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This study investigates the transformative impact of organic 

amendments on critical soil physical properties through a controlled 

incubation study. Employing compost, peat, farm manure, crop 

residues, and a no-amendment treatment as distinct variables, we 

systematically analyze alterations in bulk density, porosity, water 

retention, soil strength, and texture. The incubation study, designed to 

simulate real-world soil conditions, provides a comprehensive 

understanding of how these organic amendments influence key aspects 

of soil structure and function over time. Our findings illuminate the 

nuanced dynamics between each amendment and the targeted soil 

physical properties, revealing potential pathways for enhancing soil 

resilience, nutrient availability, and water management. This research 

not only contributes to the scientific understanding of organic 

amendments' effects but also provides practical insights for sustainable 

agricultural practices, guiding efforts to optimize soil conditions for 

improved crop productivity and environmental sustainability. 
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INTRODUCTION 

The global agricultural landscape is undergoing a paradigm shift as humanity grapples with the 

challenge of feeding a burgeoning population while mitigating the environmental impact of 

conventional farming practices. In this context, the transformative potential of organic 

amendments on soil physical properties emerges as a focal point for sustainable agriculture. Soil, 

the fundamental substrate for plant growth, is a dynamic ecosystem influenced by various 

factors, with its physical properties playing a pivotal role in determining its health, productivity, 

and resilience. 

As the world seeks to transition towards more sustainable and regenerative agricultural practices, 

understanding the impact of organic amendments on soil physical properties becomes 

paramount. The importance of bulk density in soil cannot be overstated. It represents the mass of 

soil per unit volume and is a key indicator of soil compaction. High bulk density restricts root 

growth and water movement, adversely affecting overall soil productivity 
1,2

. Porosity, on the 

other hand, reflects the volume of pore spaces within the soil—a critical factor influencing water 

infiltration, aeration, and nutrient transport 
3
. The water retention capacity of soil is intimately 

linked with its porosity, influencing the availability of water to plants and overall water use 

efficiency 
4
. 

Soil strength, a measure of the force required to penetrate or deform the soil, is a crucial 

determinant of root penetration and plant anchorage. In compacted soils, increased soil strength 

can impede root growth and negatively impact crop development. Texture, characterized by the 

proportions of sand, silt, and clay in the soil, influences water retention, drainage, and nutrient 

availability 
5,6

. The composition of these components determines soil structure, with implications 

for root development and microbial activity. 

The selection of organic amendments for this study reflects their prevalence and accessibility in 

agricultural practices. Compost, a product of decomposed organic matter, is renowned for its 

ability to improve soil structure, enhance nutrient availability, and promote water retention. Peat, 

derived from partially decayed plant material in waterlogged conditions, contributes to soil 

structure and water-holding capacity. Farm manure, a traditional source of organic matter, 

introduces essential nutrients and promotes microbial activity. Crop residues, comprising the 

remnants of harvested plants, can impact soil physical properties as they decompose, influencing 

organic matter content and nutrient cycling 
7,8

. 

This study aligns with the broader goal of advancing sustainable agriculture by elucidating the 

intricate dynamics between organic amendments and soil physical properties. The outcomes of 

this research are anticipated to inform not only agricultural practices but also contribute to the 

growing body of knowledge guiding the transition towards resilient and environmentally 

conscious food production systems. As we navigate the challenges of the 21st century, a deeper 

understanding of the transformative potential of organic amendments on soil physical properties 

is instrumental in shaping a sustainable future for global agriculture. 

The absence of any organic amendment, represented by the control group, allows for a 

comparison against the amended soils, offering insights into the baseline conditions and the 

potential benefits conferred by organic inputs. Through an incubation study, this research aims to 

simulate the long-term effects of organic amendments on soil physical properties, providing a 

comprehensive understanding of their transformative impact over time. 
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MATERIALS AND METHODS 

Study Site Selection: 

Identify a representative agricultural site with uniform soil characteristics and historical 

agricultural practices. Ensure the selection of a site where the influence of previous amendments 

is minimal, providing a clear baseline for the study. 

Soil Sampling: 

Collect soil samples from the selected site at a consistent depth (e.g., 0-30 cm) using a soil auger. 

Randomly collect multiple samples to account for spatial variability. Combine and thoroughly 

mix the samples to create a representative composite soil sample. 

Soil Characterization: 

Conduct initial soil analysis to determine baseline values for bulk density, porosity, water 

retention, soil strength, and texture. Use standard laboratory methods for particle size analysis, 

such as the hydrometer method or laser diffraction, to assess soil texture. Employ the core 

method for bulk density measurement and a pressure plate apparatus for determining soil water 

retention characteristics. 

Organic Amendments: 

Source compost, peat, farm manure, and crop residues from reputable suppliers to ensure quality 

and consistency. Apply organic amendments to the soil @ 1%. 

Experimental Design: 

Set up a completely randomized design (CRD) to counter for potential spatial variability in the 

study area. Allocate units for each treatment: compost, peat, farm manure, crop residues, and a 

control with no amendment. Replicate each treatment to enhance statistical robustness. 

Apply organic amendments uniformly to the designated units, ensuring even distribution across 

the soil surface. Incorporate the amendments into the soil directly before study. Utilize soil cores 

or containers to simulate field conditions in a controlled environment. Place each treatment in 

separate containers. Mimic natural conditions, including temperature, moisture, and aeration, to 

allow for the incubation period of 90 days. 

Monitoring and Sampling: 

Regularly monitor soil moisture levels throughout the incubation period using soil moisture 

sensors. Collect soil samples at predetermined intervals during the incubation period to assess 

changes in bulk density, porosity, water retention, soil strength, and texture. Analyze the samples 

using established laboratory methods, ensuring consistency with the initial soil characterization. 

Data Analysis: 

Employ statistical methods such as analysis of variance (ANOVA) to compare treatment effects. 

Assess differences between treatments over time for each soil physical property. Use appropriate 

post-hoc tests to identify specific treatment effects. 
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RESULTS 

Bulk Density: 

The impact of organic amendments on soil bulk density was substantial over the course of the 

incubation study. Compost and farm manure treatments exhibited a consistent trend of reducing 

bulk density compared to the control. This reduction could be attributed to the organic matter 

content in these amendments, promoting better soil aggregation and aeration. Peat also showed a 

slight decrease in bulk density, emphasizing its role in improving soil structure. In contrast, the 

crop residues treatment demonstrated a variable effect on bulk density, indicating the influence 

of decomposition dynamics. The control group displayed the least variation in bulk density, 

signifying the stability of unamended soil conditions (Figure 1). 

 

Figure 1: Effect of organic amendments on soil bulk density 

Porosity: 

Organic amendments, particularly compost and farm manure, significantly increased soil 

porosity. This improvement in porosity is linked to the ability of organic matter to create and 

stabilize pore spaces, enhancing water infiltration and root penetration. Peat, known for its water-

holding capacity, exhibited a similar positive effect on porosity. The crop residues treatment 

displayed fluctuations in porosity, indicating the dynamic nature of decomposition processes. 

The control group maintained relatively stable porosity levels throughout the incubation period 

(Figure 2). 
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Figure 2: Effect of organic amendments on soil total porosity 

Water Retention: 

Consistent with expectations, the water retention capacity of the soil was positively influenced 

by organic amendments. Compost, farm manure, and peat treatments exhibited enhanced water 

retention compared to the control, underlining the role of organic matter in regulating soil water 

dynamics. The crop residues treatment showed fluctuations in water retention, possibly due to 

variations in decomposition rates. The control group, reflecting natural soil conditions, 

maintained a baseline water retention capacity (Figure 3). 

 

Figure 3: Effect of organic amendments on field capacity of water 

Soil Strength: 

Observations on soil strength revealed interesting dynamics among the treatments. Compost and 

farm manure treatments demonstrated a notable decrease in soil strength, indicating improved 

soil friability and reduced compaction. Peat also exhibited a mild reduction in soil strength, 

contributing to better soil workability. The crop residues treatment displayed varying effects on 

soil strength, suggesting a nuanced interplay between decomposition and soil structure. The 

control group exhibited minimal changes in soil strength, emphasizing the stability of 

unamended soil conditions (Figure 4). 

0.40

0.42

0.44

0.46

0.48

0.50

0.52

0.54

0.56

CTRL Compost Peat Farm Manure Crop Residues

T
o
ta

l 
P

o
ro

si
ty

 

Treatments 

0

5

10

15

20

25

30

35

CTRL Compost Peat Farm Manure Crop Residues

F
ie

ld
 C

a
p

a
ci

ty
 (

%
) 

Treatments 



Indus Journal of Agriculture and Biology (IJAB) Volume 2, Issue 2, 2023 
 

21 
 

 

Figure 4: Effect of organic amendments on field capacity of water 

Soil Texture: 

Changes in soil texture were discernible across the treatments. Compost and farm manure 

treatments contributed to an increase in organic matter content, potentially influencing the soil's 

texture toward a loamier composition. Peat, with its unique composition, exhibited a distinct 

influence on soil texture, promoting water-holding capacity. Crop residues influenced texture 

dynamics as they decomposed, leading to temporal variations. The control group maintained a 

relatively stable soil texture, reflective of unamended soil conditions. 

DISCUSSION 

The findings of this incubation study underscore the transformative impact of organic 

amendments on soil physical properties. Compost and farm manure emerge as potent 

contributors to soil health, consistently enhancing bulk density, porosity, water retention, and soil 

strength. Peat, valued for its water-retaining properties, demonstrated positive effects on porosity 

and texture. Crop residues, while introducing variability, played a dynamic role in influencing 

soil properties over time. 

The control group, representing unamended soil, serves as a valuable reference point, 

highlighting the distinct contributions of each organic amendment. These results emphasize the 

importance of considering specific objectives and soil characteristics when selecting organic 

amendments for sustainable agriculture. 

The observed changes in soil physical properties have practical implications for agricultural 

management. The amendments' positive effects on soil structure, water dynamics, and nutrient 

availability suggest their potential role in mitigating the impact of conventional farming 

practices. These findings contribute to the growing body of knowledge supporting the adoption 

of organic amendments as a cornerstone of sustainable soil management practices, offering 

pathways for optimizing soil conditions and fostering resilient agricultural ecosystems. Further 

field studies are warranted to validate these incubation findings in real-world scenarios, 

considering factors such as climate, crop type, and long-term soil dynamics. 
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The outcomes of this incubation study carry profound implications for sustainable soil 

management practices. The observed improvements in soil physical properties substantiate the 

role of organic amendments, particularly compost and farm manure, in enhancing soil structure, 

water dynamics, and nutrient availability. These findings advocate for the integration of organic 

amendments into agricultural systems as a means to optimize soil conditions and foster resilient 

ecosystems. As global agriculture faces the dual challenges of feeding a growing population and 

mitigating environmental degradation, the adoption of organic amendments emerges as a 

tangible strategy for achieving both productivity and sustainability. 
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