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Abstract 

The growing demand for dairy products in tropical regions underscores the urgent need to optimize 

green fodder availability for sustainable dairy farming. Green fodder serves as a vital source of 

nutrition for dairy cows, directly influencing milk yield, animal health, and overall farm profitability. 

However, challenges such as limited land availability, erratic weather patterns, and competition for 

resources hinder consistent fodder production. The present review highlighted innovative strategies to 

enhance green fodder availability, including the adoption of high-yielding fodder species, integration 

of agroforestry systems, utilization of hydroponic and vertical farming techniques, and efficient crop 

rotation practices. Special emphasis was placed on the role of climate-resilient fodder varieties and 

precision agriculture technologies to mitigate environmental constraints. The importance of 

community-based initiatives, such as fodder banks and cooperative farming models, was also discussed 

as a means to ensure year-round fodder supply. By synthesizing recent advances and practical 

approaches, the present study provided a comprehensive roadmap for improving green fodder 

accessibility in the tropics. These strategies aim to foster sustainable dairy development while 

addressing nutritional security, environmental conservation, and economic viability. Optimizing green 

fodder resources can revolutionize dairy farming in the tropics, promoting resilience and sustainability 

in an era of growing agricultural challenges. 
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INTRODUCTION 

Rapid expansion of dairy farming in the tropics has intensified the demand for quality green fodder—

a critical component of dairy cow nutrition [1]. Green fodder not only enhances milk yield and quality 

but also supports overall animal health and reproductive performance [2, 3]. However, the availability 

of green fodder in tropical regions remains inconsistent due to challenges such as land scarcity, water 

shortages, seasonal variations, and the rising competition for arable land to grow food crops [4, 5]. 

Addressing these challenges is essential to ensure 

the sustainability of dairy farming systems while 

minimizing production costs and maximizing 

profitability for farmers [6, 7]. 

 
Numerous approaches have been explored to 

improve green fodder production in the tropics, 

including the introduction of high-yielding and 

drought-resistant fodder varieties, the adoption of 

integrated crop-livestock systems, and the use of 

innovative practices such as hydroponic fodder 

cultivation and agroforestry [8–11]. Additionally, 

advancements in precision agriculture and irrigation 
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technologies have shown promise in optimizing resource use and enhancing fodder yield [6, 12, 13]. 

Despite these efforts, widespread adoption of such practices has been limited due to socio-economic 

barriers, lack of awareness, and insufficient access to resources, leaving a significant gap in sustainable 

fodder availability for dairy systems [11, 14–19]. 

 
The present study provided a comprehensive roadmap to address these challenges by integrating 

advanced scientific insights with practical, region-specific solutions for the tropics. The novelty of this 
work lies in its multidisciplinary approach, combining traditional and innovative techniques to improve 
green fodder availability while addressing socio-economic and environmental constraints. By 
emphasizing climate-resilient strategies, community-based interventions, and the application of cutting-
edge technologies, the present study proposed scalable and cost-effective solutions for sustainable dairy 
farming. The findings aim to contribute significantly to the existing knowledge, providing a blueprint 
for improving dairy productivity and sustainability in tropical regions. 
 
IMPROVED CULTIVATION PRACTICES 

Use of High-Yielding Fodder Varieties 
Introducing high-yielding and climate-resilient fodder varieties can enhance productivity under 

tropical conditions [10, 20, 21]. These varieties are designed to withstand abiotic stresses such as 
drought, heat, and low soil fertility, ensuring consistent fodder supply. Promoting the adoption of such 
varieties through farmer education, government subsidies, and seed availability can revolutionize 
fodder production, addressing both nutritional and economic challenges in dairy farming. 
 
Proper Crop Rotation Systems 

Implementing crop rotation systems prevents soil degradation, enhances fertility, and supports 
sustainable fodder production [4, 12, 22]. Alternating fodder crops with cereals, pulses, or oilseeds 
improves nutrient cycling and reduces pest infestations. Strategically planned rotations ensure a 
balanced ecosystem, leading to higher yields and reduced input costs, while providing an 
environmentally sound solution to improve green fodder availability in tropical dairy farming systems. 
 
Adoption of Mixed Cropping Techniques 

Mixed cropping involves cultivating two or more crops simultaneously on the same field, maximizing 
land use efficiency and improving fodder availability. Combining fodder grasses with legumes or 
cereals enhances biomass yield and soil fertility [10, 20, 21]. This practice not only diversifies income 
sources for farmers but also provides a balanced feed resource for dairy cattle, ensuring sustainable 
productivity. 
 
Integration of Legumes in Cropping Systems 

Incorporating legumes into fodder cropping systems offers multiple benefits, including enhanced soil 
nitrogen fixation, improved fodder quality, and reduced dependency on chemical fertilizers [14, 19, 23]. 
Legumes such as cowpea, lucerne, or clover can be intercropped or rotated with grasses to boost yield 
and nutritional value. This sustainable practice contributes significantly to addressing the feed deficit 
in tropical dairy farming. 
 
Timely Sowing and Harvesting Practices 

Timely sowing and harvesting are critical for maximizing fodder yield and nutritional value. Early 
sowing ensures crops utilize optimal growing conditions, while timely harvesting prevents nutrient 
losses [24, 25]. Proper scheduling based on crop growth stages, climatic conditions, and seasonal 
variations reduces wastage and enhances fodder quality, ensuring a consistent and sustainable feed 
supply for dairy cattle. 
 
FERTILIZER AND SOIL MANAGEMENT 

Organic Manure Application 

Applying organic manure improves soil structure, enhances nutrient availability, and promotes 

healthy fodder growth [7, 26, 27]. Organic manures such as compost, farmyard manure, and poultry 
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litter enrich the soil with essential macro- and micronutrients, improve water retention, and enhance 

microbial activity. This sustainable practice reduces the dependency on chemical fertilizers and boosts 

the overall health and productivity of fodder crops in dairy systems. 

 
Biofertilizer Utilization 

Biofertilizers, such as nitrogen-fixing bacteria and mycorrhizal fungi, help improve soil fertility and 

increase fodder crop yields [28–30]. These microbial inoculants enhance nutrient uptake, particularly 
nitrogen, phosphorus, and other trace elements, reducing the need for chemical fertilizers. By promoting 

soil health and increasing fodder productivity, biofertilizers contribute to sustainable farming practices, 
reducing environmental impact and improving cost-effectiveness in dairy systems. 

 
Soil Testing for Optimal Nutrient Application 

Soil testing is essential for determining nutrient deficiencies and ensuring that the right fertilizers are 
applied in the correct amounts [7, 26, 27]. Regular soil testing helps farmers optimize nutrient 

management, preventing over-fertilization and reducing environmental pollution. By tailoring nutrient 
application to the specific needs of fodder crops, soil testing ensures improved yield, better feed quality, 

and more efficient use of resources in dairy farming systems. 
 
Proper Weed Management 

Effective weed management is crucial for maximizing fodder crop yield and maintaining soil health. 

Weeds compete with fodder crops for water, nutrients, and sunlight, reducing overall productivity [7, 
26, 27]. Integrated weed management practices, such as mulching, crop rotation, and the use of selective 

herbicides, can minimize weed growth while promoting healthy, vigorous fodder crops. Proper weed 
control leads to better fodder availability for dairy cattle. 

 
Balanced Fertilization Practices 

Balanced fertilization practices ensure that fodder crops receive the optimal nutrients they need for 
growth, minimizing nutrient imbalances in the soil [28–30]. Using a combination of organic and 

inorganic fertilizers tailored to soil needs improves fodder crop health and quality. This practice 
enhances soil fertility, prevents overuse of specific nutrients, and supports sustainable dairy farming by 

increasing fodder production and reducing input costs. 
 

IRRIGATION MANAGEMENT 

Drip irrigation Systems 

Drip irrigation systems deliver water directly to the root zone of crops, minimizing water wastage 
and ensuring uniform moisture distribution [31–33]. This technique is particularly beneficial for fodder 

crops in water-scarce areas, as it reduces evaporation losses and ensures efficient water use. Drip 
systems improve fodder quality and yield by providing consistent, targeted irrigation, enhancing the 

sustainability of dairy farming operations. 
 
Sprinkler Irrigation Methods 

Sprinkler irrigation systems distribute water evenly over fodder crops, simulating natural rainfall. 

This method is especially effective for large-scale fodder cultivation, as it covers extensive areas 
efficiently [34–37]. Sprinklers help maintain uniform moisture levels, promoting healthy crop growth 

and preventing water stress. By enhancing water distribution and reducing water wastage, sprinklers 
contribute to more sustainable and productive fodder farming practices. 

 
Rainwater Harvesting for Fodder Fields 

Rainwater harvesting involves capturing and storing rainwater for later use in fodder irrigation. This 
practice reduces dependency on external water sources, lowers irrigation costs, and ensures a reliable 

water supply during dry periods [31–33]. Implementing rainwater harvesting systems, such as ponds, 
tanks, and catchment areas, can improve fodder production efficiency, especially in regions with 

seasonal rainfall variability, promoting water sustainability in dairy farming. 
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Timely Irrigation Scheduling 

Timely irrigation scheduling is essential for optimizing water use and enhancing fodder production 

[34–37]. By aligning irrigation practices with crop growth stages and local climate patterns, farmers 

can maximize water efficiency, reduce wastage, and improve crop yield. Proper scheduling prevents 

water stress, ensuring healthy fodder crops for dairy cattle. It also helps conserve water resources, 

contributing to sustainable farming practices in water-scarce regions. 

 

Use of Drought-Resistant Fodder Varieties 

Drought-resistant fodder varieties are specially developed to thrive in areas with limited water 

availability. These varieties are genetically adapted to withstand long dry spells, maintaining consistent 

growth and yield during drought conditions [31–33].  

 

Using drought-resistant fodder varieties helps ensure year-round fodder supply, reduces water 

dependence, and provides a sustainable solution for maintaining dairy cattle nutrition, even in regions 

with unpredictable rainfall. 

 

EFFICIENT LAND UTILIZATION 

Promotion of Fodder Banks 

Fodder banks are community-based or farm-level storage systems designed to stockpile surplus 

fodder for lean seasons [8, 10, 38, 39]. By collecting and storing green fodder during periods of 

abundance, farmers can ensure a consistent supply of nutritious feed year-round. Promoting fodder 

banks through local cooperatives and farmer networks can help stabilize feed availability, reduce 

dependency on external feed sources, and enhance livestock productivity. 

 

Cultivation on Degraded Lands 

Rehabilitating degraded lands for fodder production is a sustainable way to increase green fodder 

availability [1, 40–42]. By using soil conservation techniques such as agroforestry, contour farming, 

and organic fertilization, these lands can be restored to productivity. Cultivating drought-tolerant, low-

maintenance fodder species on such lands not only improves land health but also increases fodder 

supply for dairy farming systems. 

 

Vertical Farming Practices for Fodder 

Vertical farming offers a modern solution to increase fodder production in limited spaces. This 

practice involves growing fodder crops in stacked layers using controlled environments. Vertical 

farming techniques such as hydroponics and aeroponics can significantly increase yield per square 

meter, making it ideal for urban and peri-urban dairy systems. It ensures a continuous and space-

efficient supply of fresh green fodder [8, 10, 38, 39]. 

 

Intercropping with Food Crops 

Intercropping fodder species with food crops optimizes land use and improves biodiversity. This 

practice reduces competition for resources, enhances soil fertility through nitrogen fixation, and 

diversifies farm income [1, 40–42]. Combining crops such as maize or rice with leguminous fodder 

species ensures efficient land use. It provides a reliable source of nutrition for dairy cattle while 

contributing to overall farm sustainability. 

 

Use of Field Borders for Fodder Species 

Utilizing field borders for growing fodder species is an efficient use of otherwise underutilized land. 

Growing legumes or grasses along the edges of fields or roadsides helps conserve soil, reduce erosion, 

and enhance biodiversity [14, 19, 25, 43]. These border areas can provide a supplementary feed source 

for dairy cattle while simultaneously improving farm aesthetics and environmental health through 

natural habitat preservation. 
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INTEGRATED LIVESTOCK-FODDER SYSTEMS 

Agri-Silviculture Practices 

Agri-silviculture practices integrate trees with agricultural crops, creating a productive ecosystem 

that supports both fodder production and soil health [7, 19, 26, 44, 45]. By incorporating tree species 

alongside fodder crops, this system enhances biodiversity, improves water retention, and prevents soil 

erosion. The trees provide additional feed for livestock while fostering a resilient and sustainable 

farming environment, contributing to long-term fodder availability for dairy systems. 

 

Silvopastoral Systems 

Silvopastoral systems combine livestock grazing with tree-based agriculture, optimizing land use 

while enhancing fodder production [7, 19, 26, 44, 45]. Trees in these systems provide shade, improve 

soil fertility, and offer additional fodder resources such as leaves and pods. This integrated approach 

improves animal welfare, increases fodder yield, and promotes environmental sustainability, making it 

an effective strategy for improving green fodder availability in dairy farming systems. 

 

Use of tree fodder species like Leucaena 

Tree fodder species such as Leucaena are highly nutritious and drought-resistant, making them ideal 

for tropical dairy systems [7, 19, 26, 44, 45]. Leucaena trees provide high-protein forage for dairy cattle, 

especially during dry seasons when grass availability is limited. Incorporating such tree species into 

fodder systems enhances feed quality, reduces dependency on external feed sources, and supports 

sustainable livestock production in resource-limited environments. 

 

Incorporation of Fodder Shrubs 

Fodder shrubs, such as Morus and Gliricidia, provide a valuable supplement to traditional green 

fodder crops. These shrubs are highly nutritious, resilient, and adaptable to diverse climatic conditions 

[7, 19, 26, 44, 45]. By incorporating fodder shrubs into farming systems, farmers can ensure a reliable 

source of feed throughout the year, especially during lean periods. This practice enhances feed security 

and contributes to sustainable dairy farming practices. 

 
Use of Alley Cropping Systems 

Alley cropping systems involve planting rows of trees or shrubs between crop fields—creating 

alleyways for fodder cultivation. This practice helps optimize land use by diversifying farm income and 

providing additional fodder resources [7, 19, 26, 44, 45]. Alley cropping enhances soil fertility, 

conserves water, and reduces wind erosion. The integration of fodder crops in these systems ensures a 

consistent supply of green feed for dairy cows while improving farm sustainability. 

 
CROP-SPECIFIC INNOVATIONS 

Development of Dual-Purpose Crops 

Development of dual-purpose crops focuses on breeding varieties that can serve both as human food 

and livestock fodder [7, 26, 44, 45]. These crops provide a versatile solution for farmers, offering both 

nutritional benefits for livestock and marketable products for human consumption. Dual-purpose crops 

maximize land use efficiency, enhance farm profitability, and contribute to food and feed security, 

making them a sustainable option in diverse agricultural systems. 

 
Intensification of Napier Grass Cultivation 

Intensification of Napier grass cultivation involves increasing the productivity of this high-yielding 

fodder crop through improved management practices. Techniques such as optimized fertilization, 

irrigation, and pest control are used to boost yield [7, 26, 44, 45]. Napier grass is highly nutritious and 

suitable for both grazing and silage production, making it an essential crop for sustainable dairy farming, 

especially in tropical regions with limited fodder resources. 
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Propagation of Sorghum as a Fodder Crop 

Propagation of sorghum as a fodder crop focuses on expanding its use as a drought-resistant  and 

high-yielding feed resource. Sorghum is well-suited to arid and semi-arid regions, where water 

availability is limited [7, 26, 44, 45]. Its cultivation provides a reliable and nutritious fodder source for 

livestock. Research into improved varieties and cultivation techniques enhances sorghum’s role in 

sustainable livestock systems, contributing to feed security in challenging climates. 

 
Promotion of Maize for Silage 

Promotion of maize for silage involves encouraging its use as a high-energy feed for livestock, 

particularly in the form of well-fermented silage [7, 26, 44, 45]. Maize is an important silage crop due 

to its high yield and digestibility, making it a key component of balanced rations for dairy cattle. 

Expanding maize cultivation for silage helps improve fodder availability, reduce feed costs, and 

enhance productivity in dairy farming systems. 

 
Use of Bajra for Arid Regions 

The use of Bajra (pearl millet) as a fodder crop in arid regions focuses on utilizing its drought 

tolerance and high nutritional value for livestock feed. Bajra thrives in low-rainfall areas, making it an 

ideal choice for regions facing water scarcity [7, 26, 44, 45]. As a resilient fodder source, Bajra helps 

improve feed availability, enhance animal productivity, and support sustainable dairy farming practices 

in challenging environmental conditions. 

 

ALTERNATIVE FEED RESOURCES 

Hydroponic Fodder Cultivation 

Hydroponic fodder cultivation involves growing fodder crops in a controlled, soil-free environment 

using nutrient-rich water [23, 33, 46–48]. This method significantly increases fodder yield in limited 

spaces and reduces water and land usage. Hydroponic systems provide a nutritious and fast-growing 

feed source for dairy cattle, particularly in areas with land constraints or water scarcity, offering a 

sustainable alternative for feed production. 

 

Cultivation of Azolla as Green Feed 

Azolla—a fast-growing aquatic fern—is an excellent green feed for livestock, rich in proteins, 

vitamins, and minerals. It thrives in waterlogged conditions, making it ideal for low-lying or flooded 

areas [23, 33, 46–48]. The cultivation of azolla provides a highly nutritious and sustainable fodder 

option, reducing reliance on traditional feed crops while improving feed efficiency in dairy farming 

systems. 

 

Use of Water Hyacinth in Fodder Formulations 

Water hyacinth—an aquatic plant—can be used as a valuable fodder resource for dairy cattle. It is 

rich in fiber and protein and can be utilized as a supplementary feed, especially in areas with abundant 

water sources. By incorporating water hyacinth into fodder formulations, farmers can reduce the cost 

of feed, enhance nutrient intake for livestock, and manage invasive species sustainably [23, 33, 46–48]. 

 
Growing Fodder Using Saline Water 

Growing fodder using saline water is a viable solution for areas with limited fresh water resources 

[23, 33, 46–48]. Certain salt-tolerant fodder species, such as halophytes, can thrive in saline 

environments, providing a sustainable feed source for dairy cattle. This practice reduces pressure on 

freshwater resources, supports sustainable fodder production, and ensures feed availability in drought-

prone or water-scarce regions. 

 
Incorporation of Food Industry Byproducts 

Incorporating food industry byproducts, such as wheat bran, brewery waste, or fruit pulp, into fodder 

formulations offers a sustainable way to utilize waste while reducing feed costs. These byproducts are 
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rich in nutrients and can be supplemented to dairy cattle diets to improve feed efficiency [23, 33, 46–

48]. This practice supports circular agriculture by recycling waste and ensuring a more sustainable and 

cost-effective feed supply for dairy systems. 

 

NATURAL RESOURCE MANAGEMENT 

Conservation of Fodder Germplasm 

Conservation of fodder germplasm involves preserving and maintaining the genetic diversity of 

fodder species to ensure a sustainable supply of nutritious feed [19, 49–52]. This includes safeguarding 

native varieties, wild relatives, and improved cultivars that may be at risk of extinction. By conserving 

fodder germplasm, farmers can access a broad genetic pool for future breeding programmes, ensuring 

resilience to pests, diseases, and changing climatic conditions. 

 
Sustainable Grazing Practices 

Sustainable grazing practices focus on managing pasturelands in a way that preserves soil health, 

prevents overgrazing, and supports long-term fodder production. Key practices include rotational 

grazing, maintaining optimal stocking densities, and ensuring adequate rest periods for pastures [19, 

49–52]. These practices improve pasture productivity, prevent land degradation, and provide a 

sustainable feed source for dairy cattle, supporting eco-friendly livestock systems. 

 
Rejuvenation of Natural Grasslands 

Rejuvenation of natural grasslands involves restoring degraded grasslands through controlled 

grazing, reseeding, and improved management practices [19, 49–52]. This process enhances soil 

fertility, increases plant diversity, and boosts fodder availability for livestock. By rejuvenating 

grasslands, farmers can secure a sustainable and cost-effective feed supply while contributing to 

biodiversity conservation and improving the overall health of the ecosystem. 

 
Protection of Common Property Resources 

Protection of common property resources (CPRs), such as communal pastures, water bodies, and 

forests, ensures that these shared resources are used sustainably. Management strategies include setting 

grazing limits, ensuring equitable resource distribution, and preventing overexploitation [19, 49–52]. 

Protecting CPRs support fodder availability, promote community resilience, and help maintain the 

ecological balance, ensuring long-term sustainability of livestock farming in communal areas. 

 
Riverbank Fodder Cultivation 

Riverbank fodder cultivation involves growing fodder species along riverbanks, utilizing the fertile 

soil and water available in these areas. This method enhances fodder availability without competing 

with prime agricultural land. Riverbanks also act as buffer zones, reducing soil erosion and improving 

water quality [19, 49–52]. By cultivating fodder along rivers, farmers can access a reliable and 

sustainable feed source while contributing to environmental conservation. 

 

POST-HARVEST MANAGEMENT 

Silage Preparation Techniques 

Silage preparation involves fermenting green fodder in anaerobic conditions to preserve its nutritional 

value for later use [21, 27, 52–54]. Proper chopping, packing, and sealing of the fodder in airtight 

containers, such as silos or trenches, are essential for effective fermentation. Silage helps provide high-

quality feed during the off-season, ensuring a steady supply of nutritious fodder for dairy cattle, even 

when fresh pasture is unavailable. 

 
Hay-Making for off-Season use 

Hay-making involves drying freshly cut fodder to reduce moisture content, preserving it for future 

use [21, 27, 52–54]. The process includes cutting, drying, and storing fodder in a well-ventilated area. 

Properly dried hay retains its nutritional value and serves as an essential feed resource during periods 
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of fodder scarcity. This method ensures consistent feed availability for dairy cows, especially during 

the dry or off-season months. 

 
Proper Storage Facilities 

Proper storage facilities are critical for preserving the quality of harvested fodder. Constructing well-

ventilated, dry, and rodent-proof storage sheds protects hay, silage, and other fodder types from 

spoilage, moisture loss, and contamination [21, 27, 52–54]. Ensuring proper storage conditions helps 

maintain fodder quality, reducing waste and improving the efficiency of fodder use throughout the year, 

ultimately supporting sustainable dairy farming practices. 

 
Fodder Drying Techniques 

Fodder drying techniques, such as sun-drying, shade-drying, or mechanical drying, reduce moisture 

content and prevent spoilage [21, 27, 52–54]. Proper drying is essential for preserving the nutritional 

content of fodder, especially when harvesting large amounts during peak production periods. These 

techniques ensure that fodder can be stored for extended periods and used during lean months, ensuring 

consistent feed availability for dairy cattle in all seasons. 

 
Use of Baling Methods 

Baling is a method of compacting dried fodder into manageable, uniform-sized bundles for easy 

handling and storage. Using baling machines to compress hay, straw, or silage helps reduce storage 

space and preserves the quality of the fodder [21, 27, 52–54]. Properly baled fodder is less prone to 

spoilage, more efficient for transportation, and ensures a reliable supply of feed for dairy cattle, 

especially during the off-season. 

 

POLICY AND AWARENESS INITIATIVES 

Government Incentives for Fodder Cultivation 

Government incentives for fodder cultivation can significantly enhance fodder production by 

providing financial support, subsidies, and tax exemptions to farmers [11, 55–57]. These initiatives help 

reduce the cost burden on farmers and encourage them to invest in high-quality fodder crops, improving 

feed availability for dairy farming. Incentives such as grants, low-interest loans, and tax relief contribute 

to sustainable dairy development by enhancing fodder supply. 

 
Awareness Campaigns for Farmers 

Awareness campaigns play a vital role in educating farmers about the importance of sustainable 

fodder production [11, 55–57]. These campaigns disseminate knowledge on modern fodder cultivation 

techniques, proper irrigation practices, and the benefits of integrating livestock-fodder systems. By 

raising awareness, farmers can adopt best practices that optimize fodder yield, improve dairy 

productivity, and contribute to long-term sustainability in farming systems. 

 
Training Programmes on Fodder Management 

Training programmes on fodder management equip farmers with the necessary skills and knowledge 

to optimize fodder production. These programmes cover topics such as efficient irrigation, crop rotation, 

pest management, and post-harvest practices [11, 55–57]. By enhancing farmers' capacity to manage 

fodder crops effectively, training programs ensure improved feed availability, leading to better livestock 

health, increased productivity, and sustainable dairy farming systems. 

 
Encouraging Community Fodder Plots 

Community fodder plots encourage collective action by groups of farmers to grow fodder on shared 

land [11, 55–57]. This initiative improves resource utilization, reduces individual costs, and enhances 

fodder supply, particularly in regions with limited land availability. By pooling resources, farmers can 

access larger areas for fodder cultivation, leading to better yields and ensuring consistent feed 

availability for dairy cattle across the community. 
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Subsidized Fodder Seeds 

Subsidized fodder seeds make high-quality, high-yielding fodder varieties more accessible to 

farmers, particularly smallholders [11, 55–57]. By reducing the cost of purchasing seeds, these subsidies 

encourage farmers to adopt improved fodder varieties that boost productivity and provide better 

nutritional value for livestock. Subsidized seeds contribute to enhanced feed security, improving the 

overall sustainability and profitability of dairy farming in long term. 

 

TECHNOLOGY INTERVENTIONS 

Use of Mechanized Fodder Harvesters 

Mechanized fodder harvesters streamline the process of cutting, chopping, and collecting fodder, 

reducing labor costs and increasing efficiency [23, 58–61]. These machines ensure uniform harvesting, 

improve fodder quality by minimizing physical damage, and increase overall productivity. The use of 

mechanized harvesters helps meet the growing demand for fodder, ensuring a continuous supply of 

nutritious feed for dairy cattle while saving time and resources. 

 

Application of GIS for Fodder Planning 

Geographic Information System (GIS) technology can optimize fodder planning by mapping land 

suitability, crop growth patterns, and resource availability. By analyzing spatial data, farmers can 

identify the best locations for fodder cultivation, monitor growth conditions, and forecast potential 

yield. GIS-driven decision-making enables more precise resource allocation, improving fodder 

production efficiency and ensuring sustainable feed availability for dairy farming systems [23, 58–61]. 

 

Smart Farming Techniques for Fodder Cultivation 

Smart farming techniques, such as precision agriculture, integrate technology with traditional farming 

practices to optimize fodder cultivation. By using sensors, automated irrigation, and data analytics, 

farmers can monitor soil conditions, weather patterns, and crop health in real time. These techniques 

help enhance resource use efficiency, reduce waste, and improve the overall yield and quality of fodder 

crops, ensuring sustainable feed production for dairy systems [23, 58–61]. 

 
Mobile Applications for Fodder Advisory Services 

Mobile applications for fodder advisory services provide farmers with real-time information on best 

practices for fodder cultivation, pest management, irrigation schedules, and market trends. These 

applications can deliver personalized guidance based on location-specific conditions, helping farmers 

optimize fodder production [23, 58–61]. By promoting knowledge dissemination and facilitating 

decision-making, mobile applications contribute to more efficient and sustainable fodder management, 

benefiting dairy farmers and improving feed availability. 

 
Drone Technology for Monitoring Fodder Fields 

Drone technology offers an innovative solution for monitoring fodder fields, providing high-resolution 

aerial imagery and data on crop health, growth stages, and irrigation needs. Drones enable farmers to 

quickly assess large areas, detect potential issues, and make informed decisions about pest control or 

nutrient application. This technology improves the precision and efficiency of fodder management, 

helping farmers increase productivity while minimizing environmental impact [23, 58–61]. 

 
CLIMATE-SMART PRACTICES 

Cultivation of Climate-Resilient Species 

Cultivating climate-resilient fodder species ensures a stable feed supply even under changing 

environmental conditions [3, 23, 24, 31]. These species are tolerant to drought, heat, and pests, making 

them ideal for areas prone to climate variability. By selecting robust varieties, farmers can safeguard 

fodder production, maintain dairy cow health, and enhance overall productivity, ensuring long-term 

sustainability in dairy systems under climate stress. 
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Carbon Sequestration through Fodder Trees 

Fodder trees, such as Leucaena and Gliricidia, contribute to carbon sequestration by absorbing CO2 

from the atmosphere and storing it in biomass and soil [3, 23, 24, 31]. This process not only reduces 

greenhouse gases but also improves soil fertility and enhances fodder quality. Incorporating fodder trees 
into farming systems helps mitigate climate change, while simultaneously improving feed availability 

and supporting sustainable dairy production practices. 
 
Adoption of No-Till Farming Practices 

No-till farming practices reduce soil erosion, enhance water retention, and improve soil structure, 

contributing to higher fodder yields [3, 23, 24, 31]. By minimizing soil disturbance, no-till farming 
preserves soil moisture and microbial activity, which is vital for maintaining productive fodder fields, 

particularly in regions with erratic rainfall. This practice supports sustainable and climate-resilient 
fodder production, ensuring consistent feed availability for dairy cattle. 

 
Mulching to Conserve Soil Moisture 

Mulching involves covering the soil surface with organic materials such as crop residues or straw to 
retain moisture, regulate temperature, and suppress weed growth [3, 23, 24, 31]. This climate-smart 

practice improves soil fertility and protects fodder crops from drought stress, ensuring better growth 
and yield. Mulching enhances the resilience of fodder crops to extreme weather conditions, contributing 

to sustainable feed production in dairy systems. 
 
Integrated Pest Management 

Integrated pest management (IPM) combines biological, cultural, mechanical, and chemical practices 

to control pests in a sustainable and eco-friendly manner [3, 23, 24, 31]. By using natural predators, 
crop rotation, and resistant varieties, IPM minimizes the reliance on chemical pesticides, promoting 

healthier fodder crops. This climate-smart approach improves fodder quality and yields while reducing 
the environmental impact of pest control, ensuring long-term feed security for dairy farms. 

 
GENETIC INTERVENTIONS 

Breeding for High-Yield Fodder Varieties 

Breeding high-yield fodder varieties focuses on improving the productivity of fodder crops through 

selective breeding techniques [4, 24, 51, 62]. By enhancing traits such as growth rate, biomass, and 
nutritional content, farmers can produce more feed per unit area. High-yield varieties ensure a consistent 

and abundant supply of fodder for dairy cattle, supporting sustainable farming practices and increasing 
feed security in regions with limited resources. 

 
Development of Pest-Resistant Fodder Species 

Developing pest-resistant fodder species involves genetic modification or selective breeding to create 

plants with natural resistance to common pests [4, 24, 51, 62]. These species reduce the need for 

chemical pesticides, promoting environmental-friendly farming practices. Pest-resistant varieties 

improve fodder quality, minimize crop losses, and increase feed availability, thereby contributing to 

sustainable and cost-effective fodder production for dairy systems. 

 
Genetically Modified Fodder Crops 

Genetically modified (GM) fodder crops are engineered to have enhanced traits such as improved 

nutrient content, drought tolerance, or pest resistance [4, 24, 51, 62]. GM crops can increase fodder 

yield, reduce dependence on chemical inputs, and improve feed quality for dairy cattle. These 

innovations support sustainable dairy production by optimizing fodder availability, improving animal 

health, and ensuring higher productivity under challenging environmental conditions. 

 
Use of Tissue Culture for Fodder Plants 

Tissue culture is a biotechnological technique used to propagate fodder plants under controlled 

conditions. Tissue culture helps produce uniform and high-quality plants by cloning high-yielding or 
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disease-resistant varieties, [4, 24, 51, 62]. This method allows rapid multiplication of desirable fodder 

species, improving feed availability and ensuring a consistent supply of nutritious feed. Tissue culture 

contributes to sustainable fodder production, especially in regions with limited land resources. 
 
Development of Perennial Fodder Varieties 

Development of perennial fodder varieties focus on breeding plants that produce feed for multiple 
years without the need to replant annually [4, 24, 51, 62]. Perennial species reduce the need for frequent 
sowing, labor, and inputs, offering a long-term solution for stable fodder supply. These varieties also 
improve soil health and minimize erosion, making them a sustainable option for dairy farming, 
particularly in areas with limited arable land. 
 
COLLABORATIVE APPROACHES 
Farmer Cooperatives for Fodder Banks 

Farmer cooperatives for fodder banks enable farmers to collectively produce, store, and distribute 
fodder. By pooling resources, they can ensure a steady supply of quality feed during shortages [17, 45]. 
These cooperatives help reduce the financial burden on individual farmers, enhance fodder security, 
and support sustainable dairy farming by improving the accessibility of affordable and nutritious feed. 
 
Public–Private Partnerships in Fodder Development 

Public–private partnerships (PPPs) in fodder development bring together government agencies, 
private companies, and research institutions to address fodder-related challenges [17, 45]. These 
collaborations foster innovation in fodder production technologies, provide financial and technical 
support, and promote sustainable farming practices. PPPs create opportunities for farmers to access 
resources, expertise, and markets, ensuring long-term fodder availability and improving dairy 
production systems. 
 
Knowledge Sharing among Farmers 

Knowledge sharing among farmers facilitates the exchange of best practices, innovative techniques, 
and local experiences regarding fodder cultivation and management [17, 45]. Through farmer-to-farmer 
networks, workshops, and online platforms, farmers can learn about new technologies, climate-smart 
practices, and alternative feed resources. This collective learning enhances productivity, reduces risks, 
and fosters community-driven solutions to fodder challenges, supporting sustainable dairy farming. 
 
Contract Farming for Fodder Production 

Contract farming for fodder production involves formal agreements between farmers and buyers, 
such as dairy farms or fodder companies [17, 45]. These contracts guarantee a stable market for fodder 
and provide farmers with access to better inputs, technology, and training. By ensuring fair prices and 
reducing market risks, contract farming helps boost fodder production, supports sustainability, and 
strengthens supply chains in dairy farming systems. 
 
Regional Fodder Exchange Programmes 

Regional fodder exchange programmes enable farmers to trade or share fodder resources across 
regions facing different production challenges [17, 45]. These programmes help balance supply and 
demand for fodder, particularly during seasonal shortages. By facilitating the movement of fodder 
between regions, these programmes ensure continuous feed availability, reduce feed costs, and 
contribute to more resilient and sustainable dairy farming systems. 
 
RESEARCH AND DEVELOPMENT 
Research on Low-Cost Fodder Cultivation 

Research on low-cost fodder cultivation focuses on identifying cost-effective methods for growing 

and producing fodder [23, 63–66]. This includes exploring alternative farming techniques, utilizing 

local resources, and selecting affordable inputs. By developing cost-efficient practices, research aims 

to make fodder production more accessible to smallholder farmers, reducing production costs and 

ensuring a sustainable and affordable feed supply for dairy farming. 
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Studies on Fodder Nutrient Quality 

Studies on fodder nutrient quality aim to improve the nutritional value of fodder crops, enhancing 

their digestibility and overall benefit to livestock. Research explores the optimal nutrient composition, 

the effects of various fertilization techniques, and the potential for genetic improvement of fodder 

species [23, 63–66]. These studies contribute to better feed efficiency, improved animal health, and 

higher milk and meat production in dairy systems. 

 

Development of Efficient Fodder Harvesting Tools 

The development of efficient fodder harvesting tools focuses on designing machinery and techniques 

that reduce labor costs, improve harvesting efficiency, and minimize feed losses. Research in this area 

includes innovations in mowing, chopping, and transporting fodder, helping farmers maximize yield 

and quality [23, 63–66]. Efficient harvesting tools contribute to more sustainable and cost-effective 

fodder production, supporting better feed availability for dairy farming. 

 

R&D for Enhancing Fodder Digestibility 

Research and development (R&D) for enhancing fodder digestibility focuses on improving the 

nutritional value and breakdown of feed in livestock. By exploring new varieties, processing methods, 

and additives, R&D aims to increase the bioavailability of nutrients in fodder, improving animal health 

and production efficiency [23, 63–66]. This research leads to higher-quality feed and more efficient 

milk and meat production in dairy systems. 

 

Monitoring Fodder Productivity Trends 

Monitoring fodder productivity trends involves tracking yield variations and assessing the impact of 

different farming practices, climatic conditions, and resource management strategies on fodder output 

[23, 63–66]. This research helps identify the most productive and sustainable fodder varieties and 

practices, guiding farmers in optimizing feed production. Understanding productivity trends supports 

decision-making, improving the resilience and sustainability of dairy farming systems in the face of 

environmental changes. 

 

EDUCATION AND EXTENSION 

Farmer Field Schools for Fodder Production 

Farmer field schools for fodder production provide an interactive learning platform where farmers 

can gain hands-on experience in fodder cultivation and management [14, 17, 39, 67, 68]. These schools 

offer practical demonstrations on improved farming techniques, pest control, and resource management. 

By engaging farmers in real-world applications, field schools empower them with the knowledge to 

increase fodder production and enhance dairy farming sustainability. 

 
Demonstrations on Fodder Management 

Demonstrations on fodder management offer farmers practical insights into efficient fodder 

production and handling [14, 17, 39, 67, 68]. These demonstrations cover aspects such as seed selection, 

soil preparation, irrigation, and pest management. By showcasing successful methods, these 

programmes help farmers adopt better practices, optimize yield, and ensure the year-round availability 

of quality feed, contributing to improved livestock health and productivity. 

 
Extension of Fodder Technologies 

Extension of fodder technologies involves disseminating advanced research and innovations related 

to fodder production to farmers through extension services [14, 17, 39, 67, 68]. This includes 

introducing new fodder varieties, efficient irrigation systems, and modern harvesting techniques. 

Extension programmes bridge the gap between research institutions and farmers, ensuring the 

widespread adoption of technologies that enhance fodder production and contribute to sustainable dairy 

farming systems. 
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Farmer-Led Fodder Innovation Systems 

Farmer-led fodder innovation systems encourage farmers to take an active role in developing and 

testing new fodder cultivation practices, techniques, and technologies. By fostering innovation at the 

grassroots level, these systems leverage local knowledge and practical experience [14, 17, 39, 67, 68]. 

Farmer-led initiatives promote sustainable fodder solutions tailored to local conditions, improving the 

adaptability and resilience of fodder production systems and enhancing overall productivity. 

 

Peer-to-Peer Knowledge Transfer 

Peer-to-peer knowledge transfer enables farmers to share practical experiences, insights, and best 

practices regarding fodder cultivation and management. Through informal networks, farmer groups, 

and community meetings, farmers can learn from one another’s successes and challenges [14, 17, 39, 

67, 68]. This exchange of knowledge strengthens farming communities, accelerates the adoption of 

improved techniques, and fosters a collective approach to solving fodder-related issues in sustainable 

dairy farming systems. 

 

ECONOMIC INTERVENTIONS 

Microfinancing for Fodder Cultivation 

Microfinancing for fodder cultivation provides small-scale farmers with affordable loans and 

financial services to support the establishment and expansion of fodder production [32, 35, 69–71]. This 

approach helps farmers invest in quality seeds, equipment, and infrastructure, ensuring consistent 

fodder supply. By improving access to capital, microfinancing empowers farmers to boost productivity, 

reduce dependency on external feed sources, and enhance the economic sustainability of dairy farming. 

 
Formation of Fodder Credit Societies 

Formation of fodder credit societies enables farmers to collectively access financial resources for 

fodder-related activities, such as purchasing seeds, fertilizers, and equipment. These societies pool 

funds from members, offering affordable loans to support fodder production. By fostering collective 

financial support, these societies promote increased fodder availability, reduce financial barriers, and 

improve the overall economic viability of fodder farming in rural communities [32, 35, 69–71]. 

 

Insurance Schemes for Fodder Crops 

Insurance schemes for fodder crops provide financial protection against risks such as droughts, 

floods, and pest outbreaks that can negatively impact fodder production [32, 35, 69–71]. These schemes 

help safeguard farmers' investments by covering losses due to adverse weather conditions and natural 

disasters. With adequate insurance coverage, farmers can mitigate the financial risks associated with 

fodder cultivation, ensuring stability in feed availability for livestock. 

 

Pricing Policies for Fodder Seeds 

Pricing policies for fodder seeds focus on setting fair and affordable prices for high-quality fodder 

varieties, making them accessible to farmers [32, 35, 69–71]. Such policies can reduce the cost of inputs 

for fodder cultivation, encouraging farmers to invest in better seed quality and more sustainable 

practices. By regulating pricing, these policies contribute to the overall economic efficiency and 

sustainability of fodder production in dairy systems. 

 

Market Development for Fodder Crops 

Market development for fodder crops involves creating and expanding market opportunities for 

fodder producers, both locally and regionally. This includes improving supply chains, providing access 

to reliable buyers, and establishing fair pricing systems. By developing robust markets, farmers are 

incentivized to increase fodder production, ensuring a consistent and sustainable feed supply. Enhanced 

market access also encourages investment and innovation in fodder cultivation [32, 35, 69–71]. 
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WASTE MINIMIZATION 

Utilization of Crop Residues as Green Feed 

Utilization of crop residues as green feed involves repurposing agricultural byproducts, such as straw 

and husks, as nutritious feed for livestock [29, 72, 73]. This practice reduces waste, improves feed 

security, and minimizes environmental pollution. By incorporating crop residues into livestock diets, 

farmers can decrease feed costs, promote sustainability, and enhance the efficiency of agricultural 

resource use, contributing to more sustainable farming systems. 

 

Conversion of Vegetable Waste into Green Fodder 

Conversion of vegetable waste into green fodder involves transforming plant waste from the 

vegetable sector, such as leaves, stems, and peels, into valuable feed for livestock [29, 72, 73]. This 

process not only reduces food waste but also creates a sustainable and cost-effective fodder source. By 

recycling vegetable waste, farmers can improve their feed supply, enhance animal nutrition, and 

minimize the environmental impact of agricultural waste. 

 

Reduction of Post-Harvest Fodder Loss 

Reduction of post-harvest fodder loss focuses on minimizing spoilage and wastage of fodder after 

harvest. This includes improving storage techniques, ensuring proper handling, and employing drying 

methods to preserve the nutritional quality of fodder. By reducing losses, farmers can maximize fodder 

availability, decrease feed shortages, and reduce dependency on external feed sources, contributing to 

the sustainability and economic viability of dairy farming systems [29, 72, 73]. 

 

Recycling of Agricultural Wastewater for Fodder 

Recycling of agricultural wastewater for fodder involves using treated wastewater from irrigation or 

other agricultural processes to irrigate fodder crops [29, 72, 73]. This practice conserves fresh water, 

reduces waste, and supports sustainable fodder production. By repurposing wastewater, farmers can 

maintain a consistent supply of water for crop cultivation, improving the efficiency of water use and 

contributing to sustainable agricultural practices in water-scarce regions. 

 

Composting Non-Edible Residues for Fertilization 

Composting non-edible residues for fertilization involves converting agricultural waste, such as crop 

stems, leaves, and other non-consumable parts, into nutrient-rich compost for soil enrichment. This 

process reduces waste, improves soil fertility, and supports sustainable fodder production. By recycling 

organic residues into compost, farmers can reduce their reliance on synthetic fertilizers, enhance soil 

health, and improve the sustainability of their farming operations [29, 72, 73]. 

 

SUSTAINABILITY-FOCUSED PRACTICES 

Emphasis on Organic Fodder Production  

Emphasis on organic fodder production promotes the cultivation of fodder without synthetic 

pesticides, fertilizers, or genetically modified organisms [14, 23, 39, 46, 51, 74]. This approach 

enhances soil health, reduces chemical residue in animal products, and supports ecological balance. By 

focusing on organic methods, farmers can produce nutritious and environmentally friendly feed while 

contributing to the overall sustainability of the farming system and reducing the environmental footprint 

of livestock production. 

 

Inclusion of Underutilized Fodder Species 

Inclusion of underutilized fodder species involves integrating lesser-known, drought-tolerant, and 

nutritious plants into fodder systems [14, 23, 39, 46, 51, 74]. These species can thrive in challenging 

climates and poor soils, offering resilience to climate variability and reducing reliance on conventional 

fodder crops. By diversifying fodder sources, farmers enhance system stability, preserve biodiversity, 

and improve the nutritional variety available for livestock, contributing to sustainable dairy farming. 
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Promotion of Zero-Waste Fodder Systems 

Promotion of zero-waste fodder systems focuses on maximizing the use of all available resources in 

fodder production, from reducing waste in cultivation to utilizing by-products for feed. This includes 

composting, recycling, and reusing agricultural residues to create a closed-loop system [14, 23, 39, 46, 

51, 74]. By promoting zero-waste practices, farmers can enhance resource efficiency, minimize 

environmental impact, and ensure a continuous supply of high-quality fodder for livestock. 

 

Sustainable Mechanization Practices 

Sustainable mechanization practices involve adopting energy-efficient, low-emission machinery for 

fodder cultivation, harvesting, and processing [14, 23, 39, 46, 51, 74]. These technologies reduce fuel 

consumption, lower greenhouse gas emissions, and improve operational efficiency. By integrating 

sustainable mechanization, farmers can reduce their carbon footprint, enhance productivity, and 

minimize the environmental impact of fodder production, making farming more resource-efficient and 

climate-resilient. 

 

Strengthening Biodiversity in Fodder Systems 

Strengthening biodiversity in fodder systems involves integrating a variety of plant species, including 

legumes, grasses, and shrubs, into fodder production [14, 23, 39, 46, 51, 74]. This approach improves 

ecosystem resilience, enhances soil fertility, and supports natural pest control. By promoting 

biodiversity, farmers can reduce dependency on single-crop systems, protect the environment, and 

ensure a sustainable, diversified, and nutritious feed supply for livestock. 

 
URBAN INTERVENTIONS 

Rooftop Farming for Fodder Crops 

Rooftop farming for fodder crops utilizes urban rooftops to cultivate fodder, especially in areas with 

limited agricultural land [12, 23]. This innovative approach maximizes underutilized spaces, reduces 

the urban heat island effect, and provides a sustainable source of fresh feed for livestock. Rooftop fodder 

farming contributes to local food security, reduces transportation costs, and enhances the resilience of 

urban agriculture. 

 
Utilization of Urban Vacant Spaces for Fodder 

Utilization of urban vacant spaces for fodder involves converting unused land within cities, such as 

vacant lots or abandoned buildings, into productive areas for fodder cultivation. This practice helps 

reduce urban waste, promotes local food production, and alleviates pressure on rural lands. By 

repurposing urban spaces for fodder, cities can enhance food security, reduce transportation costs, and 

make urban agriculture more sustainable [12, 23]. 

 

Collaboration with Peri-Urban Farmers 

Collaboration with peri-urban farmers fosters partnerships between urban and rural areas to improve 

fodder supply chains [12, 23]. By connecting urban markets with nearby rural farms, this approach 

creates more efficient distribution channels, reduces transportation costs, and improves feed 

availability. Strengthening these relationships helps ensure a stable and affordable supply of fodder for 

urban livestock, contributing to food security and economic sustainability. 

 
Urban Fodder Production Models 

Urban fodder production models focus on developing systems within cities to grow and distribute 

fodder efficiently [12, 23]. These models may include vertical farming, rooftop gardens, and 

hydroponics to produce fodder crops in limited spaces. By implementing such models, urban areas can 

ensure a consistent and sustainable feed supply, reducing reliance on rural areas and promoting local 

food systems that are resilient and environmentally friendly. 
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City-Based Fodder Supply Chains 

City-based fodder supply chains aim to create efficient networks for sourcing, processing, and 

distributing fodder within urban areas [12, 23]. This approach minimizes transportation costs, ensures 

fresh supply, and reduces reliance on rural areas. By developing local supply chains, cities can enhance 

food security, reduce carbon footprints, and support urban farmers in maintaining a steady supply of 

fodder for livestock, promoting sustainability in urban agriculture. 

 

CONCLUSION 

Optimizing green fodder availability is pivotal for enhancing the sustainability of dairy farming in 

the tropics. This study underscores the importance of adopting high-yielding, climate-resilient fodder 

varieties, innovative cultivation methods, and resource-efficient technologies to address challenges such 

as seasonal fluctuations and limited land availability. Integrating traditional practices with modern 

solutions, including hydroponics, agroforestry, and precision agriculture, offers a viable pathway to 

ensure year-round fodder supply. Emphasizing community-based models and policy support can further 

enhance accessibility and adoption among smallholder farmers. By providing a comprehensive 

roadmap, this study contributes to improving dairy productivity, reducing environmental impact, and 

ensuring economic viability. Implementing these strategies can foster sustainable dairy development 

while addressing the growing demand for dairy products in tropical regions. 

 

Future Directions 

Future research should focus on developing and promoting climate-resilient fodder species that can 

thrive under the diverse environmental conditions of the tropics. Advancements in genetic engineering 

and molecular breeding could enhance fodder quality, drought tolerance, and biomass yield. Exploring 

the integration of digital technologies, such as remote sensing and artificial intelligence, may optimize 

resource allocation and monitor fodder growth in real-time. Scaling up innovative practices like 

hydroponic and vertical farming requires assessing their economic feasibility and adaptability for 

smallholder farmers. Investigating the socio-economic impacts of community-based models, such as 

fodder banks and cooperative farming, could provide insights into enhancing adoption. Additionally, 

formulating supportive policies and extension programs to disseminate knowledge and technology is 

critical. Addressing these aspects holistically can drive sustainable improvements in fodder availability 

and contribute to resilient and economically viable dairy farming systems in the tropics. 

 

REFERENCES 

1. Dhamodharan P, Bhuvaneshwari J, Sowmiya S, Chinnadurai R. Revitalizing fodder production: 

Challenges and opportunities. International Journal of Research in Agronomy. 2024; 7(1): 208–

217p. doi: 10.33545/2618060x.2024.v7.i1c.215. 

2. Daduwal HS, Bhardwaj R, Srivastava RK. Pearl millet a promising fodder crop for changing 

climate: a review. Theor Appl Genet. 2024; 137(7): 169p. doi: 10.1007/s00122-024-04671-4. 

3. Ahamed MS, Sultan M, Shamshiri RR, Rahman MM, Aleem M, Balasundram SK. Present status 

and challenges of fodder production in controlled environments: A review. Smart Agricultural 

Technology. 2023; 3: 100080. doi: 10.1016/j.atech.2022.100080. 

4. Kumar S, Singh P, Devi U, Yathish KR. An Overview of the Current Fodder Scenario and the 

Potential for Improving Fodder Productivity through Genetic Interventions in India. Anim Nutr 

Feed Technol. 2023; 23(3): 631–644p. doi: 10.5958/0974-181X.2023.00054.9. 

5. Johannsen K. Just Fodder: The Ethics of Feeding Animals, written by Josh Milburn (2022). McGill-

Queen’s Press-MQUP, Montreal; 2023. doi: 10.1163/17455243-20050013. 

6. Kumar P, Singh J, Kaur G, Adunola PM, Biswas A, Bazzer S, et al. OMICS in Fodder Crops: 

Applications, Challenges, and Prospects. Current Issues in Molecular Biology. 2022; 44(11): 5440–

5473p. doi: 10.3390/cimb44110369. 

7. Boote KJ, Adesogan AT, Balehegn M, Duncan A, Muir JP, Dubeux JCB, et al. Fodder development 

in sub-Saharan Africa: An introduction. Agronomy Journal. 2022; 114(1): 1–7p. doi: 

10.1002/agj2.20924. 



 

Research & Reviews: Journal of Crop Science and Technology 

Volume 14, Issue 3 

ISSN: 2319-3395 

 

© STM Journals 2025. All Rights Reserved 27  
 

8. Dagar JC. Potentials for Fodder Production in Degraded Lands. In: Ghosh PK, Mohanta SK, Singh 

JB, Vijay D, Kumar RV, Yadav VK, (eds.). Approaches towards Fodder Security in India. New 

Delhi: Studera Press; 2017. Available from: https://www.researchgate.net/profile/J-Dagar-

2/publication/316155472_Potentials_of_fodder_production_in_degraded_lands/links/59b10f3ea6f

dcc3f888dcde3/Potentials-of-fodder-production-in-degraded-lands.pdf 

9. Walker DH, Thorne PJ, Sinclair FL, Thapa B, Wood CD, Subba DB. A systems approach to 

comparing indigenous and scientific knowledge: Consistency and discriminatory power of 

indigenous and laboratory assessment of the nutritive value of tree fodder. Agric Syst. 1999; 62(2): 

87–103p. doi: 10.1016/S0308-521X(99)00058-X. 

10. Thomas SL, Thomas UC. Innovative Techniques in Fodder Production-a Review. Forage Research. 

2019; 44(4): 217–223p. Available from: http://forageresearch.in 

11. Sumberg J. The logic of fodder legumes in Africa. Food Policy. 2002; 27(3): 285–300p. doi: 

10.1016/S0306-9192(02)00019-2. 

12. Chaudhary DP, Jat SL, Kumar R, Kumar A, Kumar B. Fodder quality of maize: Its preservation. 

In: Maize: Nutrition Dynamics and Novel Uses. India: Springer; 2014. 153–160p. doi: 

10.1007/978-81-322-1623-0_13. 

13. Varfolomeev SD, Wasserman LA. Microalgae as source of biofuel, food, fodder, and medicines. 

Appl Biochem Microbiol. 2011; 47(9): 789–807p. doi: 10.1134/S0003683811090079. 

14. Toth GG, Nair PKR, Duffy CP, Franzel SC. Constraints to the adoption of fodder tree technology 

in Malawi. Sustain Sci. 2017; 12(5): 641–656p. doi: 10.1007/s11625-017-0460-2. 

15. Mekoya A, Oosting SJ, Fernandez-Rivera S, Van Der Zijpp AJ. Farmers’ perceptions about exotic 

multipurpose fodder trees and constraints to their adoption. Agroforestry System. 2008; 73(2): 141–

153p. doi: 10.1007/s10457-007-9102-5. 

16. Ayele S, Duncan A, Larbi A, Khanh TT. Enhancing innovation in livestock value chains through 

networks: Lessons from fodder innovation case studies in developing countries. Science and Public 

Policy. 2012; 39(3): 333–346p. doi: 10.1093/scipol/scs022. 

17. Wambugu C, Place F, Franzel S. Research, development and scalingup the adoption of fodder shrub 

innovations in East Africa. International Journal of Agricultural Sustainability. 2011; 9(1):100–

109p. doi: 10.3763/ijas.2010.0562. 

18. M. E. Rogers et al. Corrigendum to: The potential for developing fodder plants for the salt-affected 

areas of southern and eastern Australia: An overview. Australian Journal of Experimental 

Agriculture. 2006; 46(12): 1665p. doi: 10.1071/EA04020_CO. 

19. Le Houerou HN. Utilization of fodder trees and shrubs in the arid and semiarid zones of west asia 

and North Africa. Arid Soil Research and Rehabilitation. 2000; 14(2): 101–135p. doi: 

10.1080/089030600263058. 

20. Karbivska U, Kurgak V, Gamayunova V, Butenko A, Malynka L, Kovalenko I, et al. Productivity 

and quality of diverse ripe pasture grass fodder depends on the method of soil cultivation. Acta 

Agrobotanica. 2020; 73(3): 1–11p. doi: 10.5586/AA.7334. 

21. Misra RK. Tropical pasture and fodder plants. Elsevier. 1978; 4(3): 410p. doi: 10.1016/0304-

3746(78)90007-0. 

22. Nefzaoui A, Salem HB. Forage, fodder, and animal nutrition. CactiBiology and Uses. 2002; 2002: 

198–210p. Available: https://books.google.com/books?hl=en&lr=&id=ZqMlDQAAQBAJ&oi= 

fnd&pg=PA199&dq=fodder&ots=7SsRanjuWk&sig=EHd-J6vzcVjKUklRkmKkQ0FpadY 

23. Shit N. Hydroponic Fodder Production: An Alternative Technology for Sustainable Livestock 

Production in India. Explor Anim Med Res. 2019; 9(2): 108–119p. Available from: 

https://animalmedicalresearch.org/Vol.9_Issue-2_December_2019/HYDROPONIC FODDER 

PRODUCTION.pdf 

24. Dawson IK, Carsan S, Franzal S, Kindt R, Graudel L, Lilleso JP, et al. Agroforestry , livestock , 

fodder production and climate change adaptation and mitigation in East Africa: issues and options. 

ICRAF Working Paper No. 178. Nairobi: World Agroforestry Centre; 2014. Available from: 

http://www.worldagroforestry.org/downloads/Publications/PDFS/WP14050.pdf 



 

 

Optimizing Green Fodder Availability                                                                                         Md. Emran Hossain 

 

 

© STM Journals 2025. All Rights Reserved 28  
 

25. Singh DN, Bohra JS, Tyagi V, Singh T,  Banjara TR, Gupta G. A review of India’s fodder 

production status and opportunities. Grass and Forage Science. 2022; 77,(1): 1–10p. doi: 

10.1111/gfs.12561. 

26. Mal L, Kumar S, Sharma AK, Deshmukh SC. Effect of integrated weed management on growth 

and yield of soybean. Indian Journal of Weed Science. 2012; 17(1): 2141–216p. Available from: 

https://www.indianjournals.com/ijor.aspx?target=ijor:ijws&volume=45&issue=3&article=016&ty

pe=fulltext 

27. Paterson RT, Karanja GM, Roothaert RL, Nyaata OZ, Kariuki IW. A review of tree fodder 

production and utilization within smallholder agroforestry systems in Kenya. Agroforestry System. 

1998; 41(2): 181–199p. doi: 10.1023/A:1006066128640. 

28.  Kautz T, Stumm C,  Kösters R, Köpke U. Effects of perennial fodder crops on soil structure in 

agricultural headlands. Journal of Plant Nutrition and Soil Science. 2010; 173(4): 490–501p. doi: 

10.1002/jpln.200900216. 

29. Rajaganapathy V, Xavier F, Sreekumar D, Mandal PK. Heavy metal contamination in soil, water 

and fodder and their presence in livestock and products: A review. Journal of Environmental 

Science and Technology. 2011; 4(3): 234–249p. doi: 10.3923/jest.2011.234.249. 

30. Jat RS, Ahlawat IPS. Direct and residual effect of vermicompost, biofertilizers and phosphorus on 

soil nutrient dynamics and productivity of chickpea-fodder maize sequence. Journal of Sustainale 

Agriculture. 2006; 28(1): 41–54p. doi: 10.1300/J064v28n01_05. 

31. Jha AK, Malla R, Sharma M, Panthi J, Lakhankar T, Krakauer NY, et al. Impact of irrigation 

method on water use efficiency and productivity of fodder crops in Nepal. Climate. 2016; 4(1): 4p. 

doi: 10.3390/cli4010004. 

32. Ghosh PK. Growth, yield, competition and economics of groundnut/cereal fodder intercropping 

systems in the semi-arid tropics of India. Field Crops Research. 2004; 88(2–3): 227–237p. doi: 

10.1016/j.fcr.2004.01.015. 

33. Centofanti T, Bañuelos G. Practical uses of halophytic plants as sources of food and fodder. In: 

Hasanuzzaman M, Shabala S, Fujita M, eds.). Halophytes and Climate Change: Adaptive 

Mechanisms and Potential Uses. UK: CAB International; 2019. 324–342p. doi: 

10.1079/9781786394330.0324. 

34. Kumar R, Bohra JS, Kumawat N, Singh AK. Fodder yield, nutrient uptake and quality of baby corn 

(Zea mays L.) as influenced by NPKS and Zn fertilization. Research on Crops. 2015; 16(2): 243–

249p. doi: 10.5958/2348-7542.2015.00036.4. 

35. Elmulthum NA, Zeinaldin FI, Al-Khateeb SA, Al-Barrak KM, Mohammad TA, Sattar MN, et al. 

Water Use Efficiency and Economic Evaluation of the Hydroponic versus Conventional Cultivation 

Systems for Green Fodder Production in Saudi Arabia. Sustainablity. 2023; 15(1): 822p. doi: 

10.3390/su15010822. 

36. Singh KM,  Singh RKP, Jha AK, Kumar A. Fodder Market in Bihar: An Exploratory Study. 

Economic Affairs. 2013; 58(4): 357p. doi: 10.5958/j.0976-4666.58.4.019. 

37. Rao PP, Hall AJ. Importance of crop residues in crop-livestock systems in India and farmers’ 

perceptions of fodder quality in coarse cereals. Field Crop Research. 2003; 84(1–2): 189–198p. doi: 

10.1016/S0378-4290(03)00150-3. 

38. Soder KJ, Heins BJ, Chester-Jones H, Hafla AN, Rubano MD. Evaluation of fodder production 

systems for organic dairy farms, The Professional Animal Scientist. 2018; 34(1): 75–83p. doi: 

10.15232/pas.2017-01676. 

39. Franzel S,  Carsan S, Lukuyu B, Sinja J, Wambugu C. Fodder trees for improving livestock 

productivity and smallholder livelihoods in Africa. Current Opinion in Environmental 

Sustainability. 2014; 6: 98–103p. doi: 10.1016/j.cosust.2013.11.008. 

40. Lefroy EC,  Dann PR,  Wildin JH, Wesley-Smith RN, McGowan AA. Trees and shrubs as sources 

of fodder in Australia. Agroforestry System. 1992; 20(1–2): 117–139p. doi: 10.1007/BF00055307. 

41. Spray M. Holly as a fodder in England. The Agricultural History Review. 1981; 29(2): 97–110p. 

Available from: https://www.jstor.org/stable/40274154 



 

Research & Reviews: Journal of Crop Science and Technology 

Volume 14, Issue 3 

ISSN: 2319-3395 

 

© STM Journals 2025. All Rights Reserved 29  
 

42. Boller B, Posselt UK, Veronesi F. Fodder Crops and Amenity Grasses. In: Handbook of Plant 

Breeding. Germany: Springer; 2010. doi: 10.1007/978-1-4419-0760-8. 

43. Bustan A, Pasternak D, Pirogova I, Durikov M, Devries TT, El-Meccawi S, et al. Evaluation of 

saltgrass as a fodder crop for livestock. J Sci Food Agric. 2005; 85(12):  2077–2084p. doi: 

10.1002/jsfa.2227. 

44. Baviskar MN, Bharad SG, Dod VN, Barne VG. Effect of integrated nutrient management on yield 

and quality of sapota. Forage Research. 2011; 38(1): 59–61p. Available from: 

https://forageresearch.in/wp-content/uploads/2013/07/59-61.pdf 

45. Singh BB, Ajeigbe HA, Tarawali SA,  Fernandez-Rivera S, Abubakar M. Improving the production 

and utilization of cowpea as food and fodder. Fields Crop Research. 2003; 84(1–2): 169–177p. doi: 

10.1016/S0378-4290(03)00148-5. 

46. Pastorelli G,  Serra V, Vannuccini C, Attard E. Opuntia spp. as Alternative Fodder for Sustainable 

Livestock Production. Animals. 2022; 12(13): 1597p. doi: 10.3390/ani12131597. 

47. OCADO Innovation Ltd. Growing System and Method. US Patent Application [Online]; 2016. 

14/915,245. Available from: https://patents.google.com/patent/US20160212945A1/en 

48. Assouma MH, Lecomte P, Hiernaux P, Icowickz K, Corniox C, Decryuenaera V, et al. How to 

better account for livestock diversity and fodder seasonality in assessing the fodder intake of 

livestock grazing semi-arid sub-Saharan Africa rangelands. Livestock Science. 2018; 216: 16–23p. 

doi: 10.1016/j.livsci.2018.07.002. 

49. Rahman SU, Ullah Z, Ali A, Ahmad M, Sher H, Shinwari ZK, et al. Ethnoecological Knowledge 

of Wild Fodder Plant Resources of District Buner Pakistan. Pakistan Journal Botany. 2022; 54(2): 

1–8p. doi: 10.30848/PJB2022-2(27). 

50. Woodford EK, Whyte RO. The Grassland and Fodder Resources of India. Outlook on Agriculture. 

1966; 3(1): 90p. doi: 10.2307/2401684. 

51. Öztürk M,  Altay V, Güvensen A. Sustainable use of halophytic taxa as food and fodder: An 

important genetic resource in southwest Asia. In: Hasanuzzaman M, Nahar K, Ozturk M (eds.). 

Ecophysiology, Abiotic Stress Responses and Utilization of Halophytes. Singapore: Springer; 2019. 

235–257p. doi: 10.1007/978-981-13-3762-8_11. 

52. Nouman W, Basra SMA, Siddiqui MT, Yasmeen A, Gull T, Alcayde MAC. Potential of Moringa 

oleifera L. as livestock fodder crop: A review. Turkish Journal of Agriculture and Forestry. 2014; 

38(1): 1–14p. doi: 10.3906/tar-1211-66. 

53. Ayub M, Nadeem MA, Tanveer A, Husnain A. M. A. N., . A. T., and . A. H. Effect of Different 

Levels of Nitrogen and Harvesting Times on the Growth, Yield and Quality of Sorghum Fodder. 

Asian Journal of Plant Science. 2002; 1: 304–30p. doi: 10.3923/ajps.2002.304.307. 

54. Al-Karaki GN, Al-Hashimi M. Green Fodder Production and Water Use Efficiency of Some Forage 

Crops under Hydroponic Conditions. ISRN Agronomy. 2012; 927642: 1–5p. doi: 

10.5402/2012/924672. 

55. Panday K. Fodder Trees and Tree Fodder in Nepal. Berne: Swiss Development Corporation; 1982. 

doi: 10.5555/19830685588. 

56. Biradar N, Kumar V. Analysis of fodder status in Karnataka. The Indian Journal of Animal 

Sciences. 2013; 83(10). Available from: https://www.academia.edu/download/32345413/IJASc-

Paper-fodder_status.pdf 

57. Tonapi VA,  Talwar HS, Are AK, Bhat BV, Reddy CR, Dalton TJ. Sorghum in the 21st Century: 

Food – Fodder – Feed – Fuel for a Rapidly Changing World. Germany: Springer; 2021. doi: 

10.1007/978-981-15-8249-3. 

58. Naik PK. Hydroponics technology for green fodder production. Indian Dairymen. 2012; 18(3): 53–

58p. doi: 10.5555/20133131908. 

59. Frolov VJ, Sysoev DP. The evaluation of efficiency of using technologies for preparation and 

distribution of fodder at small farms. World Science. 2016; 7: 1264–1271p. Available from: 

https://cyberleninka.ru/article/n/the-evaluation-of-efficiency-of-using-technologies-for-

preparation-and-distribution-of-fodder-at-small-farms 



 

 

Optimizing Green Fodder Availability                                                                                         Md. Emran Hossain 

 

 

© STM Journals 2025. All Rights Reserved 30  
 

60. Khudyakova EV, Khudyakova HK, Shitikova AV, Savoskina OA, Konstantinovich AV. 

Information technologies for determination the optimal period of preparing fodder from perennial 

grasses. Periodico Tche Quimica. 2020; 17(35): 1044–1056p. doi: 10.52571/ptq.v17.n35.2020.86_ 

khudyakova_pgs_1044_1056.pdf. 

61. Roothaert RL, Paterson RT. Recent work on the production and utilization of tree fodder in East 

Africa. Animal Feeding Science Technology. 1997; 69(1–3): 39–51p. doi: 10.1016/S0377-

8401(97)81621-5. 

62. Mary SS, Gopalan A. Dissection of genetic attributes yield traits of fodder cowpea in F3 and F4. 

Journal Applied Science Research. 2006; 2(10): 805–808p. Available from: https://www.academia. 

edu/download/108892379/805-808.pdf 

63. Skliar A,  Boltyanskyi B, Boltyanska N, Demyanenko D. Research of the cereal materials 

micronizer for fodder components preparation in animal husbandry. In: Nadykto V (ed.). Modern 

Development Paths of Agricultural Production. Cham: Springer; 2019. 249–258p. doi: 10.1007/ 

978-3-030-14918-5_26. 

64. Kosolapov V, Rud V, Korshunov A,  Savchenko I, Switala F, Hogland W. Scientific support of the 

fodder production: V.R. Williams All-Russian Fodder Research Institute (WFRI) activity. IOP 

Conference Series Earth and Environmental Science. 2019; 390(1): 012010. doi: 10.1088/1755-

1315/390/1/012010. 

65. Rai SK, Ghosh PK,  Kumar S, Singh JB. Research in Agrometeorolgy on Fodder Crops in Central 

India—An Overview. Atmospheric and Climate Sciences. 2014; 4(1): 78–91p. doi: 

10.4236/acs.2014.41011. 

66. Datta D. Indian Fodder Management towards 2030: A Case of Vision or Myopia. International 

Journal of Management and Social Sciences Research. 2013; 2(2): 33–41p. Available from: 

http://hayandforage.com/marketing/archive/0201-hay- 

67. Omollo EO, Wasonga OV, Elhadi MY, Mnene WN. Determinants of pastoral and agro-pastoral 

households’ participation in fodder production in Makueni and Kajiado Counties, Kenya.  

Pastoralism. 2018; 8(9): 115–120p. doi: 10.1186/s13570-018-0113-9. 

68. Jera R, Ajayi OC. Logistic modelling of smallholder livestock farmers’ adoption of tree-based 

fodder technology in Zimbabwe. Agrekonl. 2008; 47(3): 379–392p. doi: 10.1080/03031853.2008. 

9523806. 

69. Gebremedhin WK. Nutritional benefit and economic value of feeding hydroponically grown maize 

and barley fodder for Konkan Kanyal goats. IOSR Journal of Agriculture and Veterinary Science. 

2015; 8(7): 24–30p. Available from: www.iosrjournals.org 

70. Weldegerima KB, Desaishalu K. Nutritional Improvement and Economic Value of Hydroponically 

Sprouted Maize Fodder. Proceedings of the International Conference on Agriculture, Veterinary 

and Environmental Science; 2015 Jul 25–26; Vijayawada, Andhra Pradesh. Available from: 

https://www.researchgate.net/profile/Weldegerima-Kide/publication/299599166_Nutritional_ 

improvement_and_economic_value_of_hydroponically_sprouted_maize_fodder/links/59e57f53ac

a272390ed651b5/Nutritional-improvement-and-economic-value-of-hydroponically-spro 

71. Singh P, Sumeriya HK. Effect of Nitrogen on Yield, Economics and Quality of Fodder Sorghum 

Genotypes. Annals of Plant and Soil Research. 2012;14(2): 133–135p. Available from: 

https://www.gkvsociety.com/control/uploads/effect-of-nitrogen-on-yeild-economics-n-quality-of-

fodder.pdf 

72. Kanwal H, Raza A, Zaheer MS, Nadeem M, Ali HH, Manohardas S, et al. Transformation of heavy 

metals from contaminated water to soil, fodder and animals. Scientific Reports. 2024; 14: 11705. 

doi: 10.1038/s41598-024-62038-7. 

73. Kurcz A,  Błażejak S, Kot AM, Bzducha-Wróbel A, Kieliszek M. Application of Industrial Wastes 

for the Production of Microbial Single-Cell Protein by Fodder Yeast Candida utilis. 2018; 9: 57–

64p. doi: 10.1007/s12649-016-9782-z. 

74. Aquino D, Barrio AD, Trach NH, Hai NH, Khang DN, Toan NT, et al. Rice Straw-Based Fodder 

for Ruminants. In: Gummert M, Hung N, Chivenge P, Douthweiht B (eds.). Sustainable Rice Straw 

Management. Cham: Springer; 2019. doi: 10.1007/978-3-030-32373-8_7. 


