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Abstract 
Livestock production in the tropics faces increasing challenges due to climate change, land 

degradation, feed shortages, and environmental concerns. Integrating trees, shrubs, and perennial 

biomass crops into livestock farming systems offers a sustainable approach to addressing these 

challenges. This study explores the potentials of agroforestry-based livestock systems in enhancing feed 

availability, improving animal nutrition, promoting soil health, and mitigating the environmental 

footprint of livestock farming. Trees and shrubs provide high-protein forage, improve microclimatic 

conditions, and contribute to soil fertility through nitrogen fixation and organic matter enrichment. 

Perennial biomass crops, such as sugarcane, cassava, and sweet potato offer a consistent and energy-

rich feed supply while optimizing land use efficiency. Silvopastoral systems facilitate nutrient cycling, 

reduce greenhouse gas emissions, and enhance biodiversity conservation. Additionally, integrating 

perennial vegetation reduces reliance on conventional feed resources, stabilizes fodder production 

across seasons, and fosters climate resilience. This review synthesizes evidence on the benefits and 

challenges of tree–livestock integration, highlighting species selection, management strategies, and 

economic viability. A transition toward tree-based livestock systems could improve productivity while 

ensuring ecological balance and long-term sustainability. Further research is needed to refine 

management practices and quantify the long-term impacts of integrating trees, shrubs, and perennial 

crops into tropical livestock farming systems.  
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INTRODUCTION 

Livestock farming in the tropics plays a critical role 

in food security, rural livelihoods, and economic 

development. However, conventional livestock 

production systems face increasing challenges, 

including land degradation, deforestation, feed 

shortages, and climate variability [1]. Rising demand 

for livestock products further exacerbates pressure on 

natural resources, necessitating the adoption of 

sustainable practices. Integrating trees, shrubs, and 

perennial biomass crops into livestock systems presents 

an alternative approach that enhances feed security, 

improves ecosystem services, and promotes long-term 

agricultural sustainability [2]. Agroforestry and 

silvopastoral systems, which combine woody 

perennials with pasture and livestock, have been 

recognized for their potential to optimize land use while 

mitigating environmental degradation [3]. By 
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leveraging the diverse benefits of these integrated systems, tropical livestock farming can transition 

toward greater resilience and efficiency.  

 

Trees and shrubs contribute to livestock nutrition by providing protein-rich fodder, reducing seasonal 

feed shortages, and improving rumen health through secondary metabolites [4]. Additionally, they 
enhance soil fertility through nitrogen fixation, organic matter accumulation, and improved water 

retention. Perennial biomass crops, such as sugarcane, cassava, and sweet potato offer a consistent 
energy supply, minimizing dependence on expensive and volatile feed resources. These systems also 

create microclimatic benefits, offering shade and reducing heat stress in animals, which is particularly 
crucial in tropical environments. Furthermore, integrating deep-rooted perennial vegetation promotes 

carbon sequestration, enhances biodiversity, and reduces greenhouse gas emissions associated with 
conventional livestock farming [5]. Despite these advantages, successful implementation requires 

strategic selection of plant species, proper management practices, and a thorough understanding of 
economic feasibility. 

 
This study presents a comprehensive review of integrating trees, shrubs, and perennial biomass crops 

into tropical livestock systems, emphasizing their potential to enhance productivity and sustainability. 

Unlike previous studies that focus on either agroforestry or silvopastoral systems in isolation, this 
review adopts a holistic perspective by examining the synergistic role of woody perennials and high-

biomass crops in livestock nutrition, environmental conservation, and climate adaptation. The study 
synthesizes recent advancements in plant-livestock interactions, explores practical implementation 

strategies, and highlights key knowledge gaps. By addressing both the opportunities and challenges 
associated with tree-based livestock systems, this study provides a framework for sustainable livestock 

production in the tropics, contributing to long-term agricultural resilience and food security. 
 

FORAGE AND FEED RESOURCES 
Protein-Rich Tree Leaves 

Leaves from trees and shrubs serve as an excellent protein source for livestock, improving growth 

and milk production [6]. Their high digestibility and amino acid profile make them a sustainable 
alternative to conventional protein feeds. Additionally, they offer a year-round feed supply, reducing 

seasonal feed shortages and stabilizing livestock nutrition in tropical systems. 
 

Sugarcane Tops as Basal Diet 

Sugarcane tops, often discarded in sugar processing, provide a cost-effective basal diet for ruminants. 
Their fiber content supports rumen function, while their energy-rich composition complements protein 

sources [7]. Supplementing sugarcane tops with nitrogen-rich feeds can enhance digestibility, making 
them an efficient alternative to traditional roughages in tropical livestock production systems. 

 
Cassava Foliage and Roots 

Cassava plants contribute both foliage and roots, supplying carbohydrates and protein essential for 
livestock growth and maintenance. The leaves, rich in protein, can be used as a forage supplement, 

while the roots offer a dense energy source. Proper processing reduces anti-nutritional factors, allowing 
cassava to serve as a sustainable and locally available feed resource. 

 

Sweet Potato Vines for Fiber 

Sweet potato vines are a valuable source of highly digestible fiber, supporting gut health and 
improving feed efficiency. Their rapid regrowth allows multiple harvests, ensuring a consistent supply. 

The vines also contain vitamins and minerals that contribute to overall livestock health, making them 
an important component of sustainable tropical livestock systems [8]. 

 

Leguminous Trees for Nitrogen Fixation 

Leguminous trees, such as Leucaena and Gliricidia enhance forage quality by naturally fixing 

nitrogen, enriching the soil, and improving pasture productivity. Their leaves provide high-protein 
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fodder, reducing reliance on conventional protein sources [9]. The presence of bioactive compounds 

can further improve rumen fermentation, promoting efficient digestion and enhancing animal 

performance. 

 

Energy-Rich Tree Pods 

Tree pods from species, such as Prosopis and Acacia provide an excellent energy source for livestock, 

particularly in arid and semi-arid regions. Their carbohydrate-rich composition enhances dietary energy 

intake, supporting growth and lactation. The natural tannins in some pods can also have anthelmintic 

properties, reducing parasite loads in grazing animals. 

 

Shrub Foliage for Dry-Season Feeding 

Shrub foliage serves as a vital supplement during dry seasons when conventional forages become 

scarce. Species, such as Calliandra and Sesbania maintain their leaf biomass year-round, providing a 

steady protein supply [10]. Their resilience to drought ensures continuous feed availability, making 

them essential for stabilizing livestock productivity in fluctuating climatic conditions. 

 

High-Biomass Crops for Silage 

High-biomass crops, such as Napier grass and hybrid forages produce large amounts of fodder 

suitable for silage and haymaking [11]. Their rapid growth and high yield potential support consistent 

feed availability, reducing dependence on external feed sources. Proper ensiling techniques enhance 

their nutritional value, providing high-energy and fiber-rich feed throughout the year. 

 

Multi-Purpose Trees as Feed Sources 

Multi-purpose trees supply various livestock feed components, including leaves, bark, fruits, and 

flowers. Species, such as Moringa and Ficus offer nutritional diversity, enhancing dietary balance [12]. 

These trees also contribute to ecosystem stability by preventing soil erosion and improving 

microclimatic conditions, further supporting sustainable livestock production in tropical regions. 

 

Secondary Metabolites for Gut Health 

Bioactive compounds in trees and shrubs positively influence gut health, digestion, and immunity. 

Phytochemicals, such as tannins and saponins can regulate microbial populations in the digestive tract, 

improving nutrient absorption and reducing methane emissions [13]. Their natural antimicrobial 

properties also help lower the incidence of enteric infections, promoting overall livestock well-being 

and productivity. 

 

SUSTAINABLE FEED PRODUCTION 
Extended Fodder Growing Season 

Trees and shrubs extend the availability of fresh forage beyond traditional pasture cycles. Their 

ability to retain foliage during dry periods ensures continuous feed supply, reducing seasonal shortages 

[14]. This extended growth period stabilizes livestock productivity, minimizing dependence on external 

feed sources and enhancing overall system resilience in tropical regions. 

 

Deep-Rooted Species for Moisture Access 

Species with deep root systems extract nutrients and moisture from deeper soil layers, allowing them 

to remain productive in drought conditions. These plants support forage availability during dry seasons, 

maintaining livestock nutrition without requiring irrigation. Their ability to stabilize soil structure 

further contributes to long-term agricultural sustainability. 

 

Shade-Tolerant Crops in Agroforestry 

Shade-tolerant crops maximize land use efficiency by thriving under tree canopies in agroforestry 

systems. This integration increases overall forage yield per unit area, promoting sustainable 

intensification [15]. By utilizing vertical space, agroforestry systems optimize land productivity without 
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compromising livestock feed availability. 

 

Coppicing Shrubs for Continuous Regrowth 

Coppicing shrubs, when properly managed, regenerate quickly after harvesting, ensuring a 

continuous supply of fresh fodder. Their ability to withstand repeated cutting extends their lifespan and 

maximizes biomass production. This regrowth mechanism reduces the need for frequent replanting, 

supporting long-term feed sustainability. 

 

Multi-Purpose Trees for Resilience 

Multi-purpose trees contribute to system resilience by offering diverse benefits beyond fodder 
production, including soil enrichment, climate regulation, and habitat provision [16]. Their 

multifunctionality strengthens the overall stability of livestock production, reducing vulnerability to 

climate variability and environmental degradation. 
 

Minimal External Inputs Needed 

Tree and shrub-based feeding systems require fewer external inputs, such as fertilizers and irrigation 

compared to conventional fodder crops. Their natural adaptability reduces reliance on synthetic inputs, 
lowering production costs while enhancing sustainability. This low-input approach supports resource-

efficient livestock farming. 
 

Year-Round Feed Availability 

Agroforestry systems enhance year-round feed availability by integrating plant species with 

staggered growth and harvesting cycles. This approach ensures a continuous supply of fresh, high-
quality forage, preventing seasonal feed gaps and stabilizing livestock productivity in the tropics [17]. 

 
Dual-Purpose Cassava and Sweet Potato 

Cassava and sweet potato serve both human and livestock needs, maximizing resource utilization. 
While roots provide human nutrition, their foliage and vines offer valuable livestock feed [18]. This 

dual-purpose use enhances food security while optimizing land productivity, making these crops 

integral to sustainable tropical farming. 
 

Rotational Leaf Harvesting Prevents Deforestation 

Sustainable harvesting practices, such as rotational leaf cutting, prevent excessive deforestation while 

maintaining tree health. This method ensures a long-term supply of high-quality fodder without 
degrading natural forests [19]. Proper management balances feed extraction with ecological 

conservation, supporting sustainable land use.  
 

Perennial Plants for Feed Security 

Perennial plants provide a stable forage base by reducing seasonal feed fluctuations. Their long 

lifespan and deep-root systems contribute to consistent biomass production, ensuring livestock have 
access to reliable nutrition throughout the year. Their resilience to environmental stressors strengthens 

overall feed security in tropical livestock systems. 
 

CLIMATE RESILIENCE AND ADAPTATION 
Heat Stress Mitigation for Livestock 

Trees and shrubs provide natural shade, reducing ambient temperatures in grazing areas and 

minimizing heat stress in livestock. This cooler microclimate improves feed intake, growth 

performance, and reproductive efficiency [20]. By mitigating thermal stress, tree-based systems 
enhance animal welfare and productivity in tropical livestock farming. 

 

Drought-Resistant Species for Feed Security 

Drought-resistant trees and shrubs remain productive even in arid conditions, ensuring continuous 

feed supply during dry periods. Their ability to thrive with minimal water input stabilizes livestock 
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nutrition, reducing dependence on external feed sources and promoting resilience in water-scarce 

environments. 

 

Buffering Against Extreme Weather 

Agroforestry systems act as natural windbreaks and buffers, reducing the impact of extreme weather 
events, such as storms, heavy rainfall, and prolonged droughts. By stabilizing soil and moderating 

microclimatic conditions, these systems help maintain consistent forage production and livestock 
performance. 

 
Erosion Control Through Soil Cover 

High-biomass crops protect soil from erosion by maintaining ground cover and improving organic 
matter content. Their extensive root systems anchor the soil, preventing nutrient loss and degradation 

[21]. This contributes to long-term soil fertility, supporting sustainable livestock production. 

 
Silvopastoral Productivity Under Climate Change 

Silvopastoral systems integrate trees with livestock grazing, maintaining productivity in the face of 
climate change [22]. By improving soil structure, conserving moisture, and providing year-round 

forage, these systems enhance adaptive capacity while sustaining both animal performance and 
ecosystem health. 

 
Deep-Rooted Trees Accessing Groundwater 

Trees with deep root systems tap into groundwater reserves, ensuring green biomass availability 
during droughts [23]. This natural water access reduces reliance on surface irrigation and provides 

livestock with a continuous source of forage, even in prolonged dry conditions. 
 

Microclimate Regulation for Livestock Comfort 

Trees help regulate microclimates by reducing temperature fluctuations and increasing humidity in 

grazing areas. This moderates heat stress, improving livestock well-being and feed efficiency. By 
creating favourable environmental conditions, trees contribute to better health and performance in 

tropical livestock systems. 

 
Sustainable Tree Pruning for Forage Supply 

Regular, controlled pruning of fodder trees ensures continuous forage availability without 
compromising tree health [24]. Proper management allows trees to regenerate, maintaining a steady 

supply of high-protein leaves while preserving ecosystem functions and long-term feed sustainability. 
 

Seasonal Feed Synchronization 

Deciduous trees shed leaves in sync with seasonal cycles, providing a natural feed source when other 

forages are scarce. This predictable pattern enhances livestock diet planning, reducing seasonal 
nutritional deficiencies and optimizing feeding strategies in tropical systems. 

 
Climate-Smart Tree Species for Adaptation 

Selecting climate-resilient tree species ensures long-term adaptability to shifting weather patterns. 
Drought-tolerant, fast-growing, and nutrient-efficient trees enhance sustainability by providing 

consistent forage, improving carbon sequestration, and supporting ecosystem resilience in livestock 
farming. 

 

SOIL HEALTH AND NUTRIENT CYCLING 
Nitrogen Fixation by Leguminous Trees 

Leguminous trees, such as Leucaena and Gliricidia, naturally fix nitrogen, enriching soil fertility and 

reducing the need for chemical fertilizers. Their ability to improve nitrogen levels in the soil enhances 
overall forage quality and promotes healthy pasture growth [25]. This natural fertilization process 

supports sustainable farming practices, reducing input costs and environmental impact. 



 

 

Integrating Trees, Shrubs, and Perennial Biomass Crops into Livestock Systems                       Hossain and Islam 

 

 

© JournalsPub 2025. All Rights Reserved 16  
 

Nutrient Cycling by Deep-Rooted Plants 

Deep-rooted plants access nutrients from subsoil layers, bringing them to the surface for other plants 
to utilize. This nutrient cycling process improves overall soil fertility, reducing the need for synthetic 

fertilizers [26]. These plants also contribute to soil structure, increasing nutrient availability and 
promoting a more balanced ecosystem. 

 
Improvement of Soil Quality by Leaf Litter 

Leaf litter from trees and shrubs enhances soil quality by adding organic matter, which increases 
microbial activity and improves soil structure [27]. As this organic material decomposes, it enriches the 

soil with essential nutrients, improving water retention and supporting healthier, more productive forage 
growth. 

 
Agroforestry Systems Reduce Nutrient Leaching 

Agroforestry systems, with their diverse plant species and deep-rooted trees, reduce nutrient leaching 
by stabilizing the soil and preventing water runoff [21]. The root systems of trees help hold nutrients in 

place, ensuring they remain available for plant uptake. This minimizes soil erosion and maintains soil 
health in the long term. 

 

Tree Roots Prevent Soil Compaction 

Tree roots help break up compacted soil, improving water infiltration and root penetration for other 

plants [28]. This enhanced soil structure promotes better drainage, prevents waterlogging, and 
encourages healthier plant growth. By reducing compaction, trees foster a more resilient soil 

environment, benefiting both trees and livestock. 
 

Livestock Manure Boosts Tree and Shrub Growth 

Livestock manure, when applied under trees and shrubs, provides essential nutrients that support 

plant growth. The organic matter from manure enriches the soil with nitrogen, phosphorus, and other 
key elements, encouraging healthy vegetation [29]. Manure also contributes to improved soil texture 

and structure, benefiting both forage production and tree growth. 
 

Rotational Grazing Under Trees 

Rotational grazing under trees helps distribute livestock excreta more evenly, promoting balanced 

nutrient cycling. This practice prevents overgrazing in one area, enhances soil fertility, and ensures that 
nutrients are replenished across the grazing area [30]. It also reduces the risk of soil degradation while 

encouraging healthy pasture regeneration. 

 
Nutrient Recycling in Silvopastoral Systems 

Silvopastoral systems integrate trees and livestock, creating a natural nutrient recycling cycle [31]. 
Tree roots, livestock manure, and fallen leaves combine to create a fertile environment, boosting soil 

nutrient levels. These systems optimize the use of available resources, reducing dependency on external 
inputs and contributing to sustainable farming practices. 

 
Soil Stabilization on Sloped Lands 

Shrubs, particularly those with extensive root systems, play a crucial role in preventing soil 
degradation on sloped lands. Their roots bind the soil, reducing erosion caused by rainfall and wind 

[32]. This enhances soil stability, prevents nutrient loss, and supports the long-term productivity of both 
trees and livestock in hilly areas. 

 

Decomposition Acceleration by Livestock Excreta 

Livestock excreta under tree systems accelerates the decomposition of organic matter, enriching the 

soil with nutrients. The presence of manure stimulates microbial activity, which breaks down plant 

material more rapidly, enhancing soil fertility [33]. This process supports healthier, faster-growing 

vegetation and a more sustainable farming system. 
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BIODIVERSITY AND ECOLOGICAL SERVICES 
Habitat for Beneficial Insects and Birds 

Trees and shrubs create diverse habitats for beneficial insects, such as pollinators and natural pest 
predators, as well as for birds that help control pests [34]. These ecosystems enhance biodiversity, 

improve pollination rates, and contribute to natural pest control, reducing the need for chemical 
pesticides. By fostering wildlife, these systems support healthier livestock farming environments. 

 
Increased Biodiversity in Mixed-Species Systems 

Integrating a variety of tree, shrub, and plant species in livestock systems promotes greater 
biodiversity, which enhances ecosystem stability. Mixed-species systems support a wide range of 

wildlife, improve resilience to environmental changes, and offer ecological benefits, such as pest control 
and soil fertility enhancement, making farming systems more sustainable. 

 

Pollinator-Friendly Tree Species 

Pollinator-friendly tree species, such as flowering trees, provide essential resources for pollinators 

like bees and butterflies. These species increase pollination rates for both crops and forage plants, 
ensuring a stable food supply for livestock [35]. By supporting pollinators, these trees enhance 

ecosystem services and contribute to the long-term productivity of livestock systems. 
 

Perennial Crops and Microbial Diversity 

Perennial crops, such as tree legumes and other multi-purpose species, support diverse soil microbial 

communities by maintaining a stable root system year-round. These plants promote nutrient cycling, 
improve soil health, and sustain a balanced microbial ecosystem, which enhances the productivity and 

sustainability of both forage and livestock systems. 
 

Reduction of Synthetic Fertilizer Use 

Agroforestry systems with trees and shrubs reduce the need for synthetic fertilizers by enhancing 

natural nutrient cycling. The biological processes in these systems, such as nitrogen fixation and organic 
matter decomposition, provide essential nutrients for plants [36]. This reduces the environmental impact 

of fertilizer use and supports more sustainable farming practices. 

 
Pest-Repelling Tree Species 

Certain tree species, such as neem and moringa, have natural pest-repelling properties that can reduce 
the need for chemical pesticides in livestock farming [37]. These trees help protect both livestock and 

crops from pests, improving livestock health and contributing to more sustainable, organic farming 
practices. 

 
Prevention of Land Degradation by Shrubs 

Shrubs, especially those with dense root systems, prevent land degradation by stabilizing the soil and 
reducing erosion [38]. Their ability to improve soil structure and fertility makes them essential for 

maintaining healthy grazing lands. This promotes long-term sustainability and resilience in tropical 
livestock systems, even in areas prone to soil erosion. 

 
Reduced Vulnerability to Pests and Diseases 

Mixed-crop systems, which incorporate a variety of plants, reduce the vulnerability of livestock 
farming to pests and diseases [39]. By diversifying plant species, these systems create a more complex 

ecosystem that can disrupt pest cycles, improve plant health, and reduce the need for chemical pest 

management strategies. 

 

Fostering Ecosystem Resilience Through Fodder Trees 

Integrating fodder trees into livestock systems helps build ecosystem resilience by providing a diverse 

range of products, such as leaves, fruits, and pods [40]. These trees support the food chain by enhancing 

soil fertility, conserving water, and improving biodiversity, contributing to the long-term sustainability 
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of farming systems in the tropics. 

 

Carbon Sequestration by Trees 

Trees play a critical role in offsetting greenhouse gas emissions from livestock production through 

carbon sequestration [41]. As trees absorb CO2 from the atmosphere and store it in their biomass and 

soil, they mitigate climate change and enhance the sustainability of livestock systems, making them an 

important component of carbon management strategies. 

 

ECONOMIC BENEFITS AND COST REDUCTION 
Reduction in Feed Costs with Homegrown Tree Fodder 

Homegrown tree fodder significantly reduces feed costs by providing a readily available, low-cost 

source of nutrition for livestock. Trees and shrubs, like Leucaena and Gliricidia, offer high-protein 

leaves, reducing dependence on expensive commercial feed, thus lowering overall feed expenditure and 

improving farm profitability [42]. 

 

Long-Term Economic Benefits from Perennial Plants 

Perennial plants, such as trees and shrubs, offer long-term economic returns by providing consistent, 

renewable resources over multiple seasons. These plants require fewer inputs once established, and their 

ability to regenerate annually reduces the need for replanting, making them a cost-effective choice for 

sustainable farming systems. 

 

Sustainable Biomass Harvesting Reduces Feed Dependency 

By harvesting biomass from trees and shrubs, farmers can sustainably reduce their reliance on 

commercial feeds. This biomass, which includes leaves, pods, and branches, provides a stable, 

renewable feed source, thereby lowering feed costs and minimizing the environmental impact 

associated with industrial feed production. 

 

Dual-Purpose Crops for Increased Farm Income 

Dual-purpose crops, such as cassava and sweet potato, offer both food and feed value, enhancing 

farm income by diversifying the products sold. These crops provide essential nutrients for livestock and 

serve as valuable food crops for human consumption, ensuring that farms benefit from multiple revenue 

streams. 

 

Reduction in Reliance on Imported Protein Sources 

Tree-based feeds, such as the leaves of leguminous trees, reduce the need for importing protein-rich 

feed ingredients like soybean meal [43]. By utilizing locally grown tree fodder, farms can lower their 

feed-related expenses and promote food security by reducing dependency on external sources. 

 

Enhanced Farm Productivity Through Livestock and Tree Integration 

The integration of livestock and trees, as seen in silvopastoral systems, enhances farm productivity 

by diversifying production and improving resource use efficiency [44]. Trees provide forage, shade, 

and additional products, such as fruits or timber, while livestock contribute manure, which improves 

soil health, leading to better crop and livestock yields. 

 

Diversification of Farm Income Through Tree Fodder Sales 

Selling tree fodder, such as leaves or branches, as a feed resource provides an additional income 

stream for farmers [45]. This diversification reduces the financial risks associated with farming and 

creates a more resilient farm economy, where multiple products can be marketed simultaneously. 

 

Increased Land-Use Efficiency Through Agroforestry Systems 

Agroforestry systems, which combine trees, shrubs, and livestock on the same land, maximize land-

use efficiency by utilizing different vertical layers and spatial niches [46]. This approach optimizes 
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production while minimizing land area required for diverse farming activities, increasing overall farm 

output without the need for expansion. 

 

Improved Profitability with Reduced Feed Purchase Costs 

By utilizing tree-based feeds and homegrown fodder, farmers can significantly reduce the costs of 

purchasing commercial feed. This cost reduction directly improves profitability by lowering operational 

expenses while maintaining livestock health and productivity. 

 

Lower Fertilizer Expenses with Manure Application 

The application of livestock manure in agroforestry systems reduces the need for chemical fertilizers 

by recycling nutrients within the system [47]. Manure enriches soil fertility, promoting better plant 

growth, while also reducing external input costs, which lowers overall farm production expenses and 

contributes to cost-effective and sustainable farming. 

 

LIVESTOCK HEALTH AND WELFARE 

Improvement in Rumen Fermentation by Phytochemicals 

Phytochemicals found in tree leaves, such as tannins and saponins, positively influence rumen 

fermentation by promoting the growth of beneficial microbes while inhibiting harmful pathogens [48]. 

This leads to improved feed utilization, better digestion, and enhanced overall animal health. By 

integrating tree fodder, farmers can optimize rumen function, which supports more efficient livestock 

production. 

 

Enhancement of Animal Health Through Medicinal Tree Species 

Certain tree species, such as moringa and neem, contain medicinal properties that can improve 

livestock health by providing natural remedies for various ailments [49]. These trees offer bioactive 

compounds that can help prevent diseases, enhance recovery from infections, and maintain general 

well-being, reducing the need for pharmaceutical treatments and improving animal welfare. 

 

Reduction of Heat Stress with Shade Trees 

Shade trees play a crucial role in mitigating heat stress in grazing animals, particularly in tropical 

regions. The canopy provided by these trees offers shelter from intense sunlight, lowering the body 

temperature of livestock [50]. This leads to reduced stress, improved feed intake, and enhanced 

productivity, contributing to better overall health and welfare for the animals. 

 

Reduction of Parasite Burdens with Natural Tannins 

Natural tannins present in the leaves of trees, such as Leucaena and Mimosa act as anthelmintics, 

reducing parasite burdens in grazing animals [51]. These tannins help to control gastrointestinal 

parasites, improving overall livestock health by reducing the need for chemical dewormers, thus 

contributing to a more sustainable and cost-effective livestock management system. 

 

Boosting Immunity with Tree-Derived Bioactive Compounds 

Bioactive compounds in tree foliage, including antioxidants and antimicrobial agents, have been 

shown to enhance the immune system of livestock [52]. Regular consumption of such tree-based feeds 

can help boost resistance to diseases, improve recovery rates from infections, and promote better overall 

health, reducing veterinary costs and increasing productivity. 

 

Support for Rumen Health with High-Fiber Tree Fodder 

High-fiber tree fodder, such as the leaves of browse species, supports rumen health by promoting 

proper digestion and regular motility [53]. The fiber content helps maintain the integrity of the rumen 

lining and supports the growth of beneficial microbes, which is vital for nutrient absorption and overall 

digestive health in ruminants. 
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Promotion of Gut Microbiota Balance with Shrub-Based Fodder 

Shrub-based fodder, rich in both fiber and secondary metabolites, promotes a balanced gut microbiota 
in livestock. These plants help in maintaining a healthy gut environment by supporting the growth of 

beneficial bacteria and suppressing harmful microorganisms. This balance plays a significant role in 
improving digestion, nutrient absorption, and overall health. 

 
Reduction in Metabolic Disorders with Fodder Trees 

Fodder trees, particularly those with high mineral content, can reduce the incidence of metabolic 
disorders, such as bloat or acidosis in ruminants. These trees provide essential nutrients, like calcium, 

magnesium, and phosphorus, that contribute to proper metabolic function, ensuring the health of 
livestock while enhancing productivity. 

 

Provision of Essential Minerals with Multi-Purpose Trees 

Multi-purpose trees, such as moringa and mulberry, provide livestock with essential minerals, 

including calcium, magnesium, and trace elements. These minerals are vital for various physiological 
functions, such as bone health, immune response, and reproductive efficiency. Ensuring a balanced 

mineral intake supports long-term animal health and optimal performance. 
 

Reduction of Nutritional Deficiencies Through Diverse Forage Sources 

Feeding a diverse range of forage sources, including tree leaves, shrubs, and high-biomass crops, 

reduces the risk of nutritional deficiencies in livestock [54]. This diverse diet ensures a more balanced 
intake of proteins, carbohydrates, vitamins, and minerals, leading to improved overall health, better 

performance, and reduced reliance on supplements or commercial feeds. 
 

EFFICIENT LAND USE AND RESOURCE OPTIMIZATION 
Silvopastoral Systems for Coexistence of Livestock and Trees 

Silvopastoral systems allow livestock and trees to coexist harmoniously, optimizing land use by 

utilizing both vertical and horizontal space [55]. This integration provides multiple benefits, including 
forage production, shade for livestock, and additional tree-based products, such as fruits or timber, 

leading to improved productivity per unit area while enhancing farm resilience. 

 
Maximization of Output with High-Biomass Crops 

High-biomass crops, such as sugarcane and cassava, maximize land productivity by producing large 
amounts of fodder and food in a small area. These crops help increase farm output without requiring 

additional land, ensuring that both food and feed production are optimized, which is especially 
beneficial in land-scarce tropical regions. 

 
Reduction of Land Competition with Fodder Trees 

Fodder trees reduce the competition for land between food and feed crops by providing additional 
feed resources on the same piece of land. This allows farmers to cultivate both food crops for human 

consumption and trees for livestock forage without the need for separate plots, thus optimizing overall 
land use. 

 
Enhancement of Tree Regrowth Through Rotational Browsing 

Rotational browsing, where livestock are moved between different grazing areas, helps enhance the 
regrowth of trees [56]. By preventing overgrazing and allowing periods of rest for trees, this practice 

ensures that tree-based fodder remains available for livestock throughout the year, while maintaining 

long-term sustainability of the system. 

 

Integration of High-Value Crops in Alley Cropping 

Alley cropping integrates high-value crops, such as fruits or vegetables, with livestock production in 

between rows of trees. This system allows for the efficient use of land by producing high-value crops 

alongside fodder, maximizing overall farm output and ensuring diversified income sources without 
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requiring additional land space [57]. 

 

Optimization of Land Use Under Tree Canopies 

Pasture under tree canopies optimizes land utilization by providing grazing areas for livestock while 
benefiting from the shade and shelter offered by trees [50]. This combination reduces heat stress on 
animals and increases pasture productivity, ensuring that land is used efficiently throughout the year. 
 
Stratified Feed Production with Multi-Tiered Tree Systems 

Multi-tiered tree systems, where trees of varying heights are planted, allow for stratified feed 
production. This system optimizes land use by utilizing different levels of the space for growing feed, 
fruits, and timber, thus improving farm productivity while preserving biodiversity and ecosystem 
health. 
 
Nitrogen Fixation by Tree Legumes Supporting Intercrops 

Tree legumes, such as Leucaena and Gliricidia, play a crucial role in supporting intercrops by fixing 
nitrogen in the soil [58]. This reduces the need for chemical fertilizers and enhances soil fertility, 
making it easier to grow both tree-based fodder and food crops efficiently in the same system. 
 
Enhanced Farm Sustainability with Intensive Tree-Livestock Systems 

Intensive tree-livestock systems optimize the land by incorporating high-density planting of trees 
alongside livestock grazing. These systems ensure sustainable production by increasing resource 
efficiency, reducing external inputs, and maintaining ecological balance, which leads to long-term farm 
sustainability and resilience to climate changes. 
 
Agroforestry for Optimized Land use in Livestock and Crop Production 

Agroforestry systems combine livestock and crop production on the same land, optimizing resource 
use and land productivity [59]. These systems integrate trees, crops, and livestock to maximize output 
from a given area, reducing competition and promoting a more sustainable, efficient agricultural model 
that benefits both food security and farm profitability. 
 

WATER CONSERVATION AND MANAGEMENT 
Tree Cover Reduces Evaporation and Retains Soil Moisture 

Tree cover helps reduce evaporation rates by providing shade and cooling the soil. This shade creates 
a microclimate that minimizes direct sunlight exposure, which helps retain soil moisture [60]. In turn, 
it reduces the need for frequent irrigation and enhances soil fertility, supporting sustainable livestock 
farming in the tropics. 
 
Deep-Rooted Plants Improve Water Infiltration 

Deep-rooted plants, such as trees, access water from deeper soil layers and improve water infiltration. 
These roots create pathways in the soil, enhancing its structure and allowing rainwater to penetrate more 
effectively [61]. This increases soil moisture retention and ensures a more reliable water supply for both 
crops and livestock. 
 
Perennial Crops Minimize Runoff and Soil Erosion 

Perennial crops, such as cassava and sweet potato, provide continuous ground cover that helps reduce 
runoff and prevent soil erosion [62]. Their extensive root systems hold soil together, protecting it from 
water erosion during heavy rains and ensuring that water is absorbed more effectively, benefiting both 
crop and livestock production. 
 
Water-Efficient Species Enhance Dryland Livestock Farming 

Water-efficient tree and crop species, such as moringa and cacti, are particularly beneficial in dryland 
livestock farming. These species require less water to thrive, making them ideal for arid and semi-arid 
regions where water resources are limited [63]. Their incorporation into livestock systems can help 
sustain productivity even during dry spells. 
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Tree-Based Systems Reduce Reliance on Irrigation 

Tree-based systems, such as agroforestry, help reduce the need for irrigation by improving soil 

moisture retention and reducing water loss. The presence of trees helps in maintaining more consistent 

soil moisture levels, allowing for less frequent irrigation and reducing overall water consumption in 

livestock farming systems [64]. 

 

Mulching From Tree Litter Conserves Moisture in Pastures 

Tree litter, including fallen leaves and bark, acts as mulch, conserving moisture in pastures by 

reducing evaporation from the soil [65]. This mulch layer also helps suppress weeds, maintain soil 

temperature, and enrich soil organic matter, further enhancing pasture productivity and reducing the 

need for supplemental irrigation. 

 

Tree Roots Stabilize Water Channels, Preventing Degradation 

Tree roots play a critical role in stabilizing water channels, preventing erosion, and maintaining the 

integrity of waterways. By reinforcing riverbanks and preventing soil degradation, tree-based systems 

contribute to better water management, ensuring that clean water remains available for livestock and 

crops even in regions with fluctuating water levels [66]. 

 

Agroforestry Systems Improve Watershed Health 

Agroforestry systems enhance watershed health by promoting the filtration and retention of water 

[21]. Trees and shrubs improve water quality by preventing nutrient runoff into nearby water sources 

and contribute to the regulation of water flow, which benefits both aquatic ecosystems and the livestock 

that rely on these waters. 

 

Trees act as Windbreaks, Reducing Moisture Loss From Soil 

Trees, especially those planted as windbreaks, protect soil moisture by reducing the drying effects of 

wind [67]. Windbreaks create a barrier that minimizes the exposure of soil to drying winds, preserving 

the moisture content in the soil. This helps maintain a stable environment for both livestock grazing and 

crop growth. 

 

High-Biomass Plants Contribute to Green Water Recycling 

High-biomass plants, such as sugarcane and forage grasses, contribute to green water recycling by 

absorbing rainwater during wet periods and slowly releasing it during dry spells. This helps maintain a 

steady water supply for livestock, reduces water stress on the system, and ensures efficient water use 

throughout the year. 

 

WASTE MANAGEMENT AND CIRCULAR ECONOMY 
Agroforestry Reduces Waste Through Integrated Nutrient Cycling 

Agroforestry systems foster integrated nutrient cycling, where organic matter, such as fallen leaves, 

tree litter, and livestock manure is recycled back into the soil [68]. This reduces waste and enriches soil 

fertility, closing the loop within the system and reducing the need for external chemical inputs while 

promoting sustainable farming practices. 

 

Cassava Peels Serve as an Energy-Rich Livestock Feed 

Cassava peels, typically a byproduct of human consumption, serve as an energy-rich feed for 

livestock [69]. By repurposing these agricultural residues, farmers can reduce waste and provide an 

affordable and nutritious feed alternative, making use of what would otherwise be discarded and 

promoting a more circular agricultural economy. 

 

Sugarcane Bagasse Is Repurposed as Livestock Feed 

Sugarcane bagasse, the fibrous residue left after extracting juice from sugarcane, is repurposed as 

livestock feed [70]. This biomass can be utilized as a roughage source for ruminants, offering an eco-
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friendly option for feed while also minimizing waste in sugarcane farming, contributing to a more 

sustainable, circular farming system. 

 
Tree Pruning Residues Become Valuable Livestock Feed 

Tree pruning residues, such as branches and leaves, can be turned into valuable livestock feed. These 

pruned materials, often discarded as waste, offer a sustainable and cost-effective feed resource for 
livestock, reducing waste and contributing to the efficient use of tree-based systems in livestock 

production. 
 

Shrubs Provide Biomass for Composting, Enriching Soil Fertility 

Shrubs in agroforestry systems contribute biomass that can be used for composting. The decomposed 

plant matter enriches soil fertility, enhancing nutrient cycling and reducing the need for synthetic 
fertilizers. This practice promotes sustainable land management and minimizes agricultural waste by 

converting plant residues into valuable organic matter. 
 

Agroforestry Allows Efficient Use of Manure as a Soil Amendment 

In agroforestry systems, livestock manure is efficiently utilized as a soil amendment. Manure can be 

applied to trees, shrubs, and crops, providing essential nutrients and closing nutrient loops [71]. This 
practice minimizes waste, reduces dependency on external fertilizers, and enhances soil health, 

contributing to a circular agricultural economy. 
 

High-Biomass Crop Residues Reduce Feed Wastage 

High-biomass crops, such as cassava and sweet potato, produce large amounts of residues that can 
be used to supplement livestock feed. These residues, when properly harvested and processed, can 

reduce feed wastage, providing livestock with additional nutrients and ensuring that no valuable 
biomass goes unused, thereby promoting a circular and sustainable farming system. 

 
Silage Made from Tree Leaves Extends Feed Storage 

Tree leaves, such as those from Leucaena or Gliricidia, can be used to produce silage, extending feed 
storage. By preserving tree foliage as silage, farmers can ensure a stable and nutritious feed supply 

during lean periods, reducing reliance on external feed inputs and minimizing waste associated with 
seasonal feed shortages. 

 
Sweet Potato Vines Serve as Both Fresh Feed and Silage Material 

Sweet potato vines, a byproduct of tuber harvesting, serve as both fresh feed and silage material for 
livestock [72]. These vines are rich in fiber and nutrients, and by preserving them as silage, farmers can 

reduce waste while providing livestock with high-quality forage throughout the year, making use of the 
entire plant and promoting a circular economy.  

 

Integrated Systems Reduce Dependency on Synthetic Feed Inputs 

Integrated farming systems that incorporate trees, shrubs, and high-biomass crops reduce dependency 

on synthetic feed inputs [73]. By utilizing plant residues, agroforestry products, and manure, these 
systems recycle nutrients and organic matter, decreasing the need for commercially produced feeds and 

contributing to more sustainable, circular farming practices. 
 

CONCLUSIONS 
Integrating trees, shrubs, and perennial biomass crops into tropical livestock farming systems 

presents a viable strategy for enhancing productivity, sustainability, and climate resilience. These 

systems improve feed availability, enhance animal nutrition, and contribute to soil health while 
mitigating the environmental footprint of livestock farming. The combination of deep-rooted perennials 

and nitrogen-fixing species supports carbon sequestration, biodiversity conservation, and long-term 
agricultural sustainability. However, successful implementation requires appropriate species selection, 

efficient management practices, and economic feasibility assessments. This study highlights the 
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potential of tree-based livestock systems and underscores the need for further research on optimizing 

plant-livestock interactions. Adopting these integrated approaches can transform tropical livestock 
farming into a more resilient and resource-efficient system, ensuring long-term food security and 

ecological balance. 

 

Future Directions 
Future research should focus on optimizing species selection based on regional climate, soil 

conditions, and livestock dietary requirements. Long-term studies are needed to assess the economic 

viability of integrating trees, shrubs, and perennial biomass crops into livestock farming and their 

impact on productivity. Investigating the role of secondary metabolites in improving rumen efficiency 

and disease resistance can enhance feed formulations. Advancements in agroforestry-based precision 

farming techniques, including remote sensing and machine learning, could improve resource 

management and system optimization. Further exploration of carbon sequestration potential in tree-

integrated livestock systems will provide insights into mitigating greenhouse gas emissions. 

Additionally, policy frameworks must be developed to support farmers in adopting silvopastoral and 

agroforestry practices through incentives and extension services. Strengthening interdisciplinary 

research collaborations will facilitate knowledge exchange, ensuring that integrated livestock 

production systems contribute to long-term sustainability, climate adaptation, and global food security 

in tropical regions. 
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