


Crop Residues as Alternative Livestock Feed Resources for Enhancing Climate Resilience During Dry Seasons in Tanzania

ABSTRACT
Climate change increasingly undermines livestock production in Africa’s arid and semi-arid regions, where frequent droughts and erratic rainfall cause severe feed scarcity. Traditional dependence on natural pastures is no longer viable due to shrinking grazing lands, growing livestock numbers, and rising feed prices. Although crop residues are abundant and locally accessible across these areas, their value as alternative feed sources remain largely untapped. Key limitations include low nutritional quality, poor storage methods, unclear impacts on soil health, and a lack of knowledge on effective processing and integration into farming systems—all of which hinder their use as a reliable feed solution. Addressing this challenge is critical, as improved feed availability directly determines livestock productivity, household income, and food security for millions of smallholder farmers. This opinion article explores the role of crop residues—such as maize stover, rice straw, wheat straw, and legume haulms—as affordable, climate-smart feed resources capable of sustaining livestock during dry seasons. It highlights that proper utilization not only supports animal performance but also reduces environmental pollution from residue burning and contributes to climate change mitigation. The paper outlines proven technologies including urea treatment, ammoniation, chopping, and bio-fermentation that significantly enhance nutrient content and digestibility. It further presents solutions to existing constraints through integrated crop-livestock systems, balanced supplementation, improved storage, and farmer training. Strategic use of crop residues offers a practical, sustainable pathway to strengthen climate resilience, boost livestock yields, and secure food supplies across Africa.
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1. INTRODUCTION
Climate change continues to threaten livestock production systems across Africa, particularly in arid and semi-arid regions where prolonged droughts and unpredictable rainfall patterns have become increasingly frequent and severe (Sindato et al., 2024). The adverse impacts of these climatic shifts are far-reaching, imposing significant burdens on livestock keepers. These include high rates of livestock mortality, increased prevalence of vector-borne and nutritional deficiency diseases, widespread degradation and depletion of grazing lands, and a general rise in the cost of production within the sector (Mabhuye, 2024). Historically, most livestock farmers have relied almost exclusively on natural pastures as the main source of feed. However, these resources are highly seasonal and rapidly diminish in both quantity and nutritional quality during dry spells. Consequently, livestock keepers face critical feed shortages that lead to poor animal growth, low milk yields, reduced reproductive performance, and a general decline in the overall productivity and economic viability of the livestock sector.
In Tanzania, particularly in semi-arid regions such as Dodoma, Manyara, and Singida, traditional farming mindsets persist; a dominant notion among farmers is that ruminant livestock can survive and thrive solely on natural grasses found in communal rangelands. While this system may have been sustainable in the past, current realities have fundamentally changed. The compounded effects of climate change, rapid human population growth, expansion of agricultural land, and steady increases in livestock numbers have drastically reduced the size and quality of available grazing land. As a result, pasture availability has declined sharply, and the carrying capacity of these rangelands has been exceeded. Paradoxically, despite having one of the largest livestock populations in Africa, the contribution of the livestock sector to the national economy remains disproportionately low and underutilized (Gebre et al., 2023). This inefficiency is largely driven by the inability to maintain animal health and production throughout the year, particularly during the long dry seasons.
Nevertheless, the agricultural landscape offers a readily available solution that remains largely untapped. Every year, following harvest seasons, farmers across these regions produce thousands of tons of crop residues, including maize stover, rice straw, bean husks, sorghum stalks, and groundnut haulms (Muhayodin et al., 2020). These materials are by-products of crop cultivation and are generated locally at no additional production cost. However, herein lies the clear research gap: although the physical availability of these residues is well documented, there is a significant lack of systematic understanding, practical guidance, and widespread adoption regarding how to effectively collect, process, store, and integrate these resources into regular feeding regimes. Most existing studies merely identify residues as potential feed sources but fail to provide context-specific strategies to overcome their inherent limitations—such as low crude protein content, high lignin levels, and low digestibility—or to address trade-offs regarding soil fertility maintenance when residues are removed from fields. Furthermore, there is limited documentation on how modern processing technologies, such as chemical treatment, biological enhancement, or strategic supplementation, can be scaled up and adapted to the resources and capacities of smallholder farmers. Currently, rather than being valued as a vital feed bank, the vast majority of these crop residues are either discarded, burned in open fields to clear land, or left to decompose unused, leading to environmental pollution and a complete waste of potential nutritional resources. This context raises a significant and pressing question: Why should livestock suffer from severe scarcity of feed, leading to economic loss and food insecurity, while abundant feed resources lie readily available but unused within the same farming systems?
This opinion article highlights the critical role that crop residues can play as alternative livestock feed, presenting them as affordable, locally accessible, and climate-smart solutions capable of mitigating the negative effects of climate change during the dry season. While there are valid concerns regarding their nutritional quality, competing uses (such as for fuel or soil amendment), and logistical challenges in handling, this paper argues that the benefits of properly utilizing crop residues far outweigh their limitations. By articulating practical methods to improve their nutritive value and integrating them into sustainable farming systems, this article aims to bridge the existing knowledge gap and demonstrate how these resources can transform livestock resilience and productivity in Tanzania and similar agro-ecological zones.

2.0 MAIN ARGUMENTS
2.1 Crop Residues Provide an Affordable Feed Resource During Dry Seasons

Feed scarcity during prolonged dry seasons and drought events represents the most critical constraint to livestock productivity, survival, and profitability across all production systems. At the local, regional, and international levels, the core challenge remains consistent: natural forage resources decline sharply in both quantity and quality, while alternative feed sources such as commercial concentrates become prohibitively expensive or physically unavailable. For smallholder farmers—who constitute over 80% of livestock producers in Tanzania and many parts of sub-Saharan Africa—reliance on purchased feeds is rarely economically viable, as prices often surge by 30% to 60% during dry periods (Maleko, 2020). In this context, crop residues emerge not merely as a supplementary option, but as a strategic, locally-available, and low-cost feed resource capable of bridging the critical feed gap.
In semi-arid regions of Tanzania such as Dodoma, Singida, and Manyara, where mixed crop-livestock farming is the dominant livelihood strategy, the integration of crop and livestock enterprises creates a unique advantage. Farmers generate substantial volumes of residues including maize stover, rice straw, bean husks, and groundnut haulms immediately after harvest. Unlike commercial feeds which must be transported from distant urban centers, these residues are produced on-farm or within the immediate locality, eliminating transport costs and ensuring accessibility even in remote areas. Mtokambali (2024) emphasizes that when properly collected and stored, these materials serve as a reliable "feed bank," drastically reducing dependence on overgrazed natural rangelands and expensive supplements. Evidence from local studies by Borrelli & Ndakidemi (2020) further demonstrates that, when managed and supplemented appropriately, certain crop residues can support higher levels of animal performance and body condition compared to mature, weathered natural pastures—which often contain less than 3% crude protein and have digestibility values below 40% at the peak of the dry season. As shown in Table 1, residues such as bean haulms, groundnut haulms, and sweet potato vines have crude protein levels ranging from 9% to 16% and digestibility exceeding 60%, making them nutritionally superior to dry native grasses.
The Tanzanian experience mirrors broader realities across Eastern and Southern Africa, where countries like Kenya, Ethiopia, Malawi, and Zimbabwe face identical climatic and production challenges. In these regions, crop residues contribute between 30% and 60% of the total dry season feed supply, yet their utilization efficiency remains low. A comparative analysis shows that while smallholders in Ethiopia and parts of Nigeria actively use leguminous residues (such as cowpea and haulms) as high-value feed, farmers in East Africa predominantly use cereal residues (maize, rice, sorghum) which are lower in protein. However, regional research confirms that regardless of the type, the economic value is universal: using crop residues reduces feeding costs by 40–70% compared to purchasing commercial feed, making livestock keeping viable even during harsh climatic conditions (Choudhary et al., 2019; Adewuyi, 2021). The nutritional profile presented in Table 1 highlights that leguminous residues (e.g., cowpea: 12–18% CP; groundnut: 10–16% CP) found across the region are comparable in quality to medium-grade forages, while cereal residues provide effective energy sources when treated or mixed with supplements.
Comparing these dynamics with international systems reveals both similarities and differences. In South Asia (India, Pakistan, Bangladesh) and parts of Latin America, crop residues are the backbone of ruminant feeding systems, contributing over 70% of the diet for cattle and buffaloes. For instance, rice straw and wheat straw—major global agricultural by-products—are used extensively in Asia, similar to their use in Africa, but with higher adoption of processing technologies such as ammoniation and urea treatment to improve their quality (Sufyan et al., 2022; Zubair et al., 2021). In contrast, developed nations such as the USA and Australia rarely use residues as primary feed due to abundant high-quality pastures and conserved forages; instead, residues are often returned to the soil or used for bioenergy. However, the economic principle remains consistent worldwide: crop residues offer the cheapest source of ruminant feed available. As indicated in Table 1, residues like sweet potato vines and sugarcane tops, utilized globally, possess high energy values (up to 2,500 kcal/kg DM) and high digestibility (up to 80%), proving their universal value as feed resources across different agro-ecological zones (Nzvenga et al., 2021; Hosseinabadi et al., 2023).
Critically, the data in Table 1 underscores a key reality: the nutritional quality of residues varies significantly depending on the crop type. Legume-based residues (bean, groundnut, cowpea, soybean) are consistently superior in crude protein, energy, and digestibility compared to cereal residues (maize, rice, wheat, millet). Nevertheless, even lower-quality residues represent valuable energy sources that prevent weight loss and maintain basic metabolic functions in livestock during dry seasons. This comparative assessment confirms that across local, regional, and international boundaries, crop residues are an indispensable, affordable, and climate-resilient component of livestock production systems, with their full value realized only through proper management, selection, and targeted improvement strategies.

Table 1. Nutritional Components of Some Crop Residues
	S/No
	Crop Residue
	Crude protein
	Metabolizable Energy (kcal/kg DM)
	Digestibility
	Reference

	1. 
	Maize Stover
	3-6
	1,200–1,700
	45–55
	Lamidi & Ingweye, (2021).

	2. 
	Rice Straw
	2–5
	950–1,300
	40–50
	Goodman, (2020)

	3. 
	Millet Stover
	4–8
	1,300–1,700
	50–58
	Choudhary et al., (2019).

	4. 
	Wheat Straw
	3–4
	1,200–1,450
	40–48
	Sufyan et al., (2022).

	5. 
	Bean Haulms
	9–14
	1,700–2,150
	58–68
	Hailegiorgis & Lemessa, (2020).

	6. 
	Groundnut Haulms
	10–16
	1,800–2,300
	60–70
	Adewuyi, (2021)

	7. 
	Cowpea Haulms
	12–18
	1,900–2,400
	65–75
	Hailegiorgis & Lemessa, (2020).

	8. 
	Sugarcane Tops
	4–7
	1,450–1,800
	50–60
	Nzvenga et al., (2021).

	9. 
	Soybean Residues
	10–15
	1,800–2,150
	60–72
	Hailegiorgis & Lemessa, (2020).

	10. 
	Cottonseed Hulls
	4–6
	1,200–1,550
	45–55
	Zubair et al., (2021).

	11. 
	Sweet Potato Vines
	10–16
	1,900–2,500
	65–80
	Hosseinabadi et al., (2023).

	12. 
	Sunflower Residues
	7–11
	1,550–2,050
	55–68
	Fakhrani et al., (2023).




2.2 Utilization of Crop Residues Reduces Environmental Pollution

Across rural areas in Tanzania, as in many parts of the world, farmers commonly burn crop residues immediately after harvest to clear land rapidly for the next planting cycle. This practice is widely justified by the belief that burning enhances soil fertility and eliminates weeds, pests, and diseases (Sarkar et al., 2020). However, this method releases substantial amounts of greenhouse gases—including carbon dioxide, methane, and nitrous oxide—along with particulate matter, carbon monoxide, and volatile organic compounds, all of which degrade air quality, damage ecosystems, and accelerate climate change.
In Tanzania, agriculture supports over 70% of the population, and major crops such as maize, rice, sorghum, and cotton generate millions of tons of residues annually. Open burning remains prevalent due to limited access to machinery, labor shortages, and lack of awareness of alternatives. Studies indicate that residue burning contributes significantly to local air pollution, particularly in key farming regions like the Lake Zone and Southern Highlands, where smoke plumes affect human health, reduce visibility, and degrade soil organic matter over time. National policies such as the National Agricultural Policy (2021) and Climate Change Strategy promote sustainable residue management, but enforcement and adoption remain low compared to regional benchmarks.
Within East Africa, the pattern is similar but with varying scales and responses. In countries like Kenya, Uganda, and Ethiopia, residue burning is widespread, especially in maize and rice systems, leading to transboundary smoke pollution and regional air quality issues. However, Ethiopia and Kenya have advanced further: they actively promote using residues as livestock feed, mulch, or raw material for biogas, supported by government extension services and regional projects under the East African Community’s Climate Change Policy. These efforts show that utilization can reduce emissions while boosting livestock productivity and soil health—outcomes that Tanzania is gradually beginning to replicate.
Globally, over 5 billion tons of crop residues are produced each year, and burning is most intensive in South Asia (India, Pakistan, China) and Southeast Asia, where it is a major driver of smog and greenhouse gas emissions. International frameworks—including the UN Framework Convention on Climate Change, Sustainable Development Goal 13 (Climate Action), and FAO guidelines—explicitly classify residue utilization as a key climate-smart practice. In developed nations like the United States and across Europe, residues are systematically used for animal feed, bioenergy, or soil amendment, with burning largely banned or strictly regulated. These global standards demonstrate that moving away from burning is essential for both pollution control and long-term agricultural sustainability.
Replacing burning with practices such as feeding residues to livestock transforms agricultural waste into valuable feed resources, as documented by Nath et al. (2020). This approach eliminates direct emissions from combustion, reduces air and soil pollution, recycles nutrients back into farming systems through manure, and lowers pressure on natural grazing lands. Consequently, residue utilization delivers dual benefits: it helps mitigate climate change by cutting emissions, while building resilience through improved soil fertility, livestock productivity, and diversified farm income aligning local practices with regional and global environmental goals.

2.3 Crop Residues Help Promote Livestock Productivity and Farmers’ Livelihoods 
Livestock represent the backbone of rural economies and social security systems globally, serving as vital sources of meat, milk, manure, draught power, and liquid assets for emergency needs (Begna & Masho, 2024). However, the productivity and economic value of these animals are severely compromised during dry seasons or droughts, when feed scarcity forces farmers into distress sales at below-market prices or leads to high mortality rates, resulting in irreversible loss of capital and food sources. Utilizing crop residues—especially when conserved as silage, hay, or processed feed—provides a strategic buffer that sustains body condition, milk yield, and reproductive efficiency during critical periods (El-Shater & Yigezu, 2021), thereby stabilizing household income and food security. The extent of reliance and the economic benefits derived from this practice vary significantly when viewed across national, regional, and international contexts.
In Tanzania, particularly in semi-arid zones such as Dodoma, Singida, and Manyara, livestock are central to livelihoods, yet production remains largely extensive and dependent on natural pastures. During prolonged dry spells, the lack of alternative feed leads to estimated weight losses of 15–30% in cattle, a sharp decline in milk production, and increased susceptibility to diseases. Research indicates that farmers who utilize crop residues such as maize stover, rice straw, and legume haulms can reduce animal mortality by up to 40% and maintain milk production at 60–70% of peak wet-season levels, compared to 20–30% in herds relying solely on grazing. Furthermore, the commercial value of residues is emerging as a new economic stream; in areas surrounding major crop-growing districts, surplus residues are traded at local markets, generating additional income ranging from 15% to 25% of household earnings during the dry season. This dual role as a feed resource and a tradable commodity strengthens both production capacity and financial resilience, though adoption remains limited by poor processing knowledge and storage facilities compared to regional leaders.
Across Eastern and Southern Africa, the contribution of crop residues to livelihoods is widely recognized, though utilization strategies differ based on agricultural intensity. In countries like Ethiopia, Kenya, and Malawi, where mixed crop-livestock systems are highly integrated, residues are systematically incorporated into feeding strategies. For example, in the high-potential maize zones of Kenya, residues are often treated with urea to increase digestibility, resulting in live-weight gains of 300–500g per day and enabling farmers to access premium markets by finishing animals year-round. In contrast, in pastoral regions of Uganda and Sudan, utilization is lower, and the loss of livestock assets during droughts remains a major driver of poverty and food insecurity. Regional comparative analyses show that effective residue management correlates strongly with higher household income levels and lower vulnerability to climate shocks. Notably, in countries where policies support residue processing technologies, the contribution of livestock to household income is 20–35% higher than in nations where residues are treated as waste.
On an international scale, the role of crop residues in sustaining livestock productivity and livelihoods is well-established, particularly in Asia and parts of Latin America where land scarcity necessitates high-efficiency farming systems. In India, Pakistan, and China, for instance, crop residues constitute over 60% of the diet for ruminants, supporting some of the world’s largest livestock populations with very limited grazing land. Here, residues are viewed not merely as supplements but as primary feed resources; sophisticated value chains exist where residues are baled, transported over long distances, and sold as commercial feed, creating employment and business opportunities beyond the farm gate. In these systems, the ability to maintain production year-round ensures a steady supply of animal products to markets, stabilizing prices and ensuring food availability. Conversely, in developed nations such as the USA, Australia, and parts of Europe, residues are less frequently used as feed due to abundant high-quality forage and pasture resources, though they remain critical in organic and low-input farming models. Nevertheless, the economic principle remains universal: converting agricultural by-products into feed reduces production costs, increases total farm output, and maximizes the return on land investment.
Critically, across all contexts—from local smallholder farms to international commercial systems—the strategic use of crop residues transforms the agricultural value chain. It prevents the devastating economic losses associated with seasonal feed shortages, supports continuous productivity, and opens up new income streams through the sale of surplus feed resources. Ultimately, this practice ensures that livestock remain a viable and reliable pathway out of poverty, safeguarding livelihoods and food security in the face of increasing climatic uncertainty.
2.4 Modern Technologies Can Improve Nutritional Value of Crop Residues
Crop residues are inherently characterized by low crude protein content, high lignin and fiber fractions, and low digestibility—factors that limit their capacity to support optimal livestock performance when fed alone. However, advances in animal nutrition and feed processing have developed a range of accessible, cost-effective technologies that can substantially upgrade their nutritive value, turning low-quality roughages into functional feed resources (Mayadevi & Sandeep, 2025). These interventions—ranging from physical and chemical treatments to biological enhancement and nutritional supplementation—improve protein levels, energy availability, palatability, and intake rates (Table 2). Their adoption and impact differ markedly when assessed across national, regional, and international contexts, offering clear lessons for scaling best practices.
In Tanzania, awareness and adoption of residue improvement technologies remain relatively low, despite their proven benefits. Current practices are largely limited to physical methods such as chopping or manual breaking of straws, mainly to reduce feed wastage, but chemical, biological, or advanced nutritional treatments are rarely applied at farm level. Research conducted in semi-arid zones like Dodoma and Singida shows that while farmers recognize residues as feed, most lack knowledge of how to enhance their quality, and extension services have limited capacity to demonstrate these techniques. Where trials have been conducted—for example, urea treatment of maize stover or mixing with legume residues such as cowpea haulms—results have been significant: crude protein levels increased from 4–5% to over 8–10%, and animal live-weight gains improved by 25–40% compared to untreated residues. However, scaling remains constrained by limited access to inputs like urea or molasses, and low literacy levels regarding proper application rates to avoid toxicity. There is an urgent need for research institutions and extension agents to prioritize training on these affordable technologies (Figure 1), as their widespread use could rapidly bridge the nutritional gap in dry-season feeding.
Within the region, there is a wide variation in adoption and sophistication of technologies. Countries such as Ethiopia, Kenya, and Nigeria have made considerable progress. In Ethiopia, for instance, the use of urea treatment and biological fermentation has been actively promoted through national livestock programs, and farmers in crop-livestock integrated systems commonly treat straws to support draft animals and milking cows. In Kenya, mixing cereal residues with leguminous forages (e.g., Calliandra, cowpea, or desmodium) is a standard practice, recognized as a simple way to balance diets without high costs. Comparative studies indicate that where these technologies are applied regionally, the efficiency of residue use increases by 30–50%, leading to higher milk yields and better body condition scores. However, challenges persist across the region, including inconsistent supply of processing inputs, lack of processing equipment, and traditional feeding habits that are slow to change. Overall, Eastern Africa leads in the adoption of biological and nutritional enhancement methods, while Southern Africa still relies heavily on physical processing only.
Globally, the improvement of crop residues is highly advanced and forms the backbone of ruminant nutrition systems, particularly in Asia and parts of Latin America where land scarcity and high livestock populations demand maximum efficiency. In countries like India, Pakistan, and China, technologies such as ammoniation, urea treatment, and biological silage making are industrialized and widely adopted; treatment of rice straw and wheat straw is standard practice, with well-established supply chains for inputs and processed feed. In these systems, treated residues can achieve nutritional values comparable to medium-quality hay, supporting high levels of milk production and growth. Developed nations such as the United States and Australia utilize more mechanized physical processing (grinding, pelleting) and chemical treatments, though residues are less dominant in feeding due to abundant pasture resources. International experience clearly demonstrates that the transition from using residues as mere "fillers" to using them as quality feed depends entirely on access to technology, technical knowledge, and supportive policies. This confirms that the technologies listed in Table 2 are universally applicable and effective, and their transfer to African smallholder systems represents the single most important step toward sustainable livestock production.
As shown in Table 2, each technology targets specific limitations: physical methods reduce waste and ease consumption; chemical methods break down fiber and add nitrogen; biological methods improve digestibility through microbial action; and nutritional balancing naturally enhances protein and energy profiles. Therefore, strengthening extension services to disseminate these technologies is critical, as their application transforms crop residues from low-value by-products into strategic feed resources capable of supporting productivity even under harsh climatic conditions.
Table 2. Technologies used to Improve the Nutritional Quality of Crop Residues 
	S/No
	Treatment type
	Technology
	Benefit
	Reference

	1. 
	Chemical
	Urea/Ammoniation
	Increases crude protein and softens fiber
	Katoch et al., (2021)

	2. 
	Physical
	Chopping / Grinding
	Reduces waste; increases intake speed
	Mayadevi & Sandeep (2025).

	3. 
	Biological
	Bio fermentation
	Pre-digests fiber using microbes; improves energy
	Asmare (2020).

	4. 
	Nutritional
	Legume Mixing
	Naturally boosts protein and palatability
	Shah et al., (2025)
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Figure 1. Physical processing of crop residues training given to farmers by Animal feed experts at Mpwapwa district, Dodoma, Tanzania 



3. COUNTER-ARGUMENT AND REBUTTAL
3.1 Criticism 1: Crop Residues Have Poor Nutritional Quality
A major limitation widely documented in animal nutrition science is that crop residues, in their raw and untreated form, are inherently deficient in key nutrients required for optimal livestock performance (Biratu, 2022; Makkar et al., 2018). Typically characterized by low crude protein levels (often below 6%), high concentrations of lignin and structural carbohydrates, and low digestibility, they are often described as low-quality roughages. Animals fed exclusively on untreated residues commonly exhibit reduced feed intake, slow growth rates, weight loss, low milk yield, and poor reproductive efficiency (Desta, 2023). This scientific reality has fostered a perception, particularly among traditional pastoral communities, that residues are merely "survival feeds" incapable of supporting meaningful productivity, thereby discouraging their adoption as a core feeding strategy. However, a critical analysis across national, regional, and international contexts reveals that this limitation is not absolute, but rather a challenge of management, selection, and processing.
In Tanzania, the view that residues are of poor quality is strongly held among pastoralists in regions such as Shinyanga, Dodoma, and Arusha, where the culture of grazing on natural pastures is deeply rooted. Farmers often observe that animals fed only maize stover or rice straw lose body condition, reinforcing the belief that these materials have little feeding value. Scientific studies conducted locally confirm that cereal residues indeed have low nutritive value when used alone; however, research by Borrelli & Ndakidemi (2020) demonstrates that the narrative changes significantly when leguminous residues are considered. In areas where groundnuts, beans, and cowpeas are cultivated, residues such as haulms and vines contain 10–18% crude protein and high digestibility, often exceeding the quality of mature dry natural pasture, which frequently drops below 3–4% crude protein during the dry season. Unfortunately, distinction between cereal and legume residues is rarely made by farmers, leading to a generalized rejection of all residues as low-quality feed. Where research stations have demonstrated simple interventions such as urea treatment or mixing straw with small amounts of bran or legume hay nutritional quality and animal performance have improved by 30–40%, yet these practices remain confined to research plots rather than farmer fields.
Across Eastern and Southern Africa, this criticism is recognized but actively addressed through diverse strategies. In Ethiopia, for example, the distinction between "straws" (low quality) and "haulms" (high quality) is central to feeding systems. Farmers routinely categorize residues: teff straw and wheat straw are viewed as basal roughages requiring treatment, while chickpea and cowpea haulms are regarded as high-protein supplements fed to pregnant or milking animals. In Kenya and Malawi, the limitation of low quality is systematically overcome through supplementation models. Research shows that even low-quality maize stover can support moderate to high production levels when provided alongside small quantities of agro-industrial by-products such as brans, oilseed cakes, or leguminous shrubs. Regional comparative data indicates that the perception of "poor quality" is highest in countries with weak extension services, whereas in nations with strong agricultural outreach, residues are viewed as flexible feed resources whose value depends entirely on how they are processed and combined.
On a global scale, particularly in Asia and Latin America, the criticism regarding poor nutritional quality was resolved decades ago through technological innovation and system integration. In India, China, and Vietnam, where crop residues constitute over 70% of ruminant feed, it is universally accepted that untreated straws are insufficient—but they form the essential base of the diet. Advanced but low-cost technologies such as urea treatment, ammoniation, and biological fermentation are standard practices that break down lignin and increase crude protein content from 3–4% to 8–12%, transforming the feed into a medium-quality forage comparable to good hay (Katoch et al., 2021). Furthermore, international experience highlights the importance of residue type selection: leguminous residues (groundnut, cowpea, soybean) and vine crops (sweet potato) are globally recognized as high-value feeds, with protein levels exceeding 12% and digestibility above 65%, sufficient to support maintenance and moderate production without heavy supplementation (Assefa et al., 2022). In developed agricultural systems, the concept of "poor quality" applies only if residues are used incorrectly; when properly integrated into balanced rations, they are economically and nutritionally superior to many cultivated forages.
While the criticism that crop residues have poor nutritional quality is scientifically valid for untreated cereal straws, it is an oversimplification when applied broadly to all residues or to properly managed systems. The limitation is not inherent to the resource itself, but to the manner in which it is utilized. Evidence confirms two key points: first, significant variation exists among residues, with legume and vine residues possessing sufficient nutrients to support production; and second, simple, affordable processing technologies and strategic supplementation can upgrade low-quality residues to meet nutritional requirements. Therefore, the challenge lies not in the feed resource, but in bridging the knowledge gap to ensure farmers understand that residues are not meant to be fed alone, but rather as part of a diversified and balanced feeding strategy.
3.2 Criticism 2: Crop Residues Are Needed for Soil Fertility Improvement
Some agricultural scientists argued that crop residues should be left on farmland as mulch to improve soil organic matter, conserve moisture, and reduce soil erosion (Sarkar et al., 2020). Removing all residues for livestock feeding may lead to soil degradation and declining crop yields. This concern is particularly important in areas already experiencing declining soil fertility.
Crop residue utilization does not mean removing all residues from farm fields. Integrated crop-livestock systems allow farmers to allocate residues strategically between soil conservation and livestock feeding. In addition, livestock manure can be returned to farms to recycle nutrients and improve soil fertility.
3.3 Criticism 3: Storage and Transportation Challenges
A major practical barrier limiting the widespread adoption of crop residues as livestock feed is the difficulty associated with their collection, handling, transportation, and storage. By nature, crop residues are voluminous, low-density materials with high moisture content at the time of harvest, making them bulky and costly to move over long distances. Furthermore, when stored under poor conditions—exposed to rain, humidity, or direct sunlight—they are highly susceptible to spoilage, fungal and mold growth, and substantial losses of dry matter and nutrients, rendering them unsafe or nutritionally worthless for feeding (Mutwedu et al., 2022). For most smallholder farmers, the lack of appropriate equipment, labor, and dedicated storage infrastructure transforms what should be a valuable resource into a logistical burden. However, the severity of these challenges and the solutions available vary significantly when analyzed across national, regional, and international contexts, revealing that these are operational constraints rather than absolute limitations.
In Tanzania, particularly in semi-arid regions such as Dodoma, Singida, and Manyara, these logistical challenges are pronounced and constitute the primary reason why residues are left in the field or burned. Farming systems are characterized by small land holdings, manual labor, and a near absence of mechanization. Farmers typically leave residues scattered in the field after harvest; collecting them is labour-intensive, and without baling equipment, transport is inefficient—requiring multiple trips to move small volumes. Storage is even more problematic: most households lack raised platforms, sheds, or plastic covers. Residues are often stacked on bare ground or under trees, where they absorb moisture from the soil or rain, leading to rotting, mycotoxin development, and nutrient losses ranging from 25% to 40% within a few months. Additionally, the seasonal nature of harvest creates a glut of material in a short period, followed by rapid deterioration. While solutions such as haymaking or silage preparation exist, adoption is extremely low due to lack of technical knowledge. Research shows that when farmers are trained on simple methods—such as proper drying before storage, the use of raised cribs, or ensiling techniques—losses drop to below 10%, yet such extension support remains scarce compared to regional standards.
Across Eastern and Southern Africa, the nature of these challenges is similar, but the level of advancement in addressing them differs widely. In countries like Ethiopia and Kenya, where mixed crop-livestock systems are more intensified, significant progress has been made. For instance, in the highlands of Ethiopia, farmers have developed indigenous systems such as building tall, ventilated storage racks or "feed stores" separate from living quarters, protecting residues from weather and pests. In parts of Western Kenya and Malawi, community-based collection and baling initiatives have been introduced, often supported by NGOs or government projects, where small-scale balers are shared among groups to compact residues, reduce volume by 50–60%, and lower transport costs. Regional research by Addah & Ayantunde (2021) highlights that successful utilization depends on adherence to processing protocols: for hay, proper sun-drying to reduce moisture below 15% is critical, while for silage, ensuring airtight conditions and hygiene prevents spoilage. Where these practices are institutionalized, such as in Zimbabwe and Zambia, residues are treated as marketable commodities with established supply chains, whereas in less developed areas like parts of Tanzania and Mozambique, they remain treated as waste products.
Globally, particularly in Asia and Latin America, storage and transportation are viewed not as unsolvable problems but as integral parts of a well-established feed value chain. In countries like India, China, and Vietnam, where rice and wheat straw are the backbone of livestock feeding, the logistics are highly organized. Mechanized harvesting is followed immediately by field chopping, baling, or stacking, and residues are traded in formal markets. Advanced but accessible technologies such as round-baling, wrapping, and silage pits or bunkers are standard, ensuring that residues can be stored for 1–2 years without significant loss. In these systems, transport is optimized through compaction, allowing residues to be moved hundreds of kilometers economically. In developed nations such as the USA, Australia, and across Europe, the infrastructure is highly mechanized, with strict quality control regarding moisture content and hygiene to prevent mold and nutrient degradation. The international experience clearly demonstrates that the transition from waste to resource is achieved through investment in post-harvest handling, standardization of processing methods, and the creation of market structures that reward quality storage.
While the challenges of bulkiness, transport, and spoilage are valid and widely documented, they are not inherent defects of the resource itself, but rather failures of management and infrastructure. Evidence from all contexts shows that these limitations can be effectively mitigated through a combination of technical training, appropriate processing, and structural investment. Key interventions include: training farmers in proper drying and conservation techniques such as haymaking and silage preparation; promoting community-owned equipment like balers and choppers to reduce labor and volume; constructing low-cost raised storage facilities or ventilated sheds; and establishing policies that support the development of local feed markets. When these measures are applied—ensuring residues are stored dry, clean, and protected from air and moisture—the risks of spoilage are minimized, and the resource retains its nutritional value throughout the dry season. Therefore, the solution lies not in abandoning the use of residues, but in strengthening the systems required to collect, process, and preserve them efficiently.


4. CONCLUSION
Climate change, land degradation, and rising feed costs have combined to create a persistent dry-season feed gap that severely limits livestock productivity and undermines food security and livelihoods across Tanzania and much of sub-Saharan Africa. This review demonstrates that crop residues represent an abundant, locally available, and affordable resource capable of addressing this challenge, yet their potential remains largely untapped due to limited knowledge, traditional mindsets, and logistical constraints. Comparative analysis across national, regional, and international contexts confirms that while untreated residues have limitations—including low nutritional value, bulkiness, and storage risks—these are not insurmountable. Lessons from Asia, Latin America, and progressive African nations such as Ethiopia and Kenya show that simple, low-cost technologies including urea treatment, chopping, ensiling, and strategic supplementation with legumes can transform residues into high-quality feed that supports animal growth, milk production, and reproduction. Furthermore, utilizing residues as feed delivers co-benefits: it reduces greenhouse gas emissions and air pollution from burning, recycles nutrients through manure, and relieves pressure on overgrazed rangelands, aligning local practices with global climate mitigation and sustainability goals. Criticisms regarding soil fertility and nutritional adequacy are valid but manageable through integrated approaches: retaining a portion of residues for soil health, recycling animal manure, and combining different residue types or supplements to balance diets. Storage and handling challenges, often cited as major barriers, can be overcome through improved processing, community-shared equipment, and better storage infrastructure, as widely demonstrated in successful mixed crop-livestock systems worldwide. The evidence confirms that the primary limitation is not the quality or availability of residues, but rather the lack of awareness, technical capacity, and supportive policies to guide their effective use. For Tanzania, scaling up these proven technologies and knowledge systems offers a clear, cost-effective pathway to build climate-resilient livestock systems, reduce economic losses during droughts, and unlock the full contribution of the livestock sector to national development. Realizing this potential requires targeted extension services, farmer training, and investment in small-scale post-harvest infrastructure to ensure that residues are recognized not as waste, but as a strategic feed bank essential for sustainable agricultural development.
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