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Special Issue: 
Advancements in Animal Health and Production in Low and Middle-Income Countries

Abstract | The integration of food production with sustainable environmental protection needs livestock farming systems 
for creating enduring economic and ecological sustainability. This research presents multiple methods that minimize 
environmental impact made by livestock operations while protecting both production effectiveness and animal welfare 
standards. Practical rotational grazing practices help develop better soil conditions while adding biodiversity whereas agro 
forestry systems utilizing pasture with trees protect carbon levels and prevent environmental erosion. Feed systems based 
on sustainable practices which use agricultural waste products combined with plant materials reduce both deforestation 
rates and methane emissions. Precision livestock farming implements technological tools to optimize livestock feeding 
and animal health supervision while simultaneously lowering waste production. Anaerobic digestion transforms 
manure into biogas for producing renewable energy and decreases greenhouse gas production. The document provides 
information on policies alongside incentives from government entities together with private industry sectors which 
support sustainable practices with financial assistance and standards certification and educational programs. The research 
establishes a complete scientific model for animal conditioning which focuses on sustainable agricultural methods that 
protect environmental features like food security and prevent climate change and maintain natural resources.
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sustainability
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INTRODUCTION

The implementation of sustainable livestock farming is 
increasingly recognized as a critical strategy to address 

global food shortages while minimizing ecological damage 
(Adesogan et al., 2020; Hsu et al., 2024; Govindarajan et al., 
2023). As global demand for animal products like meat and 
milk rises, the livestock industry faces mounting pressure 

https://dx.doi.org/10.17582/journal.jahp/2024/13.s1.56.64
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due to its environmental footprint including deforestation, 
carbon emissions, soil degradation, and inefficient water 
use (Alonso et al., 2020; Kadham et al., 2023; Karupusamy 
et al., 2023). To align productivity with environmental 
stewardship, sustainable livestock farming integrates 
productive agricultural practices with environmental 
management strategies (Saadh et al., 2024; Al-Saadi and 
Shwan, 2024; Ahmad et al., 2019). This approach aims to 
reduce greenhouse gas emissions, preserve biodiversity, 
and optimize resource use through advanced techniques, 
innovative technologies, and supportive government 
policies (Bachev, 2016; Alhaqmuhamad et al., 2019; 
Zangana et al., 2022).

Among sustainable practices, rotational grazing stands 
out as one of the most effective livestock management 
strategies. Unlike traditional continuous grazing, rotational 
grazing uses systematic movement patterns to allow 
pastures time for recovery, thereby improving soil quality, 
increasing pasture yields, and preventing overgrazing 
(Basso and Antle, 2020; Noman and Ahmad, 2023; 
Ahmad and Noman, 2023). This method significantly 
enhances soil organic carbon levels, reduces erosion, and 
fosters biodiversity among microorganisms, plants, and 
wildlife (Bordonal et al., 2018; Ahmad et al., 2024; Ahmad, 
2023). Another important approach is agroforestry, which 
integrates trees and shrubs into animal farming systems. 
Agroforestry enhances carbon sequestration, protects 
habitats, and improves water retention, creating a resilient 
farming ecosystem capable of withstanding climate change 
impacts (Celi et al., 2017; Laylani et al., 2024; Ahmad, 
2025).

Precision livestock farming (PLF) is another forward-
looking method that applies advanced technology, 
including sensors, artificial intelligence, and automation, 
to optimize resource management and animal welfare 
(El-Bilali and Allahyari, 2018; Mohamad et al., 2025; 
Ramadhan et al., 2025). With real-time monitoring of 
livestock health, feeding behavior, and waste patterns, 
PLF enables farmers to reduce feed loss, detect diseases 
early, and lower methane emissions by fine-tuning feeding 
strategies (Evode et al., 2021; Saadoon et al., 2025; Saed et 
al., 2024). This technology-driven approach offers a path 
toward more efficient, lower-impact livestock systems 
(Gamage et al., 2023; Abdulateef et al., 2024; Abed et al., 
2024).

Sustainable feeding systems also play a critical role in 
minimizing environmental harm caused by livestock 
production. Conventional feed production contributes 
to deforestation, land overexploitation, and methane 
emissions from rumen digestion (Gerber et al., 2015; 
Thabet and Alsalame, 2024; Alsalame and Laylani, 2024; 

Alani and Kawan, 2024). By integrating agricultural by-
products, plant-based feeds, and insect proteins, farmers 
can reduce their reliance on traditional feed sources, cut 
methane emissions, and help close agricultural nutrient 
cycles (Gil et al., 2019; Abdulnabi et al., 2024; Al-Salame, 
2020).

In addition to production practices, effective waste 
management is essential for achieving sustainable livestock 
systems. Livestock manure is a major source of methane 
and nitrous oxide emissions, two potent greenhouse gases 
(Herrero et al., 2015; Al-Salame, 2019; Al-Aameli et al., 
2019). Anaerobic digestion systems convert manure into 
biogas for renewable energy and nutrient-rich compost, 
helping farms lower emissions, enhance soil quality, and 
reduce water pollution risks (Karnatam et al., 2023; Ahmad 
et al., 2019; Alhaqmuhamad et al., 2019).

Finally, government incentives and policy frameworks 
play a central role in advancing sustainable livestock 
production (Mahmud et al., 2021; Zangana et al., 
2022; Noman and Ahmad, 2023). Policies that provide 
financial support for green innovations, research grants, 
tax benefits, or mandates for emission reductions and 
biodiversity conservation are essential to encourage 
widespread adoption of sustainable practices (Michalk 
et al., 2019; Ahmad and Noman, 2023; Ahmad et al., 
2024). Public awareness campaigns and farmer education 
programs further help bridge knowledge gaps and drive 
the large-scale transformation of livestock systems toward 
environmental and economic sustainability (Muller et al., 
2017; Ahmad, 2023; Laylani et al., 2024).

MATERIALS AND METHODS

The present research adopts a secondary data analysis 
strategy, bringing together evidence from peer-reviewed 
publications, government documents, industry literature, 
and case studies to analyze sustainable livestock farming 
approaches. Data sources comprise environmental impact 
scientific literature, reports from institutions like FAO and 
UNEP, and actual case studies on conservation methods. 
The research employs systematic literature review, 
comparative evaluation of sustainability approaches, 
policy and economic analysis, and technological influence 
analysis to measure greenhouse gas emissions, water 
savings, biodiversity, soil quality, and new technologies 
such as precision livestock farming and anaerobic digestion  
(Rockström et al., 2017). Relevance, credibility, and recent 
developments over the past two decades are ensured by 
the selection criteria. Ethical practice emphasizes correct 
citation, interpretational transparency, and observance of 
academic integrity as well as principles of fair use.
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Figure 1: Sustainable livestock farming.

Study design
The study uses the secondary data analysis method, 
using a thorough review of the available literature, case 
studies, and reports to assess sustainable livestock farming 
practices. The study integrates results from peer-reviewed 
articles, government policy documents, industry reports, 
and environmental studies to determine the efficacy of 
different environmental conservation methods in livestock 
farming.

Data sources and selection criteria
The research mainly depends on secondary data from 
authentic sources, such as:

Scientific literature
Journal articles and research studies published in peer-
reviewed journals that describe sustainable livestock 
production techniques, impacts on the environment, and 
new technology.

Government and institutional reports
Reports of environmental departments, agricultural 
ministries, and international institutions like the Food and 
Agriculture Organization (FAO) and the United Nations 
Environment Programme (UNEP).

Industry publications and case studies
Statistics from sustainable farming programs, livestock 
reports, and actual case studies of successful conservation 
practice application.

Selection criteria for studies reviewed here are relevance 
to sustainable livestock farming, credibility of source, and 
publication in the past two decades to ensure current 

information.

Data collection and analysis
Previous research: Systematic review was undertaken to 
understand the most effective sustainable livestock farming 
strategies such as rotational grazing, agroforestry, precision 
livestock farming, sustainable feeding methods, and waste 
management practices.

Comparative analysis
Various sustainability approaches were compared in terms 
of environmental metrics like greenhouse gas emissions, 
water conservation efficiency, biodiversity improvement, 
and improvement in soil health.

Policy and economic assessment
Government incentives, policy frameworks, and economic 
feasibility of sustainable livestock farming were evaluated 
based on secondary data from policy reports and economic 
analyses.

Technological impact evaluation
The potential of new technologies, such as precision 
livestock farming and anaerobic digestion, was assessed 
by examining empirical studies on their efficiency in 
minimizing environmental footprint.

Ethical considerations
Since the research is completely based on secondary data, 
ethical considerations involve proper referencing of all 
sources and data interpretation transparency. The study 
maintains academic honesty practices and uphold fair use 
principles in reviewing and analyzing already published 
items.

RESULTS AND DISCUSSION

Incorporating sustainable livestock farming practices 
drastically minimizes environmental degradation while 
sustaining economic profitability  (Salami et al., 2019). 
With respect to traditional practices, rotational grazing, 
precision livestock farming, and anaerobic digestion 
decrease greenhouse gas emissions, of which anaerobic 
digestion has the greatest reduction on methane, carbon 
dioxide, and nitrous oxide emissions. Soil health can benefit 
from agroforestry and rotational grazing through improved 
organic carbon levels, reduced soil erosion, and benefitting 
microbial activity  (Schader et al., 2015). Alternative 
sustainable feeds, such as agricultural residues or plant-
based feed, can also mitigate methane, with plant-based 
feed showing the greatest potential. The implementation 
of effective management practices protects water resources 
through agroforestry together with precision livestock 
farming which decreases livestock water requirements. 
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Through biogas production from anaerobic digestion 
farmers gain improved abilities to manage livestock manure 
effectively. The adoption of environmentally friendly 
livestock practices receives support through public policies 
and enablers together with economic incentives that 
include tax credits and grants and subsidies. The enduring 
sustainability of livestock farming practice can best succeed 
through approaches which unite technological progress 
with natural environmental practices while receiving 
support from enabling policies.

Environmental impact of sustainable livestock 
farming
The comparison between conventional and sustainable 
livestock practices regarding greenhouse gas emissions 
appears in Table 1. Scientists demonstrate that sustainable 
farming practices including rotational grazing along 
with precision livestock farming and anaerobic digestion 
effectively decrease methane and carbon dioxide emissions.

Table 1: Greenhouse gas emissions in conventional vs. 
sustainable livestock farming (kg CO2-equivalent per 
animal per year).
Farming system Methane 

(CH4)
Carbon dioxide 
(CO2)

Nitrous 
oxide (N2O)

Conventional 120 400 30
Rotational grazing 80 250 20
Precision livestock 70 200 15
Anaerobic digestion 50 180 10

Table 1 shows sustainable livestock production methods 
lower greenhouse gas (GHG) emissions significantly 
compared to conventional production systems since 
conventional methods produce 120 kg CH₄, 400 kg CO₂ 
and 30 kg N₂O per animal yearly. Whereas rotational 
grazing and precision livestock farming reduce these 
emissions gradually, with anaerobic digestion being the 
most effective solution, cutting emissions of methane by 
50 kg CH₄, carbon dioxide by 180 kg CO₂, and nitrous 
oxide by 10 kg N₂O. These findings highlight the scope of 
sustainable processes in reducing global warming by quite 
substantially reducing livestock farming’s carbon footprint.

Impact of agroforestry and rotational grazing 
on soil health
The incorporation of agroforestry in livestock production 
increases soil fertility, decreases erosion, and enhances 
biodiversity. Table 2 displays soil health indicators in 
agroforestry and rotational grazing farms versus traditional 
livestock farms.

The information in Table 2 illustrates the beneficial effect 
of agroforestry and rotational grazing on soil quality over 
traditional livestock farming. Traditional farming records 

the lowest organic carbon in the soil (1.5%), the highest 
rate of soil erosion (12 tons/ha), and the lowest microbial 
biomass (200 mg C/kg soil), reflecting poor soil condition. 
In contrast, agroforestry demonstrated the greatest organic 
carbon content (3.0%), the lowest soil erosion (5 tons/
ha), and the most microbial biomass (400 mg C/kg soil), 
which illustrated improved soil fertility and biodiversity. 
Rotational grazing was also supporting good soil health 
(2.8% organic carbon, erosion at 6 tons/ha, and microbial 
biomass at 380 mg C/kg soil). These results suggest that 
both agroforestry and rotational grazing enhance soil 
structure, reduce degradation, and foster microbial activity; 
both practices are considered sustainable alternatives to 
conventional livestock operations.

Table 2: Soil health indicators under different livestock 
farming methods.
Farming system Organic 

carbon (%)
Soil erosion 
(tons/ha)

Microbial 
biomass (mg C/
kg soil)

Conventional 1.5 12 200
Agroforestry 3.0 5 400
Rotational grazing 2.8 6 380

Efficiency of sustainable feed practices in 
reducing environmental impact
Sustainable feed sources such as farm by-products and 
crop-based feed, resulted in lower methane emissions 
and less land used. Figure 2 illustrates the comparison of 
methane emission from various feed sources.

Figure 2: Methane emissions from different livestock feed 
sources.

Figure 2 data emphasizes the considerable decrease 
in methane emissions obtained by sustainable feed 
approaches. Traditional feed has the highest emissions 
(100 kg CH₄/animal/year), while by-products lower 
methane production by 25% (75 kg CH₄/animal/year), 
and plant-fed livestock has the greatest reduction at 40% 
(60 kg CH₄/animal/year). These results highlight that the 
transition to alternative feed sources, especially plant-based 
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diets, can substantially reduce the environmental impact of 
livestock production by reducing methane emissions, thus 
complementing climate change mitigation strategies.

Economic and policy impact on sustainable 
livestock adoption
The government policies and incentives play an important 
role in encouraging sustainable livestock production. Table 
3 gives a comparative view of policies for sustainable 
practices in various countries.

Table 3: Government incentives for sustainable livestock 
farming in selected countries.
Country Policy framework Key incentives
USA Climate smart 

agriculture initiative
Tax credits, research 
grants

EU Common agricultural 
policy (CAP)

Subsidies for eco-friendly 
farming

India National livestock 
mission

Financial aid for 
sustainable practices

The statistics in Table 3 highlight the pivotal role of 
government policies and economic incentives in promoting 
the uptake of sustainable livestock production. Nations 
such as the USA, the EU, and India have had specific 
programs, including tax credits, research grants, and 
subsidies, to promote environmentally friendly farming. 
These incentives reduce the economic costs for farmers, 
making sustainable practices more viable and appealing. 
Consequently, areas with strong policy support are likely 
to have higher rates of adoption of environmentally 
friendly livestock farming, further emphasizing the role 
of government intervention in encouraging sustainable 
agriculture.

Water usage efficiency in sustainable livestock 
farming
Sustainable livestock farming systems greatly minimize 
water use relative to the conventional system. Table 4 
indicates the mean water use per animal in various systems.

Table 4: Water consumption in different livestock farming 
systems (liters per animal per day).
Farming system Cattle Sheep Poultry
Conventional 80 10 5
Rotational grazing 60 8 4
Precision livestock 55 7 3.5
Agroforestry 50 6.5 3

The information in Table 4 indicates that sustainable 
livestock production practices, especially agroforestry and 
precision livestock systems, use significantly less water than 
traditional production. Cattle in agroforestry need 50 liters 

per day, a 37.5% decrease from traditional systems, while 
sheep and poultry also show large decreases in water use. 
Precision livestock farming then maximizes water efficiency, 
proving that technology and ecological integration can 
maximize sustainability in animal husbandry.

Figure 3: Water consumption reduction by sustainable 
livestock practices.

Figure 3 supports these results by graphically illustrating 
the decrease in water usage gained from sustainable 
approaches. The significant decline in water demand in 
all categories of livestock indicates the significance of 
embracing resource-saving techniques to minimize the 
environmental burden of livestock production while 
guaranteeing long-term water preservation.

Manure management and biogas production 
efficiency
Anaerobic digestion not only minimizes methane 
emissions but also produces biogas as a renewable energy. 
Table 5 shows the biogas production from various sources 
of livestock manure.

Table 5: Biogas yield from different manure sources.
Livestock type Biogas yield (m³/ton of manure)
Cattle 60
Sheep 45
Poultry 35
Mixed livestock 50

Table 5 data shows that cattle dung has the maximum 
biogas production at 60 m³ per ton, which is the most 
effective livestock dung source for biogas. Sheep and poultry 
dung produce 45 m³ and 35 m³ per ton, respectively, and 
mixed livestock dung produces 50 m³ per ton. These results 
indicate that cattle manure is a very promising material for 
producing renewable energy, and the efficiency of biogas 
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production can be increased through optimizing manure 
management practices.

Figure 4: Biogas production from different livestock 
manure sources.

Figure 4 graphically displays the biogas yield differences 
between various sources of livestock manure. The large 
disparity in biogas production highlights the potential 
of cattle manure as a major driver of sustainable energy 
solutions. Promotion of anaerobic digestion in livestock 
farms has the potential to mitigate methane emissions 
while offering an alternative source of renewable energy.

The results emphasize the effective implementation 
of sustainable livestock farming practices minimizes 
environmental deterioration without compromising 
profitability  (Stevens et al., 2018). Some benefits comprise 
large declines in greenhouse gases emitted via anaerobic 
digestion and rotational grazing, enhanced soil condition 
through agroforestry, and lower emissions of methane by 
using sustainable alternative feeds such as agricultural 
waste products and vegetation feedstuffs. Sustainable 
agricultural practices will advance water conservation 
practices, and manure management by anaerobic digestion 
for the production of renewable energy through biogas 
production  (Van Huis and Oonionex, 2017). Financial 
incentives and sound policies also promote widespread 
adoption of conservation practices. Therefore, sustainability 
of livestock production in the long term can only occur 
with the synergism between innovative technologies, 
policy support, and environmental best practices.

CONCLUSION AND 
RECOMMENDATION

Livestock farming that is sustainable represents a helping 
path to support reduced environmental impacts and 
productivity, as well as economic viability, with measures 

such as rotational grazing, agroforestry, precision livestock 
production, and anaerobic digestion demonstrating the 
ability to reduce greenhouse gas emissions, generate 
healthier soils, improve water management, and ensure 
biodiversity. Likewise, sustainable feed practices also 
mitigate methane emissions, while policy-supported 
incentive measures ensure widespread adoption and use 
with environmentally friendly options. Given the benefits 
to livestock and ranchers, policies should strengthen 
incentive structures such as subsidies and investment into 
research funding to attract farmers to sustainable practices. 
Additionally, the incorporation of new technology and 
people-powered programs can also enhance efficiency and 
scale. This calls for an integrated approach of ecological, 
technology, and policy structure to create a sustainable 
livestock industry that will last for generations.
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