-16 13.10 22.20 27.23 21.67 23.00 116.03 33.87 1.73 10.01
4. SB-120 10.33 16.93 17.40 16.80 18.93 105.77 27.43 1.77 9.06
5. SB-294 10.47 20.33 22.30 18.33 21.69 105.33 31.67 1.68 9.71
6. SB-102 12.83 21.27 14.70 18.77 16.32 100.43 25.10 1.74 9.58
7. SB-271 13.07 17.40 20.20 19.47 18.51 103.57 26.80 1.70 9.76
8. SB-243 10.57 15.23 16.67 17.33 16.67 109.87 26.43 1.72 9.36
9. SB-9 11.57 20.33 16.53 18.23 17.22 99.57 25.33 1.71 9.93
10.  Control 9.57 14.77 16.10 14.90 16.21 101.20 23.23 1.73 9.79

Mean 11.34 18.64 19.52 18.34 19.21 106.42 28.29 1.72 9.58
C.D. 1.13 3.93 3.73 2.97 2.14 10.25 3.01 NS NS
(P=0.05)

Table 2: Effect of inoculation of soybean cv. PK-416 with rhizobial strains on N uptake by plant at different stages and post-harvest soil N (Mean of two years)
N uptake by plant (mg plant )1

----------------------------------------------------------------
40 DAS 60 DAS Harvest
------------------------ ---------------------------------

Sl. No.  Strains Shoot Shoot Stover Grain Total Efficiency ratio of strains at 60 DAS Post- harvest total soil N (%)
1. SB-6 239.3 455.3 190.3 1121.7 1312.0 1.542 0.096
2. SB-12 296.7 558.7 339.3 1215.0 1554.3 1.892 0.097
3. SB-16 348.7 563.0 311.7 1352.3 1664.0 1.906 0.099
4. SB-120 240.7 469.0 175.7 1013.0 1188.7 1.588 0.092
5. SB-294 268.3 438.7 236.3 1113.0 1349.3 1.486 0.091
6. SB-102 336.0 492.7 169.3 1204.3 1373.6 1.668 0.092
7. SB-271 279.3 479.7 208.3 1234.7 1443.0 1.624 0.093
8. SB-243 249.0 369.3 188.7 1099.3 1288.0 1.251 0.095
9. SB-9 278.0 473.7 188.7 1123.0 1311.7 1.604 0.093
10. Control 195.3 295.3 161.0 927.7 1088.7 0.080

Mean 273.1 459.5 216.9 1140.4 1357.3 0.093
C.D. (P=0.05) 39.9 142.1 75.2 199.3 174.0 0.005

Initial soil total N (%): 0.114
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Table 3: Correlation of parameters of yield of plant and post harvest soil

total N with efficiency ratio at 60 DAS

Sl. No. Parameters Correlation coefficients (r)

1 Shoot dry weight per plant 0.745*

2 Grain yield per plant 0.752*

3 Grain yield per hectare 0.547

4 Post harvest soil total N content 0.489

** Significant at 1% probability

* Significant at 5% probability

SB-102, while at 60 DAS the highest increase of 90.8 per
cent over control was recorded with SB-16, though it was
statistically on a par with all other strains except SB-243.
But a rapid increase in N-uptake by shoot at harvest was
observed in all treatments, the mean of N uptake by total
shoot weight at harvest in different treatments being 3 to
4 times of that at 60 DAS.

The highest increase in N-uptake by stover (110.7%
over control) was recorded by the strain SB-12 which was
statistically at par with SB-16, whereas the maximum
increase in grain N (45.8% over control) was achieved due
to strain SB-16 which was statistically on a par with SB-12,
SB-102 and SB-271 (Table 2). The trend in N uptake by
total shoot per plant at harvest was found similar to N
uptake by grain, however more than 80 per cent of total
shoot N at harvest was present in grains.

On comparing the N-uptake by shoot and grain in
various treatments, it could be observed that the strains
like SB-12, SB-16, SB-102, SB-271 and SB-9 showed
consistently better performance at different stages of
growth, thus justifying the validity of N uptake parameter
to be used as indicator of N  fixation efficiency of the2

inoculated strain [3].

Nitrogen Fixation Efficiency of the Strains: The N2

fixation efficiency of the strains expressed as efficiency
ratio was calculated as the ratio of N-uptake by shoot in
inoculated to that in uninoculated control plant at 60 DAS
as this stage coincided with the early pod filling stage of
the test cultivar of soybean at which N  fixation was2

reported to reach the peak [5]. Thus, in the present
investigation the strains SB-12, SB-16, SB-102, SB-9 and
SB-271 with efficiency ratio more than1.60 were rated as
efficient, whereas the strains SB-6, SB-120 and SB-294 as
moderately efficient and the strain SB-243 was rated
inefficient in N  fixation (Table 2).2

Effect of Inoculation on Post Harvest Soil Nitrogen: All different strains of chickpea (Cicer arietinum)
the inoculated treatments showed a significant increase in
the  total   N   content  of  soil   over   control   (Table   2).

The  highest  increase  in  soil  N  (22.91%  over  control)
was  recorded  in  case  of  SB-16  which  was  on  a  par
with  the  strains  SB-12, SB-6 and SB-243. A comparison
of initial soil N before sowing and that after harvest
revealed that the soil N depleted after cropping of
soybean in all the treatments. The depletion over initial N
status of soil was by 13.4 - 20.2 per cent in the inoculation
treatments and 29.6 per cent in the uninoculated control
treatment.

From   the   above   observations,   it   was  evident
that  the  crop  of soybean cv. PK-416 with grain and
stover removed lowered the decline rather than enhance
the N content of soil due to inoculation with the different
strains corroborating the earlier findings in different
legumes [6]. It may be noted here that more than 80 per
cent of the total shoot N at harvest was located in grains
in all the inoculation treatments and thus, even if all the
residues would be incorporated into soil the contribution
of N  fixation by soybean to soil N pool would be2

negligible [7].

Correlation Studies: The shoot dry matter and grain yield
per plant of soybean in the present investigation were
significantly and positively correlated with the efficiency
ratio, the indicator of N  fixation (Table 3). These results2

corroborated the observations reported by [8] validating
the use of such parameters as measures of N  fixation2

efficiency of various strains. However, the post-harvest
soil total N content in different treatments was not
significantly correlated with the N  fixation efficiency of2

the strains.
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