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ABSTRACT

Aim: Nitrogen is very crucial for production of rice and recently the uses of chemical fertilizers are
increased for rice production, which are ruining our soils and environment. So, to evaluate the effect
of integrated nitrogen management practices on nutrient content and their uptake by transplanted
rice crop this study was conducted.

Study Design: Randomized block design.

Place and Duration of Study: One year field experiment at Research farm, School of Agriculture,
Abhilashi University, Chail Chowk, Mandi, (H.P.).
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Methodology: The field study was conducted with eight treatments and three replications. The
different treatments combinations were Ti (absolute control), T2 [100% RDN through Chemical
Fertilizer (CF)], T3 (75% RDN through CF + 25% N through FYM), T4(75% RDN through CF + 25%
N through poultry manure), Ts (75% RDN through CF + 25% N through vermicompost), Ts (50%
RDN through CF + 50% N through FYM), T7 (50% RDN through CF + 50% N through poultry
manure), Ts (50% RDN through CF + 50% N through vermicompost).

Results: The study of results revealed that the nitrogen, phosphorus and potassium content in
grains and straw of rice crop showed non-significant differences with the application of nitrogen
through various treatments, while the maximum contents of these nutrients were higher in treatment
T2. However, the significantly highest uptake of nitrogen, phosphorus and potassium by grains and
straw and total uptake of these nutrients by rice was noted in treatment T2 which was statistically (P
= .05) at par with treatment T4 and Ts. Whereas, the minimum content in grains and straw and
uptake of these nutrients by grains and straw along with their total uptake was found under control
treatment.

Conclusion: This study suggests that the use of integrated nitrogen management enhances the

nitrogen, phosphorus and potassium content and their uptake by rice crop.

Keywords: Rice; chemical fertilizer; poultry manure; vermicompost; nutrient content and nutrient

uptake.
1. INTRODUCTION

“Rice (Oryza sativa L.) is the most important crop
in the developing world and is the staple food of
over half the world’s population. For 40% of the
world's population, it is their primary source of
calories” [1]. “Almost 90% of the total rice is
produced and consumed in Asia. Half of the
world's population depends primarily on rice,
which is farmed in more than hundred countries”
[2]. “Rice is an excellent food and an excellent
source of carbohydrates and energy. It is a high
calorie food which contains carbohydrates,
protein, fat, cellulose and ash. In Asia, more than
two billion people are getting 60-70% of their
energy requirement from rice and its derived
products” [3-6]. “Rice is cultivated in
approximately 120 countries; China grows 214
million tons and India (about 173 million tons)”
[7]. “China was the world leader in rice
production in 2019-20, producing 146.73 million
metric tons, followed by India with 115.00 million
metric tons” [8]. “In India, rice occupies an area
of 45.77 million hectares with production of
124.37 million tons with an average productivity
of 2717 kg ha*" [9].

“Nitrogen (N) is the most essential and limiting
nutrient element required in large amounts for
rice production and provision of adequate supply
of N throughout the growing period is essential
for realizing potential vyields” [10]. Nitrogen
promotes rapid plant growth and improves grain
yield and quality through higher tillering, leaf area
development, grain formation, grain filling and
protein synthesis [11] and plays a crucial role in

enhancing the yield. “Nitrogen plays a vital role in
plant tissues and is a constituent of protein,
enzyme, hormone, vitamins, alkaloids and
chlorophyll etc. Nitrogen is highly mobile both in
the plants and soil. Within a certain range,
increased nitrogen fertilizer increase net
photosynthesis rate. Nevertheless, too much
nitrogen fertilizer causes the photosynthetic
capacity  decreases. Increasing  nitrogen
fertilization can enhance the nutritional quality
and processing quality of rice” [12].

“Nitrogenous fertilizers are one of the main
factors responsible for contributing to increase in
rice yield in India. In rice production, farmers
apply large amounts of N fertilizer to maximize
yield, but only 20-50% of N is taken up by the
crop” [13]. “The resulting loss of the applied N,
which is a mobile nutrient leads to increased
water and land pollution and greenhouse gas
(GHG) emissions” [14]. “Continuous use of
chemical fertilizers alone causes soil organic
matter degradation, soil acidity and
environmental pollution” [15]. The increasing
fertility of soil and crop productivity through use
of chemical or synthetic fertilizers has often
negatively affected biogeochemical cycles. Also,
usage of fertilizer cause leaching and run-off of
nutrients, especially nitrogen and phosphorus
results in degradation of environment. Nitrogen
(N) can be lost from the soil by leaching, de-
nitrification and volatilization. Practice like deep
placement of urea super granule (USG), soil
incorporation, use of slow release N fertilizer etc.,
that minimize N concentration in flood water can
reduce its loss through runoff.
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“Inorganic fertilizer has been shown to degrade
soil and improve production rapidly when used
during cropping, but not over a long period of
time” [16]. “The integration of organic manure
with inorganic fertilizers is essential to achieving
sustained production of rice and maintains the
soil fertility for a longer period” [17]. “Numerous
research findings suggest that using nitrogen
fertilizer in combination with organic sources can
accelerate the process of organic N
mineralization and immobilization, hence,
lowering nitrogen losses” [18]. “Manures improve
soil structure, water holding capacity of sail,
organic matter contents as well as microbial
populations. Integrated use of organics
especially vermicompost, poultry manure,
farmyard manure, green manure, neem cake and
bio-fertilizers as sources of nitrogen application
with inorganic fertilizers improve the growth, yield
and yield attributing traits in rice. Poultry manure
contains major, secondary and micro nutrients
that can support crop production and enhance
the physical and chemical properties of soil. It
improves soil retention and uptake of plant
nutrients” [19]. “Vermicompost is rich in plant
nutrients like- nitrogen, phosphorus, potassium,
calcium, vitamins, natural phyto-regulators and
micro flora in balanced form that helps in re-
establishment of the natural fertility of the soil”
[20]. “Optimal crop yields and long term soil
productivity may be maintained with the
combined application of organic manures and
inorganic fertilizers” [21]. “Integration of nutrients
from organic manures and chemical fertilizers is
necessary to maintain soil fertility, amount of
nutrients in soil, production sustainability and
good crop yield” [22].

2. MATERIALS AND METHODS

2.1 Details of the Experiment Site and
Plant Material

This research was carried out at the research
farm of the School of Agriculture, Abhilashi
University, Chail Chowk, Mandi (H.P.) during
the Kharif season of 2023. The experimental
farm is situated at 30°32’ N latitude and 74° 53’
E longitudes, with an elevation of 1391 m above
mean sea level. The soil of the experimental field
was slightly acidic in reaction, medium in organic
carbon, low in available nitrogen and medium in
available phosphorus and potassium. The pH
(5.5) of the experimental soil was slightly acidic
in reaction with an electrical conductivity of 0.011
dS m1, medium in organic carbon (0.70%), low
in available nitrogen (218.37 kg hat), medium in

available phosphorus (17.89 kg ha?l) and
potassium  (226.15 kg hal). For the
determination of the content of nitrogen,
phosphorus and potassium in grains and straw of
rice crop, the sample of grains and straw of the
rice were collected after harvest of the crop from
the each treated plots, separately.

2.2 Design of the Experiment and Cultural
Practices

The spacing for the tested variety (Hybrid paddy
super-120) was 20 x 10 cm row to row and plant
to plant. The experiment was laid out in a
randomized block design (RBD) with eight
treatments and three replications. The treatments
include:

Recommended doses of N, P and K were
applied in the form of urea, diammonium
phosphate (DAP) and muriate of potash (MOP).
Well decomposed farm yard manure, poultry
manure and vermicompost were used as organic
sources for nitrogen. Urea was the source of
nitrogen, and it was administered in three
separate doses during the transplanting, tillering
and panicle initiation stages. Equal doses of
potassium and phosphorus (50 kg ha?) were
applied to each treatment as basal application in
the form of muriate of potash and diammonium
phosphate (DAP), respectively. After harvest,
plant samples from each treatments were
gathered, cleaned and then allowed to dry in the
shade at room temperature. A mixer was used to
finely powder the samples after they had been
shade-dried and oven-dried for 24 to 48 hours at
60 + 2°C. N, P and K content as well as rice crop
uptake were examined using the finely powdered
plant samples. The modified Kjeldahl digestion
and distillation method, which was used to
estimate the amount of nitrogen in the plant
sample described by Jackson, [23]. Using the
vanadomolybdate phosphoric  yellow color
method, the phosphorus content of the plant was
ascertained, and the phosphorus content of the
plant sample was estimated as per Jackson, [23]
instructions. A flame photometer was used to
evaluate the potassium content of plants [23].
The N, P and K absorption (kg ha?) in each
treatment was calculated by multiplying the N, P
and K content (%) by the grain and straw yields
(q ha't) of transplanted rice crop at harvest.

2.3 Analysis of Data with Statistical

Method

The collected data were analyzed statistically
following the one factor analysis of variance
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List 1. List of treatments

S.N. Treatments

T1 Absolute control

T2 100% RDN (Recommended dose of nitrogen) through CF (chemical fertilizer)
Ts 75% RDN through CF + 25% N through FYM

Ta 75% RDN through CF + 25% N through poultry manure

Ts 75% RDN through CF + 25% N through vermicompost

Te 50% RDN through CF + 50% N through FYM

T7 50% RDN through CF + 50% N through poultry manure

Ts 50% RDN through CF + 50% N through vermicompost

(ANOVA) technique and the mean differences
were adjusted with operational statistics
(OPSTAT) software.

3. RESULTS AND DISCUSSION

3.1 Nitrogen Content (%) and Uptake (kg
ha?)

The nitrogen (N) content and their uptake by
grains and straw of transplanted rice is displayed
in (Table 1) and predicted in the (Fig. 1). The
study showed no significant differences of
nitrogen concentration present in the grains and
straw of the transplanted rice crop by various
nitrogen management treatments. However, the
maximum nitrogen content in grains and straw of
transplanted rice crop was noticed in treatment of
T2 (100% RDN through CF) and minimum in
treatment T (absolute control).

The application N by organic manure and
nitrogenous chemical fertilizer had a substantial
impact on the uptake of N by grains and straw as
well as the total N uptake. During the study, the
highest nitrogen uptake by grains and straw of
transplanted rice crop was recorded under
treatment T2 (100% RDN through CF), which was
statistically (P = .05) at par with treatment T4
(75% RDN through CF + 25% N through poultry
manure) and Ts (75% RDN through CF + 25% N
through vermicompost). Though, treatment Ti
(absolute control) showed the minimum amount
of N uptake by grains and straw of transplanted
rice crop. The treatment T2 also recorded the
total uptake of nitrogen and was it was on par
with treatments Tsand Ts and the minimum total
nitrogen uptake was found under treatment T1.

The nitrogen uptake by rice grains and straw
increased significantly with the combined
application of organic manure and chemical
fertilizers as compared to control. The reason for
the increased uptake of N with incremental
dosages could be that the plant absorbed the

nutrients proportionately as the amount of
accessible nutrients in  the soil solution
increased. Integrated application of nutrients
might enhance nitrogen uptake in rice by
providing a controlled release of nutrients,
ensuring sustained availability to rice crop. This
might be due to only larger fertilizer doses are
able to fill the absorption sites in the soil and
increase the nutrient status. Organic manure
nutrient release rate is usually very slow and high
depends on microbial activity. Whereas,
chemical fertilizer are highly concentrated with
less leaching and quick release of N compared to
organic manure can be attributed for higher
uptake of nitrogen in grains and straw of
transplanted rice crop. Similar results also
reported by Sahu and Chaubey [24].

3.2 Phosphorus Content (%) and Uptake
(kg hat)

Along with their uptake by grains, straw and total
uptake, the P content in grains and straw of the
transplanted rice crop is provided in (Table 2) and
illustrated in (Fig. 2). The study of data shows
that the amount of P in the grains and straw of
the transplanted rice crop did not vary
significantly (P = .05) by the application of the
various nitrogen management treatments. While,
the treatment T2= 100% RDN through CF had the
highest P content in grains and straw of
transplanted rice crop, however, the minimum P
content in grain and straw of transplanted rice
crop was reported under treatment T:1 (absolute
control).

Nitrogen application through organic and
inorganic sources had an adequate effect on the
uptake of phosphorus by grains and straw. The
study of the data shows that treatment To=
(100% RDN through CF) recorded the maximum
nitrogen uptake by grains and straw of
transplanted rice crop and it was statistically (P =
.05) on par with treatment T4 (75% RDN through
CF + 25% N through poultry manure) and Ts
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(75% RDN through CF + 25% N through
vermicompost). However, the minimum uptake of
P by grains and straw of transplanted rice crop
was recorded under treatment Ti (absolute
control). Likewise, uptake of P by grains and
straw, the total P uptake by transplanted rice
crop was highest under treatment T2, which was
statistically comparable with treatment T4 and Ts.
While, the lowest P uptake by transplanted rice
crop were found in treatment T1.

The integration of the chemical fertilizers with
organic manure noted the higher content and
uptake of phosphorus and was more effective
than control treatment in promoting phosphorus
uptake in rice crop. Nitrogen might enhance the

efficacy of phosphorus-absorbing mechanisms
and encourages root growth, which in turn helps
in uptake of phosphorus by transplanted rice
crop. Phosphorus moves to the root surface
through diffusion. However, the presence of the
organic matters in the different organic manures
increases the activity and population of the
microbes into the soil, which might increases the
absorption of phosphorus in grains and straw of
transplanted rice crop. Eventually, integrated
nitrogen application enhancing root development,
soil characteristics, nutrient interaction and
efficiency promotes rice to absorb the maximum
amount of phosphorus available. Tiwari et al. [25]
also noted the similar finding related to this
study.

Table 1. Effect of integrated nitrogen management on nitrogen content and their uptake by
grain and straw of transplanted rice crop

S.N. Treatments Nitrogen Nitrogen uptake
content (%) (kg ha™
Grain  Straw  Grain  Straw  Total
T1 Absolute control 1.31 0.40 37.74 1587 53.61
T2 100% RDN through CF (Chemical Fertilizer) 1.39 0.44 69.12 25.15 93.27
Ts 75% RDN through CF + 25% N through FYM 1.36 042 61.30 21.16 82.46
Ta 75% RDN through CF + 25% N through poultry  1.38 0.43 66.78 23.07 89.85
manure
Ts 75% RDN through CF + 25% N through 1.37 0.43 6455 2257 87.12
vermicompost
Ts 50% RDN through CF + 50% N through FYM 1.34 041 53.56 19.11 72.67
T7 50% RDN through CF + 50% N through poultry  1.36 0.42 58.18 20.39 78.57
manure
Ts 50% RDN through CF + 50% N through 1.35 0.42 5542 20.01 75.43
vermicompost
S.Em.+ 0.04 0.01 1.89 0.61 2.51
C.D. (P =.05) NS NS 5.78 1.88 7.70
100
90 m Nitrogen content (%) Grain
80
70 = Nitrogen content (%) Straw
60 -
50 - Nitrogen uptake (kg ha-1)
40 - Grain
30 +— m Nitrogen uptake (kg ha-1)
20 +— ‘ ‘ ‘ Straw
10 +— ‘ ‘ ‘ ‘ = Nitrogen uptake (kg ha-1)
0 - Total
T1 T2 T3 T4 T5 T6 T7 T8
Fig. 1. Effect of integrated nitrogen management on nitrogen content and their uptake by grain

and straw of transplanted rice crop
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Table 2. Effect of integrated nitrogen management on phosphorus content and their uptake by grain and straw of transplanted rice crop

S.N. Treatments Phosphorus content Phosphorus uptake
(%) (kg ha)
Grain Straw Grain Straw Total
T1 Absolute control 0.21 0.100 6.05 3.97 10.02
T2 100% RDN through CF (Chemical Fertilizer) 0.24 0.108 11.94 5.93 17.87
Ts 75% RDN through CF + 25% N through FYM 0.23 0.105 10.37 5.29 15.66
Ta 75% RDN through CF + 25% N through poultry manure 0.24 0.106 11.61 5.69 17.30
Ts 75% RDN through CF + 25% N through vermicompost 0.23 0.106 11.31 5.56 16.87
Te 50% RDN through CF + 50% N through FYM 0.21 0.102 8.39 4.76 13.15
T7 50% RDN through CF + 50% N through poultry manure 0.22 0.104 9.41 5.05 14.46
Ts 50% RDN through CF + 50% N through vermicompost 0.22 0.103 9.03 491 13.94
S.EEm.+ 0.01 0.003 0.28 0.16 0.49
C.D. (P =.05) NS NS 0.86 0.50 151
20
18 .
16 m Phosphorus content (%) Grain
14 m Phosphorus content (%) Straw
12
10 - Phosphorus uptake (kg ha-1)
8 - Grain
6 - m Phosphorus uptake (kg ha-1)
4 Straw
PR m Phosphorus uptake (kg ha-1)
Total
O T T T T T
T1 T2 T3 T4 T5 T6 T7 T8

Fig. 2. Effect of integrated nitrogen management on phosphorus content and their uptake by grain and straw of transplanted rice crop
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3.3 Potassium Content (%) and Uptake (kg
ha?)

The K content and their uptake by grains and
straw of transplanted rice are presented in (Table
3) and depicted in (Fig. 3).
The analysis of the data of the research trial
showed that there are no significant (P = .05)
differences of the K content in the grains and
straw of the transplanted rice crop.
However, the highest K content in grains and
straw of the transplanted rice crop was
recorded under treatment T2= 100% RDN
through CF (chemical fertilizer), whereas, the
lowest was observed to be in treatment T:
(absolute control).

The uptake of potassium (K) by transplanted rice
crop grains and straw was found to be
significantly (P = .05) impacted by integrated
nitrogen management. In this study, T2 (100%
RDN through CF) recorded the maximum K
uptake by grains and straw of transplanted rice
crop, which was statistically (P = .05) at par with
treatment T4 (75% RDN through CF + 25% N
through poultry manure) and Ts (75% RDN
through CF + 25% N through vermicompost).
While, the treatment T1 (absolute control) noticed
the lowest K uptake by grains and straw. The
total uptake of K by transplanted rice crop was
also recorded under treatment T2, which was
statistically (P = .05) on par with treatment T4 and

Ts. Even so, treatment T1 (absolute control) had
the minimum uptake of K by transplanted rice
crop during the research.

The application of organic manures and chemical
fertilizer might have changed the physical,
chemical and most importantly biological
conditions of the soil and assisted in the
transportation and absorption of nutrients from
the soil. Nitrogen fertilization encourages root
growth, which increases the surface area
available for the absorption of nutrients, which
include potassium. Rice plants with longer root
systems area able to reach more soils, resulting
in they get into interaction with more potassium
ions. Increased nitrogen can help the movement
of potassium from the roots to various areas of
the plant facilitating its uptake and effective
utilization. Adequate nitrogen and potassium
supply are necessary for enzymatic activity and
the metabolism of carbohydrates, increased
photosynthesis activity which all might result in a
higher uptake of potassium. The application of
organic and inorganic sources of nutrients in

combination remarkably improved potassium
uptake by (promoting root development,
ensuring balanced nutrient uptake and

transport and physico-chemical properties) in

grains and straw of transplanted rice
crop. Similar results related to this study
were also reported by Sharma and Singh
[26].

Table 3. Effect of integrated potassium management on potassium content and their uptake by
grain and straw of transplanted rice crop

S.N. Treatments Potassium Potassium uptake (kg
content (%) ha?)
Grain Straw  Grain Straw  Total
T1 Absolute control 0.27 1.30 7.78 51.58 59.36
T2 100% RDN through CF (Chemical Fertilizer) 0.31 1.36 15.42 74.64 90.06
Ts 75% RDN through CF + 25% N through FYM  0.29 1.34 13.07 67.50 80.57
Ta 75% RDN through CF + 25% N through 0.31 1.35 15.00 72.41 87.41
poultry manure
Ts 75% RDN through CF + 25% N through 0.30 1.34 14.14 70.32 84.46
vermicompost
Te 50% RDN through CF + 50% N through FYM  0.28 1.31 11.19  61.07 72.26
T7 50% RDN through CF + 50% N through 0.29 1.33 1241  64.56 76.97
poultry manure
Ts 50% RDN through CF + 50% N through 0.28 1.32 1149 62.90 74.39
vermicompost
S.Em.+ 0.01 0.04 0.43 2.12 2.40
C.D. (P =.05) NS NS 1.32 6.51 7.36
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100

m Potassium content (%) Grain

m Potassium content (%) Straw

Potassium uptake (kg ha-1)
Grain

m Potassium uptake (kg ha-1)
Straw

m Potassium uptake (kg ha-1)
Total

Fig. 3. Effect of integrated nitrogen management on potassium content and their uptake by
grain and straw of transplanted rice crop

4. CONCLUSION

In conclusion, this study shows that the
application of the chemical fertilizers alone or
integration of the chemical fertilizers with organic
manures, to provide the nitrogen to rice crop has
been found significant to attain the higher
nutrients content and uptake (viz.-nitrogen,
phosphorus and potassium) by rice crop. The
content of the nitrogen, phosphorus and
potassium were non-significant in grains and
straw of rice, while, found maximum under 100%
RDN by chemical fertilizers, however, uptake of
these nutrients by grains, straw and total uptake
by rice crop were also noted maximum with
100% RDN through chemical fertilizers and it
was statistically at par with alteration of 75%
RDF by chemical fertilizers with 25% poultry
manure and 25% vermicompost, respectively.
This study concluded that the alteration of the
nitrogen supply can be done through chemical
fertilizers with 25 or 50% organic manures for
higher nutrients content and their uptake by rice
crop. This is very important because the rice crop
is most important cereal crop for most of the
world’s population, which can be produced with
integration of inorganic fertilizers and organic
manure and it has significance for maintaining
the soil fertility and sustaining the environment by
less use of the chemical fertilizers for the
production of the rice crop.

DISCLAIMER (ARTIFICIAL INTELLIGENCE)

Author(s) hereby declare that NO generative Al
technologies such as Large Language Models
(ChatGPT, COPILOT, etc) and text-to-image

generators have been used during writing or
editing of manuscripts.

ACKNOWLEDGEMENT

I would like to express my deepest gratitude to
my major advisor (Dr. Jay Nath Patel) for their
guidance, support and encouragement
throughout the entire duration of this study. The
course of this research has been greatly
influenced by their knowledge and helpful
guidance. | am also like to thank member of my
research committee (Dr. Mohd Shah Alam) for
their suggestions and helpful advice. The authors
are thankful to Department of Agronomy, School
of Agriculture, Abhilashi University, Chail Chowk,
Mandi, H.P. for providing necessary laboratory
facilities.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Virdia HM, Mehta HD. Integrated Nutrient
Management in Transplanted Rice (Oryza
sativa L.). Journal of Rice Research.
2009;2(2):99-104.

2. Fukagawa NK and Ziska LH. Rice:
Importance for global nutrition. Journal of
Nutritional Science andVitaminology. 2019;
65:82-83.

3. Tomar R, Singh NB, Singh V, Kumar D.
Effect of planting method and integrated
nutrient management on growth

467



10.

11.

12.

Sethi et al.; Int. J. Environ. Clim. Change, vol. 14, no. 6, pp. 460-469, 2024, Article no.lJECC.118379

parameters, yield and economic of rice.
Journal of Pharmacognosy and
Phytochemistry. 2018;7(2):520-527.

Baria VK, Sitapara HH, Thounaojam AS,
Goswami PB. Influence of Integrated
Nitrogen ~ Management on  Growth
and Yield of Beet Root (Beta Vulgaris L.)
Var. Crimson Globe. International Journal
of Plant & Soil Science. 2023;35(24):
123-30.
Available:https://doi.org/10.9734/ijpss/2023
Iv35i244304.

Kaur, Gurvinder, Ishwar Singh RK, Behl,
and Amit Dhankar. Effect of Different
Integrated Nutrient Management
Approaches on Growth, Yield Attributes
and Yield of Wheat (Triticum Aestivum L.)
Crop: A Review. Asian Journal of Soill
Science and Plant Nutrition. 2024;10:
(1):457-68.
Available:https://doi.org/10.9734/ajsspn/20
24/v10i1252.

Rathke GW, Behrens T, Diepenbrock W.
Integrated nitrogen management strategies
to improve seed vyield, oil content and
nitrogen efficiency of winter oilseed rape
(Brassica napus L.): a review. Agriculture,
ecosystems & environment. 2006;117(2-

3):80-108.
Asenso E,Wang Z,Li J andHu
L. Puddling, direct seeding, mechanical

transplanting for rice: effects on soil
characteristics and productivity of rice;
2021.

Anonymous. (USDA) World Agricultural
Production. Foreign Agricultural Service
Circular Series WAP. 2020;1-20.
Anonymous. 4% Advance Estimates,
Agricultural  statistics at a glance,
Department of Agriculture and Farmers
Welfare Economics & Statistics Division.
Government of India Ministry of Agriculture
& Farmers Welfare; 2021.

Surekha KR, Kumar M, Nagendra N,
Sailaja T, Satyanarayana V. 4R nitrogen
management for sustained rice production
better crops. South Asia. 2016;18-19.
Reddy P, Rao BB, Surekha K, Hussain S.
Transplanted rice as influenced by different
enriched nitrogen sources - An economic
appraisal. International Journal of Current
Microbiology and Applied Sciences. 2019;
8(06):3229-3231.

Li S, Pu S, Deng F, Wang L, Hu H, Liao S,
Li W and Ren W. Influence of optimized
management on the quality of medium
hybrid rice under different ecological

13.

14.

15.

16.

17.

18.

19.

20.

21.

468

conditions. Chinese Journal of Eco-
Agriculture. 2019;27(7):1042-1052.
Chivenge P, Sharma S, Bunquin MA and

Hellin J. Improving nitrogen use efficiency

— A key for sustainable rice
productionsystems. Frontiers in
Sustainable Food Systems. 2021;5:
737412.

Zhang WF, Dou ZX, He P, Ju XT, Powlson
D and Chadwick D. New technologies
reduce greenhouse gas emissions from
nitrogenous fertilizer in China. Proceedings
of the National Academy of Sciences of the
United States of America. 2013;110:8375.
Shipra Y, Lal M, Naresh RK, Yadav RB,
Yadav A, Yadav KG, Kumar R, Sharath
Chandra M, and Rajput, P. Effect of
organic and inorganic nutrient sources on
productivity, grain quality of rice and rice
health in North Western IGP: A Review.
International Journal of Current
Microbiology and Applied Sciences. 2019;
8(12):2488-2514.

Satyanarayana V. Murthy VRK, Prasad V,
Boote KJ. Influence of integrated use of
farmyard manure and inorganic fertilizers
on yield and yield components of irrigated
lowland rice. Journal of Plant Nutrition.
2002;25(10):2081-2090.

Gill JS, Walia SS. Influence of FYM, brown
manuring and nitrogen levels on direct
seeded and transplanted rice (Oryza sativa
L.) A Review. Research Journal of
Agriculture and Environmental
Management. 2014;3(9): 417- 426.

Wang Wu L, Xiao Q, Huang Y, Liu K, Wu
Y, Li D, Duan Y and Zhang W. Long-term
manuring enhances soil gross nitrogen
mineralization and ammonium
immobilization in  subtropical area.
Agriculture, Ecosystems and Environment.
2023;348:108439.

Mohammed MA, Sekar S, Muthukrishnan
P. Prospects and Potential of Poultry
Manure. Asian Journal of Plant Sciences.
2010;9(4):172-182.

Arancon QN, Edwards CA. The utilization
of vermicompost in Horticulture and
Agriculture. In: Edwards CA, Jeyaraaj R,
Indira AJ (Eds.) Vermitechnology in
Human welfare. Rohini Achagam,
Coimbatore, Tamil Nadu, India. 2009;98-
108.

Puli M.R, Prasad PRK, Ravindra PB,
Jayalakshmi M, Burla SR. (2016). Effect of
organic and inorganic sources of nutrients
on rice crop (Oryza sativa L.).



22.

23.

24,

Sethi et al.; Int. J. Environ. Clim. Change, vol. 14, no. 6, pp. 460-469, 2024, Article no.lJECC.118379

International Journal of Bio-resource and
stress management. 2016;53:
151-159.

Shankar T, Maitra S, Sai RM, Mahapatra
R. Influence of integrated nutrient
management on growth and yield
attribution of summer rice (Oryza sativa
L.). Crop Research. 2020;55(1&2):1-5.
Jackson ML. Soil chemical analysis,
Prentice hall of India, Pvt. Ltd., New Delhi;
1973.

Sahu YK and Chaubey AK. Effect of
integrated  nutrient management on

25.

26.

nutrient content, uptake and yield of rice
crop in inceptisol. 2020;9(3):2531-2541
Tiwari H, Singh AK, Pandey SR, Tiwari A.
Effect of Integrated nutrient management
practices on nutrient content and uptake by
rice (Oryza sativa L.). Journal of
Pharmacognosy and  Phytochemistry.
2020;9(6):2131- 2134.

Sharma S and Singh J. Split application of
potassium improves yield and potassium
uptake of rice under deficient soils. Journal
of Soil and Water Conservation.
2021;20(2):213-220.

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/118379

469


https://www.sdiarticle5.com/review-history/118379

