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ABSTRACT
The experiment was laid out in a factorial randomized block design comprising eighteen treatment combinations of three
levels of N (0, 10 and 20 kg ha-1), three levels of S (0, 10 and 20 kg ha-1) and two levels of biofertilizer (seed bio-priming
and without Rhizobium) which were replicated three times. The results indicated that plot with the application of N and S
@ 20 kg ha-1 gave significantly (p< 0.05) higher seed yield (~ 32 and 21%) and stover yield (~ 16 and 18%) as compared
to control plot, respectively. Bio-primed observed significantly (p < 0.05) higher seed yield (~ 996 kg ha-1) and stover yield
(~ 1829 kg ha-1) as compared to un-inoculated treatments. Meanwhile, plot with the application of N and S @ 20 kg ha-1 +
bio-priming @ 25 g kg-1 seeds on loamy sand soil resulted the increased the seed yield ~ 32, 21 and 7%, respectively and
nutrients availability besides organic carbon (5, 2 and 2.3%), available N (5, 4.5 and 4.6%),  P2O5 (7.5, 2 and 0.5%), and
S (12, 22 and 11%, respectively) concentration increased in soil after harvest of green gram under bio-primed treatments.
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INTRODUCTION
Green gram (Vigna radiata L.) commonly known

as “Mung” or “Mungbean” is one of the most important pulse
crop in India ranking fourth in respect of cultivated area
next to chickpea ~ 40%, pigeon pea ~ 20%and black gram ~
12% (Singh, 2013). In India, total cultivated area of pulses
is ~ 29 Mha with total production ~ 19 Mt, and average
productivity of ~ 750 kg ha-1 (Annonymous, 2016). In India,
green gram is grown ~ 3.38 Mha with an annual production
of ~ 1.61 Mt with a productivity of ~ 474 kg ha -1

(Annonymous, 2016). The green gram being a leguminous
crop, meets its nitrogen requirement through symbiotic N-
fixation. Nitrogen is the chief promoter of plant growth,
however, in case of green gram, nitrogen does not usually
show its effect, except that the vegetative growth is increased.
However, the starter dose is required for initial growth (Sipai
et al., 2015). Nitrogen is one of the most important primary
nutrients among non-metal element which require in large
quantity for the plant growth and nutrition (Lowenfels et
al., 2011).

The effect of sulphur reported as a synergistic effect
on productivity of crops, it is ~ 90% present in plants in the
form of amino acids. Sulphur is essential for chlorophyll
formation, synthesis of protein, vitamins, thiourea, plant
hormones, thiamin, biotin, glutathione and S-containing
essential amino acids viz. methionine, cystine and cysteine
(Kokani et al., 2015). One possible way to mitigate the
nutrients requirement of plant by the efficient utilization of

biofertilizers as an ecofriendly technologies and based on
renewable energy sources has gained momentum in recent
years to supplement the parts of chemical fertilizers (Meena
et al., 2017). In leguminous crops the Rhizobium plays a
significant role in maintaining and improving the soil fertility
and sustainability through its ability to fix atmospheric
nitrogen in the soil through root nodules (Patel et al., 2016).
An efficient use of microbes increased yield reduces the soil
borne pathogens and improves soil health (Haque et al.,
2012; Kumar et al. , 2017). Therefore, the present
investigation was conducted to evaluate the effect of different
nutrient with bio-priming on productivity and soil nutrient
status after harvest the crops with following objectives (i) to
study the effect of N, S and bio-priming on yield and yield
attributes; (ii) to study the effect of N, S and bio-priming on
nutrient uptake and soil fertility status.
MATERIALS AND METHODS

A field experiment was conducted on loamy sand
soil (Typic Ustochrept), during the summer season of 2012
at College Agronomy Farm, B.A. College of Agriculture,
Anand Agricultural University, Anand, Gujarat, situated at
22° -35’ N latitude, 72° -55’  E longitude with an elevation
of 45.1 m above sea level. The average annual rainfall of
this region was ~ 850 mm. The weekly mean minimum
temperature ranged between 13 to 28° C and mean maximum
temperature ranged between 30 to 44p C during the crop
season. The initial properties of experimental soil presented
in the Table 1. There were total 18 numbers of treatments
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with three times replicated in FRBD. Treatments comprising
combinations of nitrogen (0, 10 and 20 kg ha-1), Sulphur (0,
10 and 20 kg ha-1) and seed bio-priming (uninoculated and
inoculated with Rhizobium). Green gram variety Meha was
raised on first week of June with a spacing of 45 × 10 cm in
gross plot area of 3.6 × 5.4 m. It matures in ~ 70 days during
summer season. To assess fertility status of soil,
representative composite soil samples from each net plot
area were collected from harvested field and following the
standards procedure to analysis of soil and plant samples
(Table 1). The uptake of these nutrients was computed by
using the following formula.

            Protein content (%) = Total nitrogen × 6.25
Statistical analysis of the data was done by using

analysis of variance (ANOVA), as described by (Gomez and
Gomez, 1984).
RESULTS AND DISCUSSION
Yield and yield attributes: Data presented in Table 2,
revealed that application of 20 kg N ha -1 (N2) gave
significantly highest number of pods (~ 27), root nodules
per plant (~ 26), dry weight of root nodules (~ 44 mg plant-1),
test weight (~ 35 g) but it remained at par with application
of 10 kg N ha-1,seed yield (1100 kg ha-1), stover yield (1925
kg ha-1) and protein content in seed (~ 24%)  were observed,

which were ~ 42,  21, 22, 11, 32, 16, 11% significantly higher
as compared to control (N0), respectively. This increase might
be owing to better vegetative growth, metabolism and
chlorophyll formation thereby, increased photosynthetic
efficiency and thus increased the amount of photosynthates
and larger translocation and partitioning of assimilates
towards yield attributes (Sipai et al., 2016).

Application of 20 kg S ha-1 (S2) gave significantly
highest number of pods per plant (23.83), root nodules per
plant (23.94), dry weight of root nodules (41.49 mg plant-1),
test weight (33.84 g) but it remained at par with application
of 10 kg N ha -1,were observed, over control (N0).
Significantly highest seed yield (1056 kg ha-1), stover yield
(1889 kg ha-1), and protein content in seed (~ 24%) were
obtained under the treatment of 20 kg S ha-1 over the rest of
the treatments (Table 2). This might be due to the fact that
increasing levels of S application improved over all
nutritional environment of the rhizosphere as well as plant
system which could be more advantageous for profuse
vegetative and root growth which activated higher absorption
of nutrients (Singh and Yadav, 2004).

Data showed that the bio-priming with Rhizobium
obtained significantly higher seed (996 kg ha-1), stover yield
(1829 kg ha-1), and protein content (~ 23%) which was
significantly superior over control (Table 2). Rhizobium
inoculation generally initiated the early nodules formation
in the crown root system this might be probably due to effect
of proliferation of nodule forming bacteria in the root system
and enhance the N-fixation from atmosphere and results in
better growth and development of plant (Nandan et al.,
2012).

Table 1: Physical and chemical properties of the experimental site.

Properties Values Adopted Methodology Adopted Reference
Physical properties
Mechanical Composition (g 100-1 g)
Coarse sand 00.65
Fine sand 81.10 International pipette method Piper (1966 )
Silt 12.21
Clay 06.04
Texture Loamy sand Traingle
Bulk density (Mg m-3) 1.34 Brass Cup Method Jalota et al. (1998)
W.H.C. (g 100g soil-1) 35.5 Brass Cup Method Chopra and Kanwar(1976)
Chemical properties
pH  (1:2.5) 7.90 Potentiometry Jackson (1973)
EC (1:2.5) dSm-1 0.22 Conductometery Jackson (1973)
Organic carbon (g kg-1) 2.30 Wet oxidation method Walkley and Black, (1934)
Available N (kg ha-1) 184.67 Alkaline KMnO4 method Subbiah and Asija (1956)
Available P2O5 (kg ha-1) 41.58 Colorimetric Method (0.5 M NaHCO3, Olsen  et al. (1954)

pH 8.5, Ascorbic acid)
Available K2O (kg ha-1) 210.00 Flame photometry method (Neutral N NH4OAc) Jackson (1973)
Available S (ppm) 7.27 Turbidimetric method (0.15 % CaCl2 Chesnin and Yien (1950)

extractable S)
Available Fe (ppm) 6.12 Atomic absorption spectroscopy Lindsay and Norvell (1978)

(0.005 M DTPA, pH 7.3)

For major and secondary
nutrient uptake (kg ha-1)

  Nutrient content (%) × Yield (kg ha-1)
=

100

For micronutrient
uptake (g ha-1)

   Nutrient content (ppm) × Yield (kg ha-1)
=

1000
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Nutrient uptake: Plot with the application of 20 kg N ha-1

(N2) recorded significantly the highest N, P, K and S uptake
by seed (~ 42, 4.39, 8.33 and 1.41 kg ha-1) and stover (~ 17,
3.33, 31.27 and 1.70 kg ha-1) as compared to rest of the
treatments, which were ~ 46, 57, 71 and 48% in seed and ~
32, 35, 36 and 38% higher in stover as compared to control
(N0). Results revealed that highest micronutrient uptake in
seed and stover were application of 20 kg N ha-1 as compared
to 10 and 0 kg ha-1 (Figs. 1a and b). This might be due to that
the higher nutrient content helps in higher carbohydrates
metabolism, synthesis of amino acids, protein and
chlorophyll resulted higher nutrient uptake (Morshed et al.,
2008).

Results showed that N, P, K and S uptake amongst
different S levels ranged from ~ 31 to 39, 3.16 to 4.03, 5.76
to 7.48 kg ha-1 in seed and 13.32 to 15.53, 2.66 to 3.11,
24.85 to 29.33 and 1.23 to 1.73 kg ha-1 in stover. It was
observed that the plot with the application of S showed that
the increase in nutrient uptake (Chaurasia et al., 2009).
Meanwhile, the significantly higher nutrients uptake of Fe,
Mn, Zn and Cu by seed (69.13, 17.29, 10.93 and 13.91 g ha-1)
and stover (634.4, 137.8, 31.1 and 38.7 g ha-1) were recorded
with application 20 kg S ha-1 (S2) than the two lower
treatments (Table 3). Increased in the Zn removal may be
due to increased root surface area resulting from better
growth due to S supply (Islam et al., 2009). Data showed
that the significantly higher NPK and S uptake of ~ 37, 4, 7,
1.26 kg ha-1 in seed and the uptake of in stover ~ 15, 3, 28,
1.57 kg ha-1 of NPK and S, respectively. It may be due to the
effect of symbiotic rhizobacteria augment nodulation in root
and increased N-fixation and improve the availability of N
and others nutrient in soil (Sipai et al., 2015).
Available soil nutrients: After harvesting of crop, soil was
analyzed for available soil nutrient and data was analyzed
and tabulated in (Table 4). Application of 20 kg N ha-1 gave
significantly higher N and S content in soil over control and
10 kg N ha-1 but it was statistically at par with application of
10 kg N ha-1. Similar results were also observed by Yadav et
al. (2010). Plot with the application of increasing level of S
recorded lower values of soil reactionand higher values of
EC, organic carbon (OC), available P, K and Fe but they
were non-significant. Meanwhile in case of OC, available
NP and S content increased (2, 4.5, 2 and 22%), respectively
by application of 20 kg S as compared to control plot
(Table 4). Available N and S content increased with
increasing doses of S (Sipai et al., 2015). Bio-priming also
influenced the available soil nutrients (Meena et al., 2016).
Available N and S status of soil was significantly increased
~ 5 and 11% by Rhizobium inoculation (Table 4). Available
N and S level slightly increased in comparison to other
treatments application. The levels of these nutrients were
low in control treatment which was expected due to uptake
of nutrient from the soil source only.Ta
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Fig 1: Effect of fertilizers levels and seed priming through biofertilizers on (A) micronutrient uptake in seed and, (B) micronutrient
            uptake in stover of green gram.

Table 3: Effect of N, S and biofertilizer on nutrient uptake by seed and stover of green gram.

Treatment Nutrient uptake by seed (kg ha-1)        Nutrient uptake by stover (kg ha-1)
N P K S N P K S

Nitrogen (N) (kg ha-1)
N0-0 28.57 2.80 4.88 0.95 12.48 2.47 23.01 1.23
N1-10 39.41 3.55 6.58 1.19 14.20 2.87 27.01 1.49
N2-20 41.84 4.39 8.33 1.41 16.53 3.33 31.27 1.70
SEm ± 0.58 0.05 0.12 0.02 0.22 0.05 0.48 0.03
C.D. (P=0.05) 1.68 0.16 0.36 0.07 0.63 0.13 1.40 0.10
Sulphur (S) (kg ha-1)
S0-0 31.16 3.16 5.76 0.99 13.32 2.66 24.85 1.23
S1-10 34.87 3.54 6.56 1.17 14.37 2.89 27.11 1.46
S2-20 39.28 4.03 7.48 1.40 15.53 3.11 29.33 1.73
SEm ± 0.58 0.05 0.12 0.02 0.22 0.05 0.48 0.03
C.D. (P=0.05) 1.68 0.16 0.36 0.07 0.63 0.13 1.40 0.10
Biofertilizer (B)
B0-No bio-priming 32.86 3.33 6.12 1.11 13.75 2.74 25.72 1.37
B1-Seed bio-priming 37.35 3.82 7.08 1.26 15.06 3.03 28.48 1.57
SEm ± 0.47 0.04 0.10 0.02 0.18 0.04 0.40 0.02
C.D. (P=0.05) 1.37 0.13 0.29 0.06 0.52 0.11 1.14 0.08
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Table 4: Effect of nitrogen, sulphur and biofertilizer on chemical properties of soil after harvest of green gram.

Treatment pH EC OC Soil available nutrient status
(1:2.5) (dS m-1) (%) Av. N Av. P2O5 Av. K2O Av. S Av. Fe

                   ------kg ha-1------                                      --------ppm--------

Nitrogen (N) (kg ha-1)
N0-0 8.26 0.195 0.369 200.10 39.31 293.48 9.72 6.33
N1-10 8.27 0.195 0.377 205.10 40.67 296.90 10.51 6.36
N2-20 8.27 0.194 0.387 209.78 42.27 300.14 10.86 6.40
SEm ± 0.08 0.003 0.003 1.80 0.83 4.26 0.29 0.08
C.D. (P=0.05) NS NS 0.011 5.19 NS NS 0.82 NS
Sulphur (S) (kg ha-1)
S0-0 8.26 0.195 0.373 201.07 40.38 295.91 9.25 6.34
S1-10 8.29 0.193 0.378 205.31 40.67 296.67 10.52 6.36
S2-20 8.24 0.196 0.381 208.71 41.19 297.94 11.31 6.38
SEm ± 0.08 0.003 0.003 1.80 0.83 4.26 0.29 0.08
C.D. (P=0.05) NS NS NS 5.19 NS NS 0.82 NS
Biofertilizer (B)
B0-No bio-priming 8.26 0.195 0.373 201.96 40.66 294.57 9.76 6.34
B1-Seed bio-priming 8.27 0.195 0.382 208.15 40.84 299.11 10.96 6.38
SEm ± 0.07 0.003 0.003 1.47 0.67 3.48 0.23 0.07
C.D. (P=0.05) NS NS NS 4.23 NS NS 0.67 NS

CONCLUSION
The present investigation results showed that

the plot receiving the 20 kg ha -1 N, S and bio-priming
with Rhizobium @ 25 g kg-1 seeds on loamy sand soil
enhance the productivity, nutrients uptake and soil
nutr ient avai labi lity under nit rogen and sulphur

deficiency soils for sustainable food production of
green gram.
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