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ABSTRACT 

Cattle production in Uganda is constrained by seasonal fluctuations in the availability and 

quality of forage, which can affect animal performance and the reliability of feed supply. Feed 

technologies such as haymaking offer an opportunity to conserve forage and improve feed 

availability during periods of pasture scarcity. This study aimed to generate context-specific 

evidence to support recommendations and strategies for promoting the adoption of feed 

technologies within the cattle enterprise. The study used a quantitative quasi-experimental design 

to compare cattle fed on hay with those maintained on pasture in Asuret Sub- County and Soroti 

West Division, Soroti City. It assessed feed intake, water intake, weight gain and milk 

productivity. Additional contextual information was obtained from two farmers to provide 

practical insights relevant to the use of feed technologies. Data were analysed using descriptive 

statistics, Mann–Whitney U tests, independent-samples t-tests, analysis of covariance 

(ANCOVA), and a linear mixed-effects model for repeated milk-production measurements, with 

statistical significance assessed at the 5% level. Results showed significant differences in 

recorded feed intake between the hay and pasture groups (U = 0.00, p < .001), with pasture-fed 

cattle recording higher feed consumption. Water intake was also significantly different (U = 

1024, p < .001), with hay-fed cattle recording higher drinking-water consumption. No significant 

difference was observed in weight gain between treatments (U = 148.0, p = .443), and baseline-

adjusted Week 4 body weight also showed no significant treatment effect (F = 0.256, p = .617). 

Milk productivity differed significantly between treatments, with significant effects of treatment, 

week and treatment-by-week interaction (p < .001), although the mixed-effects model showed 

convergence and near-singularity concerns that require cautious interpretation. Overall, the 

findings indicate that hay and pasture have outcome-specific implications, rather than one system 

being universally superior. The study recommends integrating feed and water management, 

routine monitoring of animal performance, reliable baseline measurements, practical extension 

support, and assessment of forage quality and availability when promoting feed technologies. 

Further research using larger samples, longer study periods and well-controlled experimental 

designs is recommended to strengthen the evidence base for context-specific cattle feeding 

strategies.  
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CHAPTER ONE: INTRODUCTION 

1.1 Background to the Study 

Livestock production is an important component of the agricultural economy because it 

contributes to food security, household income, employment, and access to animal-source foods 

(De Kouchkovsky & Abdul et al., 2016). In sub-Saharan Africa, livestock production is 

increasingly affected by climate variability, particularly changes in rainfall patterns and 

prolonged dry periods that reduce the availability and quality of forage. These conditions cause 

shortages of feed and make it hard for cattle farmers to keep animal productivity steady. The 

need to improve the availability of livestock feed and the quality of livestock feed and the way 

livestock feed is used has made the importance of feed technologies greater(De Kouchkovsky & 

Abdul et al., 2016). In East Africa cattle and dairy farming give ways of living and nutrition to 

people who live in rural areas. The productivity of animals is limited because there is not enough 

feed and the quality of feed is not good When dry seasons last a long time (Bernabe et al., 2020). 

At the time more people are being born and more people are moving to cities and this is making 

the need for milk and other animal products bigger. To meet this need feeding systems must be 

able to provide nutrients and make cattle farming more efficient and stronger. 

In Uganda cattle play a role in the farming industry and help people who live in rural areas. 

National plans for farming development focus, on making farming productive and developing 

farming industries, including making cattle and dairy farming better(Terwilliger & Abdul-Hay, 

2017). Despite increases in national milk production, productivity per animal remains below the 

potential of improved cattle. Continued dependence on natural pasture and crop residues of 

variable or poor nutritive value contributes to this challenge. Improved forage production, hay, 

silage, concentrates, and other feed technologies can potentially reduce seasonal feed deficits and 

improve livestock productivity (Steinmetz et al., 2021). Hay is particularly relevant because it 

allows forage harvested during periods of relative abundance to be dried and stored for later use. 

Pasture, in contrast, provides fresh forage directly through grazing but depends strongly on 

rainfall, land availability, grazing pressure, and pasture management. These differences may 

affect the quantity of feed consumed, drinking-water requirements, body-weight change, and 

milk production. Evidence on these outcomes is important because farmers need practical 
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information about the benefits and requirements of a feeding technology before investing in its 

adoption (Santomauro et al., 2021). 

However, adoption of feed technologies is influenced by factors beyond animal performance, 

including limited knowledge and skills, high costs, inadequate access to inputs, equipment, credit 

and extension services, as well as land and labour constraints. Conversely, farmer groups, social 

networks, demonstrations, market incentives, and perceived profitability can support adoption. 

Therefore, context-specific strategies should address both technology performance and the 

conditions needed for successful implementation. 

The study was conducted in Asuret Sub- County and Soroti West Division, Soroti City, where 

seasonal changes in forage availability affect cattle production. Local evidence on hay and 

pasture can help farmers and extension personnel identify suitable feeding options and the 

support needed to promote their adoption. 

1.2 Statement of the Problem 

Cattle farmers in Uganda face seasonal feed shortages as pasture quantity and quality decline 

during dry periods (Van Barneveld et al., 2019). Although feed technologies such as haymaking 

can address these shortages, adoption is limited by inadequate knowledge, high costs, limited 

access to inputs, equipment, credit and extension services, labour and land constraints, and 

uncertainty about benefits. These challenges affect cattle productivity, livelihoods and food 

security. Therefore, there is a need for local evidence comparing hay and pasture in terms of feed 

intake, water intake, weight gain and productivity to guide practical strategies for promoting 

appropriate feed technologies. 

1.3 Aim of the Study 

The aim of the study was to generate context-specific evidence to support the adoption and 

effective use of cattle feed technologies by comparing hay with pasture in relation to feed intake, 

water intake, weight gain and productivity, and by using the findings to inform practical 

strategies for cattle farmers and relevant stakeholders in Asuret Subcounty and Soroti West 

Division, Soroti City. 
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1.4 Specific Objective 

To propose context-specific recommendations and strategies to overcome barriers and strengthen 

enablers in promoting adoption of feed technologies in cattle production. 

1.5 Research Question 

How does the use of hay compared with pasture affect cattle feed intake, water intake, weight 

gain and productivity? 

1.6 Research Hypotheses 

Null hypothesis (H₀): There is no significant difference between cattle fed hay and cattle fed 

pasture in terms of water intake, weight gain, feed intake and productivity. 

Alternative hypothesis (H₁): There is a significant difference between cattle fed hay and cattle 

fed pasture in terms of weight gain, feed intake, water intake and productivity. 

1.7 Justification of the Study 

The study was justified because cattle need feeding when forage changes with seasons. Although 

hay and other feed technologies can reduce feed shortages the practical value of hay and other 

feed technologies must be weighed against animal outcomes and the resources required for 

implementation. Comparing hay and pasture gives evidence on feed intake, water needs, weight 

change and productivity all of which are outcomes relevant, to cattle management. 

The study is also justified because technical performance alone does not guarantee adoption. 

Farmers require knowledge, skills, inputs, equipment, finance, extension support and other 

enabling conditions to use a feed technology effectively. Evidence generated under conditions 

can help stakeholders develop interventions that are both technically appropriate and practically 

feasible  (Karyono et al., 2024). 

1.8 Rationale of the Study 

The reason for comparing hay and pasture is that they represent different approaches to meeting 

cattle feed requirements. Pasture provides fresh forage through grazing but is dependent on 

seasonal availability, whereas hay requires harvesting, drying and storage but can extend forage 

availability beyond the growing period. Understanding their effects on feed intake, water intake, 

weight gain and productivity provides a basis for identifying where feed conservation can 

complement pasture-based production (Bikbov et al., 2020). 
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The study also provides a basis for developing recommendations that do not assume that one 

feeding system is universally superior. Where a technology demonstrates a useful outcome, 

adoption strategies can focus on strengthening the resources and services required for its use. 

Where responses differ between production indicators, recommendations can identify the 

circumstances and objectives for which a technology is most appropriate (Nichols et al., 2022) 

1.9 Scope of the Study 

The geographical scope of the study was Asuret Sub-county and Soroti West Division, Soroti 

City, in Eastern Uganda. The study focused on cattle and the farmers responsible for their 

management. The content scope was limited to comparing hay and pasture feeding in relation to 

four outcomes: feed intake, water intake, weight gain, and productivity, with milk production 

serving as the principal productivity indicator. The study also considered practical barriers and 

enabling conditions relevant to adoption of feed technologies, including knowledge and skills, 

access to inputs and equipment, labour, finance, land, extension support, and farmer-based 

learning. 

The study did not evaluate every livestock feed technology and did not seek to establish 

universal superiority of hay or pasture. Instead, it generated evidence under the study conditions 

for the development of context-specific recommendations 

1.10 Significance of the Study 

The study is expected to benefit cattle farmers by providing practical evidence on the 

implications of using hay compared with pasture. The findings can support decisions concerning 

feed conservation, water provision and monitoring of animal performance. 

The findings are also relevant to agricultural and livestock extension personnel because they can 

support more targeted advice on feed technologies. Extension interventions can use the evidence 

to emphasise not only the potential benefits of a technology but also the skills, resources and 

management practices required for successful implementation. 

For policymakers and development partners, the study provides local evidence that can inform 

programmes on forage conservation, extension services, access to appropriate inputs and 

equipment, farmer training, credit and farmer-group development. For researchers, the study 
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provides a basis for further investigation of feeding technologies under different seasons, forage 

qualities, animal characteristics and management systems. 
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CHAPTER TWO: LITERATURE REVIEW 

2.1 Smallholder Cattle Feeding Systems 

Smallholder cattle production is an important component of rural livelihoods in Eastern Uganda, 

where cattle contribute to household income, food security, milk and meat production, manure, 

and other livelihood functions (Van Barneveld et al., 2019). Soroti is an agricultural area in 

Eastern Uganda and livestock production is influenced by seasonal availability of natural forage. 

Soroti District reports that agriculture is a major livelihood activity and that rainfall is seasonal, 

with a pronounced dry period. Such conditions can create fluctuations in the amount and quality 

of forage available to cattle (Murray et al., 2022)(Nichols et al., 2019). The feeding system used 

by a cattle farmer is therefore influenced by the interaction between available land, pasture 

condition, labour, water, animal requirements, access to purchased feeds, and the farmer's 

knowledge and financial capacity. Where pasture is abundant and nutritious, grazing can provide 

a relatively low-cash-cost feed source. However, where forage quantity or quality declines, 

conserved feeds such as hay can provide a means of extending feed availability into periods of 

scarcity (Anggraeny & Masyithoh, 2022). 

(Van Barneveld et al., 2019). Soroti is an agricultural area in Eastern Uganda and livestock 

production is influenced by seasonal availability of natural forage. Soroti District reports that 

agriculture is a major livelihood activity and that rainfall is seasonal, with a pronounced dry 

period. Such conditions can create fluctuations in the amount and quality of forage available to 

cattle (Karyono et al., 2024).  

The feeding system used by a cattle farmer is therefore influenced by the interaction between 

available land, pasture condition, labour, water, animal requirements, access to purchased feeds 

and the farmer's knowledge and financial capacity. Where pasture is abundant and nutritious, 

grazing can provide a relatively low-cash-cost feed source. However, where forage quantity or 

quality declines, conserved feeds such as hay can provide a means of extending feed availability 

into periods of scarcity (Anggraeny & Masyithoh, 2022). 

2.2 Forage Availability, Seasonality and Feed Scarcity 

Seasonal variation in forage quantity and quality is a major constraint to livestock production in 

sub-Saharan Africa. Ni et al. (2025) describe forage conservation as an important response to 

seasonal feed shortages and note that forage quantity and quality commonly decline during dry 
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periods. The review further identifies limited knowledge and skills, resource requirements, 

labour, equipment, land and economic incentives as constraints to wider adoption of forage 

conservation technologies (Darmohray et al., 2024).  

Evidence from Uganda also demonstrates the importance of seasonal feed management. 

Schmitges et al. (2016) reported that dry-season feed shortages were among the major challenges 

faced by dairy farmers and that only a minority of respondents practised forage preservation 

through hay or silage. More recent Ugandan evidence similarly shows persistent reliance on 

natural pasture and crop residues and limited feed conservation among smallholder cattle farmers 

(Schmitges et al., 2016). 

The implication for adoption is that a feed technology must fit the seasonal production calendar. 

Technologies that require substantial investment or technical skill may have limited uptake if 

farmers cannot see their relevance to the dry-season feed gap or cannot access the resources 

needed to implement them (Dóka et al., 2019). 

2.3 Hay as a Feed-Conservation Technology 

Hay is a forage-conservation technology in which forage is harvested and dried sufficiently to 

permit storage and subsequent feeding. Its principal potential advantage in smallholder systems 

is the ability to transfer forage from periods of abundance to periods when standing pasture 

becomes scarce. Balehegn et al. (2022) report that haymaking is practised in many parts of sub-

Saharan Africa, although the quality of smallholder-produced hay can be variable because of 

forage type, harvesting practices, drying and storage.  

The usefulness of hay therefore depends on the quality of the conserved forage rather than 

simply its presence on the farm. Harvest maturity, drying, protection from rain, storage 

conditions and the characteristics of the source forage can affect nutritive value and voluntary 

intake. A farmer may consequently adopt haymaking but obtain limited benefits if technical 

practices are poor. This makes practical training, demonstration and follow-up important 

components of an adoption strategy (Szymura et al., 2022). 

For the present study, hay is treated as a feed technology whose suitability should be judged 

using measurable animal outcomes as well as practical feasibility. Feed intake, water intake, 
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weight gain, and milk productivity provide complementary indicators for assessing the 

consequences of using hay compared with pasture (Bastani et al., 2020). 

2.4 Pasture Feeding and Its Role in Cattle Production 

Pasture is a source of feed for smallholder cattle because it gives fresh forage without the need to 

harvest, dry or store like hay does (Distel et al., 2020) . Feeding animals on pasture depends on 

several factors. These include the season, how grazing pressure there is, how much land is 

available what kind of forage species are present and how well the pasture is managed. When dry 

periods come pasture can become harder to find or less nutritious. This leads to a gap, in the feed 

supply that can affect livestock. 

The literature therefore suggests that hay and pasture should not necessarily be viewed as 

mutually exclusive technologies. A locally appropriate feeding strategy may combine grazing 

with conserved forage, using pasture when quality and availability are adequate and hay when 

pasture resources are inadequate. (Romero-Lopez et al., 2020).  

The decision should depend on animal requirements, land, forage availability, labour, water, 

costs and the farmer's capacity to manage the system. 

2.5 Nutritional and Production Outcomes of Feeding Systems 

Feed intake determines the quantity of nutrients physically available to an animal. It is 

influenced by forage quality, palatability, fibre characteristics, moisture content, and 

management (Steinmetz et al., 2021). Measurement of feed offered and refused therefore 

provides a practical indicator of the quantity consumed and allows comparison between feeding 

systems.  

Water is essential for cattle metabolism, thermoregulation, and digestion. The moisture content 

of feed can influence the amount of drinking water required. Fresh pasture generally supplies 

more water as part of the feed than dried hay, so a hay-based system may require greater 

attention to reliable drinking-water supply (Knaus et al., 2016). Water provision should 

consequently be considered an integral part of feed-technology adoption. 

Weight gain provides an indicator of changes in animal growth and nutritional status over time. 

However, weight response is influenced not only by feeding treatment but also by initial body 
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weight, age, breed, health, management, and environmental conditions. Baseline body weight is 

therefore important when comparing final weights between feeding groups.  

Milk production provides a direct economic indicator for lactating cattle because changes in 

nutrient intake may be reflected in milk output. Milk production is also a repeated outcome when 

the same cows are measured over several days or weeks. For this reason, evaluation of feeding 

systems should account for both treatment and time rather than relying on a single milk 

measurement. 

2.6 Barriers to Adoption of Feed Technologies 

Feed intake determines the quantity of nutrients physically available to an animal (Alshahrani, 

2025). It is influenced by forage quality, palatability, fibre characteristics, moisture content and 

management. Measurement of feed offered and refused therefore provides a practical indicator of 

the quantity consumed and allows comparison between feeding systems. 

Water is essential for cattle metabolism, thermoregulation and digestion. The moisture content of 

feed can influence the amount of drinking water required. Fresh pasture generally supplies more 

water as part of the feed than dried hay, so a hay-based system may require greater attention to 

reliable drinking-water supply (Spiegal et al., 2022). Water provision should consequently be 

considered an integral part of feed-technology adoption. Weight gain provides an indicator of 

changes in animal growth and nutritional status over time. However, weight response is 

influenced not only by feeding treatment but also by initial body weight, age, breed, health, 

management and environmental conditions. Baseline body weight is therefore important when 

comparing final weights between feeding groups (Charlier et al., 2024). 

Milk production provides a direct economic indicator for lactating cattle because changes in 

nutrient intake may be reflected in milk output. Milk production is also a repeated outcome when 

the same cows are measured over several days or weeks. For this reason, evaluation of feeding 

systems should account for both treatment and time rather than relying on a single milk 

measurement (Abdulhamid et al., 2026). 

2.7 Enablers of Adoption 

The literature points to factors that can help increase adoption. These include support from 

extension services, demonstration farms learning through farmer-to-farmer interactions, 
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affordable financial options, access to good quality inputs shared use of equipment formation of 

farmer groups connections to markets and clear proof of economic benefits.  Also highlight the 

importance of raising awareness building skills and knowledge investing in technology 

improving forage quality and creating stronger incentives, in the market Bastani et al., (2020) . 

Extension should focus on practical skills rather than information alone. For hay, training should 

cover forage selection, harvesting stage, drying, storage, feeding and monitoring of animal 

response. Demonstrations can reduce uncertainty by allowing farmers to observe the technology 

under conditions similar to their own (Karyono et al., 2024).  Ainembabazi et al., (2017) reported 

that farmer groups can reduce the cost of adoption through collective learning, equipment 

sharing, joint input procurement and market access. The Soroti evidence that farmer-group 

membership is associated with improved forage technology use supports group-based approaches 

for promoting feed technologies.  

Farmers are more likely to invest where expected benefits justify the costs and where financing 

is accessible. Improved forage technology research in Soroti found economic advantages among 

users and an association between credit access and technology use. Adoption programmes should 

therefore include economic demonstrations and, where feasible, affordable financing 

mechanisms (Pathak et al., 2025). Direct evidence from animals can strengthen farmer 

confidence. A farmer is more likely to consider a technology appropriate when its benefits can be 

observed in locally relevant conditions. The present comparison of hay and pasture therefore 

provides an important practical evidence base for recommendations. 

2.8 Empirical Evidence on Forage Technologies in Uganda 

Kiggundu et al. (2021) studied improved forage technologies among 121 farmers in Soroti 

District and found that farmers using improved forage technologies achieved higher gross 

margins than those using local feeding methods. Access to credit and farmer-group membership 

were positively associated with use, while profitability interacted with improved breed in 

influencing technology decisions. 

Recent research in Uganda has also examined improved forage-grass adoption and its effects. 

The study reported that barriers included limited experience with forage cultivation, local breeds, 

non-zero-grazing systems and lack of producer-organisation membership. Feeding improved 

forage grasses was associated with higher milk yield and household income. These findings 
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suggest that adoption is more likely to succeed when technical, institutional and economic 

factors are addressed together (Pathak et al., 2025). A recent study of smallholder cattle farmers 

in Buvuma Island similarly reported persistent reliance on natural pastures and crop residues, 

limited feed conservation and seasonal constraints on feed quality and availability (Nakanaabi et 

al., 2026). Although Buvuma differs from Soroti, the evidence reinforces the importance of 

locally appropriate feed-conservation strategies.  

2.9 Research Gap 

Existing literature clearly shows the importance of forage conservation and highlights several 

barriers and enablers of adoption. However, there is still limited context-specific evidence that 

links the actual performance of feeding technologies to practical recommendations that farmers 

can use. In particular, little is known about how hay and pasture compare under the local 

conditions of Asuret Sub-county and Soroti West Division in terms of feed intake, water intake, 

weight gain and milk productivity. There is also a need to look at animal-level performance 

alongside the technical, financial, social and institutional realities that determine whether farmers 

can realistically adopt a feed technology. 

This study addresses that gap by generating local evidence on feeding performance and using it 

to inform context-specific recommendations. 

2.10 Conceptual Framework 

The conceptual framework for the study proposes that adoption of feed technologies is 

influenced by technical knowledge, extension support, financial capacity, access to inputs and 

equipment, land and forage availability, labour, farmer-group membership, market incentives 

and perceived profitability. These factors affect whether farmers can adopt and implement a 

technology such as haymaking. Implementation affects feed availability and quality and may 

subsequently influence feed intake, water intake, weight gain and milk productivity. Evidence of 

animal performance and economic value can in turn strengthen or weaken farmer willingness to 

continue using the technology. 
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CHAPTER THREE: RESEARCH METHODOLOGY 

3.1 Research Design 

The research design employed a quasi-experimental approach. The research design was 

appropriate because cattle were compared under two feeding conditions. Hay and pasture. Within 

real smallholder management settings, where complete randomization and control of all 

environmental variables were not feasible. The research design enabled comparison of animal 

outcomes while retaining practical farm conditions. 

The research design does not establish that every observed difference was caused exclusively by 

feed type because animal characteristics, management, forage quality and environmental 

conditions could not be completely standardized. The research design limitation was considered 

when interpreting the findings and developing recommendations. 

3.2 Research Approach 

I collected data about feed offered feed refused, feed consumed, water consumed, body weight 

and milk production. Then we used analysis to compare the two feeding conditions. We chose 

this approach because the research question required measurable evidence on cattle performance. 

The study aimed to provide measurable evidence, on cattle performance (Wing et al., 2018). 

3.3 Geographical Area of the Study 

The study collected numbers about the feed offered feed refused, feed eaten, water drank, body 

weight and milk produced. The study ran tests to compare the two feeding ways. I chose this 

method because the research question needed proof about cattle performance. 

Soroti is a region in Eastern Uganda. Soroti district says that farming is the way people earn a 

living and notes a rain pattern that brings a long dry spell from late November to early March. 

Soroti receives rain of 1,000–1,500 mm each year with heavy rains from March to July and again 

from September to November. Because forage changes with the seasons Soroti is a spot to study 

how to preserve feed. Hay is used (Pandey et al., 2023). 

I chose two sites in order to could compare hay and pasture while farmers run their cattle 

routines. The study did not aim to cover every cattle system, in Uganda. The study simply 

wanted evidence for the context chosen. 
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3.4 Study Population 

The study population included cattle kept in smallholder enterprises within the selected study 

sites, as well as the farmers responsible for managing them. The main experimental unit was the 

individual animal, while farmers provided contextual information on feeding and management 

practices. Information on respondents was available for two participants only. Due to this very 

small number, respondent characteristics were described but not used for inferential analysis of 

adoption determinants. The main inferential analyses were therefore based on observations at the 

cattle level. 

3.5 Sample Size and Sampling 

The original study protocol specified 32 cattle, with 16 in the hay treatment and 16 in the pasture 

comparison group. The sample size was calculated based on a two-group comparison of means 

using a 95% confidence level and 80% statistical power, with the standard deviation and 

minimum detectable difference specified in the protocol. Cattle were selected according to the 

eligibility criteria and practical availability at the study sites. The feeding groups were organized 

as hay-fed and pasture-fed. Farmer participants were included because they were directly 

responsible for the cattle involved in the feeding activities. 

The final analytical dataset differed by outcome. The milk-productivity analysis presented in 

Chapter Four included repeated observations from 34 cows, while the weight-gain analysis used 

a smaller dataset for which appropriate individual weight measurements were available. This 

distinction is reported transparently to ensure the methodology aligns with the actual analyses 

conducted. 

3.6 Study Groups and Feeding Conditions 

Table 3- 1: Study Groups and Feeding Conditions 

Study site Hay group Pasture group Purpose 

Asuret Subcounty Cattle receiving hay Cattle receiving 

pasture 

Compare feed and 

production outcomes 

Soroti West Division, 

Soroti City 

Cattle receiving hay Cattle receiving 

pasture 

Compare feed and 

production outcomes 
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The hay group received forage under the study feeding protocol while the comparison group 

remained under pasture‑based feeding. The purpose was to determine whether the feeding 

condition was associated with differences, in feed intake, water intake, weight gain and 

productivity. 

3.7 Data Collection Methods 

Data were gathered using procedures to record baseline information feeding amounts, water 

consumption, body weight, weight gain, milk production and farmer context details. 

Cattle were identified before the feeding comparison began and baseline details such as animal 

identification, treatment group, age, breed and initial body weight were recorded. Baseline body 

weight was kept because initial weight can affect weight. Daily feed intake was determined by 

noting the amount of feed offered and the amount refused, with intake calculated as: 

Feed intake (kg/day) = Feed offered (kg/day) − Feed refused (kg/day). 

Water intake was measured based on the volume supplied and the volume left at the end of the 

measurement period and net water consumption was recorded in litres per day using the method 

for both feeding groups. Body weight was measured at baseline and at scheduled intervals and 

weight gain was calculated as: 

 

Weight gain (kg) = Final body weight (kg) − Initial body weight (kg). 

Week 1 body weight was kept as the baseline measure for the baseline‑adjusted comparison of 

Week 4 body weight. For lactating cattle daily milk production was recorded in liters, with 

repeated measurements taken for each cow across the weeks. Cow identification was kept to link 

repeated observations to the animal. 

In addition, basic demographic and livestock‑enterprise information was obtained from 

participating farmers to describe the study context. Because two contextual respondents were 

available this information was used descriptively. Was not treated as representative evidence on 

adoption determinants. 

3.8 Data Collection Instrument 
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A structured data-collection sheet was used to record animal ID, group, age, breed, initial weight 

feed offered feed refused, final weight and relevant production measurements. Daily feed and 

water observations were recorded using units while repeated milk observations were linked to 

Cow ID. 

3.9 Data Quality Control 

Data quality was ensured by using measurement definitions consistent units and repeated 

recording procedures. Each cow was clearly identified to make sure that long-term observations 

stayed linked to the animal. Body weight was recorded at times and feed intake was calculated 

using the same formula offered minus refused across all groups. During data processing each 

observation was reviewed for missing values values that did not make sense and any issues with 

units. Before choosing tests we checked whether the data met the required distributional 

assumptions. For the repeated milk data Cow ID was kept as the grouping factor in the model to 

account for individual differences, over time. 

3.10 Validity and Reliability 

Validity was strengthened by measuring outcomes that directly corresponded to the research 

question. Those outcomes included feed intake, water intake, weight gain and productivity. By 

using measurements we reduced dependence on assessments, for the principal experimental 

outcomes. 

Reliability was supported by repeated milk measurements. Consistent feed and water 

calculations also added reliability. The use of the measurement definitions across treatment 

groups increased reliability. Baseline weight measurements supported comparability and 

baseline‑adjusted analysis. 
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3.11 Measurements and Operational Definitions  

Table 3- 2: Measurements and Operational Definitions 

Variable Operational 

definition 

Unit Analytical role 

Treatment Hay or pasture 

feeding condition 

Categorical Independent variable 

Feed intake Feed offered minus 

feed refused 

kg/day Dependent variable 

Water intake Water supplied minus 

water remaining 

L/day Dependent variable 

Weight gain Final minus initial 

body weight 

kg Dependent variable 

Week 4 body weight Body weight at Week 

4 

kg ANCOVA outcome 

Week 1 body weight Baseline body weight kg ANCOVA covariate 

Milk productivity Daily milk output L/day Repeated outcome 

Week Experimental 

measurement period 

Week Fixed effect 

Cow ID Unique animal 

identifier 

ID Random grouping 

factor 

3.12 Data Analysis 

The data were. Examined with statistical software. Descriptive statistics were used to 

summarizes the study variables and the contextual characteristics of respondents. Inferential tests 

were chosen based on the distribution and structure of each outcome, with statistical significance 

set at the 5% level (α = 0.05). Feed intake was compared using the Mann–Whitney U test as the 

main inferential test because the distribution was substantially non-normal, while an 

independent-samples t-test was retained as a supporting sensitivity analysis. Water intake was 

compared using an independent-samples t-test, supported by the Mann–Whitney U test. Equality 
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of variances was assessed with Levene’s test, distributional assumptions were examined using Q-

Q plots, and effect sizes were reported to show the magnitude of the differences. Daily milk 

production was analysed using a Gaussian linear mixed-effects model, since observations were 

repeatedly collected from individual cows across weeks. Treatment, week, and the treatment-by-

week interaction were specified as fixed effects, while Cow ID was specified as the random 

grouping factor. Supporting independent-samples analyses were used to provide additional 

evidence. Model diagnostics included checks for convergence and singularity; where 

convergence or near-singularity warnings occurred, the estimates were interpreted cautiously and 

this limitation was reported rather than treating the estimates as fully stable. Weight gain was 

compared using the Mann–Whitney U test due to its substantially non-normal distribution, with 

an independent-samples t-test included as a sensitivity analysis. Finally, ANCOVA was used to 

compare Week 4 body weight between feeding groups while controlling for Week 1 baseline 

body weight, providing a baseline-adjusted assessment of the treatment effect. 

3.13 Ethical and Animal-Welfare Considerations 

The study followed research practices and animal welfare principles. Before any field work 

began the necessary university and local permissions were obtained. Farmers who took part in 

the study were fully informed, about what it involved and their participation was entirely 

voluntary. Animals were treated with care and kindness throughout the feeding comparison. 

They were closely watched to make sure they stayed healthy and comfortable. Feeding and 

watering arrangements were set up to ensure each animal had food and clean water at all times. 

When any animal showed signs of illness veterinary help was given away. All information 

provided by farmers was kept private. Handled with strict confidentiality. 

3.14 Methodological Limitations 

The study was carried out in line with research and animal welfare principles. All necessary 

university approvals and local approvals were obtained before fieldwork began and all 

participating farmers were fully informed about the study. Participation of participating farmers 

was voluntary. 

Throughout the feeding comparison animals were handled humanely. Closely monitored. 

Feeding and watering arrangements were managed to ensure nutrition and continuous access, to 
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water. Where any health issues arose, appropriate veterinary care was provided. All information 

provided by farmers was treated with confidentiality. 
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CHAPTER FOUR: RESULTS AND DISCUSSION 

4.1 Statistical model and test selection 

The statistical tests chosen accounted for the type of outcome, treatment groups, and repeated 

measurements from the same cattle. Independent-group comparisons of feed and water intake 

between hay and pasture groups utilized the Mann–Whitney U test where necessary. Weight gain 

was assessed for normality prior to testing. Milk production was analyzed over time using a 

linear mixed-effects model, incorporating treatment, week, and their interaction as fixed effects, 

with Cow ID as a random grouping factor. A baseline-adjusted ANCOVA was used to compare 

Week 4 body weight while controlling for Week 1 body weight. 

Table 4.1: Statistical models and tests used for the study outcomes 

Outcome Principal analysis Model/test specification Reason for selection 

Feed intake 

Mann–Whitney U; 

t-test as supporting 

analysis 

Feed consumed ~ Treatment 

The supplied Q-Q plot 

showed substantial non-

normality. 

Water intake 

Independent-

samples 

comparison; Mann–

Whitney U as 

robustness check 

Water consumed ~ 

Treatment 

The distribution was 

comparatively orderly 

and equal variances were 

supported. 

Milk 

productivity 

Linear mixed-

effects model; 

independent-

samples tests as 

supporting analysis 

Daily milk production ~ 

Treatment + Week + 

Treatment×Week + random 

Cow ID 

Milk was repeatedly 

measured on the same 

cows. 

Weight gain 

Mann–Whitney U; 

t-test as sensitivity 

analysis 

Weight gain ~ Treatment 

Shapiro–Wilk indicated 

substantial non-

normality. 

Week 4 body 

weight 
ANCOVA 

Week 4 weight ~ Treatment 

+ Week 1 weight 

Provides a baseline-

adjusted treatment 

comparison. 
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4.3 Results 

4.3.1 Feed Intake under hay and pasture 

Table 4.2: Independent-group comparison of feed intake under hay and pasture.  

Test Statistic Df p-value 

Student’s t-test t = −84.02 62 < .001 

Mann–Whitney U U = 0.00 — < .001 

 

 

Figure 4.1: Independent-samples feed-intake output and Q-Q plot. 

Figure 4.1 displayed that the feed intake data departed clearly from the expected normal 

distribution, as most points did not closely follow the reference line, especially at the higher and 
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lower quantiles. This supported the use of the Mann–Whitney U test for comparing feed intake 

between the hay and pasture groups. 

 

Figure 4.2: Descriptive comparison of recorded feed consumption by treatment. 

Figure 4.2 shows a clear difference in recorded feed consumption between the two treatments. 

Cattle receiving pasture had much higher recorded feed consumption than those receiving hay. 

The figure also shows relatively small variation within each treatment. Overall, the pattern is 

consistent with the significant difference found in the inferential analysis (p < .001)(Pavlova et 

al., 2021). 

4.3.2 Water Intake 

Table 4.3 Independent-group comparison of Water intake under hay and pasture. 

Test Statistic Df p-value Effect-size output 

Student’s t-test t = 369.3 62 < .001 Cohen’s d = 92.3 

Mann–Whitney U U = 1024 — < .001 
Rank-biserial correlation = 

−1.00 
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Treatment N Mean (L) Median (L) SD SE 

Hay 32 691 692 1.97 0.349 

Pasture 32 494 494 2.29 0.405 

Table 4.3 shows a statistically significant difference in water intake between cattle receiving hay 

and those receiving pasture. Cattle in the hay group had a higher mean water intake (691 L) than 

those in the pasture group (494 L). The Mann–Whitney U test confirmed a significant difference 

(U = 1024, p < .001), with a rank-biserial correlation of −1.00, indicating a very strong 

difference between the two groups (Perli & Govindarajan et al., 2020). 

 

Figure 4.3: Q-Q plot for water-intake observations. 

Figure 4.3 shows that the water-intake observations generally followed the reference line closely, with 

only a few points showing some deviation, particularly at the lower and upper ends. This suggests that the 

water-intake data were approximately normally distributed. 
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Figure 4.4: Descriptive comparison of water consumption by treatment. 

Figure 4.4 shows that water consumption was higher among cattle receiving hay than those 

receiving pasture. The hay group had a mean water intake of 691 L, compared with 494 L for the 

pasture group. This visual difference is consistent with the statistically significant difference 

observed between the two treatments (p < .001)(Schildt et al., 2021). 

4.3.3 Milk Productivity 

Table 4.4 – Fixed-effect results of the linear mixed-effects model for daily milk production 

Model component R² Df LRT χ² p-value 

Conditional 0.408 21 153.228 < .001 

Marginal 0.408 6 151.031 < .001 

Effect F Df Residual df p-value 

Treatment 162.7 1 711 < .001 

Week 11.6 4 130 < .001 

Treatment × Week 164.7 1 696 < .001 

Term Estimate SE 95% CI df T p-value 

Intercept 134.023 11.8 
110.9 to 

157.1 
103.5 11.3982 < .001 



24 

 

Pasture − Hay 313.400 21.2 
271.9 to 

354.9 
680.0 14.8159 < .001 

Week 2 − Week 1 −1.171 24.0 −48.3 to 45.9 959.9 −0.0488 .961 

Week 3 − Week 1 −0.852 20.0 −40.1 to 38.4 961.1 −0.0426 .966 

Week 4 − Week 1 −195.409 20.8 
−236.2 to 

−154.6 
754.6 −9.3945 < .001 

Week 5 − Week 1 −160.441 38.3 
−235.6 to 

−85.3 
37.7 −4.1883 < .001 

(Pasture − Hay) × 

(Week 4 − Week 1) 
−392.618 30.6 

−452.7 to 

−332.6 
696.0 −12.8324 < .001 

Random component Variance SD 

Cow ID: Week 1 0.0000 0.000 

Cow ID: Week 2 0.0188 0.137 

Table 4.5 shows that treatment, week, and the treatment-by-week interaction all had significant 

effects on milk production (p < .001). The effect of treatment was strong (F = 162.7, p < .001), 

and milk production also varied across weeks (F = 11.6, p < .001). The significant treatment-by-

week interaction (F = 164.7, p < .001) indicates that the difference between the hay and pasture 

groups changed over time (Lin et al., 2020). 

Overall, the model explained 40.8% of the variation in daily milk production (R² = .408). There 

was a significant difference between the pasture and hay groups (estimate = 313.400, p < .001). 

Milk production in Weeks 4 and 5 also differed from Week 1 (p < .001), and there was a 

significant treatment-by-week interaction in Week 4 (estimate = −392.618, p < .001). These 

results indicate that feeding treatment influenced milk production, and that this effect varied 

across the study period rather than remaining consistent over weeks. 
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Figure 4.5: Daily milk production across experimental weeks  

Figure 4.5 shows that daily milk production differed between the hay and pasture treatments 

across the study period. Milk production remained relatively low and stable during Weeks 1–3, 

with a clear increase by Week 5, particularly for the pasture group. The pattern also shows that 

the difference between the two treatments changed across the weeks, which is consistent with the 

significant treatment-by-week interaction (p < .001) reported in the mixed-effects model 

(Yazwinski et al., 2022). 

Table 4.5: Bonferroni-adjusted pairwise comparisons of daily milk production 

Comparison 1 Comparison 2 Difference SE T Df Bonferroni p 

Hay W1 Hay W5 160.441 38.3 4.1883 37.7 .003 

Hay W1 Pasture W5 −231.482 38.1 −6.0740 37.2 < .001 

Hay W2 Hay W5 159.271 40.6 3.9232 45.8 .006 

Hay W2 Pasture W5 −232.653 40.4 −5.7568 44.0 < .001 

Hay W3 Hay W5 159.589 38.4 4.1604 34.9 .004 

Hay W3 Pasture W5 −232.335 38.2 −6.0880 32.3 < .001 

Hay W4 Hay W5 161.342 37.2 4.3371 32.4 .003 

Hay W4 Pasture W5 −230.582 37.0 −6.2293 33.5 < .001 
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Hay W5 Pasture W4 −160.647 37.3 −4.3116 32.9 .003 

Hay W5 Pasture W5 −391.923 26.1 −15.0016 674.5 < .001 

Pasture W4 Pasture W5 −231.277 37.0 −6.2435 32.8 < .001 

The Bonferroni-adjusted comparisons showed several significant differences in daily milk 

production. Within the hay treatment, Week 5 differed significantly from Weeks 1–4 (p = .003–

.006). Week 5 under pasture also differed significantly from Weeks 1–4, with all comparisons 

being significant (p < .001). In addition, a significant difference was observed between hay 

Week 5, and pasture Week 5 (difference = −391.923, p < .001). This finding indicated a marked 

difference in milk production between the two treatments by Week 5. The comparison between 

hay Week 5 and pasture Week 4 was also significant (difference = −160.647, p = .003). Overall, 

the pairwise results support the finding that milk production changed substantially by Week 5, 

and the pattern differed between the hay and pasture treatments. 

Table 4.6: Comparison of daily milk production between hay and pasture treatments 

Treatment N Mean (L) Median (L) SD SE 

Hay 692 10.1 10.0 2.88 0.109 

Pasture 315 63.7 9.00 289 16.3 

Test Statistic df p-value 
Mean 

difference 
95% CI Effect  size 

Student’s t-test −4.880 1005 < .001 −53.6 
−75.2 to 

−32.1 

Cohen’s d = 

−0.332 

Mann–Whitney 

U 
91,480 — < .001 — — 

Rank-biserial 

= −0.161 

Levene’s test F df1 df2 p-value 

Daily milk production 98.2 1 1005 < .001 

Table 4.6 shows a significant difference in daily milk production between the two treatments (p 

< .001). Milk production was higher under the pasture treatment, with a mean of 63.7 L, 

compared with 10.1 L under hay. The difference was statistically significant based on both the 

Student’s t-test (t = −4.880, p < .001) and the Mann–Whitney U test (U = 91,480, p < .001). The 

effect size was relatively small (Cohen’s d = −0.332), although the large difference in the 

treatment means indicates that the feeding treatments were associated with different levels of 

daily milk production. 
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4.3.4 Weight Gain 

Table 4.7: Comparison of weight gain between hay and pasture treatments 

Test Statistic df p-value 

Student’s t-test 1.131 30 .267 

Mann–Whitney U 148.0 — .443 

Variable W p-value 

Weight gain (kg) 0.3699 < .001 

The results in Table 4.7 show that there was no statistically significant difference in weight gain 

between the hay and pasture treatments. The Student’s t-test was not significant (t = 1.131, df = 

30, p = .267), and the Mann–Whitney U test also showed no significant difference (U = 148.0, p 

= .443). Therefore, the type of feeding treatment did not have a significant effect on weight gain 

during the study period (Saemi Soudkolaei et al., 2021). 

4.3.5 Baseline-Adjusted Week 4 Body Weight 

Table 4.8: Analysis of covariance of weight gain between hay and pasture treatments 

Source 
Sum of 

Squares 
Df Mean Square F p-value ω² 

Treatment 3.46 1 3.46 0.256 .617 −0.000 

Week 1 weight 47,341.21 1 47,341.21 3499.939 < .001 0.991 

Residuals 392.26 29 13.53    

Test F df1 df2 p-value 

Levene’s test 2.28 1 30 .142 

Comparison 
Mean 

difference 
SE df t p-value 

Hay − Pasture 0.756 1.49 29.0 0.506 .617 

Table 4.8 shows that the feeding treatment did not have a significant effect on weight gain after 

controlling for Week 1 body weight. The treatment effect was not significant (F = 0.256, p = 

.617), with a mean difference of 0.756 kg between the hay and pasture groups. 

In contrast, Week 1 weight was a highly significant predictor of the outcome (F = 3499.939, p < 

.001), explaining a very large proportion of the variation (ω² = .991). Levene’s test was also not 

significant (F = 2.28, p = .142), indicating that the assumption of equal variances was met. 
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Overall, the results suggest that initial body weight, rather than feeding treatment, was the main 

factor associated with the observed weight differences 

 

Figure 4.6: Q-Q plot of residuals for the ANCOVA weight-gain analysis 

Figure 4.6 shows that most of the standardized residuals did not closely follow the reference line, 

with a particularly large deviation at the lower end. This suggests some departure from normality 

in the residuals, although most of the remaining points follow a fairly consistent pattern. 

4.4 Discussion 

4.4.1 Feed Intake  

The study found a clear difference in recorded feed consumption between cattle maintained on 

hay and those maintained on pasture. Pasture-fed cattle recorded substantially higher feed 

consumption, and the difference was statistically significant (Mann–Whitney U = 0.00, p < 

.001). The Q-Q plot showed that the feed-intake observations departed considerably from 

normality, particularly towards the lower and upper ends of the distribution. For this reason, the 

Mann–Whitney U test provides a more appropriate basis for interpreting the difference than the 
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supporting parametric test. The descriptive plot also showed a clear separation between the two 

feeding groups, with relatively little variation within each group.  

The finding can be understood in relation to the characteristics of the two feeding systems. 

Pasture provides fresh forage directly through grazing, whereas hay is a conserved feed whose 

quality depends on the forage harvested, stage of harvesting, drying and storage. Balehegn et al. 

(2022) noted that the quality of conserved forage in smallholder systems can vary considerably 

because of differences in forage type, harvesting practices and storage. This is important when 

interpreting the present result because the amount of feed consumed is not determined simply by 

whether the feed is called hay or pasture. The physical and nutritional quality of the forage can 

influence how readily cattle consume it.  

The result is also broadly consistent with (Wilkinson et al., 2020) who discussed important 

differences between pasture-based and indoor feeding systems and showed that cattle responses 

to the two systems depend on the characteristics of the feeding environment and the animals 

involved. Pasture-based systems can support efficient use of forage, but their performance 

depends on the availability and quality of the pasture. The present finding therefore supports the 

view that feeding system influences feed consumption, but it should not be interpreted as 

evidence that pasture is always superior to hay. 

From a practical perspective, the finding suggests that farmers using hay should pay attention not 

only to the quantity offered but also to hay quality. Good-quality forage should be harvested at 

an appropriate stage, properly dried and protected during storage. This is important because 

forage conservation is most useful when it maintains adequate feed quality during periods when 

pasture is limited. Balehegn et al. (2020) similarly emphasized the importance of improving the 

quality, production and utilization of conserved forage in smallholder systems.  

4.4.2 Water Intake 

Water consumption was significantly higher among cattle receiving hay than among those 

receiving pasture. The mean recorded water intake was 691 L in the hay group compared with 

494 L in the pasture group, and the Mann–Whitney U test confirmed a statistically significant 

difference (p < .001). This finding is important because it shows that the choice of feeding 

system may have implications beyond the quantity of feed consumed and may also affect the 

amount of drinking water required. 
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The observed pattern is biologically plausible because the amount of drinking water consumed 

by dairy cattle is influenced by the dry-matter content of the diet and by the amount of dry matter 

consumed. Golher et al. (2021), for example, examined water consumption in lactating dairy 

cows at pasture and reported that water intake was related to dietary dry-matter intake and dry-

matter concentration, in addition to environmental factors. Thus, the higher drinking-water 

consumption recorded under hay in the present study may partly reflect the greater proportion of 

dry feed compared with cattle obtaining fresh forage from pasture. 

The finding also agrees with the general distinction between conserved forage and fresh pasture. 

Hay is dried before storage, whereas pasture is consumed as fresh forage. (Herforth et al., 2025) 

highlights the substantial differences between pasture-based and more confined feeding systems, 

including differences in feed characteristics and feeding environment. This supports the 

interpretation that water management should be considered together with feed management 

rather than treated as a separate issue. 

Nevertheless, the present study measured drinking-water consumption and did not quantify the 

amount of water supplied by the moisture contained in fresh pasture. Therefore, the results 

cannot establish that the cattle on pasture had lower total water requirements. The difference 

should instead be interpreted as a difference in recorded drinking-water consumption. 

Environmental conditions, animal productivity, feed dry-matter content and actual forage 

moisture could all contribute to the observed pattern. (Monteiro et al., 2024) similarly showed 

that water consumption is influenced by more than one factor.  

The unusually large parametric effect size reported in the study should also be interpreted 

cautiously because the within-group variation in the recorded water measurements was very 

small. The consistency of the rank-based test, however, indicates that the two groups were 

clearly separated in the available records. From a practical perspective, the finding reinforces the 

need for farmers using hay or other conserved forages to plan for dependable access to clean 

drinking water. 

4.4.3 Weight Gain 

In contrast to feed and water intake, the study found no statistically significant difference in 

weight gain between cattle fed hay and those maintained on pasture. The Mann–Whitney U test 

was not significant (p = .443), and the supporting t-test was also non-significant (p = .267). 
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Similarly, the baseline-adjusted analysis showed that treatment did not significantly affect Week 

4 body weight (p = .617). The strongest predictor of Week 4 body weight in the ANCOVA was 

Week 1 body weight. 

The absence of a significant treatment effect indicates that the feeding systems did not produce a 

detectable difference in short-term weight gain under the conditions of this study. This result is 

important because a feeding system that differs in feed consumption does not necessarily 

produce a corresponding difference in body-weight change over a relatively short period. Body 

weight is a cumulative outcome that can be influenced by initial animal size, age, breed, health 

status, management and the nutritional quality of the feed. 

The importance of initial animal status is particularly evident in the present analysis. Week 1 

body weight accounted for a very large proportion of the variation in Week 4 body weight, 

whereas the treatment effect remained non-significant after baseline adjustment. This suggests 

that differences in starting body size were more closely related to subsequent body weight than 

the feeding treatment itself. 

The finding should therefore be interpreted differently from the feed- and water-intake results. A 

significant difference in intake does not automatically imply a significant difference in weight 

gain. The amount of feed consumed must be considered together with its nutrient composition, 

digestibility, maintenance requirements and the physiological demands of the animal. 

Consequently, the present study does not provide sufficient evidence to conclude that either hay 

or pasture produced greater short-term weight gain (Divya Devi, Ashish Mishra et al., 2025). 

The difference between the present finding and some of the broader literature on forage-based 

feeding may partly be explained by differences in forage quality, animal characteristics, 

management and duration of feeding. (Ntakyo et al., 2020), working in south-western Uganda, 

demonstrated that the nutritional and economic value of conserved feeds such as hay and silage 

depended on the characteristics of the forage and feeding conditions. Their study therefore 

provides useful Ugandan evidence for the importance of feed quality and conservation practices, 

but it was not a direct experimental comparison of hay and pasture for weight gain. 

The relatively small weight-gain dataset and the non-normal distribution of weight-gain 

observations also reduce the ability of the present study to detect small treatment differences. 

The result should therefore be interpreted as evidence that a statistically detectable short-term 
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difference was not demonstrated, rather than proof that hay and pasture can never produce 

different growth responses. 

4.4.4 Milk Productivity 

Milk productivity showed a different pattern from weight gain. The mixed-effects analysis 

indicated significant effects of treatment, week and the treatment-by-week interaction (p < .001). 

The interaction is particularly important because it indicates that the difference between the hay 

and pasture groups was not constant throughout the experimental period. The descriptive results 

showed relatively low and stable production during the earlier weeks followed by a marked 

increase, particularly in the pasture group, towards Week 5. 

The finding is consistent with evidence that feeding system and forage availability can influence 

milk production. (Balehegn et al., 2020) noted that pasture-based dairy systems differ from 

indoor high-input systems in their production patterns and feed-use efficiency, and that the 

response of dairy cattle depends on the characteristics of the feeding system and the animals 

involved. The present study similarly indicates that milk production differed according to 

feeding condition and changed over the experimental period. 

The Ugandan evidence from (Balehegn et al., 2022) also provides useful context. Their study 

found that conserved feeds such as hay and silage could have nutritional and economic value for 

dairy production during periods of feed scarcity, but the results varied according to the forage 

and conservation method used. This supports the broader interpretation that the performance of a 

feed technology depends on the quality of the feed and the conditions under which it is used. 

There is, however, an important difference between the present study and (Ntakyo et al., 2020). 

The latter focused on the nutritional and economic benefits of hay and silage during dry-season 

feeding in south-western Uganda, whereas the present study directly compared cattle under hay 

and pasture feeding conditions in Asuret. Differences in geographical location, forage species, 

conservation practices, animal characteristics, management and study duration can therefore 

produce different milk-production responses. The two studies should not be expected to produce 

identical results. 

The present milk results should also be treated with greater caution than the simpler feed- and 

water-intake comparisons. The mixed-effects model generated convergence and near-singularity 
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concerns, while the pasture group had substantial variability in milk production. These issues 

mean that the evidence supports a difference in the recorded milk-production patterns, but the 

exact magnitude of the longitudinal treatment effect should not be treated as definitive until the 

model is successfully re-estimated and its assumptions checked. 

The marked change over time is nevertheless important for interpretation. Milk production is a 

repeated outcome, and evaluating it at only one point could miss changes that occur as animals 

adapt to a feeding system or as forage availability changes. Therefore, the present results support 

monitoring milk production throughout the feeding period rather than relying on a single 

observation. 

 

4.4.5 Integrated Interpretation in Relation to the Research Question 

The research question asked how hay compared with pasture affects feed intake, water intake, 

weight gain and productivity. The findings indicate that the effects are outcome-specific. Pasture 

was associated with higher recorded feed consumption, while hay was associated with higher 

recorded water consumption. Milk productivity also showed evidence of a treatment-related 

difference, with the supplied longitudinal output indicating a changing treatment difference 

across weeks. In contrast, neither weight gain nor baseline-adjusted Week 4 body weight differed 

significantly between treatments. 

The overall pattern does not justify a blanket conclusion that either hay or pasture is superior for 

every production outcome. Instead, the feeding system appears to influence different components 

of cattle performance in different ways. For practical feeding decisions, this means that 

evaluation should include feed consumption, water use, milk output and body-weight change 

rather than relying on one indicator alone. 

4.4.6 Comparison and Contrast with Previous Outcomes 

Overall, the results were somewhat in line with earlier studies. There were differences in feed 

intake between the feeding regimes, with pasture exhibiting higher recorded consumption. Prior 

studies have also shown that intake is influenced by the type, quality, and availability of forage. 

When interpreting the effects of feeding systems, environmental conditions, baseline status, and 

study duration should be taken into account. The finding that hay-fed cattle consumed more 
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drinking water was consistent with (Carvalho et al., 2026) suggesting that feed moisture content 

influences water requirements. On the other hand, Renzaho Ntakyo et al. (2020) showed 

somewhat larger weight gains among cattle fed pasture, which contrasted with the non-

significant difference in weight growth. Variations in fodder quality, animal traits, feeding 

length, initial body weight, management, and study design may account for this discrepancy. The 

present ANCOVA further showed that baseline body weight was a stronger predictor of final 

weight than feeding treatment. 

Overall, the findings demonstrate that responses to hay and pasture are not uniform across 

production outcomes. Differences in forage quality, moisture content, animal characteristics, 

environmental conditions, baseline status and study duration should therefore be considered 

when interpreting the effects of feeding systems. 

4.4.7 Limitations of the Findings 

The study had several limitations that should be considered when interpreting the findings. First, 

the respondent sample was very small, consisting of only two contextual participants, so their 

characteristics cannot be generalized to all cattle farmers. Second, the quasi-experimental design 

means that differences between hay and pasture groups may partly be due to pre-existing 

differences in animals, management or forage quality. 

Third, feed-intake data were not normally distributed, making the Mann–Whitney U test the 

more appropriate analysis, while possible repeated measurements may have affected the 

independence of observations. Fourth, the water-intake analysis produced an unusually large 

effect size because within-group variation was very small, so the magnitude should be 

interpreted cautiously. 

Fifth, the milk-productivity mixed model had convergence and near-singularity problems, 

together with substantial variability and unequal variances in the pasture group. Therefore, its 

longitudinal estimates should be interpreted cautiously until the model is successfully re-

estimated. Sixth, the weight-gain sample was relatively small and the data were substantially 

non-normal, which may have limited the ability to detect smaller treatment effects. 

Finally, the study period and available measurements may not reflect longer-term or seasonal 

effects, particularly changes in pasture availability and forage quality. Therefore, the findings 
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should be interpreted within the specific experimental conditions of the study rather than as 

universal effects of hay and pasture. 

4.4.8 Implications for Objective Six 

Objective Six seeks to propose context-specific recommendations and strategies for overcoming 

barriers and strengthening enablers in the promotion of cattle feed technologies. The quantitative 

findings provide an empirical basis for those recommendations by showing that feeding systems 

have measurable implications for feed intake, water use and productivity, while short-term 

weight gain did not differ significantly. Accordingly, feed-technology recommendations should 

be framed around multiple measurable outcomes and should not assume that an intervention that 

improves one outcome will automatically improve all others. 

The results also support an integrated feed-management approach. Technologies or practices 

intended to improve forage utilization should be accompanied by appropriate water-management 

arrangements and monitoring of animal performance. Because milk productivity differed over 

time in the supplied analysis, monitoring should extend beyond a single measurement period. 

Similarly, because baseline body weight strongly predicted final weight, future implementation 

and evaluation should record reliable baseline measurements before introducing a new feeding 

practice. 

The respondent characteristics provide limited contextual information because only two 

participants were available. They should therefore be used only to describe the setting and not to 

generalize the findings to all cattle farmers. More importantly, the small contextual sample 

should not be combined with the experimental cattle records as though they represented the same 

unit of analysis. 
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CHAPTER FIVE: CONCLUSIONS AND RECOMMENDATIONS 

5.0 Introduction 

This chapter presents the conclusions and recommendations arising directly from the findings 

and discussion in Chapter Four. The study examined how hay compared with pasture in terms of 

cattle feed intake, water intake, weight gain and productivity, with milk production used as the 

main measure of productivity. The conclusions are therefore based on the evidence generated 

under the experimental conditions of the study and are linked to the research question, 

hypothesis and Objective Six. The recommendations are drawn from these conclusions and focus 

on practical aspects of cattle-feeding management, monitoring, and areas that require further 

investigation. 

5.1 Conclusions 

5.1.1 Conclusion on feed intake 

The study concludes that hay and pasture were associated with significantly different recorded 

feed intake. Pasture-fed cattle recorded higher feed consumption than hay-fed cattle, and the 

Mann–Whitney U test showed a statistically significant difference (U = 0.00, p < .001). 

However, because the feed-intake data were substantially non-normal and the independence of 

repeated records must be considered, the result should be interpreted as evidence of a difference 

in recorded feed consumption under the study conditions rather than as definitive proof of a 

causal individual-animal effect. 

5.1.2 Conclusion on water intake 

The study concludes that water intake differed significantly between the two feeding systems. 

Cattle fed on hay recorded higher drinking-water consumption than those fed on pasture, with 

the Mann–Whitney U test showing a statistically significant difference (U = 1024, p < .001). 

This finding suggests that the type of feeding system has practical implications for water 

provision. The unusually large parametric effect size should, however, be interpreted with 

caution, as within-group variation was very small. 

5.1.3 Conclusion on weight gain 

The study concludes that there was no statistically significant difference in weight gain between 

cattle fed hay and those fed pasture. The main Mann–Whitney U test was non-significant (U = 
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148.0, p = .443), and the supporting t-test was also non-significant. In addition, the baseline-

adjusted analysis found no significant effect of treatment on Week 4 body weight (F(1,29) = 

0.256, p = .617). Instead, Week 1 baseline body weight was a very strong predictor of Week 4 

body weight. The study therefore does not provide sufficient evidence that either feeding system 

led to greater weight gain in the short term. 

5.1.4 Conclusion on productivity 

The study concludes that milk productivity differed between the hay and pasture treatments in 

the available records. The longitudinal analysis showed significant effects of treatment, week, 

and treatment-by-week interaction (p < .001), indicating that the difference between treatments 

changed over the experimental period. Supporting independent-group analyses were also 

significant. However, the mixed-effects model produced convergence and near-singularity 

warnings, and the pasture records showed considerable variability and unequal variances. The 

study therefore supports the conclusion that recorded milk productivity differed between 

treatments, but the precise magnitude and pattern over time should be interpreted with caution. 

5.1.5 Overall conclusion in relation to the research question 

The research question asked how hay compares with pasture in terms of cattle feed intake, water 

intake, weight gain and productivity. The findings show that the effects were outcome-specific. 

Pasture was associated with higher recorded feed consumption, while hay was associated with 

higher recorded drinking-water consumption. Milk productivity also showed evidence of a 

treatment-related difference that varied over time. In contrast, there was no significant difference 

between treatments in weight gain or in baseline-adjusted Week 4 body weight. The evidence 

therefore does not support a blanket conclusion that either hay or pasture is universally superior. 

Instead, the choice of feeding system should be assessed against the specific production outcome 

being targeted  
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5.1.6 Conclusion in relation to the hypothesis 

Table 5- 1 Conclusion in relation to the hypothesis 

Outcome Finding Hypothesis decision 

Feed intake 
Significant difference; 

pasture higher (p < .001) 
Reject H₀ for feed intake 

Water intake 
Significant difference; hay 

higher (p < .001) 
Reject H₀ for water intake 

Milk productivity 

Evidence of treatment/time 

difference; model-fit caution 

required 

Evidence against H₀ for 

productivity, with caution 

Weight gain 
No significant difference (p = 

.443) 

Fail to reject H₀ for weight 

gain 

Overall, the null hypothesis cannot be rejected uniformly across all four outcomes because the 

results were not consistent across all indicators. The null hypothesis is rejected for feed intake 

and water intake and there is evidence of a productivity difference, subject to the mixed-model 

limitation, whereas it is not rejected for weight gain. The most appropriate overall conclusion is 

therefore that hay and pasture produced outcome-specific differences rather than a uniform effect 

across all measured outcomes. 

5.2 Practical Implications, Advantages and Limitations of the Findings 

5.2.1 Practical implications and advantages 

The findings provide cattle farmers and livestock extension personnel with evidence that 

feeding-system decisions should consider several indicators simultaneously rather than relying 

on weight gain or milk production alone. 

The higher recorded water consumption under hay feeding highlights the importance of ensuring 

reliable access to adequate clean drinking water when conserved forage is used. 

The difference in recorded feed consumption provides a basis for monitoring forage utilization 

and evaluating whether a feeding system is meeting the intended intake requirements under local 

management conditions. 
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The productivity finding indicates the value of monitoring milk output over time because 

treatment-related differences may change during the feeding period. 

The absence of a significant weight-gain difference cautions against assuming that a feeding 

system that improves one production indicator will necessarily improve body-weight gain. 

5.2.2 Limitations affecting application of the findings 

The respondent-context information was based on only two participants and is descriptive rather 

than representative of the wider cattle-farming population. 

The quasi-experimental design does not provide the same level of control over pre-existing 

differences as a fully randomized experiment; animal characteristics, management and forage 

conditions may therefore contribute to observed differences. 

Feed-intake data did not follow a distribution and the repeated nature of the records means we 

must be careful when counting how many independent observations are really present. 

The large effect size for water intake should not be taken at face value. It needs to be considered 

alongside the variability within groups and the way measurements were recorded over time. 

The mixed model used for milk production showed convergence issues and near-singularity 

warnings. This suggests that the longitudinal estimates from this model are not fully reliable and 

need refinement and validation before being trusted. 

Weight gain also did not follow a pattern. Combined with a comparison group this could make it 

harder to detect smaller treatment differences even if they exist. 

The study period and the measurements collected may not reflect longer-term trends or seasonal 

changes. These missing elements include shifts, in pasture availability and forage quality which 

could influence outcomes over time. 

5.3 Recommendations 

The following recommendations are derived directly from the study findings. They are intended 

to support practical cattle-feeding decisions and to strengthen the use and evaluation of feed 

technologies under conditions similar to those represented in the study. 
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Farmers and livestock extension personnel should adopt a multi-indicator approach when 

evaluating hay and pasture feeding systems, monitoring feed intake, water consumption, milk 

productivity and body-weight change together. 

Where hay or other conserved forage is used, farmers should ensure dependable access to 

adequate clean drinking water and include water availability in feed-management planning. 

Feed intake should be routinely monitored and recorded using consistent measurement 

procedures so that changes in forage consumption can be distinguished from changes caused by 

recording practices or management conditions. 

Milk production should be monitored across the feeding period rather than assessed from a single 

observation, because the present findings indicate that treatment-related differences may change 

over time. 

Farmers and extension personnel should record reliable baseline body weights before introducing 

a new feeding practice and continue periodic weighing, because baseline weight was a strong 

predictor of subsequent body weight in this study. 

Extension services should emphasize that no single feeding system should be assumed to 

improve every production outcome. Recommendations should instead be matched to the specific 

objective, such as maintaining feed intake, managing water requirements or improving milk 

productivity. 

Before scaling up a feeding technology or management practice, farmers and extension 

personnel should evaluate forage quality, moisture content, availability and management 

conditions because these factors may influence the response to hay and pasture. 

Institutions supporting cattle production should encourage standardized record keeping for feed 

offered, feed consumed, water consumed, milk yield and body weight to improve the quality of 

farm-level decision making and future research. 

5.4 Recommendations for Further Study 

A larger, fully randomized or well-controlled longitudinal study should be conducted to confirm 

the effects of hay and pasture while controlling for animal characteristics, baseline 

measurements, forage quality and management conditions. 
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Future studies must re‑estimate the milk‑production mixed‑effects model with a random‑effects 

structure and confirmed repeated‑measures data so that treatment, time and treatment‑by‑time 

effects are estimated more reliably. 

Longer‑duration studies that cover seasons should be carried out to find out whether the 

feeding‑system effects seen before stay the same when pasture availability, forage quality and 

climate conditions change. 

Future research should measure the water intake, including water that comes from fresh forage, 

when possible, instead of depending only on drinking‑water measurements. 

Further studies should look at feed quality and nutrient composition with intake so that 

differences in consumption can be understood in relation to the nutritional value of the forage. 

Studies that use numbers of cattle should be done to increase statistical power and detect smaller 

differences in weight gain and other production results. 

Future work should examine feed efficiency and the economic effects of hay and pasture feeding 

including how feed consumption, water use, milk production and changes, in body weigh were 

connected. 
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APPENDICES 

Appendix 1: Questionnaire 

Section A: Respondent Profile (Demographics) 

1. Age (years) 

 ☐ Under 25 ☐ 25-34 ☐ 35-44 ☐ 45-54 ☐ 55-64 ☐ 65+ 

2. Gender 

 ☐ Male ☐ Fe male ☐ Prefer not to say ☐ Other 

3. Highest level of education 

 ☐ No formal education ☐ Primary ☐ Secondary ☐ Diploma/Certificate ☐ 

Bachelor’s degree or higher 

4. Location 

 Country/Region: ___________________________ 

 ☐ Rural ☐ Peri-urban ☐ Urban 

5. Main livestock type(s) (select all that apply) 

 ☐ Cattle (dairy/beef) ☐ Goats/Sheep ☐ Poultry ☐ Pigs ☐ Other: ___________ 

6. Number of livestock owned 

 ☐ <10 ☐ 10-49 ☐ 50-99 ☐ 100-499 ☐ 500+ 

7. Farm experience (years in livestock farming) 

 ☐ <5 ☐ 5-10 ☐ 11-20 ☐ >20 

8. Please share your monthly income from livestock using either your local currency or US 

dollars. This average monthly income from livestock is important, for our records. 

 

 

Section B: Mobile Phone and Technology Access 

9. Do you own a mobile phone? 

 ☐ Yes (smartphone) ☐ Yes (basic/feature phone) ☐ No 
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10. Do you have access to the internet on your phone? 

 ☐ Yes, regularly ☐ Yes, occasionally ☐ No 

11. How frequently do you use mobile apps? 

 ☐ Daily ☐ Several times a week ☐ Occasionally ☐ Never 

12. Which types of mobile apps have you used? (select all that apply) 

 ☐ Weather ☐ Market prices ☐ Banking/Mobile money ☐ Agricultural advisory 

☐ social media ☐ None ☐ Other: ___________ 

 

Section C: Adoption of Livestock Feed Technologies 

13. How familiar are you with the following livestock feed technologies? (1 = Not familiar, 5 

= Very familiar) 

Technology 1 2 3 4 5 

Improved forage/pasture varieties 
     

Silage/Hay making 
     

Feed formulation & ration balancing 
     

Feed quality testing 
     

Use of crop residues/supplements 
     

Commercial concentrates 
     

14. Which of the above technologies have you adopted/used in the last 12 months? (select all 

that apply) 
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15. On a scale of 1-5, how important is proper feed management to your livestock 

productivity? 

 (1 = Not important, 5 = Extremely important) → ____ 

16. What are the main challenges you face in adopting better feed technologies? (select all 

that apply) 

 ☐ High cost ☐ Lack of knowledge/skills ☐ Limited access to inputs/seeds ☐ 

Labor shortage ☐ Poor market information ☐ Lack of extension services ☐ Other: 

___________ 

 

Section D: Relevance and Importance of a Mobile Phone App 

Imagine a phone application created especially to help with animal food technologies (like 

details about plants for animal food tools to calculate food mixes connections to buy or sell, 

videos and lessons chat with experts and more). 

 

17.How useful do you think a phone application would be, for helping you use animal food 

technologies? 

 

(1 = Not 5 = Very useful) → ____ 

 

18. Assess how important the following features of the app would be (1 = Not important, 5 = 

Very important) 
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Feature 1 2 3 4 5 

Educational videos & tutorials 
     

Feed ration calculator / formulation tool 
     

Information on improved forage varieties 
     

Market prices for feeds & inputs 
     

Weather-based feeding advice 
     

Connect with extension officers/vets 
     

Community forum / farmer experiences 
     

Feed quality testing guidance 
     

Reminders for planting/harvesting feeds 
     

19. If this application was available in your language how likely would you be to download 

and use it? (1 = Very unlikely 5 = likely) → ____ 

 

20. What would make you use the application often? (Check all that apply) 

 

☐ Free to use ☐ Available in language ☐ Offline functionality ☐ Training on how to 

use the application ☐ Testimonials, from other farmers ☐ Integration with existing 

applications ☐ Other: ___________ 

21.Perceived Ease of Use (1 = Strongly Disagree, 5 = Strongly Agree) 
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○ I would find the app easy to learn and use. → ____ 

○ The app would save me time in managing livestock feeds. → ____ 

○ I trust information provided through a mobile app. → ____ 

22.Perceived Usefulness (1 = Strongly Disagree, 5 = Strongly Agree) 

○ Using the app would improve my livestock productivity. → ____ 

○ The app would help me overcome current feed-related challenges. → ____ 

○ A mobile app is one of the best ways to get timely livestock feed information. → 

____ 

 

Section E: Open-Ended Questions 

23. What specific features would you like to see in a livestock feed technology mobile app? 

24. What barriers might prevent you from using a mobile app for livestock information? 

25. Any additional comments or suggestions? 

 

Section F: Objective Specific Questions 

26. Do you have access to information on modern feed technologies (e.g., silage, hydroponic 

fodder, precision feeding)? 

○    ☐ Yes 

○    ☐ No 

27. How do you usually receive agricultural information? 

○    ☐ Extension services 

○    ☐ Farmer groups/cooperatives 

○    ☐ Radio/TV 

○    ☐ Internet/social media 

○    ☐ Other 

28. Do you have access to financial support for farm investments 

29. Do you have adequate storage facilities for silage or improved forages? 
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30. Do you receive regular support from extension officers. 

Section G: GPS Coordinates 

Latitude: 

Longitude: 

 

Appendix 1: Images 
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Image 1: Weighing hay to determine the daily feed ration 

The photograph shows the researcher weighing a bundle of hay using a hanging weighing scale 

before feeding the cattle. The hay is placed in a container suspended from the scale, while 

additional hay can be seen in the feeding area. The weighing procedure was carried out during 

the study to determine and standardize the quantity of hay provided to the cattle each day. 

 

Image 2; Measuring the initial body weight of cattle using heart-girth measurement 

The photograph shows the researcher measuring the heart girth of a cow using a measuring tape 

while the animal is restrained in a cattle-handling facility. The tape is positioned around the 

animal's chest, behind the forelegs. The heart-girth measurement was taken to estimate the 

animal's initial body weight, which provided the baseline measurement used to assess subsequent 

changes in body weight during the feeding trial. 

 

 

 


