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Abstract

An experiment was conducted during the kharif season of 2024 at the College of Agriculture (Kaul)
CCS Haryana Agricultural University, Hisar to ascertain the viablity of integrated nutrient
management through green manuring on soil fertility under direct seeded rice (DSR). The
experiment was laid out in a randomized block design with nine treatments comprising different
combinations of green manuring crops (dhaincha and mungbean) and recommended dose of
nitrogen (RDN). The treatments included T1 (control), T2 (Dhaincha), Ts (Mungbean), T4 (50% RDN
+ Dhaincha), Ts (50% RDN+ Mungbean), Ts (75% RDN), T7 (75% RDN + Dhaincha), Ts (75% RDN
+ Mungbean) and T9 (100% RDN), each replicated thrice. The treatments were evaluated for their
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effects on soill

physico-chemical properties and availability of macro and micronutrients.
Incorporation of dhaincha and mungbean significantly enhanced the availability of both macro (N,
P, K) and micronutrients (Fe, Mn, Zn, Cu) while soil bulk density, pH, organic carbon, and electrical
conductivity did not differ significantly among the treatments. A slight reduction in pH and bulk
density, along with minute appraisal in organic carbon, was observed in green manured plots. The
highest available nitrogen (139.3 kg ha™), phosphorus (27.2 kg ha™), and potassium (343.8 kg
ha™) contents were recorded in the T7treatment, which was statistically comparable with Tsand To.
Similarly, T7also recorded the highest concentrations of DTPA-extractable zinc (2.05 mg kg1), iron
(14.62 mg kg1), manganese (3.03 mg kg1), and copper (1.54 mg kg?). The results indicate that
partial substitution of inorganic nitrogen with green manure crops can effectively enhance soll
nutrient availability and improve soil fertility in direct seeded rice systems. Therefore, integration of
green manuring with reduced fertilizer application can be considered a sustainable nutrient
management strategy for maintaining soil fertility and productivity.

Keywords: Organic carbon; green manuring; direct seeded rice; integrated nutrient management.

1. Introduction

Rice (Oryza sativa L.), the world’s most important
food crop has been grown for more than 6000
years in South Asia. Furthermore, it stands out
from other common cereal grains by its unique
qualities, having the highest digestible energy
levels and net protein utilization (Xie et al., 2022).
The Asia-Pacific region produces and consumes
more than 90% of the world's rice. India ranks as
the world's second-largest producer and
consumer of rice (Mishra et al., 2017). In India, it
is grown on an area of 47.7 million hectares with
a production of 136.4 million ton (Anonymous,
2024). Productivity of the crop in India and
Haryana is 2859 kg ha! and 3749 kg hal
respectively (Anonymous, 2024b, Mangaraj et
al., 2023).

Introduction of high vyielding varieties of rice
during green revolution enhanced production and
enabled the country to become a food surplus
nation. However, the high nutrient input demand
of these varieties necessitated the application of
nutrients particularly Nitrogen, Phosphorus and
Potassium externally through synthetic fertilizers
to sustain the yield. Excessive and imbalanced
use of fertilizers along with faulty nutrient
management has led to significant reduction in
soil organic matter which has caused severe soil
health degradation. The productive potential of
soil has declined to such a level that farmers are
forced to apply ever increasing amount of
chemical fertilizers to maintain the same yield
levels. This has caused a sustainability trap
forming a chemical treadmill where higher inputs
are required just to keep productivity from
declining. The breaking of this cycle requires a
sustainable approach that not only improves soil
health but also maintains the vyield in an
environment friendly manner.

Excessive reliance on chemical fertilizers for
sustaining crop productivity has led to
deterioration of soil health, decline in soil organic
matter and imbalance in nutrient availability.
Continuous application of high fertilizer doses
without adequate organic inputs has resulted in
reduced soil fertility and environmental concerns.
Therefore, sustainable nutrient management
strategies are required to maintain soil
productivity while minimizing adverse
environmental impacts. Integrated nutrient
management (INM), which combines inorganic
fertilizers with organic sources such as green
manure crops, has been recognized as an
effective approach for improving soil fertility,
enhancing nutrient cycling and maintaining long-
term soil productivity.

Green manuring refers to the agricultural practice
of incorporating fresh, undecomposed green
plant biomass into the soil to enhance its fertility
and improve its physical, chemical, and biological
properties. This practice involves ploughing or
turning under succulent plant tissues before they
undergo decomposition, thereby enriching the
soil with organic matter and nutrients. Green
manure  (GM) crops generally produce
substantial quantities of biomass, both above
and below ground, which contributes to improved
soil structure and microbial activity.

Green manuring can be broadly categorised into
two types: in situ and ex situ. In in situ green
manuring, the green manure crop is cultivated
and subsequently incorporated directly into the
same field where it is grown. In contrast, ex situ
green manuring involves the collection of green
plant materials from external sources and their
subsequent incorporation into the soil (Mahey et
al., 2024). Both approaches aim to enhance soil
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organic matter content and promote nutrient
cycling.

The use of nitrogen-fixing leguminous crops as
green manure plays a particularly significant role
in nutrient management in rice-based cropping
systems. These legumes establish symbiotic
associations with nitrogen-fixing microorganisms,
thereby contributing a substantial proportion of
the nitrogen (N) required by rice crops.
Moreover, the incorporation of green manure
biomass enriches the soil with organic matter,
which helps maintain soil fertility, improves soll
structure, and enhances microbial activity.
Consequently, green manuring is considered an
important component of sustainable agricultural
practices, particularly in maintaining long-term
soil productivity and ecological balance (Latt et
al., 2009).

GM crops can absorb low availability nutrients by
developing a deep root system, which allows
nutrient uptake from deeper soil in addition to
providing nutrients to the soil. This can reduce
the requirement for fertilizers, especially nitrogen
fertilizers, and improve the concentration of plant
nutrients in the surface soil (Van Nordwijk et al.,
2015). In cereal-based intensive cropping
systems, incorporation of green manure biomass
to the soil aids in the buildup of organic
matter, nutrient additon and recycling,
and the enhancement of the hydro-physical
characteristics of the soil. They encourage a
quicker mineralization of nitrogen since their C:N
ratio is lower than that of cereals (Li et al., 2021).
Soil health degradation, environmental pollution,
and food security have emerged as some of the
most pressing challenges confronting modern
agriculture. With the rapid growth of the global
population, the demand for staple crops such as
rice continues to rise substantially. To meet this
increasing demand, agricultural systems have
undergone significant intensification, often relying
heavily on chemical inputs, particularly synthetic
fertilisers. Although these inputs have contributed
to increased crop productivity in the short term,
their excessive and prolonged use has resulted
in considerable deterioration of Soil
physicochemical properties. Such practices have

adversely affected soil structure, nutrient
balance, and microbial activity, ultimately
compromising long-term  soil fertility and

sustainability (Singh et al.,, 2014). Moreover,
chemical fertilizer-dependent rice production
technology resulted in severe losses of soil
organic matter, affecting nutrient flows and
consequently limiting yield. Restoring soil health

is crucial for ensuring sustainable crop
production, especially in the context of feeding
an exponentially growing global population.
Although soil fertility can be improved through
the application of chemical fertilizers and other
soil amendments, the indiscriminate and
excessive use of chemical fertilizers has led to
the degradation of soil quality. A more
sustainable and cost-effective approach involves
the integrated application of chemical fertilizers in
combination with green manuring, which can
help mitigate soil fertility issues while maintaining
productivity (Naz et al., 2023). Studies involving
INM in direct seeded rice through green
manuring are scarce and the present
investigation was carried out explore the
feasibility of partial substitution of inorganic
nitrogen with green manure crops with an
objective to attain comparable vyield obtained
from inorganic fertilizers.

2. Material and Methods

The experiment was conducted in a Randomized
Block Design (RBD) comprising nine treatments
with three replications. The treatments included
different combinations of green manuring and
recommended dose of nitrogen (RDN), namely
T1: Control (no fertilizer and no green manure),
T,: Dhaincha as green manure, T3: Mungbean as
green manure, T4: 50% RDN + Dhaincha, Ts:
50% RDN + Mungbean, Ts: 75% RDN, T7: 75%
RDN + Dhaincha, Ts: 75% RDN + Mungbean,
and Te: 100% RDN. The experiment was initiated
with the sowing of green manuring crops
Dhaincha (25 kg ha') and Moong (30 kg ha?) in
the 1st week of May, 2024 by broadcasting 45
days prior to the preparation of the main field and
their subsequent incorporation in the month of
June followed by the sowing of direct seeded rice
crop 15 days after the incorporation. Rice seeds
were sown with seed drill maintaining the row
spacing of 20 cm @ 20 kg seeds per hectare
area on June 20", 2024. The physico-chemical
characteristics of the surface soil (0—15 cm) were
analyzed prior to the initiation of the experiment
and are presented in Table 1.

Fertilizers application: For the cultivation of
direct seeded rice (DSR), recommended dose of
fertilizers was applied as per the package of
practice of CCSHAU, Hisar. The recommended
dose of fertilizers N7sPs0Kso kg ha! was supplied
using 137 kg ha?l of urea, 65 kg ha?l of
diammonium phosphate (DAP), and 50 kg ha! of
muriate of potash (MOP).
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2.1 Soil Sampling and Soil Analysis

To determine the bulk density (BD) of soil, the
Core sampler method established by Blake and
Hartge in 1986 was utilized. The bulk density
was then calculated using the appropriate
formula

Oven dry weight of soil

Bulk Density (g/cc) = x 100

Volume of soil

Table 1. Initial properties of the experimental
soil

Soil texture Clay
loam
Bulk density (Mg m) 1.34

pH 8.23

Electrical conductivity (dS m) 0.19
Organic Carbon (%) 0.651
Available N (kg ha) 117
Available P (kg hal) 23.2
Available K (kg ha'l) 318
DTPA extractable Zn (mg kg?) 1.87
DTPA extractable Fe (mg kg™) 13.46
DTPA extractable Cu (mg kg™?) 1.38
DTPA extractable Mn (mg kg™) 2.79

The pH of the soil was assessed using a 1:2 soil-
water suspension. The mixture was stirred
intermittently and the pH readings were taken by
a glass electrode pH meter after calibrating it
with three buffer solutions of pH 4.0, 7.0 and 9.5
respectively. Electrical conductivity  was
determined by Solu bridge method as described
by Richards (1954) preparing 1:2 soil: water
suspension. Soil organic carbon was estimated
by the wet digestion method (Walkley and Black,
1934). The available nitrogen in the soil sample
is determined by the alkaline permanganate
method,following the procedure described by
Subbiah and Asija (1956). The sodium
bicarbonate (NaHCOs) extraction and colorimetry
method described by Olsen et al. (1954) was
used to determine the available P content in soil
samples. Available K content in soil samples was
determined by using the method of Jackson
(1973). Diammonium penta acetic acid (DTPA)-
extractable micronutrients were determined by
following the method described by Lindsay and
Norvell (1978).

2.2 Statistical Analysis

The data were statistically analyzed using the
OPSTAT statistical software package developed
by the Department of Statistics, CCS HAU
(Sheoran et al., 1998) to perform an ANOVA test
at a significance level of p = 0.05. The

significance of the treatment means was
determined by applying Duncan’s Multiple Range
Test (DMRT) at the 5% level of significance.

3. Results
3.1 Soil pH and EC

The findings indicated that there was no
significant change in soil pH across the
treatments when compared to the control. Soil
pH ranged between 8.17 dS m- to 8.21 dS m?
(Table 2). The lowest pH (8.17) was observed in
T7 (75% RDN + Dhaincha) and Ts (75% RDN +
Mungbean) treatments while the highest (8.21)
was observed in Ti (control). There was no
significant change in soil pH across the
treatments. Soil EC ranged between 0.18 and
0.19 dS m™ across treatments (Table 2). The
control (T1), Te (75% RDN), and Te (100% RDN)
recorded the highest EC values (0.19 dS m™),
while the lowest EC (0.18 dS m™) was noted in
treatments involving green manuressuch as T2
(Dhaincha), Ts (Mungbean), T4 (50% RDN +
Dhaincha), Ts (50% RDN+ Mungbean)and Ts
(75% RDN + Mungbean).

Soil organic carbon: Statistically there was no
significant difference in organic carbon across
the treatments (Table 2). The soil organic carbon
varied from 0.65 to 0.69%. The highest soil
organic carbon (0.69%) was recorded in T7(75%
RDN + Dhaincha) treatment while the lowest
(0.65%) was recorded in T1 (control).

Available N, P, K: The data presented in Table 3
indicated a significant improvement in the
available nitrogen, phosphorus and potassium
content of soil under green manured treatments
over the control. The available N, P and K
contents after harvest ranged from 112.7 to
139.3 kg ha't, 22.4 to 27.2 kg hal, , and 313.0 to
343.8 kg ha, respectively. Compared with the
initial soil status (117, 23.2 and 318 kg ha! of N,
P and K, respectively), most of the integrated
treatments recorded a build-up in nutrient
availability, whereas the control showed a slight
decline.

The highest available nitrogen (139.3 kg ha),
phosphorus (27.2 kg ha'') and potassium content
(343.8 kg hal) were recorded under T7 (75%
RDN + Dhaincha)followed closely by To (100%
RDN) and Ts(75% RDN), which represented an
increase of about 23.6% in N, 21.8% in P and
9.8% in K over the control. The control treatment
(T1) registered the lowest nutrient availability for
all three macronutrients.
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Table 2. Effects of Integrated Nutrient Management through green manuring on physico-
chemical properties of soil

Treatments Bulk Density pH EC (dSm?) Organic

(Mg m3) (1:2) (1:2) Carbon

(%)

T1 — Control 1.341+0.011* 8.21+0.2082 0.19+0.0062 0.65+0.0122
T2 — Dhaincha 1.324+0.0022  8.18+0.199°% 0.18+0.006% 0.66+0.006%
Tz — Mungbean 1.327+0.010*  8.19+0.1932 0.18+0.000% 0.66+0.0122
T4 - 50% RDN + Dhaincha 1.323+0.0192  8.17+0.078% 0.18+0.006% 0.67+0.015%
Ts - 50% RDN+ Mungbean 1.325+0.005%  8.18+0.2032 0.18+0.000% 0.67+0.0122
Te-75% RDN 1.339+0.0252  8.19+0.161° 0.19+0.000? 0.66+0.000?
T7 -75% RDN+ Dhaincha 1.322+0.0242 8.17+0.1162 0.18+0.0002 0.69+0.0092
Ts - 75% RDN + Mungbean 1.324+0.0252  8.17+0.1672 0.18+0.003? 0.68+0.015%
To - 100% RDN 1.338+0.008  8.19+0.0472 0.194+0.006% 0.66+0.015*
CD (p =0.05) N/S N/S N/S N/S
SE(m) 0.019 0.10 0.00 0.01

The means with different Letters as superscripts are significant (P < 0.05); (*RDN- recommended dose of nitrogen)

Table 3. Effects of integrated nutrient management through green manuring on available N, P

and K in soil

Treatments Available N Available P Available K

(kg ha?) (kg ha?) (kg ha?)
T1 - Control 112.7+ 1.19 22.4+ 0.42¢ 313.0+ 0.15°
T2 - Dhaincha 126.2+ 0.719% 25.4+ 0.50°° 332.3+ 1.72%
Ts - Mungbean 122.4+ 1.93¢ 24.7+0.27¢ 326.1+ 3.54°
T4 - 50% RDN + Dhaincha 133.1+ 2.91b¢ 26.8+ 0.09%° 339.6+ 5.682
Ts - 50% RDN+ Mungbean 129.2+ 1.40° 26.3+ 0.47% 333.4+2.97%
Te-75% RDN 132.7+ 0.21°¢ 25.9+ 0.274ab¢ 340.7+ 2.652
T7 -75% RDN+ Dhaincha 139.3+ 2.712 27.2+0.212 343.8+ 2.35?
Ts - 75% RDN + Mungbean 135.6+ 0.78% 26.1+ 0.572b¢ 338.1 £6.162
To - 100% RDN 138.8+ 1.672 26.6+ 0.62% 342.9+ 1.962
CD (p=0.05) 4.9 1.3 10.8
SE(m) 1.7 0.4 4.2

The means with different Letters as superscripts are significant (P < 0.05); (*RDN- recommended dose of nitrogen)

Table 4. Effects of Integrated Nutrient Management through green manuring on DTPA-

extractable Zn, Fe, Mn and Cu in soil

Treatments Zn Fe Mn Cu
(mg kg™ (mg kg™) (mg kg™) (mg kg™
T, - Control 1.84+ 0.030° 13.34+0.089°  2.66+0.021¢ 1.3620.015¢

1.98+ 0.006°¢d
1.95+0.042¢¢
2.03+0.000%
1.99+0.030%¢
1.93+0.003¢
2.05+0.009
2.02+0.0123¢
1.96+0.026P¢

T2 - Dhaincha

Ts - Mungbean

T4 - 50% RDN + Dhaincha
Ts - 50% RDN+ Mungbean
Ts- 75% RDN

T7- 75% RDN+ Dhaincha
Ts - 75% RDN + Mungbean
To - 100% RDN

14.51+0.295%  2.88+0.009°°
14.38+0.158*  2.83+0.054°

14.57+0.006%  2.97+0.050%¢  1.52+0.000%
14.42+0.006*  2.94+0.015%°¢  1.50+0.000%
14.39+0.158%  2.85+0.050°°
14.62+0.359%  3.03+0.026%

14.49+0.172%  2.98+0.068%*
14.40+0.235%  2.87+0.047°¢

1.47+0.009¢
1.44+0.036°%¢

1.41+0.009¢%
1.54+0.018%

1.52+0.003%
1.42+0.033¢¢

CD (p < 0.05) 0.07 0.52 0.13 0.05
SE(m) 0.03 0.15 0.04 0.02

The means with different Letters as superscripts are significant (P < 0.05); (*RDN- recommended dose of nitrogen)

DTPA-Extractable Micronutrients: The data
presented in Table 4 indicated a significant
influence of different nutrient management
treatments on the availability of DTPA-

extractable zinc (zn), iron (Fe), manganese (Mn)
and copper (Cu) in soil after harvest. The
concentration of micronutrients varied from 1.84
to 2.05 mg kg for Zn, 13.34 to 14.62 mg kg™ for
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Fe, 2.66 to 3.03 mg kg for Mn, and1.36 to 1.54
mg mg kg? for Cu across the treatments. The
control treatment (T1) recorded the lowest values
of all micronutrients, indicating comparatively
poor micronutrient status in the absence of
nutrient inputs.

The highest availability of Zn (2.05 mg kg™), Fe
(14.62 mg kg™), Mn (3.03 mg kg™) and Cu (1.54
mg kg™) was observed under T7 (75% RDN +
Dhaincha), followed closely by treatments
involving combined application of green manure
with inorganic nitrogen such as Tsand Ts.

4. Discussion

Bulk density: A slight non-significant decrease
in its value was observed in the treatments
where green manures were incorporated along
with  RDN as compared to the control. The
increase in soil organic carbon, which is a
binding agent for soil particles aids in increasing
soil aggregation, may be the cause of the
decrease in bulk density (Kumar et al., 2012).
This might also be due to the addition of organic
matter from the incorporated dhaincha and
mungbean which is decomposed by
microorganisms. Green manure may improve the
soil microbial activities for organic matter
decomposition which leads to enhancement of
soil porosity and a decrease in soil bulk density
(Naz et al., 2023, Islam et al., 2019, Carter et al.,
2014 and Sultani et al., 2007).

Soil pH: The perusal of data indicated a non-
significant difference in soil pH by incorporation
of green manures. Although, incorporation of
dhaincha and mungbean had slightly lowered soil
pH compared with the control treatment. The
decrease in soil pH may be due to the production
of CO2 and organic acids during decomposition
of incorporated green manure which can supply
protons to the soil inducing a decrease in pH
(Islam et al., 2019). Kumar et al. (2012) also
reported a decrease in soil pH due to production
of organic acids during the decomposition of
organic materials. Similar results were reported
by Kumar et al. (2023) Adekiyaet al. (2019),
Meena et al. (2018), Alagappan and
Venkitaswamy (2016) and Pathak et al. (2015).

Soil EC: It was observed that the application of
green manures in combination with RDN had a
non-significant influence on the EC value of soll.
However, there was a slight decrease in soil EC
in treatments with GM incorporation as compared
to the control. These results were confirmed by

the findings of Pathak et al. (2015) and Kumar et
al. (2012).

Soil organic carbon: The data indicated a non-
significant increase in soil organic carbon due to
incorporation of green manure along with RDN
(T7 -75% RDN+ Dhaincha, Ts - 75% RDN +
Mungbean , T4 - 50% RDN + Dhaincha and Ts -
50% RDN+ Mungbean) as compared to the
control. The increase in soil organic carbon might
be due to the incorporation of green manure into
the soil which upon decomposition increased the
soil organic carbon.This might also be due to
residual effect of added organic matter and
enhanced microbial biomass carbon (Rautaray et
al.,, 2020). The increase in soil organic carbon
content with green manures has also been
reported previously by Ansari et al. (2022),
Kumar et al. (2022), Li et al. (2020), Swarup et
al. (2019) and Meena et al. (2018).

Available Nitrogen: The increase in soll
available N might be due to the direct addition of
inorganic N and through decomposition of green
manures promoting greater multiplication of soil
microbes, which could convert organically bound
N to inorganic form (Sandhya Rani et al., 2022).
Also, green manuring with dhainchafixes the
atmospheric N via root nodulation that results in
enhanced N availability in soil (Das et al., 2024).
Dhaincha and mungbean are legumes that
perform biological nitrogen fixation through
symbiotic association with Rhizobium bacteria in
their root nodules that convert atmospheric N into
ammonia. The favourable soil conditions
resulting from green manuring might have helped
the mineralization of soil N leading to its
enhanced availability (Gabhane et al., 2023).
These results are in line with findings of Ansari et
al. (2022), Meena et al. (2018), Yang et al.
(2018), Kumar & Singh (2010) and Mandal et al.
(2003).

Available Phosphorus: The increased available
P might be because organic anions compete with
phosphate ions for binding sites on soil particles
hence reducing the P fixation in soil (Kumar et
al., 2018). The organic matter present in soil
forms a protective cover on sesquioxides and
this facilitates a reduction in the phosphate fixing
capacity of soil (Kumar and Singh, 2010). This
might also be due to the enhancement of biological
phosphorus cycling due to inclusion of green
manuring crops that improves the dissolution and
bioavailability of sparingly soluble phosphates
(Sandhya Rani et al.,, 2022). The increase in
available P content with increase in N levels might
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be due to increased crop growth, which might have
led to more root exudates and ultimately solubilized
more soil P hence, resulting increased available P.
Similar results were observed by Ansari et al.
(2022), Narayan et al. (2006) and Randhawa et al.
(2005).

Available Potassium: The availability of K might
be due to addition of K to the available pool of
the soil, reducing K fixation and release of K due
to interaction of decomposed green manure
biomass with clay (Sandhya Rani et al., 2022).
Gabhane et al. (2023) also reported the
reduction in potassium fixation and its release
from non-exchangeable sites due to the
interaction of organic matter with clay surface.
Increase in available K with nitrogen application
might be due to the increase in the concentration
of NH#* ion in the soil solution which would have
replaced K from the clay complexes (Phillips et
al.,1998). This finding corroborated with Sharma
et al. (2023), Yadav et al. (2019), Singh et al.
(2002), Singh et al. (2001) and Kumar & Singh
(2010).

DTPA-extractable Zn, Fe, Mn and Cu in soil:
DTPA-extractable Zn, Fe, Mn and Cu in soil were
found significantly higher in treatments with
incorporation of dhaincha or mungbean with
application of inorganic fertilizers as compared to
control. This might be due to better physico-
chemical soil properties and higher nutrient
availability in the green manured treatments
(Yadav et al., 2020). Nayyar and Chhibba (2000)
also reported the increase in the availability of
DTPA extractable Fe and Zn due to the
incorporation of green manures into soil. Singh
and Shivay (2016) also noted that dhaincha
produced the highest dry matter (5.46-5.77 tha™),
creating a larger pool of organic residues rich in
micronutrients and its incorporation released
significant Zn, Cu, and Fe back into the soil,
elevating micronutrient availability. Moreover,
green manures on decomposition release a wide
range of organic acids which form soluble
organometallic complexes, hindering adsorption,
precipitation, and fixation by soil constituents,
thereby enhancing the solubility and availability of
micronutrients from the non-labile pools (Gruter et
al., 2017). These results are in line with findings of
Sanwal et al. (2023), Mandi et al. (2022), Duhan
and Singh (2002) and Singh et al. (1992).

5. Conclusion

The present study demonstrated that integration
of green manuring with inorganic fertilizers

significantly improved soil nutrient availability
under direct seeded rice cultivation. Incorporation
of dhaincha or mungbean along with 75%
recommended dose of nitrogen enhanced the
availability of both macro- and micronutrients
compared with sole fertilizer application and
control treatments. Among the treatments, 75%
RDN combined with dhaincha proved to be the
most effective in improving soil fertility status.
These findings suggest that partial substitution of
chemical nitrogen fertilizers with leguminous
green manure crops can serve as a sustainable
nutrient management strategy for maintaining
soil health, improving nutrient availability and
ensuring long-term productivity of direct seeded
rice systems.

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 the writing or
editing of this manuscript.

Competing Interests

Authors have declared that

interests exist.

no competing

References

Adekiya, A. O., Agbede, T. M., Aboyeji, C. M.,
Dunsin, O., & Ugbe, J. O. (2019). Green
manures and NPK fertilizer effects on soil
properties, growth, yield, mineral and
vitamin C  composition of  okra
(Abelmoschus esculentus (L.) Moench).
Journal of the Saudi Society of Agricultural
Sciences, 18(2), 218-223.
https://doi.org/10.1016/j.jssas.2017.05.005

Alagappan  Sankaramoorthy, Venkitaswamy
Rangasamy, & Mariappan Gurusamy.
(2018). Impact of Different Sources of
Organic Manures in Comparison with TRRI
Practice, RDF and INM on Growth, Yield,
Soil Microbial Populations and Enzymatic
Activities in Rice- Greengram Cropping
System under Site-Specific  Organic
Farming Situation. International Journal of
Current  Microbiology and  Applied
Sciences.

Anonymous. (2024a). IndiaStat data on
production of paddy in India (2024-2025).
https://www.indiastat.com/table/agriculture/
production-paddy-india-2020-2021-2024-
2025/1474344

383


https://doi.org/10.1016/j.jssas.2017.05.005
https://www.indiastat.com/table/agriculture/production-paddy-india-2020-2021-2024-2025/1474344
https://www.indiastat.com/table/agriculture/production-paddy-india-2020-2021-2024-2025/1474344
https://www.indiastat.com/table/agriculture/production-paddy-india-2020-2021-2024-2025/1474344

Sahil et al.; Int. J. Plant Soil Sci., vol. 38, no. 2, pp. 377-387, 2026; Article no.lJPSS.154224

Anonymous. (2024b). Selected state/season
wise area, production and productivity of
rice in India (2024-2025).
https://www.indiastat.com/table/agriculture/
selected-state-season-wise-area-
production-product/1469593

Ansari, M. A., Choudhury, B. U., Layek, J., Das,
A., Lal, R., & Mishra, V. K. (2022). Green
manuring and crop residue management;
Effect on soil organic carbon stock,
aggregation, and system productivity in the
foothills of Eastern Himalaya (India). Soil
and Tillage Research, 218, 305-318.
https://doi.org/10.1016/j.still.2022.105318

Blake, G. R., & Hartge, K. H. (1986). Bulk density
and particle density. In A. Klute (Ed.),
Methods of soil analysis: Part 1. Physical
and mineralogical methods (pp. 363-382).
American Society of Agronomy.
https://www.wiley.com/en-
us/Methods+of+Soil+Analysis%2C+Part+1
%3A+Physical+and+Mineralogical+Method
s%2C+2nd+Edition-p-9780891180883

Carter, M. S., Sorensen, P., Petersen, S. O., Ma,
X., & Ambus, P. (2014). Effects of green
manure storage and incorporation methods
on nitrogen release and N,O emissions
after soil application. Biology and Fertility
of Soils, 50, 1233-1246.
https://doi.org/10.1007/s00374-014-0936-5

Das, B., Pooniya, V., Shivay, Y. S., Zhiipao, R.
R., Biswakarma, N., Kumar, D., & Critykar,
J. (2024). Twenty-one years’ impact of
using organic amendments on the
productivity of rice—wheat rotation and soil
properties. Field Crops Research, 309,
109-118.

Duhan, B. S., & Singh, M. (2002). Effect of green
manuring and nitrogen on yield and uptake
of micronutrients by rice. Journal of the
Indian Society of Soil Science, 50(2), 178-
180.

Gabhane, V. V., Satpute, U., Jadhao, S. D.,
Patode, R. S., & Ramteke, P. (2023).
Managing soil potassium through green
manuring with Gliricidia for improving
cotton yield and quality of shrink—swell
soils of Central India. Journal of Plant

Nutrition, 46(14), 3499-3518.
https://doi.org/10.1080/01904167.2023.220
6432

Gruter, R., Costerousse, B., Bertoni, A., Mayer,
J., Thonar, C., Frossard, E., Schulin, R., &
Tandy, S. (2017). Green manure and long-
term fertilization effects on soil zinc and
cadmium availability and uptake by wheat
(Triticum aestivum L.) at different growth

stages. Science of the Total Environment,

599, 1330-1343.
https://doi.org/10.1016/j.scitotenv.2017.05.
070

Islam, M. M., Urmi, T. A., Rana, M. S., Alam, M.
S, & Haque, M. M. (2019). Green
manuring effects on crop morpho-

physiological characters, rice yield and soil
properties. Physiology and Molecular
Biology of Plants, 25, 303-312.
https://doi.org/10.1007/s12298-018-0624-2
Jackson, M. L. (1973). Soil Chemical Analysis.
Prentice Hall of India Private Limited.
Kumar, A., & Garhwal, R. S. (2022). Impact of
various organic and inorganic sources of
fertilizers on vyield, yield attributes, and
nutrient accumulation in direct-seeded
basmati rice. Indian Journal of Ecology,
49(2), 435-439.
https://doi.org/10.55362/1JE/2022/3542
Kumar, A., Garhwal, R. S., Dinesh, A., Kumar,
S., & Anu. (2023). Influence of organic and
inorganic sources of nutrients on soil
physicochemical and biological properties
under direct-seeded basmati rice. Journal
of the Indian Society of Soil Science, 71(3),
328-336. https://doi.org/10.5958/0974-
0228.2023.00040.X
Kumar, M., Chaudhary, V., Naresh, R. K,
Maurya, O. P., & Pal, S. L. (2018). Does
integrated sources of nutrients enhance
growth, vyield, quality and soil fertility of
vegetable crops. International Journal of

Current  Microbiology and  Applied
Sciences, 7(6), 125-155.
https://doi.org/10.20546/ijcmas.2018.706.0
17

Kumar, S., Dahiya, R., Kumar, P., Jhorar, B. S.,
& Phogat, V. K. (2012). Long-term effect of
organic materials and fertilizers on sail
properties in pearl millet—-wheat cropping
system. Indian Journal of Agricultural
Research, 46(2), 161-166.

Kumar, V., & Singh, A. P. (2010). Long-term
effect of green manuring and farmyard
manure on yield and soil fertility status in
rice—wheat cropping system. Journal of the
Indian Society of Soil Science, 58(4), 409—
412.
https://www.semanticscholar.org/paper/Lo
ng-term-Effect-of-Green-Manuring-and-
Farmyard-on-Kumar-
Singh/1b1884b907feb2c9dc9d15281cec25
218be6d85b

Latt, Y. K., Myint, A. K., Yamakawa, T., & Ogata,
K. (2009). The effects of green manure
(Sesbania rostrata) on the growth and yield

384


https://www.indiastat.com/table/agriculture/selected-state-season-wise-area-production-product/1469593
https://www.indiastat.com/table/agriculture/selected-state-season-wise-area-production-product/1469593
https://www.indiastat.com/table/agriculture/selected-state-season-wise-area-production-product/1469593
https://doi.org/10.1016/j.still.2022.105318
https://www.wiley.com/en-us/Methods+of+Soil+Analysis%2C+Part+1%3A+Physical+and+Mineralogical+Methods%2C+2nd+Edition-p-9780891180883
https://www.wiley.com/en-us/Methods+of+Soil+Analysis%2C+Part+1%3A+Physical+and+Mineralogical+Methods%2C+2nd+Edition-p-9780891180883
https://www.wiley.com/en-us/Methods+of+Soil+Analysis%2C+Part+1%3A+Physical+and+Mineralogical+Methods%2C+2nd+Edition-p-9780891180883
https://www.wiley.com/en-us/Methods+of+Soil+Analysis%2C+Part+1%3A+Physical+and+Mineralogical+Methods%2C+2nd+Edition-p-9780891180883
https://doi.org/10.1007/s00374-014-0936-5
https://doi.org/10.1080/01904167.2023.2206432
https://doi.org/10.1080/01904167.2023.2206432
https://doi.org/10.1016/j.scitotenv.2017.05.070
https://doi.org/10.1016/j.scitotenv.2017.05.070
https://doi.org/10.1007/s12298-018-0624-2
https://doi.org/10.55362/IJE/2022/3542
https://doi.org/10.5958/0974-0228.2023.00040.X
https://doi.org/10.5958/0974-0228.2023.00040.X
https://doi.org/10.20546/ijcmas.2018.706.017
https://doi.org/10.20546/ijcmas.2018.706.017
https://www.semanticscholar.org/paper/Long-term-Effect-of-Green-Manuring-and-Farmyard-on-Kumar-Singh/1b1884b907feb2c9dc9d15281cec25218be6d85b
https://www.semanticscholar.org/paper/Long-term-Effect-of-Green-Manuring-and-Farmyard-on-Kumar-Singh/1b1884b907feb2c9dc9d15281cec25218be6d85b
https://www.semanticscholar.org/paper/Long-term-Effect-of-Green-Manuring-and-Farmyard-on-Kumar-Singh/1b1884b907feb2c9dc9d15281cec25218be6d85b
https://www.semanticscholar.org/paper/Long-term-Effect-of-Green-Manuring-and-Farmyard-on-Kumar-Singh/1b1884b907feb2c9dc9d15281cec25218be6d85b
https://www.semanticscholar.org/paper/Long-term-Effect-of-Green-Manuring-and-Farmyard-on-Kumar-Singh/1b1884b907feb2c9dc9d15281cec25218be6d85b

Sahil et al.; Int. J. Plant Soil Sci., vol. 38, no. 2, pp. 377-387, 2026; Article no.lJPSS.154224

of rice. Journal of the Faculty of
Agriculture, Kyushu University, 54(2), 313—
319. https://doi.org/10.5109/16109

Li, S., Liu, Y., Lyu, S., Wang, S., Pan, Y., & Qin,
Y. (2021). Change in soil organic carbon
and its climate drivers over the Tibetan
Plateau in CMIP5 earth system models.
Theoretical and Applied Climatology,
145(1), 187-196.

Li, Z., Zhang, X., Xu, J., Cao, K., Wang, J., Xu,
C., & Cao, W. (2020). Green manure
incorporation with reductions in chemical
fertilizer inputs improves rice yield and soil
organic matter accumulation. Journal of
Soils and Sediments, 20, 2784-2793.
https://doi.org/10.1007/s11368-020-02622-
2

Lindsay, W. L., & Norvell, W. A. (1978).
Development of a DTPA soail test for zinc,
iron, manganese, and copper. Soil Science
Society of America Journal, 42, 421-428.
https://doi.org/10.2136/SSSAJ1978.03615
995004200030009X

Mahey, H. K., Sharma, K., Singh, A., Rampal, V.
K., & Kaushik, P. (2024). Green manuring
crop plants: Harnessing natural processes
to enhance soil health and promote
sustainable agricultural practices.
https://doi.org/10.20944/preprints202406.0
340.vl

Mandal, U. K., Singh, G., Victor, U. S., &
Sharma, K. L. (2003). Green manuring: Its
effect on soil properties and crop growth
under rice—wheat cropping system.
European Journal of Agronomy, 19(2),
225-237.  https://doi.org/10.1016/S1161-
0301(02)00106-X

Mandi, S., Shivay, Y. S., Prasanna, R., Kumar,
D., Purakayastha, T. J., Pooniya, V., &
Hussain, S. (2022). Improving
micronutrient density in basmati rice and
durum wheat through summer green
manuring and elemental sulfur fertilisation.
Crop & Pasture Science, 73(7-8), 804-816.
https://doi.org/10.1071/CP21313

Mangaraj, S., Paikaray, R. K., Garnayak, L. M.,
Behera, S. D., Patra, B., Sethi, D., & Jena,
R. (2023). Crop and soil productivity of a
rice—green gram system under integrative
nutrient management. Agronomy Journal,
115(5), 2631-2645.
https://doi.org/10.1002/agj2.21401

Meena, B. L., Fagodiya, R. K., Prajapat, K.,
Dotaniya, M. L., Kaledhonkar, M. J.,
Sharma, P. C., & Kumar, S. (2018).
Legume green manuring: An option for soil
sustainability. In Legumes for soil health

and sustainable management (pp. 387-
408). https://doi.org/10.1007/978-981-13-
0253-4_12

Mishra, A. K., Khanal, A. R., & Pede, V. O.
(2017). Is direct seeded rice a boon for
economic performance? Empirical
evidence from India. Food Policy, 73, 10—
18.
https://doi.org/10.1016/j.foodpol.2017.08.0
21

Narayan, D., & Lal, B. (2006). Effect of green
manuring on soil properties and yield of
wheat under different soil depths in Alfisols
under semi-arid conditions in central India.
Bulletin of the National Institute of Ecology,
17, 31-36. https://nieindia.org/

Nayyar, V. K., & Chhibba, 1. M. (2000). Effect of
green manuring on micronutrient
availability in rice-wheat cropping system
of northwest India. Rice—Wheat
Consortium Paper Series, 6, 68-72.

Naz, A., Rebi, A., Naz, R., Akbar, M. U., Aslam,
A., Kalsom, A., & Zhou, J. (2023). Impact
of green manuring on health of low fertility
calcareous soils. Land, 12(3), 546-553.
https://doi.org/10.3390/land12030546

Olsen, S. R., Cole, C. V., Watanabe, F. S., &
Dean, L. A. (1954). Estimation of available
phosphorus in soils by extraction with
sodium bicarbonate. U.S. Department of
Agriculture, Circular No. 939.

Pathak, D. V., Gaur, R. K., Yadav, P. K., &
Yadav, S. S. (2015). Effect of green
manuring and residue incorporation on soil
properties and seed vyield of rapeseed
mustard. International Journal of Farm
Sciences, 5(4), 70-77.

Phillips, I. R. (1998). Use of soil amendments to
reduce nitrogen, phosphorus and heavy
metal availability. Journal of Soil
Contamination, 7(2), 191-212.
https://doi.org/10.1080/1058833989133422
1

Randhawa, P. S., Condron, L. M., Di, H. J., Sinaj,
S., & McLenaghen, R. D. (2005). Effect of
green manure addition on soil organic
phosphorus mineralisation. Nutrient
Cycling in Agroecosystems, 73, 181-189.
https://doi.org/10.1007/s10705-005-0593-z

Rautaray, S. K., Pradhan, S., Mohanty, S.,
Dubey, R., Raychaudhuri, S., Mohanty, R.
K., & Ambast, S. K. (2020). Energy
efficiency, productivity and profitability of
rice farming using Sesbania as green
manure-cum-cover crop. Nutrient Cycling
in  Agroecosystems, 116, 83-101.

385


https://doi.org/10.5109/16109
https://doi.org/10.1007/s11368-020-02622-2
https://doi.org/10.1007/s11368-020-02622-2
https://doi.org/10.2136/SSSAJ1978.03615995004200030009X
https://doi.org/10.2136/SSSAJ1978.03615995004200030009X
https://doi.org/10.20944/preprints202406.0340.v1
https://doi.org/10.20944/preprints202406.0340.v1
https://doi.org/10.1016/S1161-0301(02)00106-X
https://doi.org/10.1016/S1161-0301(02)00106-X
https://doi.org/10.1071/CP21313
https://doi.org/10.1002/agj2.21401
https://doi.org/10.1007/978-981-13-0253-4_12
https://doi.org/10.1007/978-981-13-0253-4_12
https://doi.org/10.1016/j.foodpol.2017.08.021
https://doi.org/10.1016/j.foodpol.2017.08.021
https://nieindia.org/
https://doi.org/10.3390/land12030546
https://doi.org/10.1080/10588339891334221
https://doi.org/10.1080/10588339891334221
https://doi.org/10.1007/s10705-005-0593-z

Sahil et al.; Int. J. Plant Soil Sci., vol. 38, no. 2, pp. 377-387, 2026; Article no.lJPSS.154224

https://doi.org/10.1007/s10705-019-10034-
z

Richards, L. A. (1954). Diagnosis and
improvement of saline and alkali soils
(Handbook No. 60). USDA.
https://www.ars.usda.gov/ARSUserFiles/2
0360500/pdf/handbook60.pdf

Sandhya Rani, Y., Jamuna, P., Triveni, U., Patro,
T. S. S. K., & Anuradha, N. (2022). Effect
of in situ incorporation of legume green
manure crops on nutrient bioavailability,
productivity and uptake of maize. Journal

of Plant Nutrition, 45(7), 1004-1016.
https://doi.org/10.1080/01904167.2021.20
05802

Sanwal, P., Garhwal, R. S., Kumar, S., Kumar,
S., & Kumar, S. (2023). Impact of FYM and
micronutrients on nutrient content, uptake,
yield and economic attributes of direct
seeded basmati rice. Indian Journal of
Ecology, 50(2), 332-337.
https://indianecologicalsociety.com/wp-
content/themes/ecology/volume_pdfs/1681
787182.pdf

Sharma, S., Singh, P., Ali, H. M., Siddiqui, M. H.,
& Igbal, J. (2023). Tillage, green manuring
and crop residue management impacts on
crop productivity, potassium use efficiency
and potassium fractions under rice—wheat

system. Heliyon, 9(7), 1-9.
https://doi.org/10.1016/j.heliyon.2023.e178
28

Sheoran, O. P., Tonk, D. S., Kaushik, L. S.,
Hasija, R. C., & Pannu, R. S. (1998).
Statistical software package for agricultural
research workers. In D. S. Hooda & R. C.
Hasija (Eds.), Recent advances in
information theory, statistics and computer
applications (pp. 139-143). CCS HAU,
Department of Mathematics and Statistics,
Hisar.

Singh, A., & Shivay, Y. S. (2016). Effect of
summer green manuring crops and zinc
fertilizer sources on productivity, Zn uptake
and economics of basmati rice. Journal of

Plant Nutrition, 39(2), 204-218.
https://doi.org/10.1080/01904167.2015.10
14007

Singh, B., Singh, Y., Sadana, U. S., & Meelu, O.
P. (1992). Effect of green manure, wheat
straw and organic manures on DTPA
extractable Fe, Mn, Zn and Cu in a
calcareous sandy loam soil at field
capacity and under waterlogged
conditions. Journal of the Indian Society of
Soil Science, 40(1), 114-118.

https://www.ecologyandsociety.org/vol12/is
sl/art25/main.html

Singh, H., Verma, A., Ansari, M. W., & Shukla, A.
(2014). Physiological response of rice
(Oryza sativa L.) genotypes to elevated
nitrogen applied under field conditions.
Plant Signaling & Behavior, 9(7), 1-8.
https://doi.org/10.4161/psb.29015

Singh, M., Singh, V. P., & Reddy, K. S. (2001).
Effect of integrated use of fertilizer nitrogen
and farmyard manure or green manure on
transformation of N, K and S and
productivity of rice—wheat system on a
Vertisol. Journal of the Indian Society of
Soil Science, 49(3), 430-435.

Singh, S., Singh, R. N., Prasad, J., & Kumar, B.
(2002). Effect of green manuring, FYM and
biofertilizer in relation to fertilizer nitrogen
on yield and major nutrient uptake by
upland rice. Journal of the Indian Society
of Soil Science, 50(3), 313-319.

Subbiah, B. V., & Asija, G. L. (1956). A rapid
procedure for the estimation of available
nitrogen in soils. Current Science, 25, 259—
260.

Sultani, M. L., Gill, M. A., Anwar, M. M., & Athar,
M. (2007). Evaluation of soil physical
properties as influenced by various green
manuring legumes and phosphorus
fertilization under rainfed conditions.
International Journal of Environmental
Science & Technology, 4, 109-118.
https://doi.org/10.1007/BF03325968

Swarup, A., Manna, M. C., & Singh, G. B. (2019).
Impact of land use and management
practices on organic carbon dynamics in
soils of India. In Global climate change and
tropical ecosystems (pp. 261-281).
https://doi.org/10.1007/BF03325968

Van Noordwijk, M., Lawson, G., Hairiah, K., &
Wilson, J. (2015). Root distribution of trees

and crops: Competition and/or
complementarity. In Tree—crop
interactions: Agroforestry in a changing
climate pp. 221-257).
https://doi.org/10.1079/9781780645117.02
21

Walkley, A., & Black, I. A. (1934). An

examination of the Degtjareff method for
determining soil organic matter and a
proposed modification of the chromic acid
titration method. Soil Science, 37(1), 29—
38. https://doi.org/10.1097/00010694-
193401000-00003

Xie, Z., Shah, F., & Zhou, C. (2022).
Combining rice straw biochar with
leguminous cover crop as green manure

386


https://doi.org/10.1007/s10705-019-10034-z
https://doi.org/10.1007/s10705-019-10034-z
https://www.ars.usda.gov/ARSUserFiles/20360500/pdf/handbook60.pdf
https://www.ars.usda.gov/ARSUserFiles/20360500/pdf/handbook60.pdf
https://doi.org/10.1080/01904167.2021.2005802
https://doi.org/10.1080/01904167.2021.2005802
https://indianecologicalsociety.com/wp-content/themes/ecology/volume_pdfs/1681787182.pdf
https://indianecologicalsociety.com/wp-content/themes/ecology/volume_pdfs/1681787182.pdf
https://indianecologicalsociety.com/wp-content/themes/ecology/volume_pdfs/1681787182.pdf
https://doi.org/10.1016/j.heliyon.2023.e17828
https://doi.org/10.1016/j.heliyon.2023.e17828
https://doi.org/10.1080/01904167.2015.1014007
https://doi.org/10.1080/01904167.2015.1014007
https://www.ecologyandsociety.org/vol12/iss1/art25/main.html
https://www.ecologyandsociety.org/vol12/iss1/art25/main.html
https://doi.org/10.4161/psb.29015
https://doi.org/10.1007/BF03325968
https://doi.org/10.1007/BF03325968
https://doi.org/10.1079/9781780645117.0221
https://doi.org/10.1079/9781780645117.0221
https://doi.org/10.1097/00010694-193401000-00003
https://doi.org/10.1097/00010694-193401000-00003

Sahil et al.; Int. J. Plant Soil Sci., vol. 38, no. 2, pp. 377-387, 2026; Article no.lJPSS.154224

and mineral fertilizer enhances soil Yadav, D., Shivay, Y. S., Singh, Y. V., Sharma,

microbial biomass and rice yield in South V. K., & Bhatia, A. (2020). Enhancing
China. Frontiers in Plant Science, 13, 738— nutrient translocation, yields and water
778. productivity of wheat under rice—wheat
https://doi.org/10.3389/fpls.2022.778738 cropping system through zinc nutrition and
Yadav, D., Shivay, Y. S., Singh, Y. V., Sharma, residual effect of green manuring. Journal
V. K., & Bhatia, A. (2019). Water use and of Plant Nutrition, 43(19), 2845-2856.
soil fertility under rice—wheat cropping https://doi.org/10.1080/01904167.2020.179
system in response to green manuring and 8020
zinc nutrition. Communications in Soil Yang, L., Bai, J., Liu, J., Zeng, N., & Cao, W.
Science and Plant Analysis, 50(22), 2836— (2018). Green manuring effect on changes
2847. of soil nitrogen fractions, maize growth,
https://doi.org/10.1080/00103624.2019.168 and nutrient uptake. Agronomy, 8(11), 261.
6516 https://doi.org/10.3390/agronomy8110261

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of the publisher and/or the editor(s). This publisher and/or the editor(s) disclaim responsibility for
any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.

© Copyright (2026): 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://pr.sdiarticle5.com/review-history/154224

387


https://doi.org/10.3389/fpls.2022.778738
https://doi.org/10.1080/00103624.2019.1686516
https://doi.org/10.1080/00103624.2019.1686516
https://doi.org/10.1080/01904167.2020.1798020
https://doi.org/10.1080/01904167.2020.1798020
https://doi.org/10.3390/agronomy8110261
https://pr.sdiarticle5.com/review-history/154224

