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Abstract 

A survey study was conducted to assess the influence of altitude and socioeconomic characteristics of smallholder dairy farmers 

in adaptation to feeding practices (FPs) and their ultimate effect on the nutrition of dairy cattle and milk production. One hundred 

and twenty dairy farmers from highland (60) and lowland (60) zones of Hai district, Tanzania were interviewed. Feed samples 

were collected for evaluation of proximate and Van Soest composition, in vitro dry matter (INVDMD) and organic matter 

(INVOMD) digestibility for three FPs, namely zero grazing (FP1), grazing with supplementation (FP2) and extensive grazing 

(FP3). Data on milk yield was obtained from the farmer record books and database of African Asian Dairy Genetic Gain 

program. Most respondents from both highland (88%) and lowland (53%) zones were practicing zero grazing (FP1) than grazing 

plus supplementation. High level of education, farming experience of >10 years, and dairying plus other sources of livelihood 

showed positive likelihood of influencing adaptation of zero grazing practice (FP1). Forage diets offered to cows under FP1 had 

lower mean values of crude protein (6.9%, CP) and metabolisable energy (5.01 MJ ME/kgDM) compared to other practices. 

Concentrate diets used in FP1 practice had higher CP (13.7%) compared to those in FP2 (10.9%). There was higher average milk 

yield from cows under FP1 in the highland (11.6 kg) compared to their counterparts. Cows under FP1 on the lowland had similar 

(P>0.05) average milk yield (8.7 kg) to those under FP2 in the highland zone (9.47 kg). Cows under FP3 in the lowland 

produced the lowest (P<0.05) milk yield of 4.61 kg. The study concluded that differences in socioeconomic characteristics of 

farmers and altitude zones have influence on the adaptation and domination of a specific feeding practice, which ultimately 

determines the level of performance of the dairy cattle. It is recommended that more studies are required to assess the influence of 

feeding and other management practices of dairy cows on the environmental effects. 
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1. Introduction 

In Sub-Saharan African (SSA) countries the demand of 

milk is projected to increase considerably during the next few 

decades due to population growth and rising of income. In 

Tanzania for instance, consumption of milk and milk products 

was projected in the Livestock Master Plan (TLMP) 2017/18 

– 2021/22 to increase by 77 percent from 45 litres per capita 

[1]. Inconsistently, the gap is expected to continue increasing 

because production is constrained by a number of factors 

including poor management of animals and the negative im-

pact of climate [2]. In fact, Tanzania is lagging behind in East 

Africa with respect to dairy production and thus different 

interventions need to be planned and implemented. 

Smallholder dairy farms (SDFs) are the primary source of 

milk production for human consumption [3] in many devel-

oping countries including Tanzania. Several feeding practices 

have been adapted by smallholder dairy farmers to ensure 

availability of nutrients to animals, which ultimately enhance 

milk production. These include, zero grazing/stall feeding 

with or without supplementation of concentrates, extensive 

grazing in which animals are grazing for at least 8 hours, and 

mixed grazing where by animals are grazed for some hours 

and supplemented with forage or concentrates in their shades 

[4]. The SDFs normally adapt and implement feeding practice 

of choice. There are factors which influence adaptation of a 

certain feeding practice among small smallholder dairy 

farmers including socio-economic factors such as source of 

livelihood, level of education, size of the land, and types of 

breeds [5]. These factors are important and influence decision 

making and resources allocation. For instance, before 1970s 

the adapted feeding practices of dairy animals were extensive 

grazing because there was enough land for grazing [6]. In 

recent times, adaptation of feeding practice is mainly influ-

enced by increased human population and the negative effect 

of climate. For example, farmers in urban and peri-urban 

areas have no choice other than practicing zero grazing due to 

limited sizes of land as well as the need for recycling nutrients 

in the small urban farms (gardens) using manure. Therefore, it 

is important to understand the influence of socio-economic 

characteristics of farmers on the adaptation of feeding prac-

tices when promoting dairy production. 

Quality of diet offered under different feeding practices is 

affected by types of feeds, forage species, season, and man-

agement of grazing land. It has been hypothesised that dairy 

animals in the zero grazing and grazing with supplementation 

receive more nutrients than those on extensive grazing. 

Feeding practices in SDFs have been studied extensively 

[7]. However, information linking the feeding practices, 

nutritional quality of the diets offered to cows and milk 

production is less documented. Another factor, which could 

have influence on the availability and quality of the diet for 

dairy cows under different feeding practices is altitude. The 

effect is mainly due to variation in temperature, rainfall, 

and soil fertility, ultimately affecting forage quality [8]. 

Temperature variation between altitudes e.g. high temper-

atures reduce quality of forage due to early lignification of 

plants [9]. In addition, altitude influences adaptation of 

certain feeding practice among smallholder dairy farmers 

due to land limitation in high-altitude areas of Kilimanjaro 

for instance. This situation forces them to adapt intensive 

feeding practices which accompanied with production of 

improved forages, forage conservation including hay and 

silage making as well as supplementation to improve nu-

trition of animals. From such perspectives, it is necessary 

to evaluate the nutritional quality of diets and feeding 

practices adapted by the smallhoder dairy farmers based on 

the altitude zones for making proper recommendations on 

animal management practices. Therefore, this study aimed 

to assess the influence of altitudes and socioeconomic 

characteristics of smallholder dairy farmers on the adapta-

tion of feeding practices of dairy cows and their ultimate 

effect on the performance of dairy cows. 

2. Materials and Methods 

This study was approved by the Research Ethical Com-

mittee (REC) of Sokoine University of Agriculture (Ref: 

SUA/DPRTC/R/186/25) on behalf of the Commission for 

Science and Technology of Tanzania (COSTECH). 

2.1. Description of Study Area 

The study was carried out in Hai district, Kilimanjaro re-

gion in Tanzania. The district is located between latitudes 

2°50’ - 3°29’ S and longitudes 30°30’ - 37°10’ E (Figure 1). 

Characteristically, the district is divided into two altitudinal 

zones, namely highland and lowland, respectively >1100 and 

≤1100 m above sea level (masl). The district receives bimodal 

rainfall with a long season running from March to June and a 

short rain season starting from November to December. An-

nual precipitation is between 1000 and 1500 mm in the 

highland and 500 and 900 mm in the lowland. The average 

annual temperature is 15 oC and between 26 to 31°C in the in 

the highland and lowland zones respectively. The soils of Hai 

district are clay and characteristically volcanic due to the 

influence of volcanoes of Mount Kilimanjaro, being dark 

brown to brownish-red in colour and fertile, in the highland 

zone, whereas in the lowland zone, the soils are light and less 

fertile. The geographic characteristics and climatic condition 

of Hai district, especially in the highland favours intensive 

dairy cattle production, which is among the major economic 

activities. 
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Figure 1. A map showing the highland and lowland areas of Hai district. 

2.2. Nature of the Study 

This study comprised of diagnostic and household surveys, 

direct observation, and collection of data through secondary 

sources. The study was part of Enviro-Cow project, which 

was implemented in partnership between the International 

Livestock Research Institute (ILRI), Scotland's Rural College 

(SRUC) in Scotland, UK, and Tanzania Livestock Research 

Institute (TALIRI) in four Councils of Tanzania including 

Moshi Rural, Hai district, Arusha district, and Arusha City. 

The project was funded by Bill and Melinda Gates Foundation 

(BMGF) and its overall goal was to reduce greenhouse gas 

emission and production costs in smallholder dairy cattle 

enterprises. 

2.3. Diagnostic and Household Surveys 

A diagnostic survey was performed at the initial stages of 

the study, involving seven key informants including the Hai 

district livestock officer and ward extension officers. They 

were interviewed using checklist questions to obtain general 

useful information including number of dairy cows, existing 

feeding practices, and types of feed resources used for feeding 

dairy cows. Information provided was useful in the devel-

opment of a questionnaire to be used in household interviews. 

The instrument organized an extensive list of variables, such 

as feed resources into categories. The categories involved (i) 

natural pastures including grass and legumes (mainly Des-

modium) harvested from forest, uncultivated plots, road sides 

and river sides and crop residues (maize stover, bean straw, 

rice straw); (ii) improved pastures including elephant grass 

and setaria species; (iii) banana crop residues including ba-

nana leaves and stems; (iv) desirable weeds collected from the 

field, such as Biden Pilosa, Commelina bangalenisis, Ager-

atum conyzoides, Galinsoga parviflora, and Tegetus minuta; 

(v) feed supplements procured from the farm input shops; as 

well as (vi) kitchen by-products including carrots, green 

vegetables, and banana peels. 

Multistage and purposive sampling designs were used to 

select the study area for the household survey, in which Hai 

district was selected based on higher number of dairy farm-

ers and dairy cows relative to other districts of the Northern 

milk shed [10]. Within this district, highland and lowland 

zones were used during sampling. From each zone, three 

wards were purposely selected based on existing number of 

dairy cows. Thereafter, 20 households from each ward were 

purposely selected, making a total of 120 households. The 

selected households were having at least one lactating dairy 

cow. A cross-sectional design, was employed to collect 
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information from the household heads using a structured 

questionnaire. The questionnaire was embedded into open 

data kit (ODK), a tool that is installed in android devices to 

facilitate paperless collection of information from the field 

and sent directly to the server for storage. Prior to actual data 

collection, the questionnaire was pre-tested using 20 re-

spondents from Arumeru district in Arusha region. The 

interviews were conducted in Swahili language. The infor-

mation collected was demographic characteristics of 

households, dairy cattle breeds, herd size, and composition, 

feeding practices, and feed resources. 

2.4. Direct Observations and Collection of 

Secondary Data 

Direct observations were made by the interviewers and 

targeted checking of feeding troughs, fodder sheds, grazing 

areas, and other places in the farms such as road and river 

sides and uncultivated plots to assess types of feed resources 

used in feeding dairy cows. The supplementation strategies 

between highland and lowland zone farmers were investigated 

by observing the amount of concentrates offered animals. 

Secondary data, specifically milk yield by individual cows 

was obtained from record books of farmers and the database 

belonging to the African Asian Dairy Genetic Gain (AADGG) 

program, where the data for the Enviro-Cow Project were 

stored. Rainfall and temperature levels for 12 months (June 

2023 - May 2024) were obtained from the Tanzania Meteor-

ological Agency (TMA). 

2.5. Collection and Preparation of Feed Samples 

Samples of feed resources offered to dairy cows were col-

lected from each farmstead under household surveys. Samples 

from zero grazing practice were obtained from the 

troughs/stalls comprising of mixture of different forages. 

Quartering method was used to obtain samples from the fields 

for extensive grazing and grazing with supplementation. 

Forages were cut by a sickle from different grazing sites, such 

as uncultivated plots, roadsides, riversides and reserved for-

ests. The forages were hand chopped into sizes 2-3 inches, 

using garden scissors. The samples were then thoroughly 

mixed and divided into four quarters, then two opposite 

quarters were taken as representative samples. Samples of 

concentrate were collected from households practicing con-

centrate supplementation. Similar samples from different 

households on the same feeding practice were bulked and 

sub-sampled, making a total of 42 forage and 35 concentrate 

samples for zero grazing, 23 forage, 20 concentrate samples 

for grazing with supplementation, and 15 forage samples for 

extensive grazing. Since it was rare for the animals to con-

sume one kind of forages per day, most of the collected feed 

samples contained mixtures of different forage species. All 

the samples were fresh weighed on site using a sensitive 

portable electronic weighing scale (WH A08, Mumbai, India). 

Then each sample was placed into a separate envelope, la-

beled, and dried under shade in a curing room at the National 

Artificial Insemination Centre (NAIC) in Arusha. Dried 

samples were reweighed to obtain air-dried sample weights. 

Thereafter the samples were transported to the Tanzania 

Veterinary laboratory Agency (TVLA) in Dar es Salaam for 

nutritive value evaluation. 

2.6. Laboratory Analyses of Feed Samples 

The feed samples were analysed at TVLA laboratory for 

chemical composition, which included Dry matter (DM), 

crude, protein (CP), crude fat (CF), ash, neutral detergent 

fiber (NDF) and acid detergent fiber (ADF), using the 

Near-Infrared Reflectance Spectrophotometer (NIRS) tech-

nology. Some samples were evaluated for the in vitro dry 

matter digestibility (IVDMD) and in vitro organic matter 

digestibility (INVOMD) following the procedure of [11] at 

the Nutrition Laboratory of Sokoine University of Agriculture 

(SUA), Morogoro. The matabolisable energy (ME MJ/kgDM) 

of feeds was estimated using mathematical equations for 

ruminants developed by [12] for both forage and concentrate. 

2.7. Statistical Analysis 

Household data were transferred from ODK to Excel sheet 

for encoding and cleaning. The data were analysed using 

descriptive statistics, binary regression for the influence of 

socio-economic characteristics on adaptation of feeding 

practices by IBM SPSS version 27 of 2023. In addition, 

Pearson Chi-square was employed to explain possible statis-

tical differences between variables and were determined sig-

nificant at (P<0.05). The procedure of General Linear Model 

(GLM) was used for statistical analysis of the effect of feeding 

practices, altitude zone, and their interaction on nutritive 

value of feed stuffs offered to dairy cows and milk yield. The 

model used type III sum of squares which allow adjustment 

for unbalanced data to ensure fair comparison among groups. 

Turkey’s pairwise comparison was used to assess mean dif-

ference between feeding practices, zones and their interaction 

effects, whereby the difference was considered significant at 

P<0.05. 

3. Results 

3.1. Socioeconomic Characteristics of the 

Respondents 

The results of socioeconomic characteristics of the re-

spondents from the highland and lowland zones are presented 

in Table 1. There was higher number (P<0.05) of respondents 

with no formal education in the lowland zone compared with 

those in highland zone. The respondents dwelling in the 

highland zone showed to have smaller (P<0.05) land sizes 
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compared to those in the lowland zone. There were highly 

significant differences in farming experiences with majority 

of respondents in the lowland zone having lesser (P<0.05) 

years (1-10) of experience in dairying than those from the 

highland zone. Large number of respondents (90%) in the 

lowland zone relied mainly on the mixed farming as source of 

living, while those in the highland zone apart of mixed 

farming, had other sources of living, such as business, and 

paid labour. 

Table 1. Socioeconomic characteristics of the respondents (n=120) as influenced by altitude zones. 

Variable Category 

Highland Lowland 

χ2 P-value  

N percent N percent 

Household 

head sex 

Female 17 28.3 12 20 
1.137 0.290 

Male 43 71.7 48 80 

Education 

level 

No formal school 1 1.7.7 14 23.3 12.876 0.000 

Primary 27 45 22 36.7 0.862 0.353 

Secondary 22 36.7 16 26.7 1.386 0.239 

Tertiary 10 16.7 8 13.3 0.261 0.609 

Size of land 
less than one (<1) acre 51 85 33 55 12.857 0.001 

one to five (1 - 5) acre 9 15 27 45   

Farming 

-experience 

1-10 yrs 22 36.7 38 63.3 16.296 0.000 

11-20 yrs 15 25 11 18.3 0.786 0.375 

21-30 yrs 9 15 3 5 5.17 0.023 

31-40 yrs 12 20 8 13.3 10.439 0.375 

41-50 yrs  2 0.3 0 0 1.008 0.315 

Source of live-

lihood 

Dairying  43 71.7 54 90 

6.508 0.011 
Dairying +others 17 28.3 6 10 

 

3.2. Types of Cattle Breeds and Herd Structure 

Kept by the Respondents 

The responses on the types of breeds kept, herd size and 

composition of the dairy cows kept by the respondents in the 

highland and lowland zones are presented in Table 2. The 

types of breeds of dairy cattle and the composition of the 

herds kept by respondents in the highland and those in the 

lowlands were similar (P>0.05). Respondents in the highland 

zone had larger (P<0.05) herd sizes of dairy cattle compared 

with those in the lowland zones. 

Table 2. Responses (n=120) on the types of breeds, herd size and composition as influenced by zones. 

Variable Category 

Highland Lowland 

χ2 P-value  

N percent N percent 

Breed types Local breeds 0 0 3 5 3.185 0.364 

 

Friesian crosses 53 88.3 54 90 0.086 0.769 

Ayrshire crosses 15 25 19 31.7 1.459 0.482 

Jersey crosses 5 8.3 7 11.7 0.37 0.054 
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Variable Category 

Highland Lowland 

χ2 P-value  

N percent N percent 

Herd size 

<5 28 46.7 41 68.3 0.711 0.399 

06 -10 17 28.3 13 21.7 1.154 0.283 

11- 15 10 16.7 6 10 4.138 0.042 

16 - 20 4 6.7 0 0 1.008 0.315 

<20 1 1.7 0 0 - - 

Herd composition 

Lactating dairy cows 60 100 60 100 - - 

Heifers 30 50 23 38.3 1.656 0.198 

Bulls 5 8.3 9 15 1.294 0.255 

Yearling 24 40 14 23.3 3.851 0.050 

Calves 50 83.3 48 80 0.223 0.769 

 

3.3. Responses on the Distribution of Feeding 

Practices Across Zones 

 
Figure 2. Responses on the feeding practices adapted by respond-

ents in different zones of Hai district. 

Figure 2 presents the responses on the distribution of 

feeding practices across the zones. Three feeding practices, 

zero grazing (FP1), grazing with supplementation (FP2) and 

extensive grazing (FP3) were identified in the study area. 

These feeding practices were distributed differently across 

altitude zones with large (P<0.05) percent of respondents 

(88%) in the highland showed to practise FP1 compared to 

FP2. In the lowland zone, a larger (P<0.05) number of re-

spondents (53%) were practising FP1, followed by FP3 (31%) 

with small number (16%) exhibiting FP2. Generally, re-

spondents from both zones adapted FP1 compared to other 

feeding practices. 

3.4. The Influence of Socioeconomic 

Characteristics on the Adaptation of 

Feeding Practices 

Table 3 highlights the influence of socioeconomic charac-

teristics on the adaptation of a certain feeding practice by the 

dairy producers. The female headed households had higher 

(P<0.05) likelihood of adapting FP2 practice compared to 

male headed households. As education level of respondent 

increases, the likelihood of adapting practices of FP1 and FP2 

increases (P<0.05) compared with respondents with no formal 

education. Respondents with large land sizes ranging from 

1-5 acres showed lesser (P<0.05) possibility of adapting FP1 

practice and were likely (P<0.05) to adapt FP3 compared to 

those owned small land of less than one acre. Furthermore, the 

respondents with high experience in dairying of more than ten 

years showed likelihood (P<0.05) of adapting FP1 practice, 

followed by FP2 compared with those with less experience in 

dairying. The respondents depended on mixed farming plus 

other sources of income had higher (P<0.05) likelihood of 

adapting FP1 practice than other feeding practices. Results 

showed that respondents keeping Jersey and Ayrshire breeds 

had less (P<0.05) probability of adapting zero gazing and FP2 

practices compared with respondents keeping Friesian breeds. 

Moreover, respondents dwelling in highland zone had twice 

as much chance of adapting FP1 practices compared with 

those dwelling in the lowland zone. 
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Table 3. The influence of socioeconomic characteristics on adaptation of different feeding practices. 

  1FP1 FP2 FP3 

Variables  
2
Coefficient Odds Ratio Coefficient Odds Ratio Coefficient Odds Ratio 

Household head 

gender 
Male  1  1  1 

 Female -0.15 0.86 0.25* 1.28 0.05 1.05 

Education level No formal education  1  1  1 

 Primary 0.65*** 1.92 0.35** 1.42 0.10 1.10 

 Secondary 0.80*** 2.22 0.45** 1.57 0.12 1.13 

 Tertiary 1.00*** 2.72 0.60*** 1.82 0.15 1.16 

Size of land <1 acre  1  1  1 

 1-5 acres -0.20 0.82 0.10 1.10 0.45*** 1.57 

Farming Exp. 1-10 years  1  1  1 

 >10 years 0.40** 1.49 0.30** 1.35 -0.20* 0.82 

Source of liveli-

hood 
Dairying  1  1  1 

 dairying+others 0.75*** 2.12 -0.40*** 0.67 -0.30** 0.74 

Breeds Friesian  1  1  1 

 Jersey -0.55*** 0.58 -0.50** 0.61 0.10 1.11 

 Ayrshire -0.40** 0.67 0.30** 1.35 0.05 1.05 

Zone Lowland  1  1  1 

 Highland 0.70*** 2.01 -0.40*** 0.67 -0.15* 0.86 

In this and subsequent tables: 
1FP 1 = zero grazing practice, FP2= grazing with supplementation, FP3= extensive grazing 

`***` P < 0.001, `**`P < 0.01, `*`P < 0.05 

3.5. Responses on the Influence of Feeding 

Practices on the Type of Feed Resources 

Offered to Dairy Cows 

The influence of feeding practices on the type of feed 

resources offered to dairy cows are presented in Table 4. 

There were significant associations between the feeding 

practices and the type of feeds offered to the dairy cows. A 

higher (P<0.05) frequency of respondents from FP1 used 

improved pastures, banana crop residues and weeds from 

crop fields in feeding dairy animals relative to those on the 

FP3 and FP2. A higher (P<0.05) number of respondents 

from FP1 used banana crop residues in feeding dairy animals 

followed by FP2 practice. The same trend on the usage of 

banana crop residues was also revealed during the dry season 

when the availability of forages was low. The FP3 practice 

relied on natural pasture and crop residues from harvested 

plots of crops. There was higher frequency (P<0.05) of re-

spondents from FP1 supplemented dairy cows with home-

made mixtures and other supplements, such as minerals and 

brewery waste as compared to those from FP2. The use of 

single ingredient specifically maize bran as supplement to 

dairy animals was higher (P<0.05) in FP2 practice compared 

to FP1 practice. 
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Table 4. Responses (%) by respondents (n=120) on the influence of feeding practices on the types of feeds given to the dairy cows. 

Feed resource Feeding practice  

 FP1 FP 2 FP 3  

 Frequency Percent Frequency Percent Frequency Percent χ2 p-value 

Forage resources         

Natural pastures 85 100 16 100 19 100 . . 

Improved pastures 43 50.6 3 18.8 0 0 19.81 0.000 

Crop residues 76 89.4 15 93.8 19 100 2.38 0.304 

Banana residues 35 41.2 1 6.25 0 0 17.49 0.000 

Weeds  68 80 1 6.25 0 0 54.7 0.000 

MKB 12 14.1 2 12.5 1 5.3 1.11 0.573 

Dry season feeds;          

Crop residues 84 98.8 15 93.8 19 100 2.5 0.287 

Banana residues 45 52.9 4 21.1 1 6.25 16.63 0.000 

Concentrates          

Maize bran 17 20 10 57.5 10 0 34.54 0.000 

Homemade mixture 65 76.5 7 43.8 0 0 29.53 0.000 

Compound meals 15 17.65 1 6.3 0 0 5.47 0.065 

BB and pellets 18 21.2 0 0 0 0 8.72 0.013 

MKB=market and kitchen by-products, BB=brewery by-products 

3.6. Nutritive Values of the Diets Offered to 

Cows in Different Feeding Practices and 

Zones 

Table 5 presents the means of the nutrient composition and 

in vitro digestibility of the forage diets offered to dairy cows 

by the different feeding practices and zones. Forage diets used 

in FP1 had lower (P<0.05) mean CP content than those from 

FP2 and was highest (P<0.05) in FP3 practice. In addition, 

higher mean ash content was obtained in forage diets from 

FP3 practice. Forage diets used by the cows on FP1 contained 

higher (P<0.05) mean neutral detergent fiber (NDF) than 

those used in other practices, whereas the means acid deter-

gent fibre (ADF) contents were similar (P>0.05) for all the 

feeding practices. Lowest (P<0.05) mean values of the in vitro 

dry matter (INVDMD) and organic matter (INVOMD) di-

gestibility and metabolisable energy (ME) were observed on 

the forage samples collected from FP1 practice compared 

with those from the other feeding practices. Forage diets 

collected from the lowland zone contained higher (P<0.05) 

mean values of CP and ash contents and were less fibrous than 

those collected from the highland zone. The mean values of 

the in vitro digestibility and metabolisable energy contents of 

the forages were, however not different (P>0.05) between the 

two zones. There was a significant (P<0.05) interaction effect 

between feeding practices and altitude zone on CP and ME. 

Forage diets in highland zone had lower CP and ME in all 

feeding practices than those in the lowland zone. 
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Table 5. Lsmeans ± SEM of the influence of feeding practices and altitude zones on the nutritive values of forage diets offered to dairy cows in 

Hai district. 

 Feeding practices    Altitude zones   FP*Zone 

Variable (%) FP1 FP2 FP3 SE P-value Highland Lowland SE P-value P-value 

n 42 23 15   40 40    

DM 49.54 47.14 40.01 6.36 0.52 46.14 47.11 5.53 0.91 0.68 

CP 6.90c 8.58ab 10.15a 0.72 0.001 6.58b 9.21a 0.45 0.0003 0.001 

C. Fat 1.49 1.12 1.38 0.10 0.049 1.45 1.46 0.05 0.849 0.049 

Ash 6.32b 7.06a 7.39a 0.23 0.020 6.15 7.26 0.35 0.032 0.020 

NDF 57.60a 52.54c 54.81b 1.08 0.010 58.37 53.86 0.89 0.013 0.010 

ADF 34.64 32.68 32.95 0.93 0.061 35.16 32.48 0.77 0.058 0.061 

IVDMD 40.1b 47.33ab 53.17a 3.416 0.048 44.99 48.68 2.87 0.404 0.048 

INVOMD 32.32b 46.1a 47.11a 5.824 0.019 41.75 41.28 3.26 0.924 0.019 

ME MJ/kgDM 5.01a 7.38a 7.54b 0.93 0.019 6.68 6.6 0.52 0.924 0.019 

In this and subsequent tables: 

a-c Means with different superscript letters within a row differ significantly (p<0.05). SEM= standard error of the mean 

CP=crude protein, C. Fat=crude fat, NDF=neutral detergent fiber, ADF=acid detergent fiber, IVOMD=invitro dry matter digestibility, 

INVOMD=invitro organic matter digestibility, ME=matabolisable energy. 

Table 6 presents the nutritive values of concentrate diets 

offered to dairy cows for the different feeding practices and 

zones. The concentrates mixtures used by cows from FP1 

had higher (P<0.05) mean values of CP and ash contents 

compared to those offered to cows on FP2 practice. However, 

there were no significant differences on the mean values of 

in INDMD and ME contents of the concentrates offered to 

cows in the two feeding practices. The mean values of CP 

contents of the concentrate mixtures were not different 

(P>0.05) between the highland and lowland zones. The mean 

values of the crude fat, NDF and ADF contents were higher 

(P<0.05) in the concentrate mixtures collected from the low-

land zone than those from the highland zone. The mean val-

ues of the INVDMD, INVOMD and ME contents of the 

concentrate mixtures from the highland and lowland zones 

were similar (P>0.05). A significant interaction effects be-

tween feeding practices and altitude zones were observed for 

CP and Ash contents of the concentrates. The concentrate 

diets in the highland zone had higher (P>0.05) means of CP 

and Ash contents in all feeding practices than those in the 

lowland zones. 

Table 6. Lsmeans ± SEM of the influence of feeding practices and altitude zones on the nutritional values of concentrate diets offered to dairy 

cows. 

 Feeding practices   Altitude zones   FP*Zone 

Variable (%) FP1 FP2 SE P-value Highland Lowland SE P-value P-value 

n 35 20   30 25    

DM 88.86 90.76 0.27 0.052 88.86 89.3 0.19 0.94 0.081 

CP 13.68a 10.90b 0.92 0.003 14.41 13.80 0.22 0.067 0.003 

C. Fat 7.35 9.20 0.64 0.040 6.23b 9.02a 0.49 0.001 0.040 

Ash 7.99 5.80 0.55 0.010 8.21a 7.38b 0.42 0.026 0.010 

NDF 28.98 26.90 0.96 0.202 28.33b 32.31a 0.72 0.004 0.202 
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 Feeding practices   Altitude zones   FP*Zone 

Variable (%) FP1 FP2 SE P-value Highland Lowland SE P-value P-value 

ADF 11.90b 14.97a 0.89 0.030 14.08b 17.74a 0.85 0.007 0.030 

INVDMD 81.69 83.11 4.05 0.06 85.83 78.73 3.55 0.203 0.060 

INVOMD 80.45 83.47 3.65 0.68 85.78 77.58 4.4 0.242 0.680 

ME MJ/kgDM 12.1 12.5 0.545 0.68 12.87 11.63 0.65 0.242 0.680 

 

3.7. The Influences of Feeding Practices and 

Zones on the Average Milk Yield 

Cows under FP1 from the highland zone produced the 

highest (P<0.05) average milk yield of 11.6 kg (Figure 3), 

whereas their counterparts from the lowland had similar 

(P>0.05) average milk yield to those under FP2 in the 

highland zone (8.7 kg and 9.47 kg). Cows under FP3 in the 

lowland produced the lowest (P<0.05) milk yield of 4.61 

kg. However, the FP3 system was not practiced in the 

highland zone. 

 
Figure 3. Trends of average milk yield (kg/cow/d) as influenced by the feeding practices and altitudes in the study area. 

4. Discussion 

It is affirmed in this study that the majority of livestock 

keepers have the basic primary and secondary education, a 

normal undertaking in many animal farming communities as 

also reported by [13]. However, the observed higher per-

centage of respondents with no formal education in the low-

land relative to highland zone could be due to the fact that 

farmers in this zone, were still transforming slowly from 

traditional to modern livestock keeping, which denied their 

access to school. In addition, small land sizes (less than 

one-acre) was a common feature of SDFs in this study sites 

due to population pressure. In the area land is normally di-

vided between sons in the family, in agreement with report of 

[14]. In the highland zone the problem of less land size is 

more pronounced due geographical features such as hills and 

valleys which limit expansion of the plots. Small land size in 

the highland zone of this district relative to other highlands 

was also reported by [15]. 

The present study established clearly that adaptation of zero 

grazing (FP1) for both highland and lowland zone could be 

due to small sizes of land caused by population growth. 
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Farmers in the lowland are less experienced in dairying due to 

previous existence of traditional livestock keeping including 

the Maasai pastoralists. On the contrary, the larger number of 

more experienced farmers in the highland could be a result of 

favourable dairying environment, including cool temperatures 

as reported elsewhere [16]. There is a historical evidence of 

dairy cattle farming in the highland zone of Hai district that 

started in the 1970’s as stipulated by [17]. 

The zero grazing practice is termed as the modern way of 

keeping dairy cows and farmers are adapting the practice as 

means of increasing dairy production in the study area. The 

adaptation of feeding practices was found to be strongly in-

fluenced by the socioeconomic characteristics of farmers due 

to their different perception in making decision. The increased 

adaptation of FP1 feeding practices for male headed house-

holds could be due to their decision making power over re-

sources needed to adapt this practice, the fact supported by 

[18]. The increased adaptation of FP1 practice with other 

socioeconomic characteristics, such as high level of education, 

longer farming experience and mixed farming could be due to 

exposure and access to technologies, training and extension 

services [19]. The FP3 was practiced more in lowland as 

farmers in this area had larger size of land than those in 

highland zone. Higher number of farmers owned crosses of 

Friesian breeds adapted FP1 practice than those with other 

breeds because the breed is known to be high milk producer 

but less resilient to hash environment. Friesian breed is prone 

to diseases, hence needs proper management specifically 

better feeding [20] which is achieved well under FP1 practice. 

In this study, natural pastures were the main feed resources 

across all feeding practices. The observed higher use of im-

proved pastures, banana crop residues and weeds from crop 

fields by farmers under FP1 than other feeding practices could 

be linked with the limited availability of feed resources due to 

limitation of land size. Therefore, farmers used all the avail-

able resources in their environment to ensure the animals are 

properly fed. These feed resources were supplemented by 

high-quality concentrates, such as homemade mixtures, 

compound dairy meal and brewery waste (Table 4). 

The feeding practices and altitudes were found to have in-

fluence on the nutritive values of the feed sources offered, 

whereby the observed lower mean CP content of forage diets 

used under FP1 could be due to the type of forage mixtures 

collected for feeding the animals. The forage mixtures offered 

to cows in the highland zone during the study were dominated 

by crop residues and banana pseudo stems. The observed 

mean CP content of forages offered to cows under FP1 prac-

tice was similar to the CP content of 6.8 percent reported by 

[21] for forages offered to cows in the Eastern Tanzania. The 

observed higher mean values of NDF and ADF contents of 

forages obtained for forages offered to cows under FP1 prac-

tice were caused by mature plants with higher fiber contents 

and low digestibility values similarly reported by [22] for the 

cut and carry systems. As pointed out by [23], the forages of 

less than 7 percent CP as observed in forages offered to cows 

under FP1 cannot support production unless supplementation 

practise is adapted. Thus, the observed higher milk yield from 

cows under FP1 in the highland zone than lowland zone was 

influenced by the strategy followed by the farmers supple-

menting high amount of high quality concentrates such as 

homemade mixtures, compound dairy meal and brewery 

byproducts. Direct observation revealed that most dairy pro-

ducers in highland zone supplemented dairy animals with 10 

liters bucket of concentrates equivalent to 4 - 6 kg. In addition, 

most farmers in this zone supplemented dairy animals with 

brewery waste in which 8 - 10 kg of wet brewery by-products 

were fed alone or in combination with at least 2 kg of con-

centrates. Their counterparts in the lowland zone were sup-

plementing dairy cows with 4 liters of concentrates equivalent 

to 1.5 - 2.3 kg. These supplementation strategies was also 

reported by [10] in the same agroecological zone. On the other 

hand, higher nutritional quality of forages obtained in the 

fields used by animals under FP3 and FP2 compared to those 

sampled from the feeding troughs for FP1 could be due to the 

effect of the above average short rains experienced in October 

and December 2023 according to the records by the Tanzania 

meteorological Agency (TMA) [24]. The rains promoted 

emergency of newly grown plants in the grazing fields, where 

samples were collected. It might be difficult for farmers to 

harvest such small plants for the FP1, hence conserved for-

ages dominated by crop residues were mainly used. The pre-

sent study emphasizes the importance of considering feeding 

practices and altitude zones in shaping the nutritional quality 

of feed resources offered to dairy animals to enhance sus-

tainable dairy production. 

5. Conclusion and Recommendation 

The study concluded that high level of education, long 

experience in dairying and small size of land owned by 

farmers trigger the adaptation of zero grazing practice (FP1) 

to promote milk yield in both highland and lowland zones. 

Furthermore, the nutritional values of the available forage 

diets in the FP1 practice for the two zones were shown to be 

lower where those of concentrates were higher compared to 

other feeding practices. These results revealed that the soci-

oeconomic characteristics of the farmers and location are 

necessary for interventions aiming at improving the perfor-

mance of dairy cattle in Tanzania. Further studies on the in-

fluence of the feeding practices and altitude zones on the 

environment are recommended.  
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