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ABSTRACT

Organic farming is gaining popularity as it maintains food yields and soil health without harming the
environment. However, there is a dearth of global data on enzymes involved in the carbon,
nitrogen, phosphorus, and sulphur cycles; microbial elemental stoichiometry; and soil functional
diversity. On the other hand, organic farming lacks the most sensitive biological components and
enzyme activity based on soil guality indices. It all started in 2004 when four of India's largest
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soybean-based cropping systems participated in a trial to examine the viability of nutrient
management in soybean-based cropping systems (soybean-wheat, soyabean-mustard, soybean-
chickpea, and soybean-linseed). Herein, we report the findings of a soybean-wheat cropping
system studied for Vertisol under six nutrient management practises. Chemical characteristics of
the soil were studied before and after seeding. Enzyme activity, soil microbial biomass carbon
(SMBC), and microbial count were studied in biological parameters. The chemical, biological and
agronomic parameters of the soybean crop were statistically examined using the Randomized
Block Design. The analysis of the various parameters from the surface soils (0-15 cm). The
biological activity varied significantly between treatments. The agronomical indicators also exhibited
significant values in the organically treated plot. Organic treatments improved agronomic
conditions, stabilised soil, and improved its nutrient content, quality, and biological activity over
time. The inorganically treated plot and the state recommended dose plot had the lowest nutritional
content, as suggested by the lowest biological activity parameters. Soil fertility and nutrient
availability were studied in this experiment in order to comprehend why switching from chemical to
integrated nutrient application practises will be helpful towards the inception of a sustainable

future.

Keywords: Nutrient management practices; integrated nutrient management; vertisols; soybean;

wheat.
1. INTRODUCTION

Increased population is a serious issue all
around the world. especially in countries that
have a surplus of workers but a shortage of land.
Food security for such a massive population
would be one of the biggest obstacles. Hence,
there has been a worldwide trend toward
intensive agriculture, which has put substantial
burden on land. There are environmental risks
associated with the widespread and exclusive
use of chemical fertilizers in modern, intensive
agriculture, which leads to fluctuating crop yields
and deteriorating soil health [1]. The decline in
both soil health and crop output can be attributed
to the excessive or inadequate use of fertilizers,
as well as inadequate resource management
practices. These issues pose significant
challenges to the long-term sustainability of
agriculture. Organic manures have been found to
have a notable residual impact on subsequent
crops, indicating their beneficial influence on both
the soil and the succeeding crop. The utilization
of organic manure is a prevalent practice aimed
at enhancing crop vyields through the
augmentation of soil organic carbon (SOC)
storage and the improvement of nutrient
accessibility [2,3]. Even though organic manure
is widely employed in the country, the supply of
FYM has been dwindling due to increased
demand in intensive agricultural systems and a
shrinking cattle population [4]. The crop yield
however cannot be substantially increased by
either organic manures or chemical fertilizers
alone [5]. Thus, if we want to keep improving
crop productivity, sustainability, and

environmental quality, we need to practice
integrated nutrient management. Therefore, this
creates a need to switch over to a nutrient
delivery system which keeps the environmental
health and food production intricate and also has
the potency to deliver nutrients at a competent
rate as that of chemical fertilizers. Integrated
nutrition management (INM) appears to be the
solution to these concerns. In addition to
improving environmental protection and resource
guality, INM also has the potential to increase
resource efficiency and boost plant performance
[6]. Crop productivity and nutrient use efficiency
are both improved by the promising technology
of integrated nutrient management treatments,
which involve the use of both bio-fertilizer and
inorganic fertilizers [7]. In integrated farming a
balance between the usage of chemical fertilizers
and organics is maintained and there is a
significant residual effect of organic manures on
subsequent crops, implying that they help the soil
and the next crop as well. Many experiments
have also proven that integrated utilization of
organic and inorganic nutrient sources proves to
be the most intuitive concept for managing and
sustaining soil health and crop output [8].
Integrated nutrient management is also one of
the most significant factors in preserving soil
fertility and increasing crop yield. The best study
of integrated nutrient management can be done
on Long-term fertilizer experiments (LTFES)
which provide vital information on the impact on
soil fertility and crop productivity of continuous
application of various quantities of fertilizer
nutrients alone or in combination with organic
manure during intense cropping [9]. For exact
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monitoring of soil fertility changes, these studies
might be of essential importance in tackling the
complicated issues linked to soil fertility
management [10]. Soil fertility, nutritional status,
and plant nutrient usage efficiency may all be
improved with the application of organic
amendments [11]. Mangalassery et al. (2019)
reported that supplementing mineral fertilisers
with organics improved the C, N, and enzyme
activity of microbial biomass in heavily worn
laterite soils. Recent researches also shows that
organic farming has a significant impact on
protecting the environment and enhancing food
quality [12], but food security still remains a
challenge. Numerous researches have
demonstrated the favorable effects of combining
organic and inorganic fertilizers on crop yield and
soil health [8]. Thus, it contemplates the use of
chemical fertilizers in conjunction with organic
manures and other locally accessible nutrient
sources for soil health and productivity
maintenance (food safety paper). In light of the
foregoing, the current study was carried out
under a LTFE (Long term fertilizer experiment)
experiment plot in 1ISS Bhopal, with the
objectives to examine the impact of organic,
inorganic, and natural farming practices on the
physio-chemical properties of soil as affected by
the dynamics of soil properties and nutrient
transitions, to set a distinct comparison amongst
the organic, inorganic and INM practices and
their impact on soil health as monitored by the
biological properties of soil, and monitoring
changes in the chemical, and biological
properties of soil over a long period of time with
the help of long-term fertilizer management in
deep black vertisolic soil of Central India.

2. MATERIALS AND METHODS
2.1 Experimental Details

The current experimental study was conducted at
the Indian Institute of Soil Science's Research
Farm in Bhopal. The coordinates for the
experimental site are 23° 18' N and 77° 24' E. At
495 meters above sea level, the location is quite
high. With an average annual rainfall of 1208 mm
and an annual mean air temperature of 25 °C,
the climate is considered to be sub-humid
tropical. Around 80% of yearly rainfall is obtained
during the South-West monsoon (June to
September), with the remainder falling during the
North-East monsoon (October and November).
Agroecologically speaking, the research region is
located around Vindhya plateau region (Zone 1V)
has a humid subtropical climate. The trial was set

up in the year 2004 as part of the 'Network
initiative on organic farming' with four of India's
largest soybean-based cropping systems
(soybean-wheat, soybean-mustard, soybean-
chickpea and soybean-linseed). The soil was
mainly of clayey nature (Typic Haplustert). Initial
characteristics of the soil and climatic parameters
are given in Table 1. Since 2013, the experiment
has included six management practises as stated
in Table 2. Sowing and harvesting of soybean
crop were done in June end and October
respectively. The irrigation of the crop was done
according to the package of practices. Plots were
ploughed to a depth of 15 cm using a tractor-
drawn disc plough before seeding. All crops were
harvested at ground level first, and then the
above-ground biomass was taken away.
Soybean crop nutrition was maintained through
the use of animal dung in organic fertilisation
practises. The crops were watered only when
necessary. Plots were ploughed to a depth of
about 15 cm using a tractor-drawn disc plough
before planting. All crops were harvested at
ground level, and then the above-ground
biomass was removed. Soybeans in the organic
treatments received cow dung as a source of
nutrients during the rainy season, and wheat in
the organic treatments received a mixture of
cattle dung, vermicompost, and poultry manure
(one-third of each) in the colder months. At 30
and 45 days after sowing, 10% Vermiwash and
10% cow urine were sprinkled on all crops as
part of an innovative technique. Manures were
administered according to the N-equivalent
requirements of each crop. After modifying the
quantity of phosphorus given by manures, rock
phosphate was employed to augment the
phosphorus needs of soybean crop. Table 3
summarises the nutritional makeup of the organic
manures used in the experiment. In natural
farming the inputs were given through beejamrit,
jeevamrit and ghanjivamrit. Treatments
comprising of Natural Farming seed treatment
was done with Beejamrit, application of
Ghanjeevamrit was done at the rate of @ 250 kg
ha™, Jeevamrit was applied at a rate of 500 litres
ha™’ twice a month with irrigation water. Weed
check was kept with the help of hand weeding.
Leaf-eating caterpillar’'s count was kept in check
with Neem oil (Azardirachtin 0.03%). Sesbania
aculata was used as a decoy crop soybean girdle
beetle. Nutrients were supplied via mineral
fertilisers (urea, single superphosphate, and
muriate of potash) in conventional management
approaches, and prescribed pesticides were
applied as needed to protect the plants. In
integrated nutrient management methods,
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Table 1. Initial properties of the studied soil

Soil characteristics

Soil depth (0-15cm)

Taxonomic classification

Sand % (>2mm)

Silt % (2 - 0.05mm)

Clay % (<0.05mm)

Bulk density (Mgm™)

pH

EC (ds/m)

Organic C (g/kg)

CEC (%)

Total N (mg/kg)

Avg P (mg/kg)

Avg K (mg/kg)

Iron (Fe) (mg/kg)

Manganese (Mn) (mg/kg)

Zinc (Zn) (mg/kg)

Copper (Cu) (mg/kg)

Average max. temperature (°C)
Average min. temperature (°C)
Average annual rainfall (cm)
Potential evapotranspiration (cm)

Typic Haplustert
25.3
18.2
57.6
1.46
7.87
0.53
5.31
44.5
10.85
12.77
265.71
5.62
9.56
0.74
1.32
33.6
19.3
113
140

Table 2. Treatment detail

Treatments Details of Composition

T1 100% Organic

T2 50 % Organic + NF

T3 50% Organic + 50% Inorganic

T4 25%0rganic + 25% Inorganic +NF

T5 Conventional, 100% Inorganic

T6 Conventional, state recommendation on farmer package

organic manures supplied 50% or 75% of
nutrients, while mineral fertilisers supplied the
remaining 50% or 25%.

2.2 Soil Sample
Processing

Soil samples were collected in triplicate from
each plot in October, 2020 from two soil depths
(0-15 and 15-30 cm) to determine the chemical
parameters and biochemical properties of soil
before and after soybean harvest in the plough
layer (0-15 cm soil depth). The crop's
aboveground biomass was dried and saved for
agronomic  parameters and  plant-related
analysis. Each sample was split into two sub-
samples. One portion was air-dried, ground using
mortar and pestle, sieved through a 4.75-mm
sieve (bulk soil), and soil chemical parameters
were analysed. The second subsample was kept
in the refrigerator (at 4 °C) to analyse enzymatic
activities and other microbial parameters. The
soil was taken into field capacity level (60%
water holding capacity) before analysis.

Collection and

2.3 Soil Analysis

Standard procedures were used to ascertain soil
chemical parameters [13]. Using a potentiometer,
we measured the soil's acidity and electrical
conductivity (1:2 soil: water suspension). For
organic carbon status of soil (Soil-SOC) 1 g of
soil was dissolved in 20 mL of sulfuric acid, 10
mL of potassium dichromate was added as an
oxidising agent, and 10 mL of ferrous ammonium
sulphate as a titrating agent to measure the
carbon status of soil [14]. The percentage of
available N was determined using the alkaline
permanganate technique and a Kjeldahl
distillation apparatus [15]. In a nutshell, 20 g of
soil was put into the distillation flask together with
20 mL of water, 100 mL of 0.32% potassium
permanganate, and 100 mL of 2.5% sodium
hydroxide. Subsequently, a beaker was filled with
20 mL of 2% boric acid and two to three drops of
methyl red indicator. Ammonia gas was collected
into boric acid solution followed the distillation of
the soil solution mixture in a distillation
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apparatus. 0.02 N sulphuric acid was used to
titrate the distillate. Blue colour intensity was
measured on a spectrophotometer at an intensity
at 660 nm with Olsen's extractant (pH 8.5) to
estimate available P. Soil sample weighing 2.5
grams was immersed in 50 mL of 0.5 M sodium
bicarbonate along with a pinch of activated
charcoal and was agitated for 30 minutes. A 25
mL volumetric flask was filled halfway with the
solution, and then 5 mL of the clear filtrate was
placed there after being filtered through
Whatman No. 1 filter paper. Last but not least, 5
mL of 1.5% ammonium molybdate solution was
added, bringing the total amount to 25 mL for
colour intensity readings, Soil samples weighing
about 5 grams were mixed with 25 mL of 1 N
ammonium acetate (pH 7.0) to measure the
amount of available potassium [13]. After filtering
the solution, the flame photometer was used to
determine the K concentration. Soil - microbial
biomass carbon (Soil-MBC) and microbial
biomass nitrogen (SMBN) were analyzed using
the chloroform-fumigation extraction method and
were expressed as g g of dry soil each [16].
The microbial biomass carbon extraction
efficiency value i.e. (KkEC) value was 0.45. [17].
TTC-Dehydrogenase activity (DHA) of soil was
calculated for an indirect estimation of
microorganism by measuring microbial
respiration in-situ determined by calculating the
rate of production of tri-phenyl formazon (TPF)
from triphenyl tetrazolium chloride (TTC), using
the method given by [18], soil alkaline
phosphatase (Alk—P) was assayed by the
amount of p-nitrophenyl phosphate produced
given as micrograms of p-nitrophenol per gram of
soil per hour (ug p-np g soil h™) by utilizing 16
millimoles of para (p)-nitrophenyl phosphate as
the substrate and estimation was done at visible
wavelength of 490 nm and was measured with
the help of spectrophotometer. Similarly, B-
glucosidase activity was calculated by using 25

mM p-nitrophenol (-d glucopyranoside as a
substrate, and the results were represented as
units of p-nitrophenol production per unit of dry
soil per hour at a wavelength of 490nm 1 [19].
(FDA) Fluorescein di-acetate or (-diacetyl-
fluorescein) is a fluorescein-conjugated to two
acetate radicals and end product absorbs
strongly in the visible wavelength (490 nm) and
the intensity of yellow colour can be measured
with the use of spectrophotometry. The
hydrolysis of FDA by soil enzymes was
estimated by methods of Adam and Duncan [20].
In order to find out how many bacteria, fungi, and
actinomycetes were in soil samples, we used a
technique proposed by Halvorson & Ziegler [21].
Various groups of microorganisms were counted
in soil samples using various growth mediums
and methodologies. Following the dilution plating
viable count method, heterotrophic aerobic
bacteria, fungus, and actinobacteria were
counted on soil extract agar medium, including
potato dextrose agar medium, Bengal rose
medium and Ken knights agar medium,
respectively. After the requisite incubation period,
the number of colony forming units was
determined and expressed as cfu g of soil.
Serial dilution pour plate method was used to
calculate the cfu g* of soil bacteria,
fungi, and actinomycetes in their respective
media.

2.4 Statistical Analysis

Web Agri Stat Package 2.0 (WASP 2.0)
developed by ICAR-Central Coastal Agricultural
Research Institute, Goa, India, was used to
compile, pool, and statistically analyse the
primary data collected during the investigation
and to test the significance (P < 0.05) of
variations between the treatments studied
here.

Table 3. Nutrient content of manures applied in the experiment (mean over 5 years)

Nutrients manure Cow dung manure Vermicompost Poultry
Organic C (mg g”) 201.5 203.6 252.9
N(mgg) 8.8 12.7 19.6
P(mgg) 5.9 7.4 16.8
K (mgg™) 14.2 8.0 15.1
Fe(mgg ) 1.06 1.03 1.49
Mn (mg kg ™) 357.0 406.9 553
Zn (mg kg ™) 53.2 53.4 82
Cu (mg kg™ 36.6 46.1 73
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3. RESULTS AND DISCUSSION

In this piece of work, we look at the results of our
investigation into the impact of different nutrient
management practices on soybean growth, yield
attributes, and soil properties.

3.1 Soil Biological Properties

Soil biological properties varied according to the
different treatments applied. The study of
biological parameters involved the microbial
count and the enzymatic activity of the soil as
follow:

Soil microbial population: Table 4 and Fig. 1,
show the microbial population of bacteria, fungi,
and actinomycetes in terms of colony forming
unit per gram soil (cfu g soil). In the given
experiment it was seen that the colony forming
unit (cfu) of bacteria, fungi, and actinomycetes
were significantly higher in organically treated
plots than in plots with chemical treatments.
Treatment T1 rePresented by a bacterial count of
9.4 x10° cfu g~ soil had the highest bacterial
population, followed by T3 percent; 8.7 x10° cfu
g™, T2 7.9 x10°fu g and T4 7.4 x10°cfu g*. T5
with 6.2 x10°%fu g™~ and T6 were found to be
statistically superior (state recommendations; 5.6
x10°cfu g ™. Fungi and actinomycetes populations
showed similar trends to the bacterial population
in all treatments. Soil microbial population was
found to be higher in organic manure plots and/or
combination plots than in inorganic fertilizer plots.

Soil microbial population was found to be higher
in organic manure plots and/or combination plots
than in inorganic fertilizer plots. It could be
because organic manure provides more
substrate. These findings are consistent with
previous research findings [22, 23,24]. Thus,
using organic N sources or combining them with
chemical fertilisers has a greater positive impact
on soil microbial activity than using only chemical
fertilisers [25]. Another reason for the higher
count in treatment T1 could be the moisture
content, which has long been recognized as an
important environmental factor in promoting
microbial growth and activity [26, 27,28].
Previous research has found that using organic
sources of nutrients increases microbial
population, which supports the current study's
findings (bacteria, fungus, and actinomycetes).

Soil enzymatic activity: Soil enzyme activity is
a direct indicator of soil microbial dynamics and
an indirect indicator of microbial activity. The
level of enzyme activity in the soil can be used to

infer the dynamics of soil microorganisms.
Enzyme activity in the soil environment is thought
to have a significant influence on overall soil
microbial activity. In soil, the activity of enzymes
such as fluorescein  diacetate  (FDA),
dehydrogenase, alkaline phosphatase, and [-
Glucosidase was measured as a function of
nutrient management practices. Fluorescein
diacetate hydrolysis activity in soybean was
found to be highest in the 100 percent organic
plot (T1), which was closely similar to T3 and T5
as stated in Table 4 and Fig. 2. Organic
management had the highest dehydrogenase
activity when compared to inorganic and
integrated nutrient management Table 4 and Fig
2.  Similarly, the highest levels of alkaline
phosphatase and S-Glucosidase enzyme activity
were found in T1 > T3 > T2 > T4 > T5 and T6.
Treatments T5 and T6 were found to be
statistically at par with each other.

Organic management had the highest
dehydrogenase activity when compared to
inorganic and integrated nutrient management.
Mangalassery et al. (2019) and Ghosh et al. [29]
supported this by indicating that an increase in
DHA activity for organic management over
mineral fertilized plots could be due to higher
microbial biomass carbon and nitrogen in those
plots. The DHA in rice and wheat-cultivated soils
was improved after the application of FYM and
other organic sources (sewage sludge,
biofertilizers, crop residues, and combinations of
these) due to the synergistic effect of microbial
growth stimulation and improved soil moisture
retention [22]. The activities of alkaline
phosphatase and glucosidase enzymes were
also highest in 100 percent organic, followed by
50 percent organic + 50 percent inorganic, as
opposed to 100 percent inorganic and state
recommendations.

Manure application is known to increase enzyme
activities in soil, which could account for the
higher organic carbon content in the organically
applied plot, as reported by Aher et al [30]. Soil
enzymatic activities were found to increase after
organic manure was added, according to
research by Okur et al [31]. Whereas a reduced
soil enzyme activity as seen under RDF and sole
inorganic treatment might be because of reduced
substrate availability [32]. Also, higher levels of
phosphatase and other soil enzyme activity were
maintained after organic matter was added. This
was likely the result of an increase in the soil
microbial biomass and a greater degree of
enzyme stabilization in humic substances [33].
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Table 4. Soil microbe diversity and enzyme activity as a result of various nutrient management practices

Treatments Microbial count (CFU g™ soil) Enzymatic activity
Bacteria Fungi Actinomycet FDA DHA? B-Glucosidase Alkaline SMBC"
(X 10° CFU g (X 10* CFU es (Mg (Mg TPF g* (ug PNP g soil phosphatase (Mg g™)
s0il) g™ soil) (X10° CFU g~ fluorescein g soil d™) h™h (Mg PNP g™'soil h™)
!'s0il) Yso0il h™)
T1 9.4 4.7 5.6 59.5 50.1 281 304 318
T2 7.9 3.6 4.0 39.5 41.2 240 260 292
T3 8.7 4.2 4.5 43.5 45.6 270 287 304
T4 7.4 2.9 3.8 37.6 32.2 228 247 283
T5 6.2 2.0 2.7 30.9 16.5 213 229 268
T6 5.6 1.7 2.2 25.0 134 213 220 264
CD (P=0.05) 1.0 0.5 0.9 7 4 17 9 12
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Soil microbial biomass carbon: Table 4 and
Fig. 1 show that the highest value of soil
microbial biomass carbon i.e., 318 g g'l of sail,
was recorded with 100% organic treatment. The
state recommendations treatment had the lowest
carbon content in soil microbial biomass (264 g
g' of soil). These results were consistent with
those reported by Tao et al. [34] in their research
on cotton crops, where they found that the use of
mineral fertilizers in combination with organic
ones increased soil microbial biomass, enzyme
activity, and resource utility of carbon. In
treatments where organic manure was applied
alone or in combination with inorganic fertilizer
and natural farming product, the SMBC was
found to be significantly higher than in treatments
where inorganic fertilizer was applied alone
(cattle manure and bio-organic fertilizer). Soil
MBC increased when organic manure was
applied due to an increase in root biomass, root
exudates, and metabolizable carbon Manna et al.
[35]; Ghosh et al. [36]. Possibly, a reduced soil
enzyme activity (B-glucosidase and alkaline
phosphatase) and SMBC under RDF and CT
was because of reduced substrate availability
[32]. According to Ghosh et al. [29], the carbon
content of microbial biomass is increased when it
is supplemented from the outside with organic
manure and microorganisms are activated.

3.2 Summary

This chapter displays and explains the results of
the study "Soybean yield as affected by organic,
inorganic, and integrated nutrient management
practises in Vertisols of Madhya Pradesh"
regarding the impact of different nutrient
management practises on soybean growth, yield
attributes, vyield, and soil properties. Different
data were statistically analysed. Soybean yield
as affected by organic, inorganic, and integrated
nutrient management practises in Vertisols of
Madhya Pradesh was studied during the Rabi
(winter) seasons of 2020-21 at ICAR-Indian
Institute of Soil Science Bhopal, Madhya
Pradesh. The trial had six randomised
treatments. T1=100% Organic; T2=50% Organic
+ Natural Farming; T3=50% Organic + 50%
Inorganic; T4=25% Organic + 25% Inorganic +
Natural Farming; T5=100% Inorganic; T6=100%
Inorganic (State recommendation). During the
study parameters including soil macro and
micronutrients, microbial population, and enzyme
activity were analysed recorded. Before sowing
and after harvesting, soil pH ranged from 7.59 to
7.64 and 7.61 to 7.66, respectively, with no
significant difference between treatments. T1

(100 percent organic) had the highest pH, while
T6 had the lowest. Electrical conductivity (EC),
expressing total soluble salt content, was not
significantly affected by different treatments, and
ranged between 0.263 — 0.297 and 0.272 — 306
dS m™ "before sowing" and "after harvesting.”
Treatments affected soil organic carbon. Before
sowing, treatment T1 had the most soil organic
carbon, while T6 had the least. After crop
harvesting, treatment T1 had the highest soll
organic carbon content (0.96 percent), followed
by T3. Natural farming treatments (T2 and T4)
had similar soil organic carbon content. Inorganic
treatment produced the least organic carbon.

Different treatments affected soil NPK content.
Available nitrogen in soil was significantly higher
in treatment T1 (263 kg ha-1) followed by T3
(242 kg ha-1), T5 (232 kg ha-1) and T6 (225 kg
ha-1) compared to T4 (216 kg ha-1) where
nitrogen was lowest after soybean harvest.
Similar trends were seen before sowing soybean.
T4 was less than T5 and T6, which were at par.
After crop harvest, available P in soil increased
from 39 kg ha™ (T4) to 58 and 65 kg ha™ (50
percent organic + 50 percent inorganic and 100
percent organic treatments, respectively). 100%
organic yielded 65 kg ha™. P content in 100%
inorganic (54 kg ha'l) and state
recommendations was almost equal (52 kg ha'l).
T4 had the lowest P levels of all treatments.
Before sowing, T4 (25 percent organic + 25
percent inorganic + natural farming) and T1 (100
percent inorganic) treatments had the least and
most available P, respectively. Soil K followed
the same trend as nitrogen and phosphorus. Full
dose nitrogen from organic manure increased
available potassium by 587 kg ha™. Different
treatments affected DTPA-extractable
micronutrients (Zn, Fe, Mn, Cu). T1 had the most
Zn, Fe, Mn, and Cu, followed by T3, and T4 had
the least. T5 and T6 were equal. Bacteria, fungi,
and actinomycetes were measured in soil in (cfu
g'l). T1 had the highest bacterial population (9.4
x10° cfu g"l), followed by T3 (8.7 x10°cfu g'l), T2
(7.9 x10°cfu g™*) and T4 (7.4 x10°cfu g™). These
treatments were statistically superior to T5 and
T6 (5.6 x10%fu g™). Fungi and actinomycetes
showed similar trends to bacteria in all
treatments. Organic manure and/or combination
plots had higher soil microbial populations than
inorganic fertilisers plots. Fluorescein diacetate
(FDA), dehydrogenase, alkaline phosphatase,
and B-Glucosidase activity in soil was affected by
nutrient management. T1 had the highest
fluorescein diacetate hydrolysis activity, followed
by T3 and T5. Organically managed soil had
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higher dehydrogenase activity than inorganic and
integrated soils. T1 had the most alkaline
phosphatase and 3-glucosidase activity, followed
by T3, T2, T4, and T5. T5 and T6 were equal.
100% organic soil had the highest microbial
biomass carbon (318ug gh). State
recommendation treatment had the least soil
microbial biomass carbon (264 pg g™). Organic
manure alone or in combination with inorganic
fertiliser and natural farming product increased
SMBC over inorganic fertiliser alone.

4. CONCLUSION

Integrated nutrient management (INM) refers to
the strategic integration of conventional and
innovative techniques in nutrient management.
This approach aims to establish a farming
system that is environmentally and economically
sustainable by effectively utilizing all available
organic, inorganic, and biological components
and substances [37] (Wu & Ma (2015)).
Maximizing yields and enhancing nutrient use
efficiency are dependent on INM's fertilizer
administration volume and timing being in sync
with the crop's nutrient needs [38]. The current
study involves analysis of yield and nutrient
dynamics of Soybean crop as affected by
organic, inorganic, and integrated nutrient
management practises in Madhya Pradesh was
studied during the Rabi (winter) seasons of 2020-
21. During the study, crop growth, yield, and
yield attributing parameters and analysed soil
macro and micronutrients, microbial population,
and enzyme activity were recorded. The data
showed that Continuous addition organic manure
alone or in combination with inorganic fertilizer
resulted in improved soybean growth, yield and
yield attributes. Further the organic manure
application alone or in combination with inorganic
fertilizer also improved the soil health in term of
soil organic carbon and soil biological activity.100
percent organic soil had the highest microbial
biomass carbon (318 g g*). Organic manure
alone or in combination with inorganic fertiliser
increased SMBC over inorganic alone. Soil
enzymatic activity viz., Fluorescein diacetate
(FDA), dehydrogenase, alkaline phosphatase,
and B-Glucosidase activity in soil was positively
affected by the use of organic hybrid treatments.
The primary significance of the current study lies
in the fundamental observation that a prudent
application of both organic and inorganic
amendments has the potential to foster a
sustainable soybean crop yield. Furthermore, the
prudent utilization of inorganic fertilizer in
conjunction with organic amendments results in a

notable augmentation of soil nutritional well-
being, accompanied by a substantial
improvement in the diversity of microbial flora
and enzymatic activity within the soil. The soil's
available nutrition and nutrient distribution are
greatly impacted by the consistent usage of
manure from farms and mineral fertilizer in a
balanced way [39]. Researchers found that
compared to standard farming practices, INM
increased crop yields by 8-150% while also
improving soil health, grain quality, and financial
benefits to farmers [6]. Consequently, INM
composed of farmyard manure and crop residues
may improve soil quality (soil aggregation,
physical  characteristics, and  accessible
nutrients) over sole chemical fertilization in the
long term [40-43]. The purpose of this study was
to make soybean cropping system in the Indo-
Gangetic plain a greener as well as sustainable
process with least amount of carbon footprint
generated (using predominant inorganic fertilizer
input).
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