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ABSTRACT

two-year field study was carried out during January—April and May—June of 2022 and 2023 at Uttar Chandamari village,

Nadia district, West Bengal, India to evaluate the impact of integrated nutrient management (INM) on the agronomical
and biochemical characteristics of sunflower (Helianthus annuus L.) and its residual effects on a subsequent fodder cowpea
(Vigna unguiculata L.) crop. The study comprised nine nutrient management treatments combining varying proportions of
inorganic fertilizers with organic sources, arranged in a randomized block design with three replications. Application of 100%
recommended dose of fertilizer (RDF) through inorganic fertilizers achieved the highest sunflower growth, seed yield and nutrient
uptake. However, the integrated treatment receiving 75% RDF through chemical fertilizers and 25% recommended dose of
nitrogen (RD,) through vermicompost performed comparably while enhancing soil nutrient status and seed quality attributes.
Sole organic treatments produced lower sunflower yields but significantly enhanced oil content and oleic acid composition.
Residual effects were pronounced in fodder cowpea, with the highest fodder yield and nutrient uptake observed under 100%
RD, through vermicompost in previous crop. Economically, the application of 100% RDF through inorganic fertilizers
resulted in the maximum net returns and benefit-cost ratio, closely followed by partial substitution of inorganic nitrogen with
vermicompost. The findings underscored the agronomic and environmental advantages of integrated nutrient management
strategies, recommending the combination of 75% RDF from inorganic source with 25% RD, through vermicompost as the
most balanced approach for enhancing system productivity and soil health in intensive cropping systems of Eastern India.
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1. INTRODUCTION
India’s rapidly expanding population is generating a
significant pressure on the country’s food production
systems. Simultaneous, the country possesses the world’s
largest livestock population, estimated at 536.76 million
animals (Anonymous, 2019), which substantially escalates
the demand for quality fodder alongside food. The
concurrence of population growth, climatic variability,
shrinking arable land and progressive degradation of soil
resources has resulted in declining soil fertility and nutrient
imbalances, thereby posing serious challenges to sustainable
agricultural production and ecological balance (Si et al.,
2025). Oilseed crops have garnered considerable attention
due to their rich phytochemical composition and associated
health benefits, making them indispensable components of
diversified and nutritionally secure farming systems (Laaraj
etal., 2025). Among oilseeds, sunflower (Helianthus annuus
L.) occupies a unique position due to its wide adoptability,
thermo- and photo-insensitivity and production of high-
quality edible oil with desirable fatty acid composition
(Suryavanshi et al., 2015). Its versatility and short duration
make sunflower a promising crop for inclusion in intensive
and climate-resilient cropping systems (Puttha et al., 2023).
With the increasing consumer preference for healthier
edible oils, enhancing sunflower productivity has become
imperative to bridge the demand-supply gap at both state
and national levels. Parallel to food and oilseed shortages,
India is grappling with a serious fodder deficit, estimated at
35.6% for green fodder and 10.95% for dry fodder, which
directly affects livestock productivity and farm profitability
(Kumar et al., 2023). Expansion of cereal and cash crop
cultivation has further reduced land availability for fodder
production, aggravating the problem (Bhaumik and Rajeev,
2024). In this context, integrating fodder crops within
existing cropping sequences emerges as a practical strategy
to enhance fodder availability without compromising food
production. Integrated Nutrient Management (INM) has
been emerged as a promising strategy to restore soil fertility
and stabilize agricultural productivity (Sande et al., 2024).
Soils, though finite, function as vital reservoir of essential
nutrients and their efficient management can substantially
enhance plant health, improve soil structure and ensure the
long-term sustainability of agricultural ecosystems (Bhat et
al., 2024; Lal, 2015). INM, combining the balanced use of
organic, biological and chemical nutrients sources enhances
nutrient use efficiency, improves soil organic carbon and
microbial activity, and reduces environmental degradation
in the intensive cropping system (Paramesh et al., 2023;
Wu and Ma, 2015). Furthermore, the inclusion of fast-
growing forage legumes as catch crops-planted in between
two main crop cycles-presents a viable strategy for improving
nutrient cycling, boosting soil health and enhancing overall
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system sustainability (Whittaker et al., 2023). Cultivation
of fodder cowpea following sunflower harvest in summer
can rationalize land use, enrich soil organic matter,
improve nutrient status and particularly alleviate fodder
shortages (Kumar et al., 2025). The New Alluvial Zone
(NAZ) receives adequate rainfall (average annual rainfall:
1300-1600 mm; Mandal et al., 2022) and has sufficient
irrigation facilities, which provides substantial scope for
cropping intensification through diversified, remunerative
and climate-resilient cropping systems. In Eastern India,
where a large number of farmers depend on livestock-based
livelihood (Mishra et al., 2024), a sunflower-fodder cowpea
cropping sequence offers a viable option for both food and
todder production. However, productivity of this system
remains constrained due to inadequate and imbalanced
nutrient management practices. This study, therefore, aimed
at evaluating the agronomic and biochemical responses of
sunflower under different Integrated Nutrient Management
(INM) strategies and assessing their residual effects on
growth, yield and fodder productivity of succeeding cowpea,
with the objective of improving system productivity, soil
tertility and profitability of the sunflower-fodder cowpea

system.
2. MATERIALS AND METHODS

he field experiment was conducted during January—

April and May—June of 2022 and 2023 at the farmer’s
field of Uttar Chandamari, Nadia district, West Bengal,
India, over the two consecutive cropping seasons. The
experimental site is situated in a sub-tropical and humid
climatic region at an elevation of 9.8 m above mean sea level
and is intersected by 22°57'22"N latitude and 88°20'14"E
longitude. The textural class of the experimental soil is
sandy clay loam with a composition of 56.2% sand, 20.3%
silt and 23.5% clay. The soil exhibited a slightly acidic pH
of 6.64, electrical conductivity of 0.29 ds m™ and organic
carbon content of 0.57% at the surface layer (0-30 cm).
Initial soil nutrient levels before the experiment were 203.3
kg ha'nitrogen, 18.50 kg ha! phosphorus and 176.33 kg
hapotassium. The experiment was laid out in Randomized
Block Design (RBD) with nine treatments replicated thrice.
The treatments were: T : 100% Recommended Dose of
Fertilizer (RDF) through inorganic sources (IF); T,: 75%
RDF (IF)+25% recommended dose of nitrogen (RD,)
from vermicompost; T,: 75% RDF (IF)+25%RD,; from
farmyard manure (FYM); T,: 50% RDF (IF)+50% RD,
from vermicompost; T.: 50% RDF (IF)+50% RD, from
FYM; T,: 25% RDF (IF)+75% RD, from vermicompost;
T.: 25% RDF (IF)+75% RD, from FYM; T,: 100% RD
from vermicompost; and T,: 100% RD, from FYM. The
recommended doses of fertilizer (RDF) for sunflower were

80-40-40 kg N-P-K ha. Both organic manures were
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produced at the household level. Since organic manures
were often unregulated agro-inputs, farmers frequently
struggle with purchasing substandard products from the
open market. The nutrient composition of the organic
manures applied in both years indicated that vermicompost
contained 1.53% N, 0.58% P,O. and 1.02% K O in the
first year and 1.57% N, 0.63% P,0O,and 0.99% K,O in the
second year. In comparison, farmyard manure contained
0.65% N, 0.26% P,0O, and 0.41% K,O in the first year and
0.63% N, 0.25% P,O, and 0.39% K,O in the second year.
The organic as well as phosphatic and potassic fertilizers
were incorporated before final land preparation, while
nitrogen was applied in two splits: one at sowing and another
during early vegetative stage. Fodder cowpea was grown as a
residual crop, relying solely on residual soil fertility from the
preceding sunflower crop without any external fertilizer or
manure application. Sunflower (cv. MSFH-17) was planted
manually using dibbling, with spacing of 60x30 cm? Fodder
cowpea (cv. Bundel-2) was sown in rows with a spacing
of 30x15 cm?. The net plot area for measuring crop yields
was maintained at 5.0x4.0 m?. Sunflower was harvested
manually at physiological maturity with grain yield. Since
cowpea was grown for fodder, the aerial biomass was
harvested using a single-cut method and the fresh yield was
recorded accordingly. Except for the nutrient management
component, all other agronomic management practices were
effectively implemented as per the recommended package
of practices for the respective crops. Observations on
various growth, yield and quality parameters were recorded
following standard protocols. Animal unit equivalents for
todder cowpea were calculated considering one mature cow
(454 kg) with an average daily forage consumption of 12 kg
dry matter day™ (Menendez III et al., 2023). Based on this
standard, treatment-wise animal units were determined.
System productivity was assessed in terms of sunflower grain
equivalent yield (SEY) by converting the green fodder yield
of cowpea based on prevailing market prices and expressed
in kg ha™ (Dixit et al., 2017).

SEY=(Yield of cowpeaxPrice of cowpea)/Price of sunflower

The experimental data were subjected to statistical analysis
using analysis of variance (ANOVA) under a randomized
block design (RBD). Treatment means were compared for
statistical significance using the critical difference (CD) at
a p=0.05 probability level. The pooled data from two years
were statistically analysed using the F-test following the
standard procedure.

3. RESULTS AND DISCUSSION

3.1. Growth parameters of sunflower

The growth response of sunflower to varied nutrient
management strategies (Table 1) exhibited marked
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differences across treatments, reflecting the influence of
integrated application of organic and inorganic inputs on
vegetative and physiological development. The treatment
comprising 100% recommended dose of fertilizer though
inorganic fertilizer (T) significantly outperformed all
others, registering the highest plant height (148.82 cm),
leaf area index (2.53) and crop growth rate (4.87 g m™
day) during 60—90 DAS. Notably, the treatment T, (75%
RDF+25% RD, through vermicompost) demonstrated
statistically comparable performance, indicating the
efficacy of partial substitution of inorganic N by organic
one in sustaining growth attributes. Ghosh et al. (2022)
and Mallick and Majumder (2023) similarly reported that
partial substitution of chemical fertilizers with organic
sources resulted in superior growth attributes compared
to the sole application of inorganic fertilizers. In contrast,
sole organic nutrient applications (T, and T,) exhibited
suboptimal performance across all parameters. Mahapatra
etal. (2021) and Islam et al. (2024) also reported the lowest
growth attributes of sunflower under sole organic condition.
Sluggish mineralization resulting in slow availability of
nutrients by the plants might be the root cause of such
suboptimal performance. These findings underscored the
agronomic advantage of integrated nutrient management,
particularly substituting 25% RD; through vermicompost
(T,), which optimized growth potential while enhancing
nutrient use efficiency and contributing to sustainable soil
fertility management.

3.2. Yield parameters, yield and harvest index of sunflower

The yield parameters presented in Table 1 indicated that
100% RDF though chemical fertilizer (T')) exhibited the
highest performance across all attributes, with the maximum
number of filled seeds capitulum™ and the largest capitulum
diameter. This treatment showed statistical parity with T,
(75% RDF+25% RD, from vermicompost). On the other
hand, the plot solely treated FYM had the lowest values
for these parameters. However, there was no significant
difference on the test weight of sunflower grain. Our
findings corroborated the observations of Moitra et al.
(2012), who reported improved yield attributes and higher
seed yield of summer sunflower with 25% substitution
of inorganic fertilizer through vermicompost. Based on
pooled analysis, application of 100% RDF though chemical
fertilizer consistently resulted the highest seed yield (2.10
t ha™) and exhibited statistical parity with 75% RDF from
inorganic fertilizer+25% RDN through vermicompost
(Table 1). Mim et al. (2024) and Sefaoglu et al. (2021)
also reported higher sunflower yield under the integration
of vermicompost with inorganic fertilizers. Combination
of organic manure and inorganic fertilizer showed positive
impact on yield of sunflower which have been prominently
reflected through the performance of T,. In contrast,
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Table 1: Effect of different organic and inorganic sources of fertilizers on growth, yield parameters and yield of sunflower

Treatment Growth parameters Yield parameters
Plant height  LATat90 CGR (60~ Capitulum Filled seed 1000 seed ~ Seed yield
(cm) at 90 DAS DAS 90 DAS)  diameter (cm) capitulum™  weight (g) (tha)

T, 150.78 2.53 4.87 20.43 751.86 53.94 2.10
T, 147.38 2.48 4.84 20.00 750.35 53.59 2.07
T, 139.94 2.44 4.68 18.70 678.80 52.22 1.90
T, 129.87 2.16 4.09 18.02 674.45 52.61 1.91
T, 122.99 2.07 3.46 14.77 555.65 53.28 1.72
T, 120.39 1.98 3.18 15.09 601.10 52.44 1.75
T, 109.93 1.87 3.08 12.84 446.47 52.06 1.51
T, 103.91 1.71 2.77 13.14 497.54 51.35 1.56
T, 97.00 1.58 2.53 11.61 413.06 51.18 1.34
SEmz 1.52 0.02 0.04 0.18 7.34 0.65 0.02
CD (p=0.05) 4.68 0.07 0.14 0.53 22.09 NS 0.06

T :100% RDF through inorganic fertilizer (IF); T : 75% RDF (IF)+25% RDN from vermicompost; T,: 75% RDF (IF)+25%
RDN from FYM; T,: 50% RDF (IF)+50% RDN from vermicompost; T.: 50% RDF (IF)+50% RDN from FYM; T : 25%
RDF(IF)+75% RDN from vermicompost; T.: 25% RDF(IF)+75% RDN from FYM; T: 100% RDN from vermicompost
and T,: 100% RDN from FYM; LALI: leaf area index; CGR: Crop growth rate

solely FYM treated plot recorded the lowest seed yield
(1.34 t ha''), indicating the fact that only organic source of
nitrogen was not sufficient for maximizing sunflower yield.
Significant difference amongst the treatments have not been
visualized through the computed data on harvest index.
These results emphasized the crucial role of integrated
nutrient management in optimizing sunflower yield while
reducing dependency on chemical fertilizers.

3.3. Quality parameters of sunflower seed and o1l

The figure 1 represented the influence of different nutrient
sources on sunflower seed quality, including oil content,
protein content and fatty acid composition. During both
the years of the investigation, solely vermicompost treated
treatment (T) was found to be superior in terms of oil
content (43.16% and 42.96% in respective years) and this
treatment was statistically comparable with the treatment
T,, receiving 100% RD, through FYM. The treatment T,
(75% RDF+25% RD, through vermicompost) recorded the
highest protein content 17.79% and 17.58% in respective
years, indicating the role of integrated nutrient sources in
enhancing protein synthesis in sunflower seeds. Regarding
fatty acid composition in sunflower oil, the treatment T,
(100% RD, though vermicompost) demonstrated the
highest oleic acid content, which was crucial for improving
the nutritional quality of sunflower oil. The treatment T,
(100% RDF from inorganic sources) exhibited the highest
linoleic acid content (43.7% in Year I and 42.3% in Year II),
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contributing to the polyunsaturated fatty acid profile. The
palmitic and stearic acid contents remained relatively stable
across the treatments as well as years, i.e. showing minimal
variation. These results underscored the positive impact
of organic sources, particularly vermicompost and FYM,
on enhancing sunflower oil quality and protein content,
highlighting their potential for improving both yield and
nutritional value in sunflower cultivation. Sefaoglu et al.
(2021) and Alzamel et al. (2022) also reported positive effect

of organic manure on the quality attributes of sunflower.

3.4. Freshyield and sunflower equivalent yield of residual fodder
cowpea along with its corresponding livestock support capacity

The study evaluated the residual effect of different sources
of nutrients on the productivity and livestock supported
capacity of fodder cowpea over the two consecutive years
(Table 2). Among all the treatments, the plot treated
exclusively with vermicompost in the previous season
produced the highest fresh yield, recording 50% more
than the plot previously treated with 100% RDF through
chemical fertilizer (T,). This treatment was statistically
similar to T (100% N through FYM), which yielded 21.32
tha™. The same trend was observed for sunflower equivalent
yield and animal unit (days). Organic manures like FYM
and vermicompost, when applied before sunflower sowing,
do not provide immediate nitrogen, limiting sunflower
yield. This might be due to the fact that the organic
manure released plant nutrients slowly but steadily to the
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Figure 1: Effect of different organic and inorganic sources of fertilizers on biochemical parameters of sunflower

crops in sequence resulting in its better performance in the
succeeding crops in a sequence. The nutrients present in
the manures remained in the soil as a reserve and become

Table 2: Effect of different organic and inorganic sources
of fertilizers on yield of residual fodder cowpea along with
corresponding animal unit grown in the sequence

available to the crop through mineralization thereby leading
to higher fodder yield. This result was in authentication with
the statements of Singh et al. (2011), Ebbisa et al. (2025)
and Niivedidhaa et al. (2021) reflecting significant residual
effects of vermicompost on succeeding crops. Their studies
turther indicated that vermicompost application enhances
soil physico-chemical and biological properties beyond a

Treatment Fresh yield  Sunflower eq. Animal single cropping season.

(tha) yield o}flc_(:wpea unit (days) 3.5. Nodule content and quality parameters of residual fodder
(t ha™) cowpea grown in the sequence
T 1453 045 183.25 The results presented in Table 3 demonstrated the positive
T, 16.41 0.51 251.17 impact of nutrient management on the nodule content and
T, 15.34 0.48 215.46 quality parameters of residual fodder cowpea over two years.
The treatment pervious treated with sol i t(T

T 1834 O shiwed mupeior performance s compored
T 17.78 0.55 246.58 other treatments, achieving the highest number of nodules
T, 20.59 0.64 332.63 plant™ and the maximum nodule biomass (Table 3).
T, 19.78 0.62 293.96 Moreover, the maximum protein content as well as ascorbic
T 21.85 0.68 362.92 acid content were also achieved through this treatment. The
T8 132 0.66 32401 lowest values for the above cited parameters were observed
9 : : : under the plot treated exclusively with inorganic source in
SEms+ 0.25 0.006 3.84 the preceding season (T,). Absence of any organic manure
CD (p=0.05) 0.74 0.02 11.65 in this treatment might be the probable reason behind such
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Table 3: Effect of different organic and inorganic sources of
fertilizers on nodule content and quality parameters in residual
fodder cowpea grown in the sequence

Treatment Nodules Nodule Protein Ascorbic

plant™ biomass content acid (mg

(40 (40 DAS) (%) (100 g
DAS) leaf)
T, 18.55 172.03 12.10 12.18
T, 23.77 289.23 13.49 13.44
T, 20.93 248.64  12.82 12.98
T, 27.81 347.66  14.13 13.58
T, 25.09 273.94  13.24 13.12
T, 30.10 42597 1479 15.32
T, 26.96 369.43 14.03 14.73
T, 33.10 484.98 15.32 15.90
T, 31.12 425.85 14.34 15.05
SEm=+ 0.36 5.02 0.18 0.19
CD (p=0.05) 1.08 15.22 0.54 0.56

poor performance. Khatri et al. (2025); Amaya-Gémez et
al. (2025) and Panda et al. (2012) reported that growth
attributes, nodulation and yield of cowpea increased
significantly with the application of organic manure.

3.6. NPK uptake by both the crops grown in sequence
The data presented in Table 4 represented considerable
variation in the uptake of nitrogen, phosphorus and potassium

(kg ha™) by sunflower and residual fodder cowpea under
various nutritional treatments over two years. In sunflower,

highest total uptake of N, P, and K was recorded under
treatment T, (100% RDF through inorganic fertilizers),
which was statistically at par with T, (75% RDF+25%
RDN through vermicompost), thereby establishing their
superiority over the remaining treatments. Conversely,
the worst nitrogen uptake was obtained under solely FYM
treated plot (T,). The superior performance of T, could
be ascribed to the immediate solubility and rapid nutrient
release characteristics of chemical fertilizers. However, a
little bit substitution of chemical fertilizers through organic
manure especially vermicompost (T ,) was also proved to be a
better choice. This was likely due to its dual role: sustaining
soil physico-chemical properties while ensuring a gradual
nutrient release, synergistically complemented by the high
nutrient availability of the inorganic fraction. This result
proved the findings of Mehta et al. (2024) and Mallick
and Majumdar (2023), who reported enhanced nutrient
uptake in sunflower when organic sources were integrated
with 75% of the recommended dose of fertilizers (RDF).
For the residual cowpea crop, treatment T, (100% RD,
through vermicompost applied in preceding crop) showed
the highest total N, P and K uptake (Table 4). Whereas, the
poorest assessment on NPK uptake was observed in the plot
getting fully inorganic source nutrient in former crop (T)).
These findings suggested that, the organic sources, such as
vermicompost, contributed to better long-term soil fertility,
enhancing nutrient uptake in the residual cowpea crop.

2.7. Economics

The pooled data over two consecutive years of experimental
study indicated that (Table 5) the maximum total cost of
cultivation of the system was observed under the sole organic

Table 4: Effect of different organic and inorganic sources of fertilizers on total NPK uptake by sunflower and fodder cowpea

grown in the sequence

Treatment Sunflower Fodder cowpea
Total N uptake Total P uptake  Total K uptake Total N uptake Total P uptake  Total K uptake
(kg ha'') (kg ha') (kg ha) (kg ha') (kg ha') (kg ha'')

T, 78.75 27.68 65.53 42.67 4.59 16.73
T, 78.68 26.57 64.08 65.15 7.18 24.54
T, 70.10 22.57 55.99 53.06 5.76 20.11
T, 68.35 23.35 56.42 76.98 8.81 29.14
T, 59.31 19.07 48.62 62.69 7.16 24.41
T, 61.04 19.73 48.96 94.46 11.00 35.41
T, 50.26 15.08 41.00 79.23 8.98 29.87
T, 52.41 16.37 41.37 106.81 12.37 39.12
T, 44.10 13.15 35.32 89.29 10.73 33.94
SEmz 0.77 0.24 0.62 1.13 0.13 0.41
CD 2.37 0.74 1.88 3.43 0.39 1.26
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treatment through FYM (T ), whereas, the minimum cost
of cultivation was noticed under the treatment receiving
the chemical fertilizers only (T),). The treatment superiority
with consideration to net return as well as B-C ratio was
identified under the sole chemical treatment (T,) and it was
closely followed by the treatment received 75% RDF along

with 25% N from vermicompost.

Table 5: Effect of different organic and inorganic sources of
fertilizers on economics of the cropping system

Treat- Total cost of Gross Net return  B:C
ment cultivation return R ha')  ratio
® ha") ® ha")
Tl 82162.85 175868.00 93705.15 2.14
T2 83133.50 176602.00  93468.50 2.12
T3 83677.85 163421.00 79743.15 1.95
T4 84098.64 169906.00 85807.36 2.02
T5 85187.35 156147.00  70959.65 1.83
T6 85100.29 163959.00 78858.71 1.93
T7 86733.35 145779.00  59045.65 1.68
T, 86065.43 153430.00 67364.57 1.78
T 88242.85 135959.00 47716.15 1.54

o

4. CONCLUSION
pplication of 75% RDF along with 25% RD

through vermicompost emerged as a superior option,
ensuring enhanced system yield, economic profitability
and nutritional quality, while simultaneously promoting
sustainable nutrient management compared with sole
reliance on chemical fertilization.

5. REFERENCES
Alzamel, N.M., Taha, E.M., Bakr, A.A., Loutfy, N., 2022.

Effect of organic and inorganic fertilizers on soil
properties, growth yield, and physiochemical properties
of sunflower seeds and oils. Sustainability 14(19),
12928. https://doi.org/10.3390/5u141912928.

Amaya-Gémez, C.V., Flérez-Martinez, D.H., Cayuela,
M.L., Tortosa, G., 2025. Compost and vermicompost
improve symbiotic nitrogen fixation, physiology
and yield of the Rhizobium-legume symbiosis: A
systematic review. Applied Soil Ecology 210, 106051.
https://doi.org/10.1016/j.aps0il.2025.106051.

Anonymous, 2019. Ministry of Fisheries, Animal
Husbandry and Dairying, Government of India. 20™
livestock census—2019: All India report. Available
from: https://www.pib.gov.in/PressNoteDetails.
aspx*Moduleld=3&Noteld=154532. Accessed on:20
December 2025.

07

Bhat, M.A., Mishra, A.K., Shah, S.N., Bhat, M.A., Jan,
S., Rahman, S., Jan, A.T., 2024. Soil and mineral
nutrients in plant health: A prospective study of iron
and phosphorus in the growth and development of
plants. Current Issues in Molecular Biology 46(6),
5194-5222. Doi: 10.3390/cimb46060312.

Bhaumik, S., Rajeev., 2024. Quality and productivity
improvement of fodder maize (Zea mays L.) through
the foliar application of urea with zinc. Agricultural
Science Digest, 1-7. Doi: 10.18805/ag.1D-5997.

Dixit, A.K., Kumar, S., Rai, A.K., Palsaniya, D.R,,
Choudhary, M., 2017. Nutrient management in
fodder sorghum+cowpea-chickpea cropping system
for higher system productivity and nutrient use.
Range Management and Agroforestry 38(1), 82-88.
Available from: https://publications.rmsi.in/index.
php/rma/article/view/251.

Ebbisa, A.F., Dechassa, N., Bekeko, Z., Liben, F., 2025.
Residual effect of vermicompost and preceding
groundnut on soil fertility and associated Striga density
under sorghum cropping in Eastern Ethiopia. PloS
one 20(3), e0318057. Available from: https://doi.
org/10.1371/journal.pone.0318057.

Ghosh, D., Brahmachari, K., Skalicky, M., Roy, D., Das,
A., Sarkar, S., Hossain, A., 2022. The combination
of organic and inorganic fertilizers influence the weed
growth, productivity and soil fertility of monsoon
rice. PloS one 17(1). https://doi.org/10.1371/journal.
pone.0262586.

Islam, S.S., Anik, R.B., Hasan, A.K., Karim, R., Khomphet,
T., 2024. Impacts of vermicompost and farmyard
manure as organic fertilizer with biochar amendment
on soil quality, growth and yield of sunflower. Indian
Journal of Agricultural Research 58(4), 595-601. Doi:
10.18805/IJARe.AF-848.

Khatri, D., Niraula, D., Rai, N., Poudel, B., Khatiwada,
A., Bhattarai, R., 2025. Evaluating the synergistic
effects of organic and inorganic fertilizers on the
growth and yield of cowpea (Vigna unguiculata
L.) in Nepal. Journal of Agricultural Sciences and
Engineering 7(1), 47-55. https://doi.org/10.48309/
jase.2025.501149.1065.

Kumar, D., Singh, M., Kumar, S., Meena, R.K., Kumar, R.,
Yadav, M.R., Kumar, P., 2023. Energy budgeting and
carbon footprints estimation of fodder maize varieties
sown under different nutrient management practices
in Indo-Gangetic plains of India. Agronomy 13(4),
981. https://doi.org/10.3390/agronomy13040981.

Laaraj, S., Hussain, A., Shahid, E., Bakhtawar, F., Zia,
M., Najam, A., Elfazazi, K., 2025. Nutritional,
pharmaceutical, and health benefits of sunflower seeds
(Helianthus annuus L.): a comprehensive review of food


https://doi.org/10.3390/su141912928
https://www.pib.gov.in/PressNoteDetails.aspx?ModuleId=3&NoteId=154532
https://www.pib.gov.in/PressNoteDetails.aspx?ModuleId=3&NoteId=154532
https://doi.org/10.3390/cimb46060312
https://publications.rmsi.in/index.php/rma/article/view/251
https://publications.rmsi.in/index.php/rma/article/view/251
https://doi.org/10.1371/journal.pone.0262586
https://doi.org/10.1371/journal.pone.0262586
https://doi.org/10.48309/jase.2025.501149.1065
https://doi.org/10.48309/jase.2025.501149.1065
https://doi.org/10.3390/agronomy13040981

Kunduetal., 2026

applications. Food and Humanity 5, 100641. https://
doi.org/10.1016/j.foohum.2025.100641.

Lal, R., 2015. Restoring soil quality to mitigate soil
degradation. Sustainability 7(5), 5875-5895. https://
dot.org/10.3390/su7055875.

Mahapatra, A., Gouda, B., Ramesh, K., 2021.
Productivity and profitability of summer sunflower
(Helianthus annuus L.) with integrated nutrient
management. Journal of Oilseeds Research 38(1),
106-109. DOI: 10.56739/jor.v38i1.137020.

Mallick, R., Majumder, K., 2023. Integrated nutrient
management in sunflower (Helianthus annuus
L.). Indian Journal of Agricultural Research 57(1),
47-51. Doi: 10.18805/IJARe.A-5943.

Mandal, K.G., Thakur, A.K., Mohanty, R.K., Mishra,
A., Sinha, S., Biswas, B., 2022. Policy perspectives
on agricultural water management and associated
technologies suitable for different agro-climatic zones
of West Bengal, India. Current Science 122(4), 386.
Doi: 10.18520/cs/v122/14/386-395.

Mehta, A.K., Shahi, S.K., Maurya, S.K., Patel, K.K,,
Yadav, R., Gupta, D., Sharma, P.K., 2024. Impact
of integrated nutrient management on growth
and properties of soil in sunflower (Helianthus
annuus L.). International Journal of Plant & Soil
Science 36(5), 563-569. Doi: 10.9734/1JPSS/2024/
v36154553.

Menendez I1I, H.M., Brennan, J.R., Ehlert, K.A., Parsons,
I.L., 2023. Improving dry matter intake estimates
using precision body weight on cattle grazed on
extensive rangelands. Animals 13(24), 3844. https://
doi.org/10.3390/ani13243844.

Mim, N.J., Amin, A.K.M.R.,, Roy, T.S., Mony, M.S,,
2024. Effect of different combinations of organic
and inorganic fertilizer for maximizing yield and
oil content of sunflower. Bangladesh Agronomy
Journal 27(1), 29-39. https://doi.org/10.3329/baj.
v2711.84551.

Mishra, P., Das, P., Ghosh, S.K., Dandapat, A., Dasgupta,
S., 2024. Agriculture-livestock-forestry nexus and
household income diversification: Experiences from
selected villages of West Bengal, India. Agricultural
Systems 217, 103918. https://doi.org/10.1016/j.
agsy.2024.103918.

Moitra, A., Puste, A.M., Mandal, T.K., Gunri, S.K.,
Banerjee, H., Pramanik, B.R., 2012. Yield, water
use and economics of summer sunflower (Helianthus
annuus L..) as influenced by irrigation and integrated
nutrient management. World Journal of Science and
Technology 2(7), 81-86. Available from: https://
www.researchgate.net/publication/303342570_Yield_
water_use_and_economics_of summer_sunflower
helianthus_annuus_I_as_influenced_by_irrigation_

08

and_integrated_nutrient_management.

Niivedidhaa, B.S.R., Maragatham, N., Thavaprakaash,
N., Santhy, P., Maheswari, M., 2021. Residual effect
of various types of vermicomposts on growth and
yield of green gram (Vigna radiata L.) in rice-pulses
cropping system. International Journal of Plant & Soil
Science 33(24), 466—473. https://doi.org/10.9734/
1jpss/2021/v33i2430802.

Panda, P.K., Nandi, A., Swain, P.K., Patnaik, S.K.,
Patnaik, M., 2012. Soil amendment on growth,
nodulation, yield, soil health, and economics
of cowpea. International Journal of Vegetable
Science 18(3), 284-297. https://doi.org/10.1080/19
315260.2011.642474.

Paramesh, V., Mohan Kumar, R., Rajanna, G.A.,
Gowda, S., Nath, A.J., Madival, Y., Toraskar,
S., 2023. Integrated nutrient management for
improving crop yields, soil properties, and reducing
greenhouse gas emissions. Frontiers in Sustainable
Food Systems 7, 1173258. https://doi.org/10.3389/
fsufs.2023.1173258.

Puttha, R., Venkatachalam, K., Hanpakdeesakul, S., Wongsa,
J., Parametthanuwat, T., Srean, P., Charoenphun,
N., 2023. Exploring the potential of sunflowers:
agronomy, applications, and opportunities within
bio-circular-green economy. Horticulturae 9(10),
1079. https://doi.org/10.3390/horticulturae9101079.

Sande, TJ., Tindwa, H.J., Alovisi, A.M.T., Shitindi, M.].,
Semoka, J.M., 2024. Enhancing sustainable crop
production through integrated nutrient management: a
focus on vermicompost, bio-enriched rock phosphate,
and inorganic fertilisers-a systematic review. Frontiers
in Agronomy 6, 1422876. https://doi.org/10.3389/
tagro.2024.1422876.

Sefaoglu, F., Ozturk, H., Ozturk, E., Sezek, M., Toktay,
Z., Polat, T., 2021. Effect of organic and inorganic
fertilizers or their combinations on yield and quality
components of oil seed sunflower in a semi-arid
environment. Turkish Journal of Field Crops 26(1),
88-95. DOI: 10.17557/tjfc.869335.

Si, Y., Salem, Z., AboElsoud, M.E., 2025. Linking
soil, land, and climate: strategies for sustainable
agriculture and ecosystem stability. Land Degradation
& Development, 1-14. https://doi.org/10.1002/
1dr.70294.

Singh, S.K., 2011. Effect of organic farming on productivity,
soil fertility and economics of scented rice—tomato—
bottle gourd cropping system. Oryza 48(4), 343-346.
Available from: https://arrworyza.com/AdminPanel/
download/Effect%200f%200rganic%20farming%20
on%20productivity%2C%20s0i1%20fertility%20
and%20economics%20of.pdf.


https://doi.org/10.1016/j.foohum.2025.100641
https://doi.org/10.1016/j.foohum.2025.100641
https://doi.org/10.3390/su7055875
https://doi.org/10.3390/su7055875
https://doi.org/10.56739/jor.v38i1.137020
https://doi.org/10.3390/ani13243844
https://doi.org/10.3390/ani13243844
https://www.researchgate.net/publication/303342570_Yield_water_use_and_economics_of_summer_sunflower_Helianthus_annuus_L_as_influenced_by_irrigation_and_integrated_nutrient_management
https://www.researchgate.net/publication/303342570_Yield_water_use_and_economics_of_summer_sunflower_Helianthus_annuus_L_as_influenced_by_irrigation_and_integrated_nutrient_management
https://www.researchgate.net/publication/303342570_Yield_water_use_and_economics_of_summer_sunflower_Helianthus_annuus_L_as_influenced_by_irrigation_and_integrated_nutrient_management
https://www.researchgate.net/publication/303342570_Yield_water_use_and_economics_of_summer_sunflower_Helianthus_annuus_L_as_influenced_by_irrigation_and_integrated_nutrient_management
https://www.researchgate.net/publication/303342570_Yield_water_use_and_economics_of_summer_sunflower_Helianthus_annuus_L_as_influenced_by_irrigation_and_integrated_nutrient_management
https://doi.org/10.9734/ijpss/2021/v33i2430802
https://doi.org/10.9734/ijpss/2021/v33i2430802
https://doi.org/10.3389/fsufs.2023.1173258
https://doi.org/10.3389/fsufs.2023.1173258
https://doi.org/10.3390/horticulturae9101079
https://doi.org/10.3389/fagro.2024.1422876
https://doi.org/10.3389/fagro.2024.1422876

International Journal of Bio-resource and Stress Management 2026, 17(4): 01-09

Kumar, S.T., Virdia, H.M., Patel, K.G., Chowdhury, of Agronomy 60(2), 212-216. DOI: https://doi.
M., Satya, M.S.S5.C., Mahmoud, S.F., El-Shinawy, 0rg/10.59797/ija.v60i2.4464.
D.M., 2025. Residual effect of summer legumes Whittaker, J., Nyiraneza, J., Zebarth, B.J., Jiang, Y., Burton,
incorporation on soil nutrient status and nutrient D.L.,2023. The effects of forage grasses and legumes
use efficiency of 4harif rice. Frontiers in Sustainable on subsequent potato yield, nitrogen cycling, and soil
Food Systems 9, 1535162. https://doi.org/10.3389/ properties. Field Crops Research 290, 108747. https://
foufs.2025.1535162. doi.org/10.1016/.£cr.2022.108747.

Suryavanshi, V.P., Babu, S.S., Suryawanshi, S.B., 2015. Wu, W., Ma, B, 20?5" Integrated nutr'ie'nt management
Seed yield, economics, sustainability and soil fertility (INM) for sustaining crop productivity and reducing

environmental impact: A review. Science of the
Total Environment 512-513, 415-427. https://doi.
org/10.1016/}.scitotenv.2014.12.101.

as influenced by long-term nutrient management
in soybean (Glycine max)—sunflower (Helianthus
annuus) cropping system in vertisols. Indian Journal

09


https://doi.org/10.59797/ija.v60i2.4464
https://doi.org/10.59797/ija.v60i2.4464
https://doi.org/10.1016/j.fcr.2022.108747
https://doi.org/10.1016/j.fcr.2022.108747
https://doi.org/10.1016/j.scitotenv.2014.12.101
https://doi.org/10.1016/j.scitotenv.2014.12.101

