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ABSTRACT

Dairy Production provides approximately 4.5% of the Kenyan National Gross Domestic
Product (GDP), contributes to job creation along the value chain and food security in Kenya.
However, individual cow milk yield is still low under the smallholder dairy production
system which contributes 80% of milk production despite concerted efforts to improve
productivity in the last few decades. The purpose of this study was to evaluate the
productivity in smallholder dairy farms in Nyeri County with the specific objectives to assess
feed resources and feeding systems, management of young and growing stock, reproductive
and productive performance. The study sites were Mathira East and Othaya Sub Counties
where 200 farmers were purposively selected from each. A semi structured questionnaire was
administered to collect data on feed resources, feeding systems, calf feeding, age at first
service (AFS), age at first calving (AFC), calving interval (CI), milk yield (MY) and lactation
length (LL). Feed samples consisting of both forages and concentrates were collected for
quality analysis. Data was analysed using Statistical Package for Social Sciences (SPSS),
version 21.0. The calves were fed first colostrum at various times: 0-6 hours (97.7%), 6-12
hours (1.8%) and >24 hours (0.5%). The calves were bucket fed (93.0%), suckled (5.8%) and
both buckets fed and suckled (1.2%). The average amount of milk fed to calves was 5.2+1.51
litres/day. Majority of dairy farmers (59.6%) weaned their calves at 3 months. Common calf
problems were; diseases (52.4%), inadequate feed (7.8%) and poor housing (2.5%). The
dominant feeding system was stall feeding (74.2%). The common forages were Napier grass,
Bracharia grass and Maize fodder (32.6%); Napier grass, weeds and crop residues (28.6%);
Napier grass (20.3%); Napier grass, Maize fodder and legumes (Desmodium) (10.5%) and
Napier grass and sweet potato vines (8.0%). Conserved feeds were also fed as silage (20.8%),
hay (20.0%), both hay and silage (3.8%) while 55.4% of the farmers did not use conserved

feeds. The commonly fed concentrates were commercial dairy meal, homemade dairy

Xiv



concentrate, maize germ and soya meal. The amount of concentrates fed per day during early
lactation were; 2-4 kg (47.6%), 4-6 kg (22.1%) and 1-2 kg (15.3%). The mean of AFC, Cl,
MY and LL were 28.5+2.84 months, 15.245.11 months, 10.7+5.85 litres/cow/day and
10.0+£4.90 months, respectively. The main challenges in dairy cattle production were feed
shortages (30.6%), low farm gate milk prices 28.3%) and high cost of feeds (17.8%). It was

concluded that reproductive and productive performance were poor due to feed shortages.

Key Words: Dairy cattle, Milk yield, Feeding, Reproductive performance
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CHAPTER ONE: INTRODUCTION

1.1. Background

The global dairy industry is an exceptional supporter of the economies of developed and
developing countries (Herrero et al., 2013). Between the two economies, there exists many
differences in production systems and their efficiencies. Dairy production within the
developed nations is for the most part by large scale businesses characterized by high take-up
of innovation and big capital cost whereas within the developing nations it is to a great extent
by smallholder farmers with minimal management and specialized skills, constrained by little

capital and data (Muriithi et al., 2014).

This has resulted in incongruities in production levels in developing and developed
economies. Studies have reported mean production of 3,500, 7,100 and 9,000 litres/cow/year
for Argentina, Germany and USA respectively (EADDP, 2008). Others have respective
average production levels of 5,750, 3,700, 956 and 3,868 litres/cow/year are reported for
Australia, China, India and New Zealand (FAO, 2010). Within the European Union member
nations, total production of milk is controlled through quotas assigned per country and thus
production is pre-determined (FAO, 2010). Livestock production provides a major
contribution to national economies worldwide (FAO, 2018). According to FAO (2018), the
value of livestock production in 2014 in developed and developing countries accounted for

40 and 20 percent of total agricultural output respectively.

Kenya is among the biggest milk producers in Africa and highest in all the East African
nations (Muriithi et al., 2014). South Africa has the foremost effective production system in
Africa with production levels of 2,500 compared to 800 in Uganda, 1,000 in Tanzania and
1,983 litres/cowl/year in Kenya (FAO, (2010); ACET, 2015; Kageni et al., 2019). All these

1



nations have a production system comparable to the one in Kenya, which is low cost since it

is based on rain fed pasture production (GOK, 2010).

Dairy Production is a principal farming activity that provides approximately 4.5% of the
Kenya National GDP, 12% of Agricultural GDP and contributes to the livelihood of 1.5
million smallholder dairy farmers (KDB, 2016). It provides employment by creating 750,000
direct jobs and 500,000 indirect jobs in addition to supporting other service industries such as
animal feed processing, breeding and animal healthcare among others (KDB, 2016).
According to Odero-Waitituh, (2017), dairy cattle population was estimated at 4.3 million
while annual per capita dairy consumption was 80 to 100 kg (KDB, 2016) compared to less
than 30 kg in most of the countries in Central and East Africa (Kasirye, 2015). The mean
milk yield per cow according to MoLD (2010), had stagnated at only 6 kg/day for a period of

more than thirty years.

By having one of the advanced dairy sub-sectors, Kenya produces approximately 5.2 billion
litres of fresh milk per year mainly from cattle. Dairy production has proved to be a very
important means of income generation and as a source of food for an estimated 1.5 million
small scale farmer households who reportedly produce 80% of the total national milk output

(KDB, 2016).

1.2. Problem Statement
Milk Production for most parts of the country is in smallholder dairy herds (Owen et al.,
2005; Musalia et al., 2007; Lukuyu et al., 2011), characterized by low productivity resulting

in reduced profitability. In a study done in Kirinyaga county, only 25% of the dairy animals



produced more than 8 litres/day while 60% produced between 1-4 litres, and 15% produced
4-8 litres of milk per day (Njonge, 2017).

The low productivity has been attributed to feed shortage, diseases and parasites, poor dairy
farming practices, and poor access to extension and veterinary services (Ayantunde et al,
2005; Njarui et al., 2011; Onono et al, 2013). More than 70% of small-scale dairy producers
indicated t accessibility of feeds as the main constraint in dairy cattle raising (Njonge, 2017).
Although these constraints have been documented, new technologies and changing land sizes

and use in several parts of the country requires that we continuously re-evaluate them.

1.3. Justification

Dairy production is key to the Kenyan economy as it is a means of income generation and
food source for an approximated 1.5 million smallholder farmer households who contribute
about 80% of the national milk output. However, land sizes are changing; leading to
intensification thus new challenges are emerging. Data on current milk yields and constraints
to milk production should be continuously collected to identify new challenges. Higher
incomes, increased urban migration and inclinations by the working classes to consume more
foods of animal origin has increased the demand for milk and ensures a future for dairy
farming (Delgado et al., 1999; Jayne et al., 2003).

This study collected information from small scale dairy farmers in 2 sites, where
intensification has been documented. The data collected included: feed resources; feeding
systems; calf, heifer and cow management practices; and productive and reproductive

performance with a view to identifying challenges and suggest ways to optimize productivity.



1.4. Broad Objective

To evaluate productivity in smallholder dairy farms in Nyeri County.

1.5. Specific Objectives
1. To assess feed resources and feeding systems in smallholder dairy farms in Nyeri
County.
2. To evaluate management practices of young and growing stock in smallholder dairy
farms in Nyeri County.
3. To determine reproductive and productive performance of dairy cattle in smallholder

dairy farms in Nyeri County.

1.6. Research Questions
1. What are the feed resources and feeding systems in smallholder dairy farms in Nyeri
County?
2. What are different management practices of young and growing stocks in smallholder
dairy farms in Nyeri County?
3. What is the level of reproductive and productive performance in smallholder dairy

farms in Nyeri County?



CHAPTER TWO: LITERATURE REVIEW

2.1. Dairy Industry in Kenya

Kenya is one of the largest producers of dairy products in Africa and its livestock population
consists of a dairy herd of about 3.5 million exotic cattle, 14.1 million indigenous cattle,27.7
million goats and 2.97 million camels according to 2009 census (MoALF, 2013). In Kenya,
cattle account for approximately 88% of milk produced while the rest comes from camels and

goats (MoALF, 2013).

Dairy production is a principal farming activity that provides approximately 4.5% of the
Kenya National GDP, 12% of Agricultural GDP and contributes to the livelihood of 1.5
million smallholder dairy farmers (KDB, 2016). It provides employment by creating 750,000
direct jobs and 500,000 indirect jobs in addition to supporting other service industries such as
animal feed processing, breeding and animal healthcare among others (KDB, 2016).

The country has the highest per capita milk consumption in Africa (of approximately 100 kg)
compared to an average of 25 kg per capita for Sub-Saharan Africa. However, this remains
below the global annual per capita milk consumption requirement of about 220 kg per capita

(MoALF, 2013).

In Kenya, dairy farming has been categorized into smallholder and large scale with the
smallholder production contributing 80 to 90% of the whole dairy subsector (KDB, 2014,
KNBS, 2017). The milk yield per cow according to MoLD, (2010) had remained at only 6
kg/day for a period of more than thirty years whereas South African average is 19 kg/day

(KDB, 2016).



The low productivity was due to insufficient quantities and poor-quality feeds and poor
breeding services, ineffective animal husbandry, poor extension and advisory services,
ineffective disease control and veterinary services (MoALF, 2013). Limited access to product

markets also leads to low incentive to maximize dairy production (MoALF, 2013).

2.2. Smallholder Dairy Production System

The human population density and agro-ecological zones determines the dairy production
system practiced in a certain area (Staal et al., 2003). In the Kenyan highlands where
population densities are high, small scale dairy farming system is practiced where forages and
crop residues are stall fed to dairy cattle (Njarui et al., 2016). Njarui et al., (2016). Also
reported that more than three out of four family units in these areas are associated with dairy
farming and 73% practised integrated crop-dairy farming. In these high potential areas, the
dairy farming systems practiced by households include; intensive, semi-intensive and
extensive in the proportion of 44%, 33% and 23% respectively (Bebe et al., 2003).
Nevertheless, Mbugua et al., (1998) reported that where semi-intensive system is practiced,
cows are taken for grazing and zero-grazed based on the existing season in areas with

moderate population densities.

2.2.1. Intensive or Stall feeding

After independence, according to Muriuki, (2003), most of the large productive farms owned
by white pioneers were purchased and subdivided into small parcels leading to development
of smallholder dairy production. With a few acres, smallholder dairy production system is
practiced with exotic and crossbred cattle ranging from 1 to 5 in number (Muriuki, 2003).
Small scale dairy farming is mostly integrated with maize-oriented production system where

71% of the producers keep average of 1 to 3 dairy animals (Bebe et al., 2003; Mugambi et



al., 2015). Higher milk yield of 3,150 kgs/cow/lactation was reported (Mbugua et al., 1998)
compared to 1,510 kgs/cow/lactation under Semi-intensive system (Karanja, 2002). Together
with dairying, some farmers grow cash crops like tea, coffee, or pyrethrum (Bebe et al., 2003;
Mugambi et al., 2015).

According to Mugambi et al. (2015), most of dairy animals are Friesian or Ayrshire or their
crossbreeds. The utilization of the manure for food and cash crops is an essential element of
this system, leading to increased crop production on the small pieces of land (Ndambi et al.,
(2019). The benefits of integrated smallholder system include: integration as manure is
utilized on crops, cut and carry minimizes hooves compaction of the soil and conserves feed

resources (De haan et al., 1997).

Lukuyu et al., (2011), reported that feed resources in Central and Northern Rift Valley
Provinces included pastures (Kikuyu, Star, Couch and Wire grasses) and forages such as
Napier grass, Maize fodder, Fodder trees (Leucaena spp., Sesbania spp. or Calliandra spp.)
and Legume (Lucerne and Desmodium).The most frequently cultivated fodder used for dairy
cattle is Napier grass, especially in the central Kenya highlands (FAO, 2011). It is a main
forage for dairy cattle in intensive and semi intensive systems and grown by more than 70%
of small-scale dairy farmers in Kenya (Orodho 2006; Mulaa et al., 2013). Napier grass
produces enormous amounts of biomass and tolerates frequent cuttings and represents
between 40 to 80% of the fodder for small-scale dairy farms ((Nyambati et al., 2011; Staal et
al., 1998). In Kenya and Uganda, Napier grass reaches harvest at 3-4 months after planting
and continuously harvested at interval of 6-8 weeks for 3-5 years depending on management,
soil fertility and soil moisture. With good management practices, Napier grass can produce

40MT/ha/year in areas of high rainfall (1200 mm to 2400 mm of rainfall) and 1 acre of



Napier grass planted by the Tumbukiza (mico-catchments) method can produce enough feed

for 2 to 3 dairy cows per year (Kabirizi et al., 2015).

2.2.2. Semi-intensive system

Semi-intensive system of dairy production is practiced in moderate to high potential regions
with minimal use of concentrates and zero grazing (Muia et al., 2011). The characteristics of
this system are grazing during daytime and zero grazing at night, with supplementation of
animals at milking time where crossbreeds are preferred (Muia et al., 2011). The average
milk production in this system was reported to be 1,510 kgs/cow/lactation which is lower

than under the stall-feeding system (Karanja, 2002; Odero-Waitituh, 2017).

Lukuyu et al., (2011), reported feed resources in Central and Northern Rift Valley Provinces
where semi-intensive feeding is practiced included pastures (Kikuyu, Star, Couch and Wire
grasses) and forages such as Napier grass, Maize fodder, Fodder trees (Leucaena spp.,
Sesbania spp. or Calliandra spp.) and Legume (Lucerne and Desmodium). In semi intensive
system, animals are slightly confined and are able to graze freely or under paddocking and
put in fences or houses in the evening, where feed supplements are given (Thornton et al.,

2019)

2.3. Feed Resources and Feeding Systems

The main feeding regime in the smallholder dairy system is zero-grazing or semi-zero grazing
which relies upon the cut and carry method (Muia et al., 2011). Approximately 40% of
family units practicing small-scale farming feed their dairy animals on improved forages
which are supplemented with concentrates (Muia et al., 2011). Planted fodder such as Napier

grass is fed to dairy cattle together with maize stovers, weeds, grass and crop wastes (Njarui



et al., 2011) and are supplemented at times with concentrate feeds such as grain milling by-

products or mixed commercial dairy feeds (Mbugua et al., 1998; Njarui et al., 2011).

A significant part of forage in this production system was collected from community land or
bought (Njarui et al., 2011). Around 95% of dairy producers kept postharvest residues for
their animals but the conservation techniques were inconsistent with the sustainability of
quality (Njarui et al., 2011). Approximately 93% of the small-scale producers faced seasonal

variations of feed availability and hence milk yield (Njarui et al., 2011).

From the studies in Northern Rift area of Kenya, Napier grass was reported to be the
dominant forage grown by 28, 15, 18 and 24% of the farmers in Siongiroi, Metkei, Kabiyet,
and Kaptumo respectively (Lukuyu et al., 2011). Other types of feeds differed across farms
and areas based on season and farm productivity. Kashongwe et al. (2017) studied feeding
practices in Nakuru County, Kenya in peri-urban and rural small-scale dairy farms. They
reported that the peri-urban dairy farmers fed Napier grass (68.4%) along with concentrate
supplements (100%), oat forages (42.9%) and crop wastes (28.6%). Rural farmers fed their
animals on pasture (87.7%) with Napier grass (89.4%) and concentrates (93.9%) as

supplements (Kashongwe et al. 2017).

Feed quality, especially the NDF content, is an important determinant of the digestibility, the
intake and indirectly the performance of animals on the feed (McDonald et al., 2011). Napier
grass harvested during the wet season has 74.2% NDF and 72% DM digestibility (Orodho,
2006). The nutrient content of Napier grass was reported as 20% DM, 8-10% CP, 70% NDF,
and 45% ADF (Mukisira and Khasiani, 1989). Based on Singh and Oosting report (1992),

forages with NDF values of less than 45% are classified as high quality, those ranging from



45% to 65% as medium and those with more than 65% as poor quality. Thus, using the
criteria, Napier grass, whose NDF content was reported at 74.2 and 70% by Orodho, (2006)
and Mukisira and Khasiani, (1989) respectively, would be classified as poor quality feed. , As
with most grasses, the NDF and ADF for Napier grass increases with harvest interval, while

digestibility decreases (Van Soest 1994).

2.3.1. Feed Conservation

Feed conservation is practiced to some extent among smallholder dairy producers in Kenya,
yet the forage quality stays poor because of insufficient information in feed conservation
systems and access to forage storing facilities (Lukuyu et al., 2011). More than 60 % of the
dairy farmers in Nakuru County experience feed shortage in the dry season (Kashongwe et
al., 2017). However, in semi-arid area of Machakos County, Njarui et al., (2011) reported
that 97.5 % of the study group preserved feed; hay (94.9 %) and silage (5.1 %). Among the
sampled farmers, 92.9 % experienced regular feed supply throughout the year (Njarui et al.,
2011). In mid-altitude region, central highlands and north western highlands, over 90% of
farmers grow Napier grass compared with 14.5% in coastal lowlands (Njarui et al., 2016).
Despite the number of livestock farmers growing Napier grass, it was insufficient for
marketing and conservation (Musalia et al, 2016). The priority was given to crop cultivation
due to limited land and approximately 80% of the farmers in Nkondi, Igambang’ombe and
Tharaka Central divisions conserved maize stalks and other crop residues for their livestock

(Musalia et al., 2016).

2.3.2. Dairy concentrates
The concentrates are feeds used as supplements to maximize milk production and growth in

calves. They are essential in correcting some deficiencies in fodder and low feed intake
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(Kimunya, 2014). The commonly used concentrates are dairy meals (with some ingredients
such as maize germ, pollard and bran). The prices of the feed concentrates fluctuate due to

availability and transport cost (Kimunya, 2014).

According to Kimunya, (2014), a 70 Kg bag of dairy meal on average costs US$ 14.74; a 70
Kg bag of pollard US$ 12.90 whereas a 70 Kg bag of maize germ US$ 8.29. Farmers prefer
dairy meal concentrate because it contains more nutrients compared to other concentrates.
The concentrates were fed to dairy cattle depending on the amount of milk produced by each
cow. Concentrates are rich source of nutrients (energy and protein) and offer higher nutrients
than an equal weight of roughages (Lukuyu et al., 2012). Feeding one kg of concentrates was
expected to increase milk production by 1.5 kg of milk (SNV, 2017). The concentrates should
constitute 40% of the dry matter intake of the dairy cow (Biwott et al, 1998; Kimunya, 2014).
However, most farmers feed their cattle below the requirement, citing high cost of feed

concentrates (Biwott et al, 1998).

2.4. Breeds and Breeding Systems

After Kenya's independence in 1963, dairy production system quickly moved from large
scale to smallholder systems (MoALDM, 1998). The move to smallholder dairy production
was accompanied by an increase in the number of high-grade dairy cows of Friesian breed. In
a contemporary characterization investigation of small-scale dairy systems in the Kenyan
Central Highlands, Staal et al., (1998) reported proportions of 3.8% zebus, 53.6% dairy
crossbreeds and 42.6% exotic dairy breeds. The breeds on the sampled farms were Friesian
(51%), Ayrshire (23%), Guernsey (13%) and others being Jersey and native zebus. A more
recent study in the same area by Bebe et al., (2003) reported 43% of sampled dairy farmers

kept Friesian, 19% kept Ayrshire, 16% kept Guernsey and Jersey while 22% kept Bos indicus
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cows (East African Zebu, Boran, Sahiwal). Dairy producers keeping Friesians and Ayrshires
were more commercially oriented while those keeping Bos indicus, Guernsey and Jersey

breeds had a higher need for milk production for the family consumption (Bebe et al., 2003).

Artificial insemination is the predominant breeding method in dairy producing areas. In
Mirangine (Nyandarua County), 72.3% of the respondents used Al, while 27.7% used natural
mating (Gitau, 2013). According to Karanja (2002), good genetics is one way of improving
milk production. The present average cost of Al using local semen is US$ 15 whereas that of
imported semen US$ 40 (Mutavi et al 2016). According to Karanja (2002), imported semen
is estimated to have a market share of 22 %. However, Muia et al (2011) reported improved
Al usage at 44% in smallholder farms. This has also decreased genetic progress of the dairy

cattle because of inbreeding and poor coordinated breeding (Odero-Waitituh, (2017).

2.5. Management Practices
The common management practices in a dairy farm include: calf management, heifer

management and cow management.

2.5.1. Calf Management

Calf management starts with steaming up (start feeding some concentrates) of the cow about
3 weeks before the expected calving date (SNV, 2017). Additional concentrate should be fed
to the heifer in the milking parlour to accustom it if possible and allow the rumen bacteria to
get adapted to high levels of concentrate (Lukuyu et al., 2012). It gives more nutrients for the
animal and the growing foetus (Lukuyu et al., 2012). According to Lukuyu et al., (2012),

steaming up also allows the dairy animal to put on extra weight to promote optimum milk
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production as the lactation period starts. It helps the cow to make a good start of the lactation

and produce a strong calf (SNV, 2017).

The purpose of calf feeding should be to minimize the mortality rate while maintaining a
growth rate of at least 400 g/day (Lukuyu et al., 2012). According to Lukuyu et al., (2012),
calves should be fed to wean at 12 weeks (3 months) at approximately 80 kg body weight for
bigger breeds (Friesians Ayrshire).

The calf is the foundation stock of the future dairy herd which demonstrates the importance
of good calf management. Selection of replacements for culled cows can only be effective if
good replacement heifers are available in the farm stock. A good management programme
will result in improving calf mortality, age at first service, age at first calving and calving

interval (Lukuyu et al., 2012).

Good calf rearing involves ensuring adequate intake of high-quality colostrum within the first
day of life and feeding management to encourage early rumen development (Goopy and
Gakige, 2016). A calf should be fed at least 10% of their body weight of colostrum as a
common rule, in its first 24 hours of life, preferably half of this within 6-12 hours of birth
(SNV, 2017). A calf is removed from the dam as soon as possible after birth (within 15 min)
and fed colostrum via suckling, bucket or stomach tube (Goopy and Gakige, 2016). The
average expected birth weight for large dairy breeds (Friesian and Ayrshire) reported in
Kenya is 42.5 kg (Wichtel and VanLeeuwen, 2012) and weaning weight of 80 kg (Lukuyu et

al., 2012).

The dairy calves’ management before weaning over the last 30 years has concentrated on

reduced mortality, early weaning and rumen development (Soberon et al., 2012). In North
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America, dairy neonates are mainly fed milk at 8 to 10% of Body Weight (BW)/day or
comparable amounts of milk replacer (Sweeney et al., 2010).
According to Mulei et al., (1995) study at Kabete area, 46.8% of the total calf deaths took

place within the first 2 months.

Mortality statistics mainly, range from 6.5- 30.7% in pre-weaned calves (Tesfaye, 2019).
Various researchers have also examined numerous determinant factors in calf morbidity and
mortality within the country. Usually, calf hood diseases and disease associated symptoms
like calf diarrhoea and calf pneumonia were the significant causes of calf morbidity and
mortality. Furthermore, calf hood diseases, host factors or calf factors (age, sex, vigour or
dam factors (health and nutrition, parity, birth type), poor management and environmental
factors ((like calving, colostrum feeding time and amount, poor housing, herd size,
production system) were reported as the causes of calf morbidity and mortality (Tesfaye,

2019).

The goal of the calf nutrition program in dairy cattle would be to double the birth weight of
calves by weaning age through maximized milk replacer and starter intake (Soberon et al.,
2012). According to Muraya, (2019) study in Meru County, ADG of calves was 0.443+0.375
kg with a median of 0.360 kg. For calves under 15 months of age, mean ADG was
0.482+0.441 kg, whereas the heifers over 15 months had a mean ADG of 0.364 +0.151 Kg

(Muraya, 2019).

Weaning is the withdrawal of milk or milk replacer when the calf becomes completely
dependent on other feeds (Lukuyu et al., 2012). Usually, most dairy calves are weaned based

on age, 12 - 16 weeks being the most common. Early weaning is possible when more milk is
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fed and calves provided with pre-starter and starter concentrate diets early in life. To
minimize stress, weaning of calves should be done intermittently (Lukuyu et al., 2012). In a
study conducted in Meru, average pre-weaning daily weight gain of calves was 0.50+0.45
kg/day and mean body weight of 85.2+32.8 kg at weaning time (Kathambi et al., 2018). The
weaning weight in this study is similar to the 82.08+£10.25 kg reported by Soberon et al.,
(2012). Makau et al., (2018) reported a pre-weaning median and mean ADG of calves of 360
and 443 (s.d.=375) g/day, respectively. The ADG is affected by breed and historical disease
which are associated with decreased ADG in Bos taurus breeds, while ADG in Bos indicus

breeds was not affected by the disease (Makau et al., 2018).

2.5.2. Heifer Management

With proper feeding and management, heifers should achieve a growth rate of 500-700 g/day
(Lukuyu et al., 2012). This would ensure that they will come on heat at the right time, as
puberty is linked to size rather than age. Reducing the interval between weaning and first
calving maximizes the number of calving per lifetime thus more lactations and also results in
faster genetic improvement. Lukuyu et al., (2012), reported that, obtaining the first calving at
27 or less months of age is possible only if the growth rate is high. Decreasing the age at first
calving and maximizing first-lactation milk production should be the primary aim of heifer

management and feeding (Khan et al., 2011).

Available information suggests that a pre-pubertal Average Daily Gain (ADG) of around 0.80
kg/day is suitable for high genotype of dairy heifers to maximize first-lactation milk
production (Sejrsen et al., 2000; Zanton and Heinrichs, 2007). Makau et al., (2018), in their
study in Meru County in Kenya, reported mean ADG of youngstock of up to more than 15

months heifers as 0.364+ 0.151 kg per day.
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One of the main reproductive performance indicators is the dairy animal’s age at first
conception. The mean age at first service (AFS) in peri-urban areas of Eastern Kenya was
25.1 + 8.7 months, (Mungube et al., 2014). The age at first conception is largely inferred
from the age at first calving (Novakovic et al., 2011). A lower mean of age of dairy animal
at first conception as 491.19+9.36 days or 16.15+0.31 months was reported by Novakovic et
al., (2011). This may reflect a higher level of feeding of the pre-pubertal heifers in the latter
study. The recommended age at first insemination of heifers is 14 to 15 months at body

weight of more than 350 kg, and a first calving at about 24 months (Antov et al., 1998).

The Age at first calving (AFC) in Kenya Highlands was about 3 years (36 months)
(Lanyasunya et al., 1999; Bebe et al., 2003). The mean Age at First Calving (AFC) of dairy
cattle was reported as 39.42 + 0.41 months under in tropical highland environment in
Ethiopia (Wondossen et al.,2018). The target for AFC of 24 months, was believed to stand
for the ideal to optimize productivity and business returns (Wathes et al., 2014). The target is
hardly attained and average AFC stretches from 24.5 to 31 months (Brickell et al., 2009;
Froidmont et al., 2013). A published UK research demonstrated the average of dairy cattle
AFC as 29.6 months and a negative relationship between survival rate of first calving heifers
and maximizing AFC (Sherwin et al., 2016). Studies have indicated that, lower AFC was
associated with maximized survival rate of primiparous heifers (Archer et al. 2013; Sherwin
et al., 2016). Increasing age at first calving to over 24 months was significantly associated
with high risk of being culled at first parity. Study conducted by Sherwin et al., (2016),
revealed the importance of keeping AFC of 23 to 24 months as increased AFC leads to a

higher wastage of primiparous heifers with related financial losses.

16



In most of the farms, heifers are usually the most neglected group in terms of feeding,
resulting in delayed age at first calving (Lukuyu et al., 2012). Heifers can be reared on good-
quality pasture as their nutrient requirements are lower than those of a pregnant or lactating
cow (Lukuyu et al., 2012). Concentrates supplementation is recommended at 1% of
bodyweight with 12-14% CP for heifers on legume forage and 15-16% crude protein on
grass forage (Lukuyu et al., 2012). Makau et al., (2018) similarly recommended
supplementation with hay and/or concentrates to provide additional protein and energy for
optimum growth in calves and heifers. If nutritional management of Bos Taurus heifers
cannot be improved, then, it was suggested that crosses with Bos indicus may be more
appropriate for the current nutritional management systems in Smallholder Dairy Farm in

Meru (Makau et al., 2018).

2.6. Dairy Cow Management

The aim of feeding is to maximize milk yield by meeting the lactating cow’s nutrient
requirements (Lukuyu et al., 2012). The nutrient requirements are largely dependent on the
quantity of milk produced, which varies with the stage of lactation. Other factors influencing
nutrient requirements are pregnancy and maintenance. The amount required for maintenance
is majorly influenced by the cow’s body weight, environmental temperature and activity
(Lukuyu et al., 2012) while effect of pregnancy is particularly critical in the last three months

of gestation when foetal nutrients demand is high (SNV, 2017)

Mugambi et al., (2015), the cattle were underfed daily with roughages (52.2 Kg),

concentrates (2.2 Kg) and mineral supplements (37 g); giving 15 Kg/day of milk on average.

In Kenya (Embu and Meru counties), major factors affecting milk yield were the amounts of
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roughages, concentrates and mineral supplements, while the prices of roughages and labour
led to variation in production cost (Mugambi et al., 2015).

This little efficiency is credited to inferior feeding, poor cattle management, the high expense
of dairy farming and intensity of dairy and crop production (Mawa et al., 2014). Ochieng et
al., (2016), likewise recorded little profitability and increased expenses of farming are
significant difficulties influencing dairy business. Through the expected increment of about
3-4% each year over milk utilization because of urbanization, increment in populace and
ascend in salary, presence of demand in raising dairy profitability in Kenya (Wambugu et al.,

2011).

The milk yield could be expanded by 31.3% through the appropriate use of the accessible
assets, for example, forages and concentrates, whereas the expense of milk production may
be reduced about 8.7% by not influencing the yield (Maina et al., 2018). This was inferred
that, via effective utilization of the accessible sources of raw materials, similar to the forages
and current innovation, financial effectiveness could be greatly expanded (Maina et al.,

2018).

2.7. Reproductive Performance

The reproductive performance indices for dairy cattle includes; Number of Services per
Conception (NSC) and Calving Interval (Cl). The aim of a reproductive management practice
is to ensure that cows conceive within a given time frame for effective production and
maximization of profitability (Gitonga, 2010). The reproductive indices provide indications
of existing reproductive shortfalls and enable the solutions to be sought before they adversely
affect the dairy farms (Radostits et al., 2001). These factors affect life time milk production,

the number of calves born and general herd size. Reproductive performance in smallholder
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dairy farms in Kenya has been described as poor (Biwott et al., 1998; Bebe et al 2000; Owen
et al 2005; Gitonga, 2010), characterized by long calving intervals. For example, Bebe et al.,
(2003) reported a calving interval of about 633 days. The poor reproductive performance in
smallholder systems is attributed to inadequate and poor-quality feed, prolonged anoestrus
periods, poor oestrus detection skills, lack of proper breeding records and poor breeding
techniques (Biwott et al., 1998; Bebe et al 2000; Owen et al 2005). These poor reproduction
indices, together with high young stock mortality rates, have resulted in farmers not able to
produce adequate replacement heifers. In order to solve these reproductive challenges
affecting farmers, effective input services are required. Intervention from the government is
required to provide services and subsidies to strengthen the farmers’ cooperative societies and
helps in achieving these reproductive goals (Bebe et al 2003). Romney et al (2000) revealed
that farmers were willing to purchase supplemental feeds in the Kenyan highlands, when

given access to credit facilities.

2.7.1. Number of Services per Conception (NSC)

Number of Service per Conception (NSC) is one of parameters for estimating dairy animal’s
reproductive performance which essentially relies upon the breeding system and is greater in
free natural breeding and reduced in places where artificial insemination or synchronised
breeding is utilized (Melaku et al., 2011). Number of services or inseminations per
conception is defined as the number of times a cow is served to attain a successful conception
(Radostits et al., 2001). Tesfaye et al., (2015) reported that, one service per conception is not
usually obtained as there are many behavioural and physiological factors that affect it. These
factors involve; inaccurate heat detection, inappropriate insemination timing and poor
insemination techniques. Others such as climatic conditions, reproductive diseases and

inadequate nutrition postpartum have also been linked to increase in the number of NSC
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(Noakes et al., 2001; McDougall, 2006). Radostits et al., (2001), in their study reported that,
to achieve 12 months calving interval, the NSC should be 2.0. The study carried out in
Kiambu and Nakuru districts in Kenya reported average number of services before
conception as 2.0 (Gitonga, 2010). Wondossen et al., (2018) also reported a mean of 1.98 +

0.05 Services per Conception in Ethiopia.

2.7.2. Calving Interval (CI)

The calving interval is an entire measure of the dairy cow reproductive performance as it
involves heat detection, service per conception (SPC) and abortions. Calving interval is
defined as the period from one calving to another and composed of the calving to conception
interval (CCI) and the gestation period (Radostits et al., 2001). The ideal calving interval has
been stated as 365 days (Rukundo, 2018). Reproductive performance in smallholder dairy

farms in Kenya has been reported as poor (Bebe et al 2003; Owen et al 2005).

The longer the calving interval is, the lower the milk production in the life time of the cow
(SNV, 2017). To shorten the calving interval the cow should come on heat within 40 days
after calving which would require good management practices such as provision of proper
feeding, housing and health care to the cows and ensure that the cows are in good body
condition. To obtain CI of 365 days, the cow should be inseminated or served within 60 to 80

days after calving (SNV, 2017).

The study conducted by Bebe et al., (2003), revealed prolonged calving intervals of about
633 days. Earlier studies in Kenyan smallholder dairy enterprises revealed the mean calving
interval to be 665 days (Odima, 1994; Peeler and Omorel1997; Biwott et al., 1998; Bebe et

al., 2000; Owen et al., 2005; Gitonga, 2010). For medium and large-scale dairy farmers, a
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shorter calving interval of 400 days has been reported which could be attributed to improved
levels of management and especially the levels of feeding (Biwott et al., 1998; Ojango and

Pollot, 2004).

However, the study conducted in Kenya by Mungube et al., (2014) revealed calving intervals
(Cl) as 13.6 = 2.9 in per-urban areas of Eastern Kenya. Poor detection of heat lowers
conception rates because of wrong insemination timing which leads into conception failure.
These results to long calving intervals (CI) with negative impacts on the productive and
reproductive performance of dairy cattle (Mungube et al., 2014). The prolonged CI in cows is
associated with inadequate feeding, poor heat detection, herd health, the unreliability of Al
and /or bull services and the absence of dairy farm records for accurate decision making

(Moges 2012; Duguma et al 2012; Mungube et al., 2014).

Wondossen et al., (2018), reported an average calving interval of 469.2 + 7.9 days
(15.64+0.26 months) for dairy cattle in Ethiopia. Longer calving interval and days open was
registered at the primary parity and the shortest was during the third parity (Wondossen et al.,
(2018). In general, in this study the reproductive performance of Holstein Friesian cows was
poor probably due to the fact that these large dairy animals are poorly adapted to tropical
environmental and management conditions. This needs a plan for technical and institutional
involvement to promote the efficiency of reproductive performances through efficient heat
detection, timely insemination, adequate feeding for growing heifers, and good management
of postpartum reproductive problems.Interventions to improve reproductive performance
would maximize the replacement rate of the herd and enhance selection among the existing
small herd supporting local Al bull provision for crossbreeding program (Wondossen et al.,

(2018).
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2.8. Productive Performance

The factors that influence milk production include: feeding, physical environment and animal
factors (genetics, stage of lactation, parity, length of dry period among others). King et al.
(2006) reported average milk yield in smallholder dairy farms in Kenya as 1525 kg/cow/year.
Wanjala and Njehia, (2014), reported similarly low average milk vyields of 1168
litres/cow/year in Western Kenya smallholder farms. Mugambi et al (2015) on the other hand
reported milk yields of up to 4575kg/cow/year in high potential areas of Kenya depending on
the level of intensification and agro ecological zones. As compared to the world’s best milk
production of 10133, 10035, 9816 and 9314 litres/cow/year, in Saudi Arabia, Israel, Republic
of Korea and United States of America respectively (FAOSTAT, 2012) these yields are very

low.

Muia et al., (2011) suggested the variation in production was a result of differences in
availability of animal feeds, variation in livestock genotypes and farming system that was
enhanced by agro-ecological zones. Producing and storing cattle feeds of good nutritional
value, like leguminous plants of the genus Calliandra or Sesbania, is a good alternative to
improving milk production with less need for purchased feeds, nevertheless, there is limited
information pertaining to this option for improving productivity of dairy cattle (Richards,
2017). However, it is generally accepted that the genetic capacity of Kenyan dairy animals is
much higher than the current milk yields and that there is room for improvement with proper

management and better feeding systems (USAID/GoK, 2009).

The mean of 305-day milk production was 5807.83+78.27 kg by Friesians in Tunisia with
the least yield about 2271 and highest yield of 7013 kg. The approximated mean lactation

length was reported to be 309.60+7.01 days, with a minimum of 127 days and maximum of
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356 days in Tunisia (Mhamdi et al., 2012). According to Mhamdi et al., (2012) in their study
in Tunisia, the mean of dry period was 97.17 £ 3.28 days. In the Holstein cattle, lactation

Length was found between 284.7 and 333.9 days (Bilgic and Alic, 2005; Erdem et al., 2007).

Shorter lactation length of 7.67 months (230.1 days) led to reduced milk yield of 1168
litres/cow/year in Western Kenya (Wanjala and Njehia, 2014). FAO, (2011) officially
reported average milk yield of Friesian breed as 4200 litres over 305 days of lactation.
Different lactation lengths and average yields of 2407.47 litres in average of 239 days was
documented in different parts of the country (Muhuyi et al., 2001; Ongadi et al., 2007,). The
low yields and short lactation length were due to insufficient feeds characterised by low
quantity and quality of feeds (Staal et al., 1998; Wanjala and Njehia, 2014). A study
conducted by Kok et al., (2017) on dry period length of 28 days revealed reduction in milk
production compared with a dry period length of 56 days. Reductions in milk production

depended on parity and dry period length (Kok et al., 2017).

2.9. Diseases

Livestock diseases have a massive impact on dairy productivity by changing the rates of
reproduction, weight gain, decreased yield, and quality of milk (Wangila, 2016). Tick-borne
diseases inflict an enormous impact in the tropical and subtropical parts of the developing
world (Wangila, 2016). De Castro (1997) estimated the yearly global costs linked to ticks and
tick-borne diseases in cattle as US$ 13.9 billion and US$ 18.7 billion respectively. Young et
al., (1988) stated that tick-transmitted diseases are economically the most important livestock
diseases in Africa. The common tick - borne diseases are babesiosis, bovine anaplasmosis
and East Coast fever (ECF) (Young, et al., 1988). Animals that survive an acute attack often

show a slow recovery, resulting in losses in both milk and meat production. Usually,
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mortality is between 5 and 40%, but may increase to 70% during a severe outbreak (Merck
Veterinary Manual, 3rd Edition ,1997). The effects of diseases like diarrhoea, mastitis, and
milk fever are associated with a significant decline in milk yield (Bareille et al. 2003). The
costly disease in milk production is mastitis (Seegers et al., 2003). It leads to reduction in
milk yield, public health risk due to consumption of unsafe milk, and less efficient processing

of milk (FAO, 2014).

The parasitic infestation (ticks and helminths) also causes substantial economic losses in the
form of milk production (Bharti, 2000). A research by Asmare et al., (2017) reported that,
gastrointestinal parasites are an economically important, causing lower fertility, reduced work
capacity, involuntary culling, a reduction in food intake and lower weight gains, lower milk
production, treatment costs and mortality in heavily affected animals. The common species of
helminths affecting cattle were roundworms (Njoka) which accounted for 42%, tapeworms

(Ndanguru) 15.2% while 37.1% were Flukes (Ndambara) (Njonge, 2017).

Diseases also impact on productivity of a dairy herd through mortality especially of calves.
The main drivers of calf mortality documented worldwide are diarrhoea (scours) and
respiratory diseases (Mulei et al.1995; Gitau et al. 1999; Wymann 2005; Wymann et al.2006;
Wudu et al. 2008; Gitau et al., 2010). The highest mortalities are reported during the first 30
days of life and this extends up to the first 3 months of life (Mulei et al. 1995; Gitau et al.
1999; Wymann et al. 2006; Wudu et al. 2008; Chenyambuga and Mseleko 2009; Gitau et al.,
2010). The risk factor associated with calf morbidity was calf age (Gitau et al., 1994).
Megersa et al., (2009), revealed important risk factors associated with calf mortality as floor

conditions, calf housing and farm size.
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CHAPTER THREE: MATERIALS AND METHODS

3.1. The study Site

This study was done in Nyeri County which comprises eight sub-counties including Mathira
East, Mathira West, Kieni East, Kieni West, Nyeri Town, Tetu, Othaya and Mukurweini.
Based on number of dairy farmers in a Sub-County, two Sub-Counties were selected for the
study namely; Mathira East and Othaya (Fig 1). Nyeri County population is 759,164 based on
Kenya National Bureau of Statistics (KNBS) (2019) projection and a population density of
207.8/km2 (CGN, 2013). It is a leading innovative agricultural hub that has common
boundaries with five Counties including; Meru to the north east, Laikipia to the north,
Nyandarua to the west, Murang’a to the south and Kirinyaga to the east. The County is about
150 kilometres north of Nairobi and lies between latitude: 0°25'12" S and longitude:
36°56'51" E with altitude ranging from 3,076 meters and 5,199 meters above sea level (CGN,

2013).

The county experiences both cold and warm temperatures with an average of 12.8 °C in the
cold months (June and July) and 20.8 °C in the hot months (January-March and September-
October). The rainfall varies between 500 mm and 1600 mm per annum with high

precipitation from April to May.
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Figure 3.1 Location of study sites

3.2. Sources of data
The collection of primary data was done using a pre-tested semi-structured questionnaire
administered to 400 smallholder dairy farmer’s households. Data on number of smallholder

dairy farmer households were given by County Department of Livestock (CDL).
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3.3. Sampling Design

In the proposed Sub-Counties; Mathira East and Othaya, two wards were selected from each.
In Mathira East Sub-County, Iria-ini and Magutu wards whereas in Othaya Sub-County,
Chinga and Karima wards were selected for data collection. The selection criteria were based
on farmers having at least one milking dairy cow. The estimated number of dairy farms in
each ward was provided by County Department of Livestock (CDL). The households

interviewed were purposively selected.

3.4. Determination of Sample Size
Yamane (1967:886) simplified formula was used to determine sample size at 95% confidence

level and P=.5.

1 + N(e)*

Where:

n= Sample size of dairy farmers

N= Population of dairy farmers

e = 0.05; Precision level (error term).

According to County Government of Nyeri (2018), the estimated population size (N) of
smallholder dairy farmers in two wards of Mathira East and two wards of Othaya Sub-
Counties were approximately 9000 farmers. Using the above formula, 400 sample size of

smallholder dairy farmers were interviewed; that is 100 farmers per ward.

3.5. Methods of data collection
Before data collection, field extension agents with previous knowledge on questionnaire

administration and enumeration were recruited and trained. Thereafter the questionnaire was
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pre-tested using 5 dairy farms in each of Mathira East and Othaya Sub-Counties and revised

where necessary.

The questionnaire collected data on: location, demography, socio-economic, feed resources,
feeding systems, management practices, dairy cattle performance, breeding systems and
housing. The filled questionnaires were checked before data entry into an Excel spreadsheet.
Where problems were detected due to omission or contradiction, the respondents were
revisited for clarification either physically or through telephone. During questionnaire
administration, feeds samples were collected for laboratory analysis. The data collection was

conducted from January to February 2019.

3.6 Chemical analysis
Feed samples were collected and analysed in the Animal Nutrition Laboratory. Dry matter,
crude protein and ash were determined (AOAC, (2006); Latimer, 2016) while NDF, ADF and

ADL were analysed using the method of (Van Soest, 2015).

3.7. Data analysis

The data from questionnaires was first coded and entered into Microsoft Excel from
Microsoft Corporation, where it was cleaned and imported into Statistical Package for Social
Sciences (SPSS), version 21.0.

Descriptive statistics were calculated using different tools of SPSS and Microsoft Excel
Software; they involved computing frequencies, percentages, means, standard deviations and
cross tabulations. Chi Square test was used to test for similarities and differences between

wards. Interactions of variables was determined using linear regression model.

28



CHAPTER FOUR: RESULTS AND DISCUSSION

4.1. Socio-Economic Characteristics

Socio-economic characteristics of the respondents including age, gender, marital status,
education, dairying experience and land size are shown in Table 4.1. Majority of the
respondents in both Sub-Counties were 55 years and above (53.2%). Dairy farmers below 25
years were only found in Karima ward (Othaya sub-county) at a low frequency of 2%. This
agreed with an earlier study conducted in Mirangine and Mauche (Nyandarua and Nakuru
Counties respectively) where majority of dairy farmers were above 50 years (Gitau, 2013).
Similar results can be inferred from a study by Mutavi and Amwata, (2018) in South Eastern
Kenya who reported that most of the farmers had over 50 years’ experience in farming. This
trend may be explained by the fact that most young people lack the resources including land
to invest in dairy farming (Mamudu et al., 2012). For young adults in Kenya, as in most
developing countries, the usual system to obtain land is through traditional customary
inheritance. Since life expectancy is increasing however, rural youth may not be youth by the

time they actually inherit the land (Gitau and Goris, 2016).

Majority of the farmers were males (62.7%) an indication that most of the households were
male-headed. The level of education of farmers was majorly secondary school (42.1%)
followed by primary level and below (40.6%), college (12.3%) and University (5.0%). The
fact that 59.4% of the farmers had secondary education and above is encouraging as this is
the segment that are likely to adopt new techniques of dairy production to enhance
productivity. The finding agreed with the Mamo (2013), who reported 52.2% of the farmers
with secondary school certificates in Maara District and inferred that educational level of a
farmer affects the productivity levels since he/she can easily adopt new technologies. Most of
farming household heads were literate in South Eastern Kenya and had acquired secondary
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and post-secondary education (Mutavi and Amwata, 2018). Studies have shown that literate
dairy farmers are more innovative and can easily understand concepts and principles of new
innovations and technology (Waller et al., 1998; Caswell et al., 2001; Kinambuga, 2010;

Mutavi and Amwata, 2018).

The results showed that 60.2% of the respondents in the study area had over 15 years of
experience while 6.5% had 1-5 years’ experience, an indicator that there were few entrants
into dairying. This would explain the very few young people involved in dairying because
most of them are involved in off-farm activities in towns and cities. Similarly, Maina (2018)
reported farmers’ average experience in dairying of 22 years in Mukurweini Sub-county of

Nyeri.

The average land size in the study areas was 1.66+1.54 acres. In Chinga ward of Othaya sub-
county, land size was slightly bigger at an average of 2.0 acres than the other wards. The
small land holding implies that farmers will continue to intensify farming, where land is used
to grow forages which are cut and carried to the dairy cows. Kirui et al. (2018) reported
higher milk yield per cow on farms under 1 acre than for those kept on 5 acres of land due to
intensification in Kericho County. Gitau (2013) also observed more smallholder dairy
farmers on less than 1-acre due to high population densities in Nyandarua and Nakuru. In the
future, land holdings will continue to decrease in size as a result of land subdivision through

inheritance thus need for even higher intensification and adoption of new technologies.
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Table 4.1: Socio-Economic Characteristics of the Respondents in the study area

Age of the Farmer (%)

Wards
Age of the Farmer Iria-ini Magutu  Chinga  Karima Mean
(N=100) (N=100) (N=99) (N=100)
Below 25 years 0.0 0.0 0.0 2.0 0.5
25-35 years 5.0 12.0 7.0 3.0 6.8
35-45 years 21.0 19.0 10.1 7.0 14.3
45-55 years 21.0 27.0 27.3 26.0 25.3
55 and above 53.0 42.0 55.6 62.0 53.2
Gender of the Farmer (%)
Wards
Gender Iria-ini Magutu Chinga  Karima Mean
(N=100) (N=100) (N=99) (N=100)
Male 57.0 67.0 67.7 59.0 62.7
Female 43.0 33.0 32.3 41.0 37.3
Education (%)
Wards
Education Iria-ini Magutu  Chinga Karima  Mean
(N=100) N=100) (N=99) (N=100)
Primary level and below 52.0 35.0 31.3 44.0 40.6
Secondary 35.0 47.0 47.5 39.0 42.1
College (Diploma) 10.0 13.0 14.1 12.0 12.3
University 3.0 5.0 7.1 5.0 5.0
Farmer's Dairying Experience (%)
Wards
Experience Iria-ini Magutu  Chinga Karima  Mean
(N=100) (N=100) (N=99) (N=100)
1-5 years 7.0 6.0 6.1 7.0 6.5
5-10 years 14.0 26.0 11.1 18.0 17.3
10-15 years 16.0 18.0 9.1 21.0 16.0
Over 15 years 63.0 50.0 73.7 54.0 60.2
Land Size in Acres
Wards
Land Size in Acres Iria-ini Magutu Chinga Karima Total
Mean + SD 1.62+1.49 1.19+1.28 2.02+1.57 1.79+1.69 1.66+1.54
N 100 100 99 100 399
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4.2. Livestock Enterprises

Majority of the dairy farmers (79.4%) in the study area kept other livestock while a small
proportion (20.6%) exclusively kept dairy cattle (Table 4.2). A majority (49.8%) of those
who kept other livestock kept several species (Table 4.2). Of the other livestock species kept,
chicken was the most common in all the wards. Chicken, goats, sheep, rabbits and pigs were
kept by 38.2%, 6.3%, 3.5%, 0.9% and 0.3% of the farmers respectively. The variation
between the wards of Mathira East and Othaya sub-counties in the proportion of farmers

keeping other livestock species was minimal.

Dairy farmers have been reported to keep other livestock species as an insurance mechanism,
store of wealth and sustainability of income generation (FAO, 2009). This system also
provides the household with sustainable food security (eggs and meat) and to meet other
household requirements such as health insurance and payment of school fees. This is also a
vital strategy of raising emergency money to the households via the quick sale of these other

livestock instead of selling the dairy cow (Rukundo, 2018).

32



Table 4.2: Types of livestock enterprises accompanying dairying in study area

Kept Other Livestock (%)

Wards

Other Livestock Iria-ini Magutu  Chinga  Karima Mean

(N=100) (N=100) (N=99) (N=100)
Yes 85.0 82.0 72.7 78.0 79.4
No 15.0 18.0 27.3 22.0 20.6

Species of Livestock kept (%)
Wards

Species Iria-ini  Magutu Chinga Karima Mean

(N=100) (N=100) (N=99) (N=100)
Goats 4.7 1.2 111 9.0 6.3
Sheep 35 4.9 4.2 1.3 35
Chicken 30.6 35.4 40.3 47.4 38.2
Pigs 0.0 0.0 1.4 0.0 0.3
Rabbits 1.2 1.2 1.4 0.0 0.9
Several livestock species* 57.6 57.3 40.3 42.3 49.8
Others** 2.4 0.0 1.4 0.0 0.9

*Several livestock species were; goats, sheep, chicken, pigs and rabbits.

**Qthers included ducks, pigeons and geese.

4.3. Service Provision

Various services to the dairy farmers in the study area were provided by different actors in
the value chain. Veterinary services were provided by private veterinary technicians (78.7%),
County Government of Nyeri (CGN) (13.8%), both private veterinarians and County
Government of Nyeri (7.5%) as shown in (Table 4.3). Majority of the farmers preferred
private veterinarians as they were easily accessible and saved time spent looking for
government services. The veterinary services provided included vaccination of livestock,
treatment and artificial insemination. Similarly, majority of farmers in Narok County
obtained veterinary services from private veterinarians (87.76 %), whereas only 12.24 %
obtained government extension services. Government services were distant and required

transport fares for the farmer thus increasing the cost of production (Onono et al., 2013).
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In the study area, majority of farmers had not received any training in dairying (42.9%),
while those who were, 26.8% were trained by government, 16.3% by private veterinarians
and 14.0% by cooperatives. Some of the trainings were not free, making them inaccessible to
the farmers without money. This inadequate training to the farmers has resulted in poor dairy
cattle management in terms of feeding, breeding, disease control and housing. Training by
private extension staff namely Service Provider Enterprises (SPEs) resulted in farmers
conserving between 0.3 and 66.2 tonnes of silage on average in Meru County yearly (Kilelu
et al., 2017). Additional benefits of SPE services as stated by the farmers included improved
dairy cattle management; effective animal health management and improved animal weight
gain, decreased costs of buying feed and time saved from sourcing feed outside the farm.
Construction of zero-grazing units was recognized to decrease wastage of manure (Kilelu et
al., 2017). Similarly, Gitau (2013) reported that training of farmers in Mauche and Mirangine
of Nakuru and Nyandarua Counties by government agencies resulted in the adoption of new

technologies, thus increased productivity.

Most respondents (82.7%) had never taken loans during the study time. This service was
provided by several players; 7.5% from saccos, 6.3% from cooperatives and 3.5% from
Equity Bank. Non accessibility of loans for dairy development has been reported as a
hindrance, as only 13.3% of families had accessed financing. In Iria-ini ward of Mathira East
sub-county, 20% of the farmers accessed loan from saccos in which they were members
while none had accessed credit in Karima ward of Othaya sub-county due to high interest
rates, as stated by respondents. Loans enable farmers to expand their farms through buying
heifers and improve feeding of dairy cattle by increasing fodder production. The main reason
preventing farmers from taking loans was high interest rate (Mamudu et al., 2012; Mutavi

and Amwata, 2018). Maina, (2018) reported that a majority of farmers (84.62%) accessed
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loans in Mukurweini sub-county, Nyeri. This was explained by the fact that these loans were

offered at low interest rates by the processor through whom they sold their milk.

Table 4.3: Service Provision to the respondents in the study sites

Veterinary Services (%)

Wards
Veterinary Services Iria-ini Magutu  Chinga  Karima  Mean
(N=100) (N=100) (N=99) (N=100)
Private 60.0 83.0 89.9 82.0 78.7
CGN 21.0 14.0 4.0 16.0 13.8
Private/CGN 19.0 3.0 6.1 2.0 7.5

Training of Farmers on Dairy Management (%)

Wards
Training by Iria-ini Magutu  Chinga Karima Mean
(N=100) (N=100) (N=99) (N=100)
Government 35.0 35.0 24.2 13.0 26.8
Cooperatives 21.0 27.0 6.1 2.0 14.0
Private 10.0 10.0 23.2 22.0 16.3
No training 34.0 28.0 46.5 63.0 42.9
Loans for Dairy Development (%)
Wards
Loan Provision Iria-ini Magutu Chinga  Karima Mean
(N=100) (N=100) (N=99) (N=100)
Saccos 20.0 7.0 3.0 0.0 7.5
Equity Bank 4.0 7.0 3.0 0.0 3.5
Cooperative 16.0 7.0 2.0 0.0 6.3
None 60.0 79.0 91.9 100.0 82.7

*Saccos are saving groups formed by farmers and provide loans to the members.

4.4. Production Systems

The production systems in the study areas were both intensive and semi intensive (Table 4.4).
Majority of dairy cattle farmers practiced intensive system of production (74.2%) and only
25.8% in semi intensive system. In the intensive system cattle were stall fed forages by the
cut and carry method. In semi intensive system, cattle were grazed on grasses along the
roadsides and supplemented with forages and minerals after grazing. Most of the farmers in

the study area preferred the intensive system due to small landholdings (Table 4.1). The
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production systems practiced by farmers in both sub-counties were not significantly different
(p>0.05) between the wards. Bebe et al., (2003), revealed that in the Kenyan highlands, the
households used intensive, semi-intensive and extensive dairy farming systems in the
proportion of 44%, 33% and 23% respectively. The variation could be due to different land
holdings in their study site. Njarui et al., (2016) reported that in Kenyan highlands, where
population densities are high, the intensive dairy farming system is practiced where forages

and crop residues are stall fed to dairy cattle.

Table 4.4: Dairy cattle Production Systems (% respondents) in the study area

Wards
Systems Iria-ini Magutu Chinga Karima Mean
(N=100)  (N=100)  (N=99)  (N=100)
Semi Intensive 23.0 33.0 22.2 25.0 25.8
Intensive 77.0 67.0 77.8 75.0 74.2

4.5. Breeds of Cattle

The breeds of dairy cattle found in the study area were Friesians (82.2%), Ayrshires (8.0%),
Guernsey (4.0%), Jerseys (0.8%) and Crosses (5.0%) (Table 4.5). Breeds did not differ
significantly (p>0.05) between the wards at 95% confidence level using Chi Square test.
Friesian cattle were preferred due to high milk yield though of low butter fat. This is logically
based on the fact that milk payment is based on volume rather than composition in the study
area. However, while the Friesian can produce higher amounts of milk compared to the other
three dairy breeds in the study area, it is the largest in size and requires larger amounts of
feed to realise this potential. It is a fact, as shown later in the results that feed is a challenge to
dairying on many small-scale farms. So, generally, the anticipated high milk yield from the

Friesian is not realised.
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Bebe et al., (2003) in Kenya highlands, reported that 43%, 19%, 16%, and 22% of farmers
kept the Friesian, Ayrshire, Guernsey/Jersey and Bos indicus cows (East African Zebu,
Boran, Sahiwal) repectively. On the other hand, 75% of the farmers in Mirangine of
Nyandarua County kept Friesian and the rest kept Ayrshire, crosses, Guernsey and Jersey in

that order (Gitau, 2013).

Table 4. 5: Breeds of dairy cattle (% respondents) kept in the study area

Wards
Breeds Iria-ini Magutu Chinga  Karima Mean
(N=100) (N=100) (N=99) (N=100)
Friesians 83.0 70.0 84.8 91.0 82.2
Ayrshires 4.0 9.0 14.1 5.0 8.0
Guernsey 9.0 7.0 0.0 0.0 4.0
Jerseys 2.0 0.0 0.0 1.0 0.8
Crosses 2.0 14.0 1.0 3.0 5.0

4.6. Herd Size and Structure

Average herd size and structure of dairy cattle in the study area is shown in Table 4.6. The
number of cattle in the study farms ranged from 1 to 12 with a mean of 2.61+1.67. The herd
size between the Wards was not significantly different (p>0.05). The herd structure composed
of 50% milking, 6.4% dry, 16.5% heifers and 12.7% heifer calves. Bull calves, bulls and
steers constituted about 15% of the herd. The proportion of heifers (heifers and heifer calves)
was greater than that of bull calves, bulls and steers combined since most of the bull calves
were sold or slaughtered below one month of age. Most of farmers did not rear bull calves as
majority of the farmers used artificial insemination for breeding. The recommended herd
structure should constitute 50% cows, 10% heifers over one year, 11% heifers less than one
year, 17% bulls and bull calves and 12% steers which was not the case in the study area
(FAO, 2011). Wanjala and Njehia (2014) reported 36.4% lactating, 12% dry, 17% heifers

among others in a study in Western Kenya. On the other hand, Lukuyu et al., (2011) reported
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75% of dairy herd composed of adult cows, heifers and calves in North Rift and Central
Province with bulls and steers constituting the other 25%.

This finding agreed with the observation that shortage of replacement stock on smallholder
farms has been a challenge in the small-scale dairy sector in Kenya (Bebe et al., 2003a;
Muruiki et al., 2004). In the dairy herd structure, average of 24% heifers is ideal for a
successful farm (Mohd nor et al., 2014). It can be deduced from these results that many zero-
grazed herds need outside sources of replacement heifers to ensure sustainable dairy cattle

population (Bebe et al., 2003).

Table 4.6: Herd size and structure of dairy cattle in study area

Average Number of Cattle per Farm

Wards N Mean SD SE  Minimum Maximum
Iria-ini 100 2.49* 1.460 .146 1 8
Magutu 100 2.61* 1.645 .164 1 11
Chinga 99 2.62% 1489 .150 1 7
Karima 100 2.74* 2.033 .203 1 12
Total 399 261 1669 .084 1 12
aMean with similar superscript between the wards are not significantly different (p=0.773)
Herd Composition N Min Max Mean SD Percent
Non-Pregnant Lactating Cows 264 1 4 134 0.638 31.3
Pregnant and Lactating Cows 156 1 3 119 0.466 18.5
Dry Cows 54 1 3 124 0.547 6.4
Heifers 139 1 6 132 0.734 16.5
Heifer Calves 107 1 3 114 0.399 12.7
Bull Calves 77 1 2 112 0.323 9.1
Bulls 43 1 2 105 0.213 51
Steers 3 1 1 1 0 0.4
Total 843 1.18 0.415 100

4.7. Feed Resources and Composition
4.7.1. Feed Resources
Feed resources in the farms in study area consisted of roughages (mostly Napier grass),

concentrates and mineral supplements (87.2%), roughages and mineral supplement (5.5%),
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roughages and concentrates (4.8%) and roughages alone (2.5%) (Table 4.7). There was no

significant difference (p>0.05) between the wards with Chi Square test.

The roughages were mainly Napier grass, maize fodder and desmodium whereas concentrates
were dairy meal (both commercial and homemade) and agro-industrial by-products (maize
bran, wheat pollard, maize germ, cotton seed cake and sunflower cake). Most of the
roughage-based feed sources within farms were from own production and purchase (76.7%),
own production only (17.0%) and purchase only (2.3%). Farmers who experienced feed
shortages attributed it to drought in addition to inadequate individual landholdings for
adequate forage production. This explains why the majority of farmers (76.2%) purchased
forages to supplement own production. In Magutu ward, 60.0% produced forages such as
Napier grass, Brachiaria grass and maize fodder while 41.4% and 55.0% in Chinga and
Karima wards respectively provided their cattle with Napier grass, weeds and crop residues.
The variation was attributed to the fact that, more farmers were trained on animal nutrition
and management in Magutu Ward than in the other wards (Table 4.3). The sources of forages
were similar in the different wards. Lukuyu et al., (2011), reported the following feed
resources in Central and Northern Rift Valley Provinces: pastures (Kikuyu, Star, Coach and
Wire grasses) and forages such as Napier grass, Maize fodder, fodder trees (Leucaena spp.,
Sesbania spp. or Calliandra spp.) and legumes (Lucerne and Desmodium). The most common

roughages were Napier grass, Maize fodder and Desmodium in the current study.

Napier grass was a common feed resource on all farms. It is reported as a main forage for
dairy cattle in intensive and semi intensive systems and grown by more than 70% of small-
scale dairy farmers in Kenya (Orodho 2006; Mulaa et al., 2013). Napier grass is a preferred

fodder crop as it produces enormous biomass and tolerates frequent cuttings (Nyambati et al.,
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2011) thus representing between 40 to 80% of the fodder for the small-scale dairy farms
(Staal et al., 1998). With good management practices, Napier grass can produce 40t/ha/year
in areas of high rainfall (1200 mm to 2400 mm of rainfall) and 1 acre of Napier grass planted
by the Tumbukiza (micro-catchments) method can produce enough feed for 2 to 3 dairy cows

for a year (Kabirizi et al., 2015).

Table 4. 7: Types of Feed Resources in farms in the study area

Feed Resources of the Dairy Cattle (%)

Wards
Feeds Resources Iria-ini  Magutu Chinga Karima Mean
(N=100) (N=100) (N=99) (N=100)
Roughages alone 7.0 3.0 0.0 0.0 2.5
Roughages and minerals 6.0 9.0 3.0 4.0 55
Roughages and concentrates 5.0 7.0 4.0 3.0 4.8
Roughages, concentrates and minerals 82.0 81.0 92.9 93.0 87.2

Sources of Roughage Feeds (%)

Wards
Iria-ini Magutu Chinga Karima Mean

Sources of Feeds (N=100) (N=100) (N=99) (N=100)

Own production 23.0 20.0 19.1 15.0 19.3
Purchase 7.0 2.0 2.0 5.0 4.0
Own production and purchase 70.0 78.0 78.9 80.0 76.7
Available Roughage Feeds Resources (%)
Wards
Feeds Produced Iria-ini  Magutu  Chinga  Karima Mean
(N=100) (N=100) (N=99) (N=100)

Napier grass 31.0 21.0 16.2 13.0 20.3
N_apler grass and sweet potato 120 20 121 6.0 8.0
vines
Napier grass, Bracharia grass, 310 60.0 18.2 210 226
and Maize fodder
Napier grass, Maize fodder and 15.0 10.0 121 50 10.5
legumes™*
Napier grass, weeds and crop 4, 7.0 41.4 550  28.6
residues

*Common legumes: Desmodium, Lucerne and Calliandra
**Crop residues: Maize stovers, sweet potato vines and vegetable wastes
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4.7.2. Chemical Composition of VVarious Feed Types

Chemical Composition of various forages and concentrates are shown in Table 4.8. Napier
grass (Pennisetum purpureum) had 23.90, 6.70 and 75.30% dry matter (DM), crude protein
(CP) and neutral detergent fibre (NDF) respectively. The low CP value could be due to the
late cutting age of the grass in the study area (about 10 weeks). Tesfaye, (2018) reported CP
of Napier grass cut at 6 and 8 weeks at 8.01 and 6.44% respectively in Ethiopia. The mean
proximate composition of Rhodes grass (Chloris gayana) hay in the study area was 80.89%,
5.99%, and 75.85% for DM, CP and NDF respectively. The low CP and high level of NDF
are indicative of poor quality which would result in low feed intake hence low performance
of dairy cattle. The quality of the hay was below 8.0% CP and 70.0% NDF specifications by

KEBS (2018).

The DM and CP content of Desmodium was 26.41% and 15.94% respectively. The
management practices applied by farmers to Desmodium have big effect on the chemical
composition. Similarly, Ndikumana and de Leeuw, (1993) reported the CP of Desmodium as
16.30% in their study in Zimbabwe. The quality of Desmodium in the study area was good.
Desmodium is mixed with Napier grass by smallholder farmers in Kenya during feeding to

overcome inadequacy in both quantity and quality (Murage et al., 2012).

Sweet potato vines composition was 29.01% DM, 18.61% CP. They were not widely used in
the study area but can be a good source of CP and can be used to supplement the forages such
as Napier grass which has low CP level. The CP content observed in this study concurred

with Manoa, (2012) who reported a CP range from 15.08 to 17.97% in sweet potato vines.
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The commercial dairy concentrate (dairy meal) was 96.34 DM, 7.56 Ash and 14.60% CP.
According to NAFIS, (2019) commercial dairy concentrates CP content ranges from 14-16%
under KEBS specifications. Homemade dairy meal was 95.93, 8.51 and 14.29% DM, Ash
and CP respectively. According to MoLD (2012), dairy cows that produce 15, 20, 30 litres of
milk per day require diets with a CP content of 15, 16 and 18% respectively. The crude
protein level in the study sites was below 15% CP, thus it was insufficient for a high yielder

cows to meet their full potential.

In the study, maize germ, wheat bran and wheat pollard were of 8.58, 13.39 and 13.21% CP
content respectively. The CP content in the by-products in this study was lower than the
10.53, 15.15 and 13.96% respectively reported by Bouwman, (1999) and Mutuku, (2016).
The nutritional value of agro-industrial by-products is often inconsistent and will vary with
original crop as well as the processing methods. Protein supplements such as groundnut cake,
Copra cake, Canola cake, cotton seed cake, sunflower cake, soybean meal and fish meal were
20.01, 26.24, 27.31, 29.95, 19.32, 44.34 and 42.8% CP respectively. In an early study in
Kenya, groundnut cake, Copra cake, canola cake, cotton seed cake, sunflower cake, soybean
meal and fish meal were 45, 23,35, 35, 26, 47 and 55% respectively (Lukuyu et al., 2012).
The CP content of the feed supplements were fairly good however, some farmers didn’t use

right amounts (Table 4.11) during early lactation.
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Table 4. 8: Chemical Composition of Various Feed Types in the Study Area

Feed type N DM Ash CP NDF ADF ADL
Napier grass 7 2397 1085 6.70 75.27 5433 09.75
Napier grass

silage 4 2529 1274 63  67.29 46.65 11.0
Desmodium 4 26.41 7.99 1594 4983 3346 6.71
s;’;l’zet potato 4 2001 125 1861 4589 2529 7.56
Rhodes hay 3 80.89 812 599 7585 57.29 9.92
Dairy Meal

(Commercial) 4 96.34 756 14.60

Homemade 4 9503 851 14.29

dairy meal

Maize germ 3 97.39 490 8.58

Wheat bran 4 93.72 5.26 13.39

Wheat pollard 5 97.21 493 1321

Groundnut cake 2 98.21 17.38 20.01

Canola cake 2 96.89 5.48 27.31

Cotton seed cake 4 94.94 5.31 29.95

Fish Meal 3 97.00 22.89 42.8

Copra cake 3 94.09 7.4 26.24

(coconut)

Sunflower cake 4 96.89 489 19.32

Soya meal 2 94.73 6.43 44.34

4.8. Feed conservation, feeding, watering and use of commercial concentrates

4.8.1. Feeds conservation and use of conserved feeds in the study area

Only 20.8 % of the farmers conserved fodder in the form of silage (Table 4.9). This could be
attributed to inadequate training (Table 4.3) as feed conservation requires technical expertise.
Some of the respondents in the study area reported lack of sufficient feeds to be conserved
during the study time. During the dry season when fresh feed was inadequate, 20.8% and
20.1% of farmers fed conserved silage and purchased hay respectively (Table 4.9). Lukuyu et
al., (2011) reported that feed preservation was practiced by small proportion of smallholder
dairy producers in Kenya, attributing this to insufficient information in feed conservation
systems and limited access to forage storing facilities. During the time of the study, 55.4% of

the farmers had not conserved any feeds, 20.8% fed silage while 20.0% fed Rhodes grass hay
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that was purchased. According to respondents, milk production dropped due to insufficient
feeds in term of quantity and quality during the dry season. Kashongwe et al., (2017) reported
that more than 60 % of the dairy farmers in Nakuru County faced feed shortages in the dry
season due to lack of capacity in haymaking. There was minimal variation in feed

conservation practices between the wards.

Table 4.9: Feed conservation and use of conserved feeds in study area

Feeds Conservation (%)

Wards
Iria-ini Magutu Chinga Karima  Mean

Feeds Conservation (N=100) (N=100) (N=99) (N=100)

No 82.0 76.0 2.7 86.0 79.2
Yes 18.0 24.0 27.3 14.0 20.8

Conserved Feeds Fed to Cattle (%)

Wards
Iriani Magutu Chinga Karima

Conserved Feeds Fed (N=100) (N=100) (N=99) (N=100) Mean
Hay (purchased) 21.0 21.0 20.2 18.0 20.0
Silage (Conserved) 20.0 21.0 22.2 20.0 20.8
No conserved feeds 59.0 53.0 48.5 61.0 55.4
Both hay and silage 0.0 5.0 9.1 1.0 3.8

4.8.2. Responsibility of Feeding Cattle

The sharing of responsibility of feeding of dairy cattle is shown in Table 4.10. Feeding the
dairy cattle was mainly done by adult females (29.6%) and males (28.6%). Only in 14.5% of
the smallholder farms was feeding done exclusively by workers. The feeding was mainly
done by the farmers themselves (adult females and males) which may be an indication of
inadequate income that rarely supports employment of workers. Gitau, (2013) observed that
households with a married couple had more labour capital to perform the daily chores. A
higher proportion of farmers (19.2%) in Chinga ward employed workers than in the other

wards because of employment of owners on off-farm activities.
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Table 4. 10: Responsibility of Feeding Cattle (%) in the study area

Wards
Iria-ini Magutu Chinga Karima

Responsibility (N=100) (N=100) (N=99) (N=100) Mean
Adult Male Owner 29.0 36.0 19.2 30.0 28.6
Adult Female Owner 33.0 29.0 21.2 35.0 29.6
Children 0.0 0.0 4.0 0.0 1.0
Worker 8.0 14.0 19.2 17.0 14.5
Worker and family members 20.0 17.0 36.3 6.0 19.8

Both Male and Female Owners 10.0% 4.0% 0.0% 12.0% 6.5

4.8.3. Use of commercial concentrate and mineral supplements

The amount of concentrates fed during the different lactation stages and dry period are shown
in Table 4.11. During early lactation, 47.6% of the farmers fed 2-4 kg/day, 22.1% fed 4-6
while 3.0% did not feed concentrates. Feeding concentrate during early lactation to dairy
cows (first 100-150 days of lactation) increases milk production and reduces loss of weight
(Biwott et al., 1998). Nonetheless, most farmers feed insufficient amounts of concentrate in
the study area due to inadequate knowledge in dairy nutrition during stages of lactation.
Concentrates are richer sources of nutrients (energy and protein) and offer higher nutrients
than an equal weight of roughage (Lukuyu et al., 2012). Feeding 1 kg of concentrate
increased milk production by 1.5 kg (SNV, 2017). Mdller (2018) reported that cows in
Baringo were offered an average of 4 kg of concentrate per cow per day. The level of milk
production depends on the quality of the roughage and amount of concentrate provided.
Biwott et al., (1998) fed different levels of concentrate (2, 4 and 8 kg) to cows in early
lactation and reported that cows fed with 8 kg concentrates produced more milk than cows
fed 4 kg concentrate during the first 8 weeks of lactation. Majority of farmers in the study
area fed low quantities of concentrate in early lactation resulting in low milk production. Low
levels of concentrate were fed due to insufficient knowledge on lactation curve. A lactating
cow at early phase of lactation requires higher quantity of concentrate than a cow in mid and

late lactation to optimize milk production (Lukuyu et al., 2012).
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During mid and late lactation, 65.3% of farmers fed 1-2 kg/day and 19.5% fed <1 kg/day of
concentrates. During the mid and late lactation, the cow has already peaked in milk
production and declining, dry matter intake is maximum and thus the nutrients requirement
for lactation is less. The cow can then be fed on good quality pastures or forages and
provided with only 1-2 kg concentrates if fed on poor roughages (SNV, 2017). Farmers who
offered high amounts of concentrates during this stage were not aware of this. There is need
for farmers to be trained to feed cows depending on lactation stage which dictates the nutrient

requirements.

During the dry Period, 53.9% of farmers fed <1 kg/day and 24.3% fed 1-2 kg/day of
concentrates. Feeding of concentrate (steaming) to dairy cow at last two months of pregnancy
before calving is encouraged to prepare the cow for calving through building reserves for
next lactation (SNV, 2017). More farmers fed 4-6 kg of concentrate during early lactation in
Chinga and Iria-ini wards compared to other wards and it was attributed to a slightly higher
proportion of educated farmers who were more likely to understand the importance of

concentrate feeding (Table 4.1).

Mineral supplementation to dairy cows in the study area is shown in Table 4.11. Of the
respondents, 35.6% did not provide mineral supplements, 50.85% provided mineral
supplements and 13.5% provided mineral blocks. Deficiency of minerals leads to infertility,
low milk production and health disorders in dairy cattle (Singh et al, 2012). Poor body
condition, stunted growth rates and low fertility are side effects related with under-nutrition
of minerals (Singh et al, 2012). Majority of farmers in Chinga and Karima wards of Othaya
subcounty relied on the minerals in the commercial dairy concentrates and did not use

additional mineral supplements
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Table 4.11: Amounts of commercial concentrate and mineral supplements offered to
lactating cattle in study area

Quantity of concentrate at early lactation (%)

Wards
Iria-ini Magutu Chinga Karima

Quantity of Concentrates (kg/day) (N=100) (N=100) (N=99) (N=100) Mean
<1 kg 1.0 9.0 2.0 12.0 6.0
1-2 kg 10.0 15.0 11.1 25.0 15.3
2-4 kg 44.0 46.0 49.5 51.0 47.6
4-6 kg 29.0 21.0 29.3 9.0 22.1
6-8 kg 8.0 8.0 6.1 2.0 6.0
None 8.0 1.0 2.0 1.0 3.0
Quantity of concentrate at mid and late lactation (%)
Wards
Quantity of Concentrates (kg/day) (Inrlzal-gg) (I\N/Ia:%%]) (C,\Tlg%z; (ﬁa:rirgg) Mean
<1 kg 17.0 21.0 16.4 24.0 19.5
1-2 kg 62.0 68.0 67.2 64.0 65.3
2-4 kg 12.0 10.0 14.5 11.0 11.9
None 9.0 1.0 2.0 1.0 3.3
Quantity of concentrate at Dry Period (last month of Pregnancy) (%)
Wards

Iria-ini  Magutu Chinga Karima

Quantity of Concentrates (N=100) (N=100) (N=99) (N=100) Mean
<1lkg 57.0 59.0 48.3 51.0 53.9
1-2 kg 20.0 21.0 31.3 25.0 24.3
None 23.0 20.0 20.3 24.0 21.8
Other feeds supplements (%)
Wards
Iria-ini  Magutu Chinga Karima
Feeds Supplements (N=100) (N=100) (N=99) (N=100) Mean
Mineral block 36.0 17.0 0.0 1.0 135
Mineral supplements 53.0 80.0 35.4 35.0 50.85
None 11.0 3.0 64.6 64.0 35.6

*Mineral block: is a mineral block that is given to animal for licking.
Mineral supplements: are macro-elements including calcium, phosphorus, magnesium,
potassium, sodium, chloride etc for the well-being of cattle.

4.8.4. Watering methods and frequency
The watering methods and frequency of watering cattle in the study area are shown in Table
4.12. The main watering methods were concrete trough (41.1%) and use of bucket (40.4%).

The choice of watering method is dependent on affordability. Construction of water troughs
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depends on availability and cost of materials (SNV, 2017). It is noted that more dairy farmers
in Othaya sub-county had constructed concrete troughs probably a reflection of having access
to construction materials. The frequency of watering lactating cows was: 79.4% water ad lib,
11.0% twice a day, 5.8% three times and 3.8% provided lactating cows with water once a
day. Most of the farmers in the wards in Mathira East and Othaya gave water ad libitum to
the cattle and there were fairly similar watering systems. This would suggest that the farmers
appreciated the importance of water for lactating cattle. Majority of farmers in the study area
had access to tap water which was either directed into the concrete troughs or collected from
a tap. Kirui (2014) reported that 81.4% of farmers watered their cattle 3 times a day during

the dry season in a study conducted in Kosirai in Kenya and Namayumba in Uganda.

Table 4. 12: Watering methods and frequency in the study area.

Methods of watering cattle (%)

Wards
Iria-ini Magutu Chinga Karima

Watering Methods (N=100) (N=100) (N=99) (N=100) Mean
Concrete trough only 45.0 3.0 69.7 47.0 41.1
Bucket only 40.0 56.0 28.3 37.0 40.4
Tap water 7.0 28.0 1.0 0.0 9.0
Using a split tank* 8.0 13.0 1.0 16.0 9.5
* 200litre drum spilt into 2
Frequency of watering lactating cows (%)

Frequency of watering Wards

Iria-ini Magutu Chinga Karima Mean

(N=100) (N=100) (N=99) (N=100)

Once 4.0 2.0 0.0 9.0 3.8
Twice 10.0 13.0 9.1 12.0 11.0
Thrice 6.0 10.0 3.0 4.0 5.8
Ad lib 80.0 75.0 87.9 75.0 79.4
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4.9. Management of calves and heifers

4.9.1. Calf Management

Of the interviewed smallholder dairy farmers, only 1.5% weighed the calves at birth while
98.5% did not (Table 4.13). For the small proportion that weighed their calves, the mean
weight was 35.0+3.69 Kg with a minimum of 30 and maximum of 40 kg. Birth weight is an
indication of physiological maturity of the calf and reflects adequacy or otherwise of
preparation of the dam prior to calving. The average expected birth weights for large dairy
breeds (Friesian and Ayrshire) in Kenya is reported as 42.5 kg (Wichtel and VanLeeuwen,
2012). In a study in the USA Soberon et al., (2012) reported an average Friesian birth weight
of 41.68+5.09. Thus, the calf birth weight in the study area was not far from what was
expected. As calves should be fed milk depending on body weight, the implication is that
majority of farmers in Mathira East and Othaya sub-counties lack the basis to rationally feed

the calves.

Majority of the farmers (75.2%) monitored their calves’ growth (Table 4.13). Of these 81.7%
used estimates of weight and height to monitor the changes and 18.3% did not monitor the
growth of their calves. More farmers monitored the growth of calves in Chinga and Karima
wards meaning their farmers understood better calf rearing compared to Magutu and Iria-ini
wards (Table 4.3). Dairy calves should be fed milk at 8 to 10% of their body weight thus the

need for monitoring their growth (Sweeney et al., 2010).
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Table 4. 13: Calf weighing and growth monitoring in study area

Proportion of Respondents Weighing Calves (%)

Wards
Weighing Calves Iria-ini  Magutu Chinga Karim Mean
(N=100) (N=100) (N=99) (N=100)
No 96.0 99.0 99.0 100.0 98.5
Yes 4.0 1.0 1.0 0.0 1.5
Average Birth Weight
N Min Max Mean+SD
Birth Weight 6 30 40 35.0+3.69
Monitoring Growth (%)
Wards
Monitoring Iria-ini Magutu Chinga Karima Mean
(N=100) (N=100) (N=99)  (N=100)
Yes 49.0 55.0 97.0 100.0 75.2
No 51.0 45.0 3.0 0.0 24.8
Growth Monitoring Methods (%)
Wards
Methods Iria-ini Magutu Chinga Karima Mean

(N=100) (N=100) (N=99) (N=100)

Weight and height
estimation 78.0 79.0 85.9 84.0 81.7
No monitoring 22.0 21.0 14.1 16.0 18.3

4.9.2. Colostrum feeding and feeding methods

Colostrum feeding and calf feeding methods of calves by respondents are shown in Table
4.14. Colostrum feeding and feeding methods were not significantly different (P>0.05) using
Chi Square test. Majority of the farmers (83.5%) fed 2-4 litres of colostrum which are within
the recommended amount (Sweeney et al., 2010; Lukuyu et al., 2012). The method of
feeding was mainly bucket feeding (93.0%) which is expected for exotic dairy cows.
According to Nafula, (2013), 97.1% of farmers used bucket feeding in Mukurweini
Subcounty. It has been reported that bucket feeding is the most commonly used method in

commercial dairy farms in Kenya (SNV, 2017).
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Table 4. 14: Colostrum feeding and feeding methods of calves in study area

Litres of colostrum/day

Wards
Iria-ini Magutu Chinga Karima

Litres of Milk/day (N=100) (N=100) (N=99) (N=100) Mean
1-2 litres 4 4 2 4 3.5
2-4 litres 86 89 79.8 79 83.5
Unknown amount (Suckling) 10 7 18.2 17 13.0

Feeding methods of calves

Wards

Feeding Methods Iria-ini Magutu Chinga Karima Mean
Suckling 7 8 3 5 5.8
Bucket feeding 92 91 97 92 930
Both 1 1 0 3 1.2

4.9.3 Colostrum feeding time

Colostrum feeding time in study area is presented in Table 4.15. Majority of farmers (97.7%)
fed the colostrum from 0-6 hours after calving. This implied that most calves were provided
with colostrum during the period of maximum absorption of immunoglobulins through the
intestinal wall prior to the closure of pores (SNV, 2017). Nafula (2013) in a study conducted
in Kenya also reported that majority of farmers (97.7%) fed colostrum in the first six hours of
calf ‘s life. There was similarity in feeding colostrum in all the wards in Mathira East and
Othaya sub-counties. A calf should have fed at least 10% of their body weight of colostrum
as a common rule, in its first 24 hours of life, preferably half of this within 6-12 hours of birth
(SNV, 2017). Good calf rearing depends on sufficient intake of high-quality colostrum within
the first day of life and good feeding to promote early rumen development (Goopy and

Gakige, 2016).
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Table 4. 15: Time of Colostrum feeding after birth in study area

Feeding Time after Calving (%)

Wards
Feeding Time Iria-ini Magutu Chinga  Karima Mean
(N=100) (N=100) (N=99) (N=100)
0-6 hours 99.0 99.0 96.0 97.0 97.7
6-12 hours 1.0 0.0 4.0 2.0 1.8
24 hours and above 0.0 1.0 0.0 1.0 5

4.9.4. Calf feeding to weaning in study area

Types of feeds fed to calves from one week to one month, amount of milk fed and feeds from
one month to weaning at three months are shown in Table 4.16. Most of the farmers (83.2%)
fed mainly milk, 7.0% fed milk and calf starter and 9.8% fed milk and forages to their calves
from one week to one month. Majority of farmers did not introduce solid feeds to their calves
during the first month which is encouraged to hasten rumen development. The average
amount of milk fed to calves from one week to one month was 5.17 litres which is within the
recommended amount at 10% body weight intake (Lukuyu et al., 2012). Between the ages 1-
3 months, majority of the farmers (78.2%) fed milk and forages to calves, where the forages
were of high quality such as sweet potato vines. The current study shows that the calves were
under good nutritional management that would ensure effective rumen development (Ueno et

al., 2014).
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Table 4. 16: Types of calf feeds to weaning in study area

Types of feeds for calves from one week to one month (%)

Wards
Feeds Iria-ini Magutu Chinga Karima Mean
(N=100) (N=100) (N=99) (N=100)
Milk only 80.0 81.0 83.8 88.0 83.2
Milk and calf starter (pellets)  10.0 5.0 12.1 1.0 7.0
Milk and forages 10.0 14.0 4.0 11.0 9.8

Amount in litres of milk fed to calves from one week to one month.

Wards N Mean+SD SEM Min Max
Iria-ini 100 4.692+1.372 137 2 8
Magutu 100 455%+1.373 137 2 8
Chinga 99 5.67°+1.300 131 2 10
Karima 100 5.78°+1.574 157 2 9

4Means with different superscripts between the wards are significantly different (P=0.00).

Feeds from One Month to three months (%)

Wards
Feeds Iria-ini  Magutu Chinga Karima Mean
(N=100) (N=100) (N=99) (N=100)
Calf Starter and forages* 130 8.0 3.0 12.0 9.0
Milk and forages 60.0 84.0 86.9 82.0 78.2
Milk, calf starter and other feeds** 27.0 8.0 10.1 6.0 12.8

*Forages; Maize fodder, Napier grass and Sweet potato vines

**Qther feeds; Concentrates and forages

4.9.5. Calf weaning

Time, criteria and method of calf weaning in the study area are shown in (Table 4.17).
Majority of farmers (59.6%) weaned calves at 3 months and 36.6% from 3-6 months. This
implied that most of the farmers used age instead of weaning weight, a good indicator of
proper management. The recommended average weight at weaning for larger breeds
(Friesians and Ayrshire) is 80 kg (Lukuyu et al., 2012). Majority of the calves are weaned

from 12 - 16 weeks (3-4 months) in Kenya (SNV, 2017).
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The criteria for weaning were mainly age of the calf (86.0%) and ability of the calf to
consume a large amount of forages (9.8%). Sex of the calf was also a criterion used by 1.8%
of the farms whereby male calves were sold off as early as 1 week of age when the milk is
usually suitable for sale after calving while the rest of the farmers raised male calves to
weaning. This is a common practice on commercial dairy farms where Al is used, thus male
calves are not required for breeding. The recommended weaning criteria in Kenya are based
on the ability of the calf to consume 1.5% of its body weight of dry feeds, attains twice the
birth weight and age of the calf (Lukuyu et al., 2012; SNV, 2017). In a study conducted in
Meru, average daily weight gain of calves was 0.50+0.45 kg/day and mean body weight of
85.2+32.8 kg at weaning time (Kathambi et al., 2018). In this study, the weight at weaning

was unavailable and thus the growth rate could not be estimated.

An average 94.75% of the farmers used intermittent weaning while 7.8% used the process
where they abruptly stop feeding the calf with milk. Majority of farmers chose intermittent
weaning to avoid stress that affects the calf after abrupt weaning. Abrupt weaning was
practiced mainly in Karima ward of Othaya sub-county compared to other wards probably
due to insufficient training of farmers on good calf management practices (Table 4.3).
According to Sweeney et al., (2010), calves fed large amounts of milk and weaned at 6"week
of age, by gradually decreasing the milk allowance over a period of 10 days, resulted in the

best general weight gains.
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Table 4. 17: Weaning age, criteria and method of calves in the study area

Weaning age (%)

Wards
Weaning Time Iria-ini Magutu  Chinga  Karima Mean
(N=100) (N=100) (N=99) (N=100)
<3 Months 2.0 1.0 1.0 2.0 15
3 Months 48.0 42.0 67.7 81.0 59.6
3-6 Month 48.0 55.0 27.3 16.0 36.6
6-9 Months 2.0 2.0 4.0 1.0 2.3
Weaning Criteria (%)
Wards
Weaning Criteria Iria-ini  Magutu Chinga  Karima Mean
(N=100) (N=100) (N=99) (N=100)
Age of the calf 71.0 94.0 93.9 85.0 86.0
Sex of the calf 2.0 4.0 1.0 0.0 1.8
Ability to consume large
amounts of forage 23.0 2.0 3.0 11.0 9.8
Weight estimation 4.0 0.0 2.0 4.0 2.5
Weaning Process %
Wards
Weaning Process Iria-ini Magutu Chinga Karima Mean
(N=100) (N=100) (N=99) (N=100)
Immediate cessation 3.0 7.0 0.0 11.0 5.25
Intermittent cessation 97.0 93.0 100.0 89.0 94.75

4.9.6 Diseases affecting calves

The problems affecting calves, common calf diseases and their control measures are shown in
Table 4.18. The main constraints to calf rearing as perceived by respondents were diseases,
inadequate feeds and poor housing (52.4%, 7.8% and 2.5% respectively). About 37.3% of
farms did not report any problem affecting their calves. The common diseases affecting
calves were calf scours, pneumonia, anaplasmosis and east coast fever (ECF) as reported by
32,6%, 16%, 4.5% and 5.8% of respondents respectively. The high incidences of calf scours
in the study areas were attributed to calves being housed in unhygienic conditions as well as
use of plastic feeding equipment which are difficult to clean effectively as observed in the
study sites. Approximately 41.1% of farms had not experienced incidences of diseases, an

indication of good calf management practices as reported by the respondents. Again, it is
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noted that the highest proportion of respondents who reported no disease incidences was in
Othaya sub-county. In a study conducted in Mukurweini subcounty, 37% of the farms also
reported calves suffering from diarrhoea (VanLeeuwen et al., 2012; Peter et al., 2016). On
31.1% of the farms, diseases occurred after weaning while for 12.0% this was at 2-4 weeks of
age. The high incidence of diseases (scours, pneumonia, ECF) after weaning implied that
some calves were poorly managed; leading to stress and diseases. The main causes of calf
death were diseases of the alimentary tract (31.3%); mainly gastroenteritis (70.4%) due to
colibacillosis, salmonellosis, coccidiosis and helminthiasis, and bloat (18.5%). Mulei et al.,
(1995), reported other major causes of calf mortality as diseases of the respiratory tract (1 6.8

%); mainly pneumonia (72.4%), and east coast fever (ECF) (80.4%).

Vaccination was the main method of disease control (50.9%), hygienic and proper feeding of
colostrum and milk (23.8%), through tick control (19.0%) and deworming (6.3%). Attention
to proper management and feeding, hygienic conditions and improved health care of dairy

neonates is recommended for reduced morbidity and mortality (Megersa et al., 2009).
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Table 4. 18: Problems Affecting Calves in the study area (%o)

Wards

Problems Iria-ini Magutu  Chinga  Karima Mean

(N=100) (N=100) (N=99) (N=100)
Diseases 65.0 76.0 29.3 39.0 524
Inadequate feeds 5.0 11.0 4.0 11.0 7.8
Poor housing 0.0 0.0 7.1 3.0 2.5
None 30.0 13.0 59.6 47.0 37.3

Common Calf Diseases
Wards

Common Calf Diseases Iria-ini Magutu Chinga Karima Mean

(N=100) (N=00) (N=99) (N=100)
Calf scours 29.0 51.0 25.3 25.0 32.6
Pneumonia 33.0 21.0 4.0 6.0 16.0
Anaplasmosis 8.0 5.0 4.0 1.0 4.5
East Coast Fever 3.0 2.0 4.0 14.0 5.8
None 27.0 21.0 62.6 54.0 41.1
Age of Diseases Occurrence

Wards
Age Iria-ini Magutu Chinga Karima Mean
(N=100)  (N=100) (N=99) (N=100)
1-2 weeks 5.0 2.0 4.0 9.0 5.0
2-4 weeks 16.0 22.0 7.1 3.0 12.0
4-8 weeks 5.0 14.0 3.0 12.0 8.5
8-12 weeks 9.0 5.0 3.0 2.0 4.8
After weaning 34.0 38.0 27.3 25.0 31.1
None 31.0 19.0 55.6 49.0 38.6
Control of calf diseases (%)
Wards

Control Iria-ini Magutu  Chinga  Karima Mean

(N=100) (N=100) (N=99) (N=100)
Proper feeding of
colostrum and milk 4.0 1.0 69.7 21.0 23.8
Vaccination 59.0 60.0 22.2 62.0 50.9
Tick control 32.0 32.0 1.0 11.0 19.0
Deworming 5.0 7.0 7.1 6.0 6.3

4.9.7 Calf housing
The presence of calf house, type of floor and bedding materials are shown in Table 4.19. A
majority of 87.0% of the respondents housed their calves with 69.7% of the houses having

earthen floor, 22.3% concrete floor and only 8.0% with slated floor. Type of floor used by a
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farmer has been associated with calf diseases such as diarrhoea and pneumonia as it
determines ease of cleaning. According to SNV (2017), the floor of calf house should be
made with concrete for ease of cleaning. Straws and grass bedding were used by 47.4%, of
the respondents, 18.0% wood shavings and sawdust and 1.8% used calf mattresses while
32.8% had none. Well managed bedding can improve cleanliness and health of the calf. In the
study site, calf houses were dirty with slurry for the farmers that had earthen flour without
bedding. Kiugu (2018), reported dirty calf pens, especially of concrete or wooden floor plus

poor bedding material management in his study in dairy farms in Meru, Kenya.

Table 4. 19: Presence of calf house, types of floor and bedding in study area.

Calf housing (%)

Wards
House Iria-ini Magutu Chinga  Karima Mean
(N=100) (N=100) (N=99) (N=100)
No 15.0 18.0 4.0 15.0 13.0
Yes 85.0 82.0 96.0 85.0 87.0
Types of floor (%)
Wards
Floor Types Iria-ini Magutu Chinga Karima Mean
(N=100)  (N=100) (N=99) (N=100)
Concrete 18.0 13.0 33.3 25.0 22.3
Earth floor 77.0 68.0 61.6 72.0 69.7
Slated 5.0 19.0 51 3.0 8.0
Bedding materials (%)
Wards
Bedding Materials Iria-ini Magutu Chinga Karima Mean
(N=100) (N=100) (N=99) (N=100)
Wood shavings and sawdust 1.0 44.0 15.2 12.0 18.0
Calf Mattresses 1.0 1.0 2.0 3.0 1.8
Straws and grasses 71.0 29.0 51.5 38.0 47.4
None 27.0 26.0 31.3 47.0 32.8
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4.10. Heifer Feeding and management

4.10.1. Feeds

The types of feeds fed to growing heifers are shown in Table 4.20. Majority of farmers
(58.6%) fed forages and concentrates to their heifers with 16.8% feeding forages only. Most
of the farmers fed heifers with Napier grass and supplemented with concentrates like dairy
meal, maize germ and Desmodium. Napier grass (fresh or silage) was of poor quality due to
late harvest (Table 4.8). Supplementation was done to improve feed quality for healthy
growth and performance of heifers. However, some farmers fed poor quality forages without
supplementation, leading to poor body condition of the heifers which could adversely affect
age at first calving and first lactation milk production. Higher proportion of farmers in
Magutu ward fed their heifers exclusively with forages compared to the other wards as the
farmers indicated, the high cost of supplements. Chinga recorded the highest proportion at
72.7% of respondents feeding heifers on forages supplemented with concentrates. In a study
in Meru, Makau et al., (2018) reported that 90% of farmers fed heifers on Napier grass and
64.6% supplemented the forage with dairy meal. They recommended supplementation of
heifers with concentrate during the dry season to achieve optimum growth. Provision of poor-
quality feed during the dry season can reduce skeletal growth and weight gain (Lukuyu et al.,

2012; Makau et al., 2018).

Table 4. 20: Types of feed fed to heifers in study area
Feeding of Heifers (%)

Wards
Feeding Iria-ini Magutu Chinga Karima Mean
(N=100) (N=100) (N=99) (N=100)

Pasture only 4.0 12.0 0.0 1.0 4.3
Pasture and concentrates 8.0 19.0 3.0 3.0 8.3
Forages 23.0 26.0 2.0 16.0 16.8
Forages and concentrates  62.0 39.0 72.7 61.0 58.6
Pasture, concentrates

and forages 3.0 4.0 22.2 19.0 12.0
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4.10.2 Constraint to heifer rearing

Constraints encountered during heifer rearing included disease occurrence (26.8%),
inadequate feeds (17.3%) and infertility (16.0%) while 39.9% reported no problems (Table
4.21). Health problems could be associated with poor feeding regimes from early age leading
to lower immunity against diseases and delayed first heat. Prolonged underfeeding of heifers
can lead to infertility. Heifers which are underfed as young calves are at higher risk of
diseases or never become productive (Johnson et al., 2011; Makau et al., 2018). According to
Windeyer et al., (2014), calf-hood diseases affect subsequent heifer survival, productivity,
economic value and welfare in a dairy farm.

Table 4. 21: Problems and control measures during heifer rearing in study area
Problems facing heifers (%0)

Wards
Problems Iria-ini Magutu  Chinga  Karima Mean
(N=100) (N=100) (N=99) (N=100)

Infertility (delayed first

pregnancy) 29.0 24.0 3.0 8.0 16.0
Diseases 38.0 36.0 27.3 6.0 26.8
Inadequate feeds 13.0 29.0 3.0 24.0 17.3
None 20.0 11.0 66.7 62.0 39.9
Measures to Control problems (%)

Wards

Control Iria-ini Magutu Chinga Karima  Mean
(N=100) (N=100) (N=99) (N=100)

Supplementation with

mineral salt 18.0 24.0 1.0 1.0 11.0
Vaccination, deworming & Tick control  60.0 56.0 60.6 17.0 48.4
Sell stock and culling 6.0 2.0 1.0 1.0 2.5
Grazing at road sides 4.0 5.0 17.2 2.0 7.0
Repeated insemination and Natural mating 3.0 2.0 0.0 20.0 6.3
None 9.0 11.0 20.2  59.0 24.8

The measures taken to alleviate these problems associated with raising heifers emphasize
focus on diseases in the area either by the farmers or the services providers. A majority of
respondents (48.4%) practiced vaccination, deworming and tick control. Higher proportion

of farmers in the Othaya based wards had fewer problems raising their heifers and not
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surprisingly a higher proportion of those who took no measures (Table 4.21). Proper heifer
management and feed conservation could reduce the problems of worms’ infestation,
inadequate feed and infertility. The rate of repeat inseminations and usage of bulls was high
in Karima ward compared to other wards probably an indication of poor feeding and
management of heifers. According to study conducted in Kenya by Lukuyu et al., (2012),
improved heifer feeding and management can lead to high conception rate, good health and

performance.

4.11. Reproductive performance of heifers

The age at first service (AFS) varied among respondents. 37.8% served their heifer at 15-18
months, 32.1% at 18-20 months, 24.1% above 20 months (Table 4.22). However, in all the
wards the majority of heifers were served by 20 months of age. Majority of farmers in Chinga
and Karima served heifers at 18-20 months compared to Iria-ini and Magutu. This can be
attributed to differences in heifer management between the sub-counties. The age at first
service (AFS) in peri-urban areas of Eastern Kenya was reported as 25.1 + 8.7 months
(Mungube et al., 2014). In Malawi, Watanabe et al., (2017), reported mean age at first service
as 25.2 £ 9.5 (mean+SD) months in small scale dairy farms. The age at first service is not
always related to age at first calving as the first service may not result in a conception.
Heifers are expected to be first inseminated at 14 to 15 months at body weight of more than
350 kg for larger breeds (Friesians and Ayrshire), to attain first calving of about 24 months
(Antov et al., 1998). The age at first service was too long in the study area compared to the
recommended AFS of 14-15 months (Novakovic et al., 2011). The long AFS was attributed

to poor heifer management.
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Table 4. 22: Reproductive performance and growth monitoring of heifers
Age at First Service (%)

Wards

Age at First Service Iria-ini Magutu  Chinga Karima Mean

(N=100) (N=100) (N=99) (N=100)
15-18 months 54.0 52.0 26.3 19.0 37.8
18-20 months 24.0 31.0 39.4 34.0 32.1
20 months and above 20.0 17.0 27.3 32.0 24.1
Never came on heat 2.0 0.0 7.1 15.0 6.0
Age at First Calving in Months
Wards N Mean=SD SEM Min Max
Iria-ini 100 28.46°+2.434 245 25 36
Magutu 100 28.03%+2.298 .230 26 34
Chinga 99 28.378£3.295 345 24 36
Karima 100 29.022+3.270 .355 25 37

dMeans with no/similar superscripts are not significantly difference between the Wards
(P>0.05)
Monitoring of Heifer Growth (%)

Wards
Monitoring of Heifer Iria-ini Magutu  Chinga  Karima Mean
(N=100) (N=100) (N=99) (N=100)
No 41.0 42.0 51 12.0 25.1
Yes 59.0 58.0 94.9 88.0 74.9
Monitoring Criteria of heifer growth (%)
Wards
Monitoring Criteria Iria-ini Magutu Chinga Karima Mean
(N=100) (N=100) (N=99) (N=100)
Weight and height estimation 44.0 55.0 81.8 88.0 67.2
No monitoring 56.0 45.0 182 120 32.8

The Age at First Calving (AFC) ranged from 25 to 36 months in the study sites with average
of 28.45+2.844 months which was not significantly difference between the Wards (P>0.05)
as shown in Table 4.22. However, the Age at first calving (AFC) in the study site was lower
than the 36 months reported in Kenya Highlands (Lanyasunya et al., 1999; Bebe et al., 2003).
A study in Malawi reported an even later age at first calving of 43.4 + 13.8 months
(Watanabe et al., 2017).

Monitoring heifer growth is a good strategy to evaluate adequacy or otherwise of
management and especially the feeding. In the current study, 74.9% of respondents

monitored heifer growth mainly through weight and height estimation (67.2%) while 32.8%
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did not use recommended method for growth monitoring but only use observation (Table
4.22). In order to avoid late first calving, heifer growth should be monitored to allow

adjustment in feeding program to allow an average AFC at 24 months (Wathes et al.,2014).

4.12. Reproductive Performance of the dairy cows

The number of services per conception (SPC) and calving interval (Cl) are shown in Table
4.23. The proportion of farmers that had their cows inseminated once were 58.6%, twice
were 33.3%, thrice were 6.0% and four times were 2.0%. Number of services per conception
is a measure of cow fertility and efficiency of the breeding system. Farmers in Karima ward
of Othaya sub-county reported the highest conception rate at 66% after first service. This
high performance could be attributed to the age of farmers where majority of them in Karima
ward were 55 years and above (Table 4.1.). The older farmers were reported to be more
accurate in heat detection and Al timing, resulting into successful conception compared to
younger farmers (Gitau, 2013; Mutavi and Amwata, 2018). Similarly, the results in the
current study agreed with Rukundo, (2018), who reported a 58.6% first service conception

rate for small scale farmers in Rwanda.

According to Diskin, (2008), heat detection efficiency relies on the ability and commitment
of the person responsible in identifying the signs of heat before artificial insemination.
Number of services per conception (SPC) is one of parameters used for estimating dairy
animal’s reproductive performance and is affected by breeding method being higher in free
natural breeding and lower in places in which artificial insemination is utilized (Melaku et al.,
2011). Good nutrition also leads to high rate of conception (Table 4.7.). More farmers in

Karima ward fed their cattle on forages, concentrates and mineral salts which may explain the
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low SPC compared to other wards in the study area. Nutrition has been shown to be a vital

factor affecting fertility and conception in dairy cattle (Santos, 2008; Tesfaye et al., 2015).

The mean of calving interval in the study area was 15.22+5.11 months (Table 4.23.). The
mean between the wards were not significantly different (P>0.05). However, CI in the current
study was shorter than calving intervals of 21.1 months reported in Kenya (Bebe et al 2003).
A more recent study reported a lower CI of 13.6 = 2.9 months in per-urban areas of Eastern
Kenya (Mungube et al., 2014) compared to 15.22+5.11 months in the current study. The
recommended CI of 12 months (365 days) would ensure that a cow gives a calf every year
(Kollalpitiya et al., 2012). The length of CI measures the productivity of dairy cow in term
of calf crops and milk yield in a lifetime. It is affected by factors such as nutrition, quality of
semen, knowledge of farmer and Al technicians and reproductive health of the cow. The
current finding concurred with the results by Wondossen et al., (2018) who reported an
average calving interval of 469.2 + 7.9 days (15.64+0.26 months) in Ethiopia. Calving
interval in the current study is longer than 12 months could be explained by inadequate

feeding due to feeds scarcity and poor management practices (Table 4.29).
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Table 4. 23: Reproductive Performance of dairy cows in the study area

Number of Services per Conception (%)

Wards

Number of Services Iria-ini Magutu Chinga  Karima Mean

(N=100) (N=100) (N=99) (N=100)
One 57.0 57.0 54.5 66.0 58.6
Two 38.0 33.0 36.4 26.0 33.3
Three 5.0 7.0 6.1 6.0 6.0
Four 0.0 3.0 3.0 2.0 2.0
Calving Interval in Months
Wards N MeantSD  SEM Min  Max
Iria-ini 100 15.7145.80* .5804 12.0 31.0
Magutu 100 14.14+3.36* .3355 120 24.0
Chinga 99 15.62+5.08 5110 120 30.0
Karima 100 15.41+5.74* 5739 120 31.0

aMean with the same Superscripts between the Wards are not significantly different (P=0.106)

4.13. Breeding Systems

The breeding systems practiced in the study area were artificial insemination (Al) and
natural mating and the results are shown in Table 4.26. Most of smallholder dairy farmers
used Al (94.5%) with only 3.5% using natural mating. This implied that most of the farmers
know the importance of Al such as reduction in reproductive diseases and the cost of
maintaining a bull. Breeding systems do not differ significantly at 0.05 confidence level using
Chi Square test. This concurred with observations in Meru County where Al services were
readily available and used by majority of smallholder farmers (Muraya et al., 2018)

Avrtificial Insemination was provided by private institution (70.7%), government (18.8%),
more than one provider (8.0%) and dairy cooperatives (2.5%). There was no significant
difference (p>0.05) between the wards in Al provision in the study area. The higher usage of
private Al technicians was attributed to ease of accessibility by the farmers when their cows
were on heat. Similarly, Muraya et al., (2018), reported that Al services were mainly

provided by private Al technicians in Meru County.
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Table 4. 24: Breeding Systems and Al providers in study area

Breeding Methods (%)

Wards
Breeding Methods Iria-ini Magutu  Chinga  Karima Mean
(N=100) (N=100) (N=99) (N=100)
Artificial insemination (Al) 98.0 94.0 94.0 92.0 94.5
Natural mating 2.0 3.0 6.1 3.0 35
Both 0.0 3.0 0.0 5.0 2.0
Artificial Insemination (Al) providers (%)
Wards
Al Providers Iria-ini Magutu Chinga Karima  Mean
(N=100) (N=100) (N=99) (N=100)
Government 30.0 22.0 6.1 17.0 18.8
Private institution 61.0 70.0 80.8 71.0 70.7
Cooperatives 1.0 4.0 1.0 4.0 2.5
More than one provider 8.0 4.0 12.1 8.0 8.0

More than one provider involved government, private institutions and cooperatives.

4.14. Productive Performance of lactating cows

The daily milk yield (MY) and lactation length (LL) in the study farms is shown in Table
4.24. Of the study farms, 37.4% of the cows produced 5-10 litres, 24.6% 10-15 litres and
15.8% 15-20 litres of milk per day. A larger proportion of farmers reported higher milk yield
per cow in Othaya (Chinga and Karima) than Mathira East subcounty (Iria-ini and Magutu).
This difference was attributed to good feeding regimes in Othaya where more farmers feed
combination of roughages, concentrates and minerals than in Mathira East subcounty (Table
4.7). Trained farmers are more informed on the effects of quality and quantity of feeds on
milk production. The big variation in the amount of milk produced in the farms is an
indication of the different levels of quality and quantity of feeds in the farms (Table
4.9&Table 4.11). Breed contributed to more milk in litres reported in Othaya subcounty as

there were more Friesians than in Mathira East subcounty of Nyeri County (Table 4.5).
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Njonge, (2017) in a similar study on smallholder dairy farmers in Kirinyaga County, reported
that 25% of farmers recorded yields of > 8 litres per day, 15% 4- 8 litres and 60% 1-4 litres
per day. In the current study, the average milk yield in litres/day was 10.7£5.9. Using the
daily milk production for the different wards, the 305 days lactation yield would range from
1464 to 5063 litres/year to average of 3263.5 litres/year. The milk yields were significantly
different between the wards P<0.05). KDB, (2016) reported average milk production ranging

from 7-9 litres/cow/day in Kenya compared to 19 litres of milk/cow/day in South Africa.

The lactation length ranged from 6 to 26 months with the average of 10.0+4.9 months
(300+147 days). Lactation lengths were significantly different between the wards in the study
site (P<0.05). For calving interval of 365 days to be realized, a dairy cow should have a
lactation length of 305 days. The average lactation length in the study area was about 300
days which would be similar to this standard. However, the lactation length varied from
7.48+ to 12.48+5.73 months. This was lowest for Magutu and highest for Karima (Table
4.24). The short lactation length could be explained by poor feeding of dairy cow during
early lactation and probably during last two months of gestation, dry period, when the cow
builds up body reserves to support high milk production in subsequent lactation (Wafula,
2018). The resulting low amounts of milk production prompted some farmers to dry their
cows within 5 months of lactation (Table 4.29). Wafula, (2018) reported a similar average
lactation length of 300 days in Meru County. He further observed that milk yield and
lactation length were influenced by good management, feeding, herd fertility management,

calf rearing and health of the cows.
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Table 4.25: Productive Performance of dairy cows in study farms

Milk Yield in litres

Wards
Milk Yields Iria-ini Magutu Chinga  Karima Mean
(N=100) (N=100) (N=99) (N=100)
1-2 litres 3.0 2.0 2.0 4.0 2.8
2-5 litres 18.0 22.0 9.1 14.0 15.8
5-10 litres 40.0 42.0 37.4 30.0 37.4
10-15 litres 26.0 19.0 26.3 27.0 24.6
15-20 litres 9.0 9.0 14.1 14.0 11.5
20 and above 4.0 6.0 11.1 11.0 8.0
Milk Yields litres/day at the Farm Level
Wards N MeanzSD SEM Min Max
Iria-ini 100 9.77+4.99% 504 2 25
Magutu 100 9.82+5.922 595 2 30
Chinga 99 12.25+6.16° 619 2 31
Karima 100 10.94+5.97° 603 2 31

Mean with different superscripts are significantly different between the Wards at (p<0.05)
Lactation Length (months)

Wards N MeanzSD SEM Min Max

Iria-ini 100 8.09+2.69* .2687 6.0 18.0
Magutu 100 7.48+1.79* .1789 6.0 19.0
Chinga 99 11.98+578" 5811 7.0 33.0
Karima 100 12.48+5.73° 5734 7.0 34.0

aMeans with different superscripts between the Wards are significantly different (p<0.05)

4.15. Factors associated with reproductive and productive performance in the study
area

Factors affecting milk production, calving interval and age at first service in the study area
are shown in Table 7. Milk production was positively associated (coefficient .247) with
quantity of concentrate fed at early lactation. Breeds of cattle and diseases were negatively
associated (-.059 and -.081) with milk production level. Milk production and quantity of
concentrate fed during early lactation were significantly (p<0.05) related. Muia et al., (2011)
suggested the variation in production was a result of differences in availability of animal
feeds, variation in livestock genotypes and farming system that was enhanced by agro-

ecological zones. Good feeding of heifers was positively correlated (.254) with age at first
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service then breeds and diseases which were negatively associated. There was significant
(p<0.05) association between feeding heifers and age at first service. Proper management of
heifers can reduce age at first service and improve productivity (Watanabe et al., 2017).
Calving interval was positively correlated (.018) with quantity of concentrate fed at mid and
late lactation and negatively associated with other factors. Association between calving
interval and quantity of concentrate fed during the mid and late lactation was non-significant
(p<0.05). The prolonged CI in cows is associated with insufficient feeding, poor heat
detection, herd health, the unreliability of artificial insemination and /or bull services and the
lack of dairy farm records for correct decision making (Moges 2012; Duguma et al 2012;

Mungube et al., 2014).

Table 4.26: Linear Regression Model Results of Factors Affecting Reproductive and
Productive Performance in Nyeri County.

Variables Std. Error  Coefficient P-Value
Milk Production

Breeds of Cattle 143 -.059 .230
IQuan?ity of concentrate at early 410 247 001
actation

Quantity of concentrate at mid 201 032 663
and late lactation

Diseases Control Measures 251 -.081 .095
Age at first service

Breeds of Cattle .023 -.068 A71
Diseases Control Measures .040 -.041 399
Feeding of Heifers .046 254 .000
Calving Interval

Breeds of Cattle 129 -.064 .203
Quan'_[ity of concentrate at early 372 - 032 674
lactation ' ' '
Quantity of concentrate at mid 365 018 817
and late lactation ' ' '
Diseases Control Measures 227 -.042 399
Number of observations 399

Confidence Level .05
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4.16. Milk Marketing

The farm gate price per litre of milk and the buyers are shown in Table 4.25. Majority of the
farmers (95.5%) sold their milk at a price range from Ksh 30-40 ($ 0.28-0.37) per litre and
only a small proportion (4.5%) sold their milk at a higher price from Ksh 40-50 ($ 0.37-0.46)
per litre. Most farmers (42.6%) sold their milk to cooperatives and processors at lower prices
in their milk collection centres with installed milk coolers probably because they were
assured of a market for their milk. The milk collection centres were also located in all the
wards close to the farmers. A small proportion of farmers (26.8%) sold their milk to
neighbours and local hotels at higher prices. An additional advantage of farm gate sales was
that there was no cost of transportation and storage of milk. Producers would also pay cash
by neighbours and local hotels unlike the formal market where farmers are paid monthly by
processors. There was similarity among the wards in the study area in term of selling price.
The farmers who sell their milk to cooperatives and processors complained about low prices
compared to high cost of animal feed. Farmers suggested that, prices of milk should be based
on the cost of production for them to realize a profit. The milk buyers in the study area were
mainly Processors (22.8%) and Dairy Cooperatives (19.8%). The findings of this study
agreed with Wafula, (2018), who reported that processors and cooperatives are the main

buyers of smallholder dairy farmers’ milk in Meru County.
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Table 4. 27: Farmgate milk price and buyers in the study area Farmgate price per litre
(%)

Wards
Price Iria-ini Magutu Chinga  Karima Mean
(N=100) (N=100) (N=99) (N=100)
30-40 Kshs 96.0 99.0 91.9 95.0 95.5
40-50 Kshs 4.0 1.0 8.1 5.0 4.5

Milk Buyers (%)

Wards
Milk Buyers Iria-ini Magutu  Chinga Karima  Mean
(N=100) (N=100) (N=99) (N=100)
Neighbours 17.0 13.0 10.1 21.0 15.3
Local shops/hotels  18.0 17.0 2.0 9.0 115
Middlemen 23.0 19.0 2.0 15.0 14.8
Processors 1.0 5.0 56.6 29.0 22.8
Dairy cooperatives ~ 20.0 36.0 15.2 8.0 19.8
More than one buyer 21.0 10.0 14.1 18.0 1538

More than one buyer included Processors, Neighbours, Middlemen, Dairy Cooperatives etc.

4.17. Dairy Cattle Diseases

The common diseases of cattle and control measures are shown in Table 4.27. The most
common diseases reported by dairy farmers included anaplasmosis (44.1%) and mastitis
(26.1%) in the study area. The high cases of anaplasmosis in Mathira East (Iria-ini and
Magutu) indicated that majority of farmers had not taken tick control seriously. Diseases like
diarrhoea, mastitis and milk fever are associated with great decline in milk production
(Bareille et al. 2003). The very costly disease in milk production is mastitis (Seegers et
al.,2003). Mastitis causes include mainly interaction between management practice and
infectious agents, however, with other factors, such as genetics, udder shape or climate.

(Awale et al., 2012).

To mitigate against diseases, dairy farmers should put in place control measures such as

vaccination (59.6%), controlling endo- and ectoparasites (30.1%) (Table 4.27). The fact that
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only 2.0% of the farmers had not carried out any disease control measures in the last two
months suggests that the farmers appreciated the consequences of disease would have on
productivity of the animals (Table 4.27). According to Rukundo (2018), most of the farmers
in Rwanda regularly used disease control measures such as vaccination, deworming and

spraying against ticks.

Table 4. 28: Common Dairy Cattle Diseases and control measures in study area
Common Cattle Diseases (%0)

Wards
Cattle Diseases Iria-ini Magutu  Chinga  Karima Mean
(N=100) (N=100) (N=99) (N=100)
Anaplasmosis 49.0 64.0 38.4 25.0 44.1
Milk fever 3.0 0.0 2.0 2.0 1.8
Mastitis 17.0 22.0 40.4 25.0 26.1
Abortion 1.0 1.0 1.0 5.0 2.0
Lumpy Skin Disease 6.0 7.0 2.0 1.0 4.0
Foot rot 1.0 1.0 2.0 0.0 1.0
None 23.0 5.0 14.1 42.0 21.1
Diseases Control Measures (%)
Wards
Control Measures Iria-ini Magutu  Chinga  Karima Mean
(N=100) (N=100) (N=99) (N=100)

Vaccination 50.0 52.0 86.9 50.0 59.6
Controlling parasites 39.0 36.0 3.0 42.0 30.1
Mineral supplementation 2.0 1.0 2.0 0.0 1.3
Proper feeding 3.0 0.0 6.1 5.0 3.5
Maintaining hygiene 5.0 9.0 0.0 0.0 3.5
None 1.0 2.0 2.0 3.0 2.0

4.18. Cattle Housing

Cattle housing, types of floor and types of bedding are shown in Table 4.28. Of the
respondents, 96% housed their cattle with only 4% keeping their cattle in open bomas with no
roof. The farmers who housed their dairy cattle had the advantage of better feeding

management, clean milk production, efficient use of land, good calf rearing, effective heat
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detection, manure and urine collection among others. In a study conducted around Nairobi, it

was reported that 83.80% of farmers housed their cattle (Aleri et al., (2012).

The floors in the cattle houses were either concrete (65.9%) or earthen (34.1%). Majority of
farmers had houses with concrete floors in all the wards which implied that they were willing
to invest more capital in housing. According to SNV, (2017), houses with concrete floor are
expensive thus farmers use earthen floor with straw bedding to reduce cost. The types of
bedding provided by farmers to their cattle were; straws and grasses (21.6%), wood shavings
and sawdust (13.0%) and cow mattresses (7.0%) while 58.4% of farmers had cattle lying on
the concrete floor. Housing cattle on concrete floor is thought to negatively influence the
health of the legs and feet of cattle due to its inflexible nature. Providing a softer layer of
rubber on the concrete surface was reported to reduce leg and claw lesions compared with
concrete or wood flooring alone (Vokey et al., 2001). Abrasion on concrete surfaces or
collision with stall partitions of the hocks and knees appears to cause injury to the cattle when
they lie down and stand up. Usually, sand, sawdust, or straw bedding in stalls cause less

damage to joints than mats (Wechsler et al., 2000).

73



Table 4. 29: Cattle Housing, floor and bedding types in study area
House for Cattle (%)

Wards
House Iria-ini Magutu Chinga  Karima Mean
(N=100) (N=100) (N=99) (N=100)
No 3.0 10.0 0.0 3.0 4.0
Yes 97.0 90.0 100.0 97.0 96.0
Types of Floor (%)
Wards

Floor Types Iria-ini Magutu Chinga  Karima Mean

(N=100) (N=100) (N=99) (N=100)
Concrete 75.0 58.0 67.7 63.0 65.9
Earthen Floor 25.0 42.0 32.3 37.0 34.1

Types of Bedding (%)
Wards
Bedding Types Iria-ini Magutu  Chinga  Karima Mean
(N=100) (N=100) (N=99) (N=100)

Cow mattresses 7.0 5.0 8.1 8.0
No bedding 58.0 65.0 47.5 63.0
Wood shavings and sawdust 10.0 17.0 9.1 16.0
Straws and grasses 25.0 13.0 35.4 13.0

4.19. Challenges to dairying and coping mechanisms in study area.

The challenges and coping mechanisms in smallholder dairy farms in the study area are

shown in Table 4.29. The major challenges for smallholder dairying in the study sites

included fodder/feeds shortages (30.6%) and related to this the high cost (17.8%) as well as

low quality of feeds (7.3%) then low milk prices and poor marketing (28.3%).

The shortage of feeds was especially acute during the dry season as noted at the time of data

collection which resulted to low milk production. Low prices of milk were also a major

constraint faced by farmers due to the high cost of concentrate feed. More farmers in Karima

ward of Othaya sub-county cited marketing as a constraint than the other wards as prices

were low and processors (buyers) took long to pay. Dairy farmers in Kirinyaga County

reported that, the major problems they faced were feed shortages (77 %), land availability (10

%), diseases (6.3%), and worms (5.4%) (Njonge, 2017).
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The losses from diseases could have been through low fertility, involuntary culling, a reduced
feed intake thus lower milk production, treatment costs and mortality in heavily parasitized
animals (Mceod, 1995). The impacts of these infections, even when the worm load is mild,
can be increased by other factors which lead to stress, such as frequent drought or concurrent
infections which may be existing in such areas. These low levels of infection have been
reported as the most economically important form of infection that may cause unthrifty

animals which become easily prone to other infections (Ocaido et al., 1996).

Nevertheless, farmers came up with various coping mechanisms to overcome these
challenges including purchase of fodder and crop residues (42.1%), renting land for fodder
production (21.1%), selling milk to neighbours, middlemen and shops (11.3%), consulting
veterinarians (10.8%). Other coping strategies adopted by some farmers are shown in Table
4.29. Rukundo (2018) reported that farmers fed crop by products, reduced amount of feeds,
purchased fodder and crop residues during the periods of feeds shortages to cope with the

challenges.
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Table 4. 30: Challenges and coping mechanisms in Smallholder Dairy Farming (%)

Wards
Challenges Iria-ini Magutu Chinga Karima Mean
(N=100) (N=100) (N=99) (N=100)
Fodder and feeds shortages 26.0 37.0 39.4 20.0 30.6
High cost of feeds 18.0 25.0 22.2 6.0 17.8
Silent heat and infertility 0.0 2.0 51 8.0 3.8
Low quality feeds 6.0 2.0 51 16.0 7.3
Low farmgate milk prices 30.0 22.0 17.2 44.0 28.3
Livestock diseases 18.0 10.0 9.1 3.0 10.0
Lack of training in
dairy management 2.0 2.0 2.0 3.0 2.3
Coping mechanisms (%)
Wards
Coping Iria-ini Magutu  Chinga  Karima  Mean
(N=100)  (N=100) (N=99) (N=100)
Renting land for fodder production  14.0 28.0 27.3 15.0 21.1
Supplementation with mineral salts 1.0 0.0 4.0 0.0 1.3
Homemade dairy meal 7.0 1.0 4.0 1.0 3.3
Substitution of commercial
feeds with fodder 8.0 6.0 2.0 3.0 4.8
Purchase of fodder 38.0 37.0 32.3 61.0 42.1
Provide less feeds and crop residues 4.0 6.0 2.0 0.0 3.0
Consult Veterinarian (Vet) 11.0 12.0 15.2 5.0 10.8
Selling milk to neighbours,
middlemen and shops 11.0 9.0 111 14.0 11.3
Selling stock, culling and
changing Al providers 6.0 1.0 2.0 1.0 2.5

4.20. Benefits of Smallholder Dairy Production

The benefits of smallholder dairy production were food security, income, manure and biogas

and employment (Table 4.30). Majority of dairy farmers ranked food security as the main

purpose of dairy farming (46.9%) followed by manure and biogas (28.1%), household

income (20.3%) and employment (4.8%).

The main purpose of keeping dairy cattle by smallholder farmers was food security as part of

the milk produced was consumed by the household. Majority of farmers in Othaya sub-

county (Chinga and Karima) prioritized food security whereas farmers in Mathira East sub-

county prioritized manure and biogas. Farmers in Mathira East mainly used manure as
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fertilizer on crop fields and to produce biogas for cooking. Similarly, FAO, (2018), reported
the benefits of smallholder dairying as enhanced milk consumption, increased crop
production through use of cow manure, increased revenues from sales, all of which can
enhance food security and nutrition. Smallholder dairying is usually practice in many parts of
the developing countries, including Ethiopia, providing nutritional source and income to
millions of households (World Bank, 2011). As being potential source of income and
employment generation to smallholder dairy farmers through high-value dairy products,
hence development of the dairy industry in Ethiopia haas the potential to contribute

significantly to poverty reduction and improve nutrition in the country (Staal et al., 2001).

Table 4. 31: Benefits of Smallholder Dairy Farming in the study area

Wards
Benefits Iria-ini Magutu  Chinga  Karima Mean
(N=100) (N=100) (N=99) (N=100)
Food Security 15.0 16.0 87.9 69.0 46.9
Income 31.0 34.0 6.1 5.0 19.0
Manure and Biogas 52.0 45.0 1.0 14.0 28.1
Employment 2.0 5.0 5.1 12.0 6.0
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CHAPTER FIVE: CONCLUSION AND RECOMMENDATION

5.1. Conclusion

The research was carried out to evaluate feed resources, management of young and growing
stocks, reproductive and productive performance of the dairy cattle under small scale farms in
Nyeri County, Kenya. The conclusion was that;

1. There were feed shortages in the study site aggravated especially during the dry
period and was attributed to small landholdings and poor forage management.
Supplementation with concentrates was insufficient.

2. The age at first service (AFS) and age at first calving of dairy heifers were longer than
expected in the study area which could be attributed to poor feeding and management
as feed shortages were observed.

3. Both reproductive and productive performance of the dairy cattle were poor in the
research area. The long calving interval, more services per conception and low milk

yield per cow per day were attributed to feed shortages.

5.2. Recommendation
As of the current findings, | made the following recommendations:

1. There is need for government and other stakeholders to intervene in solving feed
shortages in the study site through training farmers on feed conservation and feeding
of dairy cattle.

2. There should be training of farmers on dairy management, nutrition, breeding, and
disease control to maximize productivity. Farmers should also be trained on how to

keep farm records for good management and decision making.

78



REFERENCES

ACET, (2015). Promoting sustainable rural development and transformation in Africa Kenya
Country Report. Accra: African Center for Economic Transformation.

Aleri J. W., Mwangi J. N., Mogoa E. M & Mulei C. M., (2012). Welfare of dairy cattle in the
smallholder (zero-grazing) production systems in Nairobi and itsenvirons. Livestock
Research for Rural Development 24 (9).and Rural Development. 5: 145 — 155.

Antov G., Cobi¢ T., Antov A., Latinovi¢ D. & Plavsi¢ M. (1998): Uticaj nivoa ishrane i
veli¢ine tela junica na prinos mleka mleka u prvoj laktaciji. Savremena
poljoprivreda, 1-2, 169-174. (Washington, DC: International Food Policy Research
Institute,)

AOAC, (2006). Official Methods of Analysis of AOAC
International, 18th Edition

Arbel R., Bigun Y., Ezra E., Sturman H. & Hojman D. (2001). The effect of extendedcalving
intervals in high lactating cows on milk production and profitability.Journal of Dairy
Science 84: 600 - 608.

Archer, S. C., Mc Coy, F., Wapenaar, W., & Green, M. J. (2013). Association between
somatic cell count early in the first lactation and the longevity of Irish dairy
cows. Journal of Dairy Science, 96(5), 2939-2950.

Asmare, Z., Ferede Y. & Tesfa, A. (2017). Survey on major diseases affecting dairy cattle in
Bahir Dar Dsairy farms, North Western Ethiopia.

Awale, M. M., Dudhatra, G. B., Kumar, A., Chauhan, B. N., Kamani, D. R., Modi, C. M.,
Patel, H. B. & Mody, S.K. (2012). Bovine mastitis: A threat to the economy. Open
Access Reports. Online; 1:295. doi:10.4172/scientific reports. 295.

Ayantunde, A. A., Fernandez-Rivera, S. & McCrabb, G., (2005). Coping with feed scarcity in

smallholder livestock systems in developing countries. Animal Sciences Group,

79



Wageningen UR, Wageningen, The Netherlands, University of Reading, Reading,
UK, ETH (Swiss Federal Institute of Technology), Zurich, Switzerland, and ILRI

(International Livestock Research Institute), Nairobi, Kenya. pp 306.

Baltenweck 1. (2000). Adoption of Grade Cattle Technology in Kenya: a combined Farm-

level and Spatial Approach. Universite D'auvergne Clermont-Ferrandi, Ecole
Doctorale de Sciences Economiques et de Gestion, Faculté des Sciences

Economiques et d Gestion, C.E.R.D.I.

Bareille, N., Beaudeau, F., Billon, S., Robert, A. & Faverdin, P. (2003). Effects of health

disorders on feed intake and milk production in dairy cows. Livestock Production

Science 83(1): 53-62. d0i:10.1016/S0301-6226(03)00040-X

Bebe B. O, Udo H. M. J, Rowlands G. J and Thorpe W, (2003). Smallholder dairy systems in

the Kenya highlands: cattle population dynamics under increasing intensification.

Livestock Production Science, 82: 211-221.

Bebe B. O, Udo H. M. J, Rowlands G. J & Thorpe W, (2003). Smallholder dairy systems in

the Kenya highlands: breed preferences and breeding practices. Livestock

Production Science 82 (2003) 117-127

Bebe B. O, Udo H. M. J, Rowlands G. J. & Thorpe W. (2003a). Smallholder dairy systems in

the Kenya highlands: Cattle population dynamics under increasing intensification.

Liv. Prod. Sc., 82: 11-221.

Bebe, B. O., Udo, H. M. J. & Thorpe, W., (2008). Characteristics of feeding and breeding

practices for intensification of smallholder dairy systems in the Kenya highlands.
Livestock Research for Rural Development, 20: 23.

http://www.Irrd.org/lrrd20/2/bebe20023.htm

80


http://www.lrrd.org/lrrd20/2/bebe20023.htm

Bebe, B.O., Udo, H.M.J. & Thorpe, W. (2000). Disposal and replacement practices in Kenyas
smallholder dairy herds. proc 3". all africa Conference on Animal Agriculture and
11" conference of the Egyptia society of Animal production, ALexadra, Egypt from
6™ — 9" November 2000.

Bekele M, Abduba Y. & Alemayehu R, (2009). Prevalence and incidence rates of calf
morbidity and mortality and associated risk factors in smallholder dairy farms in
Hawassa, Southern Ethiopia. Ethio Vet J. 2009; 13:59-68.

Bharti, P. (2000). Prevalence, therapeutic control and patho-physiology of common
helminthes infecting stallfed and grazing cattle and buffaloes in and around Ranchi,
Bihar.M.V.Sc. Thesis submitted to Birsa Agricultural University, Ranchi.

Bhattarai, M. (2009). Understanding Technology Pathways among Vegetable Farmers: A
Theoretical Framework and Research Agenda’, The World Vegetable Centre

Bilgic N. & Alic D., (2005). Milk yield traits of Holstein Friesian cows raised in Polatli state
farm. Ziraat Fakultesi, S.U. Dergisi, 2005; 19: 116-119.

Biwott, K. J., Kaitho, R., Gachuiri, C. K., Wahome, R. G., & Tanner, J. C. (1998). Effects of
levels of concentrate supplementation on milk production and body weights of
lactating dairy cows. Paper presented at the Faculty of Vet. Med. Biennial Scientific
Conference, Kabete Campus, University of Nairobi, 5-7 August 1998. Nairobi
(Kenya): ILRI.

Bouwman, G. W. (1999). General aspects of Animal Nutrition, IPC LIVESTOCK-The
Netherlands.

Brickell J. S., Bourne N., McGowan M. M. & Wathes D. C. (2009). Effect of growth and
development during the rearing period on the subsequent fertility of nulliparous
Holstein-Friesian heifers. Theriogenology. 2009; 72: 408-416.

https://doi.org/10.1016/j.theriogenology.2009.03.015 PMID: 19481791

81



Caswell, M., Fuglie K., Ingram, C., Jans S. & Kascak C. (2001). Adoption of Agricultural
production practices: Lessons learned from the US. Department of Agriculture Area
Studies Project. US Department of Agriculture, Resource Economics Division,
Economic Research Service, Agriculture Economic Report No. 792. Washington
DC. 2001.

Chenyambuga, S. W., & Mseleko, K. F. (2009). Reproductive and lactation performances of
Ayrshire and Boran crossbred cattle kept in smallholder farms in Mufindi district,
Tanzania. Livestock Research for Rural Development, 21(7), 100.

Cooke J. S, Cheng Z, Bourne N. E. & Wathes DC., (2013). Association between growth
rates, age at first calving and subsequent fertility, milk production and survival in
Holstein-Friesian heifers. Open J Anim Sci. Scientific Research Publishing; 2013; 3:

1-12. https://doi.org/10.4236/0jas.2013.31001

County Government of Nyeri, (2018). County Livestock Reports.
County  Government of  Nyeri, (2013). Population  Density  Distribution

(https://en.wikipedia.org/wiki/Nyeri County).

County Government of Nyeri, (2017). Nyeri County Integrated Development Plan.

(http://www.nyeri.go.ke/wp-content/uploads/2017/01/County-Govt-of-Nyeri-

CIDP.pdf).

de Castro, J. J. (1997). Sustainable tick and tickborne disease control in livestock
improvement in developing countries. Veterinary parasitology, 71(2-3), 77-97.

De haan C, Steinfield, H and Blackburn H, (1997). Livestock and the environment. Finding a
balance, FAO/World Bank/USAID. Retrieved March 27, 2017, from

http://agrienvarchive.ca/bioenergynload/livestock env fao.pdf

82


https://doi.org/10.4236/ojas.2013.31001
https://en.wikipedia.org/wiki/Nyeri_County
http://www.nyeri.go.ke/wp-content/uploads/2017/01/County-Govt-of-Nyeri-CIDP.pdf
http://www.nyeri.go.ke/wp-content/uploads/2017/01/County-Govt-of-Nyeri-CIDP.pdf
http://agrienvarchive.ca/bioenergynload/livestock_env_fao.pdf

Delgado, C. L., Rosegrant, M. W., Steinfeld, H., Ehui S. K. & Courbois, C., (1999).
Livestock to 2020: The next food revolution (Vol. 61). International Food Policy
Research Institute.

Diskin, G. M., (2008). Reproductive management of dairy cows: A review (part 1). Irish
Veterinary Journal, 61(5), 1-7.

Doss C. R., & Morris M. L. (2001). How does gender affect the adoption of agricultural
innovation? The case of improved maize technologies in Ghana: Journal of
Agricultural Economics, 2001. 25, 27-39.

Duguma B, Kechero Y. & Janssens G. P. J. (2012). Productive and reproductive performance
of Zebu X Holstein-Friesian crossbred dairy cows in Jimma town, Oromia, Ethiopia.
Global Veterinaria 8 (1): 67-72.

East Africa Dairy Development Program (2008): The Dairy Value Chain in Kenya. A report
by Techno Serve Kenya

Erdem H, Atasever S. & Kul E., (2007). Milk yield and fertility traits of holstein cows raised
at gokhoyuk state farm milk yield traits. J. Fac. Agric., 2007; 22: 41-46.

FAO (2011). Dairy development in Kenya, by H. G Muriuki. Rome: Food and Agriculture
Organization of the United Nations.

FAO, GDP and IFCN. (2018). Dairy Development’s Impact on Poverty Reduction. Chicago,
Illinois, USA. Licence: CC BY-NC-SA 3.0 IGO.

FAO. (2007). Food and Agriculture Organization of the United Nations report

FAO. (2010). FAOSTAT Data, Food and Agriculture Organization, Rome.

FAO. (2014). Impact of mastitis in small scale dairy production systems. Animal Production

and Health Working Paper. No. 13. Rome.

83



FAO. (2018). World Livestock: Transforming the livestock sector through the Sustainable
Development Goals. Rome.222 pp. Licence: CC BY-NC-SA 3.0 IGO.

FAOSTAT (2012). Comparison of the top 20 Countries average milk yield per cow in the
World in 2010.

Food and Agricultural Organization (2010). A Summary of Milk Production across the World

Food and Agriculture Organization of the United Nations (FAO). (2009). The state of food
and agriculture: Livestock in balance. Food and Agriculture Organisation of the
United Nations, Rome 2009.

Froidmont E, Mayeres P, Picron P, Turlot A, Planchon V. & Stilmant D. (2013). Association
between age at first calving, year and season of first calving and milk production in
Holstein cows. Animal. 2013; 7: 665-72.

George K. Gitau G. K., Aleri J. W., Mbuthia P. G.& Mulei C. M. (2010). Causes of calf
mortality in peri-urban area of Nairobi, Kenya. Trop Anim Health Prod (2010)
42:1643-1647.

Gitau A. & Goris Y. (2016). Youth inclusiveness in agricultural transformation. The case of
Kenya. https://includeplatform.net

Gitau G. K., McDermott J. J., Waltner-Toews D. & Muriuki D. (1994). Factors influencing
calf morbidity and mortality in smallholder dairy farms in Kiambu District of
Kenya. Preventive Veterinary Medicine 21 (1994) 167-177.

Gitau K, J., (2013). Factors linfluencing Milk Production Among Small scaleDairy Farmers
in Mirangine in Nyandarua County and Mauche in Nakuru County, Kenya.

Gitau, G. K., Aleri, J. W., Mbuthia, P. G., & Mulei, C. M. (2010). Causes of calf mortality in
peri-urban area of Nairobi, Kenya. Tropical animal health and production, 42(8),

1643-1647.

84


https://www.researchgate.net/profile/George_Gitau?_sg%5B0%5D=nvQcZalrOGmnrCLxKz-1rrpfRc4bZaZYIoaZJgLNO_ejgqlwpKC3zi99V62rOSGhP5H3NYc.inytpQf4fz848IuX_0mw1CZt5D8EZ8whwunkNGy0VpNau1Mgiu_5ucvC7sJRHGBnKqHvUhLvYNhJVB8kZb1DWQ&_sg%5B1%5D=hBlg8RWZJ_xUaXSpOEJkVldy5EaL_-nHO3xPxoWBXoAhD4wmSXnb9XJlNpGsL4nPXNrHgIs59ZfM5bg.4nWCR4nfzYUfLWCX9BlcJCpr-3wQrpw7tdQy71OHjqKfOYBVFJhfCMHdMOFVKUbvU3s4D5uniuuxWybK2lYpJw&_sg%5B2%5D=K_XLI9ohkAxKb1fV2wJVfUEjaPnnGfnkf-3P_u8n_8kOfnh8TVd5EGjXQct2ZUcGMboNQGI.JJbmm7PApTiCgDuZfLRSWvUHHqGOdha7dSm4i_V7krxGpq_-WK6zxAE152Y_GbDAOt5QsXQQ-fGmVn2ZKkudVg
https://www.researchgate.net/scientific-contributions/39008092_JJ_McDermott?_sg%5B0%5D=nvQcZalrOGmnrCLxKz-1rrpfRc4bZaZYIoaZJgLNO_ejgqlwpKC3zi99V62rOSGhP5H3NYc.inytpQf4fz848IuX_0mw1CZt5D8EZ8whwunkNGy0VpNau1Mgiu_5ucvC7sJRHGBnKqHvUhLvYNhJVB8kZb1DWQ&_sg%5B1%5D=hBlg8RWZJ_xUaXSpOEJkVldy5EaL_-nHO3xPxoWBXoAhD4wmSXnb9XJlNpGsL4nPXNrHgIs59ZfM5bg.4nWCR4nfzYUfLWCX9BlcJCpr-3wQrpw7tdQy71OHjqKfOYBVFJhfCMHdMOFVKUbvU3s4D5uniuuxWybK2lYpJw&_sg%5B2%5D=K_XLI9ohkAxKb1fV2wJVfUEjaPnnGfnkf-3P_u8n_8kOfnh8TVd5EGjXQct2ZUcGMboNQGI.JJbmm7PApTiCgDuZfLRSWvUHHqGOdha7dSm4i_V7krxGpq_-WK6zxAE152Y_GbDAOt5QsXQQ-fGmVn2ZKkudVg
https://www.researchgate.net/profile/David_Waltner-Toews?_sg%5B0%5D=nvQcZalrOGmnrCLxKz-1rrpfRc4bZaZYIoaZJgLNO_ejgqlwpKC3zi99V62rOSGhP5H3NYc.inytpQf4fz848IuX_0mw1CZt5D8EZ8whwunkNGy0VpNau1Mgiu_5ucvC7sJRHGBnKqHvUhLvYNhJVB8kZb1DWQ&_sg%5B1%5D=hBlg8RWZJ_xUaXSpOEJkVldy5EaL_-nHO3xPxoWBXoAhD4wmSXnb9XJlNpGsL4nPXNrHgIs59ZfM5bg.4nWCR4nfzYUfLWCX9BlcJCpr-3wQrpw7tdQy71OHjqKfOYBVFJhfCMHdMOFVKUbvU3s4D5uniuuxWybK2lYpJw&_sg%5B2%5D=K_XLI9ohkAxKb1fV2wJVfUEjaPnnGfnkf-3P_u8n_8kOfnh8TVd5EGjXQct2ZUcGMboNQGI.JJbmm7PApTiCgDuZfLRSWvUHHqGOdha7dSm4i_V7krxGpq_-WK6zxAE152Y_GbDAOt5QsXQQ-fGmVn2ZKkudVg
https://www.researchgate.net/scientific-contributions/73843301_D_Muriuki?_sg%5B0%5D=nvQcZalrOGmnrCLxKz-1rrpfRc4bZaZYIoaZJgLNO_ejgqlwpKC3zi99V62rOSGhP5H3NYc.inytpQf4fz848IuX_0mw1CZt5D8EZ8whwunkNGy0VpNau1Mgiu_5ucvC7sJRHGBnKqHvUhLvYNhJVB8kZb1DWQ&_sg%5B1%5D=hBlg8RWZJ_xUaXSpOEJkVldy5EaL_-nHO3xPxoWBXoAhD4wmSXnb9XJlNpGsL4nPXNrHgIs59ZfM5bg.4nWCR4nfzYUfLWCX9BlcJCpr-3wQrpw7tdQy71OHjqKfOYBVFJhfCMHdMOFVKUbvU3s4D5uniuuxWybK2lYpJw&_sg%5B2%5D=K_XLI9ohkAxKb1fV2wJVfUEjaPnnGfnkf-3P_u8n_8kOfnh8TVd5EGjXQct2ZUcGMboNQGI.JJbmm7PApTiCgDuZfLRSWvUHHqGOdha7dSm4i_V7krxGpq_-WK6zxAE152Y_GbDAOt5QsXQQ-fGmVn2ZKkudVg

Gitau, G. K., Perry, B. D., & McDermott, J. J. (1999). The incidence, calf morbidity and
mortality due to Theileria parva infections in smallholder dairy farms in Murang'a
District, Kenya. Preventive Veterinary Medicine, 39(1), 65-79.

Kimunya, E. G. (2014). Effects of patterns of adoption of dairy farming technologies among
small-scale farmers in Githunguri division, Kiambu county (Doctoral dissertation,
University of Nairobi).

Gitonga, P. N. (2010). Postpartum reproductive performance of dairy cows in medium and
large-scale farms in Kiambu and Nakuru districts of Kenya (Doctoral dissertation,
University of Nairobi).

Goopy J. P. Jessee K. & Gakige J. K., (2016). Smallholder dairy farmer training manual.
ILRI Manual 24. Nairobi,Kenya: International Livestock Research Institute (ILRI).

Government of Kenya, (2010). Sessional Paper of the National Livestock policy.

www.kilimo.go.ke

Herrero, M., Grace, D., Njuki, J., Johnson, N. & Enahoro, D., (2013). The roles of livestock
in developing countries. Animal (2013), 7: s1, pp 3-18 & The Animal Consortium
2012.

Hoffman, P. C., C. R. Simson, & M. Wattiaux., (2007). Limit feeding of gravid Holstein
heifers: Effect on growth, manure nutrient excretion, and subsequent early lactation
performance. J. Dairy Sci. 90:946-954. http://dx.doi.org/ 10.3168/jds.2014-8329

Jackson, A., Kategile, A., & Mubi, S. (1992). Future of Livestock Industries in East and
Southern Africa: Proceedings of the Workshop Held at Kadoma Ranch Hotel,
Zimbabwe, 20-23 July 1992

Jayne, T. S., Yamanob, T., Weber, M. T., Tschirley, D., Benfica, R., Chapoto A. & Zulu, B.,
(2003). Smallholder income and land distribution in Africa: implications for poverty

reduction strategies. Food Policy, 28(3): 253-275.

85



Johnson K. F., Burn C. C. & Wathes D. C. (2011). Rates and risk factors for contagious
disease and mortality in young dairy heifers. CAB Reviews: Perspectives in
Agriculture, Veterinary Science, Nutrition and Natural Resources 6, 059. Journal of
Dairy Science 84: 600

Kabirizi, J., Muyekho, F., Mulaa, M., Msangi, R., Pallangyo, B., Kawube, G. & Wamalwa, E.
N. I. (2015). Napier grass feed resource: Production, constraints and implications for
smallholder farmers in Eastern and Central Africa. EAAPP (The Eastern African
Agricultural Productivity Project), Naivasha, Kenya. ir-library. mmust. ac.
ke/handle/190/314.

Karangiya V.K, Savsani H. H. & Ribadiya N.K, (2016). Use of densified complete feed
blocks as ruminant feed for sustainable livestock production: A review. Agricultural
Reviews, 37 (2) 2016: 141-147.

Karanja M. A. (2002). The Dairy industry in Kenya: The Liberalization Agenda. Paper
presented at a dairy industry workshop held in Nairobi, Kenya (27" August 2002).

Kashongwe, O. B., Bebe, O., Matofari, J. W. & Huelsebusch, C. G. (2017). Effects of feeding
prac-tices on milk yield and composition in peri-urban and rural smallholder dairy
cow and pastoral camel herds in Kenya. Trop Anim Health Prod, vol. 49, issue 5, pp.
909-914

Kathambi E. K., Van Leeuwen J. A., Gitau G. K. & McKenna S. L. (2018). Cross-sectional
study of the welfare of calves raised in smallholder dairy farms in Meru, Kenya,
2017, Veterinary World, 11(8): 1094-1101.

KEBS (2018). Hay as animal feed Specification

Kenya Dairy Board, (2016). Annual Report and Financial Statement for the Year Ended.

Kenya Dairy Board, 2014. Annual Report 2014. Kenya smallholder dairy herds. Paper

prepared for oral presentation at the 3. https://goo.gl/X7gPL5

86


https://goo.gl/X7gPL5

Khan M. A., Weary D.M., & von Keyserlingk M.A. G., (2011). Effects of milk ration on

solid feed intake, weaning, and performance in dairy heifers. J. Dairy Sci. 94 :1071—

1081 doi: 10.3168/jds.2010-3733.

Kilelu C.W., Koge, J., Kabuga, C. & van der Lee, J (2017). Performance of dairy services

agri-enterprises: A case study of youth-led Service Provider Enterprises (SPE). 3R
Kenya project Practice brief 002. Wageningen Livestock Research. The brief is a
summary of a more comprehensive research report available at:

https://doi.org/10.18174/445235

Kinambuga D. (2010). Evaluation of the constraints to profitable smallholder dairying: A

case of Nakuru County, Kenya. MSc Thesis, University of Nairobi, Kenya. 2010.

King, J.M., D.J. Parsons, J.R. Turnpenny, J. Nyangaga, P. Bakari, & C.M. Wathes. (2006).

Kirui J.

“Modelling Energy Metabolism of Friesians in Kenya Smallholdings Shows How
Heat Stress and Energy Deficit Constrain Milk Yield and Cow Replacement Rate.”
Animal Science 82 (05): 705. doi:10.1079/ASC200689.

C, Owuor B. & Muhingi W. N., (2018). Farmers’ dairy practices as a constraint
facing small-scale dairy farmers in Cheborge in Kericho County, Kenya.

ttps://www.researchgate.net/publication/328641048

Kiugu E. K., (2018). Calf comfort pilot study and compliance and effects of cow comfort

KNBS

recommendations in smallholder dairy farms in Kenya
(Kenya National Bureau of Statistics), (2017). Economic survey 2017.

https://goo.gl/E2NC8R

KNBS. (2019). Kenya Nation Bureau of Statistics Census Result.

87


https://doi.org/10.18174/445235
https://goo.gl/E2NC8R

Kok A., van Middelaar C.E., Mostert P.F., van Knegsel A.T.M., Kemp B, & de Boer I. J. M.
(2017). Effects of dry period length on production, cash flows and greenhouse gas
emissions of the dairy herd: A dynamic stochastic simulation model. PLoS ONE

12(10): e0187101. https://doi.org/10.1371/journal.pone.0187101

Kollalpitiya, K. M. P. M. B., Premaratne, S., & Peiris, B. L. (2012). Reproductive and
Productive Performance of UP-Country Exotic Dairy Cattle Breeds of Sri Lanka
23(4), 319-326.

Lanyasunya, T. P., Wekesa, F. W., de Jong, R., Udo, H., Mukisira, E. A., & Sinkeet, N. O.
(1999, November). Effects of a calf rearing package introduced to smallholder dairy
farms in Bahati division, Nakuru district, Kenya. In Proceedings of 6th Biennial
KARI Scientific Conference (Vol. 913, p. 450457).

Lascano, G. J.,, & A. J. Heinrichs. 2009. Rumen fermentation pattern of dairy heifers fed
restricted amounts of low, medium, and high concentrate diets without and with
yeast culture. Livest. Sci. 124:48-57.

Lukuyu B, Gachuiri C. K, Lukuyu M. N., Lusweti C. & Mwendia S (eds). (2012). Feeding
dairy cattle in East Africa. East Africa Dairy Development Project, Nairobi, Kenya.

Lukuyu, B., Franzel, S., Ongadi P. M. & Duncan, A. J, (2011). Livestock feed resources:
Current production and management practices in central and northern rift valley
provinces of Kenya. Livestock Research for Rural Development, 23: 112.
http://www.lrrd.org/lrrd23/5/ luku23112.htm.

Maina, F. W., Mburu, J., Gitau, G. K., & Van Leeuwen, J. (2018). Assessing the Economic
Efficiency of Milk Production Among Small-scale Dairy Farmers in Mukurweini
Sub-county, Nyeri County, Kenya (No. 1720-2018-7800).

Makau D, VanLeeuwen J, Gitau G, Muraya J, McKenna S,Walton C. & Wichtel J, (2018).

Animal and management factors associated with weight gain indairy calves and

88


https://doi.org/10.1371/journal.pone.0187101

heifers on smallholder dairy farms in Kenya, Preventive VeterinaryMedicine (2018),

https://doi.org/10.1016/j.prevetmed.2018.10.017

Makau D. N, VanLeeuwen J. A, Gitau G. K, Muraya J, McKenna S. L, Walton C. & Wichtel
J. J, (2018). Animal and management factors associated with weightgain in dairy
calves and heifers on smallholder dairy farms inKenya.

Mamo, H. J. (2013). Quality Management And Socio-economic Factors As Determinants Of
Dairy Farmers’ Productivity; A Case Of Muthiru Dairy Self-help Group Of Maara
District, Tharaka Nithi County (Doctoral dissertation, University of Nairobi).

Mamudu A. A, Emelia G. & Samuel K. D. (2012). Adoption of Modern Agricultural
Production Technologies by Farm Households in Ghana: What Factors Influence
their Decisions? Journal of Biology, Agriculture and Healthcare Vol 2, No.3,
2012www.iiste.org

Mawa, L. I., Kavoi, M. M., Baltenweck, I., & Poole, J. (2014). Profit efficiency of dairy
farmers in Kenya: An application to smallholder farmers in Rift Valley and Central
Province. Journal of development and agricultural economics, 6(11), 455-465.

Mbugua P. N, Gachuiri C. K, Wahome R. G, Wanyoike M. M, Abate A, Kamau J. M. Z. &
Munyua S. J. M, (1998). Performance of dairy cattle under two feeding systems, as
practiced in Kiambu and Nyandarua districts of Central Kenya. Retrieved February
4, 2017 from

http://www.iaea.org/inis/collection/NCLCollectionStore/ Public/30/042/30042868.p

df

Mc eod, R. (1995). Costs of major parasites to the Australian livestock industries.

McDonald, P., Edwards, R. A., Greenhalgh, J. F. D, Morgan, C. A., Sinclair, L. A. &
Wilkinson, R. G. (2011). Animal Nutrition: 7th edition. San Francisco: Benjamin

Cummings.

89


https://doi.org/10.1016/j.prevetmed.2018.10.017
http://www.iaea.org/inis/collection/NCLCollectionStore/_Public/30/042/30042868.pdf
http://www.iaea.org/inis/collection/NCLCollectionStore/_Public/30/042/30042868.pdf

McDougall, S. (2006). Reproduction performance and management of dairy cattle. Journal of
Reproduction and Development, 52(1), 185-194.

Megersa B., Yacob A, Regassa A., Abuna F., Asmare K. & Amenu K. (2009). Prevalence
and incidence rates of calf morbidity and mortality and associated risk factors in
smallholder dairy farms in Hawassa, Southern Ethiopia

Megersa B., Yacob A., Regassa A., Abuna F., Asmare K. & Amenu K. (2009). Prevalence
and incidence rates of calf morbidity and mortality and associated Risk factors in
smallholder dairy farms in Hawassa, Southern Ethiopia.

Melaku M, Zeleke M, Getinet, M. & Mengistie T. (2011). Reproductive Performances of
Fogera Cattle at Metekel Cattle Breeding and Multiplication Ranch, North West
Ethiopia. Online Journal of Animal Feed Research 1: 99-106.

Merck Veterinary Manual 3rd Edition, 1997.

Methu, J. N., Owen, E., Abate, A. L. & Tanner, J.C. (2001). Botanical and nutritional
composition of maize stover, intakes and feed selection by dairy cattle. Livestock
production science, vol. 71, issues 2-3, pp. 87-96

M’hamdi, N., Bouallegue, M., Frouja, S., Ressaissi, Y., Brar, S. K., & Hamouda, M. B.
(2012). Effects of environmental factors on milk yield, lactation length and dry
period in Tunisian Holstein cows. In Milk Production-An Up-to-Date Overview of
Animal Nutrition, Management and Health. IntechOpen.

Ministry of State for Planning and National Development (MoSPND). (2009). The Kenya
National Census.

MoALDM, 1998. Kenya’s Dairy Development Policy: Towards the development of a
Sustainable dairy industry, Hill Plaza, Nairobi, Kenya. 53pp.

MOALF, (2013). The National Dairy Development Policy.

90



Moallem, U., Werner D., Lehrer H., Zachut M., Livshitz L., Yakoby S., and Shamay A.,
(2010). Long-term effects of ad libitum whole milk prior to weaning and prepubertal
protein supplementation on skeletal growth rate and first-lactation milk production.
J. Dairy Sci. 93:2639-2650.

Moges N. (2012). Study on reproductive performance of crossbred dairy cows under small
holder conditions in and around Gondar, North Western Ethiopia. Journal of
Reproduction and Infertility 3 (3): 38-41, 2012

Mohd Nor, N. Steeneveld, W. M. C. M. Mourits, M. C. M. & Hogeveen, H. (2014). The
optimal number of heifer calves to be reared as dairy replacements. J. Dairy Sci. 98
:861-871

MoLD (2012). Dairy Farmers Training Manual. Ministry of Livestock Development.

MoLD. (2010). A guide to livestock extension handbook in Kenya; a revised version (AIRC).

Moller M., (2018). Feeding routines and feed quality on small-scale dairy farms in Baringo,
Kenya. Faculty of Veterinary Medicine and Animal Science (VH).

https://stud.epsilon.slu.se.

Moody, M. L., Zanton, G. | Daubert, J. M. & Heinrichs, A. J. 2007. Nutrient utilization of
differing forage-to-concentrate ratios by growing Holstein heifers. J. Dairy Sci.
90:5580-5586.

Mugambi D. K, Maina M. W, Kairu S. & Gitunu A. M. M, (2015).Assessment of
performance of smallholder dairy farms in Kenya: an econometric approach. Journal
of Applied Biosciences, 85:7891— 7899.

Muhuyi, W. B, Wekesa F. W, Mukisira E. A, Mosi R. O, Isika M, Okore C, Kirui J, Makori
J. & Lukibisi F. B. (2001). Sustainability of smallholder dairy production systems in

the semi-arid Rongai Division of Nakuru. In: The challenges of drought to livestock

91


https://stud.epsilon.slu.se/

production in Kenya. Proceedings of APSK Annual Symposium held on 7- March at
Egerton University, Njoro, Kenya.

Muia J. M. K, Kariuki J. N, Mbugua P. N, Gachuiri C. K, Lukibisi L. B, Ayako W. O. &
Ngunjiri W. V, (2011). Smallholder dairy production in high altitude Nyandarua
milk-shed in Kenya: Status, challenges and opportunities. Livestock Research for
Rural Development, Volume 23, Article #108 Retrieved March 23, 2017, from

http://www.lIrrd.org/lrrd23/5/muia23108.htm

Mukisira, E. A. & Khasiani G. (1989). Establishing predictiveequations on the intakes and
digestibilties of four forages fedat various growth stages to wether sheep. In
proceedings of theseventh SR-CRSP scientific workshop, 22nd-23rd Feb.,Nairobi,
Kenya. pp. 180-185.

Mulaa, M., Kabirizi, J., Pallangyo, B., Hanson, J., Proud, J., Mukiibi, E. Maeda, C., Wanjala,
B., Awalla, B. J. & Namazzi, C. (2013). Diversity, biomass and resistance to stunt in
Napier grass clonesin East and Central Africa region.

Mulei, C.M., Gitau, G.K. & Mbuthia, P.G. 1995. Causes of calf mortality in Kabete area
Kenya. Onderstepoort Journal of Veterinary Research, 62(3), 181-185.

Mumba, C., Samui, K. L., Pandey, G. S., Hang’ombe, B. M., Simuunza, M., Tembo, G. &
Muliokela, S. W. (2011) ‘Economic analysis of the viability of smallholder dairy
farming in Zambia’. Livestock Research for Rural Development. 23(137).

Mungube E. O., Njarui D. M. G., Gatheru M., Kabirizi J. & Ndikumana J. (2014).
Reproductive and health constraints of dairy cattle in the peri-urban areas of semi-

arid eastern Kenya. Livestock Research for Rural Development 26 (6) 2014.

Murage A. W and Evans D. & llatsia E. D., (2010). Factors that determine use of breeding
services by smallholder dairy farmers in Central Kenya. Trop Anim Health Prod

(2011) 43:199-207. DOI 10.1007/s11250-010-9674-3.

92


http://www.lrrd.org/lrrd23/5/muia23108.htm
http://www.lrrd.org/lrrd26/6/cont2606.htm

Murage A. W., llatsia E. D., Ayako W. O., Cheruiyot B. K., Ole Pulei R. N. & Nyambati E.
M., (2012). Napier grass-Desmodium intercrop in Smallholder Dairy Farming
Systems. A training manual. First Edition. Kenya Agricultural Research Institute,
Nairobi, Kenya.

Muraya J, (2019). Improving productivity and reproductive efficiency of smallholder dairy
cows in Kenya

Muraya J., VanLeeuwen J. A., Gitau G. K., Wichtel J. J., Makau D. N., Crane M. B,,
McKenna S. L. B. & Tsuma V. T., (2018). Cross-sectional study of productive and
reproductive traits of dairy cattle insmallholder farms in Meru, Kenya. Livestock
Research for Rural Development - October 2018.

Muriithi M.K, and Huka G.S., & Njati I.C., (2014). Factors Influencing Growth of Dairy
Farming Business in Amentia South District of Mere County, Kenya. IOSR Journal
of Business and Management (IOSR-JBM) e-ISSN: 2278-487X, p-ISSN: 2319-

7668. Volume 16, Issue 4. Ver. I11 (Apr. 2014), PP 21-31 www.iosrjournals.org

Muriuki H, (2003). Milk and Dairy Products, Post-harvest Losses and Food Safety in Sub-
Saharan Africa and the Near East. Food and Agriculture Organization Prevention of
Food Losses Programme. Retrieved March 23, 2017  from

http://www.fao.org/fileadmin/templates/ags/docs/dairy/Plassessmentkenya.pdf

Muriuki H, Omore AO, Hooton N, Waithaka M, Staal SJ. & Odhiambo P, (2004). The policy
environment in the Kenya dairy sub-sector: a review (Research Report).
MoA/KARI/ ILRI Smallholder Dairy Project, International Livestock Research
Institute: Nairobi, Kenya.

Muriuki, H. G, Mwangi, D. M. & Thorpe W., (2001). How Smallholder Dairy Systems in
Kenya Contribute to Food Security and Poverty Alleviation: results of recent

collaborative studies

93


http://www.iosrjournals.org/
http://www.fao.org/fileadmin/templates/ags/docs/dairy/P1assessmentkenya.pdf

Musalia L. M, Odilla G. A, Nderi O. M & Muleke V., (2016). Current status of fodder
production, conservation and marketing in the arid and semi-arid lands of Tharaka
Nithi County, Kenya

Musalia, L., Wangia, S., Shivairo, R., Okutu P. & Vugutsa, V., (2007). Dairy production
practices among smallholder dairy farmers in Butere/Mumias and Kakemega
Districts in Western Kenya. Tropical Animal Health and Production, 39: 199-205.

Mutavi S K, Kanui T I, Njarui D M, Musimba N R & Amwata D A 2016 Innovativeness and
Adaptations: The way forward for Small scale Peri- Urban Dairy Farmers in semi-
arid Regions of South Eastern Kenya. International Journal of scientific research and
innovative technology. 3(5): 1-14.

Mutavi, S.K. & Amwata, D.A. (2018). Constraints and Opportunities Among Small Scale
Peri-Urban Dairy Farmers in the South Eastern Kenya Rangelands. International
Journal of Scientific Research and Innovative Technology ISSN: 2313-3759 Vol. 5
No. 1; January 2018.

Mutuku M. S. (2016). Development of multi-objective ration formulation program to
optimise feed millers, dairy producers and policy regulatory goals.

Nafula S. S., (2013). The impact of enhanced nutritional and feeding practiceson growth and
health of dairy calves in Mukurweini district of Kenya.

National Farmers Information Service, (2019). KEBS Commercial Dairy Concentrate

Specifications. http://www.nafis.go.ke/livestock/dairy-cattle-management/dairy-

feeds-and-feeding/concentrates/

Ndikumana J. & Peter de Leeuw P., (1993). Sustainable Feed Production and Utilisation for
Smallholder Livestock Enterprises in Sub-Saharan Africa. African Feed Resources

Network (AFRNET) P.O. Box 30709, Nairobi, Kenya

94


http://www.nafis.go.ke/livestock/dairy-cattle-management/dairy-feeds-and-feeding/concentrates/
http://www.nafis.go.ke/livestock/dairy-cattle-management/dairy-feeds-and-feeding/concentrates/

Ndambi, O. A., Pelster, D. E., Owino, J. O., De Buisonje, F., & Vellinga, T. (2019). Manure
management practices and policies in sub-Saharan Africa: implications on manure
quality as a fertilizer. Frontiers in Sustainable Food Systems, 3, 29.

Netherlands Development Organization (SNV), (2017). Dairy Cattle Feeding and Nutrition
management. Training Package for Dairy Extension Workers.

Netherlands Development Organization (SNV), (2017). Young Stock Management. Training
Package for Dairy Extension workers.

Ngigi Margaret, (2004). Building on successes in African agriculture smallholder dairy in
Kenya, Focus 12, Brief 6, of 10 April 2004, International Food Policy Research
Institute.

Ngigi, M. (2003). Successes in African Agriculture: The Case of Smallholder Dairying in
Eastern Africa,” Environment and Production Technology Division Working
PaperNo. 118

Nigussie Tesfaye N., (2019). Review on the major causes and associated risk factors of calf
morbidity and mortality in dairy farms of Ethiopia. Journal of Dairy, Veterinary &
Animal Research. Volume 8 Issue 2 — 2019.

Njarui D. M. G, Gichangi E. M, Gatheru M, Nyambati E. M, Ondiko C. N, Njunie M. N,
Ndungu-Magiroi K. W, Kiiya W. W, Kute C. A. 0. & Ayako W, (2016). A
comparative analysis of livestock farming in smallholder mixed crop-livestock
systems in Kenya: 1. Livestock inventory and management. Livestock Research for
Rural Development, Volume 28, Article #66, Retrieved February 23, 2017 from

http://www.Irrd.org/lrrd28/4/njar28066.html

Njarui, D. M. G., Gatheru, M., Wambua, J. M., Nguluu, S. N., Mwangi, D. M. & Keya, G.A.,

(2011). Feeding management for dairy cattle in smallholder farming systems of

95


http://www.lrrd.org/lrrd28/4/njar28066.html

semi-arid tropical Kenya. Livestock Research Rural Development, 23: 111.
http://www.lrrd.org/lrrd23/5/ njar23111.htm

Njarui, D.M.G., Gichangi, E., M., Gatheru, M, Nyambati, E, M., Ondiko, C.N., Njunie, M N,
Ndungu, K. W., Kiiya, W. W., Kute, C. A. O. & Ayako, W. 2016. A comparative
analysis of livestock farming in smallholder mixed crop-livestock systems in Kenya:
1. Livestock inventory and management. Livestock Research for Rural
Development. VVolume 28, Article #066.

Njiru R. D., (2018). Costs and benefits of a quality-based milk payment system (QBMPS)
pilot in Kenya: A private good perspective, Egerton University.

Njonge F.K., (2017). Challenges faced by smallholder dairy farmers in Kirinyaga County,
Kenya. 10SR Journal of Agriculture and Veterinary Science (IOSR-JAVS) e-ISSN:
2319-2380, p-ISSN: 2319-2372. Volume 10, Issue 8 Ver. | (August 2017), PP 71-75

www.iosrjournals.org.

Noakes, D. E., Parkinson, J. & Gary, C. (2001). The puerperium and the care of the

Novakovi¢ Z., Sretenovi¢ L., Aleksi¢ S., Petrovi¢ M. M., Panteli¢ V., and Ostoji¢-Andri¢ D.,
(2011). Age at First Conception of High Yielding Cows. Biotechnology in Animal
Husbandry 27 (3), p 1043-1050, 2011 Publisher: Institute for Animal Husbandry,
Belgrade-Zemun.

Nuraddis I, Shebir A, & Shiferaw M, (2011). Assessment of Reproductive Performance of
Crossbred Cat-tle (Holstein Friesian X Zebu) in Gondar Town. Global Veterinaria 6:
561-566.

Nyaata, O.Z., Dorward, P.T., Keating, J.D.H. & O’Neill, M.K.O. (2000). Availability and use
of dry season feed resources on smallholder dairy farms in central Kenya.

Agroforestry Systems, vol. 50, Issue 3, pp. 315-331

96


http://www.iosrjournals.org/

Nyambati, E.M., Lusweti, C.M., Muyekho, F.N. & Mureithi, J.G. (2011). Up-scaling
Napiergrass (Pennisetum purpureum Schum) production using “Tumbukiza” method
in smallholder farming systems in north-western Kenya. Journal of Agricultural
Extension and Rural Development 3: 1-7.

Ocaido, M., Siefert, L. & Baranga, J., (1996) Disease surveillance in mixed livestock and
game area around Lake Mburo National Park in Uganda, South African, Journal of
Wildlife Research, 26, 1996, 133-135.

Ochieng, J., Kirimi, L., Mathenge, M., & Gitau, R. (2016). Tegemeo Institute of Agricultural
Policy and Development.

Odero-Waitituh, J. A. (2017). Smallholder dairy production in Kenya; a review. Livestock
Research for Rural Development, 29(7), 139.

Odima, P.A. (1994). Reproductive performance of dairy cows and heifers in Kiambu

Ojango, J.M.K. & Pollot, G.E. (2004). The productivity of Holstein-Friesian dairy cattle in
different farming systems of Kenya.

Omiti, J., Wanyoike, F., Staal, S., Delgado, C. & Njoroge, L. (2006). Will Small-Scale Dairy
Producers in Kenya Disappear Due to Economies of Scale in Production?
Contributed paper prepared for presentation at the International Association of
Agricultural Economists Conference, Gold Coast, Australia, August, 12-18, 2006

Omore A, (1997). Epidemiology and economics of mastitis in the smallholder dairy sector.
In: the proceedings of Chemical and environmental factors research report, National
animal husbandry research station, Naivasha, Kenya. P p.62.

Ongadi P. M, Wakhungu J. W, Wahome R. G. & Okitoi L. O. (2007). Characterization of
grade dairy cattle owning households in mixed small-scale farming systems of

Vihiga, Kenya. Livest. Res. Rural Dev., Vol. 19: 3.

97



Onono J. O., Wieland B., & Rushton J., (2013). Factors influencing choice of veterinary
service provider by pastoralist in Kenya. Trop Anim Health Prod (2013) 45:1439—
1445, DOI 10.1007/s11250-013-0382-7

Onono, J. O., Wieland B. & Rushton, J., (2013). Productivity in different cattle production
systems in Kenya. Tropical Animal Health and Production, 45(2): 423-430.

Orodho A. B., (2006). The role and importance of Napier grass in the smallholder dairy
industry in Kenya

Owen E, Smith T, Kitalyi A. & Jayasuriya N. (2005). Livestock and wealth creation:
improving the husbandry of animals kept by resource-poor people in developing
countries. (1st edition). Nottingham University Press.

Kageni S, Evans L., Chimoita, Mburu. J. and Wanjala. T. (2019). The Effectiveness of
Communication Channels for the Uptake of Modern Reproductive Technologies in
Dairy Cattle: The Case of Kangema, Murang’a County, Republic of Kenya.
International Journal of Agricultural Education and Extension. Vol. 5(2), pp. 242-
249, August, 2019

Peter S. G, Gitau G. K, Richards S, Vanleeuwen J. A, Uehlinger F,Mulei C. M. & Kibet R. R
(2016) Risk factors associated with Cryptosporidia, Eimeria, and diarrhea in
smallholder dairy farms inMukurwe-ini Sub-County, Nyeri County, Kenya,
Veterinary World, 9(8): 811-819.

Radostits, O. M, Leslie, K. E. & Fetrow, J. (2001). Herd Health Food Animal
ProductionMedicine, 3rd Edition, W.B. Saunders Company. Philadelphia.

Richards, S. (2017). Productivity and Welfare of Cows on Smallholder Dairy Farms in

Kenya. Thesis, Univerisity of Prince Edward Island. Retrieved from Island Scholar.

98



Rufino M. C, Herrero M, Van Wijk M. T, Hemerik L, De Ridder N & Giller K. E. (2009).
Lifetime productivity of dairy cows in smallholder farmingsystems of the Central
highlands of Kenya. The Animal Consortium 2009d0i:10.1017/S1751731109004

Rukundo J. D., (2018). Performance of Dairy Cows under “One Cow Program” in Northern
Rwanda.

Santos, J. E., (2008). Impact of nutrition on dairy cattle reproduction. High Plains Dairy
Conference, 25-36.

Seegers, H., Fourichon, C. & Beaudeau, F. 2003. Production effects related to mastitis and
mastitis economicsin dairy cattle herds. Veterinary Research 34(5): 475- 491.

Sejrsen, K., Purup, S., Vestergaard, M., & Foldager, J. (2000). High body weight gain and
reduced bovine mammary growth: physiological basis and implications for milk
yield potential. Domestic animal endocrinology, 19(2), 93-104.

Shamay, A., D. Werner, U. Moallem, H. Barash, & Bruckental 1., (2005). Effect of nursing
management and skeletal size at weaning on puberty, skeletal growth rate, and milk
production during first lactation of dairy heifers. J. Dairy Sci. 88:1460-1469.

Sharma, V.B. & Verma, M.R. 2013. Analysis of incidence of livestovk disease in cattle in
Agra division of Uttar Pradesh. International Journal of Agricultural and Statistical
Sciences 9(1): 189-195.

Sherwin V. E, Hudson C. D., Henderson A. & Green M. J. (2016). The association between
age at first calving and survival of first lactation heifers within dairy herds. Animal.
2016; 10: 1877-1882. https://doi.org/10. 1017/S1751731116000689 PMID:
27132864

Singh G. P & Oosting S. J. (1992). A model for describing the energy value of straws. Indian

Dairyman XLIV, pp. 32-327.

99



Singh, P.K, Chandramoni & Chaudhary, M.K, 2012: Preparation and evaluation of wheat and
paddy straw based densified complete feed blocks. In” Animal Nutrition Research
Strategies for food security. Pattnaik, A.K., Dutta, N., Verma, A.K., Jadhav, S.E,
Dhuria, R.K and Chaudhary, L.C (eds.). Proceedings of 8th Biennial Animal
Nutrition Association Conference, November 28-30, 2012, Bikaner, India.pp. 151.

Smallholder Dairy Project (SDP), (2005). The uncertainty of cattle numbers in Kenya.
SDP  Policy Brief No. 10. Smallholder dairy (R&D) Project.
www.Smallholderdairy.org retrieved April 2013.

Smallholder Dairy Project (SDP)., (2004). The Policy Environment of Kenya’s Dairy Sector
Key points. Smallholder Dairy Project, Nairobi, Kenya.

Smiljakovi¢ T., Petrovi¢ M.M., Poleksi¢ V., Alm H., Petrovi¢ M.P., Radovi¢ ¢. & PejcCi¢ s.
(2007):  Anatomsko-fizioloske  osnove  reprodukcije = domacdih  Zivotinja.
Biotechnology in Animal Husbandry, 23, 1-2, 105-112.

SNV, (2017). Breed Improvement and Fertility Management. Training Package for Dairy
Extension Workers.

snv.org » sites » default » files » explore » download

SNV, (2017). Dairy Housing and Manure Management. Training Package for Dairy
Extension workers.

snv.org » sites » default » files » explore » download

Soberon F, Raffrenato E, Everett R. W, & Van Amburgh M. E., (2012). Preweaning milk
replacer intake and effects on long-term productivity of dairy calves. J. Dairy Sci. 95
:783-793 doi: 10.3168/jds.2011-4391

Staal S, Chege L, Kenyanjui M, Kimari A, Lukuyu B, Njubi N, Owango M, Tanner J, Thorpe

W. & Wambugu M. (1998a). Characterization of Dairy Systems Supplying the

100


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwi0w8LpufPsAhX5RBUIHf_sA7IQFjAAegQIAhAC&url=https%3A%2F%2Fsnv.org%2Fpublic%2Fcms%2Fsites%2Fdefault%2Ffiles%2Fexplore%2Fdownload%2Fbreed_improvement_and_fertility_management_training_manual_and_guideline.pdf&usg=AOvVaw0t_fgEdh7FIxhFv2b1B9Hx
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwi0w8LpufPsAhX5RBUIHf_sA7IQFjAAegQIAhAC&url=https%3A%2F%2Fsnv.org%2Fpublic%2Fcms%2Fsites%2Fdefault%2Ffiles%2Fexplore%2Fdownload%2Fbreed_improvement_and_fertility_management_training_manual_and_guideline.pdf&usg=AOvVaw0t_fgEdh7FIxhFv2b1B9Hx
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwia-6ewuvPsAhWFTRUIHbZsB20QFjAAegQIAhAC&url=https%3A%2F%2Fsnv.org%2Fcms%2Fsites%2Fdefault%2Ffiles%2Fexplore%2Fdownload%2Fdairy_housing_and_manure_management_training_manual_and_guide.pdf&usg=AOvVaw1k8vMKrYSKRK2CqY8888Qc
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwia-6ewuvPsAhWFTRUIHbZsB20QFjAAegQIAhAC&url=https%3A%2F%2Fsnv.org%2Fcms%2Fsites%2Fdefault%2Ffiles%2Fexplore%2Fdownload%2Fdairy_housing_and_manure_management_training_manual_and_guide.pdf&usg=AOvVaw1k8vMKrYSKRK2CqY8888Qc

Nairobi Milk Market. KARI/ILRI/MALDM Collaborative Dairy Research Program.
International Livestock Research Institute, Nairobi, Kenya.

Staal S. J, Waithaka M, Njoroge L, Mwangi D. M, Njubi D. & Wokabi A. (2003). Costs of
milk production in Kenya. SDP Research and Development Report 1.

Staal S.J, Owango M., Muriuki H., Kenyanjui M., Lukuyu B., Njoroge L., Njubi D.,
Baltenweck 1., Musembi F., Bwana O., Muriuki K., Gichungu G., Omore A. &
Thorpe W. (2001). Dairy Systems Characterisation of the Greater Nairobi Milk
Shed.

Staal, S.B.; Chege, L.; Kenyanjui, M.; Kimari, A.; Lukuyu, B.; Njubi, D.; Owango, M.;
Tanner, J.; Thorpe, W. & Wambugu, M., (1998b). Characterisation of dairy systems
supplying the Nairobi milk market: A pilot survey in Kiambu district for the
identification of target groups of producers. Project report of the MoA/KARI/ILRI
Smallholder Dairy (R&D) Project. Nairobi, Kenya, 85p.

Sweeney B. C, Rushen J, Weary D. M & de Passillé A. M., (2010). Duration of weaning,
starter intake, and weight gainof dairy calves fed large amounts of milk. J. Dairy Sci.
93 :148-152doi: 10.3168/jds.2009-242. © American Dairy Science Association®,
2010.

Terré, M., Tejero C. & Bach A., (2009). Long-term effects on heifer performance of an
enhanced growth feeding programme applied during the pre-weaning period. J.
Dairy Res. 76:331-339.

Tesfaye M., (2018). Evaluation of Napier Grass (Pennisetum purpureum (L.) Schumach)
Accessions for Agronomic Traits under Acidic Soil Conditions of Nejo Area,

Ethiopia.

101



Tesfaye, A., Alemayehu, L., Tefera, Y. & Endris, A., (2015). Factors affecting
thereproductive performance of smallholderdairy cows in two regions of Ethiopia.
Livestock Research for Rural Development 27 (3).

Thornton, P., Enahoro, D., Njiru, N., van Wijk, M., Ashley, L., Cramer, L., ... & Graham, M.
(2019). Program for climate-smart livestock systems. Country stocktake: Ethiopia.

Ueno, R. K., Neumann, M., Marafon, F., Ambrogi, M., Daros, B. A., & Pletz, E. (2014).
Effect of hay on performance of Holstein calves at suckling and post-weaning.

Revista Ceres, 61(5), 668-674. https://doi.org/10.1590/0034-737X201461050010

University of Nairobi publication

USAID (United States Aid for international development) and GoK (Government of Kenya),
(2009). Dairy value chain competitive assessment and action plan development.
Final report. Pp: 1-21.

Van Soest P. J. (1994). Nutritional Ecology of the Ruminant. Comstock Publishing
Associates.A division of Cornell University Press, Itacha and London.

Van Soest, P.J. (2015). The detergent system for analysis of foods and feeds; ISBN: 978-1-
63095-134-4; Cornell University, Ithaca NY.

VanLeeuwen J. A, Mellish T., Walton C., Kaniaru A., Regina Gitau R., Mellish K., Bernard
Maina B. & Wichtel J., (2012). Management, productivity and livelihood effects on
Kenyan smallholder dairy farms from interventions addressing animal health and
nutrition and milk quality. Trop Anim Health Prod (2012) 44:231-238. Veterinary
Medicine, 39(1), 65-79.

Vokey, F. J., Guard, C. L Erb, H. N. & D. M. Galton. D. M. (2001). Effectsof alley and stall
surfaces on indices of claw and leg health in dairycattle housed in a free-stall barn. J.

Dairy Sci. 84:2686—-2699.

102


https://doi.org/10.1590/0034-737X201461050010

Wafula C. S., (2018). Meru Dairy Co-operative Union Ltd Proposed Breeding Strategy. The
art of breeding is to breed the cow most suitable for your farm” (Roodbont
Agricultural Publishers, The Netherlands).

Waller BE, Hoy CW, Henderson JL, Stinner B, Welty C. (1998). Matching innovations with
potential users: A case study of potato IPM practices. Agriculture, Ecosystems and
Environment, 70, 203 — 215. 1998.

Walli T.K, (2011). Straw based densified complete feed block technology. In [H.P.S.
Makkar], ed. Proceedings of FAO EConference on successes and failures with
animal nutrition practices and technologies in developing countries, pp. 41-44, 1-
30 Sept. 2010, FAO, Rome, Italy. Zombade, U. (2009). Commercialization of fodder
block.

Wambugu, S., Kirimi, L., & Opiyo, J. (2011). Productivity trends and performance of dairy
farming in Kenya (No. 680-2016-46762).

Wangila, R. S. (2016). Economic impact of east coast fever infection and treatment: A case
study in Uasin-Gishu and Nandi Counties. MSc. University of Nairobi, 92.

Wanjala S. P. O. & Njehia K. B., (2014). Herd Characteristics on Smallholder Dairy Farms in
Western Kenya

Watanabe K, Lewis B, Mlewah T. B. & Tetsuka M., (2017). Age at First Calving and Factors
Influencing it in Dairy Heifers Kept by Smallholder Farmers in Southern Malawi.
JARQ 51 (4), 357-362 (2017) https://www.jircas.go.jp.

Wathes D. C., Pollott G. E., Johnson K. F., Richardson H. Cooke JS., (2014). Heifer fertility
and carry over consequences for life time production in dairy and beef cattle.
Animal. 2014; 8 Suppl 1: 91-104. https://doi. org/10.1017/S1751731114000755

PMID: 24698359

103



Weary D. M, Marina A. G. & von Keyserlingk M. A. G (2006). Building better barns —
seeing the freestall from cow’s perspective. American Association of Bovine
Practitoner ProceedingsVancouverBC, Canada 39: 32-
39.http://www.svenskmjolk.se/Global/Dokument/EPitr%C3%A4det/ Aktuellt%200c
h.

Weaver D.M, Tyler J.W, Van Metre D.C, Hostetler D.E & Barrington G.M, (2000). Passive
Transfer of Colostral Immunoglobulins in Calves. J Vet Intern Med 2000; 14:569—
577 Passive.

Wechsler, B., J. Schaub, J., Friedli K., and Hauser R. (2000). Behaviourand leg injuries in
dairy cows kept in cubicle systems with strawbedding or soft lying mats. Appl.
Anim. Behav. Sci. 69:189-197.

Wichtel J. & VanLeeuwen J. (2012). Dairy Handbook for smallholder dairy farmers in
Kenya.

Wijitphan S., Lorwilai P. & Arkaseang C., (2009). Effect of cutting heights on productivity
and quality of King Napier grass (Pennisetum Purpureum) under irrigation. Pak J.
Nutr, 8(8) 1244-1250, 20009.

Windeyer, M. C., Leslie, K. E., Godden, S. M., Hodgins, D. C., Lissemore, K. D., &
LeBlanc, S. J. (2014). Factors associated with morbidity, mortality, and growth of
dairy heifer calves up to 3months of age. Preventive Veterinary Medicine, 113(2),
231-240.https://doi.org/10.1016/j.prevetmed.2013.10.019.

Wondossen A, Mohammed A. & Negussie E., (2018). Reproductive Performance of Holstein
Friesian Dairy Cows in a Tropical Highland Environment. Wondossen et al., J Adv
Dairy Res 2018, 6:2 DOI: 10.4172/2329-888X.1000203.

World Bank, (2011). Smallholder Dairy Production, USA.

104



Wudu, T., Kelay, B., Mekonnen, H. M. & K. Tesfu, 2008. Calf morbidity and mortality in
smallholder dairy farms in Ada’aLiben District of Oromia, Ethiopia Tropical Animal
Health and Production, 40 (5), 369-376.

www.springerlink.com/index/052556n377074264.pdf.

www.fao.org/AG/AGP/AGPC/doc/newpub/napier/napierkenya.htm

Wymann, M. N. (2005). Calf mortality and parasitism in periurban livestock production in
Mali (Doctoral dissertation, University of Basel).

Wymann, M. N., Bonfoh, B., Schelling, E., Bengaly, S., Tembely, S., Tanner, M., &
Zinsstag, J. (2006). Calf mortality rate and causes of death under different herd
management systems in peri-urban Bamako, Mali. Livestock Science, 100(2-3), 169-
178.

Young, A. S., Groocock, C. M., & Kariuki, D. P. (1988). Integrated control of ticks and tick-
borne diseases of cattle in Africa. Parasitology, 96(2), 403-432.

Zanton, G. I. & A. J. Heinrichs. (2007). The effects of controlled feeding of a high-forage or
high-concentrate ration on heifer growth and first-lactation milk production. J.

Dairy Sci. 90:3388-3396.

105


http://www.springerlink.com/index/052556n377074264.pdf
http://www.fao.org/AG/AGP/AGPC/doc/newpub/napier/napierkenya.htm

APPENDICES

Appendix 1: Smallholder dairy farmers’ questionnaire
INTRODUCTION
This questionnaire is on the evaluation of Dairy Cattle Productivity in Smallholder Farms in
Nyeri County. The survey will target smallholder dairy farmers in Mathira East and Othaya
Sub-counties.
SECTION A: Effects of demographic characteristics on dairy performance.
Start with identification of farmer, location of farm and contact of farmer.
Questionnaire number...................c.v..... Date.....ccoovvvvviiiiiin.
Name of enumerator..................c......... Contact.........ooovvvveiininn..
Name of sub —county/Wards/Location..............cooiiriiiiiiiiiii e,

1. Name of the farmer..........coooeiieiii i e,

2. Contactofthe farmer........ ...

3. Gender of the farmer

Male [ ] b. Female [ ]

4. Marital status?
a. Married[ ] b. Single [ c. Divorced I:P Widow(er) [ ]
5. Tel. number of respondents.............ccooeviiiiiiiiiiiiii e
6. Gender of respondent
a. Male[ ] b. Female []
7. Education level of the farmer?
a. Primary level and below [ ] b. Secondary [ | c. Post-Secondary [ ]
8. For how long has the farmer been in dairy farming?

a. 1-5years| | b.5-10years [ ] c.10-15years[ ]d.Over15years [ |

9. Household S1Z€ ....ooovvviiei
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10. Age of the farmer?
a. Below 18 years EP 18-25 years | c. 25- 35 years | d. 35-45 years ] e 45-

55 years [ ] f. 55 years and above [ ]

11. Which is your land size under fodder production?

a. Under 1 acre ] b.1-2acres[ ] c.2-4acres [ ] d.4-6acres []

€. Above 6 acres (SPeCify).....oviiiiiiiiiii

12. Do you have land for food and cash crop production? a. Y] b. No[__]

If yes, what is the size of the land inacres................ccooiiiiiiiiiiiiie

13. What is your total acreage? .........c.oiuiiniiiiiiii e

14. Does your household have the following animals? (indicate number kept)

a. Goats......ooeiiiiiinn. d. chicken..................
b. Sheep........ccovvvininnnn. e. Rabbits.....................
c. Donkeys................... f. Pigs...... g, Others..........

SECTION B: Dairy Production System and Herd Structure
15. Production system used?
a. Semi intensive [ | b. Intensive [ Jc.Other...........o.oeeiiniii
16. Which breeds of dairy cattle are in this farm?
a. Friesian [ ] b. Ayrshire [ Guernsey [ ]

d. Jersey [ ] e. Crosses | |f. Other (specified) ..................cceeeeiiiiniii....
17. How many dairy cattle belong to each breed?

a. Friesians....... b. Ayrshires............ c. Guernsey.......... d. Jersey............

e. Crosses.......... f. Other (specified)..........cccooveiiiiiiiini.
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18. Herd Structure

Fill in the table below the number of each category of the herd composition.

Herd Composition Number Cattle

1 Non-pregnant Lactating cows

2 Pregnant and lactating cows

3 Dry cows

4 Heifers

5 Heifer calves

6 Bull calves

7 Bull

8 Steers

Total Cattle

19. Who take (s) the responsibility of feeding dairy animals?

a. Adult owner male [ | b. Adult owner Female[ | c. Children [ ] e. Worker [ ]
f. Al [ ]

SECTION C: Calf Management and feeding

20. Do you weigh your calves when they are born? a. Yes|:| b. No|:|

21.1f so, what is the average birth weight?

22. Do you monitor calf growth? a. Yes |:| b.No [ ]

If yes, explain how?
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23. Which method of feeding calf (ves) is used?

a. Suckling [] b. Bucket feeding [ ] c.Other .....................

24. Depending on feeding method, when does feeding calf start?

a. to6Hrs[] b.6to12Hrs [F.12t024 Hrs []d. 24 Hrsand above [ ]

25. Do you weigh or measure calf feed? a. Yes [ ] b. No ]

26. Depending on feeding method, how many litres of milk are fed to the calf under one week

per day?

a. 1-2 Iitres|:| b. 2-4 litres [] ¢ Other (Specify).....................

27. Which of the following are fed to calf from one week to one month?

a. Milk only [_]b. calf starter [] c. Milk replacer and forages [ ]

d. forages [ _Je. Milkand forages [ f. Other (specify)............

28. What amount (Kg or L) of the followings is fed to the calf under one week to one month?
a. milk....... L  b.calfstarter....... kg c. milk replacer.......kg d. forage...... kg
e.other............... kg

29. Which of the following are fed to your calf from 1 month to 3 months?

a. Milk only [ ] b. calf starter [ ] c. Milk replacer and forages [ | d. foragesD

e. Milk and forages [ | f. Other (specify)........................ [ ]

30. What amount of the following is fed to the calf from 1 month to 3 months?

a. milk......L b. calf starter...... kg c. milk replacer...... kg d. forage......kg
e. Other............... kg

31. When is the calf weaning?

a.<3months [_] 3 months [ ]. <6 months []

d. 9 months and above [ ] other............................
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32. What criteria is used for weaning at the time mentioned above?

33. Which of the following weaning process is used?
a. Immediate Weaning|:| b. Intermittent feeding weaning[ ]
34. Problems facing calves.
a, Diseases| | b. Inadequate feeds (milk)[ ] c. poor housing [ ] e.Other.................
35. If diseases, at what age are they common?
a.1to2weeks [] b.3to4weeks [ ] c.4to8weeks [ ] e 8to12weeks[ |

f. after weaning |:|

36. Which are the common calf diseases?

40. Is there a house for the calves?

Yes  [] b. No ]
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If yes, which type of floor/wall?
a. Concrete [ | b. non-concrete [e. Other (specify)........cccovevnnn.
41. Which bedding material is used
a. Wood shavings [ ] b. calf mattress |:| c. Other (specify)..................
42. Which type of calf housing in system?
a. Single calfpen [ ] b.Grouppen [ ] c. Other........................
SECTION D: Heifer Management
43. Feeding of heifers
a. Pasture only [] b. pasture and concentrate |:| c. forages ] d. Forages and
concentrate ] f. Other (specify)..................
44. In case of grazing, how are heifers grazed?
a. Together with cows [_] b. Separate from cows [ |c. After cows [ ]
Before cows [ ]e. Other (specify).............coo.ooonin.

45. What are the common problems facing heifers?

47. At which age do you serve your heifers?

a. 15-18 months[ | b. 18-20 Months [_] c. 20 Months and above [ |  d. Other

(SpPecify)..oviniiiiiii

48. Which of the following method is used in serving heifers?

a. Artificial insemination [ ] b. Natural mating [ ]
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49. Age at first calving of heifer (s) in months?

50. Do you monitor heifer growth?  a.Yes[ | b.No ]

If you do, how?

51. Do you sell heifers? a.Yes[ | b.No [ ]

If so how do you select the ones to retain?

SECTION E: Feeds and Feedings

52. What are the feed resources that you give to dairy cows?

a. Roughages and concentrates [ | b. Roughages alone [ ]

c. Roughages and salt lick (mineral lick) e. Other................... ]
53. What are the sources of fodder/feeds for your animal/s?

a. Own production [ ] b.Purchased | | c. Natural pastures | |

(specify)....ccovevininninnnn.

54. If own production, what are the feeds resources you produce?

55. Do you conserve feed? a. Yes |:| b. Nol:l

56. Which of the following conserved feeds do you give to your dairy cow?

a. Hay I:I b. Silage [ ]c. other specify..................o.

57. Do you weigh feeds of your cattle? a. Yes[ ] b.No [ ]

d. Other

If yes, what quantity of roughages (kg) do you feed to dairy cows(s) in early lactation daily?
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65. How much do you spend on salt lick per month in
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SECTION F: Management Practices
68. Which type of mating do you use in your farm?

a. Natural Mating (Bull) [ | b. Artificial insemination [ |

c.Both [ ]

69. If artificial insemination, which of the following provide you with semen?
a. Government [ | b. private institution [ ]c. Cooperatives [ |

70. Time from calving to first heat of your cow (s) in months?
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75. From whom do you get the following services?

SIN | Services Provider
1 Veterinary services

2 Training

3 Loan

4 Other.........ooovviiiiiiiiin,

SECTION G: Dairy Cattle Performance

76. What is the calving interval of your dairy cows in months?

78. How do you stimulate milk let down?

a. Use of calf [ ] b. massaging[ ] c. other (Specify).........eevvuerunn....

79. Types of milking

a. Machine [] b.Hand [ ]c.Both []

80. How frequent do you milk a dairy cow in a day?

a.Once [ | b.Twice [ . Thrice [ ] d.other.........

81. How many litres of milk does your cow produce in a day?

a. 1-2 litres [_] b. 2-5 litres [ Jc. 5-10 litres [ ] d.10-15 litres
lites [ ] f. 20 litres above (SPeCify)........oevvvvvrvvunnnnnnn,

82. What total amount of milk does the farm produce in litres per day?
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83. Select the selling price of a litre of milk on your farm.
a. 30-40 Kshs |:| b. 40-50 Kshs I:I c. Above 50 Kshs specify..................

84. What amount of milk in litres is consumed by the household members?

86. Who are the buyers of your milk?
a. Neighbours [ b. local shops/hotels Dc. Middlemen D
d. processors [ | e. dairy cooperatives | |

87. What challenges do you face in smallholder dairy farming?

SECTION H: Housing

90. Is there a house for your cattle?

a.Yes [ ] b.No [ ]

91. Types of floor?

a.Concrete [ | b.non-concrete [ | c. Other (specify)..............coeeeennn.
92. Types of bedding

a. Cow mattress [ | b. Nobedding [ ]c. Other (specify)....................
The End
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