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ABSTRACT 

	This study assessed dairy cattle feeding practices and their effect on sustainable milk production in Muheza District, Tanzania. Employing a cross-sectional design, data were collected from 40 dairy farmers across four villages within Amani Division. Descriptive statistics, analyzed using SPSS, revealed key factors contributing to low feed availability and consequently, reduced milk production and poor cattle body condition. A primary challenge identified was the shrinking rangeland due to population growth and land conversion for agriculture. This feed scarcity significantly impacts sustainable milk production, especially during the dry season. The findings underscore the urgent need for improved feed resource management. Recommendations include providing farmers with training and information on land use planning to optimize pasture and forage production, particularly during the rainy season. This proactive approach aims to ensure year-round feed availability, supporting consistent milk production and healthy cattle. Addressing feed supply limitations is crucial for enhancing the sustainability and profitability of dairy farming in the region. Future research should explore specific interventions to improve forage production and develop context-specific feed management strategies. This includes investigating the effectiveness of various forage species, exploring cost-effective preservation techniques, and examining the feasibility of supplementary feeding strategies during periods of feed scarcity. Such research will contribute to developing practical and sustainable solutions for improving dairy farming practices in Muheza District.
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1. INTRODUCTION 

Tanzania possesses abundant natural resources, including rangelands supporting forages and leguminous plants. Agricultural land provides additional feed sources through crop residues and industrial by-products [1]. Feed availability significantly depends on rainfall, temperature, and humidity, varying across agro-ecological zones and influencing feeding practices (extensive, semi-intensive, and intensive) [2]. Increased dairy production necessitates improvements in forage and legume production, rangeland management, and the adoption of appropriate feeding knowledge [3]. The dairy sector plays a vital economic role, contributing significantly to milk and milk product production. Sustainable milk production hinges on sufficient feed resources [4], necessitating an assessment of current feed management practices to improve feed availability and address seasonal shortages [5].
Effective dairy cattle feeding practices are crucial for maintaining animal health, reproductive performance, and productivity, ultimately leading to sustainable milk production [6]. Tanzania's dairy sector faces challenges such as low-producing breeds, poor management, and fluctuating forage availability. Understanding the basic principles of dairy cattle feeding, including nutritional requirements during lactation, is essential for maximizing milk production [7; 8]. Current feeding practices often rely on natural pastures, home-grown fodder (like Napier grass), and crop residues. Adequate nutrition is vital for realizing the full genetic potential of dairy cattle while maintaining their body condition [9]. Feed resources in semi-arid tropical regions, including Napier grass, natural pastures, and crop residues, are often limited, posing a major constraint for dairy farmers [5]. Seasonal feed shortages, particularly in September and October, are common, leading farmers to rely on stored hay to ensure year-round feed availability.
Current feed resources are insufficient even under favorable climatic conditions [9]. Improving dairy production requires significant advancements in pasture and fodder production, improved feeding practices, enhanced rangeland carrying capacity, and the adoption of suitable feeding strategies [1]. Feed unavailability is a major constraint on dairy cattle productivity [10]. Poor feeding practices limit genetic potential, resulting in slow growth, low milk yield, increased disease susceptibility, and reduced calf production [6]. These practices also hinder the effectiveness of other productivity-enhancing interventions like artificial insemination.
Improved feeding practices can significantly alleviate feed quantity and quality constraints [2]. Steamy fodders, encompassing various grasses, legumes, and fodder shrubs/trees, can be integrated into agronomic systems to boost productivity. Tanzanian dairy farmers face challenges including feed scarcity, land tenure issues, poor livestock condition, and milk marketing difficulties [2;11]. Many farmers feed their cattle whatever is available, disregarding quality and nutritional needs [11]. Effective feeding practices are crucial for improving milk productivity and mitigating feed shortages [12]. Tanzania's dairy sector struggles with inadequate feed resources, degraded grasslands, land shortages, poor forage production, and inadequate management practices [1].
Muheza District, in the Tanga Region, has diverse agro-ecological zones, with mixed crop-livestock farming and dairy farming prevalent, often utilizing zero-grazing systems [1]. Livestock keeping is a significant economic activity for 45.8% of households. The district has benefited from projects promoting improved dairy farming and forage production [13]. This study will analyze the effects of dairy cattle feeding practices on sustainable milk production in Muheza District. Effective feeding practices are essential for enhancing milk production and maintaining animal body condition [7;8]. The Tanzanian government has implemented various strategies to improve feeding programs and increase dairy production [1], but challenges remain [14]. While previous research has explored smallholder dairy cattle feeding technologies and practices, transition period feeding [6], and the incorporation of local feed resources, a study specifically analyzing the effects of feeding practices on sustainable milk production in Muheza is lacking. This study addresses this knowledge gap.


2. material and methods 

Research Design
This study employed a survey to collect data from the study sites [15, 16].
Study Area
This study was conducted in four villages (Sangarawe, Mlesa, Shebomeza, and Mgambo Miembeni) within Amani Division, Muheza District, Tanga Region, northeastern Tanzania. Muheza District, located southwest of Tanga City, borders Mkinga to the north, Pangani to the south, and Korogwe to the west (4° 54' 18" S, 38° 55' 23" E). Covering 1,497 square kilometers (approximately 7% of Tanga Region's land area), the district is divided into four divisions (Amani, Bwembwera, Ngomeni, and Muheza), encompassing 37 wards, 135 villages, and 522 hamlets (URT, 2017). Muheza experiences a hot climate with significant rainfall variation, peaking in April (199 mm) and reaching a minimum in February (40 mm). Temperatures range from a high of 27.2°C in February to a low of 22.8°C in July, influenced by the Usambara Mountains [1]. The district's diverse physical features (coastal plains, mountains, forests, the Indian Ocean, and river systems) contribute to its rich natural resources. The study area was purposefully selected due to its status as a significant dairy-producing area within Tanga Region, making it suitable for investigating the effects of dairy cattle feeding practices on sustainable milk production.
Study Population
The target population for this study comprised dairy farmers in Muheza District at Amani Division, selected to provide insights into their attitudes, perceptions, and experiences regarding dairy cattle feeding practices and their effect on sustainable milk production [17; 18]. This population was chosen for their direct involvement in and knowledge of dairy cattle feeding practices at the farm level. Dairy farmers are considered key stakeholders in promoting improved feeding practices within the dairy farming sector.
Sampling Frame and Method 
This study utilized a sample of 40 respondents (men and women) to gather information on dairy cattle feeding practices and their effect on sustainable milk production. This sample size was chosen to represent the larger population of dairy farmers in the study area, following sampling principles emphasizing representative selection [19; 20]. Individual farmers were randomly selected as the sampling unit and completed questionnaires, forming the study's sampling frame. A simple random sampling technique was employed to select 40 respondents from eight wards within Muheza District, ensuring each farmer had an equal chance of selection. This probability sampling method aimed to create a representative sample of the study population, minimizing bias and allowing for generalization of findings to the broader dairy farming community in the area. 
Data collection, processing and analysis
Primary data were collected using questionnaires and face-to-face interviews with 40 randomly selected dairy farmers in four villages of Muheza District. This approach, chosen for its suitability to the study's objectives, gathered first-hand information on dairy cattle feeding practices and their effect on sustainable milk production [17]. The questionnaires included both open-ended and closed-ended questions. Open-ended questions allowed for detailed responses and insights, while closed-ended questions facilitated efficient data collection and analysis [21]. This mixed-methods approach balanced the need for rich qualitative data with the efficiency of quantitative data analysis. Data analysis utilized SPSS software version 20 for quantitative data and excel for qualitative data. Prior to analysis, the raw data underwent processing, including editing, coding, classification, and tabulation to ensure suitability for analysis [17]. In quantitative data analysis, descriptive statistics were generated, including (frequencies, percentages, means, tables, graphs, and charts). This software was chosen for its efficiency in processing large datasets. Data were categorized by demographic variables (sex, age, marital status, education level) and presented to reflect the dataset's characteristics. 

3. results and discussion

Respondents Demographic characteristics
Demographic data from 40 Muheza District respondents illuminated dairy cattle feeding practices, showing how respondent characteristics influenced knowledge and capabilities. The sample included 25% women (n=10) and 75% men (n=30), with women's underrepresentation raising concerns due to their diverse responsibilities. Gender's role in dairy production is crucial; sex was recorded to minimize bias (Table 1). Table 1 reveals a male-dominated dairy sector. Understanding gender dynamics is key to interpreting respondents' views on dairy cattle feeding and sustainable milk production. Respondent ages ranged from 20-75, with most (57.5%, n=16) aged 36-55. This age diversity offered valuable insights into dairy cattle feeding practices' Effect on sustainable milk production. Educational levels included primary (50%), secondary (32.5%), and advanced (17.5%), highlighting basic education's role in effective dairy practices. Most respondents had primary education (Table 1). Marital status showed 87.5% married and 12.5% single, suggesting a mature population engaged in dairy farming for income. Most respondents were married and involved in dairy farming. Most respondents (87.5%) combined dairy farming with crop production; 12.5% were dairy farmers employed elsewhere. The majority of respondents combined cattle keeping with crop production.
Factors affecting dairy cattle feeding practices
The main challenges affecting sustainable dairy cattle feeding practices were feed shortages (32.5%), water shortages (27.5%), climatic conditions (30%), and diseases (10%). Effective dairy farming requires consistent access to water and feed, favorable climate, and disease control through good management (Table 2).
Type of dairy cattle feeding practices
The study revealed that 97.5% of respondents used intensive feeding practices, 2.5% used semi-intensive, and 0% used extensive methods. Intensive feeding involves housing cattle full-time to protect them from heat and predators, with fresh forage and pasture brought to them. This "cut-and-carry" method allows for efficient land and resource use, reducing the need for free grazing while providing necessary nutritional supplements (Table 3).
Type of feed resources
Most respondents (37.5%) relied on natural pasture, while 25% used improved pasture, primarily during the rainy season when pasture availability is high. During the dry season, reliance shifted to banana stems and leaves (20%) and sugarcane (17.5%). This seasonal feed shortage contributes to low milk production and poor body condition in dairy cattle (Table 4).
Annual milk production per cow
Table 5 indicates annual milk production ranging from 1500 to 5500 litres per cow, influenced by dairy cattle feeding practices. 37.5% of respondents produced 1000-2500 litres, 25% produced 2600-3500 litres, 22.5% produced 3600-4500 litres, and 15% produced 4600-5500 litres. This production level is linked to feed and water availability, production system, climate, and access to improved pasture and forage. Daily milk production averaged 8-13 litres per cow, translating to 2880-5400 litres annually (Table 5).
Adoption challenges faced by respondents on dairy cattle feeding practices
Farmers' adoption of dairy cattle feeding practices is challenged by several factors: experience/knowledge (20%), education (15%), age (12.5%), land size (20%), access to extension services (10%), credit (10%), and off-farm income demands (12.5%) (Table 6).


Respondents knowledge and experiences on dairy cattle feeding practices
Dairy farmers' experience and knowledge significantly influence the adoption of improved feeding practices. The study showed a distribution: 12.5% (n=5) had limited experience, 20% (n=8) had some experience, 45% (n=18) had moderate experience, and 22.5% (n=9) had extensive experience. Farmers with greater experience and knowledge are more likely to adopt modern dairy farming techniques, leading to increased and sustainable dairy production (Table 7).
Respondents land size used for dairy cattle farming
Most respondents (80%) owned 0.25 to 0.75 acres of land for pasture and forage production, while 20% owned 0.5 to 1 acre. Sufficient land for pasture and forage is crucial for effective dairy cattle feeding practices and overall farm management (Table 8).

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]This study underscores the importance of considering demographic factors (gender, age, marital status, education) when analyzing dairy cattle feeding practices. These factors provided crucial context, revealing how individual characteristics influenced respondents' knowledge, skills, and experiences in dairy farming. The demographic data highlighted disparities in perceptions and practices, enhancing the study's validity and reliability by offering a comprehensive overview of respondent characteristics. This aligns with [22], who emphasized the value of demographic information in understanding respondent profiles and the nature of study participation.
Several key challenges emerged as significant obstacles to sustainable dairy cattle feeding practices: feed shortages (32.5%), water scarcity (27.5%), climatic conditions (30%), and diseases (10%). The prevalence of feed shortages, especially during the dry season, is consistent with observations in other Tanga regions and aligns with findings by [14], who identified inadequate input supply, limited arable land, and poor infrastructure as major contributors to low dairy nutrition technology adoption in Tanzania. [23] further explained the low uptake of improved technologies, noting that many are developed in laboratories with limited adaptation to smallholder needs and local environments. The critical role of feeding resources in maintaining body condition and increasing milk production highlights the need for appropriate practices to optimize genetic potential and productivity.
Climatic conditions, particularly droughts and high temperatures (30%), significantly impacted dairy cattle health and productivity by exacerbating water and feed shortages. [24] similarly highlighted climate change's severe risks to dairy farmers, with heat stress negatively affecting gastrointestinal health, nutrient absorption, and productivity [25]. The dry season's Effect on milk and meat production, leading to resource conflicts, and the over 40% milk yield reduction during dry seasons [26] necessitate improved forage production and preservation strategies [27], which remain limited among Tanzanian smallholder farmers.
Water scarcity (27.5%) emerged as a critical constraint, underscoring water's importance in dairy cattle feeding and milk production. Different studies have emphasized water as the most important nutrient, impacting milk production and body condition. Water intake varies with temperature and feed dry matter content, with lactating cows potentially consuming over 150 litres on a warm day [28]. Water quality is crucial for optimal milk production, reducing pathogens and protecting rumen microbes [29]. Water constitutes 40-80% of a cow's body mass, playing a vital role in numerous bodily functions [30]. Water deficiency significantly reduces productivity and can lead to livestock mortality. The four litres of water needed to produce one litre of milk emphasizes the critical role of water quality in milk production.
Diseases (10%) also posed a significant challenge. Bloat, common in cattle grazing legume-dominant pastures, is exacerbated by high potassium levels in topsoil [31; 32]. Close monitoring of milk production is crucial for early intervention and maintaining the economic viability of dairy farming [33]. Nutrient deficiencies, particularly calcium and phosphorus, can significantly impact milk production.
Effective dairy cattle feeding practices are fundamental for sustainable milk production, reproduction, and maintaining body condition. This involves various aspects, including feed types, feeding plans, and management techniques [34]. Well-balanced, nutrient-rich feed is crucial for growth and sustainable milk production. Feeding practices directly influence milk production and body condition [6]. Milk production varies across intensive, semi-intensive, and extensive feeding systems, depending on feed availability.
Intensive feeding practices (97.5%) involve full-time housing to protect cattle, providing freshly cut forage and pasture [35]. This "cut-and-carry" method optimizes land and resource use, ensuring balanced nutrition. Intensive feeding maximizes milk production by controlling nutrition, environment, and breeding, leading to higher production, consistent supply, and easier disease management [36]. Benefits include improved milk production, lower feed costs, and better cattle condition management [37]. However, it requires specific infrastructure and management practices to ensure cattle well-being [38]. Reduced energy expenditure from foraging translates to increased milk production [39]. Intensive feeding emphasizes maximizing production through high inputs and controlled environments [38].
Semi-intensive feeding practices (2.5%) combine elements of extensive and intensive systems [38], balancing productivity with sustainability and resource use. Cattle have access to pasture but receive supplementary feeds. This approach increases milk production while maintaining environmental sustainability and cattle welfare [38]. Semi-intensive systems offer a middle ground, balancing production efficiency with resource constraints [38]. Many moderate dairy systems in developing countries use semi-intensive practices [39; 36], increasing milk production while maintaining reasonable input costs [37].
Extensive feeding practices (0%) were not common due to geographical constraints and forest reserve regulations. The Global Climate Change Alliance project's training on improved pastures and forages, along with conservation awareness, has influenced this [13]. Extensive systems are characterized by low milk production, using less material, capital, and labor [40]. They rely on grazing in permanent grasslands and natural pastures.
Feeding resources are crucial for maintaining body condition and milk production. Feed shortages, especially during the dry season, negatively impact milk production and body condition. Natural pastures (37.5%), while providing grazing, often have lower nutritional value than improved pastures. Improved pastures (25%) ensure feed availability year-round, enabling cut-and-carry feeding during dry seasons [32]. Improved pastures are developed for superior production and dairy cattle performance [32]. During dry seasons, farmers utilize alternative feeds like banana stems and leaves (20%) and sugarcane (17.5%). Banana stems and leaves may require supplementation due to low nutrient levels [41]. Sugarcane, while providing energy, requires careful dietary consideration [42]. Sugarcane silage can serve as a high-quality feed replacement [43; 44].
Annual milk production ranged from 1500 to 5500 litres per cow per year, influenced by feeding practices and impacting body condition. Dairy cattle feeding practices are essential for providing necessary nutrients for milk production, reproduction, and maintaining body condition. Effective feeding practices involve various aspects, including feed types, feeding plans, and management techniques [36]. Well-balanced feed is crucial for growth and sustainable milk production. Effective feeding practices significantly impact milk production and overall cattle condition [45; 46]. High-quality feeding practices are fundamental to successful dairy farming [47].
Beyond feed and climate, access to extension services (10%), credit services (10%), education (15%), farmers' experience/knowledge (20%), age (12.5%), land size (20%), and off-farm income (12.5%) all played a role in shaping dairy cattle feeding practices. A multi-faceted approach addressing these challenges is crucial for promoting sustainable dairy cattle feeding practices and enhancing milk production.




Table 1. Respondents demographic characteristics
	Sex
	Frequency
	Percent (%)

	Female
	10
	25

	Male
	30
	75

	Total
	40
	100.0

	

	Age
	
	

	20 – 35  
	6
	15

	36 – 55 
	23
	57.5

	56 – 65 
	6
	15

	66 – 75 
	5
	12.5

	Total
	40
	100.0

	

	Education level
	
	

	Primary
	20
	50

	Secondary
	13
	32.5

	Advance
	7
	17.5

	Total
	40
	100.0

	

	Marital status
	
	

	Single
	5
	12.5

	Married
	35
	87.5

	Total
	40
	100.0

	

	Main occupation
	
	

	Workers
	5
	12.5

	Dairy farmers
	35
	87.5

	Total
	40
	100.0



Table 2. Factors affecting dairy cattle feeding practices
	Factors affecting feeding
	Frequency
	Percent

	Shortage of water
	11
	27.5

	Shortage of feeds resources
	13
	                  32.5

	Diseases
	4
	                   10

	Climatic condition
	12
	                   30

	Total
	40
	100.0



Table 3. Type of dairy cattle feeding practices
	Dairy cattle feeding practices
	Frequency
	Percent

	Intensive feeding practices
	39
	97.5

	Semi-intensive feeding practices
	1
	                  2.5

	Extensive feeding practices
	0
	                    0

	          Total
	40
	100.0



Table 4. Type of feed resources
	Feeds resources
	Frequency
	Percent

	Natural pasture
	15
	37.5

	Improved pasture
	10
	                   25

	Banana stem and leaves
	8
	                   20

	Sugarcane
	7
	                  17.5

	Total
	40
	100.0



Table 5. Annual milk production per cow
	Milk production ( Litres)
	Frequency
	Percent

	1000 – 2500
	15
	37.5

	2600 – 3500
	10
	                   25

	3600 – 4500
	9
	                  22.5

	4600 – 5500
	6
	                   15

	    Total
	40
	    100.0



Table 6. Adoption challenges faced by respondents on dairy cattle feeding practices
	Challenges faced by farmers
	Frequency
	Percent

	Extension access                                                                    
	           4
	10

	Credit services                                                                       
	                    4
	10

	Education
	            6
	                 15

	Experiences/knowledge
	            8
	20

	Age                                 
	             5                                                 
	12.5

	Land size
	            8
	20

	Off farm
	            5
	12.5

	Total
	           40
	     100.0



Table 7. Respondents knowledge and experiences on dairy cattle feeding practices
	Experience/knowledge(years)
	             Frequency
	Percentage

	 3 – 7  
	                       5
	12.5

	 8 -12 
	                       8
	20

	13 -17
	                      18
	45

	18-22 
	                        9
	22.5

	Total
	                      40
	  100.0





Table 8. Respondents land size used for dairy cattle farming
	Land size (acre)
	                       Frequency
	Percentage

	     0.25 – 0.75
	                                32
	80

	     0.5 – 1
	                                 8
	20

	      Total
	                                40
	  100.0



4. Conclusion

This study emphasizes the importance of considering demographic factors for a comprehensive understanding of dairy cattle feeding practices. The findings revealed significant variations in knowledge, skills, and experiences among respondents, highlighting the need for context-specific approaches. A robust analytical framework was employed, effectively analyzing the collected data. Several key challenges impacting sustainable milk production were identified: feed shortages, water scarcity, adverse climatic conditions, and diseases. Feed shortages, especially during dry seasons, underscore the need for improved, locally adapted feed technologies. Climatic factors, such as droughts and high temperatures, exacerbated existing challenges, negatively affecting cattle health and productivity. Water scarcity emerged as a critical limiting factor, impacting both milk production and overall cattle health. Diseases, particularly bloat, presented another significant obstacle to efficient dairy farming. Effective feeding practices are essential for sustainable milk production, reproduction, and maintaining good cattle body condition. The study showed a prevalence of intensive feeding practices, with semi-intensive practices also observed, while extensive practices were largely absent due to geographical limitations. The availability of feed resources, particularly the use of improved pastures, significantly influenced milk production levels. Annual milk production varied considerably, reflecting the effect of feeding practices on overall productivity. Beyond the core challenges, access to resources like extension services, credit, education, and land, as well as farmers' experience and off-farm income, all influenced feeding practices. Addressing these multifaceted challenges through a holistic approach is crucial for promoting sustainable dairy farming and enhancing milk production.
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