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Abstract 

Brunei, which is located in Southeast Asia, has predominantly Ultisols and Oxisols, which 
are highly weathered, nutrient-deficient, and acidic soil posing challenges for agriculture. 
As a result, the country struggles to meet self-sufficiency targets with rice production 
covering only 8.14% of local demand, while most of the crops are imported to meet 
consumption needs. To improve crop production, initiatives such as liming to reduce soil 
acidity, introducing high-yield seed varieties, and opening new land for cultivation have 
been implemented, though they pose economic and environmental challenges. In 
addition to crop production, poultry farming plays a key role in food security, achieving 
near self-sufficiency in broiler and egg production. Nevertheless, increased poultry 
farming generates significant waste, such as manure, which requires proper management 
to prevent pollution. The rise in waste output has led to higher landfill demand and 
environmental degradation. However, repurposing poultry waste into organic 
amendments, fertilizers, and biogas promotes sustainable waste utilization. The use of 
organic amendment derived from poultry manure can enhance soil fertility by improving 
nutrient availability, microbial activity, and soil structure, supporting sustainable soil 
management, and reducing reliance on synthetic fertilizers. By integrating these practices, 
Brunei can adopt circular agriculture, reintegrating agriculture by-products into the 
production cycle to enhance sustainability and food security. Hence, the objective of the 
presented review enables an approach that not only enhances soil fertility but also 
contributes to long-term agricultural sustainability which includes sustainable soil 
management and food security in Brunei. 
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Introduction 

A common environmental problem that can significantly decrease crop production is the 
occurrence of acid soil. Brunei is situated in South-East Asia, a region characterized by 
the widespread occurrence of acidic soil (von Uexküll & Mutert, 1995). Soil evaluation 
conducted in Brunei have shown that its soil properties closely resemble those of typical 
acid soil, and many of which are found in the inland low-lying area, which are key zones 
for agricultural activities (Grealish & Fitzpatrick, 2013). Acid soils can affect the growth 
of plant root development and yield through nutrient imbalance, toxicity, and inadequacy 
of essential nutrient elements in the soil (Osman, 2018; Sade et al., 2016). As a result, 
Brunei is unable to achieve a self-sufficiency rate for crop production, which includes rice 
(8.15%), tropical vegetables (72.7%), tropical fruits (43%), and miscellaneous crops 
(10.9%) (Department of Agriculture and Agri-food, 2023). These low self-sufficiency 
levels have necessitated the importation of these crops to meet domestic consumption 
demands.  

In response to this challenge, various initiatives have been undertaken to improve the 
situation. A common agricultural practice adopted by local farmers is the application of 
lime to reduce soil acidity and improve crop production, however, the effectiveness of 
the current approach may lead to under- or over-liming, which will result in yield loss and 
increase costs (Ringrose-Voasde et al., 2008). Brunei also introduced high-yield variety 
crops to improve crop production. An example is rice variety Sembada 188, with a paddy 
production of more than 4000 metric tonnes (Mt) in 2021, has contributed to the growth 
of paddy production (Department of Agriculture and Agri-food, 2022). Another initiative 
made by the government is the opening of new agricultural land for paddy production. 
The new 500 hectares of agricultural land is located in Kandol, Belait, and is expected to 
generate 6000 - 8000 Mt of rice yearly by 2025 (Wong, 2020). These efforts 
demonstrate Brunei’s commitment to improving agricultural productivity; however, these 
practices must be carefully managed to avoid negative impacts such as soil degradation 
and nutrient imbalance. Thus, sustainable soil management remains a critical foundation 
for improving crop yield and achieving national food security goals.  

In Brunei, the poultry sector currently leads in achieving self-sufficiency among all 
livestock industries, playing a crucial role in the nation’s food security (Department of 
Agriculture and Agri-food, 2023). It is expected from this sector to produce a high 
amount of waste. It was estimated that 82,055 Mt of chicken manure from both broiler 
and layer was produced in 2023 (personal communication, 2024). However, despite this 
significant output, Brunei lacks a proper waste classification system, aside from 
arrangements for the disposal of hazardous waste; most waste is either combined with 
household refuse and common landfill sites (Department of Environment Parks and 
Recreation, n.d.) 

Waste generation is defined as discarded material including municipal solid waste, 
hazardous and non-hazardous waste, and agricultural and animal waste. With Brunei 
Darussalam’s limited land capacity and an addition to the landfills receiving waste daily, 
it has been estimated the landfill is to be at its full capacity by 2030 (No Time to Waste, 
2021). Nonetheless, poultry litter consists of valuable nutrients and can be transformed 
into organic soil amendment through composting, co-composting, and pyrolysis. Several 
studies have provided results in improving the soil’s chemical, physical and biological 
properties, at the same time increasing the yield of crops with soil organic amendment 
produced from poultry litter, moreover, organic-mineral fertilizer derived from poultry 
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waste proved to be as effective as costly commercial mineral fertilizer (Gržinić et al., 
2023; Mironiuk et al., 2023). This promotes organic farming practices and at the same 
time reduces dependency on synthetic fertilizer and mitigating their environmental 
impacts. Therefore, this paper aims to explore approached that improve soil fertility while 
supporting long-term agriculture sustainability, with a focus on sustainable soil 
management and strengthening food security in Brunei. 

 

Methodology  

To evaluate the current status of utilization of poultry manure for sustainable soil 
management, this review study followed the Preferred Reporting Items for Systematic 
reviews and Meta-Analyses (PRISMA), which provides guidelines in selecting, identifying, 
and synthesizing studies (Page et al., 2021). This study utilized three databases: Scopus, 
EBSCOHost, and Google Scholar (non-Scopus database). The databases encompassed a 
broad selection of peer-reviewed academic journal articles, providing comprehensive 
coverage for literature data. The search study employed a combination of keywords and 
Boolean operators to ensure inclusion of all relevant studies. The keywords included, but 
were not limited to, acid soil, tropical soil, sustainable soil management, poultry manure, 
organic amendment, and Southeast Asia Agriculture. 

To prevent the generalization of this literature study, a list of criteria was designed to 
ensure that the retrieved documents fell within the search scope and relevance of this 
study (Figure 1). The inclusion and exclusion criteria were as follows: 

i. Papers from 2015 to 2025,  

ii. English medium and English translated documents,  

iii. Documents are limited to countries of Southeast Asia, 

iv. Studies conducted use organic amendment (compost and biochar) from poultry 
manure with and/or without adding other sources, 

v. Studies conducted on acid soil conditions, 

vi. Outcome on improvement in crop yield and soil chemical, biological, and physical 
properties, 

vii. Studies unrelated to the use of organic amendment, and acid soil, 

viii.  Studies that only focus on plant growth and yield without linking results to soil 
improvements. 

Following the retrieval of relevant literature, Mendeley software was used to manage the 
references and remove the duplicates. For each included study, the following information 
was extracted: title, author, year, abstract, keywords, and relevance to Brunei.  
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Figure 1. Literature search and documents analysis process. 

Based on the search conducted, Figure 1 reveals that only 5 documents were included 
in the final review for this document analysis process. Of the three databases used and 
the records searched using the selected keywords, a total of 52 documents were 
identified after removing duplicate documents.  During the screening process, only 26 
documents were assessed for eligibility, as several documents were not retrieved and 
excluded because their titles, abstracts, and keywords were not relevant to the topic. The 
final screening process assessed the eligibility of the documents according to the 
inclusion and exclusion criteria stated above, and only five studies were included for 
review, as shown in Table 1.  

 

Results and Discussion 

Inadequate information on the production of organic amendment from poultry manure in 
Brunei Darussalam 

A total of 5 documents were eligible and included in this study review. The documents 
were further assessed for their relevance to Brunei and environmental benefits, which 
align with the topic of this study. Although these studies were not conducted in Brunei, 
each study is highly relevant to Brunei’s agricultural issues.  The listed documents (Table 
1) are highly relevant to Brunei’s agricultural issues because each of the studies was 
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conducted in areas affected by acid soil (von Uexküll & Mutert, 1995). According to 
studies conducted, the use of poultry waste is crucial in improving soil health and 
enhancing nutrient availability for plants. This is because poultry waste has high nutrient 
content, rich in essential elements, and the potential to improve soil fertility, making it a 
widely used raw material to produce organic amendments (Alarefee et al., 2021).   

Globally, poultry waste production has increased over the past few years due to the 
intensification of poultry farming, which plays a significant role in modern poultry farming, 
while also providing food and nutritional security for the growing world population. 
However, this has left an environmental footprint due to several factors, and one of them 

is inefficient manure and litter management and use (Gržinić et al., 2023). It is essential 
to mention that direct use of fresh poultry litter can lead to several environmental 
problems, including ammonia volatilization, soil acidification and crop damage, transfer 

of pathogens, and heavy metal contamination (Alarefee et al., 2021; Dróżdż et al., 2020). 
Without proper awareness of these issues, it can lead to improper soil management, 
leading to reduced crop yield and quality, vulnerability to pests and diseases, and 
environmental issues like water pollution. As suggested by Ali et al. (2023) and Alarefee 
et al. (2021 ), transforming poultry waste into an organic amendment is a sustainable 
and cost-effective method, a solution for soil health restoration, and productive 
management for crop production. Integrating such practices into a structured waste 
management framework would not only support circular agriculture by closing nutrient 
loops but also contribute to sustainable soil management in Brunei, particularly in 
addressing the challenges posed by its acidic and nutrient-poor soil. 
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Table 1. List of documents included in literature studies relevant to Brunei 

No. Title 
Publication 

year 
Author(s) 

Relevance to 
Brunei 

Environmental 
benefits 

Soil health effects 
Type of 

document 

1 

Co-Composted Chicken 
Litter Biochar Increases Soil 
Nutrient Availability and 
Yield of Oryza sativa L. 

2023 Ali et al. Highly relevant 

• Mitigate 
environmental 
pollution  

• Reduction in the 
use of inorganic 
fertilizer 

• Waste 
management   

Improve soil 
nutrients and 
availability 

Journal 
article 

2 

Efficiency of rice husk 
biochar with poultry litter co-
composts in oxisols for 
improving soil physico-
chemical properties and 
enhancing maize 
performance 

2021 Alarefee et al. Highly relevant 

 

• Waste 
management  

• Reduce 
ammonia 
emissions 

• Reduction in the 
use of inorganic 
fertilizer  

• Reduce heavy 
metal uptake by 
the crop  

Increased soil 
macronutrients 

Restoration and 
stabilization of soil 
organic carbon  

Journal 
article 

3 
Utilization of urea and 
chicken litter biochar to 
improve rice production 

2021 
 

Maikol et al. 
Highly relevant • Reduce the need 

for synthetic N 
Improved soil 
nutrient retention 

Journal 
article 
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No. Title 
Publication 

year 
Author(s) 

Relevance to 
Brunei 

Environmental 
benefits 

Soil health effects 
Type of 

document 

 • Reduces Al 
toxicity in soil  

• Enhanced C 
sequestration  

 

Improve soil 
biological 
properties 

Enhanced water 
infiltration  

4 

Growth and yield response of 
peanut, (Arachis hypogaea 
L.) and soil characteristics 
with application of inorganic 
and organic fertilizer and 
dolomite addition 

2019 Arangote et al.  

 

Highly relevant 

 

• Reduce soil N2O 
emission 

• Enhance crop 
yield  

Improve soil macro 
and micronutrients  

Improve soil 
texture and 
selected chemical 
properties 

Journal 
article 

5 

Effects of biochar and 
chicken litter ash on selected 
soil chemical properties and 
nutrients uptake by Oryza 
sativa L. var. MR 219 

2015 Yusof et al. Highly relevant 

• Reducing 
reliance on 
chemical 
fertilizer  

Improved soil 
structure, water 
tension, and overall 
soil fertility  

Journal 
article 
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Potential of using poultry manure to improve soil productivity and crop production 

Poultry litter is a waste product from poultry farms, primarily consisting of manure with 
a mixture of shed feathers, spilled feed, and bedding materials. It is a significant 
byproduct of broiler and layer operations, and a valuable resource due to its high nutrient 
content. A study conducted by Rogeri et al., (2016) determined the composition of 
poultry manure, and the chemical properties of poultry litter presented pH of the poultry 
manure was alkaline, and the concentrations of N, P2O5 , and K2O were lower than 5.0%. 
Nitrogen (N) in poultry litter was in an organic form; however, ammonium was at 9.6% 
of total N, and very low traces of nitrate were detected. And the average organic carbon 
(C) and C/N ratio was at 28.3% and 11.2%, respectively. However, variation in the 
composition of poultry litter may occur due to different management of feed ration, 
dietary supplement, and litter storage and handling, which include the amount of bedding 
used, litter removal frequency, and use of windows to treat litter (Ashworth et al., 2020; 
Bolan et al., 2010) (Table 2). 

Table 1. Nutrient composition of manures and composts (g/kg dry weight basis) 

 
Source: Ashworth et al., (2020) 

It is essential to analyze the nutrient composition of poultry manure to ensure that its 
application aligns with the specific nutrient requirements of the target crop. Compared 
to other manure sources, poultry litter contains exceptionally high levels of total N and 
phosphorus (P); however, the disproportionate relationship between these nutrients and 
the actual crop requirements can lead to nutrient imbalances in agricultural fields (Muduli 
et al., 2019). Therefore, transforming poultry litter into stabilized organic amendment is 
a critical process for mitigating hazards associated with its direct application and 
conserving the nutrients.  

Improper management of poultry litter may pose significant environmental and human 
health risks. Poultry litter contains valuable nutrients, making it useful for agriculture, but 
also includes pollutants like ammonia and other odour compounds, and these substances 
can contribute to water, air, and land pollution, and they may even be toxic to human 
health due to improper disposal (Singh et al., 2018). Poultry production also generates 
ethane, ammonia, and nitrous oxide, which are greenhouse gases emitted through waste 
and litter management, as well as the application of untreated poultry manure as an 
organic amendment (Zisis et al., 2023). Without effective management and proper 
treatment of the poultry manure, this can waste the manure’s potential, leading to 
nutrient loss through evaporation, runoff, and leaching.  

Effective manure management can reduce environmental and health impacts while aiming 
for profitability and preventing nutrient loss. Several methods are available for the 
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management and disposal of poultry litter; however, this study specifically focuses on its 
utilization as a soil amendment through land application in agricultural systems. 
Composting is a cost-effective method that results in a more sustainable and stable 
product for application. This process kills pathogens and controls disease outbreaks, 
odour control, moisture management, and  minimizes loss of important nutrients, such 
as nitrogen and phosphorus, from leaching and runoff, by adding additives like zeolite 

and biochar (Zisis et al., 2023; Dróżdż et al., 2020; Singh et al., 2018). Similarly, pyrolysis 
involves the thermal decomposition of organic materials in the absence of oxygen, 
resulting in the production of biochar. This process transforms the poultry litter into a 
stable and carbon-rich solid, containing readily available phosphorus and potassium, and 
improves the physical properties of the organic amendment with high surface area and 
porosity, making it suitable for adsorption and filtration applications (Pandey et al., 2019; 

Yıldız et al., 2019). Biochar is also environmentally safe because of its ability to reduce 

emissions of ammonia and carbon dioxide (Dróżdż et al., 2023; Simbolon et al., 2024). 
Given Brunei’s emphasis on improving agricultural productivity and reducing reliance on 
imported inputs, these methods offer potential for enhancing soil fertility using locally 
available organic waste, while minimizing negative environmental and health impacts. 

 

Implication of soil organic amendment in Brunei  

The studies demonstrate the high relevance of poultry litter and co-application of 
compost and biochar for enhancing sustainable agriculture in Brunei (Table 1). Research 
by Alarefee et al., (2021), Ali et al., (2023), and Maikol et al. (2021) underscores the 
environmental benefits of these practices, including the reduction in the use of synthetic 
fertilizer, mitigation of ammonia and greenhouse gas emissions, improved waste 
management, and enhanced carbon sequestration. Utilizing and transforming poultry 
litter into a stable product for land application in agricultural systems has presented its 
benefits, particularly in addressing nutrient loss and pollution concerns. These practices 
align closely with the principles of circular agriculture, where agricultural waste is recycled 
back into the system to improve soil fertility, reduce external inputs, and close nutrient 
loops. Additionally, studies by Arangote et al. (2019) and Yusof et al. (2015) show 
significant improvements in soil health, including increased availability of macro- and 
micronutrients, stabilization of organic carbon, better water infiltration, and improved soil 
structure and fertility. The use of co-composted poultry litter and biochar also helps 
reduce heavy metal uptake in crops and alleviates soil toxicity, especially in acid-probe 
soils, which are prevalent in Brunei. Collectively, these findings highlight the potential of 
biochar and poultry litter amendments to improve crop yield, promote soil sustainability, 
support circular agriculture, and reduce environmental impact in Brunei’s agriculture 
sector.  

 

Conclusion  

The review highlights the potential of utilizing poultry manure as a sustainable organic 
amendment to address the challenges posed by acid soil in Brunei. The findings 
demonstrate that poultry litter, when appropriately processed through composting or 
pyrolysis, significantly improves soil chemical, physical, and biological properties. These 
enhancements lead to increased crop productivity, reduced dependency on synthetic 
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fertilizers, and minimized environmental pollution. Although the reviewed studies were 
conducted in other Southeast Asia countries, their relevance to Brunei is evident due to 
similar soil conditions and agricultural challenges. The transformation of poultry waste 
into stable soil amendment not only supports sustainable agriculture but also aligns with 
Brunei’s food security and waste management goals, thereby promoting circular 
agriculture practices.  

However, it is important to note that most of the reviewed studies were conducted under 
controlled or small-scale conditions and may not fully capture the complexities of large-
scale application in Brunei’s agroecological context. Despite these limitations, it is 
recommended that Brunei adopt an integrated waste management system that facilitates 
the classification, collection, and processing of poultry manure to aid its conversion into 
compost and biochar. It is also important to initiate localized pilot project to test poultry 
litter amendments on Brunei’s soil to validate and adapt findings from regional studies 
to the national contes. 
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