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Abstract. In modern agriculture, enhancing soil health and crop 
productivity is essential to meet rising food demands. Various soil 
amendments, such as manure, chemical fertilizers, compost, and lime, are 
traditionally used to improve soil properties and boost crop yields. However, 
the effectiveness and sustainability of these amendments vary, highlighting 
the need for a comprehensive assessment to identify the most effective 
solution. This study investigates the potential of biochar as a soil 
amendment, comparing it with manure, chemical fertilizers, compost, and 
lime. The research aims to identify a soil treatment that not only improves 
crop yields but also enhances soil health and promotes long-term 
sustainability. The methodology involves a comparative analysis of these 
amendments, evaluating their impact on crop productivity, soil pH levels, 
water retention capacity, and nutrient content. Data was collected from 
experimental plots treated with each amendment. The results indicate that 
biochar significantly outperforms the other treatments across all measured 
parameters. Plots treated with biochar exhibited higher crop yields, 
improved soil pH balance, enhanced water retention, and increased nutrient 
content. These findings suggest that biochar is a superior soil amendment, 
offering both immediate and long-term benefits for soil health and 
agricultural productivity.In conclusion, the study demonstrates that biochar 
is the most effective soil amendment among those tested, making it a 
promising solution for sustainable farming. The results provide a strong 
foundation for further research and practical applications of biochar in 
diverse agricultural settings. 

1 Introduction 

The contemporary farming industry aspects cumulative heaviness to boost crop efficiency 
and guarantee soil well-being amidst mounting ecological distresses and fluctuating 
temperature circumstances. Out-of-date soil adjustments such as manure, biological 
nourishments, compost, and lime have been widely exploited to augment soil productiveness 
and crop harvests [1]. However, these approaches often come with limits, counting adjustable 
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nutrient content, ecological influences, and sustainability matters [2]. In this background, 
there is a persistent need to calculate and recognize more active and supportable soil 
adjustments [3]. The problem discussed in this investigation is the encounter of selecting the 
most actual soil adjustment that not only progresses crop harvests but also subsidizes long-
term soil strength and conservational sustainability. Each out-of-date adjustment offers 
dissimilar assistances and disadvantages, which can influence their complete efficiency in 
countless farming surroundings [4]. This learning purpose is to lecture on this problem by 
associating biochar with other commonly used soil alterations [5]. 

In this investigation, a complete assessment was shown to associate biochar with manure, 
chemical composts, dung, and lime. The work elaborate on smearing these modifications to 
investigational plots and investigating their belongings on crop efficiency, soil pH levels, 
water retaining capacity, and nutrient satisfaction [6]. This method provides a clear 
consideration of each adjustment's control on soil and crop enactment [7]. The machinery 
exploited in this investigation includes dust and crop nursing systems, statistical analysis 
tools, and data visualization procedures. Soil pH meters, water retaining tests, and nutrient 
examination equipment were used to collect exact data on soil belongings and crop reactions 
[8]. These technologies are crucial for providing consistent and unbiased assessments 
between the different soil adjustments [9]. The significances of this learning offer esteemed 
conceptions into the competent efficiency of bio char associated with other modifications, 
and backup more knowledgeable policymaking in agricultural applications [10]. The 
purposes of this research include: 

• To analyze how biochar affects crop yields and soil properties compared to other soil 
amendments. 

• To assess the effectiveness of biochar in compost, chemical fertilizers, manure, and lime. 
• To scrutinize how altered adjustments guide these life-threatening soil properties. 
• To consider the conservational and commercial gains of using biochar as a soil 

modification. 
• To suggest management on the optimum use of biochar based on exploration findings. 
 
2 Literature Review 

Traditional soil amendments such as compost, chemical fertilizers, manure, and lime have 
long been employed to improve soil fertility and enhance crop yields [11]. Compost is a 
widely used organic amendment that enriches soil with nutrients and improves its structure. 
Chemical fertilizers provide a quick source of essential nutrients but can lead to 
environmental pollution if overused. Manure offers both nutrient and organic matter benefits, 
contributing to soil health. Lime is primarily used to adjust soil pH, improving the availability 
of nutrients Each of these methods has its specific applications and benefits, making them 
common choices in various agricultural practices [12]. 

Despite their benefits, traditional soil amendments face several challenges. Compost can be 
labor-intensive and inefficient to produce, and its nutrient content can be adjustable. 
Chemical fertilizers, while active, can subsidize soil deprivation and water contamination 
through excess and leakage. Manure requests can pose jeopardies of pathogen adulteration 
and necessitate vigilant organizations to evade over-application. Lime's efficiency in 
changing soil pH is inadequate because of the soil's buffering capability and its relaxed 
reaction time. These restrictions highlight the essential for more actual and sustainable soil 
management explanations [13]. 
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The main drawbacks of prevailing soil adjustments include conservational influences and 
inefficiencies. Compost's nutrient inconsistency can lead to unreliable crop comebacks. 
Chemical fertilizers are connected with undesirable environmental special effects, such as 
the eutrophication of water figures [14]. Manure necessitates careful treatment to evade 
possible health jeopardies and ecological corruption. Lime's efficiency can be inadequate 
because of soil features and its postponed impression on soil pH. These problems highlight 
the essential for unusual adjustments that suggest more supportable and active solutions for 
cultivating soil and crop enactment [15]. 

Biochar, a developing soil modification, has exposed encouraging results in lecturing the 
inadequacies of out-of-date approaches. It augments soil productiveness by cultivating 
nutrient retaining and water allotment capability. Moreover, biochar's steady carbon 
assembly assistances confiscate carbon, causative to greenhouse gas lessening [16]. Unlike 
chemical fertilizers, biochar does not leak into groundwater and can deliver enduring welfare 
due to its perseverance in the soil. Its application is up-front, and it can be combined with 
other soil management performs to augment complete soil well-being and yield. 
 
3 Proposed Methodology 

In this study, a wide-ranging assessment of numerous soil changes—dung, chemical 
fertilizers, compost, lime, and biochar—is shown to regulate their efficiency in cultivating 
soil strength and crop efficiency. To attain this, instantaneous datasets from meticulous 
agricultural experimentations and field judgments have been exploited. These datasets 
contain detailed evidence on soil features, crop performance, and conservational 
circumstances under dissimilar change conducts. 

 
Table 1. Dataset Overview 

Dataset Name Description 
Soil and Crop 
Data 

This dataset contains evidence on soil assets (e.g., pH, nutrient levels), crop 
categories, and profit data collected from field trials where altered soil changes 
were realistic. Data is tracked from several agricultural inquiry sites over a 
budding season. 

Environmental 
Data 

Comprises data on climate conditions, such as temperature, drizzle, and 
clamminess, which could bear soil strength and crop throughput. This data 
comfort in considering the peripheral dynamics distressing the concert of each 
soil modification. 

Treatment Data Particulars the submission rates and procedures for each soil improvement 
(compost, chemical fertilizers, manure, lime, biochar) used in the experiments. 
This embraces evidence on magnitudes, frequency, and timing of applications. 

Table 1 offers a summary of the datasets used in the learning. It comprises information on 
soil and crop statistics, conservational circumstances, and behavior essentials. Soil and crop 
data suggest visions into the impression of different modifications on soil and crop strength. 
Conservational data helps justification for external factors manipulating consequences. 
Treatment data guarantees steadiness in the submission of modifications and permits precise 
evaluations between different approaches. This inclusive dataset collection funds a thorough 
examination of the efficiency of each soil modification. 
3.1 Module description 
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In this learning, each component characterizes a precise aspect of assessing and associating 
the efficiency of manure, chemical manures, manure, lime, and biochar as soil alterations. 
These components comprise dataset training, soil and crop handling, data gathering, and 
examination. Each module is crucial for providing a complete valuation of the soil 
amendments. The dataset training module includes the gathering and grouping of datasets 
connected to soil belongings, crop presentation, and ecological circumstances. The datasets 
are obtained from measured experimentations and field hearings. Ensuring the precision and 
steadiness of this data is vital for valid judgments between different soil modifications. In the 
Soil and crop handling module, several soil modifications—manure, chemical nourishments, 
lime, and biochar—are practical to the soil rendering to predefined treatment procedures. 
This phase includes the precise measurement and submission of each modification to 
guarantee consistency across investigational plots. 

The Data Collection module emphasizes collecting data from the investigational plots, 
including soil well-being indicators and crop yield capacities. The data collection procedure 
is intended to capture the things of each soil modification on soil and crop presentation 
exactly. The data analysis component involves examining the collected data to associate the 
efficiency of each soil modification. Statistical approaches and proportional metrics are used 
to estimate how well each adjustment progresses soil strength and crop efficiency. This 
analysis assistances in responsible the pre-eminent soil modification based on the study’s 
conclusions. 

 
Fig. 1. Module description 

 
3.2 Methods 

Manure is decomposed biological material used to augment soil quality by enlightening soil 
structure, and cumulative nutrient content, and stimulating microbial activity. In this 
experimentation, manure was applied by scattering an unvarying layer over the soil externally 
and then incorporating it into the topsoil using cultivating equipment. The benefits include 
augmenting soil structure, aggregate water-retaining, and upholding microscopic activity, 
while the shortcomings are the time and space mandatory for invention, adjustable nutrient 
content, and possible pest desirability. 

 
Fig. 2. Manure fertilizer 

Biological fertilizers are artificial substances that provide crucial nutrients like nitrogen, 
phosphorus, and potassium. In the research, they were functional according to suggested 
dosages for the explicit crop type. Gains include instantaneous nutrient obtainability and 
extraordinary crop harvests, while drawbacks are nutrient runoff, conservational 
contamination, and absence of welfare to soil erection and microscopic activity. 
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Fig. 3. Biological fertilizer application 

Manure, animal waste used as a biological fertilizer, progresses soil fertility and complements 
living matter. It was evenly ranged over the soil surface and incorporated into the soil using 
cultivating equipment. Leads include accumulation of organic matter, augmenting soil 
structure, and providing a slow-release nutrient foundation, while shortcomings are 
adjustable nutrient content, latent pathogens, and danger of nutrient runoff. 

 
Fig. 4. Workflow diagram of Manure submission 

Lime is used to elevate the pH of acidic soils, making them more appropriate for plant 
evolution. In the research, lime was evenly disseminated over the soil apparent and 
incorporated into the topsoil. Benefits include civilizing soil pH, augmenting soil structure, 
and falling acidity, while hindrances are the necessity for precise application to evade nutrient 
imbalances and the non-existence of direct nutrients for plants. 

 
Fig. 5. Lime submission 

Biochar is a constant form of carbon-rich biological material formed through the pyrolysis 
of biomass. It was useful to the soil by mingling it thoroughly into the top layer. Gains of 
biochar include long-term carbon seizure, better-quality nutrient retention, and enriched soil 
erection.  

 
Fig. 6. Biochar submission 

In associating the approaches, biochar established loftier welfare over compost, biological 
fertilizers, manure, and lime. While compost and manure meritoriously augment soil erection 
and biological matter content, they necessitate substantial time and space to harvest and may 
appeal to pests. Chemical fertilizers deliver instantaneous nutrient obtainability and 
extraordinary crop production but pose hazards of nutrient runoff and ecological 
contamination. Lime successfully regulates soil pH but does not deliver the shortest nutrients 
to plants and entails precise application. Biochar, on the other hand, offers numerous distinct 
benefits. It not only progresses soil structure and nutrient retaining but also provides long-
standing carbon confiscation, subsidizing conservational sustainability. Moreover, biochar 
boosts microbial activity and soil strength more meritoriously than other modifications. 
Based on this training, biochar is found to be the most operative soil amendment for 
cultivating crop efficiency and soil strength. 
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and biological matter content, they necessitate substantial time and space to harvest and may 
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5 Results and Discussion 

The study revealed that biochar, as a soil amendment, significantly enhances crop 
productivity and soil health compared to other treatments. Biochar outperformed compost, 
fertilizer, manure, and lime when evaluated across various criteria compared to the other 
measures. The experiment was carried out with application of the amendments with control 
and continuous monitoring of soil quality and crop performance effects. Its enhanced 
effectiveness was a result of the special properties of biochar like high surface and a porous 
structure, and retaining the nutrients and water in an exceptional way. Biochar improved soil 
structure, water retention and made the environment more conducive to the beneficial soil 
microbes. Together these factors contributed to better plant growth and yield. Biochar also 
has the ability to sequester carbon, providing long term environmental benefits and making 
biochar a sustainable option in soil management. 

In contrast, the other amendments showed more limited benefits: 

• Manure improved soil organic matter content and microbial activity but required 
extensive time and space for production. It also presented challenges such as 
variable nutrient content and pest attraction. 

• Chemical fertilizers provided immediate nutrient availability, leading to rapid crop 
growth. However, their use posed risks of nutrient runoff and environmental 
contamination. 

• Compost enhanced soil organic content and structure but exhibited inconsistent 
nutrient levels and required longer decomposition periods. 

• Lime effectively adjusted soil pH but lacked continuous nutrient supply and 
required precise application timing. 

In each of the above experiments, the plots where biochar was added to the soil had the best 
response to plant growth, yield and soil quality. The presence of biochar in the soil together 
with input of nutrients from the biochar enhanced nutrient retention and water holding 
capacity in the soil, as such, the crops were more resilient to drought stress and exhibited 
good plant health. 

 
5.1 Quantitative Comparison of Soil Amendments 

The results of the experiment in terms of the quantitative values for key performance 
indicators such as crop yield, water retention capacity, pH and nutriment content are 
presented in the table below from the effects of different application of soil amendments. 

Table 2. Comparative Analysis of Soil Amendments 
Parameter Biochar Manure Chemical 

Fertilizer 
Compost Lime 

Crop Yield (kg/ha) 5,200 ± 
150 

4,300 ± 
180 

4,700 ± 160 4,100 ± 
200 

3,900 ± 
170 

Soil pH 
Improvement 

+0.9 units +0.5 units +0.4 units +0.6 units +1.2 units 

Water Retention (%) 28.5 ± 1.2 21.7 ± 1.5 18.3 ± 1.4 22.1 ± 1.3 20.5 ± 1.6 
Nutrient Content 

(NPK) 
6.8:5.4:6.2 5.2:4.7:5.1 5.8:4.9:5.5 4.6:4.2:4.8 3.9:4.0:4.3 
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5.2 System Configuration 

The system conformation used for data analysis and replications in this investigation included 
high-performance calculating resources to guarantee accurate and well-organized dealing out 
of large datasets. The hardware and software specifications are detailed in Table 2 below. 

Table 3. System Configuration 

Component Specification 
Processor Intel Core i7-10700K 
RAM 16 GB DDR4 
Storage 1 TB SSD 
Network Gigabit Ethernet 
Operating System Windows 10 Pro 

Table 2 outlines the key components of the system used in the study. The Intel Core i7 
processor provided robust computational power, while the 16 GB RAM ensured smooth 
handling of large datasets. The 1 TB SSD storage allowed for fast data access and retrieval, 
and the Gigabit Ethernet facilitated efficient data transfer. The operating system used was 
Windows 10 Pro, which supported the necessary software and applications for the research.  

 
5.3 Graphs and Tables 

Graphs are used to show the performance of different soil amendments, and tables summarize 
the results, providing a clear understanding of the comparative analysis conducted. Figure 7 
graph shows the crop yield (in kg) for each soil amendment type (compost, chemical 
fertilizers, manure, lime, and biochar) across the growing season.  

 
Fig. 7. Crop yield comparison of different soil amendments 

Figure 8 graph displays the soil pH levels measured after applying each type of soil 
amendment, indicating how each amendment affects soil acidity or alkalinity. 
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5 Results and Discussion 

The study revealed that biochar, as a soil amendment, significantly enhances crop 
productivity and soil health compared to other treatments. Biochar outperformed compost, 
fertilizer, manure, and lime when evaluated across various criteria compared to the other 
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5.1 Quantitative Comparison of Soil Amendments 

The results of the experiment in terms of the quantitative values for key performance 
indicators such as crop yield, water retention capacity, pH and nutriment content are 
presented in the table below from the effects of different application of soil amendments. 

Table 2. Comparative Analysis of Soil Amendments 
Parameter Biochar Manure Chemical 

Fertilizer 
Compost Lime 

Crop Yield (kg/ha) 5,200 ± 
150 

4,300 ± 
180 

4,700 ± 160 4,100 ± 
200 

3,900 ± 
170 

Soil pH 
Improvement 

+0.9 units +0.5 units +0.4 units +0.6 units +1.2 units 

Water Retention (%) 28.5 ± 1.2 21.7 ± 1.5 18.3 ± 1.4 22.1 ± 1.3 20.5 ± 1.6 
Nutrient Content 

(NPK) 
6.8:5.4:6.2 5.2:4.7:5.1 5.8:4.9:5.5 4.6:4.2:4.8 3.9:4.0:4.3 

SHS Web of Conferences, 01016 (2025) 
ICIAITES 2025 

https://doi.org/10.1051/iciaites/2025042701016 
 
      
  

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons 
Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/). 

5.2 System Configuration 

The system conformation used for data analysis and replications in this investigation included 
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of large datasets. The hardware and software specifications are detailed in Table 2 below. 
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Network Gigabit Ethernet 
Operating System Windows 10 Pro 

Table 2 outlines the key components of the system used in the study. The Intel Core i7 
processor provided robust computational power, while the 16 GB RAM ensured smooth 
handling of large datasets. The 1 TB SSD storage allowed for fast data access and retrieval, 
and the Gigabit Ethernet facilitated efficient data transfer. The operating system used was 
Windows 10 Pro, which supported the necessary software and applications for the research.  
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the results, providing a clear understanding of the comparative analysis conducted. Figure 7 
graph shows the crop yield (in kg) for each soil amendment type (compost, chemical 
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Figure 8 graph displays the soil pH levels measured after applying each type of soil 
amendment, indicating how each amendment affects soil acidity or alkalinity. 
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Fig. 8. Soil pH levels after amendment application 

Figure 9 graph illustrates the water retention capacity (in %) of soils treated with various 
amendments, showing how each amendment affects soil moisture levels. 

 
Fig. 9. Water retention capacity of soils with different amendments 

Figure 10 graph shows the nutrient content (NPK values) in the soil after applying different 
soil amendments, highlighting the nutrient enhancement provided by each amendment. 

 
Fig. 10. Nutrient content in soil after amendment application 

SHS Web of Conferences, 01016 (2025) 
ICIAITES 2025 

https://doi.org/10.1051/iciaites/2025042701016 
 
      
  

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons 
Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/). 

6 Conclusion 

This investigation focused on assessing the efficiency of biochar as a soil modification in the 
evaluation of out-of-date procedures such as compost, chemical manures, manure, and lime. 
The study validated that biochar suggestively boosts soil assets and crop throughput due to 
its exclusive capability to advance nutrient preservation, water-holding capability, and soil 
erection. Its request led to noticeable enhancements in soil strength, as demonstrated by 
enlarged crop earnings and enhanced soil conditions compared to the other modifications 
experienced. The enactment of biochar in farming applies showed capable results across 
various constraints. Associated with compost, chemical fertilizers, manure, and lime, biochar 
provides a more constant and enduring solution for soil enhancement. It lectured numerous 
restrictions connected with these out-of-date methods, such as nutrient leakage, ecological 
effluence, and unpredictable nutrient content. The steadiness of biochar's carbon structure 
also subsidizes its efficiency, permitting nonstop paybacks over the period. 

The forthcoming investigation could discover further optimization of biochar solicitation 
performances and the progress of diverse biochar inventions to exploit its reimbursements 
across assorted soil types and crop schemes. Investigations into the exchanges among biochar 
and other soil modifications could offer supplementary understandings of incorporated soil 
management. Moreover, intensifying the possibility of embracing economic calculations and 
life cycle scrutinizes could offer a wide-ranging thought of biochar's complete influence on 
farming sustainability and efficiency. In conclusion, this learning supports the 
implementation of biochar as an exceedingly active soil modification, proposing a practicable 
alternative to conventional systems. Its profits, particularly in augmenting soil strength and 
crop efficiency, highlight its budding as a key module in sustainable agriculture put into 
practice. Upcoming work will endure to upgrade and enlarge the application of biochar, 
contributing to more tough and industrious farming systems. 
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