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Abstract

This study evaluated the decomposition rates and nutrient dynamics of four abundant plant by-products: corn stover,
sugarcane bagasse, rice straw, and pineapple crown as organic amendments for soil improvement and sustainable
agriculture. It was conducted in a nursery setting. The decomposition rates were measured at 30 and 60 days via weight
loss, while soil nutrient parameters, including pH, total nitrogen (N), phosphorus (P), potassium (K), and organic matter,
were analyzed. Significant differences showed in the result of decomposition rates among materials: rice straw and
pineapple crown decomposed fastest, followed by corn stover, while sugarcane bagasse decomposed slowest. Soil pH
generally decreased, and sugarcane bagasse buffered soil acidity better than other residues. The nitrogen levels
decreased significantly over a period of time, indicating microbial immobilization during breakdown. Potassium and
phosphorus were relatively stable, with the highest amount derived from sugarcane bagasse. Over time, organic matter
retention marginally improved, especially with treatments using sugarcane bagasse and pineapple crown. Significant
effects of the type of organic material on soil pH and decomposition were confirmed by ANOVA with some interaction
effects over time. Results show that while sugarcane bagasse is beneficial for balancing soil pH and retaining vital
nutrients despite slower decomposition, rice straw and pineapple crown are appropriate for rapid nitrogen release to
improve soil fertility. As a means to lessen dependency on synthetic fertilizers and support sustainable agriculture in
the region, this study offers a better understanding of the best way to determine suitable plant-based organic
amendments.
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1. Introduction

The widespread use of synthetic fertilizers in crop production has raised concerns about possible adverse effects on
human health and environmental degradation. Despite successfully increasing crop yields, synthetic fertilizers have
created significant concerns about their environmental impact, including soil erosion, greenhouse gas emissions, and
water contamination. This approach may lead to several issues, including soil acidification, ecological deterioration, and
health impacts (P. Kopittke et al., 2019). The excessive utilization of synthetic fertilizers and pesticides has
compromised human health and the environment. Consequently, the most significant concern for humanity is the
growing deterioration of environmental aspects. The excessive usage of chemical fertilizers has resulted in several
interconnected issues, including pollution of the environment, water, and soil (Hiren Das et al., 2023). Residues of
synthetic fertilizers can remain on crops, potentially leading to human consumption and associated health risks (Om
Prakash et al,, 2019). Excessive use of nitrogen-rich fertilizers can contaminate groundwater with nitrates, causing
health problems (N. Kazakis et al,, 2020). Synthetic fertilizer runoff into water bodies can degrade the ecosystem by
causing eutrophication, a condition in which an abundance of nutrients results in algae blooms that lower oxygen levels
and endanger aquatic life (US EPA, 2024). Application of fertilizers over time can impact plant growth, lower soil
fertility, and lead to soil acidity. Greenhouse gases like nitrous oxide are released during the production and usage of
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synthetic fertilizers, which contributes to climate change. Finding environmentally acceptable and sustainable
alternatives is imperative to increase soil health and lessen reliance on synthetic inputs. Organic enhancements made
from plant waste are an effective way to address these issues. By using organic enhancements, farmers could reduce
the application of hazardous chemical fertilizers to the environment and the cost of fertilizer purchases. These materials
can create healthier and more productive soils by improving water retention, nutrient availability, and soil structure.

For many years, much discussion has been about the growing use of pesticides and fertilizers in agriculture. These
chemical compounds affect people negatively, even though they aim to protect crops from illnesses and promote their
growth. Chemical fertilizers and pesticides have recently caused several environmental and water pollution issues. The
primary sources of exposure to these chemicals are food, water, and the environment, which all indirectly or directly
affect human health (N. Dhankhar et al., 2023).

The deterioration of soil fertility is a major constraint to agricultural production and food security, and most of the
population relies on subsistence farming for livelihood. Unfortunately, synthetic fertilizer used as a significant soil
nutrient replenishment is unsustainable, causing adverse environmental effects, including soil acidification and
pollution of water bodies. Therefore, finding alternative, more sustainable, low-cost nutrient management systems is
vital (J.K. Kabasiita et al., 2022).

Reusing and recycling agricultural waste has the potential to boost local economies, lowering the impact on the
environment. The synergy between industries may be upgraded by recycling and reusing agricultural waste,
considering farm or cooperative moving aspects have the potential to enhance output even as reducing the impact on
the environment (Teresa Rodriguez-Espinosa et al., 2023). An innovative approach must emphasize lowering the use of
fertilizers and identifying a potential natural solution (S. Kabalan et al., 2022). One potential solution would be to use
plant waste as an alternative and a different way to obtain the soil's essential nutrients. The abundance of organic
content in plant wastes can improve the soil's structure, ability to hold water, and availability of nutrients. They are also
abundant in minerals crucial to plant growth, such as potassium, phosphorus, and nitrogen. Further research is
necessary to identify potentially beneficial plant species, given that neem, guava, moringa, lantana, and Gliricidia sepium
leaves have been the focus of numerous studies considering how different plant materials affect soil health, plant
growth, and productivity. When underutilized or relatively abundant species are incorporated in the context of plant
residue, the number of possible alternatives expands.

Decomposition rates play an important role in determining the effectiveness of organic amendments. The rate at which
plant by-products decompose influences nutrient release timing and plant availability. Aeration, temperature, pH,
moisture content, and organic matter composition are some parameters that affect the rate at which organic matter
decomposes (R. Srinivasan et al.,2020). Another critical aspect of this research is nutrient analysis. Releasing nutrients
from decomposing plant by-products can increase soil fertility while lowering the demand for artificial fertilizers
(Tshikovhi N. et al., 2023). By analyzing the nutrient content of these by-products at different stages of decomposition,
we can identify the optimal timing for their application and contribution to soil nutrient cycling.

The growing importance of creating sustainable fertilizer alternatives has an adverse impact. There is a pressing need
to develop sustainable and environmentally friendly alternatives to improve soil health and reduce reliance on synthetic
inputs. Organic amendments derived from plant and animal waste offer a promising solution to these challenges. These
materials can enhance soil structure, improve water retention, and increase nutrient availability, leading to healthier
and more productive soils. Microbial activity and nutrient availability are two characteristics of soil that are significantly
impacted by organic amendments. Several organic supplements improved soil fertility by increasing microbial
decomposition rates and nitrogen mineralization, according to (Vallejera et al., 2023). Similarly, (Baldock et al., 2021)
emphasized that the composition of organic amendments affects their decomposition rates and subsequent nutrient
release in soils. Corn, sugarcane, rice, and pineapple are the four levels of the categorical variable plant by-products.

Decomposition rate and nutrient analysis of diverse plants by-products used as soil amendments in plant cultivation
could improve soil health, increase productivity and quality, and provide a better knowledge of sustainable agriculture.
The research results could contribute to more profitable and sustainable plant development strategies, benefiting
farmers, consumers, and the environment. Findings could be useful to farmers, researchers, consumers, and
policymakers. It embraces the ability to facilitate the development of a more sustainable and productive agricultural
sector that benefits individuals and the environment by improving soil health, promoting sustainable waste
management, and increasing output.

This study aims to evaluate the decomposition rates and nutrient content of four diverse plant species: corn, sugarcane,
rice, and pineapple plant by-products. These by-products were selected based on their availability, abundance, and
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potential for use as organic amendments. By understanding these materials' decomposition dynamics and nutrient
release patterns, we can assess their suitability as sustainable alternatives to synthetic fertilizers. Corn (Zea mays) is a
versatile crop with a high yield potential and a relatively rapid decomposition rate. Its by-products, such as stalks and
leaves, are rich in organic matter and nutrients, including nitrogen, phosphorus, and potassium (BAR, 2024; Vejelis S.,
2023). Corn stover can decompose in just as two to three months under optimal conditions, such as when added to a
composter (PhycoTerra 2023). However, a 2019 study by Mahdi Al-Kaisi found that, under different tillage systems, 34—
49% of the corn residue remained on the soil surface after 12 months, indicating that environmental factors have a
significant impact on the breakdown process. Sugarcane (Saccharum officinarumis) is another high-yielding crop with
much residual biomass. While its nutrient-rich composition can increase soil fertility, its fibrous texture can improve
soil aeration and water retention (SRA 2024). According to Bhadha et al. (2020), sugarcane bagasse biodegrades in 60
to 90 days in an atmosphere, with temperature, moisture, and the diversity and population of microorganisms in the
soil all impacting its rate of decomposition. Reusing these products would be beneficial, as sugarcane bagasse is a waste
product. Incorporating rice straw can improve soil organic carbon (C) and recycle nutrients, lowering the amount of
fertilizer needed for the next crop. Rice straw includes about 80, 40, and 30% potassium, nitrogen, and phosphorus (P.
Chivenge et al,, 2020). The first two months following burial in soils showed a higher rate of rice straw decomposition
and nutrient release, which slowly decreased as the experiment's duration increased (X. Wang et al,, 2022). Pineapple
(Ananas comosus) pomace, peels, core, and crown compose the waste, which can potentially serve as a helpful
bioresource (R.A. Abraham et al.,, 2023). Utilizing pineapple waste has been revealed in the study of (N F H Kamaruddin.,
et al. 2023) to improve the chemical composition of the soil in addition to plant growth. The total composting process
takes around four months, according to Sossa et al. (2024), which implies that pineapple crowns can
decompose efficiently in this period duration under optimum composting conditions. Both completely and partially
biodegradable materials are used in a wide range of applications, which aligns with the present trend of replacing
synthetic materials. A great source of raw material for producing products that are ecologically (Md Arif Mahmud et al.,
2021).

These studies are being conducted to determine how these results affect the nutritional analysis and soil decomposition
rate. The decomposition rate quantifies how plant waste breaks down in the soil. A set of quantitative variables known
as nutrient analysis is used to evaluate the levels of different nutrients in the soil after plant waste has been applied.
Factors including age, substance content, and nutrient composition affect the rate at which plant by-products
decompose (Zhang et al., 2020). The decomposition rates of organic materials are determined by their biochemical
composition, specifically their carbon-to-nitrogen (C/N) ratios. Zhao et al. (2019) state that lower C/N ratios promote
microbial activity and nutrient release, while higher ratios often slow decomposition rates. This study will build on
these findings by focusing on specific plant species and their by-products.

1.1. Objectives of the Study

To evaluate the decomposition rates and organic matter inputs such as corn stover, sugarcane bagasse, rice straw, and
pineapple crown as potential organic amendments for soil improvement and sustainable agriculture.

Specifically, it aims to:

e To determine the decomposition rates (%) of corn stalks, sugarcane bagasse, rice straw, and pineapple crowns
under a nursery setting.
e To analyze the following nutrient content dynamic of diverse plant species in 30 days and 60 days:
Soil pH
Total N
Total P
Total K
Organic matter
e To determine the significant difference among different plant species.

1.2. Significance of the Study

This study will contribute to sustainable agriculture and environmental conservation. Exploring various plant by-
products' decomposition rates and nutrient content aims to provide valuable insights for farmers, policymakers, and
researchers. This study could have a significant impact on the promotion of sustainable agriculture by reducing reliance
on synthetic fertilizers, improving soil health, and increasing crop yields and their quality. It has environmental benefits
through reducing pollution, carbon sequestration, and biodiversity conservation. Several economic advantages to this
study could enhance market access as consumers increasingly demand sustainably produced food that can be converted
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into valuable products and cost-effective farming. By raising awareness of plant decomposition and detecting nutrient
release patterns in plant by-products, findings can help researchers and policymakers develop sustainable agriculture
practices and regulations.

This research has the potential to make significant contributions to the transformation of agricultural systems that are
more resilient and sustainable. Exploring the potential benefits of using plant wastes as organic fertilizers can support
conservation efforts, increase food security, and promote farming's profitability.

1.3. Scope and Limitations

The study aimed to investigate the potential of plant species as organic amendments for soil improvement and
sustainable agriculture. It specifically focused on the decomposition rates and how quickly different plant by-products
decompose in the soil. This also focused on the nutrient content and the decomposition of fresh and decomposed by-
products.

The experiment was conducted in a nursery setting. The study focused on four (4) plant species (corn, sugarcane, rice,
and pineapple by-products), which were investigated to identify the most suitable options for agricultural inputs. The
study was conducted from December 2024 to February 2025, which did not capture the long-term effects of plant by-
products on soil health and crop productivity. It was conducted on a specific soil type, which limited its generalization
to different soil conditions. Evaluating nutrient content and decomposition rates overlooked other variables like crop
variety, soil texture, and application rate that affected plant by-products' effectiveness. This provided a valuable
foundation for recognizing the potential benefits of using plant waste as organic input for crop productivity.

2. Materials and Methods

2.1. Materials

The equipment and materials used in this study were thirty-two - 5-gallon round water dispensers (containers) of the
same size, moisture meter, pH meter, weighing scale, 2 mm sieve screen wire (fine), nets, galvanized steel, grinder, and
shredder machine.

The primary materials in this study were corn stover (Zea Mays), sugarcane bagasse (Saccharum officinarum), rice
straw (Oryza Sativa L.), and pineapple crown (Ananas comosus) by-products. The supplies were the soil, loamy soil
from local farms, ziplock plastic bags, sacks, gloves, protective gear, a shredder machine, and statistical software for
data analysis.

2.2. Experimental Design and Treatments

The study was utilized Split Plot Design-CRD where time intervals of 30 days and 60 days serves as main plot and
treatments with different plant species. The experiment was conducted in a nursery. The main plots consist of two time
intervals: 30 days (Treatment A1) and 60 days (Treatment A2), which serve as the primary factors influencing the
experiment. Each main plot was divided into sub-plots representing four different plant species: Corn Stover
(Treatment B1), Sugarcane Bagasse (Treatment B2), Rice Straw (Treatment B3), and Pineapple Crown (Treatment B4)
with a total of eight treatment combinations: A1B1 (30 days, Corn Stover), A1B2 (30 days, Sugarcane Bagasse), A1B3
(30 days, Rice Straw), A1B4 (30 days, Pineapple Crown), A2B1 (60 days, Corn Stover), A2B2 (60 days, Sugarcane
Bagasse), A2B3 (60 days, Rice Straw), and A2B4 (60 days, Pineapple Crown). Each treatment combination was
replicated four times across a total of 32 experimental units.

Factor A (Main Plot)

e 1- 30 days collection
e 2- 60 days collection

Factor B Different Plant Species (Sub-Plot)

1 - Corn Stover

2 - Sugarcane bagasse
3 - Rice straw

4 - Pineapple crown
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| 30 Days 60 Days

Al1B1 | A1E3 | A1B2 | A1B4 | AZB1 | A2B3 | A2B2 | AZB4
A1B3 | A1B4 | A1B1 | A1B2 | AZB3 | AZB4 | A2B1 | A2B2
| A1B2 | A1B1 | A1B3 | A1B1 | A2B2 | A2B1 | A2B3 | A2B1
| A1B4 | A1B2 | A1B4 | A1B3 | A2B4 | A2B2 | A2B4 | A2B3

Legend:Treatment A1B1 - (30 days, Corn Stover); Treatment A1B2 - (30 days, Sugarcane Bagasse);Treatment A1B3 - (30 days, Rice Straw);
Treatment A1B4 - (30 days, Pineapple Crown); Treatment A2B1 - (60 days, Corn Stover); Treatment A2B2 - (60 days, Sugarcane
Bagasse);Treatment A2B3 - (60 days, Rice Straw); Treatment A2B4 - (60 days, Pineapple Crown)

Figure 1 Experimental Lay-out

2.3. Containers Preparation

Thirty-two - 5-gallon closed-top water dispensers (containers) were fully opened on the top using a grinder to ensure
uniform cutting size. Four (4) drainage holes were formed at the bottom of all containers using an electric drill to
prevent water logs or allow excess water to drain out.

2.4. Soil Preparation

The soil was gathered before the start of the study with loamy soil texture (garden soil), which was taken from
agricultural sites. The topsoil, at most 10 cm deep, was taken. The soil was pulverized, air-dried, and sieved through a
2mm sieve screen wire to remove undecomposed materials. The soil samples were collected to analyze soil pH, N, P, K,
and organic matter.

The study was needed a volume of 350 kilograms of soil, which was used for thirty-two (32) containers and initial soil
analysis. The soil was placed in a container. Each container was filled with approximately 10 kilograms of soil.

2.5. Plant By-Products Collection and Process

The corn stover, sugarcane bagasse, rice straw, and pineapple crown were gathered from nearby farms or agricultural
locations. Clean sacks were used to carry each sample of various plant by-products to the experimental area. Eight (8)
kilograms of each plant by-product were collected, with a total of forty (32) kilograms. The samples were ensured to be
representative of the respective plant materials. Each plant by-product was carefully sorted to remove any debris. All
plant by-products were air-dried before starting the experiment. The corn stover, sugarcane bagasse, rice straw, and
pineapple crown plant by-products were shredded separately using a shredder machine to ensure uniformity of sizes.
After shredding, the corn stover, sugarcane bagasse, rice straw, and pineapple crown plant by-product were placed
under the nursery shed before being buried in the soil.

Before placement, each weight was measured in kilo, which was considered the "initial weight. Approximately one (1)
kilogram in each treatment was buried 2 inches below the surface of the soil. This was monitored throughout the
experiment.

2.6. Nursery Shed and Field Layout

All containers were placed under the nursery located at Manapla, Negros Occidental. The nursery was installed using
net, wood and galvanized steel. An area of 40 square meters, including alleyways, was utilized. The area was divided
into 32 experimental units; each will have a dimension of 1x1 meter. The height of the shed was six (6) foot from the
ground level.

2.7. Moisture Level

All samples were maintained at a level of 45% to 60 % moisture based on the optimal moisture content for composting
(J. Willis et al., 2022). Random testing was done daily to determine the samples' moisture level. Moisture level was
determined using a moisture meter. Watering was done if the moisture level is below 40%.

Water was added to the samples based on the basic principles of composting formula:
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(Target moisture content — Current moisture content)
Water needed kg = Totalweight X — - — ———— — — — — — — — — — — — — — — — — —

100 — Current moisture content

2.8. Data Collection and Analysis

2.8.1. Soil and Collection Analysis

A soil sample of about 1 kilogram was collected before placement in each container to analyze soil pH, total N, total P,
total K, and organic matter, which was considered the "initial soil analysis."

All Factor A was collected after 30 days with 16 samples and Factor B after 60 days with 16 samples. The ten (10)
kilograms of soil filled with one (1) kilogram substrates in each treatment was removed from the container and sieved
through a 2mm sieve screen wire to separate the soil from substrates for analysis. The soil was air-dried, and samples
with approximately 1 kilogram were placed in separate labeled plastic ziplock bags. The soil samples were transported
to the testing laboratory to analyze soil pH, N, P, K, and organic matter.

2.8.2. Decomposition Rate Determination

The computation of the decomposition rate was based on the kilogram of plant by-product samples buried in each
treatment. At 30 and 60 days of collection, the undecomposed plant by-product samples from each treatment separated
from the soil were weighed using a weighing scale, considering weight changes to get the final weight. "The "weight
loss" was calculated in percent by first deducting the "final weight" from the "initial weight" and then dividing that
number by the "initial weight" multiplied by 100 (L. Berg et al.,, 2022). The decomposition rate was calculated in
percentage (%) using the following formula:

Decomposition rate (%): = [(Initial weight — Final weight) / Initial weight] x 100

2.9. Statistical Analysis

The Analysis of Variance (ANOVA) was used to determine if there are significant differences among treatments. Post-
hoc tests were conducted to identify specific group differences.

3. Results and Discussion

Table 1 presents the decomposition rate of different plant by-products at 30 and 60 days. As a whole, the treatments
exhibited varying decomposition rates at both observation periods, indicating differences in the breakdown of organic
materials over time. At 30 days, the analysis revealed a statistically significant difference among treatments, p=0.000].
Rice straw recorded the highest mean decomposition rate (M=98.8), indicating a high level of decomposition and was
significantly higher than all other treatments. Corn stover (M=85.8) and pineapple crown (M=90.2) showed comparable
decomposition rates and did not differ significantly from each other, as indicated by their shared letter grouping.
Sugarcane bagasse obtained the lowest mean decomposition rate (M=6.7), reflecting a very low rate of decomposition
and was significantly lower than all other treatments. This is consistent with the study of Sotnikov, B. A,, et.al. 2021,
where residue decomposition rates are influenced by residue chemical composition, especially carbon to nitrogen ratio,
lignin content, and other biochemical factors affecting microbial decomposition over time. The coefficient of variation
at 30 days was low (CV=4.0%), indicating minimal experimental error and high precision of the measurements.

At 60 days, a statistically significant difference among treatments was likewise observed [p=0.000]. Rice straw
(M=92.0), pineapple crown (M=95.7), and corn stover (M=86.4) did not differ significantly from one another, as
reflected by their shared superscript letter, indicating comparable decomposition rates at this stage. In contrast,
sugarcane bagasse continued to exhibit the lowest decomposition rate (M=6.2), which was significantly lower than
those of the other treatments. The coefficient of variation remained low at 60 days (CV=6.4%), suggesting consistent
experimental precision across the two observation periods. Overall, the results indicate that while decomposition rates
among most residues tended to converge over time, sugarcane bagasse consistently decomposed at a substantially
slower rate compared with the other organic residues.
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Table 1 Decomposition Rate of Different Plant By-Products at 30 and 60 Days of Incubation

Treatment 30 days 60 days

M M
Corn Stover 85.8b 86.4a
Sugarcane Bagasse 6.7c 6.2b
Rice Straw 98.8a 92.0a
Pineapple Crown 90.2b 95.7a
p-value 0.000 0.000
cv (%) 4.0 6.4
Means that share a letter are not significantly different

Table 2 presents the soil pH values under different plant by-products treatments at 30 and 60 days, with the initial soil
pH recorded at 5.71. As a whole, soil pH increased across all treatments at 30 days relative to the initial condition,
indicating a general shift toward less acidic soil during the early stage of decomposition. However, no statistically
significant difference among treatments was observed at 30 days [p=0.149]. At this time point, soil pH values ranged
from 6.1 to 6.6, suggesting a relatively uniform increase in soil pH regardless of residue type. The coefficient of variation
was low (CV=4.4%), indicating high precision of the measurements.

At 60 days, a statistically significant difference in soil pH among treatments was observed [p=0.004]. Rice straw (M=6.6)
and corn stover (M=6.4) recorded significantly higher soil pH values, reflecting a more pronounced increase from the
initial soil pH. Pineapple crown (M=6.2) exhibited an intermediate pH level and did not differ significantly from either
the higher or lower groups. In contrast, sugarcane bagasse resulted in the lowest soil pH at 60 days (M=5.3), which was
significantly lower than those of corn stover and rice straw, indicating a tendency toward increased soil acidity over
time. Abbas et al. (2024) studied organic amendments like biochar and compost in maize cropping systems and reported
variable effects on soil pH—some amendments caused acidification attributed to organic acid release during
decomposition, while others increased pH due to mineral content, matching with the observations of residue-dependent
pH changes. The coefficient of variation remained low at 60 days (CV=6.7%), suggesting consistent experimental
precision. Overall, the results indicate that while all treatments initially increased soil pH, differences among organic
residues became more pronounced over time, with sugarcane bagasse showing a contrasting acidifying effect relative
to the other treatments.

Table 2 Changes in Soil pH as Affected by Different Plant By-Products Treatments at 30 and 60 Days of Decomposition

Treatment 30 days 60 days

M M
Corn Stover 6.3 6.4b
Sugarcane Bagasse 6.1 5.3a
Rice Straw 6.4 6.6b
Pineapple Crown 6.6 6.2ab
p-value 0.149 0.004
cv (%) 4.4 6.7
Means that share a letter are not significantly different

Table 3 presents the nitrogen content of different agricultural residues at 30 and 60 days of decomposition, with the
initial nitrogen content recorded at 0.112. As a whole, nitrogen levels at 30 days were uniform across all treatments,
with corn stover, sugarcane bagasse, rice straw, and pineapple crown each registering a mean nitrogen content of 0.10.
This indicates minimal change in nitrogen content during the early stage of decomposition regardless of residue type.
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No statistically significant difference among treatments was observed at 30 days, [p=0.156]. The coefficient of variation
was relatively high (CV=22.5%), suggesting moderate variability in nitrogen measurements at this time point.

At 60 days, nitrogen content remained at 0.10 for corn stover, sugarcane bagasse, and pineapple crown, while rice straw
showed a higher mean nitrogen content of 0.20, indicating a numerical increase over time. However, the analysis of
variance revealed that this difference was not statistically significant, [p=0.349]. Sukitprapanon et al. (2020) conducted
a research study and examined nutrient composition, finding uniform, stable N levels with no significant early
differences, explaining minimal N changes, much like the result of this analysis. The coefficient of variation decreased
to 15.5%, reflecting improved consistency of nitrogen measurements at the later stage of decomposition. Overall, the
results indicate that nitrogen content did not differ significantly among agricultural residues at both observation
periods, suggesting comparable nitrogen dynamics across treatments throughout the decomposition process.

Table 3 Mean Nitrogen Content of Agricultural Residues at 30 and 60 Days of Decomposition

Treatment 30 days 60 days
M M
Corn Stover 0.1 0.1
Sugarcane Bagasse 0.1 0.1
Rice Straw 0.1 0.2
Pineapple Crown 0.1 0.1
p-value 0.156 0.349
cv (%) 22.5 15.5
Means that share a letter are not significantly different

Table 4 presents the phosphorus content of different plant by-products at 30 and 60 days of decomposition, with the
initial phosphorus content recorded at 1.194. At 30 days, a statistically significant difference in phosphorus content
among treatments was observed, [p=0.042]. Corn stover (M=0.8) exhibited a significantly higher phosphorus content
compared to sugarcane bagasse (M=0.7), rice straw (M=0.7), and pineapple crown (M=0.7), which did not differ
significantly from one another as indicated by the shared letter notation. Phosphorus values at this stage ranged from
0.7 to 0.8. The coefficient of variation was low (CV=3.2%), indicating high precision of the measurements.

At 60 days, phosphorus content ranged from 0.7 to 0.9 across treatments. Rice straw (M=0.9) recorded the highest mean
phosphorus content, followed by corn stover (M=0.8) and pineapple crown (M=0.8), while sugarcane bagasse showed
the lowest value (M=0.7). However, the differences among treatments were not statistically significant, [p=0.443]. The
coefficient of variation increased to 14.5%, suggesting greater variability in phosphorus content at the later stage of
decomposition. Coulibaly et al. (2020) analyzed phosphorus dynamics during burial/decomposition of crop residues
(corn stalk, rice straw, millet straw, sorghum stalk) in pots, showing P content with significant early increases and
stabilization later, aligning with the sig. diff. at 30 days, corn stover high at 0.8% and non-sig. at 60 days. Overall, the
findings indicate that treatment-related differences in phosphorus content were evident at 30 days but were no longer
apparent at 60 days, suggesting that phosphorus dynamics among residues became more similar as decomposition
progressed.

Table 4 Phosphorus Content of Plant-By Products at 30 and 60 Days of Decomposition

Treatment 30 days 60 days
M M

Corn Stover 0.8a 0.8

Sugarcane Bagasse 0.7b 0.7

Rice Straw 0.7b 0.9

Pineapple Crown 0.7b 0.8
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p-value 0.042 0.443
cv (%) 3.2 14.5

Means that share a letter are not significantly different

Table 5 presents the potassium content of different plant by-products at 30 and 60 days of decomposition, with the
initial potassium content recorded at 2.107. At 30 days, a statistically significant difference in potassium content among
treatments was observed, [p=0.000]. Sugarcane bagasse (M=1.3), rice straw (M=1.3), and pineapple crown (M=1.3) did
not differ significantly from one another, as indicated by the shared letter notation, but all three differed significantly
from corn stover (M=1.4). Although the numerical difference among treatments was small, the low coefficient of
variation (CV=1.6%) indicates high precision of the measurements and supports the statistical significance observed at
this stage.

At 60 days, potassium content ranged from 1.3 to 1.4 across treatments, with corn stover (M=1.4) and pineapple crown
(M=1.4) recording slightly higher values than sugarcane bagasse (M=1.3) and rice straw (M=1.3). However, the
differences among treatments were not statistically significant, [p=0.244]. The coefficient of variation increased to 4.7%,
suggesting greater variability in potassium measurements at the later stage of decomposition. Sharma et al. (2023)
provided a relevant recent study on potassium dynamics in crop residue decomposition under tillage and residue
management in rice-wheat systems, examining K release from above-ground crop residues over decomposition periods,
finding significant early treatment differences due to tillage/residue interactions, which converged later as K leached
rapidly in ionic form. Overall, the results indicate that treatment-related differences in potassium content were evident
at 30 days but diminished by 60 days, implying convergence of potassium levels among plant by-products as
decomposition progressed.

Table 5 Potassium Content of Plant By-Products at 30 and 60 Days of Decomposition

Treatment 30 days 60 days
M M
Corn Stover 1.4b 1.4
Sugarcane Bagasse 1.3a 1.3
Rice Straw 1.3a 1.3
Pineapple Crown 1.3a 1.4
p-value 0.000 0.244
cv (%) 1.6 4.7
Means that share a letter are not significantly different

Table 6 presents the organic matter content of different plant by-products at 30 and 60 days of decomposition, with the
initial organic matter content recorded at 5.08. At 30 days, organic matter values ranged from 5.1 to 5.7 across
treatments. Corn stover (M=5.7) and rice straw (M=5.7) recorded the highest mean organic matter content, followed by
sugarcane bagasse (M=5.3), while pineapple crown (M=5.1) showed the lowest value. However, the analysis of variance
revealed no statistically significant difference among treatments at 30 days, [p=0.121]. The coefficient of variation was
7.3%, indicating acceptable variability and consistent measurements.

At 60 days, organic matter content ranged from 4.9 to 5.7. Rice straw (M=5.7) maintained the highest organic matter
level, followed by corn stover (M=5.4) and sugarcane bagasse (M=5.3), while pineapple crown (M=4.9) exhibited the
lowest mean value. Despite these numerical differences, no statistically significant difference among treatments was
observed, [p=0.385]. The coefficient of variation increased to 11.4%, suggesting greater variability in organic matter
content at the later stage of decomposition. Uwamahoro et al. (2023) analyzed organic matter decomposition from
vegetable crop residues (squash, southern pea) in sandy soils over 30 days, finding no significant differences in soil
organic carbon (SOC) dynamics across treatments despite numerical variations, with decomposition rates varying by
residue quality but stabilizing overall. Overall, the findings indicate that organic matter content did not differ
significantly among agricultural residues at both 30 and 60 days, implying similar patterns of organic matter
decomposition across treatments over time.
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Table 6 Organic Matter Content of Plant By-Products at 30 and 60 Days of Decomposition

Treatment 30 days 60 days
M M
Corn Stover 5.7 5.4
Sugarcane Bagasse 53 53
Rice Straw 5.7 5.7
Pineapple Crown 5.1 4.9
p-value 0.121 0.385
cv (%) 7.3 11.4
Means that share a letter are not significantly different

4., Conclusion and Recommendation

This study successfully evaluated the decomposition rates and nutrient dynamics of four agricultural plant by-products,
corn stover, sugarcane bagasse, rice straw, and pineapple crown, as potential organic soil amendments in a nursery
setting over 30 and 60 days. Findings showed that the distinct decomposition patterns of rice straw exhibited the
highest decomposition rate (98.8% at 30 days, 92.0% at 60 days), followed closely by pineapple crown and corn stover,
while sugarcane bagasse decomposed markedly slower (6.7% at 30 days, 6.2% at 60 days). The differences aligned with
the biochemical factors like C/N ratios and lignin content, as noted in prior research by Sotnikov et al., 2021. Soil
nutrient responses varied by treatment and time. All amendments initially raised soil pH from 5.71, but by 60 days, rice
straw and corn stover sustained higher pH levels (6.6 and 6.4), whereas sugarcane bagasse acidified soil to 5.3. The
content of nitrogen remained stable, and non-significant across treatments (around 0.1-0.2%), which indicating
consistent but limited release. The phosphorus showed an early, significant elevation with the corn stover (0.8 at 30
days), and later converged. The potassium displayed initial differences favoring non-corn treatments, which was
equalized at 60 days. The organic matter (OM) levels hovered around 5 - 5.7% without significant differences,
suggesting balanced contributions to soil structure.

Overall result showed that the rice straw and pineapple crown appear to be superior short-term amendments due to
their rapid decomposition and positive effects on pH and nutrient levels, and synthetic fertilizer alternative. These
results support and encourage agricultural sustainability by lowering environmental risks, promoting waste recycling,
and improving soil health. Future research studies could include field trials across diverse soils and crop yield
integration to validate long-term efficacy.

Compliance with ethical standards

Acknowledgments

The researcher extends her utmost gratitude and profound appreciation to the following persons, who have contributed
much to this study:

Dr. May Ann S. Tongol, her co-author, for her guidance, insightful comments, and constructive suggestions from
inception to completion, which uplifted the quality of this research.

Her beloved family, Jayndelvev, Danielle Anne, Daniel Lloyd, and her late husband, for their boundless moral support
and enduring love.

Her sisters, especially Atty. Rovi Grace Mendoza, her brothers, her mother, and Agripino Macas, for their generous
financial, spiritual, and moral encouragement throughout this endeavor.

Above all, to the Almighty God, for His abundant blessings, infinite wisdom, unwavering strength, divine guidance, and
protective grace bestowed upon the researcher.

604



International Journal of Science and Research Archive, 2026, 18(03), 595-607

Disclosure of conflict of interest

No conflict of interest to be disclosed.

References

[1]

[2]

[3]

[4]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Cover Crops Program. Nitrogen immobilization. Raleigh, NC: NC State Extension; 2025 Apr 21. Available
from: https://go.ncsu.edu/readext?1014984.

Yang L, Li Y, Zhang X, et al. Systematic review assessing the effects of amendments on acidic soils pH in tea
plantations. Peer]. 2024;12:e17653. doi:10.7717 /peerj.17653.

Kataria P, Sharma S, Singh R, et al. Residual phosphorus availability after soil application of different organic
waste in varying soil P status soils. Heliyon. 2024;10(7):e25732. doi:10.1016/j.heliyon.2024.e25732.

Abbas G, Murtaza B, Amjad M, et al. The efficacy of organic amendments on maize productivity, soil properties
and active fractions of soil carbon in organic-matter deficientsoil. Volume 14 - 2024
https://doi.org/10.3389/sjss.2024.

Breugem A]J, Kros ], de Vries W. Impacts of pH on mechanisms and rates of carbon and nitrogen mineralisation.
Wageningen: Wageningen Environmental Research; 2024. Report No. 3342.

Uwamahoro H, Kpomblekou-A K, Suliman M, et al. Organic vegetable crop residue Decomposition in soils of the
southeastern USA. Agrosyst Geosci Environ. 023;6(1):e20415. doi:10.1002/agg2.20415.

Sharma S, Kumar R, Singh P, et al. Tillage, green manuring and crop residue management impacts potassium
dynamics in rice-wheat systems. Heliyon. 2023;9(12):e23563. doi:10.1016/j.heliyon.2023.e23563.

Naghman R, Aslam Z, Afzal M, et al. Organic amendments: a natural way to suppress phytopathogens, a
sustainable approach to go green. Turk ] Agric For. 2023;47(5):3113. do0i:10.55730/1300-011X.3113.

Rodriguez-Espinosa T, Moral-Asin F, Lidon MD, et al. Nitrogen management in Farming systems under the use of
agricultural wastes and circular economy. Agron Sustain Dev. 2023. Available
from: https://www.researchgate.net/publication/369068868.

Dhankhar N, Kumar ]. Impact of increasing pesticides and fertilizers on human health: a review. Mater Today
Proc. 2023;S2214-7853(23):03766-2. d0i:10.1016/j.matpr.2023.03.766.

Das H, Patel S, Roy A, et al. Chemical fertilizer and its effects on the soil environment. Int ] Environ Sci Technol.
2023. Available from: https://www.researchgate.net/publication/372626886.

Vallejera CAE, Tulen AB, Asio VB, Dorahy CG. Nutrient analysis, decomposition, and nitrogen mineralization of
various organic amendments used for pechay production. Ann Trop Res. 2023;36(1):88-101.
doi:10.32945/atr3617.2014.

Bossolani A], Crusciol CAC, Portugal AF, et al. Nitrogen input on organic Amendments Alters the pattern of soil-
microbe-plant co-dependence. Sci Total Environ. 2023;892:164XXX. doi:10.1016/j.scitotenv.2023.164XXX.
Available from: https://www.sciencedirect.com/science/article/pii/S0048969723029686.

Ferdaus M]J, Islam MR, Rahman MM, et al. Taro roots: an underexploited root crop. Nutrients. 2023;15(15):3337.
doi:10.3390/nu15153337.

Tshikovhi N, Tshikovhi N, More K. Driving sustainable growth for small and Medium enterprises in emerging
urban-rural economies. Sustainability. 2023;15(21):15337. d0i:10.3390/su152115337.

Vejelis S. Innovative solutions for solid waste management. ] Waste Manag Res. 2023. Available from:
https://www.alliedacademies.org/articles/innovative-solutions-for-solid-waste management-24797.html.

Abraham A, Mathew A, Thomas S. A comprehensive review of pineapple Processing and its by-product
valorization in India. Food Chem Adv. 2023;2:100416. doi:10.1016/j.focha.2023.100416.

Kamaruddin NFH, Razali MH, Hassan MA, et al. The effects of different pineapple wastes on soil chemical
properties and growth and yield of okra (Abelmoschus esculentus L.). IOP Conf Ser E arth Environ Sci.
2023;1182:012036. d0i:10.1088/1755-1315/1182/1/012036.

Chi, G, et al. (2022). Phosphorus dynamics in litter-soil systems during decomposition in larch plantations.
Frontiers in Plant Science.

605


https://go.ncsu.edu/readext?1014984
https://doi.org/10.3389/sjss.2024
https://www.researchgate.net/publication/369068868
https://www.researchgate.net/publication/372626886
https://www.sciencedirect.com/science/article/pii/S0048969723029686
https://www.alliedacademies.org/articles/innovative-solutions-for-solid-waste%20management-24797.html

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

International Journal of Science and Research Archive, 2026, 18(03), 595-607

Kabasiita, J. K., Opolot, E., Sande, E., & Malinga, G. M., 2022. Decomposition and nutrient release patterns of
municipal solid waste compost in two agro-ecological zones of Uganda. Agriculture & Food Security.
https://doi.org/10.1186/s40066-022-00392-3

Yuan-Yuan Zhao et al, 2022. Leaf litter decomposition characteristics and co-trolling factors across two
contrasting forest types.Journal of Plant Ecology, volume 15, Issue 6, December 2022, Pages 1285-1301.
https://DO0I1:10.1093/jpe/rtac073

Berg et al,, 2022. Measuring Soil Microbial Activity by Using Litterbags.
https://www.ndsu.edu/agriculture/extension/publications/measuring-soil-microbial-activity-
usinglitterbags#:~:text=The%20bags%20are%20buried%20in,actions%200{%20s0il%20microbial%20activit
ies.

S. Kabalan et al,, 2022. Impact of symbiotic mycorrhiza interrelation in some soil biological parameters and
growth of five cover crops. https://www.researchgate.net/publication/361158011

J. Willis et al,, 2022. Composting Series: Compost Moisture Content.
https://www.lsuagcenter.com/articles/page1651158185675#:~:text=These%20include%20food%20source
%2C%200xygen,oxygen%2C%20and%20anaerobic%20organisms%20prevail.

K. Wang et al., 2022. Characteristics of rice straw decomposition and bacterial community succession for 2
consecutive years in a paddy field in southeastern China. http://doi.org/10.1038/s41598-022-25229-8.

Baldock, J. A, & others., 2021. Linking decomposition rates of soil organic amendments to their chemical
composition. Soil Research, 59(2), 123-135. https://doi.org/10.1071/SR20269

Frainer, A., Bruder, A,, Colas, F., Ferreira, V., McKie, B.G., 2021. Plant Litter Decomposition as a Tool for Stream
Ecosystem Assessment. In: Swan, C.M,, Boyero, L., Canhoto, C. (eds) The Ecology of Plant Litter Decomposition in
Stream Ecosystems. Springer, Cham. https://doi.org/10.1007/978-3-030-72854-0_21

Sun et al.,, 2021. Decomposition Characteristics, Nutrient Release, and Structural Changes of Maize Straw in
Dryland Farming under Combined Application of Animal Manure. https://www.mdpi.com/2071-
1050/13/14/7609

Md Arif Mahmud et al., 2021. Sugarcane bagasse - A source of cellulosic fiber for diverse applications.
https://doi.org/10.1016/j.heliyon.2021.e07771

Anjum & Ahmad Khan (2021) Decomposition of soil organic matter is modulated by soil amendments, Carbon
Management, 12:1, 37-50, https://D01:10.1080/17583004.2020.1865038

Sotnikov, B. A., Kravchenko, V. A,, & Shchuchka, R. V. (2021). The Rate of Crop Residue Decomposition as a
Function of the Chemical Composition of Field Crops. Entomology and Applied Science Letters, 8(2), 16-19.
https://doi.org/10.51847 /MuZOszyPy0

Adekiya, O. K, et al. (2020). Effects of crop residue management on soil fertility and crop performance: A case
study emphasizing potassium dynamics. Journal of Soil Science and Plant Nutrition.

N. Kazakis et al., 2020. Origin, implications and management strategies for nitrate pollution in surface and ground
waters of Anthemountas basin based on a &15N-NO3- and 6180-NO3- isotope approach.
https://doi.org/10.1016/j.scitotenv.2020.138211

Sukitprapanon, T.-S., Jantamenchai, M., Tulaphitak, D., & Vityakon, P. (2020). Nutrient composition of diverse
organicresidues and their long-term effects on available nutrients in a tropical sandy soil. Heliyon, 6(11),e05601.
https://doi.org/10.1016/j.heliyon.2020.e05601

Coulibaly, S.S., et al. (2020). Incorporation of Crop Residues into Soil... Agricultural Sciences, 11, 1186-1198.
https://doi.org/10.4236/as.2020.1112078

Srinivasan et al.,,2020. Beneficial Microbes in Agro-Ecology (Bacteria and Fungi), Chapter 32 - Penicillium, 9.2
Organic Matter Decomposition. https://doi.org/10.1016/B978-0-12-823414-3.00032-0

Chivenge et al., 2020. Rice Straw Incorporation Influences Nutrient Cycling and Soil Organic Matter.DOI:
10.1007/978-3-030-32373-8_8

Bhadha et al, 2020.Bagasse: A Potential Organic Soil Amendment Used in Sugarcane Production.
https://edis.ifas.ufl.edu/publication/SS690

606


https://doi.org/10.1186/s40066-022-00392-3

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

International Journal of Science and Research Archive, 2026, 18(03), 595-607

Adekiya, O. K., Agbede, T. M., & Ojeniyi, S. 0. (2020). Effects of plant residues on soil potassium dynamics and
nutrient availability in a tropical Alfisol. Agronomy, 10(3), 432.

Zhao, S.C,, Qiu, S.J., Xu, X.P., Ciampitti, I.A., Zhang, S.Q., & He, P., 2019. Change in straw decomposition rate and soil
microbial community composition after straw addition in different long-term fertilization soils. Applied Soil
Ecology, 138, 123-133. https://doi.org/10.1016/j.aps0il.2019.05.007

Om Prakash, et al, 2019. The Impact of Chemical Fertilizers on our Environment and Ecosystem.
https://www.researchgate.net/publication/331132826

Kopittke et al, 2019. Soil and the intensification of agriculture for global food security.
https://doi.org/10.1016/j.envint.2019.105078

Mahdi Al-Kaisi 2019. Corn Residue Breakdown as Affected by Tillage and N Application. IOWA State University,
Extension and Outreach. https://crops.extension.iastate.edu/cropnews/2019/11/corn-residue-breakdown-
affected-tillage-and-n-application

Bureau of Agricultural Research (BAR) Copyright 2024.Corn R4D Program. Corn and Grain Research and
Development Institute (CGRDI): https://www.bar.gov.ph/

Sugar Regulatory Administration (SRA) Copyright 2024. OVERVIEW OF THE SUGARCANE INDUSTRY, Updated
September 2019. https://www.sra.gov.ph/storage/OVERVIEW-OF-THE-SUGARCANE-INDUSTRY_September-
2019.pdf

US Environmental Protection Agency, updated on May 2024. Sources and Solutions: Agriculture.
https://www.epa.gov/nutrientpollution/sources-and-solutions-agriculture

Devot al Editorial Team, 2023. What is a Comparative Analysis?’A Complete Guide. https://dov
tail.com/research/comparative- analysis/ Solutions for Farms.
https://www.vanguardrenewables.com/solutions/regenerative-farming.

Authors short biography

Rovian Jane M. Sebarillo is a licensed agriculturist. Her research focuses on organic
amendments, soil nutrient dynamics, and soil improvement. She graduated with a
bachelor's degree from West Visayas State University in Lambunao, Iloilo. Currently
taking up her master's degree at the State University of Northern Negros, Sagay City,
Negros Occidental.

607


https://www.vanguardrenewables.com/solutions/regenerative-farming

