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This study explores the influence of organic mulching, specifically utilizing farm 

manure at a rate of 10 Mg ha-1, on soil carbon sequestration across distinct soil 

textures—loam, sand, and clay. Employing a controlled experimental design, we 

assessed the impact of organic mulching on soil carbon retention, considering the 

varying physical and chemical properties inherent to each soil type. The application 

of farm manure as mulch serves as a focal point, offering a practical and sustainable 

approach to enhance soil organic carbon content. Our investigation involved 

systematic measurements and analyses to evaluate changes in soil carbon levels 

over a specified period. Preliminary findings suggest nuanced responses to organic 

mulching among different soil textures, emphasizing the need for tailored soil 

management practices. This research contributes to advancing our understanding of 

the potential benefits of organic mulching in promoting soil carbon sequestration, 

paving the way for informed and sustainable agricultural practices across diverse 

soil environments. 
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Introduct ion  

Sustainable agriculture establishes the intricate 

relationship between soil health and carbon dynamics 

has become a focal point of research. Soil carbon, a 

key component of soil organic matter, plays a critical 

role in maintaining soil fertility, water retention, and 

overall ecosystem resilience 
1
. As global concerns 

regarding climate change and the need for carbon 

sequestration intensify, there is growing interest in 

exploring practical and environmentally friendly 

strategies to enhance soil carbon retention 
2
. One 

such strategy that has gained attention is organic 

mulching 
3
. 

Mulching, the practice of covering the soil surface 

with organic materials, serves multiple purposes, 

including weed suppression, moisture conservation, 

and temperature moderation 
4
. Beyond these 

immediate benefits, there is increasing recognition of 

the potential of organic mulches to contribute to soil 

carbon sequestration 
5
. However, the effectiveness of 

mulching can be influenced by various factors, and 

one of the critical determinants is the soil texture 
6
. 

The previous research endeavors to unravel the 

complexities of the impact of organic mulching on 

soil carbon sequestration across varied soil textures 
6
. 

The use of organic additions as a mulching material 

reflects its widespread availability, cost-

effectiveness, and potential to contribute to soil 

fertility 
7
. 

Soil texture, characterized by the relative proportions 

of sand, silt, and clay particles, plays a pivotal role in 

determining the physical and chemical properties of 

the soil 
8,9

. These properties, in turn, influence the 

interactions between organic mulches and the soil 

matrix, affecting the potential for carbon 

sequestration 
10

. Understanding how different soil 

textures respond to organic mulching is essential for 

tailoring agricultural practices to specific 

environmental contexts and maximizing the benefits 

of carbon sequestration 
11,12

. 

The carbon accumulation with organic additions 

contribute to the development of evidence-based 

guidelines for optimizing the use of organic mulches 

in soil carbon sequestration efforts 
6
. Moreover, the 

outcomes of previous research hold potential 

implications for climate change mitigation, as 

enhanced soil carbon sequestration contributes to 

reducing atmospheric carbon dioxide levels 
13

. 

The overarching goal of this study is to provide a 

nuanced understanding of how organic mulching 

influences soil carbon dynamics in different soil 

textures. By employing a controlled experimental 

design, we aim to elucidate the specific mechanisms 

through which organic mulches interact with soil 

particles, influence microbial activity, and ultimately 

contribute to soil carbon sequestration. The selected 

soil textures—loam, sand, and clay—represent a 

spectrum of common agricultural soils, ensuring the 

relevance and applicability of the findings to diverse 

agroecosystems. 

Mater ial s  and Methods:  

The study was conducted at AZRC DI Khan, and the 

representative soil textures—loam, sand, and clay 

were made by mixing different soil separates in 

different proportions. Each soil type was carefully 

delineated in a pot within the experimental site to 

ensure homogeneity and minimize confounding 

variables. 

A completely randomized design was employed and 

each replicate represented a distinct soil texture, and 

treatments were randomly assigned. Farm manure 

was selected as the organic mulching material due to 

its widespread availability and potential benefits for 

soil fertility. The mulch was applied at a rate of 10 

Mg ha
-1

, ensuring consistency across treatments. 

Mulching was carried out uniformly across the 

experimental pots within each soil type. The farm 

manure was spread evenly on the soil surface 

surrounding the base of plants, simulating common 

agricultural practices. Care was taken to avoid direct 

contact with plant stems to prevent potential adverse 

effects.  

Soil samples were collected before mulch application 

to establish baseline carbon levels. Additional 

samples were collected at regular intervals post-

mulching to track changes over time. The sampling 

points were strategically located within each pot to 

capture variability. 

Soil carbon content was determined using standard 

laboratory procedures such as dry combustion or wet 

oxidation. Samples were prepared and analyzed for 

total organic carbon, distinguishing it from inorganic 

carbon sources. 

Microbial activity in the soil was assessed through 

the measurement of microbial biomass carbon and 

microbial respiration. Subsamples were subjected to 

the fumigation-extraction method to estimate 

microbial biomass, while gas chromatography was 

employed to measure microbial respiration. 

Statistical analyses, such as analysis of variance 

(ANOVA) and regression analysis, were performed 

to assess the significance of differences in soil carbon 

levels and microbial activity among the mulched and 

control plots within each soil texture. Multiple 

comparisons were conducted to identify specific 

treatment effects. 

Result s  

Soi l  Carbon Accumulat ion in  

Response  to  Organic  Mulching  

The investigation into soil carbon 
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sequestration revealed intriguing patterns across the 

varied soil textures. Our results indicated a notable 

increase in soil carbon content in response to organic 

mulching, with distinct responses observed in loam, 

sand, and clay soils. In the loam soil, mulched plots 

exhibited a significant elevation in soil carbon levels 

compared to control plots. The organic mulch, 

composed of farm manure, served as a rich source of 

organic carbon, fostering microbial activity and 

contributing to the build-up of soil organic matter. 

The loam texture, characterized by a balanced mix of 

sand, silt, and clay, provided an ideal environment for 

organic material decomposition and carbon retention. 

Conversely, in the sandy soil, while a discernible 

increase in soil carbon was observed in mulched 

plots, the effect was less pronounced compared to 

loam. Sandy soils, known for their lower water and 

nutrient retention capacities, presented challenges for 

organic mulch decomposition and carbon 

incorporation. The sandy texture, with larger particle 

sizes, allowed for quicker decomposition and 

potential leaching of organic carbon, limiting its 

sequestration potential. In the clay soil, mulched plots 

displayed a moderate increase in soil carbon, 

suggesting a nuanced response compared to loam. 

The inherent characteristics of clay soils, such as 

higher water and nutrient retention, influence the 

dynamics of organic matter decomposition and 

carbon stabilization. The interplay between mulch 

decomposition rates and clay soil properties likely 

contributed to the observed intermediate response in 

carbon sequestration. 

Microbial  Act ivi ty  and Soi l  

Carbon Dynamics:  

Microbial biomass carbon and microbial respiration 

data provided insights into the underlying processes 

driving soil carbon dynamics in response to organic 

mulching. The loam soil demonstrated a substantial 

increase in microbial biomass carbon in mulched 

plots, indicating enhanced microbial activity fueled 

by the availability of organic carbon from the farm 

manure. This heightened microbial activity 

contributed to increased carbon sequestration through 

the formation of stable organic matter. In the sandy 

soil, while microbial biomass carbon increased in 

mulched plots, microbial respiration rates were 

comparatively higher. This suggests that the sandy 

texture facilitated rapid decomposition of organic 

mulch, leading to increased microbial respiration and 

potential loss of carbon as CO2. The intricate balance 

between microbial decomposition and carbon 

stabilization influenced the overall effectiveness of 

carbon sequestration in sandy soils. In the clay soil, 

the observed increase in microbial biomass carbon 

was accompanied by a more modest rise in microbial 

respiration. The clay texture, with its higher water 

retention capacity, likely influenced the availability 

of labile carbon for microbial activity. The balance 

between microbial carbon utilization and carbon 

stabilization mechanisms played a crucial role in 

shaping soil carbon dynamics (Figure 1). 
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Figure  1.  Impact  of  farm manure  mulching in  var ied so i l  textures  on  

SOC,  CO2 and Microbial  Act ivi ty   

Discuss ion  

The impact of environmental factors on soil 

carbon sequestration was evident throughout the 

study period. Soil moisture, temperature, and rainfall 

exhibited variations that correlated with changes in 

soil carbon levels. In the loam soil, where the organic 

mulch contributed significantly to carbon 

sequestration, optimal moisture levels and moderate 

temperatures created favorable conditions for 

microbial activity and organic matter stabilization 
6,13

. The sandy soil, characterized by lower water 

retention, experienced fluctuations in soil moisture 

that influenced the efficiency of organic mulch 

decomposition 
5,14

. Higher temperatures in the sandy 

soil likely accelerated decomposition rates, 

contributing to increased microbial respiration and 

influencing the overall carbon sequestration potential 
3
. In the clay soil, consistent soil moisture levels 

supported microbial activity, while moderate 

temperatures contributed to a balanced response in 

soil carbon sequestration 
15

. The interactions between 

soil texture, organic mulch decomposition, and 

environmental factors underscored the complexity of 

the processes governing carbon dynamics 
16

. 

The findings of this study have significant 

implications for the adoption of organic mulching as 

a sustainable agricultural practice. The observed 

variations in soil carbon sequestration across 

different soil textures emphasize the need for context-

specific approaches. In loam soils, where organic 

mulching proved highly effective in enhancing soil 

carbon, incorporating such practices into agricultural 

systems could contribute to improved soil fertility 

and long-term carbon storage 
17

. In sandy soils, 

careful consideration is required to optimize organic 

mulch application, ensuring that decomposition rates 

do not outpace the soil's ability to sequester carbon 
18

. 

Amendments such as increased mulch application or 

the use of more recalcitrant organic materials may 

enhance carbon retention in sandy soils, mitigating 

the risk of carbon loss through microbial respiration. 

In clay soils, the observed moderate response to 

organic mulching suggests that additional factors, 

such as nutrient availability and microbial 

community composition, may play roles in shaping 

soil carbon dynamics 
9
. Further research is needed to 

explore these nuances and refine recommendations 

for organic mulching practices in clayey agricultural 

landscapes. While this study provides valuable 

insights into the impact of organic mulching on soil 

carbon sequestration across varied soil textures, there 

are avenues for future research to deepen our 

understanding 
11

. Exploring the long-term effects of 

organic mulching, investigating the role of specific 

microbial communities, and considering additional 

environmental factors could enhance our 

comprehension of the mechanisms governing soil 

carbon dynamics. Additionally, exploring alternative 

organic mulching materials and assessing their 

effectiveness in different soil textures may broaden 

the range of sustainable practices available to 

farmers. Investigating the economic feasibility and 

scalability of organic mulching practices could 

facilitate widespread adoption and contribute to the 

development of sustainable agricultural systems. 

Conclus ion  

This research elucidates the complex interplay 

between organic mulching, soil texture, and 

environmental factors in shaping soil carbon 

sequestration dynamics. The observed variations in 

response to organic mulching across loam, sand, and 

clay soils underscore the need for tailored approaches 

in sustainable agriculture. Understanding the 

underlying mechanisms driving soil carbon 

sequestration under different conditions is crucial for 

informing agricultural practices that balance 

productivity with environmental stewardship. As we 

continue to grapple with the challenges of climate 

change and sustainable resource management, studies 

of this nature contribute essential knowledge for the 

development of evidence-based agricultural 

strategies. 
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