& frontiers

@ Check for updates

OPEN ACCESS

EDITED BY
Mohamed Ait-El-Mokhtar,
University of Hassan Il Casablanca, Morocco

REVIEWED BY
Vesna Vasic,

Educons University, Serbia
Yuchuan Fan,

University of Florida, United States

*CORRESPONDENCE
T. Sunil Kumar
suniltammi7082@gmail.com
Manojit Chowdhury
manojitchowdhuryl3@gmail.com
Ali Salem
salem.ali@mik.pte.hu

RECEIVED 22 July 2024
ACCEPTED 04 October 2024
PUBLISHED 23 October 2024

CITATION

Sunil Kumar T, Virdia HM, Patel KG, Ragi S,
Chowdhury M, Kumar P, Elbagory M, Omara
A-D, Salem A, Elbeltagi A and

El-Shinawy DM (2024) Effect of summer
legume residue incorporation and fertilizer
regimes on rice growth, yield, and nutrient
uptake.

Front. Sustain. Food Syst. 8:1467201.

doi: 10.3389/fsufs.2024.1467201

COPYRIGHT

© 2024 Sunil Kumar, Virdia, Patel, Ragi,
Chowdhury, Kumar, Elbagory, Omara, Salem,
Elbeltagi and El-Shinawy. This is an
open-access article distributed under the
terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or reproduction
is permitted which does not comply with
these terms.

Frontiers in Sustainable Food Systems

Frontiers in Sustainable Food Systems

TYPE Original Research
PUBLISHED 23 October 2024
pol 10.3389/fsufs.2024.1467201

Effect of summer legume residue
incorporation and fertilizer
regimes on rice growth, yield, and
nutrient uptake

T. Sunil Kumar'*, H. M. Virdia’, K. G. Patel? Shridhar Ragi?,
Manojit Chowdhury***, Pradeep Kumar*, Mohssen Elbagory®,
Alaa El-Dein Omara’, Ali Salem?®°*, Ahmed Elbeltagi'® and
Doaa M. El-Shinawy!!

!Department of Agronomy, N. M. College of Agriculture, Navsari Agricultural University, Navsari, India,
2Department of Soil Science and Agricultural Chemistry, N. M. College of Agriculture, Navsari
Agricultural University, Navsari, India, *Division of Genetics and Plant Breeding, ICAR-Indian
Agricultural Research Institute, New Delhi, India, “Division of Agricultural Engineering, ICAR-Indian
Agricultural Research Institute, New Delhi, India, *Krishi Vigyan Kendra, ICAR-Central Institute of
Agricultural Engineering, Bhopal, India, *Department of Biology, Faculty of Science and Arts, King
Khalid University, Abha, Saudi Arabia, “Soil Microbiology Research Department, Soils, Water, and
Environment Research Institute (SWERI), Agriculture Research Center (ARC), Giza, Egypt, 8Civil
Engineering Department, Faculty of Engineering, Minia University, Minya, Egypt, °Structural
Diagnostics and Analysis Research Group, Faculty of Engineering and Information Technology,
University of Pécs, Pécs, Hungary, *°Agricultural Engineering Department, Faculty of Agriculture,
Mansoura University, Mansoura, Egypt, “*Environmental Science Department, Faculty of Science,
Damietta University, Damietta, Egypt

In a field trial at the College Farm, NAU, Navsari (Gujarat), evaluated four main plot
treatments (T1: Green gram, T2: Cowpea, T3: Dhaincha, and T4: Fallow), which
were grown during the summer with three replications following a randomized
block design (RCBD). Green gram and cowpea were incorporated into the soil
after harvest, but dhaincha was incorporated at 50% flowering. During Kharif, each
main plot was split into six smaller plots with different treatments: W1 was 100%
RDF, W2 was 75% RDF, W3 was 50% RDF, W4 was 75% RDF +25% N from FYM,
W5 was 50% RDF +50% N from FYM, and W6 was no fertilizer. The results of all
24 treatment combinations were repeated three times in a split-plot design. The
analysis showed significant growth, yield attributes, grain yield, and straw yield
of rice in dhaincha-incorporated plots (T3), fb greengram (T1), and cowpea (T2)
plots using 100% RDF, while fallow (T4) with no fertilizer application recorded
significantly lower values. SPAD meter readings of rice were higher in W4 (75%
RDF +25% N from FYM), which was at par with W1 in dhaincha-incorporated
plots (75% RDF +25% N from FYM) (W4). However, applying no fertilizer (W6)
resulted in lower values. The total uptake of nitrogen and phosphorus in rice
was highest when it was grown in dhaincha incorporated (T3), followed by green
gram (T1), cowpea (T2) incorporated plots with the usage of 100% RDF (W1) and
75% RDF +25% N from FYM (W4), and lower values were recorded in fallow + no
fertilizer treatment (T4W6). Our study revealed that incorporating summer legumes
before planting rice significantly increased plant height, tillers, grain and straw
yield, and total uptake. With dhaincha, inclusion has shown a greater advantage.
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1 Introduction

Rice (Oryza sativa L.) is a fundamental dietary staple for over half
of the global populus (Irshad et al., 2022; Yang et al., 2021). Given the
current global population of 7.3 billion, projections indicate an
increase to 8.5 and 9.7 billion between 2030 and 2050, respectively,
with a stabilization at 11.2 billion by the end of the 21st century
(UNDESA, 2015; Shen et al., 2024). This demographic shift necessitates
a substantial increase in food grain production often at the expense of
already scarce land and water resources (Xiao et al., 2024). Achieving
this heightened demand for food and nutrition for an additional 3-4
billion people may require a doubling of energy and fertilizer usage
within intensive agricultural practices (Sulieman and Tran, 2015;
Huang et al., 2019; Wang et al., 2020). Unlike conventional green
manures, grain legumes offer protein-rich seeds that augment income
and combat protein deficiency while simultaneously reducing the need
for mineral nitrogen in rice-based cropping systems (Radhakumari
and Srinivasulureddy, 2010). Cropping systems integrate legumes to
improve soil fertility, supply animal feed, and act as a direct source of
human food (Meena et al., 2015). Mathematical modeling studies have
indicated that legume based crop rotations can deliver environmental
and economic benefits (Reckling et al., 2016). Depending on the crop’s
age, nitrogen available in the soil, cropping strategy, and crop species,
legumes can supply up to 73% of the nitrogen needed by cereals
(Thilakarathna et al., 2016; Reilly et al., 2022). In order to achieve long-
term release, intercropping intermediate wheatgrass (IWG) with
perennial legumes can decrease nitrogen inhibition and improve the
soil’s total nitrogen pool while avoiding issues associated with fertilizer
use (Ashworth et al,, 2015). The legume-cereal intercropping system
can also improve soil carbon retention and nitrogen usage efficiency,
which can lower nitrate leaching and have a positive impact on the
environment. Modern agriculture faces two pressing sustainability
challenges: soil degradation and the depletion of organic matter.
Furthermore, the decreasing productivity of many tropical soils
prevents crops from reaching their full genetic potential (Zhang et al.,
2023; Qiuetal,, 2023; Ban et al., 2024). In this context, the importance
of organic manure is resurging. However, the substantial quantities of
organic materials required to meet crop nutrient demands may pose
financial challenges for small or low-income farmers. As an alternative
approach, farmers can utilize crop residues from previous harvests to
address soil fertility issues and it can be favorable practice (Dai et al.,
2023). For instance, India generates substantial amounts of crop
residues annually, totaling 500 million metric tons, albeit with
considerable regional variation (Anonymous, 2016). Effective crop
residue management can promote increased microbial populations,
their activities, and subsequent nutrient transformations, in addition
to modifying the soil environment (Singh et al., 2005). Nawaz et al.
(2019) found incorporation of crop residues strengthens the soil, helps
in nutrient recycling and improves the soil health by increasing the soil
organic matter. Improved crop residue management enhances soil
nutrient availability, minimizes erosion, enhances soil structure, and
augments soil water retention capacity through elevated soil organic
matter content, thereby directly elevating crop yields (Singh et al.,
2005). Singh et al. (2018) reported that incorporating crop residues
into the soil led to increased 1,000 grain weight, grain yield, straw
yield, harvest index, and benefit-cost ratio in subsequent rice crop.
Similarly, Reshma et al. (2019) found that residual effects from
summer-grown fodder cowpea enhanced the yield of the succeeding
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rice crop. Efficient resource utilization, which includes water, fertilizers,
and other reserves within a cropping system, depends on effective crop
residue management. Given the escalating demand for fertilizers to
meet nutrient requirements, it is advisable to concurrently apply
chemical and organic fertilizers to fulfill rice’s nutritional needs while
preserving soil health (Amgain et al, 2022a) and optimizing
production. To find out if legumes can help increase rice production
and to learn more about the role of crop residues in systems that use
legumes to grow cereals, we oversaw a test to see how addition of
summer legume residues into the soil and applying specific fertilizer
regimes will improve rice growth, increase yield, and enhance nutrient
uptake compared to using only synthetic fertilizers or no residue
incorporation in Kharif rice.

2 Materials and methods
2.1 Conduct of experiment

During the summer and kharif seasons of 2021 and 2022, a field
trial was superintended at the College Farm, NAU, Navsari (Gujarat),
where the soil of the investigated field exhibited a clayey texture,
moderate organic carbon content, low readily available nitrogen,
moderate P,0s, and high readily available K,O. The soil reaction was
slightly alkaline. The experiment comprised four main plot treatments:
T1 (Green gram), T2 (Cowpea), T3 (Dhaincha), and T4 (Fallow),
which were drilled in the summer season and replicated threefold in
a randomized block design. Green gram (T1) and cowpea (T2)
leftovers from summer legume crops were added to the plots after
harvest, while dhaincha (T3) was added to the soil of the respective
plot when it had flowered 50%. A main plot in the kharif season was
divided into six sub-plot treatments representing disparate levels of
the specified fertilizer dose for kharif rice: W1 (100% RDF: 100N + 30
P,05+00 K,O kg/ha), W2 (75% RDF), W3 (50% RDF), W4 (75%
RDF+25% N from FYM), W5 (50% RDF +50% N from FYM), and
W6 (no fertilizer application). This resulted in 24 treatment
composites replicated threefold in a split-plot design to determine
whether they had an whether they had an impact on the rice crop or
not. The meteorological and soil conditions observed during the
experiment, as well as the requirements for rice production, were
identical. The crop is also free from major pests and diseases during
the crop growth period, and the variety chosen was GNR-3. Regular
biometric observations were conducted at specified intervals by
randomly selecting five plants from each treatment. At maturity, the
crop was harvested, and growth parameters along with yield traits
were inscribed in the net plots.

2.2 Source of fertilizers used in the study

The source of nitrogen (N) is urea. A single superphosphate is the
source of phosphorus. Potassium was not applied because the
recommended dose for this region is zero. The farmyard manure
(FYM) employed in this experiment was a combination of cattle FYM,
cattle urine, and an assortment of other organic materials used as
livestock bedding, as well as straw and plant stalk residue provided to
the animals. The recovered FYM was allowed to decay entirely for 5
months. It was then applied to the targeted plots via broadcasting
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15days before transplanting. The chemical makeup of the FYM
utilized in the experiment is shown in Table 1. Table 2 shows the
nutrient status after harvest of summer legumes (just at the time of
incorporation) and before sowing kharif rice.

2.3 Phenotypic observations

2.3.1 Plant height

For each of the five labeled hills, the plant height (cm) was
determined in centimeters from the base to the tip of the topmost fully
opened leaf at harvest. The results were averaged per hill and expressed
in centimeters.

2.3.2 Plant dry matter

Five successive plants were sampled, and to attain a consistent
weight, these samples were first dried in the shade and then dried in
a hot-air oven at 65°C for 24h. In each treatment, the mean dry
matter/hill was calculated by adding the recorded sample dry weights
(g/plant).

2.3.3 SPAD meters readings (chlorophyll content)

The IRRI in the Philippines developed SPAD (the Soil Plant
Analysis Development Chlorophyll Meter), a plant analysis method
and diagnostic tool for measuring rice crop nitrogen status. SPAD
readings were taken at 30, 60, and 90 days after transplantation (DAT),
and at harvest, SPAD from the first completely developed leaf at the
top of the plant was determined by inserting the central region of the
leaf into the slit of the SPAD meter.

2.3.4 Productive tillers

The sum of tillers was assessed within the net plot area using a
1 m® quadrat at harvest, expressed as tillers per square meter.
Additionally, we enumerated, aggregated, and averaged the
ear-bearing tiller density (productive tillers) from all five designated
hills to determine the mean number of productive tillers per hill.

2.3.5Yield

Harvesting rice began shortly after physiological maturity. The
grain was manually threshed, cleaned, and sun-dried to a consistent
weight before the ultimate yield was recorded. The yields of grain and
straw from the designated hills were included in the net plot yield and
reported in kg/ha.

2.4 Chemical analysis

Rice plant samples were collected during harvest from every plot
and crushed in a Willey mill so that they could pass through a
40-mesh screen. To estimate P, plant materials were digested in a

TABLE 1 Chemical makeup of FYM (dry weight basis).

Sr.no. Organics Year Nutrient content (%)
PZOS

‘ 1 ‘ FYM 2021 043 032 0.41 ‘

‘ ‘ 2022 0.46 0.36 0.47 ‘
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diacid HNO3:HCLO4 (9:4) mixture (Jackson, 1973). The ground
material was collected in butter paper bags, and Jackson’s standard
procedures were utilized to estimate the nitrogen content using
Modified Kjeldahl's method and the phosphorus content for grain and
straw using the Vanadomolybdo phosphoric acid yellow color method
(1973). Total nutrient intake is determined by adding the amounts of
nitrogen and phosphorus absorbed from grain and straw, expressed
in kg/ha.

The nutrient (NPK) uptake of rice (kg/ha) was worked out by
using the following formula:

Nutrient content

k of grain (% kg /
Nutrient uptake by grain (_g) = & x grain yield ( & j
ha 100 ha
Nutrient content
k of straw (% kg /
Nutrient uptake by straw (—gj = & x straw yield ( & )
ha 100 ha

2.5 Statistical analysis

A statistical analysis was performed on the findings related to
growth, yield, and yield components at harvest. Utilizing the statistical
techniques outlined by Panse and Sukhatme (1967), the data on
various factors were evaluated. The “F” test was used to compare how
each treatment affected each of the characters under investigation. If
disparateness between treatments was determined to be significant in
the “F” test, the critical difference (CD) at 5% was calculated;
otherwise, only the standard error of the mean was studied. The “F”
statistic is then compared to a critical value from the F-distribution
table, based on the degrees of freedom and the desired level of
significance (e.g., 0.05). If the “F” value is greater than the critical
value, it indicates that there are statistically significant differences
between the group means. To ascertain precision, the coefficient of
variation was studied for each character. Pooled analysis of the
summer legumes and succeeding kharif rice was conducted for 2 years
as per the procedure delineated by Cochran and Cox (1962). To probe
the homogeneity of variation caused by error, Bartlett’s test was used.
The variation resulting from the components of season X treatment
was equated to the conjunct estimate of error variance. The statistically
significant disparities between treatments and treatment means were
found using ANOVA and the Duncans Multiple Range Test (DMRT),
respectively. p <0.05 was the level of significance for all analyses.

3 Results
3.1 Growth attributes

3.1.1 Plant height and dry matter at harvest

At the time of harvest, we observed significantly greater plant
height and dry matter production per hill in the rice crop when
dhaincha was incorporated with green gram and cowpea. Compared
with other nutrient levels, the application of 100% RDF (W1)
produced better plant and dry matter, which was consistent with 75%
RDF +25% N from FYM.
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TABLE 2 Nutrient status after harvest of summer legumes (just at the time of incorporation) and before sowing kharif rice.

Treatment Nutrient status (kg/ha)

OC (%) Nitrogen Phosphorus (P,Os) Potassium (K,O)

2022 Mean 2021 2022 Mean 2021 2022 Mean 2021 2022 Mean
T, 0.72 0.74 073 245 249 247 47 50 485 348 364 356
T, 0.72 0.75 0.73 254 257 256 47 51 49.0 349 371 360
T, 0.74 0.77 0.75 262 271 267 53 57 55.0 347 387 367
T, 071 0.70 0.70 243 242 243 45 48 46.5 371 376 373
Initial 0.72 248 48 377

T,: Green gram; T,: Cowpea; Ts: Dhaincha (GM); T: Fallow.

TABLE 3 Growth attributes of kharif rice as impacted by treatments*.

Main plots Dry matter at Plant height at Tillers at harvest Productive tillers at
harvest (g/m?) harvest (cm) harvest

T1: Green gram 42.7 +7.9b 98.6 + 8.4b 249.3 % 20.1a 226.9 % 14.9b
T2: Cowpea 415 +7.8b 96.9 +7.1b 247.7 +19.6a 223.716.7b
T3: Dhaincha 47.4 £ 8.6a 105.0 £ 7.9a 261.1+13.8a 2369+ 18.1a
T4: Fallow 37.0+9.1¢ 93.8+7.1c 2158 £23.1b 202.7 £ 18.7¢
Subplots

W1: 100%RDF 457+5.1a 105.7 + 5.8a 254.8 +22.6a 239.9 + 16.0a
W2: 75%RDF 39.6 +2.2¢ 98.6+6.9cd 2433+ 19.1a 223.5+ 15.4¢
W3: 50%RDF 27.8+0.9d 95.4+7.4d 241.1+48.7a 210.0 +20.3d
W4: 75%RDF +25% N FYM 44.1+3.5a 103.8 + 6.6ab 251.1 +23.2a 233.2 + 15.4ab
W5: 50%RDF +50% N FYM 41.6 +3.2b 100.7 + 5.7bc 250.5 % 20.8a 227.6 % 16.1bc
Wé6: No fertilizer 23.0 £0.2¢ 87.2 + 4.6¢ 219.9 + 24.0b 201.3 £ 16.9d

*Mall alphabets in each treatment indicate significant differences among the treatments for each trait conducted using DMRT at p <0.05.

In terms of dry matter production per hill, T3W1 outperformed
T3W4, T3W5, and all other treatments. This treatment proved to
be notably superior to T1, T2, and T4. Conversely, the lowest rice dry
matter and plant height per hill were observed in plots left fallow
during the summer season with no fertilizer application (Table 3).

3.1.2 Number of tillers at harvest

A higher tiller density per square meter was observed in plots
where dhaincha was incorporated (Table 3). Conversely, a significantly
lower number of tillers per square meter was noted at harvest in the T4
treatment. Use of the 100% recommended dose of fertilizer (W1) led
to a substantial increment in the number of tillers per square meter.
This performance was on par with the combination of a 75%
recommended dose of fertilizer and 25% nitrogen from farmyard
manure (W4), surpassing the control group, which received no
fertilizer (W6). Furthermore, when considering the specific treatments,
the highest tiller density per square meter was found in T3W1
(dhaincha +100% RDF), which exhibited a significant superiority over
T4W6 (fallow + no fertilizer). Notably, the tiller density of T3W1 was
comparable to that of T3W4, TIW1, and T2W1 (Figure 1; Table 3).

3.1.3 Productive tillers

A greater number of productive tillers per m* were observed in
Dhaincha (T3) and W1 (100% RDF), which was noticeably superior to
T4 (fallow) and W6 (no fertilizer) among the main and sub-plots,
respectively. However, T3W1 was found to be on par with T3W4 and
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T1W1 and T2W1 (Table 3). A significantly lower number of productive
tillers per m* was found in T4W6 in the pooled study. There was no
significant interaction effect with year in the pooled study (Table 3).

3.1.4 SPAD meter readings

Significantly higher SPAD meter readings in the leaves of rice
were recorded in dhaincha (T3) incorporated plots than in T1, T2,
and T4. However, the green gram (T1) incorporated plots were on
par with cowpea (T2), and the significantly lower SPAD readings
were recorded in rice grown in fallow plots (T4) at 30 DAT and 60
DAT of kharif rice (Figure 2). SPAD readings decreased at 90 DAT
and at harvest. At 90 DAT, the SPAD readings were significantly
greater in rice grown in dhaincha-incorporated (T3) plots, which
remained at par with T1 treatment during the year 2021. Significantly
lower SPAD readings were recorded in fallow treatment (T4) during
both years and in a pooled study (Figure 2). At harvest, there was no
significant difference in SPAD readings during both years of study.
However, higher readings were recorded in dhaincha-incorporated
plots (T3) than in green gram (T1) and cowpea (T2) incorporated
plots. Lesser readings were recorded in the fallow treatment (T4). In
pooled data, significant SPAD readings were recorded in dhaincha
(T3), which remained statistically similar to treatment TI.
Significantly lower readings were recorded in rice grown in fallow
treatment (T4).

The SPAD readings in the leaves exhibited a substantial increase
when 75% RDF and 25% N from FYM (W4) were applied, not only

frontiersin.org
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FIGURE 1
Number of tillers and productive tillers of Kharif rice as impacted by different treatments. Bar graphs represent the number of tillers at different intervals
of transplanting, and the trendline across bar graphs represents the productive tillers at the respective intervals in each treatment. Error bars in bar
graphs represent the standard error at the 5% level of significance.
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FIGURE 2
SPAD readings at different stages and their correlation to yield as influenced by different treatments. Bar graphs represent the grain yield (blue) and
straw yield (light green) at different intervals of transplanting; the trendline across bar graphs represents the grain yield (blue) and straw yield (light
green) at the respective intervals in each treatment. Error bars in bar graphs represent the standard error at the 5% level of significance.

at the 30, 60, and 90 DAT intervals but also at the time of harvest.
This performance was on par with that of the 100% RDF (W1)
treatment and was followed closely by the 50% RDF +50% N from
FYM (W5) in the combined dataset. Notably, during 2021, at both 30
and 60 DAT, treatment W5 also demonstrated SPAD readings that
were comparable to those of treatment W4. However, at 90 DAT and
during the harvest, the SPAD meter readings exhibited a decline
compared to the readings at 60 DAT. Notably, the SPAD readings
were significantly lower in the no-fertilizer treatment (W6) than in
other treatments when the data were pooled for analysis (Figure 2).

3.2 Yield and yield attributes
3.2.1 Grains/panicle

Grains/panicle (T3W1, 123) were noticed more in rice grown in
dhaincha (T3) incorporation plots with the use of 100% RDF (W1),
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followed by T3W4, TIW1, and the rest of the treatments. The lowest
was recorded in T4W6 (72).

3.2.2 Filled grains per panicle

A substantially greater number of filled grains per panicle was
observed in T3W1, followed by T3W4, T3W5, and other treatments.
A lower number of filled grains per panicle was noticed in rice grown
under fallow conditions with no fertilizer application (Table 4).

3.2.3 Grain yield

Kharif rice had a peak grain output of 3,732kg/ha when it was
planted after dhaincha (T3) incorporation, which was significantly
superior to rice grown after the incorporation of other summer
legumes, i.e., green gram (T1), cowpea (T2), and fallow plots (T4).
The lowest grain yield of 3,036 kg/ha was noted in rice grown in
fallow (T4) plots (Figure 3). Significantly substantial grain output of
4,329 kg/ha was witnessed with 100% RDF (W1), followed by 75%
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TABLE 4 Yield and yield attributes of Kharif rice as influenced by treatments*.

Main plots Grain yield (kg/ha) Straw yield (kg/ha) Grains per panicle Filled grains panicle
T1: Green gram 3,415 + 758b 5,029 + 1,111b 102 + 12b 92+ 14b
T2: Cowpea 3,360 + 746b 4,955 + 1,089b 96 + 10c 86+ 9c
T3: Dhaincha 3,732+ 752a 5497 +1,112a 107 + 12a 100 + 12a
T4: Fallow 3,036 + 629¢ 4,472 + 942¢ 84 +9d 72+ 10d
Subplots

W1: 100%RDF 4,329 + 3962 6,383 + 572a 109 + 14a 100 + 14aa
W2: 75%RDF 3,240 + 402d 4,777 + 626d 95+ 10b 86+ 11c
W3: 50%RDF 2,806 + 257¢ 4,133+ 371e 91+ 11c 81+ 12d
W4: 75%RDF +25% N FYM 4,006 + 359b 5,896 + 480b 106 + 9a 97+ 13a
W5: 50%RDF +50% N FYM 3,567 + 341c 5,256 + 515¢ 100 + 9b 91+ 12b
W6: No fertilizer 2,365 + 230f 3,487 + 356f 81+6d 70 + 9e

*Small alphabets in each treatment indicate significant differences among the treatments for each trait conducted using DMRT at p <0.05.

compared using DMRT at p <0.05.
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FIGURE 3

Grain yield of kharif rice as impacted by distinct treatments. Small alphabets in bar graphs represent the statistical distinctiveness among the treatments

RDF+25% N from FYM (W4), and 50% RDF+50% N from FYM
(W5) treatment. The lowest grain yield of 2,365kg/ha was obtained
in the no-fertilizer treatment (W6) (Figure 4). Finally, peak grain
yield (4,688kg/ha) was recorded in dhaincha incorporation with
100% RDF application (T3W1), followed by TIW1 and T2W1, and
the lowest grain yield was recorded in fallow-no fertilizer treatment
(2,167kg/ha) (Figure 3).

3.2.4 Straw yield

Significantly maximum straw yield (5,497 kg/ha) was recorded
when crop was sown after incorporation of dhaincha (T3), which was
significantly superior to green gram (T1, 5,029kg/ha), cowpea (T2,
4,956kg/ha), and summer fallow (T4, 4,472kg/ha). Similarly, the
straw yield obtained after the incorporation of green gram (T1) and
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cowpea (T2) was on par with each other, and both significantly
exceeded the seeding of rice after the summer fallow (T4).
Significantly lower straw yield was recorded in rice grown in fallow
plots (T4, 4,472 kg/ha). Application of 100% RDF (W1) recorded a
higher straw yield (6,383 kg/ha), which was found to be substantially
better than other treatments and no-fertilizer application (W6)
(3,487 kg/ha). The treatments differed significantly from each other
and followed the trend of W1>W4>W5>W2>W3>W6 (Figure 4).
The incorporation of dhaincha (T3W1) produced a straw yield of
6,910kg/ha, which was at par with TIW1 (6,544 kg/ha), and it was
followed by T2W1, T3W4, and other treatments (Table 4). The lowest
was noted in fallow treatment in the summer season and with no
fertilizer application in kharif rice, ie., T4W6, with 3,179kg/ha
(Table 4).
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treatments compared using DMRT at p <0.05.
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3.2.5 Total nutrient uptake of nitrogen and
phosphorus

In our comprehensive study, we observed a noteworthy disparity
in total nitrogen uptake among various treatments. The peak nitrogen
uptake of 109.29 kg/ha was recorded in T3W1 (dhaincha +100%RDEF),
followed by treatments T1W1, T3W4, and T2W1, which also
demonstrated substantial nitrogen uptake with no statistically
significant differences among them. On the other hand, T4W6,
representing fallow land with no fertilizer application, exhibited
markedly lower total nitrogen uptake at just 36.55kg/ha (Figure 5).

We observed a distinct trend in the uptake of phosphorus. The
treatment T3W 1, once again, outperformed other treatments in terms
of total phosphorus uptake, with a substantial quantity of 24.03 kg/ha.
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In comparison, TIW1, T2W1, and T3W4 also exhibited commendable
phosphorus uptake, with no significant distinctions among them. In
contrast, T4W6 displayed the lowest phosphorus uptake, totaling a
mere 5.18kg/ha. This outcome can be attributed to its status as fallow
land with no fertilizer application (Figure 6).

4 Discussion

The study looked at what happened when leguminous green
manure crops like green gram, cowpea, and dhaincha were planted on
rice along with different amounts of inorganic fertilizers. It looked at
how the growth, yield, and total uptake of nitrogen and phosphorus
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treatments compared using DMRT at p <0.05.
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were affected. The aim was to preserve soil fertility and diminish the
dependency on synthetic fertilizers. Arable cropping systems with
legumes had 18% less nitrous oxide emission, 24% less N fertilizer use,
no increase in nitrate leaching and no decrease in gross margin
leading to sustainable production (Reckling et al., 2016).

4.1 Growth attributes

Compared to green gram and cowpea, dhaincha exhibited a
remarkable capacity for biomass and residue production, showing
synchronized decomposition rates. This feature likely facilitated the
retention of substantial soil nutrients, meeting the requirements of
Kharif rice. The incorporation of Farmyard Manure (FYM) further
enriched both the biological and nutritional aspects of the soil,
fostering an environment conducive to enhanced nutrient uptake by
plants. Prathibha Sree et al. (2016) observed that this led to healthier
plant growth and increased plant height. The subsequent rice crop also
appeared to benefit from the nutrients released during the breakdown
of these summer legumes, outcomes taller plants, as reported by
Kumar et al. (2012). The heightened plant stature can be imputed to
the pivotal role of nitrogen in the synthesis of essential components
such as chlorophyll, proteins, RNA, DNA, and protoplasm. This could
have led to increased cell division, elongation, and the sustained
elevation of auxin levels at the meristematic region, essential for
achieving greater plant height (Islam et al., 2014). Moreover, the
increase in dry matter at the harvest of kharif rice following the
incorporation of dhaincha (T3) compared to fallow (T4) was
noteworthy, with a 28.22% improvement. Researchers Ramachandra
et al. (2008) attribute this positive effect to the availability of soil
nutrients during the decomposition of crop residues. Similarly, our
study showed a substantial 74.51% uptick in dry matter at harvest of
kharif rice with the use of W1 (100% RDF) as opposed to W6 (Fallow).
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This outcome supports the hypothesis put forth by Premalatha (2017),
suggesting that favorable vegetative development can be attributed to
the robust architectural support provided to the plants through a
combination of organic and inorganic inputs.

The increase in the density of tillers observed in the FYM
combination may be attributed to the rapid availability of nitrogen
from chemical fertilizers, which is readily utilized by the crop initially,
noted by Anitha and Mathew (2011). Subsequently, mineralization in
the soil occurs due to the addition of FYM, a gradual and consistent
process, as highlighted by Srivastava et al. (2013). This gradual release
of nutrients is then harnessed by the crops, promoting vegetative
growth and resulting in a higher number of tiller density per square
meter. As a result, the application of 100% RDF (W1) demonstrated
an equivalent effect to the combination of 75% RDF and 25% nitrogen
from FYM (W4). However, a decline in the number of tillers density
in rice was observed after 60days after transplanting (DAT),
specifically at 90 DAT and at the time of harvest. The allocation of
increased resources and energy toward panicle and grain production
could account for this decline. Sujatha et al. (2016) elucidated that
farmers typically dry out inefficient tillers to redirect energy toward
grain development and maximize seed production. Additionally, straw
incorporation decreases the un-productive component of
evapotranspiration and creates favorable root environment by
improving soil structure, which provides a clean, uniform seedbed
that facilitates crop establishment. The increased density of productive
tillers per m* may be due to the prolonged accessibility of nutrients
through crop residue and FYM, owing to their slow-release nature.
This effect led to rice crops achieving a similar number of productive
tillers per square meter as with inorganic fertilizer application, despite
the latter’s faster nutrient supply rate and the action of microorganisms
in decomposing crop residue. The chlorophyll content exhibited an
increase with plant age up to 60-70 DAT (Figure 2), followed by a
decline irrespective of the treatment applied. Integration of summer
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legumes may have served as a nitrogen substitute and provided other
essential plant nutrients, enabling rice to maintain higher chlorophyll
levels. This observation aligns with the findings by Islam et al. (2019).
There is a reduction in chlorophyll concentration after 70-75 days of
transplantation, likely due to nutrient translocation from the green
leaves to the developing grains. This phenomenon becomes more
apparent during harvest, as photosynthates are redirected toward
grain growth rather than leaf maintenance. As the rice crop matures,
natural senescence sets in, resulting in the degradation of chlorophyll
molecules in the leaves and, consequently, reduced SPAD meter
readings at the time of harvest. The same aftereffect was reported by
Xie etal. (2017). The observed maximum growth attributes are likely
due to the improved availability of major and micronutrients in plots
where biomass was incorporated and complemented with higher,
balanced doses of inorganic fertilizers during the vegetative phase
(Rajeshwari et al., 2007). The incorporation and decomposition of
biomass likely facilitated the mobilization of nutrients from
unavailable forms to available forms, as indicated by Balai et al. (2011).
Another reason for the observed maximum growth attributes could
be the increased number of leaves per plant in these treatments. This
enhancement in leaf area, which measures the size of the plants
assimilatory system and results from the combination of leaf length
and width, is crucial for the effective accumulation and distribution of
photosynthates to the plants economic parts (Sharan Kumar
etal., 2017).

4.2 Yield and yield attributes

The higher grain count per panicle could be attributed to
improved nutrient availability through the integration of organic and
chemical fertilizers during panicle initiation and development. This
support may have facilitated longer panicles with increased spikelet
numbers, aligning with findings reported by Dalvi et al. (2017).
Piccoli et al. (2020) established that, as a source of organic matter,
incorporation of crop residues resulted in 12 and 16% higher yield
in maize and sugar beet, respectively, than other sources. The
incorporation of summer legumes enhanced the number of filled
grains per panicle analogized to the control, indicating the necessity
to improve nutrient translocation to the grain for greater filling
(Neelima et al., 2007). Summer legumes applied plots’ continued
access to nutrients to crop during subsequent stages may have
enhanced photosynthesis of crop and greater transfer of
photosynthates to grain for outshine in grain filling (Deshpande and
Devasenapathy, 2011). Studies found that adding summer legume
residues boosted grain filling and the amount of grains per panicle
(Singh et al., 2009; Srivastava et al., 2013). When maize was rotated
with legumes, maize productivity increased, suggesting improved
soil water and fertility conditions (Chimonyo et al., 2019). The
increased yield was mostly attributable to an increase in the number
of panicles per unit area and the quantity of grains per panicle (Hu
et al., 2023). Rice is particularly green in its early stages, and an
appropriate food supply boosts photosynthetic rate, nutrient uptake,
and, eventually, grain output (Naher and Paul, 2017). Nutrient
concentration in fresh and dry matter accumulation was higher in
the dhaincha crop than in green gram and cowpea (Shah et al., 2011).
More dry matter incorporation increases nutrient availability in the
soil, resulting in greater rice crop growth and yield in the dhaincha
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incorporation treatment when compared to other summer legumes
(Sujatha et al., 2017). Higher yield with increasing levels of fertilizers
might be due to higher amount of nutrients added to soil (Yadav and
Meena, 2014). In our study, the percentage increase in kharif rice
yield following dhaincha-100% RDF was 83.04% compared to
fallow-no fertilizer treatment plots. The response to increased
inorganic fertilizer levels could be due to the faster release of
available nutrients from inorganic sources, and rice, being an
exhaustive feeder, could use this nutrient to increase plant
physiological processes, resulting in higher grain yields. Following
100% RDE, FYM treatments were applied, as FYM supplies NPK and
other nutrients slowly, allowing rice crops to absorb nutrients at later
phases of the growth cycle for improved development. The favorable
effect of integrated nutrient management through both inorganic
fertilizers and organic manures on higher crop growth and yield was
also reported by Ahmed et al. (2014). The highest grain production
may be attributed to improvements in yield attributing characteristics
(Table 3), such as the number of productive tiller density, test weight,
and number of filled grains per panicle, which were reported with
this treatment compared to other treatments. Residue-incorporated
plots produced better grain yields than fallow plots at the same
fertilizer level. This can be attributed to crop residues providing
favorable physical and chemical properties during the decomposition
process, but the time of release of nutrients as per crop demand may
not be the same, whereas nutrients from inorganic fertilizers may
have been released at a faster rate, which the crop may have used for
growth. Ehsan et al. (2014) investigated the residual effects of green
manures on wheat and found that incorporating green manure,
specifically Sesbania aculeata, led to significant increase in growth
and yield attributes. Additionally, it enhanced the root density of
wheat grown after rice.

The Dhaincha (T3) incorporation treatment produced 12.45%
more straw than the fallow (T4) treatment. Summer legume
integration may be superior due to faster decomposition, a narrower
C:N ratio, higher biological nitrogen fixation in the soil, slow
mineralization, and improved soil health, which results in a higher
yield. This phenomenon may arise from enhanced vegetative growth,
characterized by increased plant height, greater tiller numbers, and
dry matter accumulation. These improvements stem from prolonged
and adequate availability of nitrogen and phosphorus in the soil,
coupled with ameliorated soil conditions and improved root
penetration (Bai et al., 2024), thereby facilitating superior absorption
of moisture and nutrients. In our study, we found that the 100% RDF
(W1) treatment yielded 83.05 percent more straw than the no-fertilizer
application (W6) control treatment. The uptick in straw production
might be attributed to higher dry matter buildup as a result of the
combined influence of preceding summer legumes, residue
assimilation, and varied quantities of nutrients provided and their
release from the soil. Overall, the escalated straw yield with these
treatments could be attributed to ameliorated growth as measured by
plant height, dry matter accumulation, tillering, and progressively
increased total NPK uptake. These findings are harmonious with those
of Kumar et al. (2017). Due to the direct relationship between nutrient
removal and dry matter content, increased yields of grain and straw,
accompanied by higher concentrations of potassium, nitrogen, and
phosphorus, led to a greater overall removal of these nutrients.
Although there is some evidence to the contrary, integrating grain
legumes as intercrop components or in rotation with maize may
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improve yield stability (Soltani and Sinclair, 2012; Droppelmann et al.,
2017; Raseduzzaman and Jensen, 2017).

4.3 Total nutrient uptake of nitrogen and
phosphorus

Total nutrient uptake is influenced by the combined processes of
dry matter accumulation and yield, and the production of dry matter
is intricately linked to the availability of nutrients. Results state that
incorporation of residues into soil add back the fertilizer ultimately
providing more nutrients for a long run (Amgain et al., 2022b). The
ample supply of nutrients fostered robust and vigorous growth in
summer legumes, consequently leading to substantial dry matter
production. Additionally, the increased nutrient content in the rice
plants likely contributed to heightened nutrient assimilation. When
comparing the N, P, and K uptake in rice crops sown after the
incorporation of green gram, cowpea, and summer fallow, significant
variations were observed among them. Furthermore, in the case of
rice crops sown after dhaincha incorporation, notably higher total N
and P uptake was recorded compared to crops sown after green gram,
cowpea, and summer fallow incorporation. The incorporation of
dhaincha also resulted in taller rice plants, increased leafiness, and
accelerated root growth, potentially leading to greater dry matter
production and more significant incorporation of biomass into the
soil. This, in turn, could have resulted in higher N and P uptakes. It is
worth noting that dhaincha was incorporated immediately after
reaching 50% flowering, a stage characterized by high nutrient
accumulation in plant tissues. In contrast, green gram and cowpea
were incorporated after the economic yield harvest, at a point where
most of the nutrients had already been allocated to the maintenance
of reproductive and vegetative plant structures. Additionally, the
decomposition of green plants released both macro and micronutrients
from the organic and native pools, making them available for
subsequent plant uptake. The increase in N, P, and K uptake due to
incorporation of summer legumes are the results of improved
environment in soil which encouraged proliferation of roots and
results into more absorption of water and nutrients from large area of
soil. These results also get supported by Talathi et al. (2009), Saraswat
etal. (2010), Islam et al. (2014), and Islam et al. (2019). Total uptake
of NPK by rice crop increased significantly with integration of
inorganic fertilizer and organic manures over No-fertilizer application
(W), however maximum total N uptake was observed with the
application of 100% RDF followed by 75% RDF through chemical
fertilizer +25% N from FYM and 50% RDF through chemical fertilizer
+50% N from FYM. Nearly similar trend was observed in case of
phosphorus and potassium uptake by rice during both the years and
in pooled analysis. This might be due to in general, the trend of
nutrient uptake was very well resembled with dry matter accumulation
and per hectare yield data of various treatments. The enhanced uptake
of these nutrients in the corresponding treatments could be due to the
increased and sustained availability of nutrients through organic and
inorganic fertilizers. The increased uptake by rice might be due to
improvement in soil physical, chemical, and biological health through
application of organic and inorganic fertilizers under integrated
nutrient management. These results are supported by Sunitha et al.
(2010) and Kumari et al. (2013). Increasing a proportion of legume
crops in a rotation will decrease the amount of inorganic fertilizer
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used, increase the amount of N that is derived from renewable
resources in global nutrient cycles, and maybe even reduce the amount
of reactive N that is lost from the environment (Foley et al., 2011;
Seufert et al, 2012). The inclusion of summer mungbean in cereal-
cereal cropping systems could be a long-term strategy to enrich soil
organic C and to ensure sustainability of cereal-cereal cropping
systems (Hazra et al., 2018).

5 Conclusion and future scope

Our study highlighted that incorporation of summer legumes
before planting rice significantly augmented plant height, number of
tillers, yield indices, and rice grain and straw yield. While the
magnitude of growth was greater in the plot that received dhaincha
inclusion. The crop grown after dhaincha inclusion at 100% RDF
yielded considerably more grain than the crop sown after summer
fallow with no fertilizer application. In most cases, use of 100% RDF
and 75% RDF +25% N from FYM fates in equivalent plant height,
yield indices, and grain yield of rice. During the experiment, the
treatment T3W1 (which involved using dhaincha and 100%
recommended fertilizer) had the highest amounts of nitrogen and
phosphorus uptake, both in the whole rice plant and specifically in the
grain and straw. Conversely, the T4W6 (fallow field without fertilizer)
showed the lowest values.

Future scope

Future research should look into alternative cropping systems,
such as oil seeds and cereals, to see how they affect soil health and
nutrient dynamics when incorporated into the soil. Furthermore,
studying how summer legume inclusion affects soil microbial
populations, nutrient cycling, and carbon profiling will provide more
insight. Evaluating the cost-effectiveness and practicality of various
crop sequences will be critical in building sustainable and
economically viable farming practices.
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