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Abstract
Despite the efforts to enhance adoption of innovative technologies (IT) by the Tunisian Government 
through national and/or international development projects, the potential rate of adoption of these tech-
nologies has remained low among farmers. This study aims at shedding some light on the potential factors 
that influence IT adoption in the Tunisian arid areas. Technological, economic, institutional factors and 
human specific factors (social) are selected to be the determinants of agricultural technology adoption. 
A quantitative approach employing a cross-sectional design was used to gather data. Stratified random 
sampling was employed and a total of 200 small-scale farmers (100 adopters and 100 non-adopters) were 
sampled. Data analysis and assessment was done through descriptive and statistical inferential analysis, 
and econometric modeling using the binary logistic regression model.
Empirical findings show that economic and socio-demographic factors such as farmer education, size 
of cattle flocks and off-farm income were statistically significant and had positive influence on technol-
ogy adoption while age and farmer experience had significant and negative effects on IT adoption. The 
findings confirm the important role of institutional factors (being a member of an association, benefiting 
from extension services and source of technology knowledge) in the adoption decision of IT, particularly 
when such variables were found to be significant and positives. In contrast, labor and credit services do 
not significantly influence adoption of IT. Based on these results, Government should focus on educating 
young farmers with large cattle flock size and off-farm income to enhance the adoption of IT for livestock 
holders. It should also intensify training programs for farmers and for extension agents with the collab-
oration of the project managers and the involvement of the profession and the private sector. Finally, 
the open innovation strategy including all stakeholders during idea generation could be considered as a 
better way to decrease technology development costs and improve IT adoption.

Keywords: Adoption decisions, Innovative technologies, Livestock arid areas, Logit, Tunisia.

1. Introduction

In Tunisia, livestock represents 4% of the 
country’s GDP and contributes by 41% of the 
total agriculture production (INS, 2016). It is 
mainly held by resource limited smallholders 

with nearly 80% of rural populations and the 
majority of farmers rely on traditional methods 
of production and this has lowered the level of 
productivity. Tunisian livestock sector plays a 
critical role in food systems facing the emerg-
ing global challenges related to climate change 
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and market volatility. According to the National 
Observatory of Agriculture (ONAGRI, 2016), 
between 2007 and 2016, livestock herd size de-
creased annually, on average, by almost 0.38% 
for cattle, 1.90% for sheep and 2.94% for goat. 
Over the same period, the meat production has 
increased per year, on average, for about annu-
ally by 1.04% and 4.48% for cattle and poultry, 
respectively. While this production has been and 
decreased by 0.34% and 0.14% for sheep and 
goat, respectively. The increase on feed resourc-
es costs, the feed shortages during in the dry 
seasons, the high frequency of climatic shocks, 
the illegal migration of herds to the neighbor-
ing countries (Libya and Algeria), the inappro-
priate herd management and especially the low 
adoption of innovative technologies are the 
major factors explaining the low performance 
of sheep and goat sector. A study conducted by 
Elloumi et al. (2005) concerning the adoption 
and impact assessment of improved technolo-
gies in crop and livestock production systems in 
the WANA region (West Asia and North Africa 
(WANA) region reveals that); the adoption rate 
of feed blocks at national level was only 5.17% 
during 1999-2000 cropping season. Mohamed 
et al. (2009) confirm these findings concerning 
the dairy sheep breed in Tunisia called “Sici-
lo-Sarde” which shows low performances relat-
ed to the low rate adoption rate of technical and 
organizational innovations. 

The major challenges for policy makers to 
increase productivity in the livestock sector is 
to improve the adoption rate of innovative re-
lated livestock technologies for farmers. At the 
national level, the technology transfer system is 
essentially driven by public authorities through 
its various support structures, in particular the 
General Directorate of Agricultural Production 
(DGPA), the Regional Commissions for Agri-
cultural Development (CRDA), the agricultur-
al Training and Extension agency (AVFA) and 
the Office of Livestock and Pasture (OEP). The 
Institution of Agricultural Research and Higher 
Education in Tunisia (IRESA) covers the Na-
tional Agricultural Research System (NARS) 
consisting of four complementary sets of struc-
tures and mechanisms to provide the necessary 
support for agricultural technologies: the re-

search institutes, the institutes of higher agricul-
tural education, the regional pole of research and 
development and the network of experimental 
stations (Khaldi et al., 2010). The current sys-
tem of technology transfer presents important 
deficiencies related to the lack of means in the 
extension institutions such as the AVFA, to the 
lack of coordination between the various actors 
of the technology transfer system, particularly 
the profession and research, and the lack of a tar-
geted transfer strategy that takes into account the 
specificity of regions and the socio-demographic 
and economic characteristics of farmers (Khaldi 
et al., 2010).

In Sidi Bouzid site, the studied area, located in 
Central Tunisia, a large number of small farmers 
are deriving most of their family income from 
barley/livestock-based systems. The potential of 
this system is explained by two facts: First, be-
cause of the double purpose that barley offer both 
as feed and/or food crop, and secondly because 
of the sheep production that is quite profitable 
in the region. A set of innovative technologies 
have been introduced in the last two decades in 
the livestock sector through international and/
or national development projects. The alterna-
tive feed sources have been introduced includ-
ing feed blocks and treated straw with urea with 
the purpose to improve the nutrition of small 
ruminants (Nefzaoui et al., 2008, 2011a). To 
help communities to produce their feed blocks, 
an improved machine has been locally designed 
and manufactured to process feed blocks. Using 
locally available by-products, different formulas 
have been developed and tested by farmers; the 
global assessment is that the use of feed blocks 
resulted in increasing sheep production efficien-
cy by 32% (Nefzaoui et al., 2008). Also, spine-
less cactus has been introduced in the target site 
and has been used as animal feed to fill the gap 
during drought years and dry seasons (Hadd-
ad, 2007, Nefzaoui, 2011b). In addition, new 
barley cultivars (“Rihane” and local accessions 
called Ardhaoui and Souihli) were selected by 
farmers and grown in demonstration fields. As 
well, a community-based breeding program 
(CBBP) has been implemented in Sidi Bouzid 
region to improve small ruminant productivi-
ty. In addition, improved rams were introduced 
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with the purpose to reverse inbreeding and low 
lamb growth rates (Bedhiaf et al., 2005; 2008). 
Despite the introduction of these innovations by 
the international and national development and /
or research projects, most of them are not used 
to create new businesses, do not reached their 
expected potential, and have failed in the early 
stage of its adoption.

Previous research studies conducted in dif-
ferent areas of Tunisia suggests that economic, 
socio-demographic, institutional and technical 
factors have influential roles in farmers’ deci-
sions related to the adoption of innovative and 
improved agricultural technologies such as the 
case of seeding on plant cover (Ben Salem et al., 
2006), technical and organizational innovations 
(Aziza et al., 2009), soil and water conserva-
tion technologies (Dhehibi et al., 2018), and the 
conservation agriculture technologies (Fouzai et 
al., 2018). However, the literature is very scarce 
when assessing factors influencing the adop-
tion of livestock-related improved technologies. 
There is very little information available on the 
following technologies: Feed blocks, cactus 
chopper, automatic-waterer, solar milk cooling 
system, improved rams and improved barley va-
rieties in Central Tunisia. 

The adoption of innovative technologies by 
small holder famers in arid areas becomes an ur-
gent need to improve the livestock productivity 
at local and national levels. Having said that, the 
objectives of this study are twofold: First, (i) to 
assess farmer’s perceptions on adopting innova-
tive technologies and secondly (ii) to determine 
the key factors influencing farmer’s adoption de-
cisions, and innovation diffusion processes. 

This study offers and provide clear guidance 
and important considerations to decision-makers 
that could enhance adoption, sustain, and scaling 
of these IT in Tunisian arid agricultural areas. 
The present study is based on the hypothesis that 
adoption decision of farmers has no relationship 
with the type of technology.

The remaining sections of the paper are or-
ganized as follows: Section 2 deals with an ex-
haustive literature review on the topic. In section 
3, the methodological framework with special 
emphasis on the study area, data collected and 
source of data, and the empirical model were 

presented. Results and discussion of the main 
findings are presented in the following section 
(Section 4). Section 5 concludes. 

2. Literature Review 

Several empirical studies have been carried 
out to investigate the factors that determine 
agricultural technology adoption (Katungi and 
Akankwasa, 2010; Akudugu et al., 2012; Lo-
evinsohn et al., 2012).The farmers’ decisions 
about whether and how to adopt new technol-
ogy are conditioned by the dynamic interaction 
between the characteristics of the technology 
itself and the array of conditions and circum-
stances (Loevinsohn et al., 2012). Indeed, there 
are number of factors that influence the extent 
of adoption innovation and diffusion process-
es of innovative technologies by smallholders’ 
farmers such as characteristics or attributes of 
technology and the socio-economic and institu-
tional context in which the technology take place 
(Akudugu et al. 2012). 

As regards to socio-demographic factors, the 
farmer’s education, age, experience and house-
hold size have the most influence on adoption 
of agricultural technologies (Fernandez-Cornejo 
et al., 2007; Keelan et al., 2009; Mignouna et 
al., 2011). Education of the farmer has been as-
sumed to have a positive influence on farmers’ 
decision to adopt modern technology. In fact, 
education level of a farmer increases his ability 
to obtain; process and use information relevant 
to the adoption of a new technology (Lavison 
2013; Namara et al., 2013). Age is considered 
as a determinant of adoption of modern technol-
ogy. According to Mauceri et al. (2005), young-
er farmers are typically less risk-averse and are 
more willing to try new technologies than older 
farmers who have an increase in risk aversion 
and a decreased interest in long-term investment 
in the farm. On the contrary, Kariyasa and Dewi 
(2011) considered that older farmers are as-
sumed to have gained knowledge and experience 
over time and are better able to evaluate technol-
ogy information than younger farmers. House-
hold size is especially used to measure labor 
availability. Mignouna et al. (2011) considered 
household size as an adoption process in that, a 
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larger household have the capacity to relax the 
labor constraints required during introduction of 
modern technology. 

Regarding economic factors, farm size is con-
sidered as one of the most important determinant 
of technology adoption. Many studies have re-
ported a positive relation between farm size and 
adoption of agricultural technology (Mignouna 
et al., 2011, Lavison 2013). Farmers with large 
farm size (in terms of land or livestock herd) are 
likely to adopt new technologies. On the contra-
ry, some studies have shown a negative influence 
of farm size on the adoption of new agricultur-
al technology or have reported insignificant or 
neutral relationship with adoption (Samiee et al., 
2009). Djemali et al. (2009) reported that every 
large farm, member of the association, was 
asked to back up a number of small farmers in 
neighboring area. Small flock holders in the re-
gion were encouraged to sell their milk through 
the Sicilo-Sarde breed association which dou-
bled milk price sale after negotiating it with 
cheese making industry. Off farm income has 
been shown to have a positive impact on tech-
nology adoption. Reardon et al. (2007) considers 
off-farm income as an important strategy for ru-
ral households to overcome credit constraints in 
many developing countries. According to Diiro 
(2013) off-farm income is expected to provide 
farmers some capital for purchasing productivi-
ty enhancing inputs such as improved seed and 
fertilizers. Some studies on technologies that 
are labor intensive have shown negative rela-
tionship between off-farm income and adoption. 
The pursuit of off-farm income by farmers may 
undermine their adoption of modern technolo-
gy by reducing the amount of household labor 
allocated to farming enterprises (Goodwin and 
Mishra, 2004). 

Concerning institutional factors, the litera-
ture described both the positive and negative 
impacts of the social network on technology 
adoption (Katungi and Akankwasa, 2010; Con-
ley and Udry, 2010). Katungi and Akankwasa 
(2010) found that farmers who participated 
more in community-based organizations were 
likely to engage in social learning about the 
technology hence raising their likelihood to 
adopt the technologies. Agriculture extension is 

a common method to introduce these innovative 
technologies. According to Mwangi and Kari-
uki, (2015), availability and access to extension 
services has also been found to be a key aspect 
in technology adoption. Many authors have re-
ported a positive relationship between extension 
services and technology adoption (Mignouna et 
al., 2011; Mwangi and Kariuki, 2015). Akudu-
go (2012) has explained that access to extension 
services can counteract the negative effect of 
lack of formal education of farmers, which hin-
ders technology adoption. In developing coun-
tries, extension agents usually select a particular 
contact farmer who is recognized as the most in-
fluential agent to deliver new technology (Silva 
and Broekel, 2016). Access to credit is consid-
ered as one of the most important determinant 
of technology adoption. According to Simtowe 
and Zeller (2008), access to credit promoted the 
adoption of risky technologies through relaxa-
tion of the liquidity constraint as well as through 
the boosting of household’s-risk bearing ability. 
Acquisition of information about a new technol-
ogy is another factor that determines adoption 
of technology. Khalid et al. (2017) indicated 
that the information obtained directly from the 
project manager has a positive influence on 
technology adoption. This is an indication of the 
importance of obtaining accurate and sufficient 
information on the nature of the technology and 
what benefits can be achieved when using it, 
which is an incentive to encourage farmers to 
adopt technology. 

3. Methodological Framework 

3.1. Study Area

The data was carried out in the governorate 
of Sidi-Bouzid located in Central Tunisia (Fig. 
1) which is characterized by low levels of eco-
nomic activity, high incidence of droughts and a 
high concentration of rural population (75%). It 
covers an area of 7405 km2 and it is character-
ized by an arid climate with an annual rainfall 
between 200 and 300 mm. It was for many years 
ago disfavored in terms of infrastructural and 
institutional support. Beside the limited natural 
resources, particularly arable land and water, a 
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large number of the small farmers are deriving 
most of their family income from barley/live-
stock based systems and sheep fattening prac-
tice is quite profitable in the region. In fact, the 
Sidi-Bouzid region produced in 2014 a total of 
325,000 lambs and for the Aid el Edha festivity, 
this governorate contributed by 38% of the total 
national lamb production (Bedhiaf et al., 2016). 

According to national statistics, Sidi-Bouzid 
governorate is ranked number one nationwide in 
terms of collected cattle milk with a contribution 
of 293,000 l/day (11 to 15% of the national vol-
ume). The dairy cattle population is about 35,000 
cows owned in the majority by small producers 
(≤ 6 cows) with a daily production volume of 20 
to 60 liters per farm (INS, 2016).

Figure 1 - Map of the study site in Tunisia.

3.2. Innovative livestock technologies

In this study, six innovative technologies have 
been selected: feed blocks, cactus chopper, au-
tomatic-waterer, solar milk cooling system, 
improved rams and improved barley varieties. 
These technologies have been introduced by dif-
ferent international development projects as the 
project “Provision of proven feed resource tech-
nologies to improve the red meat value chain in 
Tunisia” in 2015, the project “Field testing of an 

innovative solar powered milk cooling solution 
for the higher efficiency of the dairy subsector in 
Tunisia” in 2015, the CGIAR Research Program 
(CRP) on “Integrated Agricultural Production 
Systems for Improved Food Security and Live-
lihoods in Dry Areas” in 2013, the Mashreq/
Maghreb project “The development of integrat-
ed crop/livestock production in low rainfall ar-
eas of Mashreq and Maghreb regions” in 1995. 
There are also national development projects 
which were established during the last decade 
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with the collaboration of the Livestock and Pas-
ture office, the main actor promoting innovative 
technologies to farmers. 

3.3. Data Collection and source of data

The data were drawn from a sample size of 
200 farmers in Sidi-Bouzid area, using a strat-
ified random sampling technique; 100 adopters 
and 100 non-adopters (neighbors) of innovative 
technologies. The distribution of the sample col-
lected and sample size from the different loca-
tions and technologies are displayed in the table 
below (Table 1).

Before launching the survey, the questionnaire 
was tested in the target areas. Pre-testing the 

questionnaire provided an opportunity to make 
some modifications and to improve the field sur-
vey. The questionnaire was used to collect the 
data through face-to-face interviews. The data 
collected was reviewed and verified. Then, data 
was coded and edited. Microsoft Excel and Sta-
tistical Package for Social Sciences (SPSS) were 
used for analysis. The information collected us-
ing the questionnaires covering several sections 
included information about farmer’s socio eco-
nomic conditions, natural capital, flock size, ac-
cess to credit, engagement in community based 
organizations, farmers’ knowledge of the inno-
vative technologies, perception for technology 
adoption and attitudes for the technology trans-
fer strategies.

Table 1 - Distribution of sample by location.
Farmers groups Innovative Technologies Location No. of farmers

Adopters 

Feed blocks
Cactus chopper
Automatic Waterer
Solar milk cooling system
Improved rams
Improved barley varieties
Total

Hania
Zoghmar
Zitouna,
Hania, Zitouna
Zitouna, Regueb, Zitouna
Sidi Bouzid area

15
18
17
7
23
20
100

Non-adopters Without technologies SidiBouzid area (neighbors) 100

3.4. Conceptual Framework: logit model 

Modeling a relationship between the decision 
to adopt and not to adopt an innovative tech-
nology with the observed factors requires the 
use of qualitative response models. Commonly 
used models of this type are probit (which as-
sumes an underlying normal distribution) and 
logit models (which corresponds to a logarith-
mic distribution function). Both the logit and 
probit models yield similar parameter estimates 
and it is difficult to distinguish them statistical-
ly (Aldrich and Nelson, 1984). The logit model 
was used in this study since it is easier and sim-
pler to interpret and thus has been widely ap-
plied in adoption studies (Ng’ombe et al., 2014; 
Akrouch et al., 2017). 

The adoption decision by farmers is specified 
as:

 (1)

Where is a constant and Zi is equal to one (1) 
when a choice is made to adopt and zero (0) oth-
erwise; this means: The equation represents a 
binary choice model involving the estimation of 
the probability of adoption of a given technology 
(Z) as a function of independent variables (X). 
Mathematically, this is represented as:

 (2)

 (3)
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Where Zi is the observed response for the ith 
observation of the response variable, Z. This 
means that Zi=1 for an adopter (i.e. farmers who 
adopt modern agricultural production technolo-
gies) and Zi = 0 for a non-adopter (i.e. farmers 
who do not adopt modern agricultural produc-
tion technologies). Xi is a set of independent 
variables such as farm size, family size, educa-
tion of household head, among others, associat-
ed with the ith individual, which determine the 
probability of adoption, (P). The function, may 
take the form of a normal, logistic or probability 
function. The logit model uses a logistic cumu-
lative distributive function to estimate, P given 
z by,

 (4)

 (5)

 (6)

Where k represented number of independent 
variables to be analyzed in the study. Since the 
model is non-linear, the parameters are not nec-
essarily the marginal effects of the various in-
dependent variables. The maximum likelihood 
method was used to estimate the parameters. The 
empirical model for the logit model estimation is 
specified as follows:

  (7)

Where the above formula is called log of odds 
ratio and Xi is the combined effects of X explan-
atory variables that promote or prevent farmers‟ 
decision to adopt modern agricultural produc-
tion technologies”. In other words the model 

 in the formula represents log-odds in 
favor of farm households‟ decision to adopt 
modern agricultural production technologies or 
not to adopt. It is the logarithm of the ratio of 
probability of adopting the technologies (p) to 
probability of not adopting them (1-p). The ra-
tio  shows the odds ratio of probability of 
adopting the technology to not adopting it. That 
means it is the ratio of probability of adopting 
the technology (p) to not adopting the technolo-
gies (1-p) in the observational studies.

3.4.1. Description of variables and hypothe-
ses used in Binary Logistic Regression 

Farmers’ use of technologies can be influenced 
by various socio-economic factors, socio-demo-
graphic, and institutional factors (Table 2). Thus, 
the survey was conducted to understand farmer’s 
view of technology and factors affecting in apply 
and adoption of technology. The model included 
seven explanatory variables and represented the 
factors supposed to influence the adoption and 
diffusion processes of innovative technology in 
the study area. 

Studies have indicated that an individual’s 
adoption of innovation not only depends on in-
dividual attitudes but also on economic, organ-
izational policies, approaches and actions. It is 
within this framework and on the basis of in-
depth descriptive statistics, the variables with a 
strong influence on the individual’s adoption and 
diffusion processes of IT in the target area have 
been selected. 

These variables were:
AGE: It is a quantitative variable. Age was 

hypothesized to have a negative relationship 
with the propensity to adopt precision agricul-
ture technologies. The general notion found 
from the introduction of new technologies both 
within agriculture and outside of it is that old-
er generations are the last to adopt them, while 
the younger generations typically embrace them 
more quickly.

EDU: It is a qualitative variable. Education 
may promote adoption of new technologies by 
increasing household’s access to information 
and ability to adapt to new opportunities. It is 
expected that EDU have a positive impact on 
adoption. 

FEXP: It is a quantitative variable. This vari-
able measures the average of the livestock own-
er’s experiences’ in dairy sector and would be 
expected to show a negative sign. This is indicat-
ing, as a result of the fact that most of the farm-
ers adopting an innovative technology are young 
livestock owners that those with long experience 
are more adhering to traditional methods of 
farming, and are less receptive to adopting mod-
ern technologies.
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LABE: It is a quantitative variable. This vari-
able measures the size of the active-labor force. 
The presence of a larger active-labor have a pos-
itive influence on the adoption of modern tech-
nologies. 

CRED: It is a qualitative variable. This varia-
ble measures the accessibility of livestock own-
ers to cash credit and consequently to innova-
tive technologies. The CRED dummy variable 
would be expected to exert a positive influence 
on adoption of modern technologies. 

MEMA: It is a qualitative variable. Being 
a member of an association can help livestock 
owners to have information on modern technolo-
gies and to have also more opportunities to adopt 
them. 

COWN: It is a quantitative variable. This var-
iable measures the number of cattle heads. Live-
stock owners with a high flock size have a higher 

propensity to adopt innovative technologies than 
the small livestock owners. 

INCSO: It is a qualitative variable. This vari-
able measure if the breeder has non-agricultural 
activity (off-farm income) or only agricultural 
activity (farm income). The INCSO dummy var-
iable may influence negatively or positively the 
adoption of modern technologies. 

EXTSER: It is a qualitative variable. This 
variable measures the accessibility of livestock 
owners to extension services. The CRED dummy 
variable would be expected to exert a positive in-
fluence on adoption of modern technologies.

SINF: It is a qualitative variable that refers to 
the source of information about the technique (1: 
project manager, 0: others). The communication 
of information from the project manager to the 
livestock owners directly has an effect on the in-
creased probability of adopting the technology.

Table 2 - Variables used in the empirical binary Logistic model.
Acronym Description Type of measure Expected sign
Dependent variable 
ADOP Whether a farmer has adopted or not Dummy (1 if yes, 0 if no) 

Explanatory variables 
AGE Household head’s age Years -
EDUC Educational background of  the 

household head
Dummy (1 if yes, 0 if no) +

FEXP Household head’s farming experience Years -
INCSO Income sources Dummy (1 if farm income,  

0 if non-farm income)
-/+

EXTSER Extension services Dummy (1 if yes, 0 if no) +
LABE Labor force size Active labor force Numbers +
CRED Obtained credit Dummy (1 if yes, 0 if no) +
MEMA Member of association Dummy (1 if yes, 0 if no) +
COWN Cattle ownership Number of heads +
SINF Source of technology knowledge 1, project manager, 0: Others +

4. Results and discussions 

4.1. Criteria for innovative technologies 
adoption decision 

The degree of adoption of any innovative 
technology depends largely on its characteris-

tics. Rogers (1961) identified five characteris-
tics that affect the rate at which an innovation 
is adopted: relative advantage, compatibility, 
complexity, divisibility (triability), and com-
municability (observability). According to 
Rogers (1995), farmers may learn from their 
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own experimentation, from agricultural exten-
sion services in the area, and from neighboring 
farmers. In the case of developing countries, 
farmers often learn through the social learning 
approach. Rogers (2003) has drawn attention to 
an adoption category based on the innovation 
decision period. The innovation-decision peri-
od is the length of time required to pass through 
the innovation-decision process. In this study, 
numerous technologies attributes were selected 
to understand their importance on the adoption 
decision of IT (Table 3). 

A Likert scale of five, strongly agree (5) and 
strongly disagree (1) was used to assess the 
above-mentioned characteristics of adopters of 
innovative technologies at the targeted zone. 
The result indicates that the farmers evaluate 
differentially the adopted innovative technolo-
gies (Table 3). The farmers agreed to adopt feed 
blocks because it reduces risk, the technology 
is triable, reversible, easy to follow up and 
compatible with production system. However, 

this technology needs know-how. For cactus 
chopper, the farmers adopt this technology be-
cause it reduces production costs and risk, the 
technology is especially affordable, compatible 
and easy to implement and to follow up. The 
solar milk cooling system technology is adopt-
ed because it has environmental benefits and 
the support of agricultural policies (subsidiz-
es), this technology is triable but complex, not 
affordable and needs know-how. The farmers 
agreed to adopt improved ram’s technology be-
cause it increases profit, is communicable, easy 
to implement and follow up and has the support 
of agricultural policies. The improved barley 
variety is adopted by farmers because it reduc-
es risk (high temperature), increase profits and 
is easy to implement and to follow up and has 
the support of agricultural policies. The farmers 
agreed to adopt automatic waterer because it re-
duces risks and is easy to follow up, compati-
ble, communicable and triable. However, this 
technology needs know-how. 

Table 3 - Criteria for innovative technologies adoption decision.

Feed blocks Cactus 
chopper

Solar milk 
cooling 
system

Improved 
rams

Improved 
barley 
varieties

Automatic 
waterer

Easy to implement 3.1 4.5 3.1 4.4 4.5 4.2
Easy to follow up 4.1 4.5 3.7 4.5 4.5 4.7
Compatible 4.1 4.7 3.2 4.5 4.6 4.7
Agricultural policies 
support 3.2 3.1 4.7 4.5 4.7 3.1

Complex technology 3.7 1.2 4.7 1.9 1.8 3.2
Environmental 
benefits 3.1 2.8 4.8 3 3.2 3.2

Reduce risk 4.6 4.8 1.1 1.1 4.8 4.9
Needs know-how 4.6 2.7 4.6 1.7 3.2 4.2
Affordable 3 4.9 1.1 3.6 4.1 3.1
Communicability 3.9 4.5 4.1 4.5 4.2 4.2
Triable 4.4 4.8 4.7 3.9 4.5 4.2
Reduces production 
costs 3.8 4.8 3.2 3 1 2.1

Increase profits 3.9 4.2 2.7 4.5 4.1 3.7
Divisibility 2.9 4.2 1 1 1 1.9
Mean 3.7 3.8 3.3 3.3 3.6 3.7
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4.2. Descriptive Statistics

The descriptive statistics for the variables 
used in this study are presented in Table 4. There 
are three major columns showing a description 
of the total sample, adopters of innovative 
technologies (IT) and non-adopters. Within 
these columns are the variable means and their 
standard deviations for the total sample, IT 
adopters and non-adopters. The average age of 
the household head for the total sample was 47 
years while for IT adopters, it was 44 years. For 
the non-adopters, the household head’s average 
age was about 51 years. The level of education 
of the household head was categorized into two 
levels; educated and uneducated. An average of 
88% of farm households that adopted IT had 
acquired at least primary education. The level 
of education for total sample was high (71%). 
For the non-adopters, the household head’s ed-
ucation level was about 53%. The average farm 

experience of the household head for the total 
sample was 20 years while for IT adopters, it 
was 23 years. For the non-adopters, the house-
hold head’s average farm experience was about 
53 years. The average labor force size for the 
total sample and for both groups was about 4 
members. Results show that about 44% of the 
households in the total sample had off-farm in-
come while 58% of IT adopters and about 29% 
of the non-adopters had only farm income. In 
terms of cows owned, the average of the flock 
size was about 13 heads while for IT adopters, 
it was 18 heads. For the non-adopters, the av-
erage was 8 heads. Concerning institutional 
factors, the majority of IT adopters had access 
to extension services (91%). However, almost 
a third of the IT adopters area member of an 
association and had access to loans. In addi-
tion, results show that 76 % of IT adopters had 
access to information about technologies from 
project manager. 

Table 4 - Descriptive statistics of variables used.
Total sample Adopters Non-adopters

Variable Mean Std. Dev. Mean Std. Dev. Mean Std. Dev.
AGE 47,60 11,799 43,81 9,901 51,39 12,361
EDU 0,71 0,457 0,88 0,327 0,53 0,502
FEXP 20,18 10,429 17,60 8,633 22,76 11,431
LABE 3,87 2,138 3,90 2,190 3,83 2,094
INCS 0,44 0,497 0,58 0,496 0,29 0,456
COWN 13,18 18,273 18,32 23,873 8,04 6,924
EXTSER 0,71 0,455 0,91 0,288 0,51 0,502
MEMA 0,30 0,457 0,36 0,482 0,23 0,423
CRED 0,28 0,450 0,34 0,476 0,22 0,416
SINF 0,58 0,496 0,76 0,429 0,39 0,490

4.3. Binary regression model results

The coefficients of the binary logistic regres-
sion model were estimated using the Maximum 
Likelihood Method (ML) by SPSS Program. 
The quality of conciliation was tested using the 
Hosmer and Lemeshow statistic, which is one of 

the most reliable test to reconcile the logistic re-
gression model. The results of the model are giv-
en in Table 5. The overall percentage of correct 
predictions is about 78.5%. The p-value 0.579 
uses the Hosmer and Lemeshow Goodness-of-
Fit Test, which is computed from the Chi-square 
distribution with 8 degrees of freedom (d.f), 
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which confirms that the model’s estimates fit 
very well the data. This implies that we accept 
the null hypothesis that there is no difference 
between the observed values and the estimated 
values of the dependent variable (Sidibe, 2005). 

The column exp (B) in Table 5 gives the expo-
nential of expected value of β raised to the value 
of the logistic regression coefficient, which is the 
predicted change in odds for a unit increase in 
the corresponding explanatory variable. The Ta-
ble 5 showed that 8 explanatory variables were 
found to be significant at the level of 1% and 
10%. These were EDU, EXTSER, COWN and 
SINF variables which showed their significance 
at 1% and FEXP and MEMA at 5% and Ageand 
INCS at 10%. The rest of the variables (LABE 
and CRED) were consistent in terms of refer-
ence but did not prove their significance at the 
level of the model. The logistic regression equa-
tionis expressed as following: 

ADOP = -2,421 -0,033 AGE +1,775 EDU 
-0,053 FEXP -0,012 LABE +0,725 INCS +0,118 
COWN +1,665 EXTSER +1,016 MEMA -0,132 
CRED +1,495 SINF

Results showed that age is statistically signif-
icant for the adoption or not of IT. The negative 
sign of the coefficient of age of the household 
head implies that the age of the household head 
decreases the odds of adopting IT. This result 
is in conformity with literature review where 
younger farmers have a higher propensity to 
adopt technologies than the older farmers. The 
variable EDU is statistically significant and pos-
itively affect the adoption of IT. This implies that 
adoption increases when the farmer have at least 
a primary level of education. This result confirms 
the literature review of the positive influence of 
the education of the farmer on adoption technol-
ogies. The variable labor force size (LABE) is 
statistically non-significant and have no impact 
on the decision to adopt IT. This seems to be 
explained by the fact that farmers do not need 
much labor force especially for the mechanized 
technologies. As hypothesized, the farmer ex-
perience (FEXP) coefficient was also found to 
be significant and negatively correlated with the 
adoption decision at the 5% level of significance. 
The result confirms the fact that most of the live-
stock owners adopting an innovative technology 

are young, those with long experience are more 
adhering to traditional methods of farming, and 
are less receptive to adopting modern technol-
ogies. The income sources INCS (availability 
of off-farm income) is statistically significant at 
affecting adoption of IT in Tunisia. Results in-
dicate that off-farm incomes increase the odds 
of adopting IT among farmer. This seems to be 
explained by the fact that farmers’ major sources 
of income are off-farm activities and that they 
would more likely invest in agricultural technol-
ogies. In general, farmers with high income do 
not need to have access to loans and are more 
likely to adopt IT. The cattle’s ownership COWN 
is statistically significant at affecting adoption of 
IT in Tunisia. The adopting increase in variable 
COWN by one unit will increase the probability 
of IT adopting by 1.125 times. Results indicate 
that larger farmers that have large flock size of 
cattle would more likely adopt CT in Tunisia es-
pecially for the technology with high cost (Solar 
powered milk cooling technology, feed block 
manufacturing machine).The extension services 
variable EXTSER was also found to be signifi-
cant and positively correlated with the adoption 
decision at the 10% level of significance. This 
implies that adoption increases when farmer 
have access to extension services. This result 
indicates the major roles of extension services 
on dissemination of innovative technologies 
in Tunisia. The association member variable 
MEMA was statistically significant at affecting 
adoption of IT in Tunisia. This indicated that the 
adoption of IT increased when the farmer is a 
member of an association. In this direction, this 
form of organization can help their members to 
have information about modern technologies, to 
give some advantages in terms of access to cred-
it and to sustain the development of the sector 
by a trilogy principle where farmers, researchers 
and policy makers interacted together to find the 
optimum solution that fits the expressed needs of 
its members. The results showed that institution-
al variables such access to credit (CRED) have 
no impact on the decision to adopt IT. This indi-
cates that there are many constraints for farmers 
to have access to credit in Tunisia (lack of land 
title, high interest rate, etc.). The source of tech-
nology knowledge variable SINF is statistically 
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significant at affecting adoption of IT in Tunisia. 
This indicates that the adoption of IT increased 
when the information on technology is obtained 
directly from the project manager. This result 
confirmed the hypothesis that the project man-

ager has the most comprehensive information on 
technology and he is the most convincing for its 
adoption. Project manager needed to be more in-
volved in the training of farmers for enhancing 
the adoption decision. 

Table 5 - Parameter estimates of the binary logistic regression model for factors influencing adoption of 
innovative technologies.
Variable Β S.E. Wald Sig. Exp(β)
AGE* -0,033 0,020 2,796 0,095 0,968
EDU*** 1,775 0,504 12,404 0,000 5,899
FEXP** -0,053 0,022 5,678 0,017 0,948
LABE -0,012 0,094 0,017 0,896 0,988
INCS* 0,725 0,415 3,047 0,081 2,065
COWN*** 0,118 0,035 11,089 0,001 1,125
EXTSER*** 1,665 0,507 10,790 0,001 5,283
MEMA** 1,016 0,443 5,254 0,022 2,763
CRED -0,132 0,439 0,091 0,763 0,876
SINF*** 1,495 0,459 10,610 0,001 4,462
Constante** -2,421 1,231 3,869 0,049 0,089

Hosmer and Lemeshow Test: Chi-square, 6.608; df., 8; Sig., 0.579; -2 Log likelihood, 159,842a; Cox & Snell R 
Square, 0.444; Nagelkerke R Square, 0.592;The overall percentage of correct predictions, 78.5%; *Significance 
at 10%. **Significance at 5%; *** Significance at 1%;Source: Own elaboration from model results (2018).

5. Conclusions and Recommendations

For a long time, the question of technology 
dissemination has been posed keenly by deci-
sion makers in agriculture and especially in the 
livestock sector where productivity remains low. 
In addition, numerous development projects 
promoting innovative technologies have been 
launched in the arid zone characterized by diffi-
cult climatic conditions. However, the majority 
of farmers stop using the innovative technology 
once the project achieved. This study was con-
ducted to enhance our understanding of factors 
influencing the adoption of innovative technolo-
gies in an effort to provide insights on pathways 
to increase their adoption in Tunisia.

The Results of binary logistic regression 
showed the importance of economic, socio-de-
mographic and institutional characteristics of 
farmers in the adoption of IT. The main factor 
contributing to adoption of innovative technolo-
gies is education. According to the national sta-

tistic in 2014, the illiterate rate in this area was 
about 29.2% for the population of Sidi-Bouzid 
governorate. This rate is higher in the rural area. 
This result enhances the decision makers to pay 
more attention to the education level of farmers, 
to guide the techniques towards more educated 
farmers, which positively reflects on the pos-
sibility of increasing the adoption innovative 
technologies. In another way, it is essential to 
reinforce the adult literacy program for farmers, 
initiated by the government in 2000 especially 
in the arid area of Tunisia. It is also necessary 
to fight the number of young people who drop 
out of the school system early in the rural area. 
The negative sign of the coefficient of the var-
iable AGE of the farmers implies that there is 
a time in life of the household head, when age 
would no longer positively affect the adoption 
of agricultural technologies, the relationship that 
relates to the life cycle hypothesis in econom-
ic theory (Ng’ombe et al., 2014). The lessons 
learned that could be shared from this study are 
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exiting. Some of the most important lessons we 
learn come from the need to focus on targeting 
the young farmers group when promoting an in-
novative technology. In this regard, one of the 
success conditions for technology adoption is 
to collaborate and partnership with young farm-
ers in the initial phase of the process and in the 
second stage with the older ones. Otherwise, the 
farmers face many challenges such as weather 
conditions, high prices of agricultural inputs, 
low productivity and low selling price which 
implies in abandonment of agriculture to young 
people. The government should give a lot of en-
couragement to young farmers to remain in the 
agricultural activity and then boost the technolo-
gy dissemination. 

The study showed the importance of the off-
farm income in the adoption of IT. The low farm 
income is an important constraint for farmer to 
access to technology. In addition, the majori-
ty of farmers in Sidi-Bouzid are small with an 
average of herd size less than 8 cows per farm-
er. The farmers whose income was received as 
in-kind were found to be more likely to adopt 
innovative technology in the absence to the ac-
cess of credits. In this context, the government 
should improve the farm income of farmers to 
encourage technologies adoption. This could be 
through improving farmers’ creditworthiness 
and opening/facilitating the door to agricultural 
credit and inputs. Agricultural insurance also can 
act as a catalyst for enhanced productivity. The 
study showed the importance of the institutional 
variables on the decision to adopt IT. The partic-
ipation of farmers in associations has a positive 
influence on the technology adoption. It helped 
introduce appropriate legislation benefiting live-
stock from national incentives and it provides 
an opportunity for the integration of smaller, 
poorer producers to improve their livelihoods. 
The association volunteers to be the guarantor 
for small flock owners who are in need for loans 
from the bank. However, the number of agricul-
tural association in Tunisia is very low about 
1267 for the Agricultural Development Group-
ings (GDA) and 177 for the Mutual Agricultural 
Services Company in 2012, the two major forms 
of agricultural organization in Tunisia. The gov-
ernment should relax the status of these organi-

zations to have more flexibility and should give 
more advantages to farmers for becoming mem-
bers of these organizations. The results showed 
also the important role of extension services on 
the adoption decision. In this direction, the Gov-
ernment should provide agricultural extension 
with sufficient financial and material resourc-
es, human resources and adequate training on 
modern technologies. In addition, strengthening 
the link between research activity and exten-
sion activity through a participatory approach 
where all stakeholders are included (research-
ers, extension agents, civil societies, public and 
private institutions, targeted farmers, etc.) is 
crucial to enhance the adoption of IT. Extension 
approaches’ components include access to tech-
nical information, to market information, and to 
inputs (improved seeds, livestock management, 
or fertilizer). Actually, an appropriate exten-
sion approaches with most desirable impacts on 
technology adoption, agricultural productivity 
and households (including women and youth) 
livelihoods are urgently needed. Understanding 
which extension approaches has the greatest im-
pacts will certainly improve the widespread of 
the innovation and, consequently the future of 
out-scaling. A comprehensive strategy should be 
developed on the mechanisms to implement an 
improved extension framework in a cost effec-
tive and gender sensitive approaches.

The source of technology knowledge variable 
SINF is statistically significant and positive at 
1%. This indicates the important role of accurate 
and sufficient information on the adoption of in-
novative technology (benefits, risks, Manuel of 
use, advantages, costs, etc.). In most cases, the 
innovative technology is introduced to farmers 
through a development project. To enhance the 
adoption of innovative technologies, the gov-
ernment should intensify training programs for 
farmers and for extension agents (by strength-
ening their competency aspects) in partnership 
with the development projects. Otherwise, the 
adoption of any technology remains dependent 
on its financial feasibility and its adaptation with 
the farmer’s environment context. 

This paper provides important information for 
government and policy makers to facilitate the 
introduction of innovative technologies to live-
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stock holders in arid area. However, the public 
institutions are not able to improve technologies 
adoption due to the lack of resources (financial, 
human) and the complexity of coordination be-
tween the main extension and development in-
stitutions (OEP, AVFA, and CRDA’s). The recent 
involvement of the profession in the transfer of 
innovations is indeed an initiative which would 
pave the way for the liberalization of agricultural 
extension. In this sense, the Government is grad-
ually considering withdrawing from this activity, 
giving way to the profession to ensure its support 
as it is the case in developed countries. (Khaldi 
et al., 2010). In this context, a frame agreement 
was signed on March 1, 2019 between the Min-
istry of Agriculture, Water Resources and Fish-
eries and the Tunisian Union of Agriculture and 
Fisheries (UTAP) for the establishment of a pilot 
public-private experiment in the field of agricul-
tural extension in areas where there is a lack of 
public extension agents. This agreement aims 
to enhance the rate of farmer’s supervision, to 
improve the quality of extension services and to 
strengthen the link between the profession, in-
stitution and research in order to ensure a better 
adoption of innovations. 

In addition, the implication of private sector 
to technologies dissemination is highly recom-
mended especially towards the small farmers. In 
this way, two projects “Hlibna” and “Evolution” 
were launched by milk plant “Delice-Danone” 
for small and medium-sized farmers. The “Hlib-
na” project has provided training sessions on the 
field and technical know-how to improve farm-
ing conditions, yield and income. This project 
has reached 1.500 farmers and this number will 
reach 5.000 by 2020. The “Evolution” project 
currently affects 40 farms and aims to reach 150 
by 2020 (ONAGRI, 2016). These farms have 
high breeding potential but they are underex-
ploited.

Furthermore, a participatory approach at all 
levels, research and extension is strongly rec-
ommended. A better coordination between the 
different links in the livestock sector (farmers, 
industrials, wholesaler, retail, policy makers, 
consumers, etc.) is essential to ensure the best 
possible adoption of innovative technologies. 
In this sense, the open innovation strategy in-

cluding all stakeholders during idea generation 
could be considered as a better way to decrease 
technology development costs and improve in-
novative technologies adoption (Seyfettinoğlu, 
2016).
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