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Abstract

The objective of this paper is to identify the influencing factors of farmers’ willingness for early adoption
of enhanced irrigation technologies in Tunisia. We estimate a multinomial logit model with data from 931
farmers in Central (Chebika) and Northern (Fernana) of Tunisia. Regression results reveal that early
adoption is positively influenced by levels of extension service quality, trust in farmers’ associations and
extension agents, farmer s perception towards the innovation, credit access, and off-farm income. How-
ever, it is negatively affected by market access issues, risk aversion, and age. Risk, trust, and perception
towards technology are important factors in driving early adoption decision. The findings imply that
farmers training on water conservation technologies, financial support for innovation adoption, aware-
ness of young farmers about the opportunities of agricultural innovation, incentives to farmers’ associa-
tions in order to improve their market access, and inclusive participatory approaches during technology
generation and transfer are all accelerators of early adoption of innovations by farmers.

Keywords: Early adopters, Enhanced irrigation technologies, Multinomial ordered model, Drivers of
early adoption, Tunisia.

to adoption. Innovation spread within temporal
involves different states and types of adopters
(innovators, early adopters, early majority, late
majority, and laggards). Innovation adoption de-

1. Introduction

Agricultural innovation is crucial for increas-
ing agricultural productivity, food security, con-

servation of natural resources, and alleviating
poverty. Adoption rate and speed to adopt de-
termine the ultimate impact of agricultural inno-
vation on these indicators. Speed of adoption is
the time from the date of innovation introduction

cision is a process which includes: knowledge,
persuasion, decision, implementation and con-
firmation (Rogers, 2003). In fact, farmers do not
accept innovation immediately, they need time
to think things over before making decision.
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In Tunisia, some studies were carried out to
analyze the adoption decisions of agricultural in-
novation (Aziza et al., 2009; Fouzai et al., 2018;
Dhehibi et al., 2018; Dhraief et al., 2019; Dhehibi
et al.,2020; Dhehibi et al., 2022). The majority of
these studies showed that agricultural innovation
promotion is characterized by low rate of adop-
tion. However, to our knowledge, no studies tack-
led the early adoption of agricultural innovation
in Tunisia. Early adoption of innovation adoption
is usually required, since it can improve overall
agricultural productivity and reveal the resilient
farming systems (Batz et al., 2003). Early adop-
ters can lead to quickened diffusion of innovation
because they take less time to adopt innovation
than late adopters. The concept of ‘early adopter’
has become common in agricultural science since
the Eightees (Lindner et al., 1982; Bultena and
Hoiberg, 1983; Korsching et al., 1983; Byerlee
and De Polanco, 1986). The identification of ear-
ly adopters of enhanced irrigation technologies is
especially important in current water scarcity, cli-
mate change and drought circumstances. There-
fore, the main objective of this paper is to identify
the major factors influencing farmers’ willingness
for early adoption of enhanced irrigation technol-
ogies in Northern and Central Tunisia.

2. Conceptual framework

The assumption of utility maximisation is
generally used to explain farmers’ adoption de-
cisions of new technology (Adesina and Zinnah,
1993; Alcon et al., 2011). Under this assump-

tion, a farmer will adopt a given technology if
the utility obtained from the new technology ex-
ceeds that of the old one. For example, farmers
will adopt new irrigation system if their expect-
ed utility, subject to their preferences and con-
straints (e.g., time and climate), is maximized by
doing so. Utility is a function of various factors
including expected benefits and costs of adopt-
ing a practice versus not adopting. Several fac-
tors that condition farmers’ adoption decisions
have been discussed and can be divided into five
categories as indicated in Figure 1: (1) Farm-
ers’ characteristics, (2) Farm characteristics,
(3) Farmers’ behavior and perception, (4) Tech-
nology characteristics, and (5) Institutional and
communication factors. These categories and
explanatory variables are based on the literature
related to early adoption studies of agricultural
technologies (Alcon et al., 2011; Beyene and
Kassie, 2015; Kassie et al., 2015; Manda et al.,
2020; Ngango and Hong, 2021; Kumar et al.,
2021; Ayisi et al., 2022; Tey and Brindal, 2023).

The most studied factors in the first category
are age, education, gender and experience of the
farmer. The second category is factors relating
to the farm characteristics which include varia-
bles such as location, farm size, land tenure, off-
farm income, etc. A third category of factors is
the farmers’ behavior and perception including
variables such as the trust in extension agents
and farmers’ associations, risk attitude, time
preferences, etc. The fourth category is the inno-
vation characteristics (relative advantage). More
specifically, the degree to which the new tech-
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Figure 1 - Factors affect-

ing early adoption of agri-
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Figure 2 - Geographical locations of study areas.
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nology is believed by farmers to perceive better
as the one it will replace (perception regarding
innovation). Finally, the fifth category including
institutional and communication factors such as
assistance from extension services, credit ac-
cess, and market access.

3. Methodology

3.1. Study area and data collection

The data used for the empirical analysis was
obtained from a farm survey conducted in Sep-
tember-October 2021 by the FoodLAND project
Team in collaboration with extentionists. The sur-
vey covered two study areas indicated in Figure 2
(Fernana in the North and Chebika in the Center
of Tunisia). Chebika is located in the governorate
of Kairouan. It is a semi-arid area with an annu-
al average rainfall of about 290 mm. This aver-
age varies between 250 and 400 mm. The main
crops cultivated in the area are: wheat, vegetables
(especially tomato and chilli pepper), and olive
trees. These crops are mostly grown under irri-
gated conditions. Both surface (Houareb dams)

and groundwater resources (deep and shallow
aquifers) are available for irrigation in Chebi-
ka. However, Fernana is a sub-humid area with
mean rainfall of 700 mm. Cereals under rainfall
conditions are the dominated crops in this area.
The stratified sampling by farm size was used to
select 713 and 218 farmers in Chebika and Ferna-
na, respectively. The total number of farmers in
Chebika and Fernana are around 5000 and 2000,
respectively. The questionnaire used for data col-
lection includes questions about the context of
farm, resources and technology, farm production,
farmers’ perception, and farmers’ characteristics.

3.2. Empirical model, variables used
and hypotheses

We categorized adopters based on their re-
sponses to the question, “To what extent would
you consider introducing enhanced irrigation
technologies on your farm?” The Likert scale
used had the following options:

1. Not interested;

2. Interested if more than half of the farmers adopt;
3. Interested if at least half of the farmers adopt;
4. Interested if at least some of the farmers
adopt;

Willing to be one of the first in my village.
We classified respondents who chose options
4-5 as early adopters, options 2-3 as late adopt-
ers, and option 1 as non-adopters. The dependent
variable defines the type of adopters according
to the speed of innovation adoption (early, late
and no adoption) with an ordinal categorical
nature. That’s why a multinomial ordered logit
model will be used to identify the factors influ-
encing farmers’ willingness early to adopt new
agricultural technologies.

The ordered logit model is based on the fol-
lowing specification. We suppose that unobserv-
able variable Z, =x,'f+¢, exists, related with
the explanatory variable and affects the result of
observable variable Y; as follows:

Yi=jif w,<Z <uy (1)
We define the multinomial ordered model in
the following way:

P, =j)=F(u; =) ~Fu,, —xp 2
j=0,1,....m

5.
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The functional form of F most frequently used

in application is logistic:
zZ

Logit F(Z)=—— 3)
I+e
Where Z=x'p —00 < Z <40

The explanatory variables included in the
model are farm location, farm size, age of farm-
er, education level of household head, risk atti-
tudes and trust in other farmers and extension
agents, access to extension services, land tenure,
access to credit, market access, off-farm income
and perception towards enhanced irrigation
technologies. The definitions of the variables
and hypotheses are presented in Table 1.

Since we have only three groups in our exam-
ple, the model (1) is simplified and presented as
follows:

Y,=0 if Z<p
V=1 if w<Z<uy 4)
Y,=2 if Z; 2

Where: U; unobserved thresholds defining the
group;
Z,=x'p+¢

Zi= B0+ B1 Age + B2 EL + B3 Gender + B4
Location + B5 Size + B6 Tenure + B7 Off-farm
+ B8 Pertec + B9 Risk + B10 Trust + B11 Exten-
sion + B12 Credit + B13 Market + €i

Table 1 - Variables used in the ordered logit model and hypohetized sign.

. L ¥8 Hypothe-
Variable Description Nature of quantification e
0 not interested in adopting,
Dependent variable Types of adopters 1 interested to be late adopters,
2 interested to be early adopters
Independent variable
Demographic characteristics
Age Age of farmer number of years +/-
EL Education level 1 higher than primary level, +
0 otherwise
Gender Sex of the household head 1 male, 0 female +/-
Farm characteristics
Location Chebika/Fernana 1 chebika / 0 fernana +/-
Size Farm Size number of ha +
Tenure Land tenure 1 property, 0 otherwise +/-
Off-farm Off-farm income 1 yes/0No +
Technological factors
Pertec Perception towards enhanced 1 positive perception, 0 otherwise +
irrigation benefits
Perception and behavioral
factors
Risk* Risk attitudes 1 aversion, 0 otherwse -
Trust* Trust in farmers and extension 1 trust, 0 otherwise +
agents
Institutional and
communication factors
Extension services* Assistance from extension services | 1satisfied, 0 no +
Credit Credit access 1 yes/0No +
Market* Market access issues 1 no problem, 0 otherwise -

* Likert scale is used from 1 to5 for data collection of these variables. We combined 1-3 as a base of disagree

and 4-5 as an agree variable.
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4. Results and discussion

The Variance Inflation Factor (VIF) between
the independent variables does not exceed 4, re-
jecting the hypothesis of multicollinearity. The
results of Durbin-Wu-Hausman test of endoge-
neity show that we can accept the null hypothe-
sis of no endogeneity of risk and trust variables
because the p-value is higher than 0.05, indicat-
ing that these variables are not correlated with
the error term. Empirical results are reported in
Table 2. The coefficients of the two thresholds
(u0 and ul) are statistically significant at 5%
level. The likelihood ratio (LR) is also statisti-
cally significant at 1% level, indicating a good
fit of the model.

Regression results of multinomial logit mod-
el reveal that early adoption is significantly
and positively influenced by extension servic-
es, trust, perception towards innovation, cred-
it access and off-farm income. However, it is
significantly and negatively affected by market
access issues, risk aversion, and age. Gender,
farm location, farm size and education level of
household head have no significant influence
on early adoption decision of enhanced irriga-
tion technologies.

The positive and significant association be-
tween extension services and early adoption
shows that farmers who are satisfied from the
assistance of extension services are more like-
ly to be early adopters of enhanced irrigation
technologies. This result is in line with previous
studies (Daberkow and Mcbride 1998; Dieder-
en et al., 2003; Dadi et al., 2004; Llewellyn,
2007; Beyene and Kassie, 2015; Deepak et al.,
2019).

The results also reveal that trust is signifi-
cantly and positively affecting the early adop-
tion decision. This result indicates that farms
who trust other farmers and extension agents
are more likely to be early adopters. This find-
ing is similar to findings of Beyene and Kass-
ie (2015) and Ainembabazi et al. (2016), and
Deepak et al. (2019).

Furthermore, the results in Table 2 show that
the perception towards innovation is significant-
ly and positively associated with early adoption
decision. This result is in agreement with the
findings of Adesina and Zinnah (1993), Batz et
al. (1999), Llewellyn and Brown (2020), Zhlli-
ma et al. (2021) and Nyairo ef al. (2022).

Additionally, the financial variables such as
off-farm income and credit access have a posi-

Table 2 - Maximum likelihood estimates of the ordered logit model of farmers’ willingness to early adopt ag-

ricultural innovation.

Variables Coefficient t-statistic Marginal effects
for early adopters
Age -0.153** -2.46 -0.003**
EL -0.160 -0.10 -0.031
Gender -0.017 -0.97 -0.003
Location -0.078 -0.40 -0.015
Size -0.002 -0.23 -0.001
Tenure -0.029 -0.13 -0.006
Off-farm 0.435%* 2.48 0.083*
Pertec 0.429%* 2.68 0.082%*
Risk -0.909%** -5.42 -0.174%%**
Trust 0.562%** 3.56 0.108***
Extension 0.715%** 3.74 0.1370%***
Credit 0.383%* 1.68 0.073%*
Market -0.461%%* -3.07 -0.0883#%**
Ui -2.219%*
U, -0.687**
Log-likelihood -708.305%***

**% significant at 1%, ** significant at 5%, * significant at 10%.
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tive and significant effect on early adoption de-
cision. This paper thus confirms that financial
variables play significant roles in the decision
to early adopt enhanced irrigation technolo-
gies. Our results are in keeping with the find-
ings reported in the speed adoption literature
that identifies early adopters (Daberkow and
Mcbride, 1998; Ayisi et al., 2022).

The age of household head has a negative and
significant influence on early adoption decision.
This implies that older farmers are less likely to
be early adopters. This result is in line with find-
ings reported by Daberkow and Mcbride (1998),
Diederen et al. (2003) and Ayisi et al. (2022).

As expected, table 2 further indicates that mar-
ket access issue has found to be important driver
of early adoption. This result is in line with the
findings of Dadi ef al. (2004) and Matuschke and
Qaim (2008) who demonstrated that lack of mar-
ket access is one of the major constraints affecting
the adoption of enhanced irrigation technologies.

Finally, the results also indicate that risk aver-
sion affect negatively and significantly early
adoption decision. The finding is consistent with
the empirical literature that identifies early adop-
ters (Yoo, 2014; Finger and Moéhring, 2022). In
fact, risk takers farmers are more likely to be
early adopters of agricultural innovation com-
pared to risk averse farmers.

Marginal analysis shows that risk, trust, mar-
ket access, extension services, and perception
towards technology are important factors in
driving early adoption decision. Therefore, to
accelerate the adoption speed of enhanced irri-
gation technologies by farmers in Tunisia, espe-
cial attention should be given to these factors.
This could lead enhancement of agricultural pro-
ductivity sector.

5. Conclusion and policy implications

This paper identified the major factors influ-
encing farmers’ willingness for early adoption
of enhanced irrigation technologies in Northern
(Fernana) and Central (Chebika) of Tunisia. The
paper used a multinomial logit model for the
empirical analysis of the collected data from a
survey conducted to 931 farmers.

The identification of early adopters of en-

hanced irrigation technologies is especially
important in current water scarcity, climate
change and drought circumstances. The results
highlight that farmers’ perceptions and atti-
tudes should be considered in the analysis of
adoption studies.

Farmers with financial availability, those who
trust extension agents and farmers’ association,
risk takers, young, satisfied from the assistance
of extension services and without market access
issues are more willing to be early adopters of
innovation. The findings imply that following
interventions can accelerate the adoption speed
of farmers in Tunisia:

- Farmers and extension officers training on
water conservation technologies is highly
recommended;

- Farmers should be provided with mecha-
nisms of financial support for innovation
adoption such as subsidy for access to credit;

- Increase awareness of young farmers about
the usefulness and opportunities of agricul-
tural innovations;

- Participatory approach including all stake-
holders during technology generation and
transfer should be implemented;

- Provide incentives to farmers’ associations
in order to improve their market access;

- Inform farmers about the advantage of inno-
vation through trials, field days, information
and communications technology, etc.

Acknowledgements

This research is part of the FoodLAND project
that has received funding from the European Union’s
Horizon 2020 research and innovation programme
under grant agreement (GA No 862802). The views
and opinions expressed in this document are the sole
responsibility of the authors and do not necessarily re-
flect the views of the European Commission.

The authors would like to thank Simone Piras and
Laure Kuhfuss from James Hutton Institute Team, and
Valentino Marini Govigli from University of Bologna
for their suggestions and contributions, including ad-
ministering the questionnaires and ensuring the quali-
ty of the dataset. Final thanks go to the local enumer-
ators who supported the data collection in the field,
and to all the farmers for taking their time to respond
to the survey.

100



NEW MEDIT N. 1/2024

References

Adesina A.A., Zinnah M.,1993. Technology charac-
teristics, farmers’ perceptions and adoption deci-
sions: A Tobit model application in Sierra Leone.
Agricultural Economics, 9: 297-311.

Ainembabazi J.H., Van Asten P., Vanlauwe B., Ouma
E.A., Blomme G., Birachi E.A., Dontsop Nguezet
P.M., Mignouna D.B., Manyong Victor M., 2016.
Improving the speed of adoption of agricultural
technologies and farm performance through farmer
groups: evidence from the Great Lakes region of
Africa. Agricultural Economics, 48: 1-19.

Alcon F., De Miguel M.D., Burton M., 2011. Duration
analysis of adoption of drip irrigation technology in
southeastern Spain. Technological Forecasting &
Social Change, 78: 991-1001.

Ayisi D.N., Kozari J., Krisztina T., 2022. Do small-
holder farmers belong to the same adopter? An as-
sessment of smallholder farmers innovation adopt-
er categories in Ghana. Heliyon, 8(8): e10421.

Aziza M., Raoudha K., Gley K., 2009. The adoption
of technical and organizational innovations and
their impact on the dairy sheep breeding in Tunisia.
New Medit, 8(3): 36-40.

Batz F.J., Janssen W., Peters K.J., 2003. Predicting
technology adoption to improve research priority
setting. Agricultural Economics, 28(2): 151-164.

Batz F.J., Petersa K.J., Janssen W., 1999. The influ-
ence of technology characteristics on the rate and
speed of adoption. Agricultural Economics, 21:
121-130.

Beyene A.D., Kassie M., 2015. Speed of adoption of
improved maize varieties in Tanzania: An applica-
tion of duration analysis, Technological Forecast-
ing & Social Change, 96: 298-307.

Bultena G.L., Hoiberg E.O., 1983. Factors affecting
farmers’ adoption of conservation tillage. Journal
of Soil and Water Conservation, 38(3): 281-284.

Byerlee D., De Polanco E.H., 1986. Farmers’ step-
wise adoption of technological packages: evidence
from the Mexican Altiplano. American Journal of
Agricultural Economics, 68(3): 519-527.

Daberkow S.G., Mcbride W.D., 1998. Socio-econom-
ic profiles of early adopters of precision agriculture
technologies. Journal of Agribusiness, 16: 151-168.

Dadi L., Burton M., Ozanne A., 2004. Duration anal-
ysis of technological adoption in Ethiopian agri-
culture. Journal of Agricultural Economics, 55(3):
613-631.

Deepak V., Pramod K.J., Devesh R., 2019. Identify-
ing Innovators and Early Adopters of Agricultural
Technology. A Case of Wheat Varieties in Rajas-

than, India. IFPRI Discussion Paper 01808. Wash-
ington, DC: International Food Policy Research
Institute.

Dhraief M.Z., Bedhiaf-Romdhania S., Dhehibi B.,
Queslati Zitouna M., Jebali O., Ben Youssef S.,
2019. Factors affecting the adoption of innovative
technologies by livestock farmers in arid area of
Tunisia. New Medit, 18(4): 3-18.

Dhehibi B., Dhraief M.Z., Ruediger U., Frija A.,
Werner J. M., Straussberger L., Rischkowsky B.,
2022. Impact of improved agricultural extension
approaches on technology adoption: Evidence from
a randomised controlled trial in rural Tunisia. Ex-
perimental Agriculture, 58(e13): 1-16.

Dhehibi B., Ruediger U., Moyo P.H., Dhraief M.Z.,
2020. Agricultural Technology Transfer Preferenc-
es of Smallholder Farmers in Tunisia’s Arid Re-
gions. Sustainability, 12(1): 1-18.

Dhehibi B., Zucca C., Frija A., Kassam S.N., 2018.
Biophysical and econometric analysis of adoption
of soil and water conservation techniques in the
semiarid region of Sidi Bouzid (Central Tunisia).
New Medit, 17(2): 15-28.

Diederen P., van Meijl H., Wolters A., Bijak K., 2003.
Innovation adoption in agriculture: innovators, ear-
ly adopters and laggards. Cahiers d’Economie et de
Sociologie Rurales, 67: 29-50.

Finger R., Mohring N., 2022. The adoption of pes-
ticide-free wheat production and farmers’ percep-
tions of its environmental and health effects. Eco-
logical Economics, 198: 107463.

Fouzai A., Smaoui M., Frija A., Dhehibi B., 2018.
Adoption of Conservation Agriculture technologies
by smallholders’ farmers in the semiarid region of
Tunisia: resources constraints and partial adoption.
Journal of New Sciences, 6(1): 105-114.

Kassie M., Teklewold H., Jaleta M., Marenya P.,
Erenstein O., 2015. Understanding the adoption of
a portfolio of sustainable intensification practices
in Eastern and Southern Africa. Land Use Policy,
42:400-411.

Korsching P.F., Stofferahn C.W., Nowak P.J., Wage-
ner D.J., 1983. Adopter characteristics and adop-
tion patterns of minimum tillage: Implications for
soil conservation programs. Journal of Soil and
Water Conservation, 38(5): 428-431.

Kumar G., Engle C., Avery J., Dorman L., Whitis G.,
Roy L.A., Xie L., 2021. Characteristics of early
adoption and non-adoption of alternative catfish
production technologies in the U.S. Aquaculture
Economics & Management, 25(1): 70-88.

Lindner R.K., Pardey P.G., Jarrett F.G., 1982. Dis-
tance to information source and the time lag to ear-

101



NEW MEDIT N. 1/2024

ly adoption of trace element fertilizers. Australian
Journal of Agricultural Economics, 26(2): 98-113.

Llewellyn R.S., 2007. Information quality and effec-
tiveness for more rapid adoption decisions by farm-
ers. Field Crops Research, 104: 148-156.

Llewellyn R.S., Brown B., 2020. Predicting adop-
tion of innovations by farmers: what is different in
smallholder agriculture? Applied Economic Per-
spectives and Policy, 42(1): 100-112.

Manda J., Khonje M.G., Alene A.D., Tufa A.H., Ab-
doulaye T., Mutenje M., Setimela P., Manyong V.,
2020. Does Cooperative Membership Increase and
Accelerate Agricultural Technology Adoption?
Empirical Evidence from Zambia. Technological
Forecasting and Social Change, 158: 120160.

Matuschke I., Qaim M., 2008. Seed Market privatisa-
tion and farmers’ access to crop technologies: The
case of hybrid pearl millet adoption in India. Jour-
nal of Agricultural Economics, 59(3): 498-515.

Ngango J., Hong S., 2021. Speed of Adoption of In-
tensive Agricultural Practices in Rwanda: A Dura-
tion Analysis. Agrekon, 60(1): 43-56.

Nyairo N.M., Pfeiffr L., Spaulding A., Russell M.,
2022. Farmers’ attitudes and perceptions of adop-
tion of agricultural innovations in Kenya: a mixed
methods analysis. Journal of Agriculture and Rural
Development in the Tropics and Subtropics, 23(1):
147-160.

Rogers E.M., 2003. Diffusion of Innovations. New
York: The Free Press.

Tey Y.S., Brindal M., 2023. A meta-analysis of factors
speeding the adoption of agricultural intensification
methods in Africa. The Journal of Agricultural Ed-
ucation and Extension. https://doi.org/10.1080/138
9224X.2023.2240758.

Yoo D., 2014. Farm Heterogeneity in Biotechnology
Adoption with Risk and Learning: an Application to
U.S. Corn. Paper presented at the Annual Meeting
of the Agricultural and Applied Economics Associ-
ation, July 27-29, Minneapolis, MN.

Zhllima E., Shahu E., Xhoxhi O. ef al., 2021. Under-
standing farmers’ intentions to adopt organic farm-
ing in Albania. New Medit, 20(5): 97-110.

102


https://doi.org/10.1080/1389224X.2023.2240758
https://doi.org/10.1080/1389224X.2023.2240758



