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ABSTRACT

During the kharif season of 2020-22, a field experiment with soybean in a soybean-wheat cropping
system was conducted at the ICAR-Indian Institute of Soil Science, Bhopal, (M.P.) to assess the
effect of different levels of crop residue retention treatments and nutrient doses on growth
parameters, physiological indices, yield attributes, yield and profitability of soybean. The
experiment was laid out with Factorial Randomized Block Design (FRBD) comprised of 16
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combinations of 4 residue level (0%, 30%, 60% and 90%) and 4 nutrient doses (N1-RDF (120:60:40
kg N, P20s and K20 hal), N2-75% N+100% P20s and K20 ha, N3-75% P20s+100% N and K20 ha
1, Ns-75% K20+100% N and P20s ha?) with 3 replication under ongoing CRP-CA (Consortium
Research Platform on Conservation Agriculture). The result showed that growth parameters,
physiological indices as well as yield, yield attributes and profitability were significantly higher in
90% than other crop reside retention treatment. The higher (90%) crop residue retention resulted in
16% higher grain yield, 16.88% stover yield and 17.55% higher profitability then without residue
treatment. Among different nutrient doses 100% RDF showed significantly higher growth and better
physiological indices at all the growth stages. Significantly higher seed (1226 kg ha) and stover
(2274 kg ha™?) yields were recorded with 100% RDF with any other management practices.

Keywords: Soybean; nutrient; residue; yield; conservation agriculture.

1. INTRODUCTION

“Maintaining water and soil quality, soil organic
matter (SOM), recycling and storing nutrients,
efficient use of natural resources and controlling
soil degradation are all ways to ensure food and
nutritional security for an ever-growing population
under climate change. The world population has
increased significantly during the last ten years
and is expected to reach over 9.5 billion by 2050”
[1]. However, in recent years, “the global
emphasis has shifted away from increasing
prospective  yield levels and towards
environmental issues, soil health, lowering
production costs, and reducing reliance on plant
protection methods” [2]. CA is gaining popularity
around the world as one of the potential resource
conserving technologies that not only aids in the
management of crop residues, soil health and
associated problems, but also aids in resource
conservation, crop productivity improvement, soil
erosion reduction and carbon sequestration. CA
is defined as "a resource-saving agricultural crop
production concept that aims to generate
acceptable earnings as well as high and
sustained production levels while also conserving
the environment" [3]. It is largely concerned with
soil, water  and agricultural resource
management in order to promote economically,
environmentally and socially viable agricultural
output [4]. Conservation agriculture practices are
gradually gaining traction as an alternative to
conventional agricultural practices for controlling
difficulties caused by conventional tillage
practices, hence lowering overall output costs [5].
“Traditional intensive agriculture practices were
successful in meeting production targets in the
second half of the twentieth century, but they
also resulted in severe deterioration of natural
resources, putting the agricultural production
potential of these resources in jeopardy for future
generations” [6]. “In India, about 92 million
tonnes (Mt) of crop residue are burned each

year, resulting in significant emissions of
particulate matter, air pollution and smog” [6].
According to [7] every year, “the country
produces more than 683 Mt of crop residue, with
a surplus of 178 Mt. One of the most essential
components of CA is the retention of crop
residues on the soil surface, which is critical to its
performance and improvement in agricultural
yield, soil characteristics, and environmental
services. As a result, regulating the residue is
crucial for the long-term health and stability of the
system. Tillage practices and crop residue
retention as mulch have significant impact on soil
moisture regime, improvement in soil biota, soil
organic carbon and nutrient recycling” [8],
nutrient availability. nutrient use efficiency [9] and
improve crop productivity [10,11]. “Long-term soil
health is improved by optimising zero tillage (ZT)
based on residue management. Intensive tillage
practices frequently result in soil health
degradation due to soil structure degradation,
surface crusting, compaction, depletion of soil
organic carbon (SOC), and a detrimental impact
on soil microbial diversity and activity” [12,13].
“Improved soil health is a crucial component for
adaptation and mitigation against adverse effects
of climate change on crop production” [14]. “The
increase in SOC and aggregate stability following
CA adoption is critical for regulating water and
gas flow, nitrogen cycling, and overall soil
behavior. CA use has been shown to improve
soil fertility and nutrient availability. As a result,
N, P and K generally rise in the surface under CA
treatment compared to CT treatment” [15]. “A
sufficient and well-balanced supply of plant
nutrients is critical for promoting soil health.
Improving the availability of less nutrients in the
soil is becoming increasingly important in this
regard. Crop rotation, which involves the
cultivation of different crops with different rooting
habits, nutrient requirements and leaf litter
deposition, can be efficient, which helps to
regulate soil nutrient supply” [16]. “Crop residue

1193



Parmar et al.; Int. J. Plant Soil Sci.,

is important to nutrient cycling and soil fertility,
removal of crop residue will cause the depletion
of soil nutrition which would decrease crop
productivity and increase land degradation” [17]
depending on the type of residue produced and
its nutrient composition, it was estimated that
residue included 18 to 62 kg Mg?! of
agronomically significant nutrient, which would
be comparable to 83% of global fertiliser
consumption in 2001. Crop residue use boosts
OM, conserves soil water and encourages
biological activity [18], promotes soil aggregation,
improves  nutrient cycling and reduces
temperature swings. Crop residues are well
known for their beneficial effects on soil quality
and soil degradation; however, these effects vary
depending on the type and quantity of crop
residues sprayed, as well as the soil
composition. “Optimising the retention rate of
soybean residues can speed the beneficial
interaction of black soil complexes with residues,
which may play an important role in increasing
soil carbon and thereby minimising land
degradation. Permanent soil cover with
agricultural wastes is predicted to offer the
majority of the benefits of conservation
agriculture. Surface crop residues play an
important role for crop growth through their
benefits on soil-related structural components
and processes in the agro-ecosystem, referred to
in this study as agro-ecological functions” [18].

“Soybean (Glycine max L.) is the world's largest
legume crop in terms of overall production; it is
native to East Asia and is widely produced for its
edible bean, which has several uses. In India,
soybean crops have a short maturity time
ranging from 90 to 105 days. 90% of the soybean
crop is grown in three states: Madhya Pradesh,
Maharashtra and Rajasthan” [19]. “Soybean is an
important leguminous oilseed crop in India,
yielding approximately 13.5 t crop residue per
year” [20]. “Soybean residue has a high
nutritional recycling ability and contains around
41.4% C, 2.8% N, 0.5% P, and 1.3% K [21].
Improved soil carbon and thus soil fertility after
carefully decomposing the waste” [22]. The low
C:N ratio expedited mineralization and made
nutrient release easier [23]. As a result, the
residue can be used to improve soil quality while
minimising soil degradation. According to the
Soybean Processors Association of India, the
area under soybean has increased to 11.64
million hectares (Mha) in 2020 from 10.76 Mha a
year before. “The crop is in good condition in
Madhya Pradesh, Maharashtra, and Rajasthan,
which account for more than 90% of overall
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production in the country. Meeting food demands
without further damaging the environment will be
a critical problem for agriculture in the next
decades. Increasing smallholder agricultural
productivity and economic returns in a
sustainable manner is a critical challenge to
accomplishing global poverty reduction and
environmental management goals” [24].

The present study was conducted with
hypothesis that long term residue retention in soil
as a part of CA practices may improve crop
productivity and reduce fertilizer availability under
higher (90%) crop residue retention. The
information will help to highlight the role of CA
practice on residue retention in Vertisols of
central India which in turn would govern K supply
to the crop for sustained crop growth, balanced
nutrition and soil health.

2. MATERIALS AND METHODS
2.1 Soil and Climate

During the rainy season 2021-2022, a field
experiment with soybean crop under CA systems
was conducted at the ICAR-Indian Institute of
Soil Science, Bhopal Research Farm in Vertisols
of Central India. The experimental site is at
latitude 23 18'28.26" N, longitude 77 24'26.00" E,
and elevation 485 m above mean sea level. The
soil of the experimental site was an
Isohyperthermic, Typichaplustert and deep heavy
clay in texture (47.4% clay, 30.5% silt, 22.1%
sand), slightly alkaline (pH 7.73) in reaction
having a bulk density 1.41 Mg m=3, electrical
conductivity (EC) 0.22 dS m1, soil organic
carbon (SOC)%, available N 296 kg hat, P 30 kg
hal and K 697 kg hal, respectively. The decadal
average rainfall in the experimental farm is 1146
mm, more than 80% of which occurs from June
to September and potential evapotranspiration of
1400 mm. The climate in the experimental site is
humid subtropical, with warm and humid
monsoons during mid of June to end of
September.

2.2 Conservation Agriculture Practices

Sowing was done with the help of ‘happy seeder’
at the onset of monsoon under no till system.
Soybean and wheat crop residue (0%, 30%, 60%
and 90%). A recommended dose of fertilizer
(RDF) is 25 kg N, 60 kg P205, and 20 kg K20 ha
tand 25 % reduced doses of N, P and K were
applied as per treatments through single super
phosphate, muriate of potash and urea
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respectively was maintained uniformly in all the
plots. Variety RVS-2001-4 of soybean was
planted in the experimental field at a row spacing
of 27.5 cm during the last week of June. Pre-
emergence application of herbicides was done
immediately after sowing followed by post-
emergence treatment was applied as per
scheduled interval. The recommended package
of agronomic practices and need based plant
protection measures were adopted.

2.3 Treatment Details and Experimental
Set-Up

The experiment was carried out in a factorial
randomized block design (FRBD) comprising of
sixteen treatments and three replications (gross
plot size = 7 m x 6 m = 42 m?). Observations on
plant growth, yield attributes, yield at different
growth stages were recorded as per standard
protocols. Observations were recorded with the
help of a quadrant 0.25 m?2 placed randomly at
four places in each plot. The growth, yield
attributes and yields were recorded from net plot
area. The experiment was laid out in Factorial
Randomized Block Design (FRBD) comprised of
16 combinations of 4 residue level (0%, 30%,
60% and 90%) and 4 nutrient doses (Ni-RDF
(25:60:20 kg N, P20sand K20 ha?l), N2-75%
N+100% P20s and K20 ha, N3-75% P20s5+100%
N and K20 hal, Ns-75% K20+100% N and P20Os
hat) with 3 replications.

2.4 Collection and Analysis of Plant
Samples

‘Random samples of soybean plant samples
from quadrats were drawn from each treatment
at the time of harvesting, the samples were air-
dried, and kept in an oven at 65°C until constant
weight was obtained. The sample was powdered
with the help of a grinder and these samples
were used for the determination of nutrient
content” [25]. Wet oxidation technique as
described by Jackson [25] was adopted for
determination of total C content in the samples.
Total nitrogen in the crop residues were
determined by micro Kjeldhal method after
digesting in concentrated sulphuric acid [26]. P
and K were determined by digesting the samples
in a mixture of HNOsz and HCIOs (9:4) as
suggested by Singh et al. 2005. The total P was
determined by Vanado Molybdate Yellow Colour
Method as described by Jackson 1973 whereas
total K was determined by using flame
photometer technique Jackson 1973 in plant
samples.

2.5 Statistical Analysis

Standard method of “Analysis of variance”
was used for analyzing the data. Standard error
of the means (S.E.m+) was worked out for each
factor and interactions. The least significant
difference test was used to interpret the
treatment effect at the 5% level of significance (p
< .05). The data were suitably illustrated with
graphs at appropriate place.

3. RESULTS AND DISCUSSION

3.1 Growth Attributes and Physiological
Indices

Growth parameters of soybean viz. plant height,
dry matter accumulation, leaf area index was
influenced significantly by different levels of crop
residue retention and nutrient doses. Maximum
plant height (59.14 cm), leaf area (895.63), DMA
(23.11 g) at maturity were recorded with higher
level of crop residue (90%) retention and were
found significantly superior over rest of the
treatments. Whereas, no residue retention
treatment recorded significantly lower values of
plant height (45.93 cm), leaf area (646.30), DMA
(16.04 g). Similarly, CGR (6.55 and 16.00), RGR
(0.011 and 0.012) and AGR (0.180 and 0.440) at
30-60 and 60-90 DAS respectively were also
found numerically superior at 30-60 DAS and 60-

90 DAS under 90% crop residue retention
treatment. This improvement in  growth
parameters of soybean in without residue

treatment was ascribed to higher soil moisture
conservation and improved soil physical
conditions as residue conserved soil moisture
and improved the micro environment of soil thus
created conductive environment for plant growth
and development [8]. Similar result obtained by
[27] they revealed that the growth parameters of
soybean were significantly improved with zero
tillage & residue retention. Maximum plant
height, LAl and dry matter accumulation (DMA)
were observed with ZT+SWR (zero tillage +
soybean wheat residue). This may be attributed
to the fact that higher level of crop residue
retention resulted in significant improvement in
soil health, better moisture retention and the
improved soil microenvironment under zero
tilage techniques. The maximum dry matter
accumulation under zero tillage with higher level
of residue retention may be a result of the
soil's moderated temperature, favourable soil
moisture, and better soil biota due to the
sustained supply of nutrients from residue
mineralization [6].
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Soybean growth parameters were influenced
significantly by different nutrient doses. The
highest plant height (54.99), DMA (19.25) and
leaf area index (2.93) were retained maximum
with N1 (100% RDF) which were significantly
higher than Ns (75% P20s5+100% N and K:0)
and Nz (75% N+100% P20sand K20). DMA and
leaf area index were retained at par with N4 (75%
K20+100% N and P20s. shows that application of
recommended dose of fertilizer gives additional
advantage over reduction of 25% in nutrient dose
of application as well as reduction of 25% K
gives similar result as RDF. Nitrogen influenced
the total photosynthesis of plants through its
effect on the leaf area and increased nutrient
application may have promoted vegetative
development, causing plants to produce grater
biomass [28] These results are in conformity with
[29], who stated that the development of leaf
area is a result of and an increase in LAl are
caused by the availability of sufficient amounts of
nutrients, notably nitrogen, during the crop's
active growth stages. This may be due to a
surface layer of mulch enriched with organic
plant residues and nutrients, and altering the
dynamics of the organic matter of the soil and the
cycling and flows of nutrients [30]. The various
physiological indices were not significantly
influenced by nutrient doses except the CGR
(4.76), RGR (0.009) and AGR (0.131) at 30-60
DAS, favourable synthesis of components that
promote growth in the plant system due to
greater nutrient availability, which led to an
increase in the number of leaves per unit area
and an increase in leaf area [31]. The increase
in growth attributes with higher nitrogen dose
was owing to a greater number of leaves and
their better growth under adequate [32]. The
significant effect of nutrient doses may be
attributed to the fact that there is significant
improvement in soil properties and nutrient
recycling as a result. Interactive effect of residue
levels and nutrient doses on leaf area, CGR and
AGR at 30-60 DAS found to be significant
(Table 1).

3.2 Yield Attributes

The different levels of crop residue retention
treatments and nutrient doses had significant
effect on yield attributes of soybean except on
seeds pod?! and HI (Table 2). Significantly
maximum number of pods plant? (43.49) and
weight of pods plant?! (14.23 g) were found with
90% crop residue which were superior over rest
of the treatments. Minimum number of pods
plant?® (34.04) and weight of pods plant? (9.21 g)

were found with no residue retention. This is
because crop residue can boost crop vyield
attributes [33,34]. Among the different doses of
nutrient, the maximum number of pods plant?
(39.51) and weight of pods plant? (12.46 g) were
found with 100% RDF which were significantly
superior over rest of the treatments. This is
because proper NPK nutrition is important for
improving the grain weight through improved
photosynthetic activities and better assimilates
translocation [35].

Minimum number of pods plant? (38.00) and
weight of pods plant? (11.50 g) were found with
the treatment where 25% less N applied.
Interaction effect of residue levels and nutrient
doses on pods plant? and seed index were found
to be significant (Table 2). Maximum number of
pods plant! and seed index were obtained under
higher level of residue retention with RDF which
was significantly higher as compare to lower
levels of nutrients and residue retention
treatment.

3.3 Yield and Profitability

The different levels of crop residue retention
treatments and nutrient doses had significant
effect on yield of soybean except harvest index
(HI) (Table 3). Significantly maximum seed yield
(1306 kg ha 1), straw yield (2452 kg ha) and
biological yield (3759 kg ha') were recorded
maximum with 90% crop residue retention. This
may be because of crop residues viewed as a
valuable renewable resource that has to be
properly managed in order to preserve soil
quality and increase crop output [36].

Seed vyield was recorded with the overall
improvement of crop growth reflected into better
source-sink relationship which in turn enhanced
the vyield attribute. Effect of residue retention
treatments on HI ranged between 34.75-35.98
and found no significant effect. Different nutrient
doses on seed, straw and biological yield were
found significant effects. Maximum vyields were
found under (1226 kg ha), recorded with the
treatment receiving under 100% RDF which was
at par with N4 -75% K20+100% N and P20s and
maximum straw (2274 kg ha?) and biological
yield (3501 kg ha?) obtain with 100% RDF which
were at par with N4.75% K20+100% N and P20s
(2214 and 3417 kg ha - respectively) and Ns.
75% P205+100% N and K20 (2223 and 3407 kg
hal respectively). Higher N level might
have enhanced the manufacturing and storage
of photosynthates which attributed to higher
yield parameters. This may be because of
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improvements in soil fertility in CA reductions in
pests/diseases as a consequence of including
legumes have been observed to contribute to
yield gains [37-40].

Minimum seed (1167 kg hat), straw (2190 kg ha-
1) and biological yield (3358 kg ha!) resulted with
N2 (75% N+100% P20s and K20). Harvest index
(HI) of soybean found non-significant with
residue level and nutrient doses range between
(34.77-35.20%). There was discernible impact on
yield from the interaction between residue levels
and nutrient doses except on HI (Table 3).
Maximum yields found under higher residue
retention with RDF which was significantly higher
as compared to lower levels of nutrients and
residue retention treatments.

Economic analysis revealed that significantly
highest net returns were obtained in 90% crop
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residue and closely followed by 60% crop
residue retention. This might be owing to higher
seed and stover yield under 90% crop residue
retention treatments. Treatment involving the
lowest residue retention gave the lowest net
returns. In case of different nutrient doses
highest net return (49723) were recorded with
the treatment with 100% RDF followed by 25%
less N applied (349269). Lowest net returns were
obtained with 25% less phosphorus from RDF
treatment. There are several reports showing
saving in nutrients, labour and production cost
and higher net economics return in CA compared
with conventional tillage (CT) system this is
because of reduction in cost of production,

reduction in incidence of weeds, water and
nutrients  savings, increased yield, Crop
diversification, resource improvement and

environmental benefits [41].

Residue ZT RO ZT R30 ZT R60 ZT R90 Nutrient

levels

m Seed Yield (kg ha-1)

doses

m Stover Yield (kg ha-1)

Graph 1. Effect of Residue levels and nutrient doses on yield of soybean crop
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&)]
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Residue ZT RO ZT R30 ZT R60 ZT R90 Nutrient

levels

doses

m Number of pods plant-1 ® Number of seeds pod-1

Weight of seeds plant-1 ® Seed index (g)

Graph 2. Effect of Residue levels and nutrient doses on yield parameters of soybean crop
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Table 1. Effect of Residue levels and nutrient doses on growth parameters and physiological indices in soybean crop (pooled mean data of 2

years)

Treatment

Growth parameters at physiological

Crop growth rate

Relative growth rate

Absolute growth

maturity (g gt day™?) (Mg g* day™?) rate (g day™)

Plant height DMA Leaf area 30-60 60-90 30-60 60-90 DAS 30-60 60-90

(cm) (g plant?) index (cm? DAS DAS DAS DAS DAS
A. Residue levels
ZT Ro 45.93 16.04 2.35 2.86 11.26 0.006 0.013 0.079 0.310
ZT Rao 52.27 17.15 2.41 3.74 11.56 0.008 0.012 0.103 0.317
ZT Reo 56.07 19.01 3.11 4.83 12.83 0.009 0.012 0.133 0.353
ZT Roo 59.14 23.11 3.26 6.55 16.00 0.011 0.012 0.180 0.440
SE(m) 0.24 0.1487 0.0126 0.0556 0.1812 0.0001 0.0001 0.0015 0.0050
CD (P=0.05) 0.69 0.430 0.036 0.161 0.523 0.0004 0.0004 0.004 0.014
B. Nutrient doses
N1 (100% RDF) 54.99 19.25 2.928 4.76 13.19 0.009 0.012 0.131 0.363
N2 (75% N+100% P20s and K20) 51.59 18.56 2.773 4.29 12.73 0.008 0.012 0.118 0.350
N3 (75% P20s5+100% N and K20) 52.88 18.63 2.835 4.45 12.73 0.009 0.012 0.122 0.350
N4 (75% K20+100% N and P20s) 53.94 18.88 2.895 4.47 12.97 0.009 0.012 0.123 0.357
SE(m) 0.24 0.1487 0.0126 0.0556 0.1812 0.0001 0.0001 0.0015 0.0050
CD (P=0.05) 0.69 0.430 0.036 0.161 NS 0.0004 NS 0.004 NS
Interaction
SE(m) 0.48 0.2974 0.0251 0.1113 0.3624 0.0003 0.0003 0.0031 0.0100
CD (P=0.05) NS NS 0.073 0.321 NS NS NS 0.009 NS
Grand mean. 53.35 18.83 2.86 4.49 12.91 0.009 0.012 0.124 0.355
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Table 2. Effect of Residue levels and nutrient doses on yield parameters of wheat crop

Treatment Number of pods plant?  Number of seeds Weight of Seed index (g)
pod? seeds plant?

A. Residue levels

ZT Ro 34.04 2.37 9.21 11.53

ZT Rao 36.01 2.38 10.65 11.59

ZT Reo 40.22 2.39 13.13 11.66

ZT Roo 43.49 2.39 14.23 11.67

SE(m) 0.1396 0.0128 0.0899 0.0586

CD (P=0.05) 0.403 NS 0.260 NS

B. Nutrient doses

N1 (100% RDF) 39.51 2.39 12.46 11.63

N2 (75%N+100%P20s and K20) 38.00 2.36 11.50 11.61

N3 (75% P20s+100%N and K20) 38.11 2.39 11.58 11.60

N4 (75% K20+100%N and P20s) 38.14 2.39 11.69 11.61

SE(m) 0.1396 0.0128 0.0899 0.0586

CD (P=0.05) 0.403 NS 0.260 NS

Interaction

SE(m) 0.2792 0.0256 0.1798 0.1172

CD (P=0.05) 0.806 NS 0.519 NS

Grand mean 38.44 2.38 11.81 11.61
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Treatment Seed Yield Stover Yield Net profit B: C Harvest Index (%)
(kg ha) (kg hat) (¥ hat)

A. Residue levels

ZT Ro 1088.90 2038.90 44393 2.78 34.81

ZT Rao 1161.81 2135.04 47680 2.91 35.24

ZT Reo 1224.23 2276.25 50244 3.01 34.98

ZT Roo 1306.35 2452.73 53841 3.15 34.75

SE(m) 5.6068 9.6200 340.701 0.0138 0.1333

CD (P=0.05) 16.193 27.785 984.017 0.040 NS

B. Nutrient doses

N1 (100% RDF) 1226.69 2274.69 49723 2.89 35.03

N2 (75% N+100% P20s and K20) 1167.98 2190.06 49263 3.13 34.78

N3 (75% P20s+100% N and K20) 1183.75 2223.25 48327 2.93 34.77

N4 (75% K20+100% N and P20s) 1202.88 2214.92 48845 2.90 35.20

SE(m) 5.6068 9.6200 340.701 0.0138 0.1333

CD (P=0.05) 16.193 27.785 984.017 0.040 NS

Interaction

SE(m) 11.2135 19.2401 681.403 0.0275 0.2665

CD (P=0.05) 32.387 55.569 1968.03 0.079 NS

Grand mean 1195.32 2225.73 49040 2.96 34.94
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Similarly, as net returns higher B:C (3.15) with
90% crop residue retention closely followed by
60% and 30% crop residue. Among different
nutrient doses highest (3.13) B:C were recorded
with N2 (75% N+100% P20s and K20) followed by
N3 (75% P20s5+100% N and Kz20) and Na (75%
K20+100% N and P20s) and the lowest B:C ratio
comes under 100% RDF. Similar results were
obtained by [42], according to him the maximum
net returns and B:C ratio were recorded in the
SW system with zero tillage. Interaction effect
between crop residue retention and nutrient
doses had significant effect on net profit and B:C
ratio. Thus, it concluded that 90% residue
retention treatments and 100% RDF had
significantly higher net returns followed by 90%
and N4 treatment combinations.

4. CONCLUSION

Based on one year experimentation, it is
concluded that adoption of conservation
agricultural practices along with higher level of
crop residue retention (90%) and reduced rate of
fertilizer application (-25%) can be obtained to
get the higher production and productivity under
soybean - wheat cropping system.
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