


Opinion Article         
Crop Residues as Alternative Livestock Feed Resources for Enhancing Climate Resilience During Dry Seasons in Tanzania
Abstract
Climate change has increasingly threatened livestock production systems in Africa, particularly in arid and semi-arid regions where prolonged droughts and unpredictable rainfall patterns contribute to severe feed shortages. Dependence on natural pastures alone has become unsustainable due to declining grazing lands, increasing livestock populations, and rising feed costs. This opinion article discusses the potential of crop residues as affordable, locally available, and climate-smart alternative feed resources for livestock during dry seasons. Common crop residues such as, maize stover, rice straw, wheat straw, bean haulms, groundnut haulms, and sweet potato vines possess varying levels of crude protein, metabolizable energy, and digestibility that can support livestock survival and productivity when properly utilized. The article further argues that using crop residues as livestock feed reduces environmental pollution caused by open-field burning while contributing to climate change mitigation and sustainable farming systems. In addition, the paper highlights modern feed improvement technologies, including urea treatment, chopping, ammoniation, bio-fermentation, and supplementation with legumes, which significantly enhance the nutritional quality of crop residues. Although concerns exist regarding poor nutritive value, soil fertility management, and storage challenges, these limitations can be minimized through integrated crop-livestock systems, proper supplementation, farmer training, and improved storage technologies. Therefore, effective utilization of crop residues presents a practical strategy for improving livestock productivity, enhancing farmers’ resilience to climate change, and strengthening food security in 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 common (Sindato et al., 2024). It has brought so many negative implications to the farmers, including death of livestock, prevalence of vector-borne diseases, depletion of grazing lands, and higher cost of production in the sector (Mabhuye, 2024). Most livestock farmers rely on natural pastures, which may rapidly diminish in both quantity and quality during dry spells. As a results, livestock keepers face a feed shortage that may reduce the productivity of the sector.
In Tanzania, particularly in semi-arid regions such as Dodoma, Manyara, and Singida, most farmers have notions that ruminant livestock can survive only   on natural grasses found in the rangelands. However, the effects of climate change, rapid population growth, increasing livestock numbers have contributed to decreasing grazing land and consequently reduces pasture availability. In this scenario, the livestock sector continues to make a limited contribution to the national economy (Gebre et al., 2023) regardless the large livestock population found in Tanzania. 
Nevertheless, farmers produce tons of crop residues each year after the harvest season, including maize stover, rice straw, bean husk, sorghum stalks, and groundnut haulms (Muhayodin et al., 2020). Unfortunately, most of these crop residues are either discarded, burned, or left unused in the farm fields. This context raises a significant question: Why should livestock suffer from scarcity of feed while feed resources are readily available?
This opinion article highlights how crop residues can be utilized as livestock feed because they are affordable and climate-smart solutions for reducing the effects of climate change during the dry season. Although there are some concerns about their nutritional quality and competing agricultural uses, the benefits of properly utilizing crop residues outweigh their limitations.


2. Main Arguments
2.1 Crop Residues Provide an Affordable Feed Resource During Dry Seasons

One of the biggest challenges facing livestock farmers during drought periods is the high cost and limited availability of commercial feeds. Smallholder farmers, who dominate livestock production in many African countries, often cannot afford expensive feed supplements. Crop residues offer a locally available and low-cost alternative feed resource (Maleko, 2020).
Because crop and livestock farming are commonly integrated, farmers can easily collect and store residues after harvesting crops for use during feed scarcity periods (Mtokambali, 2024). This reduces dependence on natural grazing lands and commercial feeds while ensuring livestock survival during prolonged droughts. These crop residues may play a big role even higher than natural pastures if managed well (Borrelli & Ndakidemi, 2020). This is due to the nutritional components they have (Table 1).
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

In most rural areas, farmers burn crop residues after harvest to clear fields for the next planting season. They do it with the reason of improving soil fertility (Sarkar et al., 2020). Although burning these residues may contribute to greenhouse gas emissions, including carbon dioxide and methane, which worsen global climate change.
Feeding crop residues to livestock instead of burning them transforms agricultural waste into productive resources (Nath et al., 2020). This practice not only reduces environmental pollution but also promotes sustainable farming systems. Therefore, crop residue utilization contributes both to climate change adaptation and mitigation.

2.3 Crop Residues Help Promote Livestock Productivity and Farmers’ Livelihoods 
In many rural communities, livestock are important sources of meat, milk, manure, draught power, and financial security, thus protecting livestock is important for safeguarding rural livelihoods (Begna & Masho, 2024). During the dry spells, shortages of feed often force farmers to sell their animals at low market prices or experience severe livestock losses due to deaths. However, conserved crop residues in form of  silage and hay can serve as emergency feed reserves that help maintain animal body condition, milk production, and reproductive performance during harsh seasons (El-Shater & Yigezu, 2021), as a result, this practice can contribute to maintaining household food security and income stability. In addition, farmers can sell the surplus crop residues to other livestock keepers and help maintain livestock productivity and generate income during the harsh conditions. 
2.4 Modern Technologies Can Improve Nutritional Value of Crop Residues
Although crop residues are naturally low in protein and highly fibrous, scientific advancements have made it possible to improve their feeding value. Technologies such as, urea treatment, molasses addition, chopping, ammoniation, and mixing residues with leguminous forages can significantly increase digestibility and nutrient availability (Mayadevi & Sandeep, 2025) (Table 2). Thus, it is essential for extension services and livestock researchers to focus on training farmers on these simple and affordable technologies so as to improve the digestibility and nutritional value of crop residues (Figure 1).
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
Scientists argue that crop residues alone cannot provide sufficient nutrients required for optimal livestock productivity (Biratu, 2022: Makkar et al., 2018). Animals fed untreated residues may experience low feed intake, poor digestion, and limited weight gain. This criticism is scientifically valid because many residues contain low crude protein and high lignin content, which reduce digestibility (Desta, 2023). Thus, this perception may discourage some pastoralists from using crop residues as livestock feed.
In the perspective of animal nutrition, nutritional limitations can be addressed through feed treatment technologies and supplementation strategies. Farmers do not need to rely solely on untreated residues; they can combine them with protein-rich forages, agro-industrial byproducts, or mineral supplements to create balanced diets. When farmers apply the method related to increasing nutritional value, the feeding efficiency of these crop residues can be improved. For instance, treating maize stover with an appropriate amount of urea can increase digestibility and also increase crude protein content (Katoch et al., 2021).
Even though not all crop residues contain low nutritional contents, some of the residues contain higher nutritional content than those that are present in natural grass. For example, groundnut haulms, cowpea haulms, soybean haulms and sweet potato vines contain more than 10% crude protein, which might be enough as a basal diet for ruminant livestock. Therefore, proper use of these crop residues can help improving livestock production (Assefa et al., 2022).
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
Another argument against crop residue utilization is the difficulty of collecting, storing, and transporting bulky residues. Poor storage conditions may also lead to spoilage, mold growth, and nutrient losses (Mutwedu et al., 2022). For many smallholder farmers, lack of equipment and storage facilities remains a practical challenge.
Storage and transportation problems can be minimized through farmer training, community storage systems, baling technologies, and government investment in post-harvest infrastructure. For example, the residues that are used for making hay need to be dried at a proper temperature, and silage preparation needs to avoid the passage of air and also intensive hygiene during processing (Addah & Ayantunde, 2021).
4. Conclusion
Crop residues represent an underutilized but highly valuable feed resource that can help livestock farmers cope with the increasing effects of climate change, especially during dry seasons. Their availability, affordability, and compatibility with smallholder farming systems make them a practical alternative to expensive commercial feeds and declining natural pastures. Proper utilization of crop residues not only supports livestock survival and productivity but also reduces environmental pollution associated with residue burning and contributes to sustainable agricultural systems. Although crop residues have limitations such as low nutritional quality, competing uses for soil fertility improvement, and storage difficulties, these challenges can be addressed through modern feed treatment technologies, supplementation strategies, and integrated crop-livestock management practices. Governments, researchers, extension officers, and development stakeholders should therefore promote awareness, training, and investment in crop residue processing and conservation technologies. Strengthening the use of crop residues in livestock feeding systems can play a significant role in improving climate resilience, protecting farmers’ livelihoods, and enhancing food security across Africa.
References

Addah, W., & Ayantunde, A. A. (2021). Manual on conservation and utilization of crop residues as livestock feed.
Adewuyi, P. A. (2021). Nutritive value of processed groundnut (Arachis hypogaea L.) haulm-based diets for West African Dwarf rams (Doctoral dissertation).
Asmare, B. (2020). Biological treatment of crop residues as an option for feed improvement in the tropics: A review. Anim. Husb. Dairy Vet. Sci, 4, 1-6.
Assefa, G., Bezabih, M., Mekonnen, K., Adie, A., Gebreyes, M., & Seifu, H. (2022). Crop residues management and nutritional improvement practices.
Battaglia, M., Thomason, W., Fike, J. H., Evanylo, G. K., von Cossel, M., Babur, E., & Diatta, A. A. (2021). The broad impacts of corn stover and wheat straw removal for biofuel production on crop productivity, soil health and greenhouse gas emissions: A review. Gcb Bioenergy, 13(1), 45-57.
Begna, R., & Masho, W. (2024). Valuation of livestock population and national feed security to enhance livestock productivity in Ethiopia. Veterinary Medicine and Science, 10(3), e1415.
Borrelli, N., & Ndakidemi, P. (2020). Small farmers for a food system transition: evidence from Kenya and Tanzania. Ledizioni.
Choudhary, M., Rana, K. S., & Kumar, P. (2019). Nutritive value of pearl millet stover as influenced by tillage, crop residue and sulphur fertilization. Range management and Agroforestry, 40(1), 150-155.
Desta, A. G. (2023). Nutritional content analysis of crop residues in three agroecologies in East Gojjam zone. The Scientific World Journal, 2023(1), 1974081.
El-Shater, T., & Yigezu, Y. A. (2021). Can retention of crop residues on the field be justified on socioeconomic grounds? A case study from the mixed crop-livestock production systems of the moroccan drylands. Agronomy, 11(8), 1465.
Fakhrani, A., Ghoorchi, T., & Pashaei, S. (2023). Determining the ruminal degradability of sunflower head residues and the effect of its different levels on digestibility, blood parameters and chewing activity of fattening afshari lambs. Research on Animal Production, 14(3), 25-32.
Gebre, G. G., Amekawa, Y., & Fikadu, A. A. (2023). Do climate change adaptation strategies improve farmers’ food security in Tanzania?. Food security, 15(3), 629.
Goodman, B. A. (2020). Utilization of waste straw and husks from rice production: A review. Journal of Bioresources and Bioproducts, 5(3), 143-162.
Hailegiorgis, A. M., & Lemessa, D. (2020). Haulm forage value of lentil varieties in central Ethiopia. International Annals of Science, 9(1), 8-15.
Hosseinabadi, M., Ghoorchi, T., & Toghdory, A. (2023). Evaluation of the effect of potato plant replacement on performance, digestibility, rumination behavior, blood and rumen parameters in Dalagh ewes. Animal Science Research, 32(4), 43-60.
Katoch, R. A. J. A. N., Apoorva, T. A., & Manoj, N. V. (2021). Effect of pre-treatments on quality of maize (zea mays l.) Stover. Forage Res, 46(4), 356-362.
Lamidi, A. A., & Ingweye, J. N. (2021). Physiochemical quality and nutritional value of ensiled fresh maize stover and groundnut haulms in wet season for sustainable ruminant production. Niger J Anim Prod, 47(6), 141-152.
Mabhuye, E. B. (2024). Vulnerability of communities' livelihoods to the impacts of climate change in north-western highlands of Tanzania. Environmental Development, 49, 100939.
Maleko, D. (2020). Enhancing on-farm fodder availability and utilization for sustainable dairy production in the smallholder farming systems of western usambara highlands, Tanzania (Doctoral dissertation, NM-AIST).
Mayadevi, M. R., & Sandeep, S. (2025). Technological Advances in Efficient Agricultural Residue and Biomass Management. Integrated Land and Water Resource Management for Sustainable Agriculture Volume 2, 89-108.
Mtokambali, S. O. (2024). Price Transmission for Agricultural Commodities in Tanzania; A Case of Maize and Rice (Master's thesis, University of Dodoma (Tanzania)).
Muhayodin, F., Fritze, A., & Rotter, V. S. (2020). A review on the fate of nutrients and enhancement of energy recovery from rice straw through anaerobic digestion. Applied Sciences, 10(6), 2047.
Mutwedu, V. B., Bacigale, S. B., Mugumaarhahama, Y., Muhimuzi, F. L., Munganga, B., Ayagirwe, R. B., ... & Manyawu, G. (2022). Smallholder farmers’ perception and challenges toward the use of crop residues and agro-industrial byproducts in livestock feeding systems in Eastern DR Congo. Scientific African, 16, e01239.
Nath, A., Das, K., & Dhal, G. C. (2023). Global status of agricultural waste-based industries, challenges, and future prospects. Agricultural Waste to Value-Added Products: Technical, Economic and Sustainable Aspects, 21-45.
Nzvenga, P., Nzima, M., Chinorumba, S., & Mutatu, W. (2021). Nutritional contribution from leaves, stalks and tops of 14 sugarcane varieties grown in paraigness soils of the Lowveld in Zimbabwe.
Sarkar, S., Skalicky, M., Hossain, A., Brestic, M., Saha, S., Garai, S., & Brahmachari, K. (2020). Management of crop residues for improving input use efficiency and agricultural sustainability. Sustainability, 12(23), 9808.
Shah, A. M., Zhang, H., Shahid, M., Ghazal, H., Shah, A. R., Niaz, M., & Zhao, H. (2025). The vital roles of agricultural crop residues and agro-industrial by-products to support sustainable livestock productivity in subtropical regions. Animals, 15(8), 1184.
Sindato, Calvin, and Leonard EG Mboera. "Climate change impacts, adaptation and mitigation strategies in Tanzania." Climate Change and Human Health Scenarios: International Case Studies. Cham: Springer Nature Switzerland, 2024. 317-331.
Sufyan, A., Ahmad, N., Shahzad, F., Embaby, M. G., AbuGhazaleh, A., & Khan, N. A. (2022). Improving the nutritional value and digestibility of wheat straw, rice straw, and corn cob through solid state fermentation using different Pleurotus species. Journal of the Science of Food and Agriculture, 102(6), 2445-2453.
Zubair, M. F., Ibrahim, O. S., Atolani, O., & Hamıd, A. A. (2021). Chemical composition and nutritional characterization of cotton seed as potential feed supplement. Journal of the Turkish Chemical Society Section A: Chemistry, 8(4), 977-982.
Makkar, H. P. S., Addonizio, E., & Gizachew, L. (2018). Characterization of feeding systems in Ethiopia with a focus on dry areas. Broadening Horizons, 51, 1-9.
Biratu, K. (2022). Crop residue nutritional improvement and utilization in Ethiopia: a review. Academic Journal of Nutrition, 11(2), 14-22. https://doi:10.5829/idosi.ajn.2022.14.22



image1.jpeg




image2.png




