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A B S T R A C T   

Utilization of agricultural technologies plays a crucial role in enhancing the productivity and income of small
holder dairy farmers. However, the uptake of these technologies is low among majority of smallholder farmers 
especially in developing countries. Using survey data from 682 households in Murang’a County in Kenya, this 
study examines determinants and intensity of use of artificial insemination, deworming, vaccination, curative 
treatment, improved feeds (hay, silage) and pregnancy diagnosis. We applied a multivariate probit model for the 
simultaneous multiple utilization decisions, and ordered probit models for assessing the intensity of utilization. 
The study results revealed that education level of household head, number of cows owned, livestock type, milk 
yield, land size, access to contract, price of milk, access to credit, access to business plan training, membership to 
dairy cooperatives, type of service providers, receiving of remittance, distance to veterinary and output market 
were the major factors that affect the likelihood of utilizing dairy agricultural technologies among smallholder 
farmers in Kenya. The intensity of utilizing dairy technologies was influenced by number of cows in the 
household, livestock type, land size, access to contract, access to credit, membership to dairy cooperatives and 
type of service providers. In conclusion, utilization of agricultural technologies is influenced by different 
household, farm, market and transaction cost characteristics, which could hinder or facilitate the uptake of these 
technologies. The findings will equip agricultural policy makers and agribusiness service providers in addressing 
the major barriers facing smallholder dairy farmers in making informed utilization decisions of dairy 
technologies.   

1. Introduction 

Dairy industry in Kenya is one of the most important and lucrative 
sub-sectors, not only contributing to an estimated 4% of national GDP, 
14% of agricultural GDP and 44% of livestock GDP [1] but also 
constitute an important part of family income and food security espe
cially to the majority producers who are the smallholder farmers [2]. 
The demand for dairy products has been projected to grow as a result of 
increased demand for quality and safe milk products, diversification in 
consumption, regional integration and cross border trade [3,4]. To meet 
this increasing demand dairy agripreneurs must be willing and ready to 
take up modern technologies as well as improve on their management 
practices to increase daily milk yield per cow [5]. 

The performance of these smallholder agrienterprises is key for rural 
and national economic development. Since they could create 

employment among rural households, especially for youths and women 
[2]. Although the future of dairy sub-sector seems to be promising, 
recent studies have found that milk production is stagnating [6]. 
Currently, the majority of smallholder farmers are producing an average 
of 10 L per day per cow despite the potential of 30 L per cow per day. 
This challenge has been attributed to several factors with much attention 
on inadequate veterinary services as well as low uptake of modern dairy 
technologies [7]. 

The dairy technologies encompass the use artificial insemination (AI) 
which is currently considered to be the quickest reliable way of 
improving animal genetics and animal production [8], pregnancy 
diagnostic services where dairy animals are checked regularly for 
pregnancy [9]. Other technologies include animal health services where 
advice is offered and proper medication administered to sick animals 
[10,11]. In addition, there are also animal husbandry services and 
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nutrition services on use of improved feeds [10]. 
Dairy farming technologies are vital and central to the increased 

productivity of dairy subsector [12], however, these technologies are 
underutilized or are not utilized at all by majority of smallholder dairy 
farmers [13,14]. Understanding the determinants that influence small
holder dairy farmers’ utilization of dairy technologies is critical for 
technology adoption in rural agrienterprises. This is considering that 
numerous studies on uptake of dairy technologies have been done, 
however, the conclusions have remained mixed [8,14–20]. 

In addition, despite the potential complementarity of utilizing dairy 
technologies, very limited studies have simultaneously analyzed the 
factors that influence choice of different dairy technologies. Therefore, 
this study contributes to literature by simultaneously modelling the 
utilization of the six dairy technologies (artificial insemination, 
deworming, vaccination, curative treatment, improved feeds (hay, 
silage) and pregnancy diagnosis) by fitting multivariate and ordered 
probit models whereby previous studies have considered this relation
ship in isolation. The 

combination of the two methods gives a more comprehensive mea
sure of determinants and intensity of use of the selected dairy technol
ogies by smallholder dairy farmers in rural Kenya. 

The rest of the paper is organized as follows: Second 2 describes the 
context of the study. Section 3 briefly discusses the methodology (study 
area, sampling procedure and sample size, method of data collection and 
analysis, data and definition of variables and model specification). 
Section 4 provides descriptive and econometric results and discussion. 
This is followed by the conclusions in Sections 5. 

2. Context of the study 

Dairy farming plays an important role in providing a source of 
livelihood to majority of rural Kenyans. There are about 1.8 million 
dairy farmers with 80% being smallholder farmers. These farmers have a 
farm size of about 3–5 acres, keep 2–5 cows which produce about 10 L of 
milk per day [2]. Kenya dairy sector produced 4 billion liters of milk in 
2018 which makes it among the highest producer and consumer of milk 
in Africa [1]. It is estimated that the annual per capita milk consumption 
ranges from 19 kg in rural areas to 125 kg in urban ones [3]. The demand 
for milk and milk products in Kenya is among the highest in developing 
countries. However, the consumption patterns differ among different 
categories of consumers due to their differences and socio-economic 
status [4]. 

In relation to livestock production systems and milk productivity in 
Kenya, about three quarters of Kenya’s dairy cows are raised in exten
sive grazing and semi-intensive systems, in which cows obtain fodder 
through a combination of grazing and stall feeding [2]. Zero-grazing 
systems is increasingly popular particularly in areas with high popula
tion density and small land holdings per family [6]. Although small
holder milk production is a viable economic enterprise in Kenya, it is 
constrained by inadequate quantity and quality of feeds, poor access to 
breeding, diseases, poor access to credit facilities, decreasing number of 
extension agents and poor access to output markets (inadequate pro
cessing and informal milk markets) [21]. Therefore, in order for small
holder dairy farmers to increase their productivity, they need access to 
and use of dairy technologies. This include artificial insemination, 
deworming, vaccination, curative treatment, improved feeds (hay, 
silage) and pregnancy diagnosis which could improve the nutritional 
status of cows hence improve milk production [22]. 

According to Ref. [23], they found that 86% of milk produced in 
Kenya was sold through the informal marketing channels while only 
14% is sold to dairy processing companies through farmer organiza
tions. This depicts the important role informal markets play in ensuring 
milk reaches the final consumer. Despite this acknowledgement, ma
jority of governments in developing countries, are initiating and 
implementing policies that forbid the informal markets. The Kenyan 
government is promoting consumption of processed milk with the aim of 

formalizing the dairy sector [23]. Due to the nature of smallholder 
farmers being widely scattered, this creates a dilemma for Kenya Dairy 
Board (KDB) to stop informal marketing of milk [2]. The authors 
emphasize that governments in 

developing countries should develop policies that would support the 
informal sector through capacity building and appropriate institutional 
frameworks. 

This study focuses on dairy farmers in Murang’a County, Central 
Kenya and seeks to determine the determinants of utilization of dairy 
technologies among these farmers. This is because of the several in
terventions in relation to agribusiness support services offered to the 
smallholder dairy farmers by both private and public institutions. The 
county has a well-developed supportive infrastructure including dairy 
hubs, processing plants and a number of dairy cooperatives. These dairy 
cooperatives are involved in; bulking of milk for several dairy farmers, 
processing of milk, markets milk on behalf of dairy farmers and 
dissemination of information such as milk handling practices, better cow 
breeds and feed practices to its members through partnership with 
various organizations [24]. 

The dairy sector is among the county’s developmental goals which 
has necessitated the county government to come up with interventions 
to upgrade this value chain. Some of these interventions include; one 
home one cow initiative which gave calves to poor families in the region 
to enhance their participation in the dairy sector through supply of milk 
and get paid in return, distribution of milk coolers to several dairy so
cieties especially the startup societies with an aim of increasing their 
milk processing capabilities, provision of animal feeds like fodder, sweet 
potato veins and subsidized artificial insemination as to bring success to 
registered dairy farmers [25]. 

Further, the county government contracted milk transportation that 
collects and deliver milk for farmers charging at a lower price that is 
Kshs. 2 per litre of milk. Finally, the County government has united dairy 
farmers in several dairy societies to form an umbrella cooperative called 
Murang’a County Creameries (MCC) with an aim of stabilizing the milk 
prices at Kshs.35 per litre of milk from the previous Kshs.20 per litre. 
MCC will achieve this because it uses a bigger cooler with the ability of 
bulking and process a lot of milk hence enjoying economies of scale 
[25]. Access to dairy technologies could influence the agripreneurial 
behaviour of dairy farmers and performance of their enterprises. Despite 
this acknowledgement, there is paucity of information on determinants 
of utilization of dairy technologies among smallholder farmers in Mur
ang’a County. Hence, more rigorous evaluations were needed to fill this 
knowledge gap. 

3. Methodology 

3.1. Study area 

This study was done in Murang’a County (Fig. 1) which is in the 
central parts of Kenya. This county lies between longitudes 36◦ East and 
37◦27′ East and latitudes of 0◦ 34′ South and 1◦ 7′ South of the equator. 
Majority of the rural households in the county are involved in mixed 
farming with an average household farm size of 0.57 ha. The dominant 
livestock species domesticated is cattle. The county was purposively 
chosen because of the vibrant dairy sector with the county government 
initiating and promoting agricultural technologies to enhance 
commercialization of smallholder dairy farmers [25]. Within the study 
context smallholder dairy 

farmers are commercially oriented farmers who are engaged in 
production and marketing of milk and have 2–5 heads of cattle in their 
agrienterprise. 

3.2. Sampling procedure and sample size 

A multi-sampling technique was used to select 682 dairy farmers for 
the study (see Table 1). At stage one of the multi-sampling procedure, 
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four (4) Sub-Counties (Gatanga, Maragwa, Kiharu and Kandara) were 
purposively selected because they were the highest milk producing Sub- 
Counties in Murang’a (Muranga CIDP, 2018). In addition, there has been 
several dairy commercialization interventions through the use of agri
cultural technologies from the county government and non- 
governmental organizations geared towards increasing dairy produc
tivity of smallholder farmers. A simple random selection was applied at 
second stage to select (12) wards (Kihumbu-Ini, Gatanga, Kariara, 
Kambiti, Kamahuhu, Ichagaki, Mugoiri, Mbiri, Township, Kanyenya-Ini, 
Ng’araria and Ruchu), 3 in each Sub-Counties for data collection. In 
stage three (3), villages were selected through simple random selection. 
Lastly, proportional to size random sampling was applied to select the 
respondents from the villages in the 12 wards since they were not equal 
in size. This was aided by a list from Sub-County Agricultural Officers, 
which was used to generate random numbers using Microsoft Excel rand 
command. From the generated random numbers, systematic random 
sampling was used to get respondents. The total sample size for the study 
was determined using the Cochran’s (1963) formula: 

n=
z2pq
e2 (1)  

where: 

n = sample size, 
p = implies maximum possible variance 
q = 1-p, 

z = the standard value at a given confidence level (α = 0.04), 
e = the acceptable error (precision). 

The study desired a 96% confidence level and 4% precision level 
with a z score of 2.05. In addition, the study assumed that p = 0.5, which 
was about 50% of smallholder dairy agripreneurs. This is because the 
variation of the dairy farmers targeted was not known before the survey 
took place. Therefore, a conservative variance of 0.5 was adopted. The 
sample was determined as: 

n=
(2.052)(0.5)(0.5)

(0.042)
= 656.6 (2) 

The derived sample size for the study was 657 respondents. How
ever, during the survey, the actual sample that was collected and used 
for analysis was 682 respondents. 

3.3. Method of data collection and analysis 

This paper used primary quantitative data collected through a cross- 
sectional survey using a structured questionnaire. Before the start of 
data collection, a research permit was secured from the National Com
mission for Science Technology and Innovation (NACOSTI), which is the 
legal body mandated to regulate research activities in Kenya. The 
researcher also sought approval from County Government of Murang’a 
Ministry of Agriculture, Livestock & Fisheries to conduct interviews. 
Data collection took place from 4th January to 14th February 2020. 

Fig. 1. Map of the study areas: Gatanga, Maragwa, Kiharu and Kangema.  
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Prior to the actual data collection, a pretest was carried out in Kandara 
Sub-County since it has similar attributes to study area. The researcher 
administered 60 questionnaires which was approximately 10% of the 
required sample size for the study. The results of the pilot study were 
used in correcting and adjusting the final questionnaires that was 
administered for the study. During the survey, before data was collected, 
the respondents were informed of the objective of the study and 
informed consent was sought from them. Once the respondents gave 
their consent, data were collected through personal interviews using 10 
trained enumerators. The data collected included household character
istics, livestock production and market related factors, factors such as 
input and output quantities and utilization of dairy technologies. The 
data was analyzed using STATA version 15.0. Descriptive statistics such 
as frequencies and means were used to summarize the data. The 
multivariate probit and ordered probit regression model were used to 
examine determinants of utilization of agricultural technologies. 

3.4. Data and definition of variables 

3.4.1. Dependent variables 
This study considered six dairy technologies based on two reasons. 

First, the immense interventions made to promote the uptake of these 
technologies among smallholder dairy farmers by private and public 
institutions in the study area. Secondly, the commonality of drivers of 
their uptake and their key role in enhancing animal health and pro
ductivity. The technologies included artificial insemination, deworm
ing, vaccination, curative treatment, improved feeds (hay, silage) and 
pregnancy diagnosis. Use of these dairy technologies was measured as 
binary variables, whereby 1 represents utilization of specific service and 
0, otherwise (Table 1). 

3.4.2. Independent variables 
The independent variables were divided into three; household 

characteristics, farm characteristics and transaction cost characteristics 
(Table 1). The household characteristics included sex of household head 
(1 = male; 0 = female), age of household head in years, education levels 
and number of adult members which was used as a proxy for household 
labor. In this study, it was hypothesized that male headed households, 
older farmers, increased education level and more adults in the house
hold may increase the likelihood of utilizing dairy technologies. This is 
due to enhanced experience, capacity and ownership of productive as
sets [17,32]. 

The variables considered for farm characteristics included; number 
of cows owned in the household, livestock type (1 = improved/exotic, 0 
= indigenous), average milk production per day in liters and size of land 
under dairy farming in acres. It was hypothesized increased number of 
dairy cattle the farmer owns, ownership of exotic breeds, higher milk 
production and increased land size under dairy farming may encourage 
smallholder farmers to utilize dairy technologies [8,19]. 

Finally, the transaction cost characteristics included; access to con
tract (1 = yes; 0 = no), milk price per litre in Kenya shillings, distance to 
veterinary clinic in kilometre, distance to output market in kilometre 
(proxy for market access), receiving remittance (1 = yes; 0 = no), 
membership to dairy cooperatives (1 = yes; 0 = no), access to credit (1 
= yes; 0 = no), received business plan training (1 = yes; 0 = no) and type 
of service providers (1 = private; 0 = public). Smallholder endowment 
with wealth and assets may increase the likelihood of utilizing dairy 
technologies [16,18]. 

Receiving of remittances and access to credit was used as a proxy for 
wealth [15] while membership to dairy cooperative was used as a proxy 
for social network, which facilitates information exchange and access to 
productive resources [20]. The choice of independent variables used in 
this study was based on conceptual frameworks and past studies related 
to adoption and utilization of dairy technologies and practices [8,14, 
16–18]. 

3.5. Model specifications 

Following from Table 1, utilization of dairy technologies was 
measured as a dummy variable (Table 1). That is 1 if the dairy agri
preneur utilizes dairy technologies in production, 0 otherwise. To model 
the decision to use these technologies, a univariate binary model (logit 
or probit) could be appropriate due to the dichotomous nature of the 
dependent variable [27]. Since the estimation was based on six dairy 
technologies, selection of one or more technologies was more likely due 
to variations unobserved and unmeasured characteristics of the dairy 
farmer. In addition, selection of dairy technology may affect the likeli
hood of selecting other alternatives due to competing, substitutability or 
complementarity relationship between some dairy technologies. 
Therefore, estimating independent binary equation for each dairy 
technologies would lead to potential bias as it will not allow the corre
lation of error terms, leading to statistical bias and inefficiency in the 
estimates [27]. To account for such short-comings, selection decisions 

Table 1 
Description of variables and expected signs that were used in the Multivariate 
Probit and Ordered Probit Model.  

Variables Description of variables Hypothesized 
sign 

Dependent   
Artificial insemination Dummy = 1 if HH utilizes artificial 

insemination services, 0 otherwise  
Deworming Dummy = 1 if HH utilizes deworming 

services, 0 = otherwise  
Vaccination Dummy = 1 if HH utilizes vaccination 

services, 0 = otherwise  
Curative treatment Dummy = 1 if HH utilizes curative 

treatment services, 0 = otherwise  
Improved feeds (hay, 

silage) 
Dummy = 1 if HH utilizes improved 
feeds, 0 = otherwise  

Pregnancy diagnosis Dummy = 1 if HH pregnancy 
diagnosis services, 0 = otherwise  

Independent   
Sex Dummy = 1 if HH head male and 0 if 

female 
+

Age Age of HH head in years +/- 

Education Level Highest education level of household 
head in years 

+/- 

Household labour Number of adult household members +/- 
Experience Experience in dairy farming in years +/- 

Number of cows Number of cows owned in the 
household 

+

Livestock type Dummy = 1 if HH had improved/ 
exotic, 0 = otherwise) 

+

Milk output Average milk production per day in 
liters 

+

Land size (acres) Size of land under dairy farming in 
acres 

+

Access to contracts 
(yes = 1) 

Dummy = 1 if HH had written 
contracts, 0 = Otherwise 

+

Milk price (KES/lb) Milk price per litre in KES +

Distance veterinary 
clinic (Km) 

Distance output market (Km) +/- 

Distance to a veterinary 
clinic in KM 

Distance to the output market in KM +/- 

Remittance (yes = 1) Dummy = 1 if HH had access to 
remittance, 0 = otherwise 

+

Access to credit Dummy = 1 if HH had access to 
credit, 0 otherwise 

+/- 

Receive business plan 
training 

Dummy = 1 if HH received business 
plan training, 0 = otherwise 

+

Membership to 
cooperatives 

Dummy = 1 if HH is a member of 
cooperative, 0 = otherwise 

+

Service providers (1 =
private) 

Dummy = 1 if service provider is 
private, 0 = otherwise 

+/- 

Notes: KES=Kenya Shillings, Km = Kilometers, HH=Household. 
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were modelled using Multivariate Probit (MVP) model. The model 
simultaneously estimated the factors influencing use of the six dairy 
technologies by allowing their error terms to correlate. Empirically the 
model can be specified as shown in Equation (1). 

Yi1 = X ′

ij1β1 + εi1

Yi2 = X ′

ij2β2 + εi2

Yi3 = X ′

ij3β3 + εi3

Yi4 = X
′

ij4β4 + εi4

Yi5 = X
′

ij5β5 + εi5

Yi6 = X ′

ij6β6 + εi6,

(3)  

where, i = dairy farmers’ identification, Yi1 = 1, if dairy farmer utilizes 
artificial insemination (0 = otherwise), Yi2 = 1, if dairy farmer utilizes 
deworming services (0 = otherwise), Yi3 = 1, if dairy farmer utilizes 
vaccination technologies (0 = otherwise), Yi4 = 1, if dairy farmer utilizes 
curative treatment (0 = otherwise), Yi5 = 1, if dairy farmer utilizes 
improved feeds (0 = otherwise), Yi6 = 1, if dairy farmer utilizes preg
nancy diagnosis technology (0 = otherwise), X′

i = Vector of factors 
affecting use of dairy technologies, βj = Vector of unknown parameters 
(j = 1, 2, 3, 4, 5, 6), j = Vector of dependent variables which are the 
dairy technologies and ε = is the error term. 

The covariance matrix of equation (1) is as follows, 

1 ρ12 ρ13 ρ14 ρ15 ρ16
ρ21 1 ρ23 ρ24 ρ25 ρ26
ρ31 ρ32 1 ρ34 ρ35 ρ36
ρ41 ρ42 ρ43 1 ρ45 ρ46
ρ51 ρ52 ρ53 ρ54 1 ρ56
[(ρ61 ρ62 ρ63 ρ64 ρ65 1 )]

(4) 

The off-diagonal elements in Equation (2) represent the unobserv
able relation between the stochastic terms of six equations of six dairy 
technologies. ρ ∕= 0 indicates that there is a correlation between the 
stochastic terms of each equation, and the multivariate probit model 
should be used for estimation. Therefore, to identify the determinants of 
dairy technologies utilization a multivariate probit model of the 
following form (Equation (3)) was used: 

Yi1 =X ′

ijβj + εij, (5)  

where Yij (j = 1 …. ,6) represent the six dairy technologies used by the 
ith farmers (i = 1..…682), X′

ij is a 1 × k vector of observed variables that 
affect the choice decision of farmers, βj is a k × 1 vector of unknown 
parameters (to be estimated), and εij is the unobserved error term. It was 
assumed that the error terms (across j = 1 … m alternatives) are nor
mally distributed with mean vector equal to zero. Therefore, the un
known parameters in Equation (3) were estimated using simulated 
maximum likelihood. This approach facilitated the assessment of joint 
decision making for the utilization of six dairy technologies of one dairy 
farmer using the Monte Carlo expectation maximization (MCEM) algo
rithm. Use of MVP does not consider the number of technologies used by 
a farmer, that is those who utilize a single technology and those who 
utilize multiple dairy technologies. Factors that influence propensity of 
utilization may differ from those that influence the intensity of using 
different dairy technologies. Understanding the factors that influence 
multiple utilization of dairy technologies is crucial in enhancing the 
uptake of different technologies in combination. To answer this research 
question, ordered probit regression model was also used for analysis. 
The intensity of use which was dependent variable was treated as 
ordinal (0,1,2,3,4,5,6) in relation to the number of dairy technologies a 
smallholder farmer was using. 

4. Results and discussion 

4.1. Description of the sample 

The descriptive statistics of the variables used in the econometric 
analysis are presented in Table 2. About 81% and 72% of the small
holder farmer were using artificial insemination and deworming ser
vices respectively. While 51% of the smallholder farmers were using 
vaccination, curative treatment and improved feeds, only 7% were using 
pregnancy diagnosis. 70% household head were male. Majority of the 
respondents had primary level of education indicating low literacy 
levels of smallholder farmers. The average age of the respondents was 56 
years and mean number of four adults in the households (Table 2). This 
result indicates that dairy farming in the study area is dominated by 
elderly individuals who have a mean dairy farming experience of 19 
years. With regards to livestock type kept by the dairy agripreneurs, 95% 
of the livestock were improved/exotic, with average number of 3 cows 
per household and mean milk output of 15 L/per day with an average 
land size under dairy farming being 1.3 acres. 

Most dairy agripreneurs (66%) had access to contract and were 
receiving average milk price of KES 34 per litre. This price is low 
compared to the average market price of pasteurized milk of KES 110 per 
litre paid by consumers. This calls for innovative means of increasing 
farmers’ milk price which could be through strengthening dairy co
operatives to process milk supplied by farmers before selling to con
sumers. This would enable them fetch a higher price which may boost 
income of smallholder dairy farmers. The mean distance to veterinary 
clinic and output market was 2.8 Km and 2.1 Km respectively with only 
40% of the agripreneurs receiving remittance from their families and 
friends. In terms of access to credit and receiving of business plan 
trainings, 56% and 47% respectively have access to credit and were 
receiving business plan trainings. Finally, 47% and 67% of the dairy 
farmers were members of cooperatives and were receiving agribusiness 
support services from private service providers. 

Table 2 
Summary statistics.  

Variables Mean Std. dev 

Dependent   
Artificial insemination (yes = 1) 0.81 0.02 
Deworming (yes = 1) 0.72 0.02 
Vaccination (yes = 1) 0.51 0.02 
Curative treatment (yes = 1) 0.51 0.02 
Improved feeds (hay, silage) (yes = 1) 0.51 0.02 
Pregnancy diagnosis (yes = 1) 0.07 0.01 
Independent   
Sex (male = 1) 0.70 13.7 
Age (years) 55.6 1.01 
Education level (years) 3.60 1.33 
Household labour (number of adult members) 3.43 12.9 
Experience (years) 18.8 0.49 
Number of cows 2.50 15.6 
Livestock type (1 = improved/exotic, 0 = otherwise) 0.95 1.81 
Milk output (Liters) 14.3 0.47 
Land size (acres) 1.29 0.05 
Access to contracts (yes = 1) 0.66 6.54 
Milk price (KES/lb) 33.2 7.92 
Distance veterinary clinic (Km) 2.79 19.4 
Distance output market (Km) 2.12 0.48 
Remittance (yes = 1) 0.40 0.22 
Access to credit (yes = 1) 0.56 0.02 
Receive business plan training (yes = 1) 0.47 0.02 
Membership to cooperatives (yes = 1) 0.47 0.02 
Service providers (1 = private) 0.67 6.11 
Number of observations 682 

Source: Field survey, 2020; Notes: KES=Kenya Shillings, Km = Kilometers, 
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4.2. Use of dairy technologies 

The use of dairy technologies among the dairy farmers was highest 
for artificial insemination (25.9%) followed by deworming services 
(23.2%) while similar number of smallholder farmers used vaccination 
and curative treatment technologies (16.3%). Only, 43 of the re
spondents were using pregnancy diagnosis technologies as presented in 
Table 3. The plausible explanation is that most of insemination and 
deworming services offered by public sources have high non-conception 
rate and service provider non-responsiveness due to limited staffing in 
public veterinary clinics. Due to lack of these services in the public 
veterinary clinics, agripreneurs opted to seek support services from 
private practitioners (Omondi et al., 2017). Dairy cooperatives need to 
ensure that they supply, their members with responsive artificial and 
deworming services and proper staffing who would timely reach out to 
dairy agripreneurs. 

The number of dairy technologies used by the smallholder dairy 
farmers is presented in Table 4. Most of the dairy farmers (26.54%) were 
using three technologies, 22.7% used 4 technologies, 19.5% used 2 
technologies and only 1.61% of the respondents used six technologies. 
About 5% of dairy farmers did not use any of the technologies consid
ered in this study. These findings indicate low intensification of small
holder dairy farmers in relation to utilization of dairy technologies. This 
finding is consistent with [26]. 

4.3. Determinants of utilization of dairy technologies 

4.3.1. Multicollinearity diagnosis 
To test for multicollinearity among the variables used in the multi

variate probit regression, Variance Inflation Factor (VIF) was done for 
the continuous explanatory variables and contingency coefficients for 
dummy variables. The VIF values displayed in Table 5 indicates that 

there was no multicollinearity among the nine continuous explana
tory variables because their VIF was less than 10. It is stated that if the 
VIF of a variable exceeds 10, there is a multicollinearity problem [27]. 

Contingency coefficients were also computed to test for multi
collinearity problem among the categorical explanatory variables. 
Table 6 presents the values of the coefficients which indicates lack of 
multicollinearity problem among the eight discrete variables. This is 
because all the variables had less than 0.75 contingency coefficients 
values which is the threshold [27]. 

4.3.2. Correlation analysis of dependent variables 
Multivariate Probit (MVP) model was used to determine the factors 

influencing the usage of agribusiness support services among small
holder dairy farmers. Table 7 shows the pairwise correlation coefficients 
between the error terms of the six equations of agribusiness support 
services usage. All the six pairs of the estimated correlation coefficients 
were statistically significant from zero implying a strong interdepen
dence among the six agribusiness support services. 

4.4. Determinants of use of dairy technologies 

The simulated maximum likelihood (SML) results of multivariate 
probit estimation is presented in Table 8. The Wald test {χ2(108) =

327.89, p = 0.01} implied that multivariate regression is highly signif
icant and the likelihood ratio test {χ2(15) = 107.37, p = 0.01} of the 
independence of multiple usage of various agribusiness support services 
was strongly rejected. This indicates that multiple use of different 
agribusiness support services among dairy farmers is not mutually in
dependent and multivariate probit specification fits the data. 

Curative treatment. The multivariate results (Table 8) indicate that 
land size (β = 0.0804; 90% CI), access to contract (β = 0.2186; 90% CI) 
and distance to veterinary clinic (β = 0.0606; 95% CI) positively influ
ence the use of curative treatment while access to credit (β = − 0.2842; 
99% CI) had a negative influence. 

Artificial insemination. Education level of the household head (β =
0.1145; 90% CI), number of cows owned (β = 0.1252; 95% CI), milk 
output (β = 0.0256; 99% CI), distance to veterinary clinic (β = 0.0718; 
95% CI), receiving remittance (β = 0.3644; 99% CI), membership to 
dairy cooperatives (β = 0.4306 90% CI), and access to service from 
private providers (β = 0.3706; 95% CI) have a positive effect on 
smallholder farmer decision to utilize artificial insemination. Access to 
contract (β = − 0.4022; 99% CI) reduces the probability that a farmer 
will use artificial insemination. 

Deworming. The number of cows owned by the household (β =
0.2392; 99% CI), livestock type (β = 0.6186; 95% CI), access to contract 
(β = 0.3780; 99% CI) and access to business plan training (β = 0.2486; 
90% CI) have a positive effect of the probability a farmer used 
deworming. The decision to use deworming service was negatively 
influenced by; milk output (β = − 0.0112; 95% CI), land size (β =
− 0.1494; 99% CI), access to credit (β = − 0.4184; 99% CI) and mem
bership to dairy cooperatives (β = − 0.5238; 99% CI). 

Vaccination. The number of cows owned by the household (β =
0.1596; 99% CI), access to contract (β = 0.2458; 90% CI) and milk price 
(β = 0.0250; 99% CI) positively influenced the utilization of vaccination 
service; while land size (β = − 0.1010; 95% CI), negatively affected the 
utilization of this service. 

Improved feeds. The number of cows owned by the household (β =
0.3591; 99% CI), access to contract (β = 1.0532; 99% CI), receiving 
business plan training (β = 0.2762; 95% CI) and access to service from 
private providers (β = 0.4757; 99% CI) positively influenced use of 
improved feeds while milk output (β = − 0.0189; 99% CI), distance to 
output market (β = − 0.2368; 99% CI) and membership to cooperatives 

Table 3 
Utilization rate of veterinary services.  

Types of production support services Frequency Percentage 

Curative treatment services 330 16.3 
Artificial insemination services 526 25.9 
Pregnancy diagnosis services 43 2.1 
Deworming services 470 23.2 
Vaccination services 330 16.3 
Supply of feeds services 329 16.2 

Source: Field survey, 2020 

Table 4 
Intensity of veterinary services utilization.  

Number of technologies dairy Frequency of users Percentage of users 

0  33 4.84 
1  78 11.44 
2  133 19.50 
3  181 26.54 
4  155 22.73 
5  91 13.34 
6  11 1.61 

Source: Field survey, 2020 

Table 5 
Variable inflation factor for the continuous explanatory variables.  

Variable VIF 1/VIF 

Age 1.94 0.51 
Experience 1.83 0.55 
Milk output 1.63 0.61 
Number of Cows 1.61 0.62 
Household labour 1.16 0.87 
Land size 1.08 0.93 
Distance to output market 1.03 0.97 
Distance to veterinary clinic 1.01 0.99 
Milk price 1.01 0.99 
Mean VIF 1.37  

Source: Field survey, 2020 
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(β = − 0.4835; 99% CI) had a negative influence. 
Education level of the household head had a significant and positive 

effect on the utilization of artificial insemination (p ≤ 0.10). An increase 
in education level of the household head by one year, increases the 
likelihood of using artificial insemination by 11.5%. Education increases 
the awareness and promotes attitude change which creates a favourable 
environment for technology adoption [12]. Hence, knowledgeable 
farmers are keen to apply technology that promises to increase their 
productivity and hence choice of artificial insemination. Moreover, 
educated and informed farmers are able to identify the health and 
productivity related factors such as signs of estrus or deworming signs 
which is necessary to call for AI services or minimize the cost of AI 
services [8]. 

An increase in number of cows positively affect utilization of AI, 
deworming, vaccination and improved feeds by 12.5%, 23.9%, 16.0% 
and 35.9% respectively. This imply that as the stock size increases, 
routine control measures are required to maintain a healthy and pro
ductive stock. This in turn increases need for AI, deworming and 
vaccination services which may enhance the health and productivity of 
the cows [29,33]. Moreover, with large number of cows, the farmer will 
need to maintain them well by ensuring enough and quality feed is 
provided to prevent diseases and high mortality rates [30]. Hence, this 
calls for provision of improved feed supply to the cows. These results are 
similar with [19,20] who found that increase in herd size increases the 
likelihood of using veterinary services. However, it is not consistent with 
[12] who found large herd negatively influenced AI adoption. 

The results further indicate smallholder farmers with improved/ 
exotic breeds of cow are more likely to utilize deworming technologies 
(p ≤ 0.05). The magnitude of the parameter estimate of this variable was 
the highest (61.86%) indicating the crucial economic role of deworming 
improved/exotic cows. Helminthiasis is common livestock disease 
which often affects health, growth rate and body weight gain of cows 
[31]. It is economically important to deworm improved breeds at stra
tegic times to improve production and reproduction by eliminating their 
chances of being attacked by internal parasite too. Improved livestock 
breeds are of high genetic quality hence are prone to infection and 
stressful situations [33]. Being of high value, the farmer expects better 
returns from meat, milk and conception rates. Therefore, farmers will 
invest in proper deworming practices with proper hygiene and care for 

their general health and productivity. 
Milk output had a positive and significant effect on utilization of 

artificial insemination (p ≤ 0.01) but negative effect on use deworming 
services and improved feeds with p ≤ 0.05 and p ≤ 0.01 respectively. 
Milk production increase gives smallholder dairy farmers more dispos
able income. The resulting increase in income becomes an incentive for 
farmers to look for better means to increase productivity and hence the 
choice of AI services. AI is a time-tested technology that if used properly 
contributes to high milk production by speeding up the process of milk 
production compared to natural breeding process. Thus, most farmers 
tend to focus on utilization of AI services with less likelihood of adopting 
other services such as using improved feeds and deworming services 
[16]. 

An increase in land size is positively associated with utilization of 
curative services and negatively related to the use of deworming (p <
0.10) and vaccination services (p < 0.05). Land size determines level of 
intensification or management practices that a farmer may adopt. 
Increased land size, means larger herds, and this may reduce farmers 
time available to spend on disease and pest control. Because of the 
tendency towards low level of intensification means that farmers would 
avoid spending until the animals are sick and require medication. 
However, huge lands mean more animals, and less intensification. This 
means that; the preventive measures such as deworming and vaccina
tion are less likely to be utilized [12]. 

Farmers with contracts are more likely to use curative, deworming, 
vaccination and improved feeds but are less likely to utilize AI services. 
Contractors expect consistent volumes and quality milk, which triggers 
smallholder dairy farmers to invest on improved feeds and adopting 
routine control measures such as deworming and vaccination services. 
Increase in access to contract, negatively influence utilization of AI. 
Plausible explanation could be ownership of exotic breeds, which are 
already improved thus they focus on other services such as improving 
the animal health and feeding stock [14]. 

Increase in distance to veterinary clinics positively influences utili
zation of curative and AI services (p ≤ 0.05). This is contrary to ex
pectations; however, curative and AI services are key in enhancing 
animal health and productivity, therefore increase in distance to veter
inary services does not deter them from utilizing these services so long as 
they receive the service. This finding is inconsistent with [15] who 

Table 6 
Contingency coefficients for dummy explanatory variables.  

Variables Sex Education Livestock 
type 

Contract Remittance 
received 

Credit 
access 

Business 
plan 

Cooperative 
membership 

Service 
provider 

Sex 1.00         
education 0.18 1.00        
Livestock type − 0.07 − 0.03 1.00       
Contract 0.04 0.07 0.09 1.00      
Remittance received − 0.02 − 0.02 0.05 0.11 1.00     
Credit access 0.08 − 0.01 0.06 0.01 0.18 1.00    
Business plan − 0.01 0.01 0.02 0.09 − 0.01 0.01 1.00   
Cooperative 

membership 
− 0.08 − 0.22 0.15 0.07 0.05 − 0.05 − 0.07 1.00  

Service provider 0.04 0.02 − 0.05 0.26 0.12 − 0.02 0.03 0.17 1.00 

Source: Field survey, 2020 

Table 7 
Correlation coefficients for Multivariate probit regression equations.  

Dairy technologies Artificial insemination Deworming Vaccination Curative treatment Improved feeds (hay, silage) Pregnancy diagnosis 

Artificial insemination 1.00      
Deworming 0.04*** 1.00     
Vaccination 0.04*** 0.15*** 1.00    
Curative treatment − 0.01*** 0.06*** − 0.04*** 1.00   
Improved feeds (hay, silage) − 0.07*** 0.42*** 0.15*** 0.13*** 1.00  
Pregnancy diagnosis 0.03*** 0.05*** 0.01*** 0.10*** 0.08*** 1.00 

Source: Field survey, 2020. Notes: *** = significant at 1% level 
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found negative effect of distance to veterinary clinic on utilization of 
veterinary services. 

Distance to output market has a negative effect on utilization of 
improved feeds (p ≤ 0.01). Increased distance indicates low market 
access which limits the choice and demand of produce. This may lead 
farmers to neglect improving their feeding due to low incentive of 
market demand and price. This finding is consistent with [17] who 
found distance to output market significantly influence utilization of 
improved livestock feeds. 

Receiving of remittance from family members and friends increased 
the likelihood of utilizing artificial insemination (p ≤ 0.01). Remittance 
acts as a source of income for smallholder farmers which may positively 
influence utilization of AI services, which has positive effect on health 

and productivity of cows. The findings uphold the important role 
family and friends plays in increasing the income levels and adoption of 
breeding practices among smallholder farmers. Further, smallholder 

dairy farmers with access to credit are less likely to utilize curative and 
deworming services. Access to credit means farmers can get best pre
ventive and good agricultural practices both of which will reduce the 
need for curative and deworming services [16]. 

Training in business planning positively influence the likelihood of 
using deworming (p ≤ 0.10) and improved feeds (p ≤ 0.05). More 
knowledge acquisitions by farmers works in their favour to employ more 
preventive approach to dairying. This allows them to make business 
decisions which are geared towards improved animal health and prof
itability such as use of deworming and improved feeds. In addition, 
farmers who are members of dairy cooperatives are more likely to utilize 
artificial insemination services (p ≤ 0.01) but have a lower likelihood of 
using deworming and improved feeds (p ≤ 0.05). Membership to co
operatives enables smallholder farmers to receive agricultural support 
services [8,19]. Some of these include AI services which may be offered 
as credit-linked input. Access to AI services serves as a great opportunity 

Table 8 
Multivariate probit regression results of determinants of utilization of dairy technologies.  

Variables CUR AI PGD DEW VAC FED 

Household characteristics 
Sex (male = 1) 0.0802 − 0.0504 0.1944 0.0329 − 0.0447 0.1180  

(0.1176) (0.1409) (0.1918) (0.1284) (0.1174) (0.1255) 
Age (years) 0.0032 − 0.0074 0.0048 − 0.0060 − 0.0039 − 0.0066  

(0.0054) (0.0065) (0.0082) (0.0059) (0.0055) (0.0058) 
Education level − 0.0349 0.1145* − 0.0163 − 0.0106 − 0.0259 − 0.0289  

(0.0568) (0.0680) (0.0918) (0.0623) (0.0571) (0.0613) 
Household labor (Number of − 0.0238 0.0303 − 0.0243 0.0319 0.0644 − 0.0554 
adult members) (0.0431) (0.0521) (0.0652) (0.0490) (0.0433) (0.0454) 
Experience (years) − 0.0079 0.0027 − 0.0076 0.0022 0.0071 − 0.0031  

(0.0054) (0.0066) (0.0082) (0.0059) (0.0054) (0.0057) 
Farm characteristics 
Number of cows 0.0388 0.1252** 0.0185 0.2392*** 0.1596*** 0.3591***  

(0.0363) (0.0571) (0.0570) (0.0481) (0.0386) (0.0481) 
Livestock type 0.1209 0.3605 − 0.0195 0.6186** 0.2591 0.2654 
(1 = improved/exotic, (0.2588) (0.2676) (0.4035) (0.2592) (0.2624) (0.2901) 
0 = otherwise)       
Milk output 0.0068 0.0256*** − 0.0059 − 0.0112** − 0.0041 –  

(0.0045) (0.0096) (0.0076) (0.0049) (0.0043) 0.0189***       
(0.0047) 

Land size 0.0804* − 0.0590 − 0.1244 – − 0.1010** 0.0107  
(0.0443) (0.0503) (0.0856) 0.1494*** (0.0432) (0.0476)     

(0.0456)   
Market, Institutional and Transaction cost characteristics 
Access to contract (yes = 1) 0.2186* − 0.4022*** 0.0479 0.3780*** 0.2458* 1.0532***  

(0.1315) (0.1534) (0.2011) (0.1422) (0.1311) (0.1431) 
Milk price (KES/lb) 0.0110 − 0.0052 − 0.0098 − 0.0069 0.0250*** 0.0011  

(0.0085) (0.0101) (0.0130) (0.0093) (0.0085) (0.0091) 
Distance to veterinary clinics 0.0606** 0.0718** − 0.0179 0.0014 0.0058 0.0203 
(Km) (0.0274) (0.0352) (0.0444) (0.0083) (0.0084) (0.0272) 
Distance to output market − 0.0161 0.0024 − 0.0174 − 0.0228 0.0032 – 
(Km) (0.0194) (0.0082) (0.0430) (0.0153) (0.0037) 0.2368***       

(0.0495) 
Remittance (yes = 1) − 0.0610 0.3644*** − 0.1998 − 0.0748 0.0900 0.0785  

(0.1171) (0.1442) (0.1819) (0.1305) (0.1171) (0.1233) 
Access to credit – − 0.0175 − 0.0016 – − 0.1161 − 0.0912  

0.2842*** (0.1256) (0.1616) 0.4184*** (0.1048) (0.1102)  
(0.1052)   (0.1187)   

Receive business plan − 0.0881 − 0.2316 0.2464 0.2486* − 0.0999 0.2762** 
Training (0.1201) (0.1443) (0.1809) (0.1343) (0.1196) (0.1272) 
Membership to cooperatives 0.1096 0.4306*** − 0.0136 – − 0.0898 – 
(0.1308) (0.1523) (0.2027) 0.5238*** 

(0.1450) 
(0.1296) 0.4835*** 

(0.1452)  
Service providers (1 = private) − 0.1261 0.3706** 0.1379 0.2409 − 0.1323 0.4757*** 
(0.1451) (0.1657) (0.2361) (0.1522) (0.1432) (0.1526)  
Constant − 0.6251 − 0.3317 − 1.2268 0.2547 − 1.2393 − 0.9934 
(0.5677) (0.6693) (0.8424) (0.6086) (0.5698) (0.6186)  
Number of obs = 649; Wald chi2(108) Log likelihood = − 1922.2661; Prob > chi2 = 327.89  

= 0.0000      
Likelihood ratio test of rho21 = rho31 = rho41 = rho51 = rho61 = rho32 = rho42 =

rho52 = rho62 = rho43 = rho53 = rho63 = rho54 = rho64 = rho65 = 0: chi2(15) 
= 107.37 Prob > chi2 = 0.0000 

= 0.0000      

Source: Field survey, 2020; Notes: *, **, *** = significant at 10%, 5% and 1% level, respectively; Figures in parentheses are robust standard errors; CUR=Curative; AI 
= Artificial Insemination; PGD=Pregnancy Diagnosis; DEW = Deworming; VAC= Vaccination and FED= Improved Feeds. 
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for genetic improvement especially animal health and productivity 
which triggers smallholder farmers not to invest resources on other 
practices such as deworming and improved feeds. 

Access to support services from private service providers positively 
influence utilization of AI (p ≤ 0.05) and improved feeds utilization (p 
≤ 0.01). Provision of veterinary services to smallholder farmers has al
ways been the mandate of public extension providers. However, due to 
decreasing number of these extension agents, privatization has taken 
root with the government taking surveillance and supervisory role in 
delivery of agribusiness support services [14]. Private service providers 
are business oriented and their main focus is to maintain their clientele 
by offering quality services. Therefore, farmers would rather spend more 
using the private AI service providers compared to public AI service 
providers but get quality AI services which have higher conception rate. 
Therefore, farmers will invest more on private service providers for AI 
services, this in tandem will make them invest more on improved feeds 
for their livestock so as to maintain healthy and high productive stock. 
This finding is similar to Ref. [14] who found that farmers prefer vet
erinary services from private providers due to their availability and 
quality of service they offer. 

4.5. Determinants of intensity of utilizing dairy technologies 

Ordered probit model marginal effects used to identify the 

determinants of the number of dairy technologies adopted by dairy 
farmers are presented in Table 9. The seven categories of level of utili
zation: number of technologies utilized by smallholder dairy farmers 
formed the dependent variable as ordered 0, 1, 2, 3, 4, 5 and 6 respec
tively. The chi square statistics is highly significant (p ≤ 0.0000). The 
explanatory power of the factors as reflected by Pseudo R2 was moderate 
(0.57), indicating that the hypothesized variables are actually respon
sible for about 57% of the variations in level of utilization of dairy 
technologies among smallholder farmers. The parameter estimates of 
the ordered probit model only provided the direction of the effect of the 
independent variables on the dependent variable (levels of utilization) 
but did not present the actual magnitude of change or probabilities in 
the coefficients. Thus, the marginal effects of the ordered probit model 

measure the expected change in probability of a particular level of 
utilization of dairy technologies. This is with respect to a unit change in 
an independent variable as presented in Table 9. 

The results indicate that the number of dairy cows and ownership of 
improved/exotic breeds have positive association with the intensity of 
utilization of dairy technologies. One additional cows increase the 
propensity of utilizing four, five and six services by 3.6%, 3.9% and 
0.5%. In addition, an increase in the number of improved/exotic breeds 
of cows owned increases utilization of four, five and six services by 
11.9%, 8.8% and 0.9%. Access to contracts and access to service from 
private providers also intensifies the utilization of four, five and six 

Table 9 
Ordered probit regression results of factors influencing intensity of utilizing dairy technologies.  

Variables Parameter estimates Marginal effects (dy/dx) 

Household characteristics Coefficient dy/dx1 dy/dx2 dy/dx3 dy/dx4 dy/dx5 dy/dx 6 

Sex (male = 1) 0.0687 − 0.0119 − 0.0124 − 0.0017 0.0117 0.0126 0.0018  
(0.0957) (0.0170) (0.0173) (0.0022) (0.0165) (0.0174) (0.0025) 

Age (years) − 0.0054 0.0009 0.0010 0.0002 − 0.0009 − 0.0010 − 0.0001  
(0.0044) (0.0008) (0.0008) (0.0002) (0.0008) (0.0008) (0.0001) 

Education level − 0.0206 0.0035 0.0037 0.0006 − 0.0035 − 0.0038 − 0.0006  
(0.0465) (0.0079) (0.0085) (0.0014) (0.0078) (0.0087) (0.0013) 

Household labor 0.0085 − 0.0015 − 0.0016 − 0.0003 0.0014 0.0016 0.0002 
(Number of adult (Number of adult (0.0349) 

(0.0349) 
(0.0059) 
(0.0059) 

(0.0063) 
(0.0063) 

(0.0010) 
(0.0010) 

(0.0059) 
(0.0059) 

(0.0065) 
(0.0065) 

(0.0010) 
(0.0010) 

members) Experience (years) − 0.0006 0.0001 0.0001 0.0000 − 0.0001 − 0.0001 − 0.0000  
(0.0044) (0.0008) (0.0008) (0.0001) (0.0007) (0.0008) (0.0001) 

Farm characteristics 
Number of cows 0.2138*** − 0.0364*** − 0.0389*** − 0.0063** 0.0360*** 0.0399*** 0.0058***  

(0.0298) (0.0057) (0.0063) (0.0030) (0.0061) (0.0063) (0.0018) 
Livestock type 0.6578*** − 0.1587** − 0.0943*** 0.0360 0.1194*** 0.0882*** 0.0093*** 
(1 = improved/exotic, (1 = improved/exotic, (0.2176) 

(0.2176) 
(0.0680) 
(0.0680) 

(0.0207) 
(0.0207) 

(0.0294) 
(0.0294) 

(0.0385) 
(0.0385) 

(0.0200) 
(0.0200) 

(0.0033) 
(0.0033) 

0 = otherwise) Milk yield − 0.0052 0.0009 0.0009 0.0002 − 0.0009 − 0.0010 − 0.0001  
0.0034) (0.0006) (0.0006) (0.0001) (0.0006) (0.0006) (0.0001) 

Land size − 0.0618* 0.0105* 0.0112* 0.0018 − 0.0104* − 0.0115* − 0.0017  
(0.0353) (0.0061) (0.0065) (0.0014) (0.0060) (0.0067) (0.0011) 

Market, Institutional and Transaction cost characteristics 
Access to contract 0.4814*** − 0.0916*** − 0.0832*** − 0.0025 0.0835*** 0.0825*** 0.0112*** 
(yes = 1) (0.1076) (0.0233) (0.0188) (0.0066) (0.0200) (0.0178) (0.0040) 
Milk price (KES) 0.0049 − 0.0008 − 0.0009 − 0.0001 0.0008 0.0009 0.0001  

(0.0069) (0.0012) (0.0013) (0.0002) (0.0012) (0.0013) (0.0002) 
Distance to veterinary 0.0065 − 0.0011 − 0.0012 − 0.0002 0.0011 0.0012 0.0002 
clinics (Km) (0.0052) (0.0009) (0.0010) (0.0002) (0.0009) (0.0010) (0.0002) 
Distance to output − 0.0020 0.0003 0.0004 0.0001 − 0.0003 − 0.0004 − 0.0001 
market (Km) (0.0021) (0.0004) (0.0004) (0.0001) (0.0004) (0.0004) (0.0001) 
Remittance (yes = 1) 0.0938 − 0.0158 − 0.0171 − 0.0030 0.0157 0.0176 0.0026  

(0.0951) (0.0159) (0.0174) (0.0035) (0.0159) (0.0180) (0.0028) 
Access to credit − 0.2954*** 0.0493*** 0.0535*** 0.0102** − 0.0486*** − 0.0560*** − 0.0085**  

(0.0858) (0.0144) (0.0161) (0.0052) (0.0143) (0.0170) (0.0035) 
Receive business plan 0.0849 − 0.0143 − 0.0154 − 0.0027 0.0142 0.0159 0.0023 
Training (0.0973) (0.0163) (0.0178) (0.0035) (0.0162) (0.0184) (0.0028) 
Membership to − 0.2478** 0.0425** 0.0448** 0.0070 − 0.0416** − 0.0460** − 0.0067** 
Cooperatives (0.1061) (0.0186) (0.0194) (0.0044) (0.0180) (0.0199) (0.0035) 
Service providers 0.2362** − 0.0447* − 0.0415** − 0.0014 0.0416* 0.0406** 0.0053** 
(1 = private) (0.1177) (0.0247) (0.0201) (0.0038) (0.0217) (0.0187) (0.0027) 
Number of observations = 649; LR chi2(18) Log likelihood = − 992.41095; Pseudo R2 = 0.571 120.76; Prob > chi2 = 0.0000 

Source: Field survey, 2020; Notes: *, **, *** = significant at 10%, 5% and 1% level respectively; Figures in parentheses are robust standard errors; KES=Kenya 
shillings; KM= Kilometers, 
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technologies among the smallholder dairy agripreneurs. This finding is 
similar to Refs. [14,15]. Increase in land size under dairy farming in
creases the utilization of one or two services but reduces the probability 
of using four or five services. In addition, access to credit and mem
bership to dairy cooperatives also increases the likelihood of utilizing of 
one, two or three technologies but reduces utilization of higher levels 
services (four, five and six). This is contrary to expectations, but the 
smallholding nature of dairy farmers hinders their intensification pro
cess. This limits them to prioritize the use of some technologies which 
they consider key such as artificial insemination, deworming and 
vaccination services. 

5. Conclusion 

We used multivariate and ordered probit models to examine the 
determinants of dairy technologies use among smallholder dairy farmers 
in Murang’a County, Kenya. The study contributes to existing adoption 
literature by explaining important antecedents of utilization of dairy 
technologies. The study evidence that there was low demand for preg
nancy diagnosis (PD) technologies among the smallholder dairy farmers. 
The study also presents useful practical implications from the counter
intuitive results in relation to determinants of utilizing dairy technolo
gies. The study further identifies factors that influence intensity of 
utilizing dairy technologies which included; number of cows in the 
household, livestock type, land size, access to contract, access to credit, 
membership to dairy cooperatives and type of service providers. Given 
the crucial role of household, farm, market and transaction cost char
acteristics, on utilization of dairy technologies, there is need for 
empowerment of smallholder farmers through increasing their control 
over chain activities and management processes such as promoting 
farmer groups, access to improved breeds of cows through breeding 
processes such as artificial insemination. These may be achieved by 
strengthening their linkages with private service providers and 
contractual agreements with buyers which could accelerate uptake of 
agricultural technologies among smallholder farmers. The study further 
advocates a need to provide capacity building programmes in business 
planning and animal breeding to increase the uptake of these important 
technologies. 
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