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ABSTRACT KEYWORDS

To understand farmers’ preference and perceptions of breed breed attributes; dairy cattle;
attributes, breeding and feeding practices, 419 households in feeding practices;
western Kenya were interviewed in a cross-sectional survey. preferences; small-scale
Respondents scored their preference for cattle breeds, traits and ~ farmers
breeding methods on a scale of 1 (most preferred) to 5 (least

preferred). Preferences were compared using multinomial logistic

regression models on weighted scores. The Ayrshire breed was

most preferred followed by the Friesian. Using hardship tolerance

as a reference trait, the Friesian was preferred 4.86 times more for

high milk production and Ayrshire, Jersey and Guernsey breeds

4.61, 4.60 and 4.18 times (p <0.01) more, respectively, for milk fat

content. The Ayrshire was preferred 4.16 times more for its

perceived low feed requirement and 1.22 times more (p < 0.01) for

resistance to diseases. Friesian was the only breed preferred (3.18

times more) (p<0.01) for high growth rate of calves. Artificial

insemination (Al) was the breeding method of choice, but

majority (>68%) of respondents used natural mating, because it

was readily available and cheaper. The current study highlights

the importance of taking into account farmers’ objectives and the

production environment when designing breed improvement

programmes and recommends packaging of breeding together

with feeding interventions.

Introduction

Dairying, which includes production distribution and sale, offers good opportunities for
improving the standard of living of smallholder farmers in low and middle-income
countries by the sale of milk, as well as improvement in household nutritional status as
a result of higher milk consumption. Local communities benefit indirectly, because dairy-
ing provides employment opportunities on the farms and on livestock-related activities,
such as feed collection and marketing, as well as veterinary and other services (Baltenweck
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and Staal 2000). Hence there has been increased adoption of dairy farming and even areas
historically dominated by indigenous cattle in Kenya, are gradually being taken over by
crossbreds and high grade exotic breeds (Baltenweck and Staal 2000).

Whereas the main reason for keeping cross-bred dairy cows is reported to be their
higher milk potential, to the smallholder farmer a dairy cow has a wide range of additional
attributes (Baltenweck and Staal 2000; Bebe et al. 2003). Apart from milk, dairy animals
(and cattle more generally) also provide manure for the farm, and calves and culled
animals for sale. Furthermore, they act as a form of insurance against unforeseen contigen-
cies and are also viewed as a status symbol (Karanja 2003; Ouma et al. 2004b; Moyo and
Swanepoel 2010). This broad perspective deviates from many livestock development pol-
icies and analyses that place sole emphasis on biological productivity for instnace milk or
meat production only, and are therefore at odds with livestock producers’ perceptions and
aspirations (Sumberg 2002; Bebe et al. 2003).

Recommendations for smallholder farming systems in East Africa have been to upgrade
indigenous cattle to intermediate-grade crosses of small mature size (Rege 1998; Kahi 2002),
with a view to retaining adaptive traits, whereas also introducing productive traits in an
environment characterised by feed scarcity (Osuji et al. 2005; Lukuyu et al. 2011).
However, government practice (by the sale of semen of large dairy breeds) and farmer prac-
tice have not followed this recommendation. Apart from the desire to produce more milk,
farmers have other objectives, such as producing animals of higher market value and
increasing manure production, and have the perception that high-grade cattle can adapt
to local feed conditions and diseases (Bebe et al. 2003). Such a divergence in perspective
might result in a lack of adoption on the part of producers of what might appear as
useful innovations and hamper the formulation of policies that are effective in improving
the livelihoods of smallholder farmers (Sumberg 2002; Bebe et al. 2003).

The western Kenya region is a milk deficit area, with most of the milk consumed
coming from the Rift Valley Province (Waithaka et al. 2000); hence dairy farming is
actively being promoted as a way of improving incomes of the rural communities. Inten-
sification and adoption of superior dairy breeds have been recommended as major strat-
egies for incresing milk production (Musalia et al. 2007). Although the region has
favourable climatic conditions for dairying, it is characterized by low milk production
and very high levels of poverty (Waithaka et al. 2000), and unlike Central Kenya, associ-
ation between adoption of dairy technologies and population density has been found to be
non-significant (Makokha et al. 2006). Some of the identified constraints to dairy farming
in this region are the inefficient breeding system, limited land resources, livestock diseases,
poor milk marketing systems and inadequate dissemination of dairy technologies
(Mudavadi et al. 2001; Karugia 2012). Cultural beliefs have also reportedly discouraged
the uptake of improved dairy breeds (Musalia et al. 2007).

A better understanding of how the multiple functions of dairy cattle can be enhanced in
order to fit with farmers’ objectives and the production environment is key to identification
of productive and adapted animals for increased milk production without the necessity of
increasing the numbers of animals, which might result in land degradation (Philipsson
et al. 2011). Because farmers generally adopt and adapt genotypes to their requirements
and circumstances (Udo et al. 2011), it is important to know their preference for breed attri-
butes and the breeds they consider most suitable to their circumstances, and how they adapt
their management practices, particularly feeding, to match the breeds they keep. Such
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knowledge can help research and development efforts to deliver the most appropriate
genetic, feeding and animal health technologies that match the production environment.
The current study investigated the perceptions and preferences of specific attributes and
breeds, and the breeding and feeding practices of smallholder farmers in western Kenya
in order to understand the rationale underlying their breeding and feeding decisions.

Materials and methods
Study sites

The current study was carried out in two sites in the Western Province and one site in the
Rift Valley Province in Kenya where a larger project called Dairy Genetics East Africa
(DGEA) was on going. The sites were selected according to variability of genotypes,
and accessibility. The sites in the Western Province (Butere Subcounty and Kabras
Ward) have a high proportion of indigenous and crossbred cattle and a small proportion
of high-grade dairy cattle. They lie between the longitudes 34°20" and 35° E and latitudes
0°15" and 10° N at an altitude of 1 500 to 1 600 m asl. The average annual rainfall ranges
between 1 600 and 2 000 mm yr~', with long rains falling in March to mid-June, and the
short rains in mid-August to November. Daily average temperatures range from 18 to
30 °C. This is one of the most densely populated areas in Kenya with density in some
parts as high as 1 000 persons km ™2, and average land holdings of 0.8 ha farm™'. The
site in Rift Valley Province (Tinderet County, Meteitei Ward) has a high proportion of
crossbred and high-grade dairy cattle and a small proportion of indigenous cattle. Tinderet
County is situated within the longitude 35°17 E and latitude 0°30" N at an altitude of
approximately 2 000 m above sea level. The minimum daily temperatures in this region
could go to as low as 15 °C during the day and approximately 0 °C during the night,
with frost. The area receives an average annual rainfall of 1 900 mm, which is distributed
throughout most of the year with a short dry period between December and February
(Jaetzold et al. 2005).

Cross-sectional survey

One circular area with radius 10 km was defined in each of the three study sites. In each
area, 31 study locations and 15 reserve locations were randomly selected and defined by
GPS points. The closest household to the GPS point was visited and if the household
had 2-10 dairy cattle, a trained enumerator used a pretested structured questionnaire to
collect data. The respondent was then asked to identify the nearest neighbours keeping
dairy cattle. Visits were made to at least five farmers (moving outwards from the GPS
point in random directions) who were not more than 0.5 km away and who, i) kept at
least 2 dairy animals, ii) when combined with others included a diversity of dairy cattle
breeds and iii) preferably had multiple breeds within the household. A total of 419 house-
holds (approximately 140 in each site) were visited and each respondent was interviewed
once. The survey was conducted during the months of March and April 2011.

Each respondent was asked to list the dairy cattle breeds he or she was familiar with
even if they were not present on the farm and to give a preference rank on a scale of 1
to 5 (1 =most preferred, 2 = preferred, 3 = neutral, 4 =not so preferred and 5 =least
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preferred). For each of the breeds identified, the respondent was asked to list up to three
desirable and three undesirable traits and score them as in the case of breeds. Respondents
were also asked to list the animal replacement methods available, used and preferred. For
the methods used, respondents were asked to score them on a scale of 1 to 5, as with
the breeds, and to give the reasons for using those methods (Theis and Grady 1991;
ICRA 2007).

Based on the management systems reported in the literature (Mudavadi et al. 2001)
respondents were asked to state the management systems they used, the types of feeds
fed to different cattle types and the reasons for the practices. Focus group discussions
(FGDs) with a subsample of the respondents (in all the sites) were held in order to gain
more insight on the perceptions of feeds and feeding practices. Topics explored in the dis-
cussions included farmers’ perceptions of the nutritional requirements and status of a cow,
feed quality, how they make decisions on types and quantity to feed and the perceived con-
straints to dairy farming. A checklist was used as a guide and the discussions recorded
using a tape recorder, as well as a notebook. Four FGDs were held, with 43 farmers in
total (33 males and 10 females).

Statistical analysis

Frequency counts and means were calculated to obtain number of responses to each of the
defined variables and summary statistics presented using cross tabulation. A weighted
mean of preference ranking for each trait was calculated using the sum of the product
of each rank and its corresponding frequency and dividing by the total number of respon-
dents ranking the specific trait:

n
Y = Z xifi/N
i=1
where Y refers to the mean weighted rank, x; is the rank (the ranks, #n = 5) of the parameter
being considered (e.g. breed, trait, breeding method), f; is the frequency of responses for
that particular rank and N is the total number of respondents ranking the trait.

The relative importance of each breed, associated attribute and breeding methods was
calculated using weighted scores. The scores were given in reverse, such that a trait with a
preference rank of 1 (highest score) was given a score of 5 (highest). A case of no rank was
given the lowest score of 1. The weights were given so that the sum was equal to 1, hence a
weight of 5 had a value = 0.335, 4 =0.268, 3 =0.200, 2 = 0.130, and 1 = 0.067. The relative
importance was then calculated as the sum of the product of the each weighted score and
its corresponding frequency and dividing by the total number of respondents involved in
the study. Hence for weighted scores using the same formula above, Y refers to the impor-
tance, x; is the weight of the parameter being considered (breed, trait, breeding method
etc.), f; is the frequency of responses for that particular weight and N is the total
number of respondents in the study (N =419). The Kruskal-Wallis one-way analysis of
variance was used to investigate the differences between scores for the different breeds
and breeding methods. As a result of the small number of responses under the Sahiwal,
Boran and Zebu breeds, the data were combined and analysed within a single class
termed “indigenous breed”, because a sample size with five or less records is too small
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for the test (Mcdonald 2008). The relationship between the scores and importance given to
breeding methods was assessed using correlation analysis.

Preference for traits associated with different cattle breeds was quantified using multi-
nomial logistic regression models. The dependent variables were the array of traits. Hard-
ship tolerance (being able to withstand feed and/or water shortage) was chosen as the
reference for the model, because it was the most important trait associated with the indi-
genous breed from which the dairy animals have been upgraded. Traits such as the ability
to produce a considerable amount of milk under conditions of low quantity and quality
feeds, coping with unfavourable weather conditions, and the ability to walk long distances
in search of feed and water, were classified together as hardship tolerance. An odds ratio of
one (1) indicates no difference in preference, more than one indicates higher preference,
and less than one indicates lower preference for the specific breed for that particular trait
when compared with the indigenous breed. Odds ratios were considered statistically sig-
nificant if the 95% confidence interval excluded one. Differences in farmers’ perception of
feeds supply situation was assessed using log-linear modelling of Likert-type data consist-
ing of responses to nine statements. Responses to each statement consisted of rating from
1 (strongly agree) to 5 (strongly disagree). To additionally investigate the difference
between responses from the three survey sites, the data were aggregated to produce
“agree” (= strongly agree +agree) and “disagree” (= strongly disagree + disagree) and
the neutral response was ignored. Odds ratios for each of the three sites were calculated
in Microsoft Excel (2010). All other analyses were performed using Genstat 16 (VSN
International 2013).

Results
Breed preference

The Friesian and Ayrshire breeds were the dairy cattle breeds mentioned by most respon-
dents (34% each). In addition, they were ranked as most preferred. However, the Ayrshire
bred was given a higher (p <0.01) preference ranking than the Friesian breed and it also
ranked highest in overall importance, followed by the Friesian breed. The respondents
who mentioned the Guernsey and Jersey breeds ranked them as somewhat preferred
and they were equal in importance. Generally, very few respondents mentioned indigen-
ous breeds and among those mentioned, the Sahiwal breed was given the highest prefer-
ence ranking (most preferred) and also scored as the most important among the
indigenous breeds. The Zebu was given the lowest preference ranking, but scored
equally with the Boran as the least important breed (Table 1).

Preferred traits

In general, the traits of importance in their order of priority (from most important) were
milk production, milk fat content, resistance to diseases, low feed requirement, hardship
tolerance and high growth rate of calves. Market value and fertility were ranked as the least
important traits. When it came to traits associated with specific breeds, the Friesian was
considered outstanding for milk production and Ayrshire for milk fat content. The
Ayrshire breed also scored highly in importance, because of perceived resistance to
diseases and low feed requirement. Milk fat content was important in the Jersey and
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Table 1. Number and percentage (%) of respondents mentioning various cattle breeds, their mean
preference rankings and importance in cross-sectional survey of 419 smallholder farms in western
Kenya.

Number of respondents Percentage of total Respondents Mean preference
Breed mentioning (%) ranking' Importance?
Friesian 362 343 1.6 43
Ayrshire 360 34.1 13 4.6
Jersey 123 1.7 2.1 2.8
Guernsey 146 13.8 2.1 29
Sahiwal 26 25 1.8 1.6
Boran 16 15 2.8 1.2
Zebu 23 2.2 32 1.2

NB: Ranking of more than one breed by one respondent was possible

"Preference ranking: (five-point scale where 1= most preferred and 5 = least preferred); 2Importance was calculated using
a weighted mean of all scores (5 to 1) of a particular breed (including no score given a default weight of 1): 5= most
important, 4 = somewhat important, 3 = neutral, 2 = not so important, 1= least important.

Guernsey breeds, but generally all other traits were of low importance. The most impor-
tant traits for the indigenous breeds were high hardship tolerance and disease resistance
(Table 2).

When compared with indigenous breeds, farmers preferred Friesians for their high
milk production (4.86 times greater than for hardiness) and for Ayrshire, Jersey and
Guernsey breeds, preference was related to milk fat content (4.61, 4.60 and 4.18 times
more than hardiness, respectively). The Ayrshire breed was most highly preferred for
low feed requirement compared with hardship tolerance (4.16 times more) and was the
only breed preferred for resistance to diseases (1.22 times more compared with hardiness).
The Friesian was the only breed preferred for high growth rate of calves (3.18 times more
compared with hardiness) (p <0.01). Market value, coat colour and fertility did not
influence farmers’ preference for any breed (Table 3).

Breeding methods

Natural mating to local bulls was used by the majority of respondents (89%), because of its
relatively low cost and high availability. Most of the bulls used were privately owned and

Table 2. Importance of desirable cattle traits in specific breeds in a cross-sectional survey of 419
smallholder farms in western Kenya.

Importance' of specific breeds

Trait Overall general importance Friesian Ayrshire Jersey Guernsey Indigenous
Milk production 4.7 45 26 15 15 1.2
Milk BF content 44 14 38 2.6 25 1.1
Market value 15 1.1 1.0 1.1 1.1 1.2
Coat colour 1.7 1.2 1.4 1.1 1.1 1.0
Resistance to diseases 3.1 13 25 13 13 17
Growth rate of calves 1.7 1.5 1.2 1.0 1.0 1.0
Feed intake 3.0 1.2 25 1.5 1.5 1.1
Fertility (Cl) 14 1.2 1.0 1.0 1.0 1.0
Others” 27 13 17 1.1 13 18

'The importance was calculated using a weighted mean of scores for all rankings of a particular trait against each breed
(including no ranking given a default score of 1); 5= most important, 4 = somewhat important, 3 = neutral, 2 = not so
important, 1= not important at all. 2Most important was hardship tolerance. Others were attractive looks, quick recovery
from disease, temperament and body size. BF = Butter Fat; Cl = Calving Interval
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Table 3. Odd ratios (and their 95% confidence intervals) from multinomial logistic regression for the
preferred traits of dairy cattle breeds in cross-sectional survey of 419 smallholder farmers in western
Kenya.

Preferred trait' Friesian Ayrshire Jersey Guernsey
Hardship tolerance ref. ref. ref. ref.

Milk production 486 (3.79,5.92) 242 (145, 3.38) 1.98 (0.78, 3.17) 1.50 (0.37, 2.64)
Milk BF content 283  (1.12, 4.45) 461 (3.11,6.12) 460 (299, 6.22) 418 (2.61,5.74)
Market value 0.59 (ns)* -1.36 (ns) -0.39 (ns) 0.30 (ns)
Coat colour 17.33 (ns) 16.97 (ns) 16.98 (ns) 16.75 (ns)
Resistance to diseases  —0.05 (ns) 1.22  (0.44, 2.00) 0.35 (ns) 0.35 (ns)
Growth rate of calves 3.18 (1.53,4.83) 1.17 (ns) 0.52 (ns) 0.12 (ns)
Feed requirements 3.04 (0.82,5.23) ns 416 (2.10, 6.22) 370 (1.51,5.89) 345 (1.31,5.59)
Fertility (ClI) 18.06 (ns) 17.39 (ns) 1.76 (ns) 1.46 (ns)

*ns = not significant (odds ratio was significant, if the 95% confidence interval excluded one), means the respondents did
not consider the trait as important. 'Preference for a breed for each trait was compared with preference for hardship
tolerance

were rated higher in preference rankings compared with community-owned bulls. Nearly
three times as many farmers had access to and used neighbours’ bulls than had access
to and used their own bulls. Although artificial insemination (AI) was the most preferred
(p <0.01) breeding method, it was accessible to only 42% of the respondents and used by
only 28%. Although private Al services, compared with government Al services, were used
by a larger proportion (28% versus 6%) of respondents, because it was more readily avail-
able, a government Al service was more preferred. Access to and use of cooperative and
NGO Al services, as well as the use of imported semen, was generally low. The average cost
of Al services by all the service providers (government, private, NGO and dairy coopera-
tive) was similar; however the cost of private Al services was highly variable (mean =1 314;
SD =1 063.9), whereas the cost a cooperative Al service was generally fixed (SD = 0.0).
However, there was only one dairy cooperative society in the area and most of its activities
were dormant. Local semen (not imported) from the cooperative was slightly more pre-
ferred than semen from all other sources although in general, preference for the various

Table 4. Availability, use and preference ranking of breeding methods in a cross-sectional survey of 419
smallholder farms in western Kenya.

Number with Number Mean rank' +

Breeding method” access using SE Importance®  Average cost® (KES)
Own bull 103 90 1.7 £0.02 29 600 (396.4)
Other bull 337 284 2.1£0.12 3.8 394 (203.9)
Community bull 15 8 2.4+0.02 1.2 417 (195.1)
Al local/ government 64 25 1.4 +0.02 1.8 1278 (361.4)
Al local/ private 177 118 1.5+0.02 33 1314 (1 063.9)
Al local/ cooperative 9 3 1.3+£0.01 1.1 1200 (0.0)
Al local/ NGO 20 5 2.5+0.03 1.1 1220 (560.0)
Al imported/ 20 5 1.4+0.02 1.2 1750 (531.5)

government
Al imported/ private 41 18 1.4+0.02 1.6 2553 (1 211.9)
Al imported/ cooperative 1 1 1.0+ 0.00 1.0 6 400 (0.0)
Al imported/ NGO 5 2 1.0+0.00 1.1 4 450 (1 950.0)

*Use of more than one breeding method by one respondent was possible. Al = artificial insemination.

"Preference ranking: 1 = Most preferred; 2 = Preferred; 3 = Neutral; 4 = Not so preferred; 5 = Least preferred). Sample size
less than 5 was excluded from the Krusal-Wallis one-way analysis of variance; 2lmportance was calculated using the
average weight of scores of a particular method (including no score given a default weight of 1); *Values in parenthesis
are the standard deviation
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sources was not significantly different (Table 4). Cost, availability and the necessity to
acquire better quality breeds with the desired traits were the main factors that influenced
choice of breeding service.

Only 18% of the respondents purchased replacement animals. Of these 53% purchased
from markets outside the locality and only 14% purchased from large-scale farms. The
average cost of animals was KES 16 000 in the local markets and in neighbouring
farms, KES 25 000 in markets outside the locality and KES 55 500 (but could be up to
KES 100 000) from large-scale commercial dairy farms.

Management systems

The majority of respondents (96.9% of HH) had crossbred cattle, with approximately 61%
practicing free grazing. Only 24% of the households keeping crossbred cattle practiced
pure zero grazing and mainly for the mature animals; the majority of respondents kept
weaners and calves under free a free grazing system. Indigenous breeds were found in
approximately 24% of the households and most of them (approximately 80%) were
kept under the free grazing system (Table 5).

Feeds and feeding

Approximately 47% of farms depended on unimproved natural pastures as their main feed
resource. Unimproved natural pastures comprised a mixture of grasses, the common ones
being Kikuyu grass (Pennisetum clandestinum), star grass (Cynodon spp.) and Napier
grass (Pennisetum purpureum). Approximately 51% of the respondents had planted on
average 0.5 ha of Napier grass on their farms. Crop residues particularly maize stover
(Zea mays) was an important feed resource particularly in the zero-grazing system and
it was mostly available on-farm, because maize was a major food crop to 94% of the house-
holds. Approximately a quarter (23%) of the respondents reported they had planted
fodder trees mainly calliandra, (Calliandra calothyrsus) or herbaceous legumes to feed
to lactating or in-calf cows, but only six households had 100 or more calliandra trees.
Some 5% of the respondents had planted desmodium (Desmodium intortum), but the
average quantity was 0.3 ha. Approximately half (52%) of the respondents reported that
they purchased fodder, mostly Napier grass, from other farms and natural cut grass har-
vested from public land, but only 12% had purchased any fodder during the previous year.
The majority of these had purchased Napier grass (6%) or cut grass (4%). Almost all
(96.7%) the respondents reported that they fed a certain supplement to their cattle, but

Table 5. Number of households keeping various cattle types and the percentage (%) practicing
different management systems in a cross-sectional survey of 419 smallholder farms in western Kenya.
Cross and pure breed

Management system Indigenous breed Mature cattle Weaners Calves
Free grazing 82 (79.6) 252 (60.5) 119 (84.4) 223 (67.0)
Semi-zero grazing 14 (13.6) 65 (15.5) 15 (10.6) 53 (15.9)
Zero grazing 7 (6.8) 89 (24.0) 7 (5.0) 61 (18.3)
Total HH with cattle type* 103 406 141 333
Average number HH™' 1.66 2.41 1.20 142

* One household (HH) can have more than one cattle type and practice more than one management system; numbers in
parentheses represent the percentage of total HH with that cattle type
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Table 6. Common feed resources in households involved in a cross-sectional survey of 419 smallholder
farms in western Kenya.

Number of Percentage of Average quantity Average quantity
Fodder/feed respondents using total planted/ purchased planted/ purchased
type' feed type respondents among those using ~ among all households Units
On-farm basal
Natural 167 399 1.8 0.72 ha
unimproved
pasture
Napier grass 214 511 0.5 0.23 ha
Planted pasture 9 2.1 04 0.008 ha
Desmodium 20 438 0.3 0.006 ha
Maize” 394 94.0 1.0 09 ha
Calliandra 58 13.8 48 39 trees
Luceana 9 2.1 36 0.4 trees
Sesbania 7 17 19 0.2 trees
Off-farm basal
Napier grass 24 5.7 3.6 0.16 ha yr™!
Cut grass 16 38 13 03 sacks®
yr!
Commercial
supplements
Dairy meal 245 585 1.9 0.97 kg
cow™’
day™
Commercial 382 91.2 10 10 g cow ™"
mineral salt day™

'One household can use more than one fodder/feed type; >Maize was a source of crop residues; *One standard sack of cut
grass contains approximately 15-20 kg of fodder.

only commercial dairy meal and minerals were fed by a relatively high proportion of
respondents (53.5 and 59.9%, respectively). Generally, supplements were fed mainly to lac-
tating cows (Table 6).

Farmers’ perceptions of feeds and feeding

The majority of farmers (68.5%) agreed that availability of fodder on-farm resulted in
increased milk production, but disagreed there were enough or different varieties of
feeds available on-farm (50.6% and 64.6%, respectively). There was a lack of consensus
on most of the other feed supply situations (access to oft-farm feeds, affordability and
effect on milk production, and access to forage seeds) with equal proportion of total
number of farmers somewhat agreeing or disagreeing. The proportion of farmers strongly
agreeing or disagreeing with the various options for feed supply situations was generally
low. There was a strong interaction (p < 0.01) between sites and the responses. Although
the level of agreement with each situation varied, farmers in Butere generally were most
likely to agree with the feed supply situations, whereas those in Mateitei were most
likely to disagree. Farmers in Kabras were slightly in agreement (Table 7).

The farmers were aware of the general requirements of a dairy cow, the major ones
being improved health care and feeding sufficient basal feed. However there was consensus
that insufficient feed supply and disease incidence were major challenges faced by the
farmers. High cost of inputs and services was the biggest challenge, consequently the

farmers were not able to meet their animals’ requirements, because of lack of funds
(Table 8).
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Table 7. Farmers’ perceptions of feed supply situation based on number of respondents agreeing or
disagreeing with various options in a cross-sectional survey of 419 smallholder farms in western Kenya.

Butere Kabras Meteitei

Odds Odds Odds
Feed supply situation Agree Disagree  ratio  Agree Disagree ratio Agree Disagree ratio p

There is sufficient on- 76 44 2.71 71 70 1.29 36 98 0.29 <0.001
farm feeds all year
round

Different types of 86 40 25.57 15 93 0.31 4 133 0.04 <0.001
feeds are available
on-farm

Availability of on- 109 9 6.26 126 1 6.40 52 81 0.05  <0.001
farm feeds can
result in increased
milk production

Off-farm feeds are 105 9 27.02 59 58 1.06 17 118 0.06  <0.001
easily accessible

Different types of 103 10 53.61 26 82 0.36 13 121 0.08  <0.001
feeds are available
off-farm

Availability of off- 85 27 4.78 66 22 3.89 23 113 0.07 <0.001
farm feeds can
result in increased
milk production

Off-farm feeds are 91 10 19.20 55 43 1.42 18 11 0.06 <0.001
affordable

Farmers have 1 5 47.49 38 55 0.50 34 99 0.14 <0.001
sufficient
information on
feeding dairy
animals

Forage seeds are 9% 31 6.98 39 69 0.57 34 99 0.26  <0.001
easily accessible

n 134 147 138

Note: Agree = strongly agree and somewhat agree; Disagree = somewhat disagree and strongly disagree; Neutral and no
answer were excluded

Discussion

Milk production was the most important trait that farmers considered when selecting
breeds and this was confirmed by the high ranking and dominance of the Friesian and
Ayrshire breeds (34% of the farms) compared with Jersey and Guernsey (approximately
12% of the farms). This is not surprising, because milk production for feeding the
family and for generating cash income had previously been cited as the main objective
for keeping cattle among smallholder farmers in Kenya particularly in areas where
dairy farming is actively promoted (Makokha et al. 2006). The high preference for Friesian
and Ayrshire breeds could also signify the perception that animals of large body size
produce more milk. However, this perception neither translated into any detectable strat-
egies for increased on-farm forage production, which is critical to meeting the increased
feed requirement of high producing animals, nor feeding strategies for meeting individual
animals’ feed requirements. Instead, as is common, among smallholder farmers, the prac-
tice was to offer basal diet to all the animals as a group and then feed supplements (in most
cases 2 kg dairy meal day ') (Kaitho et al. 2001; Njarui et al. 2011a) to the lactating
animals during milking. Whereas this strategy might not have observable impact on
milk yield, it could indicate that farmers are aware that supplementary feeding can
result in an increase in milk yield.
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Table 8. Smallholder farmers’ perceptions of factors associated with specific aspects of dairy
management discussed in focus groups in western Kenya.

Management issue' Associated factor Number of mentions*
General requirements Improved health care 18
Feeding of sufficient basal feeds 13
Feeding of supplements 6
Improved general Welfare 2
Provision of water 3
Determination of feed offered Milk yield 13
Availability 12
Breed 6
Body size 2
Information from consultations 4
Age 1
Constraints to dairying High cost of inputs and services 8
Animal diseases 6
Insufficient feed 6
Lack of information 4
Lack of market for milk 2

*The number of mentions was used as an indicator of the relative importance of the factor. "Mention of more than one
factor per focus group discussion was possible. Questions used to address specific management issues:

i. What are the general requirements of a dairy cow in order to support high milk production?

ii. Which factors should be considered when making decisions on the quantity of feed to be offered to dairy cattle?

iii. What are the major constraints that farmers face in smallholder dairy farming?

The farmers in the current study were aware that large animals consume more feed, but
the amount offered was largely determined by availability. Studies conducted in small-
holder farms show that planning for feed supply is not common and instead, farmers
use small quantities of whatever feed is available and rarely if ever is there an excess,
hence feed supply varies on a daily, as well as on a seasonal basis (Methu et al. 2000;
Romney et al. 2005; Lanyasunya et al. 2006). Additional upgrading of dairy herds in small-
holder farms involved in the current study might not result in the expected improvement
in milk production unless strategies for improved feeding are put in place.

Despite scoring lower than Friesian on milk production, the Ayrshire scored highest on
overall importance, as a result of perceived high milk fat content, low feed requirement,
resistance to diseases and hardship tolerance. This confirms that farmers are interested
in more than one trait when selecting breeds and they were willing to forego very high
milk production and select a breed perceived to be more resilient. This has implications
for breeding programmes targeted at smallholder farmers. Preference for a balance
across multiple traits is common among farmers keeping various livestock breeds and
even species, particularly in developing countries (Mwacharo and Drucker 2005; Ouma
et al. 2007). Hence, breed improvement programmes should not focus on a single trait,
such as milk production, ignoring adaptive traits or the multiple roles played by cattle
in most rural communities, because this could result in genotypes that do not meet the
requirements of the farmers (Ouma et al. 2004a).

The high importance attached to milk fat content is most likely associated with consu-
mer preference (perceiving milk with higher, butterfat content as tastier) rather than the
market, because milk payment is based on volume rather than quality. Milk consumers
especially in rural areas have been shown to prefer unprocessed milk, because of the
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lower cost and better taste, as a result of higher milk fat content (SDP 2004; Njarui et al.
2011b). In the current study, the perception of high disease resistance in the Ayrshire
could be attributed to the relatively low experience with other breeds for instance,
Jersey and Guernsey and hence the only comparison was with the Friesian. However,
the considerable number of farmers who were familiar with Jersey and Guernsey breeds
(12 and 14%, respectively) could be an indication that there is an opportunity for promot-
ing them as alternative breeds. In the current study, indigenous breeds were not given high
importance probably, because the respondents (who were mainly dairy farmers) could
have already been in the process of upgrading their existing herds.

Farmers ranked the Friesian breed high for fast growth rate of calves, which can be of
advantage to farmers aiming at producing heifers for sale. However, market value was not
rated an important trait in the current study and hence the preference for higher body-
weight and high growth rate of calves might be related to early breeding of heifers,
because the farmers are still in the process of building their dairy herds.

The surprisingly low importance given to fertility could indicate farmers’ lack of knowl-
edge of the relationship between reproductive performance and milk production. It might
also be plausible that farmers tended to associate breeding success with the breeding
service, rather than the animal. Success rate has been given as one of the factors influen-
cing choice of breeding service (Baltenweck et al. 2004; Murage and Ilatsia 2011). In the
current study, however, only a small proportion (2%) of farmers mentioned success
rate as a reason for choice of breeding method, which might also indicate a knowledge
gap. This might be attributable to the fact that the area is still in the early stages of
dairy development (Mudavadi et al. 2001; Musalia et al. 2007). The low preference for fer-
tility traits might also reflect that fertility is not as important in these systems as external
experts tend to think it is.

Crossbreeding offers one of the most efficient and quickest ways of improving the pro-
ductivity of dairy herds; hence access to high quality germplasm is key to sustained dairy
development. In the current study, natural mating was the most accessible and widely used
breeding method although artificial insemination more preferred. This might be an indi-
cation that farmers are constrained in their choice of breeding service (Baltenweck et al.
2004; Mugisha et al. 2014). Poor access to Artificial Insemination (AI) is a common situ-
ation among smallholder farmers, as a result of privatization of the service in the early
1990s, which resulted in emergence of private Al service providers. Private Al services
are relatively too costly for most farmers (Omiti 2002; Murage et al. 2006). Indeed,
farmers in the current study identified high cost and unavailability of an AI service as
the main reason for using natural service. As a result of the business orientation,
private Al service providers tend to be concentrated in areas with high densities of
dairy cattle where the demand for the service is high and the returns from milk are able
to support its use. The relative scarcity of private Al service providers could be attributed
to the low density of dairy cattle in the study area. Although the cost of AI by the coop-
erative was invariant, only a small number of farmers reported the service as accessible.
This was most likely from their experience in the past, because the dairy cooperative in
this area was not functional (Mudavadi et al. 2001). It is often speculated that use of
bulls could result in inbreeding and retrogression, because most of these bulls are of
unknown pedigree. Furthermore, it was found that only 40% of farmers could give an
accurate estimation of their animals’ breed composition (Weerasinghe et al. 2013)
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hence it might be difficult to define a breeding program. However, the level of inbreeding
in cattle owned by smallholder farmers in Kenya has been found to be low (Anunda 2010;
JP Gibson and O Mwai, International Livestock Research Insititute, Nairobi, Kenya, pers.
comm.). In areas where farmers are constrained by unavailability of Al services, use of
bulls could be an option, but it must be supported by an efficient recording system,
both at farm and community/government level so that the pedigree of the bull is
known. Record would also play a big role in curbing inbreeding.

The fact that very few respondents (18%) purchased dairy cattle for replacement indi-
cates that the large majority of farmers rear their own replacements (even farmers who
purchase replacements could also be rearing their own replacements). Furthermore, the
majority of farmers purchased animals from the markets, most likely because of the
high cost of animals coming from the large-scale farms. Few farmers can afford to buy
animals at a price more than KES 30 000 (approximately USD 300) (Musalia et al.
2007), as charged by large farms. Replacement animals purchased from markets do not
have production or pedigree records and their genetic merit cannot be ascertained. This
situation portrays the dire necessity for an Al service, if these farmers are to successfully
upgrade their animals.

In the current study, farmers’ perception of feed supply situations and breed preference
were not correlated. This could indicate that farmers do not consider the breed of animals
when making feeding and other management decisions. In contrast with earlier studies, the
main reason given for adoption of zero grazing was disease prevention rather than dimin-
ishing land size, despite the area having a high human population density and low average
land size (Jaetzold et al. 2005). The low level of intensification in western Kenya could be
attributed to poor access to input and output markets particularly breeding and extension
services and lack of an efficient milk marketing system (Mudavadi et al. 2001; Karugia
2012). Lack of credit to allow for investment in technological changes is another constraint
to intensification among smallholder dairy farmers (Romney et al. 2000).

Natural unimproved pasture, Napier grass and crop residues formed the highest pro-
portion of feed resources. This is common amongst smallholder dairy farmers in Kenya
(Katiku et al. 2011; Lukuyu et al. 2011). Although respondents in Butere agreed that there
was enough on-farm feed throughout the year, participants of the focus group discussions
were aware that on-farm resources were not enough to meet the animals’ requirements.
This apparent contradiction could indicate a lack of knowledge of the animals’ requirements.
The majority of farmers who practiced zero grazing were in Butere. Feed supply is a major
activity intensive dairy systems and this could explain why these farmers were more likely to
agree with the various options of feed supply situations. Although the respondents agreed
that fodder was available off farm, it is unlikely that purchased fodder would be able to
meet the deficit in the area of study, because this is only feasible where smallholder dairy
is highly developed and the returns from milk are able to meet the cost of external inputs.

Herbaceous legumes have shown potential to increase milk production, but very few
farmers had planted them. Lack of planting material, poor establishment and lack of per-
sistence have been found to limit incorporation of these supplementary fodders into the
farming systems and their utilisation as feeds (Mureithi et al. 1998; Mwangi and
Wambugu 2003). Indeed, most respondents disagreed that fodder seeds were easily acces-
sible. In addition to the aforementioned factors, competition for land with food crops and
lack of information could be other factors associated with the low adoption. Although
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calliandra has been shown to be a suitable replacement for the commercial dairy meal, the
amounts reported on farms in the current study were too low to impact on productivity. In
Kenya, the recommendation to farmers is that 500 plants, managed in a hedgerow, can
provide enough leaf annually to supplement the diet of one dairy cow (Franzel et al.
2014). Because a substantial proportion of respondents (53%) fed dairy meal, there
could be a high probability of adoption of calliandra among dairy farmers in the study
area, if an effective extension and plant supply program was implemented. In addition,
the fact that leguminous trees have additional benefits of adding nitrogen in the soil
makes calliandra potentially important for increasing feed supply and improving soil fer-
tility. Generally, use of concentrates in smallholder farms is low, with the majority feeding
a flat rate of 2 kg day ™' throughout the entire lactation (Kaitho et al. 2001). Access to credit
facility and an efficient milk marketing system have been shown to significantly increase
the use of concentrate and hence milk yield (Romney et al. 2000). Strengthening of dairy
cooperatives can be an effective strategy towards improving access to credit and other ser-
vices by smallholder dairy farmers.

Conclusion

The Ayrshire was perceived as the most important breed, thanks to its productive traits
(milk yield and milk, butter fat content), as well as adaptive traits. The respondents
demonstrated awareness of serious feed constraints by preferring dairy cattle breeds
with low feed requirement. However, there was an apparent contradiction in their prefer-
ence for animals of large body size with high genetic merit for milk production. A discon-
nect between breeding and feeding strategies was evident, because farmers exhibited a lack
of knowledge of basic principles of feeding for milk production. The farmers involved in
the current study were most likely in a transitional stage of intensification, as indicated by
their preference for larger dairy breeds probably driven by the requirement that surplus
marketable milk should earn income, and relatively low adoption of the zero-grazing
system of management. Constraint in the choice of breeding method was evident,
because respondents preferred artificial insemination (AI), but the majority used bull
service, because it was cheap and readily available.

Recommendations

i. Dairy development strategies for smallholder farmers, such as those involved in the
current study, should adopt a multipronged approached, comprising a well-designed
and implemented breeding programme and an effective extension and marketing
support system.

ii. For sustainable dairy development, the production circumstances of the farmers
should be carefully considered and the capacity of farmers to adopt and adapt tech-
nologies to their systems harnessed.

iii. In order for farmers to obtain the benefits of upgrading their indigenous breeds to
high levels of exotic genes, breeding interventions should go hand in hand with
feeding interventions.



EAST AFRICAN AGRICULTURAL AND FORESTRY JOURNAL e 365

Acknowledgments

The current study formed part of a larger project called Dairy Genetics East Africa (DGEA), col-
laboration between the University of New England (UNE) and the International Livestock Research
Institute, funded by the Bill and Melinda Gates Foundation (BMGF). The authors acknowledge the
assistance of Julie Ojango in accessing some of DGEA data during the initial stages of study design,
Okeyo Mwai in the logistics and Bruce McCokell during statistical analyses. The support of the site
coordinators, particularly Winston Wanjala, Edwin Chelule and Newton Mulupi is gratefully
acknowledged. The authors also thank the respondents for their cooperation.

ORCID

J. P. Gibson © http://orcid.org/0000-0003-0371-2401
A. ]. Duncan ‘© http://orcid.org/0000-0002-3954-3067

References

Anunda FO. 2010. Choice of dairy cattle traits, breeds and inbreeding on smallholdings in
Kirinyaga, Rachuonyo and Nakuru Districts, Kenya. MSC thesis, University of Nairobi.

Baltenweck I, Staal SJ. 2000. Determinants of adoption of dairy cattle technology in the Kenyan
highlands: a spatial and dynamic approach Paper presented at the International Association
of Agricultural Economics (IAAE) Meetings, August 2000, Berlin.

Baltenweck I, Ouma R, Anunda F, Mwai O, Romney D. 2004. Artificial or natural insemination: The
demand for breeding services by smallholders. Paper presented at the 9th KARI Biennial Scientific
Conference/Kenya Agricultural Research Forum, 8-12 November 2004, Nairobi, Kenya, Kenya
Agricultural and Livestock Research Organization, Nairobi.

Bebe BO, Udo HMJ, Rowlands GJ, Thorpe W. 2008. Smallholder dairy systems in the Kenya high-
lands: breed preferences and breeding practices. Livest Prod Sci. 82(2-3):117-127.

Franzel S, Carsan S, Lukuyu B, Wambugu C. 2014. Fodder trees for improving livestock pro-
ductivity and smallholder livelihoods in Africa. Curr Opin Environ Sustain. 6:98-103.

ICRA. 2007. International Centre for development oriented Research in Agriculture (ICRA).
Ranking and Scoring - Guidelines - 3/7. ICRA Learning Resources. Available at: www.icra-
edu.org. [Accessed on 5 April 2014].

Jaetzold R, Schmidt H, Hornetz B, Shisanya C. 2005. Farm management Handbook of Kenya -
Natural Conditions and Farm Management Information — 2nd Edition, Part A, West Kenya,
Subpart Al, Western Province, Ministry of Agriculture, Kenya.

Kahi AK. 2002. Crossbreeding systems and appropriate levels of exotic blood: Examples from Kilifi
Plantations. In: Ojango JM, Malmfors B, Okeyo AM (Eds). Animal Genetic Training resource,
Version 2. Uppsala, Sweden: ILRI, Nairobi, Kenya and Swedish University of Agricultural
Sciences Uppsala, Sweden.

Kaitho RJ, Biwott J, Tanner JC, Gachuiri CK, Wahome RG. 2001. Effect of allocation of fixed
amounts of concentrates on milk yields and fertility of dairy cows. Agrippa Aug 2001. Rome:
Food and Agriculture Organization. http://www.fao.org/DOCREP/ARTICLE/AGRIPPA/
X9500E09.htm (Agri-ppa FAO Peer reviewed journal).

Karanja AM. 2003. The Dairy Industry in Kenya: The Post-libralization Agenda Paper presented at
a Dairy Stakeholders Workshop, Nairobi, Kenya.

Karugia J. 2012. Synthesis of Technologies for Enhancing Productivity of Dairy Cattle in East Kenya,
Regional strategic analysis and knowledge support system (ReSAKSS), Eastern and Central Africa,
Nairobi, Kenya. http://kenya.usaid.gov/sites/default/files/Dairy_Technologies_Final_Report.
doc. [Accessed 20 December 2012].

Katiku PN, Gachuiri CK, Mbugua PN. 2011. Characterization of dairy cattle farming in Mbeere
District of Eastern Kenya. Livest Res Rural Dev. 23:236.


http://orcid.org/0000-0003-0371-2401
http://orcid.org/0000-0002-3954-3067
http://www.icra-edu.org
http://www.icra-edu.org
http://www.fao.org/DOCREP/ARTICLE/AGRIPPA/X9500E09.htm
http://www.fao.org/DOCREP/ARTICLE/AGRIPPA/X9500E09.htm
http://kenya.usaid.gov/sites/default/files/Dairy_Technologies_Final_Report.doc
http://kenya.usaid.gov/sites/default/files/Dairy_Technologies_Final_Report.doc

366 M. N. LUKUYU ET AL.

Lanyasunya TP, Wang HR, Mukisira EA, Abdulrazak SA, Ayako WO. 2006. Effect of seasonality on
feed availability, quality and herd performance on smallholder farms in Ol-Joro-Orok location/
Nyandarua District, Kenya. Trop Subtrop Agroecosystems. 6:87-93.

Lukuyu B, Franzel S, Ongadi PM, Duncan AJ. 2011. Livestock feed resources: current production
and management practices in central and northern rift valley provinces of Kenya. Livest Res
Rural Dev. 23:112.

Makokha SN, Karugia J, Staal S, Oluoch-Kosura W. 2006. Valuation of Cow attributes by Conjoint
Analysis: A case study in Western Kenya. International Association of Agricultural Economists
Conference, Gold Coast, Australia, August 12-18, 2006.

Methu JN, Romney D, Kaitho RJ, Kariuki JN. 2000. Effects of abrupt and frequent changes in forage
quality and the influence of patterns of concentrate feeding on productivity of dairy cattle
The 3rd All Africa Conference on Animal Agriculture and 11th Egyptian Society of Animal
Production. p. 47, Alexandria, Egypt, 6-9 November 2000, Egyptian Society of Animal
Production, Cairo, Egypt.

Moyo S, Swanepoel FJC. 2010. Mltifunctionality of livestock in Developing Communities. In:
Swanepoel FJC, A. Stroebel A, Moyo S (Eds) The Role of Livestock in Developing
Communities: Enhancing Multifunctionality. (p. 1-11). Bloemfontein, South Africa: The
Technical Centre for Agricultural and Rural Cooperation (CTA), SUN MeDIA Bloemfontein,
South Africa.

Mudavadi PO, Otieno K, Wanambacha JW, Odenya JO, Odendo M, Njaro OK. 2001. Smallholder
dairy production and marketing in western Kenya: A review of literature. Smallholder Dairy
(Research & Development) Project Research Report.

Mugisha A, Kayiizi V, Owiny D, Mburu J. 2014. Breeding Services and the Factors Influencing
Their Use on Smallholder Dairy Farms in Central Uganda. (6 p.) Vet. Med. Int. 2014:1-7.

Murage AW, Ilatsia ED. 2011. Factors that determine use of breeding services by smallholder dairy
farmers in Central Kenya. Trop Anim Health Prod.43(1):199-207.

Murage AW, Ilatsia ED, Muasya TK. 2006. Liberalization of artificial insemination (AI) services in
Kenya and implication for a dairy cattle improvement programme. In: 10th Biennial KARI scien-
tific conference and research forum, Nairobi, Kenya.

Mureithi JG, Mjunie MN, Muinga RW, Thorpe W, Mwatate CD. 1998. Adoption of planted forages
by smallholder dairy farmers in coastal lowland Kenya. Trop Grassl. 32:221-229.

Musalia LM, Wangia SMM, Shivairo RS, Okutu P, Vugutsa V. 2007. Dairy production practices
among smallholder dairy farmers in Butere/Mumias and Kakamega districts in Western
Kenya. Trop Anim Health Prod. 39(3):199-205.

Mwacharo JM, Drucker AG. 2005. Production Objectives and Management Strategies of Livestock
Keepers in South-East Kenya: Implications for a Breeding Programme. Trop Anim Health Prod.
37(8):635—652.

Mwangi DM, Wambugu C. 2003. Adoption of forage legumes: the case of Desmodium intortum
and Calliandra calothyrsus in Central Kenya. Trop Grassl. 37:227-238.

Njarui DM, Gatheru M, Wambua JM, Nguluu SN, Mwangi DM, Keya GA. 2011a. Feeding manage-
ment for dairy cattle in smallholder farming systems of semi-arid tropical Kenya. Livest Res
Rural Dev. 23:111.

Njarui DM, Gatheru M, Wambua JM, Nguluu SN, Mwangi DM, Keya GA. 2011b. Consumption
Patterns and Preference of Milk and Milk Products among Rural and Urban Consumers in
Semi-Arid Kenya. Ecol Food Nutr. 50(3):240-262.

Omiti J. 2002. Impacts of liberalisation in Kenya’s dairy sector. In: D. Rangnekar and W. Thorpe
(Eds) Smallholder dairy production and marketing—Opportunities and constraints. (538 p.)
Proceedings of a South—South workshop held at NDDB (National Dairy Development Board),
Anand, India and ILRI (International Livestock Research Institute), 13—16 March 2001.

Osuji PO, Saarisalo EM, Tegegne A, Umunna NN. 2005. Undernutrition of dairy cattle in small-
holder production systems in East Africa. In: Ayantunde AA, Fernandez-Rivera S, McCrabb
G (Eds) Coping with feed scarcity in smallholder livestock systems in developing countries.
(p. 97-120). Animal Sciences Group, Wageningen, The Netherlands, University of Reading,



EAST AFRICAN AGRICULTURAL AND FORESTRY JOURNAL e 367

Reading, UK, ETH (Swiss Fedral Institute of Technology), Zurich, Switzerland, and ILRI
(International Livestock Research Institute), Nairobi, Kenya.

Ouma E, Abdulai A, Drucker A. 2007. Measuring heterogeneous preferences for cattle traits among
cattle-keeping households in East Africa. Am J Agric Econ. 89(4):1005-1019.

Ouma E, Abdulai A, Drucker A, Obare GA. 2004a. Assessment of farmer preferences for cattle traits
in smallholder cattle production systems of Kenya and Ethiopia. Conference on International
Agricultural Research for Development, Berlin, October 5-7, 2004.

Ouma EA, Obare GA, Staal SJ. 2004b. The socio-economic dimensions of smallholder livestock
management in Kenya and its effect on competitiveness of crop-livestock systems. Paper pre-
sented at the NARO Conference on “Integrated Agricultural Research for Development-
Achievements, Lessons Learnt and Best Practice, 1-4 September 2004, Kampala, Uganda,
NARO (National Agricultural Research Organization), Uganda.

Philipsson J, Rege JEO, Zonabend E, Okeyo AM. 2011. Sustainable breeding programmes for tro-
pical farming systems. In: Ojango JM, Malmfors B, Okeyo AM (Eds) Animal Genetics Training
Resource, version 3, 2011, International Livestock Research Institute, Nairobi, Kenya, and
Swedish University of Agricultural Sciences, Uppsala, Sweden.

Rege JEO. 1998. Utilisation of exotic germplasm for milk production in the tropics. Proceedings of
the 6th World Congress on Genetics Applied to Livestock Production, 11-16 January 1998,
Armidale, NSW, Australia, World Congress on Genetics Applied to Livestock Production,
Armidale, New England.

Romney D, Kaitho R, Biwott J, Wambugu M, Chege L, Omore A, Staal A, Wanjohi P, Thorpe W.
2000. Technology development and field testing: access to credit to allow smallholder dairy
farmers in central Kenya to reallocate concentrates during lactation. Paper presented at the
3rd All Africa Conference on Animal Agriculture and 11th Conference of the Egyptian
Society of Animal Production, 6-9 November 2000, Alexandria, Egypt, Egyptian Society of
Animal Production, Cairo, Egypt.

Romney D, Wambugu M, Kaitho R, Biwott J, Chege L, Omoro A, et al. 2005. Increasing milk yields
through reallocation of concentrates by smallholder dairy farmers in Kenya case study: D
Improving the efficiency of concentrate usage by smallholder dairy farmers in Kenya. (p. 185-
195). In: Conroy C (Ed.). Participatory Livestock Research, A Guide. Rugby, UK: ITDG
Publishing.

SDP. 2004. The Demand for Dairy Products in Kenya. SDP. Policy Brief (Hels). Wiley Online, NY,
USA: Smallholder Dairy Project (SDP) Nairobi Kenya.

Sumberg J. 2002. Livestock nutrition and foodstuff research in Africa: when is a nutritional con-
straint not a priority research problem? Anim Sci J. 75(3):332-338.

Theis ], Grady H. 1991. Participatory Rapid Appraisal for Community Development. A training
Manual Based on Experiences in the Middle East and North Africa. Save the Children
Federation, International Institute for Environment and Development.

Udo HMJ, Akiliku HA, Phong LT, Bosma RH, Budisatria IGS, Patil BR, Samdup T, Bebe BO. 2011.
Impact of intensification of different types of livestock production in smallholder crop-livestock
systems. Livest Sci. 139(1-2):22-29.

International VSN. 2013. Genstat Release 16.1. Hemel Hempstead, UK: VSN International Ltd.

Waithaka MM, Wokabi A, Nyangaga J, Ouma E, de Wolff T, Biwott ], et al. 2000. A participatory
rapid appraisal of farming systems in western Kenya. Smallholder Dairy (R&D) Project Report of
Dairy and Crop Characterization Activities in Western Kenya.

Weerasinghe WMSP, Gondro C, Jeyaruban MG, Mwai O, Mujibi DF, Gipson JP. 2013. The predic-
tion of genetic structure of East African smallholder dairy cattle. Proc. Assoc. Advmt. Anim.
Breed. Genet. 20:163-166.



	Abstract
	Introduction
	Materials and methods
	Study sites
	Cross-sectional survey
	Statistical analysis

	Results
	Breed preference
	Preferred traits
	Breeding methods
	Management systems
	Feeds and feeding
	Farmers’ perceptions of feeds and feeding

	Discussion
	Conclusion
	Recommendations
	Acknowledgments
	ORCID
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


