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ABSTRACT: Soybeans are a large oil seed crop and legume that may be produced in a variety of soils and
climates. A crucial micronutrient needed by humans, animals, and plants is zinc. As there is a greater
concern to sustain the deteriorating soil health due to indiscriminate use of chemical fertilizers and hence
exerting the lack of beneficial microbes in the soil. Therefore, lack of essential nutrients in the soil is a global
concern for the growth of food crops. The present investigation was carried out during kharif 2021 on
Research farm of R.A.K. College of Agriculture, Sehore (M.P.) to evaluate the effect of conjoint use of Bio-
NPK and Bio-Zn with chemical fertilizers on nutrient uptake of soybean. The studies have been found
beneficial to fetch the more production of the crop along with improving the soil health. The experiment was
laid out in Randomized Block Design with seven treatments in combinations in three replications consisting
of treatments T1: Control; T2: 100% Recommended dose of fertilizers (RDF); Ts: 75% RDEF; T4: 75% RDF
+ Bio-Zn; Ts: 75% RDF + Bio-NPK; Ts: 75% RDF + Bio-Zn + Bio-NPK; T7: 75% RDF + Rhizobium
japonicum. Revealed that nutrient content and uptake was also increased with the inoculation of microbial
cultures as compared to uninoculated control and highest N uptake was found in treatment 100 % RDF (74.95
Kg ha) and it was at par with 75% RDF + Bio-NPK, 75% RDF + Bio-Zn + Bio-NPK and 75%RDF +
Rhizobium japonicum which uptake 69.92, 70.16 & 66.13 Kg ha''. Highest P uptake found in 100% RDF (5.61
kg ha!) however it was at par with 75% RDF + Bio-Zn + Bio-NPK which uptake 5.05 Kg ha'. Highest k
uptake found in 100% RDF (57.96 kg ha!) however it was at par with 75% RDF + Bio-NPK and 75% RDF
+ Bio-Zn + Bio-NPK which uptake 52.62 & 50.72 Kg ha! by soybean crop at harvest and highest Zn and Fe
uptake was found in 75% RDF + Bio-Zn + Bio-NPK (0.0408 & 0.0470 kg ha™) however these were at par
with75% RDF + Bio-Zn which uptake 0.0371 & 0.0430Kg ha™’.

Keywords: Bio-Zn, Bio-NPK, Chemical Fertilizers, Black Soil, Soybean.

INTRODUCTION production of 6.67 million tonnes and a productivity of
1231 kg/ha (Anonymous, 2021).

Microbial inoculants, also known as bio-fertilizers, are
able to mobilise significant nutritional elements in the
soil and change their state from unusable to useful by
crop plants through biological processes. Unlike
chemical fertilizers, which have an adverse effect on the
soil, bio-fertilizers boost soil fertility naturally.
Therefore, using bio-fertilizer is essential to boosting
soil productivity (Nalawde et al. 2015). Legumes fix
atmospheric nitrogen due to the relationship that exists
between legume plants and a group of soil bacteria
commonly known as rhizo-bacterium. This symbiotic
relationship allows the bacteria to live on the roots of the
legume plant, consuming carbohydrates from the plant
and providing the plant with nitrogen that the bacteria

Soybean (Glycine max L. Merrill) is also known as
Golden Bean or Miracle Crop, as they contain a complete
source of protein and oil. Soybean is mainly grown for
their seeds and it is the second largest oil seed after
groundnut in India. Soybean seeds contain 43.2%
protein, 19.5% fat, 20.9% carbohydrate and a good
amount of other nutrients like calcium, phosphorus, iron
and vitamins (Gupta et al., 2003).

The state of Madhya Pradesh is known as the "soybean
state". During kharif 2018, the total area under soybean
crop in India was 11.13 million hectares, with a
production of 13.26 million tonnes and a productivity of
1192 kg/ha, while the total area under soybean crop in
Madhya Pradesh was 5.41 million hectares, with a

Sharma et al., Biological Forum — An International Journal — 15(3): 738-743(2023) 738



convert into plant-usable form. Without these beneficial
bacteria, legumes cannot fix nitrogen. In order to ensure
good nitrogen fixation by the legume, it is necessary to
inoculate the legume with the proper strains of bacteria
prior to planting the seeds.

The yield level of soybean is a generally low because it
is less cared crop and mostly grown under rain-fed
condition without bio-fertilizers. Regular depletion of
nutrient resources of soil has led to emergence of several
nutrients deficiencies in soil and this because of intensive
production, the higher and faster are the rates of nutrients
exhaustion from the soil (Jain et al., 2021). There is
immense scope for improving the production of this crop
by use of organic manures, inorganic manures and
biofertilizers (Verma et al., 2017), though, chemical
fertilizers are playing a crucial role to meet the nutrient
requirement of the crop, persistent nutrient depletion is
posing a greater threat to the sustainable agriculture.
Therefore, there is an urgent need to reduce the usage of
chemical fertilizer and in turn, increase in the usage of
organics and other products Use of organics alone does
not result in spectacular increase in crop yield (Jain et
al., 2021). Therefore, there is an urgent need to reduce
the usage of chemical fertilizer and in turn, increase in
the usage of organics and other products. Use of organics
alone does not result in spectacular increase in crop
yield. Therefore, the foresaid consequences have paved
way to grow soybean using organic manures and
inorganic fertilizers along with biofertilizers. The
existing blanket recommendation for crops does not
ensure efficient and economic use of fertilizers, as it does
not take into account of the fertility. The integrated
nutrient management ensures higher productivity,
minimizes expenditure on costly fertilizer inputs,
improves physical properties of soil, efficiency of added
nutrients and at the same time ensures good soil health
and is also an environment friendly approach (Tyagi and
Singh 2019).

Its deficiency in plants leads to poor growth, yield and
quality, and has an effect on how well plants absorb and
move water (Hafeez et al., 2013; Pandey et al., 2018). Its
shortage is increasing all over the world. The North East
region of India experiences low crop yield, mostly due
to 60% zinc deficiency (Kumar et al., 2016). Zinc
deficiency in this region may be brought about by slash-
and-burn agricultural techniques used in the hills,
leaching from heavy rains, and runoff that reduces top
soil fertility (Bandyopadhyay et al., 2018).

Bio source mediums such as Bio-NPK Liquid Microbial
Consortium contain mixed populations of N-fixing
bacteria (Azotobacter crococum), P-solubilizing bacteria
(Paenibacillus  tylopilii), K-solubilizing bacteria
(Bacillus decoloration), and Bio-ZN Liquid contains a
single population of Z-solubilizing bacteria (Bacillus
endophyticus). These inoculants help in meeting the
nutrient demands of crops through proper nitrogen
fixation by enhancing nodulation, solubilization of
insoluble phosphorus, mobilizing potassium and zinc.
Zinc application significantly reduced phosphorus
content in black gram seeds compared to the control
(Meena et al., 2021). Bio-fertilizers keep the soil
environment enriched with all types of micro and macro
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nutrients  through nitrogen fixation, phosphate
solubilization Potash mobilization and release of plant
growth regulating substances (Javaid, 2009).

The application of RDF + Rhizobium + PSB to soybean
crop resulted in higher seed and stover yield (2634 kg
ha'! and 3125 kg ha!) due to the cumulative effect of
auxins, cytokinins, and gibberellins on growth
contributing characters and ultimately, the product, seed
and stover yield (Kumawat et al. 2019). The increment
in seed yield of soybean with the treatments of
inoculation of rhizobia and PSB with RDF might be
attributed to better nodulation, N2 fixation, crop growth
and seed yield (2600 kg ha') as compared to the un
inoculated control (Kravchenko et al. 2013).

MATERIALS AND METHODS

The research trial was laid out in field of R.A.K. college
of Agriculture, Sehore (M.P.), during kharif 2021 on the
soybean variety JS 95-60. The global position of the site
was situated in the Eastern part of Vindhyan Plateau in
subtropical zone at the latitude of 27°15" North and
longitude of 77°05” East at an altitude of 498.77 m from
mean sea level (MSL) in Madhya Pradesh. The average
annual rainfall varies from 1000 to 1200 mm
concentrated mostly from June to September. The mean
annual maximum and minimum temperatures are 33.3°C
and 20.2°C, respectively. Soils of the experimental site
were medium black which belongs to the order Vertisol
that was popularly known as “black cotton soil”. The
available soil status N, P and K were 220, 11.5 and 442
kg ha'and micro nutrients Zn and Fe were 0.443 & 4.2
ppm ha'respectively. The experiment was laid out in
Randomized Block Design with seven treatments in
combinations in three replications. The experiment
consisting of 7 treatments T;: Control; Ty 100%
Recommended dose of fertilizers (RDF*); Ts: 75%RDF;
T4: 75%RDF + Bio-Zn; Ts: 75% RDF + Bio-NPK; Ts:
75% RDF + Bio-Zn + Bio-NPK; T7: 75%RDF +
Rhizobium japonicum. The dose of RDF were
20:60:20:20 (N: P»0s:K20:S kg ha') at basal dose
through urea, single super phosphate and murate of
potash, respectively and Seed treatment with Bio-NPK
and Bio-Zn @ 250 ml and Rhizobium japonium @ 200
ml for the seed of one hectare. Nutrient content N
calculated by Alkaline permanganate method (Subbaiah
and Asijo 1956), P content determined by Olsen’s
Method (Olsen’s et al., 1954), K content determined
from Neutral Normal Ammonium Acetate (Hanway and
Heidel 1952), Zn and Fe were estimated using DTPA
extraction method with the help of Atomic Absorption
Spectrophotometer (AAS) (Lindsay and Norvell 1978).

RESULTS AND DISCUSSION

Available N, P, K, (kg ha!) and Zn & Fe (ppm) in soil
at harvest of Soybean. Available N and P were non-
significantly reduced in every treatment as compare to
their initial values (N-220 kg ha'and P-11.50kgha’!,
respectively) however; available K was significantly
depleted from its initial value (442 kg ha™'). The results
(Table 1 and Fig. 1) clearly revealed that highest (T»-
227.27 kg ha'!, T+-13.69 kg ha'!, T¢-447.72 kg ha'!, Ts-
0.59 ppm and Ts- 4.64 ppm) available N, P, K and Zn,
15(3): 738-743(2023) 739



Fe respectively by soil were obtained which had been
significantly higher than other treatments and the lowest
were found under absolute control. It might be because
of increased uptake of nutrients due to Bio-zinc
application. The increase in nutrients content in soil was
attributed due to synergistic effect of Bio- NPK along
with Bio-zinc on N, P, K, Zn & Fe. It is also increased
nitrogen fixation by crop which increased the nutrients
availability in soil over absolute control. While zinc has
an antagonistic effect with phosphorus which might have
decreased the phosphorus in soil at harvest of crop. It
also showed that recommendation of 20:80:20 kg ha’'N,
P and K is not sufficient for sustaining soil health under
soybean crop and need to be reviewed. Though the
similar results were also reported by Dwivedi et al.
(2007); Meena et al. (2017) in which they found that
Response of 150% NPK was better than 100% NPK in
soybean. Data further revealed that available zinc was
significantly increased under Bio-zinc and Bio-NPK
application as basal in soil and it might be because of
sufficient availability and buffering capacity of soil to
recover Zn from exchangeable pool. Similar results were
also reported by Gupta and Kausik (2006); Khan et al.
(2007); Rathod et al. (2012); Martinez et al. (2021);
(Tyagi and Singh, 2019); Jain er al. (2021); from
different experiments.

N, P, K (%) and Zn Fe (ppm) content in seed and
straw of soybean. Data presented in (Table 2 and Fig. 2)
clearly revealed that significantly highest nutrient
content of N, P, K and Zn and Fe in seed (T26.49%, T»-
0.37%, T-4.64%, Ts-32.73ppm and Ts-38.49ppm) and
Straw (T2-1.10%, T»-0.22%, T>-1.29%, T4-8.96ppm and
T4-9.37%), respectively, followed by in Seed (Ts-6.47%,
Te-0.35%, Te-4.62%, T4-31.43ppm and T,-37.31ppm)
and Straw (Ts-1.08%, Ts-0.21%, Ts-1.25%, T4-8.96pp
and T4-9.37ppm) respectively. Further it had been at par
with some treatments and lowest nutrient content were
obtained from absolute control. It was also found that
application of Bio-NPK and bio-Zn significantly
increased the nutrient content in seed and straw of

soybean. The higher nutrients content were ascribed due
to application of Bio- zinc which increased the
photosynthesis and also increased the nutrients
accumulation in plant and seeds. These findings are well
supported by those reported by Kobraee et al. (2011);
Salih (2013); Afra and Mozafar (2017); Jat et al. (2021)
from the results of different experiments.

N, P, K, and Zn &Fe uptake by seed, straw and
(Total=seed + straw) kg ha' in soybean. Data
presented in (Table 3 and Figs. 3-5) clearly revealed that
significantly highest nutrient uptake of N, P, K and Zn&
Fe in seed in case of 100 % RDF (65.40 kg ha!, 3.73 kg
ha'!, 46.80 kg ha''and 0.0330 ppm & 0.0388 ppm), straw
(9.55 kgha', 1.88 kg ha!, 11.16 kg ha''and 0.0078% &
0.0082%) respectively and total uptake in case of 100 %
RDF (74.95 kg ha, 5.61 kg ha',57.96 kg ha!, and
0.0408 ppm & 0.0470 ppm), respectively followed by in
seed (61.41 kg ha!, 3.32 kg ha',43.81 kg ha',0.0298
ppm and 0.0354 ppm), straw (1.08 kg ha', 0.21 kg ha’!,
1.25 kg ha! and 0.0078ppm & 0.0076ppm) respectively.
Followed by total uptake in case of 75% RDF + Bio-Zn
+ Bio NPK (70.16 kg ha!, 5.0 kg ha!, 53.94 kg ha'!, and
8.96 ppm & 9.37 ppm) NPK Fe and Zn respectively,
which had been found at par with Ts and T and the
lowest nutrient content were obtained from absolute
control. The results might be due to increase in nutrients
uptake by application of Bio-NPK and Bio-Zn and
together with the higher yield which ultimately leads to
higher nutrients availability in the soil. It was also found
that application of Bio-NPK and Bio-Zn have influenced
the population of bacteria, N-fixers, P-solubilizers, K-
solubilizers and Zinc-solubilizers and iron in the soil
which increased the nutrients availability in soil but it
had not been noted significant. Similar results were also
reported by Afra and Mozafar (2017); Souza et al.
(2019); Leite et al. (2020); Meena et al. (2021) from the
findings of different experiments. This is ascribed due to
better supply of zinc and greater yield of soybean with
application of Bio-zinc.

300

Available content of NJPK and Zn & Fe

450

- ) /M—\__‘________.,_——-—

350

300

250

—+—Nitrogen

200 ’____.-——"""‘."_"'*—-._.  e—

—@—Phosphorus
150 Potassium
100 ——Zine
30 —t—Iron
0 R = = & & A 2
Centrol 100% 75%RDF 75%RDF+ Bio-Zn| 75%RDF+ Bio- | 73%RDF+ Bio-Zn 75%RDF +
Fecommended NPK +Bio- NPK Rhizobium
dose of fertilizers Jjaponicum
(RDF)
T1 T2 T3 T4 TS T6 T7

Fig. 1. Effect of different treatments on NPK (Kg ha!) Zn & Fe (ppm) after harvest of crop in soil.
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Fig. 2. Effect of different treatments on N, P, K and Zn &Fe content in seed and straw of soybean.

Fig. 3.

Fig. 4. Effect of Different treatments on Zn & Fe-uptake by Seed and Straw (Kg ha!) of soybean.
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Fig. 5. Effect of different treatments on NPK, Zn and Fe uptake by seed + straw (Kg ha') of soybean.
Table 1: Effect of different treatments on NPK (Kg ha') Zn& Fe (ppm) after harvest of crop in soil.

Treatments Nitrogen Phosphorus Potassium Zinc Iron

T, Control 195.33 11.29 396.75 0.47 4.06
T, 100% Recommended dose of fertilizers (RDF) 227.27 12.87 447.72 0.52 4.56
T 75%RDF 203.52 12.59 426.00 0.51 4.49
Ty 75%RDF+ Bio-Zn 217.89 12.81 435.33 0.57 4.62
Ts 75%RDF+ Bio-NPK 220.80 13.21 445.80 0.55 4.59
Ts 75%RDF+ Bio-Zn + Bio- NPK 224.00 13.46 446.05 0.59 4.64
T, 75%RDF + Rhizobium japonicum 226.36 13.69 441.12 0.53 4.57
S.Em () 1.40 0.21 1.97 0.02 0.03

CD at5% 4.32 0.64 6.08 0.07 0.11
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Table 2: Effect of different treatments on NPK (%) Zn and Fe (ppm) content in seed and straw of soybean.

Treatments Seed Straw Seed Straw
N% | P% | K% | N% | P% | K% Zn Fe Zn Fe
(ppm) | (ppm) | (ppm) | (ppm)
T1 Control 6.13 | 025 | 406 | 096 | 0.15 | 1.16 | 20.67 | 3036 | 7.44 9.11
T2 | 100% Recomme(“gg;fose of fertilizers | ¢ 419 | 037 | 464 | 110 | 022 | 120 | 2679 | 35.8 8.60 9.32
T3 75%RDF 641 | 028 | 449 | 1.00 | 0.18 | 1.18 | 26.14 | 33.18 | 849 928
T4 75%RDF+ Bio-Zn 644 | 029 | 456 | 1.03 | 0.19 | 121 | 3143 | 3731 8.96 937
T5 75%RDF+ Bio-NPK 645 | 032 | 459 | 1.06 | 021 | 122 | 29.74 | 3569 | 8.88 936
T6 75%RDF+ Bio-Zn + Bio- NPK 647 | 035 | 462 | 1.08 | 021 | 125 | 32.73 | 3849 | 9.02 9.40
T7 75%RDF+Rhizobium japonicum 642 | 032 | 457 | 1.00 | 020 | 123 | 29.51 | 3553 8.79 9.34
S.Em () 0.02 | 001 | 0.03 | 0.02 | 0.01 | 001 | 036 0.50 0.27 0.01
CDat5% 007 | 002 [ 011 [ 0.07 [ 0.02 [ 004 | 110 1.53 0.82 0.02

Table 3: Effect of different treatments on NPK Zn & Fe-uptake by seed, straw and seed + straw (Kg ha™) in
soybean crop.

Treatments Seed (Kg ha'!) Straw (Kg ha!) (Seed + Straw) (Kg ha)
N P K Zn Fe N P K Zn Fe N P K Zn Fe
T Control 397 [ 16 [ 263 [ 0013 [ 0019 [ 57 [08 | ~o [ 0004 [ 0005 [ 454 [ 24 [ 332 [ 0017 [ 0025
1 6 1 5 4 7 0 8 : 4 4 6 9 4 8 1
100%
T Re;‘;'(‘)‘ji‘;de 654 | 37 | 468 | 0.023 | 0031 | 95 | 1.8 | 1.1 | 0007 | 0.006 | 749 | 56 | 579 | 0030 | 0038
2 o8 0 3 0 8 6 5 8 6 8 9 5 1 6 2 4
fertilizers
(RDF)
T 538 | 23 | 377 | 0021 | 0027 | 74 | 13 0006 | 0006 | 612 | 3.6 | 465 | 0.028 | 0034
3 75%RDF 1 2 5 9 8 6 5 8.79 4 8 6 7 3 3 7
T 75%RDF+ 572 | 25 | 405 | 0029 | 0035 [ 7.5 | 14 | oo | 0006 | 0.007 [ 647 | 3.9 | 493 | 0.037 | 0043
4 Bio-Zn 2 8 4 8 4 3 1 : 4 6 4 9 5 1 0
T 75%RDF+ 60.7 [ 3.0 | 431 [ 0027 [ 0033 | 82 [ 16 | 4,, [ 0006 | 0007 [ 689 [ 46 | 526 [ 0.034 | 0040
5 Bio-NPK 2 1 8 8 6 0 5 ’ 9 2 2 6 2 7 8
T, 170 5 ;“f?g;'o_ 614 | 33 | 438 | 0033 | 0038 | 87 | 1.7 | 10.1 | 0007 | 0008 | 70.1 | 5.0 | 539 | 0.040 | 0047
6 NP 1 2 1 0 8 5 3 3 8 2 6 5 4 8 0
T ;SI?RID.F + 586 | 29 | 416 | 0027 | 0032 | 74 | 15 | g0 | 0006 | 0.006 | 66.1 | 44 | 507 | 0.033 | 0039
7 Hzobmm 9 6 3 2 2 4 2 : 3 9 3 8 2 5 1
Japonicum
0.1 0.001 0.001 0.9 0.1 0.000 0.000 0.2 0.001 0.001
S.Em (%) 3.07 6 198 4 8 0 Py 1.00 7 7 3.14 2 219 6 )
CDats% | 947 | 4| ean | 0004 | 0005 4 gg | 05 1 Ng | N NS | 968 | %6 | 75 | 0004 | 0005
9 2 6 5 6 9 9
CONCLUSIONS Ray, S. K. (2018). Priority zoning of available
micronutrient in the soils of agroecological sub-regions
The present study concluded that 100% RDF of north-east India using geo-spatial techniques.

(20:60:20:20) is more effective in the uptake of N, P and
K of the crop and 75% RDF + Bio-NPK + Bio-Zn
effective in Zn and Fe uptake. Therefore, the study
would definitely beneficial to produce optimum yield,
quality and boost up the sustainable soil health.
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