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1. Introduction

Agriculture is the foundation for many developing countries. The vast majority of the world’s poor lives in rural areas
and engaged in agriculture. It is the base for supply of basic human needs, as it is the baseline for food security®, for
industrial growth and to different areas both directly and indirectly. It plays an important role in reduction of poverty,
economic growth, enhancing food security and rural development. Smallholder agriculture dominates the sector.
Smallholder agriculture is identified as a vital development tool for achieving millennium development goals, one of
which is to halve the people suffering from extreme poverty and hunger by 2015 [1, 2]. However, majority of
smallholder farmers relies on traditional methods of production and this has lowered the level of productivity. For
instance, over 70% of the maize production in the majority of developing countries is from smallholders who use
traditional methods of production [3]. The yield that the farmers obtained is very low due to average farmer uses local
cultivars which has low yield potential, most of the maize grown is under rain-fed conditions, irrigation is used only in

"Food Security means that all people at all times have physical & economic access to adequate amounts of nutritious, safe, and culturally appropriate
foods, which are produced in an environmentally sustainable and socially just manner, and that people are able to make informed decisions about their
food choices.
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limited areas, very limited use of chemical fertilizers and pest control is not adequate [3]. This points direction to policy
makers how to design and plan different strategy to increase production and productivity through using advanced and
farmer-friendly technologies.

The importance of agricultural technology adoption in ending poverty and food insecurity were well discussed by [3,
4, 5, 6, 7, 8, 9]. In developing countries, improving the livelihoods of rural farm households through agricultural
productivity would remain a mere wish if agricultural technology adoption rate is low. Hence, there is a need to adopt
the proven agricultural technologies so as to heighten production as well as productivity and thereby the living
condition of the rural poor. Since the need of the rapidly growing population could not be meet by expanding the area
under cultivation, developing, employing and disseminating yield increasing agricultural technologies is imperative [10].
Technology adopter farmers increase productions, leading to constant social and economic development. Adoption of
improved agricultural technologies has been associated with higher income and lower poverty, improved nutritional
status, lower staple food prices, increased employment opportunities as well as earnings for landless laborers [11].

According to [12], in the main factors for the success of green revolution in Asian countries; adoption of improved
technologies was the foremost factors. According to [13], traditionally, agricultural technology adoption decision was
seriously been determined by imperfect information, risk, uncertainty, institutional constraints, human capital, input
availability and infrastructural problems. To bring remedy for such challenges, Sasakawa Global 2000 (SG-2000)
program is been in place and intended to work with smallholder farmers and their respective agriculture ministry’s so as
to increase agricultural production and productivity by employing agricultural technologies that could best keep soil
fertility. The program has put farmers as the forerunners and drivers in adopting agricultural technologies and
promotion of agricultural intensification.

Many studies have been conducted on innovation and adoption of new technologies and the impact of adopting new
technology in developing countries. However, new agricultural technologies are often adopted slowly and several
aspects of adoption remain poorly understood despite being seen as an important route out of poverty in most of the
developing countries [14, 15]. This paper tries to review different scholarly literature done on adoption of new
agricultural technology and factors that are responsible for slow rate of improved technology adoption in developing
countries.

2. Agricultural technology adoption

The adoption of improved agricultural technologies is very important means for poverty alleviation and to bring
assure food security in developing country. Farmers cannot easily adopt agricultural improved technology due to
different factors and incase the adoption level is going slowly and many aspects of adoption is not well understood.
There are a lot of scholarly literature reports on a number of constraints to adoption, such as the nature of the
technology, awareness about the technologies, risk aversion, institutional constraints, lack of human and financial
capital and lack of infrastructure. Adoption and diffusion theory have been widely used to identify the determining
constraints that influence the decision of the user whether to adopt the innovation or to reject it. Innovation is an idea,
practice or object that is perceived as new by an individual [16]. Making a decision about a particular innovation goes
through five steps, which are called the innovation diffusion theory (IDT). The first stage is when the individual gets to
know the innovation and how a new technology functions, its purpose and the need for it. The second stage occurs
when the individual likes or dislikes this new technology. There are five attributes that encourage an individual to like a
new technology and affect their decision as [16] identified.

1) Relative advantage: answers “is the new technology is better than existing technology?’’

2) Compatibility: the degree to which an innovation is seen as consistent with existing experiences, needs, and
beliefs of adopters;

3) Complexity: the degree of how difficult the innovation is to understand and use;

4) Trialability: the degree to which the innovation may be used on a limited basis;

5) Observability: the degree to which the results of an innovation are visible to others.

The third stage is the decision made by individuals to accept or reject the technology. The fourth stage is the
implementation of this new technology and the finally stage confirms the decision made by the individual.

According to the definition of [17], adoption is the integration of a new technology® into existing practice and is
usually proceeded by a period of “trying” and some degree of adaptation. [18] defines adoption as a mental process an
individual pass from first hearing about an innovation to final utilization of it. It has two categories: rate of adoption and
intensity of adoption. The former is the relative speed with which farmers adopt an innovation, has as one of its pillars,

?Technology is the means and methods of producing goods and services, including methods of organization as well as physical technique (Loevinsohn
et al., 2013). It is the knowledge or information that permits some tasks to be accomplished more easily, some service to be rendered or the
manufacture of a product (Lavison, 2013).
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the element of time. While, intensity of adoption refers to the level of use of a given technology in any time period.

Technology adoption is a complicated task since it varies with the technology being adopted. Therefore, in defining
agricultural technology®adoption by the farmers, the first thing to consider is whether adoption is a discrete state with
binary response variables or not [7]. That means definition depends on the fact that the farmer is an adopter of the
technologies or non-adopter taking values zero and one or the response is continuous variable [19]. Agricultural new
technologies constitute the introduction and use of hybrids, the greenhouse technology, genetically modified food,
chemical fertilizers, insecticides, tractors and the application of another scientific knowledge. [20, 16] briefly explains
technology adoption level in to five steps as innovators (2.5%), early adopters (13.5%), early majority (34%), late
majority (34%) and laggards (16%). Agricultural new technologies are the factors of production which have undergone
some form of amendment from their original state with the intent of enhancing their performance.

2.1. Determining factors of Agricultural technology Adoption

This paper deeply reviews the major determining factors which influences agricultural technology adoption in five
parts, i.e., economic, technological, demographic, socio-cultural, and institutional factors.

2.1.1. Economic factors

Farm size plays a critical role in adoption process of a new technology. Many authors have analyzed farm size as one
of important determinant factors influencing technology adoption. Farm size can affect and in turn be affected by the
other factors influencing adoption. Different studies that were done on the impact of farm size on adoption of improved
agricultural technology revealed the contradicting results. But many studies have reported a positive relation between
farm size and adoption of agricultural technology [21, 22]. According to [23], farmers with a large farm size are likely
to adopt a new technology as they can afford to devote part of their land to try new technology. While farmers with
small land size adopt technologies, which is not consume large land such as greenhouse technology, zero grazing
among others as an alternative to increased agricultural production. Reviewer agrees with that, a farmer with large
farm size has better probability to adopt the improved agricultural technology than the farmers who has small land.

Family size is simply used as a measure of labor availability. It determines adoption process in that, a larger
household have the capacity to relax the labor constraints required during introduction of new technology [18, 24].
According to [25], household size has to be positive and significant at 1% significance level in which each additional of
family size increases the probability of adoption of improved maize varieties by 5.85 percent.

The cost of adopting agricultural technology is also the critical factors for technology adoption. As the study done by
[26] on determinants of fertilizer and manure use in maize production in Kiambu county, Kenya; reported high cost of
labor and other inputs, unavailability of demanded packages and untimely delivery as the main constraints to fertilizer
adoption. The study done by [3], revealed that the elimination of subsidies on prices of seed and fertilizers since the
1990s due to the World Bank-sponsored structural adjustment programs in sub-Saharan Africa has widened this
constraint. Among other factors constraining adoption of fertilizer and hybrid seed in Embu county Kenya, cost of hired
labor was one among them [27].

Many studies on off-farm income reported a positive impact on technology adoption. According to [12], off-farm
income is an important strategy for solving credit constraints faced by the rural households in many developing
countries. As [28, 29] reported off-farm income act as a substitute for borrowed capital in rural economies where credit
markets are either missing or dysfunctional.

Tropical Livestock Unit (TLU) is also another determinant factors which affect the adoption of improved agricultural
technology in developing countries. The extent of livestock ownership significantly and positively affected adoption
and intensity of use of improved technologies. The study of [30, 23] reported that better risk bearing behavior of those
wealthy farmers with better livestock would enable them to try those newly adapted technologies.

2.1.2. Technological factors

The farmers’ decision of whether or not to adopt a given new technology is based on a careful evaluation of many
factors. Among these, the nature or the characteristics of technology is the foremost factors for adoption of improved
agricultural technology. A degree at which a probable adopter can give a trial on a small scale first before accepting it
from beginning to the end is a major determinant of technology adoption [7]. The features of the technology are the
reasons for adopting Imazapyr-Resistant maize (IRM) technology in Western Kenya, which plays a critical role in the
adoption decision process [24]. If the technology is very complex and difficult to operate, it cannot attract the farmers to
adopt it. Further, if the technology is divisible like high yielding variety, fertilizer, herbicides, pesticides and the likes,
the farmers are able to try out the innovation on a small scale and will be willing to adopt but if it is lumpy, small scale
trials are not possible and the farmer may be more reluctant to adopt.

®Agricultural technology is the scientific methods, tools and machinery that are used primarily or entirely in order to support and modernize
agricultural sector and to bring required changes in the sector.
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According to [24] study on Imazapyr-Resistant maize technology in Western Kenya, the characteristic of the
technology plays a critical role in adoption decision process. They argued that farmers who perceive the technology
being consistent with their needs and compatible to their environment are likely to adopt since they find it as a positive
investment. Farmers’ perception about the performance of the technologies significantly influences their decision to
adopt them. Farmers’ perception on the characteristic of modern rice variety significantly influenced their decision to
adopt it [31].

2.1.3. Demographic factors

Farmers’ age, gender and educational status are likely influence the probability of farmers’ adoption of new
technology [32]. Gender is a very important explanatory variable in studying factors of adoption. The prevailing social
set up of rural households placed a varying responsibility among male and female members. Many studies revealed that
being women headed negatively influencing technology adoption decisions. Due to social and cultural values and norms,
males have the freedom to mobility, to attend in different training, meetings and workshops.

According to [4], sex of the household head was found negatively influencing adoption of the technology. It revealed
that if the household head is male, the chances of adoption of wheat technology package decreases. Contrary to this
finding, [33, 7] found that male-headed households were found to be more likely to adopt improved wheat varieties than
female headed. As [34] reported that being male-headed household has a positive and significant relationship (at 5%
level) with the probability of adoption of improved maize variety. Male-headed households tend to adopt the varieties
more than their female counterparts due to relatively better access of male-headed households to information and
agricultural resources than female household heads. Those male headed households who have more access to
information to use innovation than female-headed households, which have a capacity to influenced by the cultural
norms and traditions. The Reviewer agree with that, especially in developing countries, male-headed households has
better access to participate in training, workshop and has better exposures to information which helps to adopt the
improved technology more easily than female-headed households.

Age of the household heads plays an important role in farmers’ technology adoption behavior. Different agricultural
technology adoption studies reported different conflicting ideas. Some findings confirmed that age negatively
influencing adoption behavior of farmers. On the other hand, other studies confirmed that age positively affected
adoption of improved agricultural technology. According to [24], age is assumed to be a determinant factor of adoption
of new technology. Older farmers are assumed to have gained knowledge and experience over time and are better able
to evaluate technology information than younger farmers. On contrary age has been found to have a negative
relationship with adoption of technology. When farmers grow older, there is an increase in risk aversion and a
decreased interest in long term investment in the farm. On the other hand, younger farmers are typically less risk-averse
and are more willing to try new technologies [31, 35]. But the reviewer supports the argument if age has a negative
relationship with adoption of agricultural new technologies. Younger generations are more eager to practice modern
technologies on their farm than older generation. This is due to younger farmers has more access to information and
they are characterized as innovative which enables them to make decision on adoption of agricultural new technologies.

Education status of the household head is the most common and very important variable that is found to explain
farmer’s agricultural technology adoption behavior. Various studies confirmed that it has a significant positive influence
on adoption of technologies. [36] studied factors affecting adoption of improved sorghum varieties in Somali region of
Ethiopia and found out that more educated farmers are more likely to adopt improved sorghum varieties. [37] also
reported similar results as educated farmers are better able to process information and search for appropriate
technologies to alleviate their production constraints.

2.1.4. Socio-Cultural factors

Cultural differences/traits enter into the agricultural technological adoption process through network formation,
indirect effects such as imitation, peer effects, and norm-based diffusion. Imitation describes the process in which
farmers adopt simply because others are adopting, not because they are making a cost-benefit decision. According to
[38], being whether religion and clan membership affect the likelihood of adopting pineapple farming in Ghana.
Cultural differences have a great influence on technology adoption and diffusion because of some technology may not
be acceptable in some cultural zones/society and while it will be acceptable in other cultural zones.

Participation in social groups and farmers research group (FRG") has a great influence on adoption of improved
agricultural technology. Farmers who participate in different social activity and farmers research group have better
information about the technology which in turn enhances the adoption of the technology. Actively participating farmers

“Farmers Research Group is one of the participatory agricultural research approaches aimed to improve the conventional top-down research approach
that doesn’t fully address the needs of subsistence and smallholder farmers. It has a research approach by which a multi-disciplinary research team,
extension workers and groups of farmers jointly conduct participatory on-farm agricultural research through need-based technology generation,
adaptation and dissemination.
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in farmers research group and giving them the chance to involve in demonstration researches, improves the overall
awareness of farmers toward the technology adoption and well equips them to look forward regarding the advantage of
the new technologies over the existing one [39, 9].

2.1.5. Institutional Factors

Access to extension service helps to spread information and farmers to get updated information regarding agricultural
technologies which helps them to adopt the new technologies easily. Many authors have reported a positive relationship
between extension services and technology adoption. Close contact of farmers with extension agents increase the
farmers’ awareness toward improved agricultural technology and which in turn enhances the adoption. Farmers are
usually informed about the existence as well as the effective use and benefit of new technology through extension
agents. Extension agent acts as a link between the innovators (Researchers) of the technology and users of that
technology. This helps to reduce transaction cost incurred when passing the information on the new technology to a
large heterogeneous population of farmers [40]. In fact, the influence of extension agents can counter balance the
negative effect of lack of years of formal education in the overall decision to adopt some technologies [18]. The study
of [6] reported that contact with extension workers positively affects adoption of chemical fertilizer and statistically
significant. Farmers who are visited by extension agents, keeping other things constant, have 11.1% higher probability
of adopting, chemical fertilizer unlike non-visited or non-contacted farmers in northern parts of Ethiopia.

Access to credit is very critical factor to adoption of agricultural technology by the smallholders. It can facilitate farm
households to purchase the needed agricultural inputs and enhance their capacity to effect long term investment in their
farms. According to [6], access to credit is one of the best option whereby smallholders could be instigated in
diversifying their economic base and it is statistically significant in determining the adoption decision of chemical
fertilizer and high yielding variety (HYV) in northern Ethiopia. Farm households who has credit access, keeping other
things constant, have 9.9% and 24.5% higher probability of adopting chemical fertilizer and HYV, unlike the credit
rationed farmers respectively.

Information Access about a new technology is another factor that determines technology adoption. It enables farmers
to learn the effective use of technology and this facilitates adoption. Farmers will only adopt the technology they are
aware of or have heard about it. Access to information reduces the uncertainty about a technology’s performance hence
may change individual’s assessment from purely subjective to objective over time [18]. It means that farmers may
perceive the technology and subjectively evaluate it differently than scientists [41]. Sometimes access to information
may also result to dis-adoption of the technology. For instance, where experience within the general population about a
specific technology is limited, more information induces negative attitudes towards its adoption, probably because more
information exposes an even bigger information vacuum hence increasing the risk associated with it [18]. It is therefore
important to ensure the information is reliable, consistent and accurate. The reviewer agrees with access to information
enhances the adoption of improved agricultural technology.

Access to road, distance to the nearest market and farmers training center is an important factor which determine the
technology adoption. When there is access to roads which connects rural farmers with market, they can easily transport
what they produce to the market. If the market linkage is increased, which in turn increases the farmers’ confidence to
produce demand-based commodity for sale through using improved agricultural technology. According to [33], distance
from market negatively influenced adoption of wheat technology package. The result indicates that a kilometer increase
in distance from market leads to a decrease in the likelihood of adoption of wheat technology packages by a factor of
0.023, other factors kept constant. As [39, 42] results revealed that farmers who are located far from the farmers’
training center, they have less likely to adopt improved agricultural technologies. This might be due limited access to
new information concerning technologies and lower probability of those farmers to be involved in on-farm research
trials and visits.

Access to Irrigation is also the main factor which likely influences the adoption of agricultural technologies. Many
studies reported the significant influence of irrigation water access to the agricultural technology adoption. As [6]
reported in his study, presence of irrigation practices and irrigation use was found to be statistically significant in
determining adoption of chemical fertilizer and HYV, respectively, at 5 and 1% significance level. Farmers who has an
irrigable land and who use irrigation water, keeping other things constant, have 9.8% and 23.6% higher probability of
adopting chemical fertilizer and HYV unlike their counter parts respectively. If there is no access to irrigation and there
is erratic rainfall, the adoption of technology by farmers fail under question. If the farmers get irrigation access, their
probability of adopting the intended technology found to be high.

2.2. Conceptual Framework of Adoption of Improved Agricultural new technologies

Improved agricultural technology adoption was influenced by many factors. Social, economic, institutional and
technological factors are the most cited factors which influences the adoption of the improved agricultural technology.
The most important variables included in this review is farm size, family size, off-farm income, TLU, gender,
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educational status, access to extension, access to irrigation, access to market and social and cultural traits. Some
variables affect the probability of adopting the technologies more than other factors in specific areas and on specific
technologies. If the technology is very complex and difficult to operate and apply, the farmers cannot be voluntary to
easily accept it rather they prefer divisible technologies like high yielding varieties and fertilizer [24]. The farmers with
large farms are likely to adopt a new technology as they can afford to devote part of their land to try new technology
than the farmers who has small land [23]. Also, farmers who live around farmers training center are likely to adopt the
technology than who lives far from the center [42].

Economic factors
Farl.n 312.',e Technological factors
Family size
Cost of technology
Off-farm income
TLU
Adoption of | Demographic factors
Institutional factors Improved Gender
Access to extension services agricultural ! Age of HHs
Access to information . technologies Educational status

Access to Irrigation
Access to road and market

Socio-Cultural factors
Cultural traits/difference
Membership in social groups
and participation in FRG

Figure 1. Conceptual framework.

3. Summary

Adoption of improved agricultural technologies is the foremost tools from the review, it was obtained that
technological, socio-cultural, demographic, economic and institutional factors are the main determinant factors which
hinders the rate and intensity of technology adoption. The farmers’ perception toward the nature/characteristics of the
technology is a pre-condition for their decision. Individual decision whether to adopt the technology or not depends on
five attributes; relative importance of the new technology over the existing one, the degree of compatibility, the degree
of complexity, trialability, and observability. As the review revealed that, the effect of the variable varies depending on
the nature and cost of technologies, educational status of the individual and its exposures to different accesses. For
instance, age as a determinant factor of adoption, many scholars reported contradicting ideas on it. Some scholars said
when farmers grow older, there is an increase in risk aversion and has decreased interest in long term investment in the
farm than younger farmers. On the other hand, some other scholar reported that they adopt more easily than younger
farmers due to the information and experience they obtained through time. Knowing the determinant factors of
agricultural technology adoption and incorporating farmers preference criteria and need is very crucial points for policy
makers and agricultural technology developer to overcome the low adoption rate problems and in turn for boosting
production and productivity, food self-sufficiency and ensuring food security in developing countries.
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