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ABSTRACT

Mustard (Brassica juncea L.) is a major oilseed crop with substantial status for edible oil and livestock feed,
yet its productivity in India relics behind the global productivity because of poor soil fertility, inconsistent
rainfall and unhinged nutrient management. Inadequate research intends to further explore the synergetic
impact of conservation agriculture (CA) and organic nutrient management on mustard under semi-arid
Indian conditions. To address the gap, a two-year field experiment was carried out at G.D. Goenka University,
Haryana, to assess twelve treatment combinations involving no-tillage, crop residue retention, mulching
and organic inputs such as poultry manure, farmyard manure, vermicompost and egg amino acid. The
results suggest that the combination of no-tillage with egg amino acid (1 L/ha) and poultry manure (4 t/
ha) (T) significantly improved mustard growth, yield and oil content. T recorded the maximum plant height
(183.91 cm), number of leaves (30.67) and branches per plant (17.87) at harvest. Similarly, yield-contributing
attributes such as siliquae per plant (187.20), seeds per siliqua (12.88), pod length (6.18 cm) and 1000-seed
weight (5.21 g) were enhanced, leading to the maximum grain yield (20.53 q/ha), straw yield (47.40 q/ha),
and oil content (37.62%). The greater performance under T is ascribed to amended soil structure, enhanced
moisture retention, microbial activity and constant nutrient accessibility. These findings specify that
integrating conservation agriculture with organic nutrient sources can deliver a sustainable and efficient
strategy for improving mustard productivity and seed quality in resource-limited environments.
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Introduction

Mustard (Brassica spp.) is an imperative oilseed crop
cultivated globally for its edible oil, condiment and
fodder value. It underwrites pointedly to total veg-
etable oil production, standing third subsequently

soybean and palm. The crop’s malleability to varied
agro-climatic conditions and short growth duration
make it an essential part of sustainable agricultural
systems. Its oil is amusing in unsaturated fatty acids,
while the residual oilcake obliges as a valuable pro-
tein source for livestock feed. Worldwide, mustard
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and rapeseed account for about 70 million tonnes
annually, with India, China, Canada and the Euro-
pean Union being key producers (FAOSTAT, 2024;
Sharma et al., 2025). In India, mustard is cultivated
in nearly 8 million hectares, with production of
around 12.5 million tonnes per annum, contributory
about 1/3 of total oilseed production (DACNET,
2024). It is largely cultivated in states like Rajasthan,
Haryana, Madhya Pradesh, Uttar Pradesh and
Gujarat. In spite of its importance, the national pro-
ductivity (1.5-1.6 t/ha) remains lessthan the global
productivity because of deprived soil fertility, incon-
sistent rainfall, inadequate irrigation, and unbal-
anced nutrient use (Bhinda et al., 2023; Singh et al.,
2024). With mounting demand for edible oils and
increasing environmental alarms, there is an im-
perative need to augment mustard productivity
through eco-friendly and resource competent prac-
tices.

Conservation agriculture (CA) offers a feasible
method for sustainable intensification. Its central
ideologies, least soil disturbance, enduring soil
cover, and crop diversification aid in conserving re-
sources while preserving yield constancy (Sharma et
al., 2025). Espousal of CA progresses soil structure,
water-use efficacy, and nutrient cycling while tam-
ing erosion and greenhouse gas emissions (Parihar
et al., 2018). Similarly, organic nutrient management
has increased attention as a substitute to chemical
fertilizers, which have led to soil degradation and
nutrient imbalances in various intensive systems
(Craswell, 2021; Abdel Rahman et al., 2022). Organic
inputs such as farmyard manure (FYM),
vermicompost, Panchagavya, and Jeevamrutham aug-
ment soil microbial activity, expand organic carbon,
and sustain nutrient release (Patel and Gangwar,
2023; Sharma et al., 2024). Mixing CA with organic
nutrient sources can consequently produce a bio-
logically vigorous and resilient soil micro-environ-
ment favourable for mustard growth as well as pro-
ductivity.

Nevertheless, inadequate research has been done
on the combined properties of CA and organic nu-
trient management on oilseed crops under Indian
agro-ecological conditions. Maximum studies have
focused distinctly on tillage systems or organic in-
puts, with minimal evidence on their synergetic im-
pact on soil biological health, nutrient-use efficacy
and crop performance (Jat et al., 2024). Furthermore,
region-specific assessments for mustard, predomi-
nantly in semi-arid areas, are rare. Hence forth, the

current study was commenced to evaluate the im-
pact of conservation and organic management prac-
tices on growth, yield and quality attributes of mus-
tard. Integrating these tactics is anticipated to im-
prove productivity, progress soil fertility, and di-
minish the necessity for artificial inputs. The results
will offer practical perceptions for sustainable mus-
tard cultivation and ascribe to national primacies of
soil health restoration, resource efficacy and self-
sufficiency in edible oil production.

Research Methodology

Experimental Site and Soil Characteristics

Two-year field research was carried out during the
rabi seasons of 2023 and 2024 at the Agronomy Re-
search Farm, School of Agricultural Sciences, G.D.
Goenka University, Sohna, Haryana (28°152 N,
77°062 E; 211 m MSL). The experimental site soil
was sandy loam in texture, slightly alkaline (pH 7.9)
with normal EC (0.14 dS/m), low in organic carbon
(0.44%), low in range of available nitrogen (223 kg/
ha), medium range in phosphorus (20.8 kg/ha) and
high in range of potassium (411 kg/ha). Composite
soil samples were collected from the 0–15 cm depth
prior to sowing and analyzed for physicochemical
properties.

Experimental Design and Management

The field experiment was laid out in a Randomized
Block Design (RBD) with 12 treatment combinations
as shown in the table .1, that were replicated thrice,
a total of 36 plots. Each plot measured 4 × 3 m (net
plot size of 12 m²) with 0.5 m bunds and 1 m irriga-
tion channels. The treatment combination com-
prised different conservation agriculture practices
(crop residue retention, no-tillage and mulching)
that were integrated with organic nutrient sources
such as farmyard manure (FYM), vermicompost,
and poultry manure, either alone or supplemented
with organic formulations like Panchagavya,
Jeevamruth, and egg amino acid. Mustard variety
(Brassica juncea L. cv. PM-30) was used as the test
crop for all treatments. Land preparation involved
one rotavator pass followed by levelling with a
plank. Organic manures were incorporated 10 days
before sowing as per treatment. Mustard seeds were
manually sown at a spacing of 30 × 15 cm and a
depth of 5 cm.
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Observations and Data Recording

Observations on growth, yield and quality param-
eters were recorded from five randomly selected
and tagged plants in each plot at different growth
stages. Plant height (cm) was measured from the
base of the stem to the tip of the main shoot at 30, 60,
and 90 days after sowing (DAS) and at harvest. The
number of leaves per plant and the number of
branches per plant were counted from the same
plants at the aforementioned stages to evaluate veg-
etative growth. After attaining physiological matu-
rity, the yield parameters like grain yield (q/ha) and
straw yield (q/ha) were recorded from the net plot
area and computed on to per-hectare basis. The har-
vest index (%) was calculated as the ratio of grain
yield to total biological yield multiplied by 100. The
oil content (%) of seed samples was estimated using
the Soxhlet extraction method as described by
Pearson (1976).

Statistical Analysis

Data from both years were tested for homogeneity
and then pooled for analysis. The combined mean
data were subjected to Analysis of Variance
(ANOVA) appropriate for RBD as per Gomez and
Gomez (1984). Treatment means were compared
using the critical difference (CD) at the 5% level of
significance (P = 0.05). All statistical analyses were
performed using R statistical software.

Results

Growth attributes

The data pertaining to growth attributes like plant
height (cm), number of leaves and number of

branches was described below.

Plant height

The mean data suggest that conservation agriculture
practices combined with organic nutrient sources
increased the plant height of mustard at all growth
stages. The treatment T (No-till + Egg amino acid @
1 L/ha + Poultry manure @ 4 t/ha) resulted in the
highest plant height of 36.91, 106.28, 166.91 and
183.91 cm at 30, 60, 90 DAS and at harvest, respec-
tively.

In contrast, the lowest plant height of 19.21, 78.43,
136.93, and 154.08 cm was obtained under T (Con-
trol). At 30 DAS, treatments T and T were found to
be statistically equivalent to T, demonstrating an
early optimistic response to no-tillage combined
with organic amendments. Correspondingly, at 60
and 90 DAS, the treatments T, T, T, and T revealed
statistical parity with T, portentously continued veg-
etative growth under residue retention and liquid
bio-formulations. At harvest, the treatments T, T, T,
T, and T also endured statistically analogous to the
maximum (T), reflecting the long-term advanta-
geous outcome of conservation-based organic man-
agement on mustard growth.

No. of leaves

The mean data indicated that both factors pointedly
prejudiced the number of leaves per plant at all
growth stages. The treatment T (No-till + Egg amino
acid @ 1 L/ha + Poultry manure @ 4 t/ha) resulted
in the maximum number of leaves of 11.05, 25.55,
40.61, and 30.67 at 30, 60, 90 DAS and at harvest,
respectively. The minimum leaf count of 8.55, 13.94,
24.72, and 19.00 resulted under the control (T).At 30
DAS, the treatments T, T, T, and T were statistically
at par with T. Correspondingly, at 60, 90 DAS and at

Table 1. Treatment combinations of the experiment

S. N. T. N. Treatment combination

1 T1 Control
2 T2 RDF (60:60:40)
3 T3 Intercropping with Legumes (IC)
4 T4 Crop residue (CR)+ panchgavya (PG) – 4L/ha + Poultry Manure (PM) – 4t/ha
5 T5  Crop residue (CR)+ panchgavya (PG) – 4L/ha + Vermicompost (VC) – 8t/ha
6 T6  Crop residue (CR)+ panchgavya (PG) – 4L/ha + Farmyard Manure (FYM) -12t/ha
7 T7 No-Till (NT)+ Egg amino acid (EA) -1L/ha + Poultry Manure (PM) – 4t/ha
8 T8  No-Till (NT)+ Egg amino acid (EA) – 1L/ha + Vermicompost (VC) – 8t/ha
9 T9  No-Till (NT)+ Egg amino acid (EA) – 1L/ha + Farmyard Manure (FYM) – 12t/ha
10 T10 Mulching (MUL)+Jeevamrith (JA)- 2L/ha+ Poultry Manure (PM) – 4t/ha
11 T11  Mulching (MUL)+Jeevamrith (JA)- 2L/ha +Vermicompost (VC) – 8t/ha
12 T12  Mulching (MUL)+Jeevamrith (JA)- 2L/ha + Farmyard Manure (FYM) – 12t/ha
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harvest, the treatments T and T revealed statistical
parity with T, signifying that the combined applica-
tion of no-tillage, egg amino acid and poultry ma-
nure or their organic equivalents under residue-
based systems endorsed sustained foliage develop-
ment through the crop growth period.

No. of branches

Similarly, both factors have exerted a significant in-
fluence on the number of branches per plant at all
growth stages. The treatment T (No-till + Egg amino
acid @ 1 L/ha + Poultry manure @ 4 t/ha) resulted
in the highest number of branches of 6.60, 13.45,
16.95, and 17.87 at 30, 60, 90 DAS and at harvest,
respectively. The lowest number of branches of 3.33,
8.62, 11.95, and 12.89 resulted under the control (T).
At 30 DAS, the treatments T, T, and T were statisti-
cally at par with T, signifying analogous early
branching behaviour. At 60 DAS, the treatments T,
T, T, and T upheld statistical parity with T, reflecting
sustained vegetative growth under organic and resi-
due-based conditions. At harvest, the treatments T,
T, T, T, T, and T were statistically equivalent with T,
suggesting that multiple conservation–organic com-
binations were effective in encouraging branch de-
velopment.

Yield contributing attributes

Number of siliquae per plant
The number of siliquae per plant differed evidently

Table 2. Effect of conservation agriculture practices and organic sources on the growth attributes of mustard.

Plant height (cm) No. of leaves No. of branches
30 60 90 At 30 60 90 At 30 60 90 At

DAS DAS DAS harvest DAS DAS DAS harvest DAS DAS DAS harvest

T1 19.21 78.43 136.93 154.08 8.55 13.94 24.72 19.00 3.33 8.62 11.95 12.89
T2 19.78 81.71 140.75 158.25 8.66 15.38 27.05 19.44 3.92 9.49 12.99 13.90
T3 21.58 84.30 138.20 155.35 9.16 16.00 27.39 20.28 4.32 10.13 13.62 14.54
T4 31.51 101.18 159.28 176.48 10.50 21.38 32.60 26.94 5.70 12.05 15.55 16.47
T5 29.05 98.78 154.55 171.61 10.05 20.71 34.49 24.61 5.52 11.82 15.32 16.40
T6 27.48 95.76 151.98 169.03 9.78 20.38 34.16 24.28 5.32 11.35 14.85 15.77
T7 36.91 106.28 166.91 183.91 11.05 25.55 40.61 30.67 6.60 13.45 16.95 17.87
T8 35.15 103.63 164.45 181.61 11.05 23.38 38.72 28.67 6.35 13.19 16.69 17.60
T9 33.71 104.31 161.85 179.01 10.61 23.05 37.16 28.28 5.99 12.69 16.52 17.44
T10 26.35 92.15 149.61 166.78 9.49 19.05 31.16 23.50 4.98 11.12 14.95 15.87
T11 24.66 89.31 146.75 163.91 9.39 18.16 29.38 21.44 4.82 10.72 14.22 15.14
T12 23.38 86.05 143.95 161.11 9.27 17.66 28.27 20.61 4.62 10.52 14.02 14.94
F test S S S S S S S S S S S S
SEm (±) 1.325 2.960 4.700 5.721 0.501 1.018 1.719 1.248 0.275 0.625 0.855 0.812
CD 4.068 8.738 13.874 16.887 1.479 3.005 5.074 3.683 0.810 1.845 2.523 2.396
CV 8.394 5.484 5.382 5.883 8.853 9.015 9.261 9.013 9.273 9.606 9.997 8.932

among treatments. The maximum siliquae per plant
(187.20) was obtained under T (No-till + Egg amino
acid @ 1 L/ha + Poultry manure @ 4 t/ha), while the
minimum (113.23) was obtained under the control
(T). The treatments T and T were statistically at par
with T, demonstrating that the integration of no-till-
age with organic inputs steadily endorsed sophisti-
cated reproductive growth and siliqua formation.

Number of seeds per siliquae

Similarly, the number of seeds per siliqua exhibited
a momentous response to the applied treatments.
The highest (12.88) seeds per siliqua were recorded
under T, followed by treatments T, T, T, T, T, and T,
which were statistically equivalent to the highest.
The lowest (9.27) seeds per siliqua resulted under T

Fig. 1. Effect of conservation agriculture practices and
organic sources on the yield contributing at-
tributes of mustard.



1774 Eco. Env. & Cons. 31 (4) : 2025

(control). This enhancement under conservation–
organic combinations advocate improved nutrient
supply and pollination efficacy, favouring seed set-
ting.

Pod length (cm)

A similar trend of other yield contributing param-
eters was observed for pod length, which oscillated
from the lowest 4.26 cm (T) to the highest 6.18 cm
(T). The treatments T, T, and T were found to be sta-
tistically equivalent to T.

Test weight (g)

The test weight also revealed momentous distinc-
tions among treatments. The maximum 1000-seed
weight (5.21 g) was obtained under T, while the
maximum (4.71 g) was obtained in the control (T).

Yield attributes

Grain yield (q/ha)

The results revealed that conservation agriculture
practices combined with organic nutrient sources
pointedlyincreased the grain yield of mustard. The
maximum grain yield (20.53 q/ha) was resulted
under T (No-till + Egg amino acid @ 1 L/ha + Poul-
try manure @ 4 t/ha), whereas the minimum yield
(16.04 q/ha) was obtained under the control (T). The
treatments T, T, T, T, T, T, T, and T were found to be
statistically at par with maximum, i.e., T.

Straw yield (q/ha)

Similar to grain yield, the straw yield of mustard
was impacted. The maximum straw yield (47.40 q/
ha) was recorded under T  (No-till + Egg amino acid
@ 1 L/ha + Poultry manure @ 4 t/ha), while the
minimum (43.11 q/ha) was obtained under the con-
trol (T). The treatments T, T, T, T, T, T, T, and T were
found to be statistically at par with T.

Harvest index (%)

The data revealed that conservation agriculture
practices and organic nutrient sources had a non-
significant impact on the harvest index of mustard.
Though the variances among treatments were not
statistically significant, the arithmetic variation was
pragmatic. The maximum harvest index (30.19%)
was obtained under T (No-till + Egg amino acid @ 1
L/ha + Poultry manure @ 4 t/ha), while the mini-
mum (27.08%) was renowned under the control (T).

Fig. 2. Effect of conservation agriculture practices and
organic sources on the yield and quality attributes
of mustard

Quality attributes

Oil content (%)

The mean data specified that conservation agricul-
ture practices combined with organic nutrient
sources had a significant influence on the oil content
of mustard seed. The maximum oil content (37.62%)
was recorded under T (No-till + Egg amino acid @ 1
L/ha + Poultry manure @ 4 t/ha), whereas the mini-
mum (34.90%) was recorded under the control (T).
The treatment T was found to be statistically at par
with T, signifying that both treatments were corre-
spondingly effective in amplifying oil accumulation.

Discussion

Growth Parameters

Conservation agriculture practices integrated with
organic nutrient sources significantly improved the
growth performance of mustard, as reflected by in-
creases in plant height, number of leaves, and num-
ber of branches. The treatment combining no-tillage,
egg amino acid, and poultry manure (T) consistently
recorded the highest values across all growth stages.
Theimprovement in vegetative growth can be attrib-
uted to enhanced soil structure, improved moisture
conservation, and higher microbial activity under
no-tillage conditions, which favour root develop-
ment and nutrient uptake. The steady nutrient re-
lease from poultry manure and the stimulatory ef-
fect of egg amino acids on enzyme activation and
hormonal balance further enhanced cell elongation
and leaf expansion (Das et al., 2020; Kiboi et al., 2021;
Thakur et al., 2023). Similar findings were reported
by Dugan et al. (2024) and Verma et al. (2023), who
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observed that integrated organic and conservation
practices increase canopy development through
improved photosynthetic efficiency and delayed
senescence. Enhanced branching under these treat-
ments may also be linked to better soil aeration, cy-
tokinin production, and assimilate distribution, re-
sulting in a more vigorous and productive canopy
(Chatterjee et al., 2022; Lv et al., 2023). In contrast, the
control treatment exhibited lower vegetative growth
due to nutrient scarcity and reduced biological ac-
tivity, leading to restricted root and shoot develop-
ment (Mondal et al., 2021).

Yield and Yield-Attributing Parameters

Yield and yield-contributing traits such as siliquae
per plant, seeds per siliqua, pod length, and test
weight were markedly enhanced under conserva-
tion–organic combinations. The no-till + egg amino
acid + poultry manure (T) treatment consistently
recorded the highest values, indicating synergistic
benefits of conservation and organic nutrient man-
agement. The improvement in reproductive param-
eters may be attributed to better nutrient
synchronisation, improved photosynthetic translo-
cation, and enhanced flower retention and seed set
(Tiwari et al., 2023; Narendra et al., 2023). Poultry
manure provided a steady supply of nitrogen and
phosphorus essential for reproductive development,
while bio-stimulants likely improved enzyme activ-
ity and assimilate partitioning during pod filling
(Kiboi et al., 2021; Meena et al., 2023). Grain and
straw yields followed similar trends, with T achiev-
ing the highest productivity. These increases re-
sulted from cumulative improvements in vegetative
growth, nutrient availability, and soil moisture con-
servation under no-tillage conditions (Hassan et al.,
2023; Gangwar et al., 2023). Enhanced microbial ac-
tivity and efficient nutrient cycling contributed to
better dry matter accumulation and reproductive
efficiency (Shilpa et al., 2023; Walia et al., 2024). Al-
though the harvest index differences were statisti-
cally non-significant, a marginal increase under T
indicates that improved physiological efficiency and
assimilate utilization enhanced both grain and bio-
mass yields (Al-Tawarah et al., 2024; Alam et al.,
2024).

Quality Parameter (Oil Content)

Oil content was significantly influenced by the com-
bined effects of conservation and organic nutrient
management. The maximum oil content recorded

under T could be ascribed to improved nutrient sup-
ply, especially of nitrogen and sulfur, which are key
elements in lipid biosynthesis. The enhanced physi-
ological activity induced by egg amino acids,
coupled with better soil moisture conservation un-
der no-tillage, supported efficient carbohydrate
translocation and lipid accumulation during the
seed-filling stage (Ahlawat et al., 2023; Bhutto et al.,
2023; Joshi et al., 2023). Similar findings were re-
ported by Meena et al. (2023) and Lv et al. (2023),
who noted that integrated organic and conservation
management systems improve seed quality through
balanced nutrition and reduced physiological stress.
These results affirm that integrating conservation
agriculture with organic nutrient sources not only
enhances growth and yield but also sustainably im-
proves mustard oil quality.

Conclusion

The study concluded that the integration of no-till-
age with egg amino acid (1 L/ha) and poultry ma-
nure (4 t/ha) (T) was the most effective practice for
enhancing mustard growth, yield, and oil quality.
This treatment consistently produced the highest
plant height, leaf number, branching, siliquae per
plant, seeds per siliqua, pod length, test weight,
grain and straw yield, as well as oil content. The
superior performance can be attributed to improved
soil structure, moisture retention, and microbial ac-
tivity under no-tillage, coupled with steady nutrient
supply and physiological stimulation from poultry
manure and egg amino acids. These factors collec-
tively enhanced vegetative growth, reproductive
efficiency, and lipid biosynthesis, resulting in higher
productivity and quality. The findings demonstrate
that T provides a sustainable and efficient approach
for mustard cultivation, optimizing both yield and
seed oil content while supporting eco-friendly nutri-
ent management.

Acknowledgement

I extend my sincere gratitude to Dr. Shiv Singh
Tomar, Professor and Dean of the Department of
Agronomy at the School of Agricultural Sciences, for
his invaluable guidance, valuable suggestions, and
constant encouragement throughout this research. I
also extend heartfelt thanks to Dr. Pradipta Ranjan
Pradhan, Department of Soil Sciences, for his in-
sightful inputs and technical support, and to Dr.



1776 Eco. Env. & Cons. 31 (4) : 2025

Amarnath Singh, Head, Department of Agronomy,
for his continuous support and facilitation during
the experimental work. Special thanks are due to
Ms. Perli Himavarsha for her timely assistance and
cooperation during various stages of the research
and data collection.

Conflict of Interest

The authors declare that there is no conflict of inter-
est among the authors regarding the publication of
this research work.

References

Abdel Rahman, M.A., Metwaly, M.M., Afifi, A.A.,
D’Antonio, P. and Scopa, A. 2022. Assessment of soil
fertility status under soil degradation rate using
geomatics in West Nile Delta. Land. 11:1256. doi:
10.3390/land11081256

Ahlawat, V., Dadarwal, R. S., Yadav, P. K. and Chaudhary,
K. 2023. Effects of longterm nutrient management
practices on physicochemical properties of soils: A
review. The Pharma Innovation Journal. 12(1): 491-496.

Alam, Md. J., Islam, M. S., Mondol, A.T.M. A. I., Naser, H.
M., Salahin, N., Alam, Md. K., Islam, Md. M., Akter,
S. and Alam, Z. 2024. Cropping system-based fertil-
izer strategies for crop productivity and soil health
under minimum tillage in grey terrace soil. Heliyon.
10: e24106.

Al-Tawarah, B., Alasasfa, M. A. and Mahadeen, A. Y. 2024.
Efficacy of compost and vermicompost on growth,
yield and nutrient content of common beans crop
(Phaseolus vulgaris L.). Journal of Ecological Engineer-
ing. 25(2): 215-226.

Anchal Singh, Narendra Singh, Aniket H. Kalhapure,
Shweta Gupta, Devrani Gupta, Rahul Verma, Rinku
Kumar, Deepak Prajapati and Shravan Kumar
Maurya, 2024. Effect of Nutrient Management on
Indian Mustard [Brassica juncea (L.)]: A Review. 36
(7): 429-438.

Bhinda, N.K., Dixit, Y.S.A.K. and Kumar, D. 2023. Effect
of sulphur, zinc and Boron on growth and yield of
irrigated Indian mustard (Brassica juncea L) in
Bundelkhand region. J. Oilseed Brassica. 14: 99-104.

Bhutto, T.A., Buriro, M., Soomro, A.A., Chachar, Q. and
Chandio, A.J. 2023. Effects of organic manure with
inorganic fertilizers on growth, yield and quality
traits of hybrid maize in summer season. Interna-
tional Journal of Biology and Biotechnology. 20(3): 509-
518.

Chatterjee, S., Hasan, M. and Chakraborty, R. 202.  An
economic impact of conservation agriculture on
small and marginal farms in West Bengal, India: an
assessment with DID method. 223-237.

Craswell, E. 2021. Ferti0lizers and nitrate pollution of sur-
face and ground water: an increasingly pervasive
global problem. SN Appl Sci. 3: 518. doi: 10.1007/
s42452-021-04521-8

DACNET, 2024. Department of Agriculture and Coopera-
tion Network. Retrieved from website: https://
eands.dacnet.nic.in/

Das, A., Layek, J., Idapuganti, R., Basavaraj, S., Lal, R.,
Rangappa, K., Yadav, G., Babu, S. and Ngachan, S.
V. 2020. Conservation tillage and residue manage-
ment improves soil properties under upland rice-
rapeseed system in subtropical Eastern Himalayas.
Land Degradation & Development. 31(14).

Dugan, I., Pereira, P., Kisic, I., Matisic, M. and Bogunovic,
I. 2024. Analyzing the influence of conservation till-
age and manure on soil parameter modulations in
croplands. Plants (Basel). 13(5): 607.

FAOSTAT, 2024. Food and Agriculture Organization Cor-
porate Statistical Database (FAOSTAT). Retrieved
from website: http://www.fao.org/statistics/en

Gangwar, S., Patidar, D., Shrivastva, P., Bhagat, C. and
Alawe, K. 2023. Effect of Integrated Nutrient Man-
agement on growth, yield and chemical properties
of soybean (Glycine max). Plant Archives. 23(1): 376-
380.

Gomez, K.A. and Gomez, A.A. 1984. Statistical Procedures
for Agricultural Research. 2nd Edition, John Wiley and
Sons, New York, 680 p.

Hassan, S. A. M., Taha, R. A., Zaied, N. S. M., Essa, E. M.
and Kh. M, A. E. 2023. Effect of vermicompost on
vegetative growth and nutrient status of acclima-
tized Grand Naine banana plants. Heliyon. 9(4):
e15179.

Joshi, M., Sahu, R. P., Jamre, P. S., Ahirwal, A., Prajapati,
R., Kochale, P., Gulaiya, S. and Sharma, A. 2023.
Effect of Different Nutrient Management Practices
on Crop Growth, Yield and Yield Attributes of Soy-
bean (Glycine max L.) under Kymore Plateau and
Satpura Hills Agro-Climatic Zone. International Jour-
nal of Environment and Climate Change. 13(11): 3852-
3858.

Jat, R.S., Singh, H.V., Choudhary, R.L., Meena, M.K. and
Rai, P.K. 2024. Conservation agriculture practices in
Indian mustard (Brassica juncea)-based cropping
systems for enhanced productivity and profitability.
Indian Journal of Agricultural Sciences. 94 (6): 678-683.

Kiboi, M. N., Ngetich, F. K., Mucheru-Muna, M. W., Diels,
J. and Mugendi, D. N. 2021. Soil nutrients and crop
yield response to conservation-effective manage-
ment practices in the sub-humid highlands agro-
ecologies of Kenya. Heliyon. 7.

Lv, L., Gao, Z., Liao, K., Zhu, Q. and Zhu, J. 2023. Impact
of conservation tillage on the distribution of soil
nutrients with depth. Soil and Tillage Research. 225:
105527.

Mastu Patela and B. Gangwar, 2023. Effect of Organic



KASIRAO ET AL 1777

Nutrient Management on Growth and Yield of
Green Gram (Vigna radiata L.,) under Semi-arid Re-
gion, olume 35(19): 514-523.

Meena, S.N., Sharma, S.K., Singh, P., Ram, A., Meena, B.P.,
Jain, D., Singh, D., Debnath, S., Yadav, S., Dhakad,
U., Verma, P., Meena, J.K. and Nandan, S. 2023a.
Tillage-based nutrient management practices for
sustaining productivity and soil health in the soy-
bean-wheat cropping system in Vertisols of the In-
dian semi-arid tropics. Frontiers in Sustainable Food
Systems. 7: 1234344.

Mondal, S., Mishra, J.S., Poonia, S.P., Kumar, R., Dubey,
R., Kumar, S., Verma, M., Rao, K. K., Ahmed, A.,
Dwivedi, S., Bhatt, B.P., Malik, R.K., Kumar, V. and
McDonald, A. 2021. Can yield, soil C and aggrega-
tion be improved under longterm conservation ag-
riculture in the eastern Indo-Gangetic plain of India?
European Journal of Soil Science. 72(4):1742-1761.

Narendra, Kumar, M., Kumar, A. and Manjeet. 2023. Ef-
fects of Organic Manures and Bio-Fertilizers on Soil
Properties, Productivity and Nutrients Uptake of
Indian Mustard. International Journal of Environment
and Climate Change. 13(9): 1246-1251.

Parihar C M, Jat S L, Singh A K, Kumar B, Rathore N S, Jat
M L and Kuri B R. 2018. Energy auditing of long-
term conservation agriculture based irrigated inten-
sive maize systems in semi-arid tropics of India.
Energy. 142: 289-302.

Pearson, D. 1976. The Chemical Analysis of Foods. Churchill
Livingstone, London.

Sharma, S., Gite, D., Misal, N. and Darvhankar, M. 2024.
Effect of integrated use of organic and inorganic

sources of nutrients on growth and yield of black
gram (Vigna mungo (L.) Hepper). Plant Science Today.
11(3): 753 -757. https://doi.org/10.14719/pst.3008

Sharma Seema, Sharma L.D., Singh Surendra, Gupta
Shweta, Singh Pratibha, 2025. Influence of Organic
Nutrients and Bioinoculants on Growth and Pro-
ductivity of Pearl Millet (Pennisetum glaucum L.)
under Semi-arid Conditions of Rajasthan. Indian
Journal of Agricultural Research. 59(3): 374-379. doi:
10.18805/IJARe.A-5933.

Shilpa, Singh, J., Pooja, Raveena, Parita and Kaur, N. 2023.
Study on Tillage, Organic and Inorganic Nutrient
Sources: A Short-term Agronomic and Economic
Analysis of Soybean (Glycine max L.) under Sub
Humid Agro-climatic Conditions. Legume Research.
10.

Thakur, S., Kumar, A., Sepehya, S. and Aanchal. 2023.
Effect of integrated nutrient management in brinjal
(Solanum melongena L.) on micronutrient uptake
and physical properties of soil. Environment Conser-
vation Journal. 24(2): 176-183.

Tiwari, R., Dwivedi, B. S., Sharma, Y. M., Thakur, R.,
Sharma, A. and Nagwanshi, A. 2023. Soil Properties
and Soybean Yield as Influenced by Long Term Fer-
tilizer and Organic Manure Application in a Vertisol
under Soybean-Wheat Cropping Sequence. Legume
Research. 5111: 1-7.

Verma, G., Dhaka, A. K., Singh, B., Prakash, R. and
Shabnam, 2023. Influence of tillage and residue-
management practices and organic nutrition on per-
formance of soybean (Glycine max) under conserva-
tion agriculture in semiarid ecology of India. Indian
Journal of Agronomy. 68(1): 48-53.


