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Abstract

The current study investigates the impact of organic and inorganic fertilizers on
maize (Zea mays L.) growth and greenhouse gas (GHG) emissions. Organic
amendments such as farmyard manure (FYM) and composted press mud, as
well as inorganic fertilizers, were applied across various treatments to evaluate
their effects on plant height, leaf production, chlorophyll content (SPAD values),
leaf area index (LAl) and GHG emissions and carbon dioxide (CO,). The
experiment was conducted for one crop season (September to December 2023)
using a Factorial Randomized Block Design (FRBD) in Tamil Nadu, with static
chamber methods employed to measure GHG emissions. The results
demonstrated that treatments involving organic inputs significantly enhanced
maize growth compared to inorganic fertilizers. Ny (Ts + 5 t Composted
Pressmud) consistently recorded the highest plant height, leaf count and LAI,
while the control (T1) had the lowest values. Organic amendments also showed
reduced GHG emissions under rain-saturated conditions, although methane
emissions were higher due to the anaerobic decomposition of organic matter.
The study concludes that integrating organic fertilizers improves soil health and
crop productivity while reducing GHG emissions, but careful management is
needed to mitigate methane emissions in wet conditions. These findings
support the adoption of organic inputs as part of sustainable agricultural
practices to enhance productivity and environmental outcomes.
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Introduction

The agricultural sector significantly contributes to global greenhouse gas (GHG)
emissions, with crop production practices playing a key role in these emissions (1).
Among the various crops grown worldwide, maize (Zea mays L.) holds a crucial
position due to its importance as a staple food for humans and livestock, producing
35.67 million tonnes in 2023-24 (2). It also serves as a key raw material to produce
various industrial products, such as biofuels (3). With the rising demand for maize,
efficient fertilization practices to optimize crop yield and preserve soil fertility have
become increasingly critical (4). Fertilizer use, however, is a double-edged sword;
while essential for maintaining high vyields, it is also a significant source of GHG
emissions, particularly nitrous oxide (N,0), which has a global warming potential
significantly higher than carbon dioxide (CO,) (2). Farmers worldwide commonly
rely on two types of fertilizers: organic and inorganic (5). Organic manures, which
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include compost, animal dung, and plant residues, release
nutrients slowly as they decompose, contributing to improved
soil structure and long-term fertility (6). Inorganic fertilizers, on
the other hand, are synthetically produced and deliver
immediate and concentrated doses of nutrients like nitrogen,
phosphorus and potassium, leading to faster plant growth (7).
The challenge lies in balancing the need for high productivity
with minimizing environmental impacts, particularly regarding
GHG emissions (4).

In the context of maize cropping, organic and inorganic
fertilizers have distinct effects on soil processes and nutrient
cycling, subsequently influencing GHG emissions (1). Organic
manures are typically associated with lower N,O emissions but
can produce methane (CH,) under certain conditions (3). In
contrast, inorganic fertilizers, especially nitrogen-based ones,
tend to generate higher N,O emissions (1.5-3 tonnes per hectare)
due to the rapid nitrification and denitrification processes they
induce in the soil (2). These emissions contribute to climate
change and represent a loss of valuable nitrogen that could
otherwise be used by the crop (4). The comparison between the
emissions generated from organic and inorganic fertilizers in
maize cropping systems is critical for developing sustainable
agricultural practices (5). While inorganic fertilizers offer short-
term vyield benefits, their long-term environmental costs,
particularly in terms of GHG emissions, have prompted increased
interest in organic manures and integrated nutrient management
strategies (7). Understanding the dynamics of emissions from
these fertilizers and their impact on maize production is essential
for mitigating climate change while ensuring food security (6).

This introduction sets the stage for a detailed
exploration of the emissions profiles of organic and inorganic
manures in maize cropping, considering their environmental
impacts, contributions to soil health and overall sustainability.
The subsequent sections will delve into the specific differences
in GHG emissions from each type of manure, their effects on
soil fertility, and the potential for reducing the environmental
footprint of maize production through integrated fertilization
strategies (1). This study addresses the gap in understanding
the impact of organic amendments (pressmud compost and
treated spent wash) on plant growth and CO, emissions. It also
explores how these amendments interact with different tillage
practices to support sustainable agriculture. The study aimed
to evaluate the effects of pressmud compost and treated spent
wash on maize growth and CO, emissions, Compare the impact
of conventional and reduced tillage on plant growth and
greenhouse gas emissions and develop sustainable fertilization
strategies combining organic and inorganic amendments to
minimize environmental impact.

Materials and Methods
Study area and experimental design

The experiments were conducted in Kuppepalayam villages in
the Thondamuthur block of Coimbatore District. The
experimental sites were located at an elevation of 449 meters
above mean sea level, with the main site having geographical
coordinates of latitude 10°59' 45" N and longitude 76°47' 55" E.
The study aimed to assess the effects of various nutrient
management strategies on maize growth and greenhouse gas
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(GHG) emissions. The experimental layout followed a Factorial
Randomized Block Design (FRBD), with three replications
assigned per treatment to account for environmental
variability. Each treatment was applied to plots of equal
dimensions, measuring 4 meters by 4 meters, with buffer zones
of 30 cm between plots to minimize cross-contamination.

Fertilizer Application and Crop Management

The fertilizers were applied following Soil Test Crop Response
(STCR) recommendations for each treatment. These materials
were incorporated into the soil before planting using a rotary tiller
for the treatments involving organic amendments, such as
farmyard manure (FYM), composted pressmud and treated spent
wash. The maize crop variety Maize CoH6 was planted at a row
spacing of 60 cm by 30 cm to ensure optimal plant population
density. Standard agronomic practices, including irrigation, weed
management and pest control, were uniformly implemented
across all plots. Irrigation was applied as required and all cultural
operations were performed to promote ideal crop growth. Field
experiments were conducted in Kuppepalayam village using a
Factorial Randomized Block Design (FRBD) with three
replications. The treatments included a range of combinations: Ny
(Absolute control), N, (100% Blanket Recommendation), N3 (STCR
-NPK alone 100% Inorganic fertilizer), N4 (STCR-IPNS 100%), Ns
(75% of N3 + 12.5 tons FYM), Ng (75% of Ns + 5 tons of press mud
compost), N7 (75% of N; + 40 KL of treated spent wash), Ng (N3 +
12.5tons FYM), Ns (N3 + 5 tons of press mud compost) and Nio (N3 +
40 KL of treated spent wash). The initial surface soil analysis of the
experimental field revealed the following characteristics: a sandy
loam texture with 41.08% coarse sand, 25.41% fine sand, 15.08%
silt and 17.94% clay. The bulk density was recorded as 1.13 Mg m
3 particle density of 2.24 Mg m and porosity of 48.0%. The pH of
the soil was 6.82, with an electrical conductivity (EC) of 0.16 dS m™!
and a cation exchange capacity (CEC) of 11.8 C mol (p+) kg™. The
soil had a free CaCO; content of 2.75%, an organic carbon level of
3.8 g kg?, total nitrogen at 0.10%, total phosphorus at 0.09% and
total potassium at 0.23%. Additionally, the available KMnO,-N
was 187 kg ha™, Olsen-P was 26.8 kg ha* and NH,OAc-K was 386
kg ha™. The DTPA-extractable micronutrients were measured as
follows: zinc (1.03 mg kg*), copper (1.28 mg kg?), iron (3.64 mg kg
) and manganese (7.48 mg kg™).

The nutrient and elemental composition of the organic
manures used in the study is assessed. Pressmud had a pH of
7.35,an EC of 0.80 dSm™and an organic carbon content of 31.8%,
while treated spent wash had a pH of 6.2, a high initial EC of 23.9
dSm? (diluted to 1.06 dS/m? for application) and an organic
carbon content of 22.4%. FYM had a pH of 7.4, an EC of 8.84 dSm*
and an organic carbon content of 6.8%. These manures provided
vital nutrients, such as nitrogen (pressmud: 1.08%, treated spent
wash: 0.15%, FYM: 0.61%), phosphorus (pressmud: 0.80%, treated
spent wash: 0.02%, FYM: 0.38%) and potassium (pressmud:
0.60%, treated spent wash: 0.65%, FYM: 0.38%). The data
obtained from the experiments were statistically analyzed using R
version4.2.2.

Plant height measurement

Plant height (cm) was monitored regularly throughout the crop
growth period to evaluate the effect of each treatment. Five
maize plants were randomly selected from each plot, excluding
border rows. The height of each plant was measured from the
soil surface to the tip of the tallest leaf. These measurements
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were recorded at different growth stages and the average plant
height for each plot was calculated.

Number of leaves

The number of leaves on each labelled plant was counted at
regular growth stages throughout the season. This measurement
was taken for the five selected plants in each plot to assess the
influence of the treatments on leaf production. The average
number of leaves was then calculated and recorded for each
plot.

Leaf area index (LAI)

The Leaf Area Index (LAI), an essential measure of the crop
canopy, was calculated using the formula proposed as given in
Equation 1 (8).

Leaf Area Index (LAI) = Leaf area per plant (cm?) / Ground area
covered by the plant (cm?) Egn.1

The leaf area was measured for the five selected plants
at different crop growth stages and the average LAl was
computed for each treatment plot. This parameter serves as an
indicator of the crop's efficiency in capturing sunlight and
conducting photosynthesis.

SPAD chlorophyll meter reading (SCMR)

The SPAD chlorophyll meter was used to evaluate chlorophyll
concentration, indicating the photosynthetic potential and
overall plant health. Chlorophyll content was measured in the
physiologically active leaves of the five labelled plants at
various growth stages in each plot. The SPAD readings were
averaged for each plot and these values provided insights into
how nutrient availability from different fertilizer treatments
influenced plant health (9).

Greenhouse gas emissions measurement

To evaluate the environmental impact of the treatments,
greenhouse gas (GHG) emissions were measured using the
chamber method. Static (non-vented) chambers were placed
over the soil surface to capture emissions of carbon dioxide
(CO,), methane (CH,) and nitrous oxide (N,0) following every
week intervals. These chambers were installed at selected areas
in each plot at key intervals during the cropping season, mainly
after 7-day intervals. Gas samples were collected for a set
duration (e.g., 30-60 minutes) at regular intervals throughout the
maize growth cycle. The collected gas samples were analyzed

using gas chromatography (GC) to determine the CO,, CH, and
N,O concentrations, following the methodology described (10).
The measurements allowed for quantifying GHG emissions from
each treatment, providing a basis for comparing the
environmental impacts of different nutrient management
strategies.

Data analysis

The collected data on plant growth parameters (plant height,
number of leaves, LAl and SCMR), GHG emissions, soil properties
and crop yield were subjected to analysis of variance (ANOVA) to
evaluate the statistical significance of the differences between
treatments. Mean values were compared using the least
significant difference (LSD) test at a 5% significance level.
Regression analysis explored relationships between the different
treatments and the measured parameters, especially concerning
GHG emissions and crop productivity. All statistical analyses were
conducted using R software and graphical representations of
trends in growth parameters and emissions were generated to
illustrate the effects of the various treatments.

Results

The findings show that maize plant height rose gradually across
all physiological stages, including vegetative, tasseling, maturing
and harvesting. Table 1 presents the noteworthy differences
between the treatments. Throughout all stages, Ns (Ts + 5 t
Composted Pressmud) consistently had the highest plant height,
while N; (Absolute Control) consistently had the lowest. N9
measured 102.0 cm (T1) and 102.7 cm (T») for height during the
vegetative stage, while T, recorded the lowest heights at 87.37
cm (T1) and 86.33 cm (T>). Ns reached 194.0 cm (T1) and 187.1cm
(T2) during the tasseling stage, continuing this trend, whereas N,
remained the lowest at 160.3 cm (T1) and 159.5 cm (T,). N9
peaked at 249.1 cm (T3) and 253.5 ¢cm (T2) during harvesting and
at 233.6 cm (T1) and 232.5 cm (T2) at maturity. The SED and CD
(5%) results showed that the differences between the treatments
were statistically significant, especially for the treatments that
included organic amendments like pressmud and FYM, which
continuously outperformed the control and inorganic fertilizers.
However, at several stages, the interaction between treatments
and tillage (CT and RT) was non-significant (NS), suggesting that
the type of tillage had little effect on plant height. Comparably,
the number of leaves also showed a similar pattern, with No

Table 1. Effect of pressmud compost, treated spentwash and FYM on plant height (cm) of maize crop at different physiological stages

Vegetative Tasseling Maturity Harvesting
S.No. Treatments
T. T2 T T2 T T2 T T2
N1 Absolute control 87.3f 86.3f 160.3f 159.5 202.0f 201.3f 210.6 216.8f
N2 100% Inorganic fertilizer (Blanket) 89.3¢ 86.5¢ 169.0¢ 167.0¢ 206.9¢ 204.1¢ 216.6¢ 220.3¢
Ns STCR-NPK (100%) alone 95.8¢ 91.1¢ 179.7¢ 177.1¢ 213.54 217.9¢ 227.34 238.2¢
\ STCR - IPNS (100%) 98.2¢ 94.2¢ 183.7¢ 176.8¢ 218.7¢ 220.1¢ 229.8° 241.4¢
Ns 75% of N3 +12.5t FYM 90.1°¢ 89.6° 177.7¢ 174.1¢ 213.0¢ 211.5¢ 226.0¢ 232.6¢
Ne 75% of N3+ 5 t of Composted Pressmud 98.7¢ 97.6° 186.7¢ 180.5¢ 220.6¢ 222.5¢ 233.0¢ 244.1¢
N7 75% of N3+ 40 KL of Treated Spent wash 95.54 91.0¢ 175.0¢ 170.9¢ 210.0¢ 209.44 222.24 225.6¢
Ns N3 +12.5t FYM 100.3° 99.5° 190.7° 186.7° 228.5° 230.0° 241.4° 251.5P
No N3+ 5t of Composted Pressmud 102.02 102.7° 194.0° 187.1° 233.6° 232.5° 249.1° 253.5°
N1o N3+ 40 KL of Treated Spent wash 99.1° 99.6° 188.7° 181.4° 225.1° 224.7° 237.0° 245.5b
SED 0.63 141 0.63 141 0.63 141 1.38 3.09
CD (5%) 1.27 2.8 1.27 2.8 1.27 2.8 2.80 6.26
SED (T1x T2) 1.99 2.01 2.02 4.37
CD (5%) (T1x T2) NS NS NS 8.80

Plant Science Today, ISSN 2348-1900 (online)



BHARATHY ET AL

having the most leaves overall and T; having the fewest, as Table
2 explains. Ng had 13.13 (T:) and 11.53 (T.) leaves at the
vegetative stage, whereas N; had 9.43 (T:) and 7.87 (T) leaves.
This pattern remained through the stages of tasseling, maturity
and harvesting. Ny recorded 18.20 leaves (T:) and 17.10 leaves (T>)
during the maturity and harvesting phases, respectively,
whereas T; recorded the lowest leaf count.

Significant differences across treatments, especially
those involving organic amendments, were again confirmed by
the SED and CD (5%) values. For several stages, the interaction
between the tillage systems and the treatments was non-
significant (NS). However, suggesting Comparably, the number
of leaves also showed a similar pattern, with Ny having the most
leaves overall and N; having the fewest, as Table 2 explains. N9
had 13.13 (Ty) and 11.53 (T,) leaves at the vegetative stage,
whereas N; had 9.43 (T:) and 7.87 (T.) leaves. This pattern
remained through the stages of tasseling, maturity, and
harvesting. N, recorded 18.20 leaves (T1) and 17.10 leaves (T2)
during the maturity and harvesting phases, respectively,
whereas N1 recorded the lowest leaf count. Significant
differences across treatments, especially those involving organic
amendments, were once again confirmed by the SED and CD
(5%) values. For several stages, the interaction between the
tillage systems and the treatments was non-significant (NS);
however, this suggests that tillage type had little effect on leaf
number.

Asimilar trend was seen in the leaf area index (LAI), with
N9 having the greatest LAl of all the stages. According to Table
3, Ng achieved 1.82 (Ty) and 1.60 (T2) during the vegetative

stage, while N; continued to have the lowest values at 1.30 (T1)
and 1.09 (T2). Ns recorded the greatest LAl at 4.55 (T1) and 4.28
(T2) at maturity, respectively, as the tendency persisted during
the tasseling and maturity stages. No maintained the greatest
LAl of 3.80 (T:) and 4.04 (T>) during the harvesting stage, while
T, reported the lowest values. The organic amendments
(pressmud and FYM) outperformed the control and the
inorganic fertilizer treatments, according to the SED and CD
(5%) values, which showed significant differences between the
treatments for LAL. Interactions between treatments and tillage
were non-significant (NS), suggesting that tillage type did not
substantially influence LAl when combined with specific
treatments.

The values of SPAD for maize under Conventional
Tillage (T.) and Reduced Tillage (T») during the stages of
vegetative growth, tasseling, maturation and harvesting are
displayed in Fig.1. showing the amount of chlorophyll and the
plants' capacity for photosynthetic activity. The plant Ny (N3 +5
t Composted Pressmud) exhibits superior chlorophyll content
and nutrient uptake throughout the vegetative stage, as
evidenced by its most significant SPAD values for CT and RT. On
the other hand, because there is no fertilization, N; (Absolute
Control) constantly has the lowest SPAD values. When the crop
reaches the tasselling and maturity stages, N: has the lowest
SPAD values, while Ng and Ng (N3 + 12.5 t FYM) continue to
display the most significant values. These findings demonstrate
the benefit of organic amendments, which enhance plant
health and increase photosynthetic activity.

Table 2. Effect of pressmud compost, treated spentwash and FYM on number of leaves (numbers) in maize crop at different physiological stages

Vegetative Tasseling Maturity Harvesting
S.No. Treatments T, T T T T T T, T,
N1 Absolute control 9.43 7.87 9.63f 8.77" 13.33 13.47° 13.33 13.478
N> 100% Inorganic fertilizer (Blanket) 10.00 8.33" 9.73¢ 9.108 14.33" 14.17¢ 14.33 14.17°
Ns STCR-NPK (100%) alone 11.30 9.40¢ 10.43¢ 10.40¢ 16.33¢ 15.33¢ 16.33¢ 15.33¢
N4 STCR - IPNS (100%) 11.47 9.53¢ 10.80¢ 10.93¢ 16.83¢ 15.67¢ 16.83¢ 15.67¢
Ns 75% of N3+12.5t FYM 10.73 9.278 10.10¢ 9.83f 15.778 14.83¢ 15.778 14.83¢
Ne 75% of N3+ 5 t of Composted Pressmud 11.80 10.27¢ 11.03¢ 11.17¢ 17.33¢ 15.83¢ 17.33° 15.83¢
N7 75% of N3+ 40 KL of Treated Spent wash 10.33 8.80f 9.93¢ 9.338 15.13f 14.43¢ 15.13f 14.43f
Ns N3+12.5t FYM 12.58 11.07° 11.93*  11.80® 17.83" 16.33° 17.83° 16.33°
No N3+ 5t of Composted Pressmud 13.13 11.53° 13.632 12.332 18.20° 17.10° 18.20° 17.10°
N1o N3 40 KL of Treated Spent wash 12.42 10.40° 11.37¢ 11.43¢ 17.47¢ 16.10° 17.47° 16.10°
SED 0.08 0.19 0.25 0.18 0.12 0.28 0.25 0.18
CD (5%) NS 0.39 0.51 0.36 0.25 0.57 0.51 0.36
SED (T1x T)) 0.27 0.25 0.40 0.25
CD (5%) (T1x T2) NS 0.51 0.81 0.51
Table 3. Effect of pressmud compost , treated spentwash and FYM on LAl (leaf area index) of maize crop at different physiological stages
Vegetative Tasseling Maturity Harvesting
S.No. Treatments T T T T T T T T
N1 Absolute control 1.30 1.09 1.61¢ 1.46" 3.33" 3.37 2.998 2.96'
N> 100% Inorganic fertilizer (Blanket) 1.38 1.168 157" 1.528 3.58¢ 3.54" 3.15 3.18"
N3 STCR-NPK (100%) alone 1.55 1.31¢ 1.74¢ 1.73¢ 4.08¢ 3.83¢ 3.414 3.63¢
N4 STCR-IPNS (100%) 1.59 1.32¢ 1.80° 1.82¢ 4.21¢ 3.92¢ 3.48¢ 3.74¢
Ns 75% of N3+12.5t FYM 1.49 1.29 1.68¢ 1.64f 3.94f 3.71f 3.30¢ 3.50f
N6 75% of N3+ 5 t of Composted Pressmud 1.63 1.43¢ 1.84° 1.86¢ 4.33¢ 3.96¢ 3.52¢ 3.85¢
N+ 75% of N3+ 40 KL of Treated Spent wash 1.43 1.22¢ 1.66¢ 1.568 3.78¢ 3.61¢ 3.21¢ 3.368
Ns N3 +12.5tFYM 1.74 1.54° 1.99° 1.97° 4.46° 4.08° 3.63° 3.96°
No Nz + 5t of Composted Pressmud 1.82 1.60° 2.27° 2.06° 4.552 4.28° 3.80° 4.042
Nio N340 KL of Treated Spent wash 1.72 1.44¢ 1.89b 1.91c 4.371¢ 4.03¢ 3.58° 3.88¢
SED 0.007 0.016 0.009 0.022 0.04 0.02 0.04 0.02
CD (5%) NS 0.032 0.020 0.044 0.09 0.04 0.09 0.04
SED (T1x T») 0.22 0.031 0.06 0.06
CD (5%) (T1x T2) NS 0.063 0.13 0.14
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Fig. 1. SPAD at physiological stages of maize crop.

SPAD values level off by the harvesting stage, with Ng
and Ns continuing to perform better. Overall, CT produces
somewhat higher SPAD values than RT; however, in treatments
such as N9 and N, the difference is negligible, indicating that
organic amendments counteract the impacts of reduced
tillage. This demonstrates how much better crop health is
affected by FYM and pressmud at every stage of growth than is
the case with the ineffective control treatment. This study
investigates the effects of organic amendments such as
composted pressmud and farmyard manure (FYM) on methane
(CH,) emissions and maize development. Particular attention is
given to how rainfall affects greenhouse gas emissions and
plant performance in soils high in organic matter. As shown in
Fig. 2, a stacked bar chart. The total value progression for ten
distinct treatments (N; to Nio) over 14 weeks; certain weeks
(Week 4 and 7) have been designated as Rain, denoting rainfall
intervals. Treatments with organic amendments (Ns= N3 + 5 t

Composted Pressmud), Ns= N3 +12.5 t FYM and Ne= 75% of N3 +
5 t Composted Pressmud) demonstrate consistently higher
cumulative values over the weeks, especially following rainfall
events. However, N; (Absolute Control) performs at the lowest
level weekly, demonstrating how poorly unfertilized maize
performs. The cumulative values exhibit minimal changes
between treatments over the first four weeks of the study.
However, cumulative values increase by Week Four, which falls
during precipitation, especially for organic amendments
treatments. The introduction of rainfall stimulates growth and
nutrient uptake, with treatments like Ns and Ns showing
noticeable gains.

Week 7 sees an even more significant impact of rainfall as
the weeks go by. After this rain event, pressmud and FYM
treatments continue to work well; Ny leads for the remaining
weeks. Rainfall probably accelerated organic matter breakdown
and stimulated soil microbial activity, directly related to

WEEK 14
WEEK 13
WEEK 12
WEEK 11
WEEK 10
WEEK 9
WEEK 8
WEEK...
WEEK &
WEEK 5
WEEK 4.
WEEK 3
WEEK 2
WEEK 1

B Absclute contro

= 100% Inorganic Fertifizer

W ETCR - NPK alone

STCR IPNS

W NPK 75 % STCR + 12.5T FYM

W NPK7T5% STCR + 5t Composted

Pressmud

W NPKTE% STCR + 40KL Treated
ESpentwath

W NPK100% STCR +12.5 TFYM

W NPK100% STCR +5 t Composted
Pressmud

8000 10000

CO, emissions (ppm) from the maize field at every week intervals

12000

14000

W NPK100% STCR +40KL Treated
Spentwazh

Fig. 2. CO;emissions (ppm) from the maize field at every week intervals.
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increased gas emissions, including methane (CH,). Rainfall
saturates the soil, fostering methanogenesis (the creation of CHs)
by generating anaerobic conditions, especially in soils rich in
organic matter. Because organic matter breaks down more
quickly in wet conditions, treatments, including FYM and press
mud, like N, are probably linked to higher CH; emissions. At
Week 14, as the trial ends, Ny, which includes organic
amendments, consistently shows the highest cumulative value.
Nsand Ns come next. Because there is no fertilizer input, N;
(absolute control) exhibits the lowest growth throughout. The
findings imply that the effectiveness of treatments using organic
inputs is significantly impacted by rainfall events, which enhance
nutrient absorption and microbial activity. Furthermore, as
anaerobic conditions encourage methane production in soils
rich in decomposing organic matter, precipitation-induced
increases in water saturation probably account for some of the
methane emissions observed in those treatments.

Discussion

The results show that organic supplements, namely farmyard
manure (FYM) and composted pressmud, significantly affect
methane (CH4) emissions and maize growth. In terms of plant
height, number of leaves and leaf area index (LAl), treatments
utilizing these organic, specifically Ny (N3 + 5 t composted
pressmud) and Ng (N5 + 12.5 t FYM) performed better than control
treatments and inorganic fertilizers. These findings align with
earlier research, which emphasizes how organic inputs boost
microbial activity, improve soil structure and increase nutrient
availability, all of which contribute to better crop performance
(11,12).

The gradual and continuous release of nutrients,
especially nitrogen, during the breakdown of organic matter is
responsible for the notable improvements in plant height and
leaf count observed in plants treated with organic supplements.
Ny consistently had the maximum plant height and LAl in all
growth stages. These results are comparable with those that
found that pressmud and FYM enhance soil nitrogen cycling and
promote plant growth (13). On the other hand, N: (absolute
control) continuously showed the lowest values, highlighting the
significance of nutrient inputs for the best possible plant growth
(7,14). Additionally, treatments with FYM and pressmud had the
most significant SPAD values, which indicate chlorophyll
concentration and photosynthetic efficiency. It has been
demonstrated that organic amendments improve nutrient
absorption, specifically nitrogen (15). The outcomes are
consistent with those who discovered that higher SPAD values
resulting from organic inputs led to higher levels of chlorophyll
content and improved photosynthetic efficiency (16). The
absence of fertilizers severely reduces photosynthetic capability,
as demonstrated by the consistently high SPAD values of Ns and
Ns, whereas the control treatment (N:) had the lowest (17).
Additionally, treatments containing organic amendments
typically perform better than synthetic fertilizers since the latter

Methane emissions and rainfall

The study also emphasizes how rainfall affects methane
emissions, especially in treatments with a high organic matter
content. In weeks 4 and 7, the design significantly increased the
treatments' cumulative values. Such as No, Ns and Ne, suggest
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that rainfall events are crucial in enhancing nutrient uptake and
microbial activity (11). Rainfall, however, also encourages
anaerobic soil conditions, which support methanogenesis,
especially in soils high in decomposing organic matter (19).
These findings concur with research that discovered organic
amendments promote plant development and raise CH.
emissions in moist, anaerobic environments (20,21). The
sequential increase in cumulative values for N9, N8 and N6 after
rainfall episodes is seen in the stacked bar chart (Fig. 2). These
results support studies conducted that found that soils rich in
organic matter that receive irrigation or rainfall release more
methane into the atmosphere as a result of the anaerobic
breakdown of organic matter (22). Organic matter decomposes
in saturated conditions, producing more significant methane
emissions, particularly in soils treated with organic amendments
like FYM and compost (23). The study's findings support the dual
function of organic amendments, which can both promote plant
growth and increase greenhouse gas emissions. Organic
amendments can significantly enhance methane emissions,
particularly in high soil moisture content (24). This impact was
seen in the current study during periods of rainfall. The most
significant cumulative values were regularly seen in No (N3 +5 t
Composted Pressmud), where rainfall increased microbial
activity and nutrient availability and helped create the ideal
environment for methane production.

Organic amendments and the tillage system

Reduced tillage (T,) produced somewhat lower SPAD values,
plant heights and leaf counts than conventional tillage (T.),
although the differences were negligible in treatments with
organic amendments. Organic inputs can preserve soil health
and nutrient availability and lessen the negative consequences
of decreased tillage (25). Ng and Ns performed nearly equally
under CT and RT, indicating that organic additions support crop
performance even when less intense tillage techniques are used
(26).

CO, emissions occur through biological processes like
respiration and decomposition, chemical reactions like
combustion and calcination and anthropogenic activities such as
fossil fuel use, deforestation and industrial processes. Natural
sources include volcanic activity and ocean-atmosphere
exchanges. Understanding CO, emissions mechanisms helps
design strategies to reduce them, such as improving energy
efficiency, adopting renewable energy sources, enhancing
carbon sequestration through afforestation and optimizing
industrial and agricultural practices. It also informs policies for
climate change mitigation and sustainability.

Conclusion

Balanced nutrition, pressmud compost and treated spent wash
improve plant growth, leaf number, LAl and chlorophyll content.
Organic amendments boosted yields, supporting sustainability,
while conventional tillage outperformed reduced tillage in
growth traits. CO, emissions ranged from 3,063 ppm in T:N; to
11,384 ppm in T:Nio, with higher emissions in T:Ne, TiNs, T-Ny and
T2N1. However, careful management is necessary to control
methane emissions under anaerobic conditions. Overall, organic
inputs offer a promising approach to sustainable agriculture.
Organic amendments like composted pressmud and FYM
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increased maize yield by 15-20%, reduced CO, emissions by 25-
30% and improved soil organic carbon by 10-15%. Farmers are
advised to use these inputs, avoid waterlogging to control
methane emissions and combine organic with minimal
inorganic fertilizers. Future research should focus on long-term
soil impacts, region-specific guidelines and methane mitigation.
At the same time, economic viability is enhanced through
reduced fertilizer costs, increased yields and potential subsidies
or carbon credits.
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