& frontiers

@ Check for updates

OPEN ACCESS

EDITED BY

Tapan Kumar Nath,

University of Nottingham Malaysia Campus,
Malaysia

REVIEWED BY
Muhammad Rashed Al Mamun,

Kyushu University, Japan

Doan Quang Tri,

Vietnam Meteorological and Hydrological
Administration, Vietnam

*CORRESPONDENCE
Dinh Duc Truong
truongdd@neu.edu.vn

RECEIVED 28 November 2023
ACCEPTED 13 May 2024
PUBLISHED 04 June 2024

CITATION

Nhuong BH and Truong DD (2024) Factors
affecting the adoption of high technology in
vegetable production in Hanoi, Vietnam.
Front. Sustain. Food Syst. 8:1345598.

doi: 10.3389/fsufs.2024.1345598

COPYRIGHT

© 2024 Nhuong and Truong. This is an
open-access article distributed under the
terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or reproduction
is permitted which does not comply with
these terms.

Frontiers in Sustainable Food Systems

Frontiers in Sustainable Food Systems

TYPE Community Case Study
PUBLISHED 04 June 2024
pol 10.3389/fsufs.2024.1345598

Factors affecting the adoption of
high technology in vegetable
production in Hanoi, Vietham

Bui Huy Nhuong! and Dinh Duc Truong?*

tUniversity Board of Management, National Economics University (NEU), Hai Ba Tru'ng, Vietnam,
2Faculty of Environmental, Climate Change and Urban Studies, NEU, Hai Ba Tru'ng, Vietnam

High-tech vegetable production is becoming a priority in agricultural
development in Vietnam in the context of digital economic development. This
study aims at identifying factors involving the adoption of high technology in
vegetable production by local farmers in Hanoi. We used the theory of planned
behavior and other farmers’ personal, social and economic factors to develop
empirical model and hypotheses. Primary data was collected from a survey of
450 vegetable producers in Hanoi using cluster sampling method combined
with random selection. Then, binary logit model was used to analyze the
impact of influencing factors. Results showed that there were 7 factors having
significant influences the decision to apply technology in vegetable production
of farmers including attitude on high tech production, access to information,
size of farm, member of extension organization, education level, access to
credit and perceived behavior control, in which attitude variable was the most
influential factor. Main management implications raised included enhancing
access to technological information, providing demostration visits, giving
more extension services, improving social inclusion and implementing hi- tech
training for farmers in vegetable production.

KEYWORDS

binary logit regression, high-technology agriculture, social inclusion, vegetable
production, theory of planned behavior

1 Introduction

In the context of the industrial revolution 4.0, high-tech agriculture plays a very important
role in the process of restructuring agricultural production and is a solution to solve the
problem of food security and improve quality. Agricultural products and environmentally
friendly (Cavatassi et al.,, 2011; Aung et al., 2021; Truong et al,, 2022). Currently, the application
of high technology in agricultural production has been replicated in developed and developing
countries to improve productivity, meet the market’s demand for agricultural product quality
and ensure food security (Cavatassi et al., 2011; Dalton et al., 2011; Kassie et al., 2015; Basuki
etal., 2019). In the field of vegetable production, to achieve the above goals, high tech vegetable
(HTV) practices have been introduced and applied in many forms from managing soil
structure, saving irrigation water, diversifying crops. and use organic fertilizers. HTV brings
many benefits to farmers and depending on specific conditions, the benefits may be different
(Bokusheva et al., 2012; Fisher et al., 2015; Fischer, 2016; Khonje et al., 2018). The general
benefits of proven technology models include being environmentally friendly, protecting
ecosystems, using resources efficiently and having high economic value. Despite the above
superior attributes and clear potential benefits, the use of high technology in vegetable growing
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is still low in developing countries that rely heavily on agriculture
(Katengeza et al., 2018; Lam et al., 2018; Truong et al., 2022).

As to Liu et al. (2018), HTV practices adoption is a dynamic
process that depends on factors such as farming households), farms’
features, environmental challenges, and government supporting
policies. For example, Moser and Barrett (2016) argued that HTV
producing depended on farmers’ personal, economic, social and
cultural characteristics. Pardey et al. (2016a,b) also implied that factors
such as financial investment and knowledge of HTV might explain
their application. However, the literature concluded that there were no
universal factors can explain HTV adoption and that factor differ
based on the contexts (Teklewold et al., 2013; Rapsomanikis, 2015;
Sharma, 2015). In developed nations, for example, Kassic et al. (2015)
indicated that factors like capital, social networking, and access to
information are positively related to HTV adoption. Larsen (2018)
also found that HTV practices adoption is positively related to
education level, gender, land tenure and farm size.

With favorable conditions and diverse climates, Vietnam has long
been known for its well-developed agriculture, in which growing
vegetables is essential because green vegetables are an important
source of the Vietnam people’s food (Le and Nguyen, 2019, Mai and
Truong, 2022). Facing with increasingly complex challenges, such as
climate change, international competition, and growing demands for
food safety, Vietnam has been accelerating agricultural modernization
and improving methods in vegetable production (Le and Truong,
2019). Although HTV growing has contributed to agricultural
development and improved farmer welfare, policies promoting high-
tech agriculture in general and HTV growing in particular in Vietnam
still have shortages. The fundamental knowledge for growing
vegetables is still based on traditional processes and there is a great
need to improve reliable scientific information to promote the
application of modern and sustainable vegetable growing technologies
(Dat and Truong, 2020; Truong et al., 2022).

This growing need is based on the fact that high-tech vegetables
have economic, health, ecological and cultural value (Le and Truong,
2019). Firstly, high-tech vegetable growing with superior attributes
over traditional vegetable growing can contribute to poverty
reduction, malnutrition and ensuring food security. In the context of
people in Vietnamese urban areas increasingly favoring foods of
origin and safety, high-tech vegetables will help customers better
identify production processes, safety features and domestically brands
(Dat and Truong, 2020). High-tech vegetables also contribute to
eliminating nutritional deficiencies in the meals of children and
women. They also have higher market prices with an inexpensive
investment process if knowledge and support are available, thereby
helping farmers improve their livelihood income and long-term
economic incentives for community (Truong et al., 2022). Secondly,
switching to high-tech vegetable growing will also help improve social
aspects of agricultural production, which is the participation of
women and the poor in management processes and application of new
technology, hence contributing to increasing knowledge for the
community. In addition, the dissemination of new techniques and
supporting information will also make the network of local civic
organizations grow stronger, which increases social inclusion in
agricultural and community development (Le and Nguyen, 2019).
Thirdly, high-tech vegetables are often better adapted to harsh climatic
conditions and are short duration crops. With usually shorter growing
cycles than staple crops, high-tech vegetables can be less affected by
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environmental threats such as temperature fluctuations and drought.
Basically, they require less space than traditional crops and can
maximize natural resources when water and nutrients are scarce. This
makes them suitable for Vietnam as the area continues to experience
shorter and unreliable rainfall patterns under rapidly changing and
unpredictable climatic conditions (Le and Truong, 2019; Dat and
Truong, 2020; Truong et al., 2022).

In the literature, up to now, the majority of studies on technology
application in agricultural production focus on a certain group of
solutions or an acceptance model in the form of ‘Yes’ or ‘No’ with
influencing factors are separate from each other. There are studies that
focus on psychological factors such as studies by Moser and Barrett
(2016), Lam et al. (2018), and Mulema et al. (2022). Besides, there are
studies focusing on physical factors and socio-economic characteristics
of farming households. Some other studies give priority to factors
belonging to support policies and the external social environment
(Kassie et al., 2015; Katengeza et al., 2018; Aung et al,, 2021). There
have not been many studies that combine these groups of factors to
have a more complete picture of the drivers of technology adoption in
agricultural production by farmers in developing countries (Lam
etal,, 2018; Dat and Truong, 2020; Bassyouni et al., 2022).

This article fills in the above gap with the purpose of analyzing
factors affecting technology acceptance in vegetable production by
smallholder farmers in a country with an emerging economy,
Vietnam. While most recent literature only analyzed the impact of
factors separately (e.g., experience, education, training or access to
credit), this study analyzed them simultaneously, in particular, the
interaction between psychological factors, farmer characteristics and
environmental factors in driving the application of technology in
vegetable production. Therefore, this is one of the first studies to mix
groups of factors to find the interaction between them and their
influence on the technology acceptance behavior of farmers.
We believe that such an approach is essential to design policies and
solutions to promote technology applications in agricultural
production in general and vegetable production in particular in
developing countries.

Our article is organized as follows: section 2 introduces the
analysis framework and model development; section 3 describes data
collection and analysis process; section 4 presents the study results and
discussions; section 5 includes conclusions and management
implications.

2 Analytical framework and model
development

According to Mukasa (2018), it is possible to plan solutions to
promote agricultural application of high technology among farmers if
the factors determining their behavior to apply high technology in
production are identified. So far, researchers have used a number of
adoption models to explain intentions actual behaviors, in which
Theory of Planned Behavior (TPB) is one of the most commonly used
theories. The TPB model assumes that a behavior can be predicted or
explained by intentions to perform that behavior. Ajzen (1991)
believed that intention is a function of three influencing factors
including, attitudes toward behavior; subjective norms and perceived
behavioral control. Dima (2013) implied that TPB theory is suitable
for empirical research in identifying important factors from which
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policies and solutions can be proposed - it is one of the best models to
implement policies and solutions after research. TPB has been applied
in many empirical studies on technology acceptance behavior of
individuals, households and businesses and is suitable for the context
of many countries around the world (Gadenne et al., 2011; Dima,
2013; Elmustapha et al., 2018).

In addition, the decision to adopt new technology is often based
on comparing the volatile benefits of new initiatives with the costs of
adoption (Kristjanson et al, 2015; Ankuyi and Tham, 2022).
Lambrecht et al. (2014) added social network factors to the factors
affecting the application of technology. Although there are many ways
to categorize factors to determine the application of technology, the
classification depends on the current technology being studied, the
location, and the researcher’s interest in choosing the suitable study
(Larsen, 2018). In this study, we combine factors from the TPB and
other personal, social and economic factors of households identified
in previous studies to analyze determinants of high-tech vegetable
production in Hanoi. The proposed analytical framework is shown in
Figure 1.

2.1 Data collection and analysis

Attitude on high tech production: TPB proves that individual
attitude is a crucial factor that directly affects intentional behavior, and
this hypothesis has been verified through various research papers in
technological application behaviors (Ajzen, 1991; Khonje et al., 2015).
Basically, an individual positive or negative attitude toward a behavior

10.3389/fsufs.2024.1345598

is related to his evaluation of the outcome of that behavior
(Baumgartetz et al., 2012; Kristjanson et al., 2015). Elmustapha et al.
(2018) found that farmer’ attitudes toward high tech production
relating to their evaluation about the form, price, process and benefits
of the application. In addition, Dima (2013) indicated that attitudes
not only include subjective perceptions and personal feelings about
the advantages or disadvantages of a solution but also involve the
compatibility between the values that the solution may bring with that
individual’s expectations. When people have a positive attitude toward
technology, their likelihood of accepting the use of technology may
also increase (Gadenne et al., 2011; Kassie et al., 2015; Negatu and
Parikh, 2019).

Hypothesis H1: Attitude on high tech production has positive
impact on the adoption of HTV production.

Perceived benefits: Perceived benefits are related to the willingness
to adopt something new compared to traditional practice (Kristjanson
etal, 2015; Elmustapha et al., 2018). User behavior is shaped by the
perception of higher benefits achieving through the use of a specific
solution (Gadenne et al., 2011). Mottaleb et al. (2016) argued in their
theoretical framework that perceived benefits can be defined as the
extent to which users believe that using products/services will yield
significant effectiveness for them. In the case of applying technology
to agricultural production, Mukasa (2018) believed that the
characteristics of the technology play an essential role in determining
its application. When farmers consider technology adoption, they
decide whether the technology has positive, efficient, and profitable

Attitude

Perceived benefits
Subjective norms

Perceived
behavior control

Access to credit

HTV adoption

Access to
information

Farming household Farm size

Household
characteristics size

Membership
of extension
organization

Education

FIGURE 1

Analytical framework for HTV adoption. Source: Authors proposed from literature (2023).
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(Muthumanickam et al., 2022). Additionally, farmers expect high farm
income to increase their capital, enabling them to increase such as
improved cultivars, seeds, and fertilizer quality. The relationship
between perceived benefits and technology adoption plays a vital role
in household decisions about technology adoption in agriculture
production (Negatu and Parikh, 2019).

Hypothesis H2: Perceived benefit has positive impact on the
adoption of HT'V production.

Subjective norm: Ajzen (1991) defined subjective norms, also
known as social influence, as the perceptions of influencers who think
that an individual should or should not perform a behavior. Subjective
norms can be described as an individual’s perception of social pressures
to perform or not perform a behavior (Dima, 2013). According to TPB,
subjective norms can be formed through sensing normative beliefs
from people or social factors that influence consumers (such as family,
friends, colleagues, media...). The degree of impact of subjective
normative belief factors on consumers’ buying tendency depends on:
(1) the level of support/opposition for the consumer’s purchase and (2)
the consumer’s motivation (Gadenne et al., 2011; Liu et al., 2018). In
case of farming, farmers may follow the wishes of influencers. The
degree of influence of related people on application behavioral trends
and the motivation to follow related people are two basic factors to
evaluate subjective norms. The stronger the level of intimacy of the
people involved with the individual, the greater the influence on their
high tech application. Researches by Meijer et al. (2015) and Moser
and Barrett (2016) found that social factors such as influence from
family and society are important sources affecting people’s interest in
applying new technology. Some other studies built and tested a model
based on TPB with the effects of social agents (family, society,
government, media, and communication) in addition to attitudes also
show significant relation with actual behaviors (Matuschke and Qaim,
2001; Njuki et al., 2018; Negatu and Parikh, 2019).

Hypothesis H3: Subjective norm has positive impact on the
adoption of HTV production.

Perceived behavioral control: Each individuals perceived behavioral
control is related to their self-assessment of the difficulty or ease of
performing a behavior (Pardey et al., 2016a,b; Elmustapha et al., 2018).
According to Ajzen (1991), this perceived control factor comes from
the confidence of the individual who intends to perform the behavior
and the easy and favorable conditions for performing the behavior. The
more resources and opportunities they have, the less resistance they
think there will be, and the greater the perceived control over behavior
will be. Ntshangase et al. (2018) believed that perceived behavioral
control is measured through the person intending to perform the
behavior’s awareness of having sufficient information and other
necessary conditions for his or her decision.

Hypothesis H4: Perceived behavioral control has positive impact
on the adoption of HTV production.

Farm size: The size of the farm has a positive or negative influence
on the decision to apply technology in farming in many empirical
studies (Lowder et al., 2016; Ojiako et al., 2017; Noack and Larsen,
2019). A study in Malawi demonstrated a positive relationship
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between farm size and farmers’ decision to apply technology (Orr
et al, 2015). Prager and Posthumus (2020) also found a similar
relationship in Europe in the case of coffee farmers. However, some
studies show a negative relationship between farm size and the
application of new technologies in agriculture (Noack and Larsen,
2019). Small-scale farms are often encouraged to adopt technology,
especially in cases where innovation requires limited inputs such as
labor or land. In addition, Ojiako et al. (2017) in Nigeria indicated that
farmers with small land had higher motivation to apply land-saving
technology to increase productivity.

Hypothesis H5: Farm size has positive impact on the adoption of
HTV production.

Household size: There is a relationship between household size and
technology application in agricultural production (Sharma, 2015;
Shiferaw et al., 2015). Research by Sitko et al. (2014) discovered that
there is a positive relationship between these two variables in Zambia.
Households with many members will have an easier time meeting the
number of workers, leading to reduced pressure on labor costs in the
early stages of technology application. Therefore, they tend to apply
higher technology than families with fewer members. However,
Sodjinou et al. (2016) found a negative relationship exists between
household size and the adoption of new technology in rice farming in
Benin. The author explains that when households have more
members, they need more spending for other household purposes and
less funds to adopt new technology, so they tend to reduce interest. in
long-term investments for technology adoption. There are also some
studies that do not find a significant relationship between household
size and technology adoption in agriculture (Rapsomanikis, 2015;
Teshome et al., 2016).

Hypothesis H6: Household size has positive impact on the
adoption of HT'V production.

Education: Education level is positively related to technology
application in agriculture in many previous studies (Teklewold et al.,
2013; Ogada et al., 2014; Shiferaw et al., 2018). The higher the level of
education of farmers, the easier it will be for them to access and use
information related to the application of new technology. Studies on
applying new technologies in aquaculture and organic fertilizers have
concluded that educational attainment significantly affects households’
technology adoption (Ndiritu et al., 2014; Aung et al., 2021). Highly
educated farm owners often accumulate more knowledge and
experience over time, providing a better evaluation of the potential of
applying technology.

Hypothesis H7: Education level has positive impact on the
adoption of HT'V production.

Membership of agricultural extension organizations: Agricultural
extension activities have an important impact on farmers’ technology
adoption behavior (Mulema et al., 2022). In developing countries,
local agricultural extension associations are the main focal points for
disseminating information about new technologies in agricultural
production and the benefits of these technologies. When farmers join
agricultural extension associations, they have a higher chance of

receiving technology information and technical assistance.
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Agricultural extension organizations also connect farmers with
technology distributors for direct consultation and installation,
thereby increasing the ability of farmers to apply technology in
production. Many previous studies have demonstrated this positive
relationship in developing countries (Marenya and Barrett, 2011;
Grabowski et al., 2016; Lam et al., 2018).

Hypothesis H8: Membership of agricultural extension organizations
has positive impact on the adoption of HT'V production.

Access to credit: Access to credit influenced a farmer’s decision to
adopt improved technology positively in many experimental studies
(Fischer, 2016; Floro et al., 2018; Dissanayake et al., 2022). Farmers
having access to credit are more likely to adopt new technology
normally, partly because new technologies will come with investments
and increased costs such as labor and fuel. Receiving financial support
will help farmers reduce the burden of initial investment as well as in
the process of operating technology. This leads to a higher likelihood
of adopting their technology. Ogundari and Bolarinwa (2018) showed
that credit access had a positive relationship with technology adoption
by farmers but to different degrees and this is the most important
factor determining technology adoption by farmers. New technology
is often associated with an initial investment and will bring long-term
profits to farmers. This economic problem will determine the
acceptance of technology by farmers. And better access to credit will
help make economic aspects more feasible (Baumgartetz et al., 2012;
Simtowe et al., 2019).

Hypothesis H9: Access to credit has positive impact on the
adoption of HT'V production.

Access to information about new technology: Farmers will carefully
study existing technology and the effectiveness of new technologies
before deciding whether to adopt them (Kabunga et al., 2012; Burton,
2014; Dissanayake et al., 2022). They do not simply apply but also
proceed from the initial step of awareness, then learn about the
technology before finally deciding its application in their agricultural
production (Di Falco et al., 2018). There is a positive relationship
between access to information and technology adoption by farmers in
studies by Di Falco and Bulte (2013) and Brown et al. (2019). Access
to information can be done in traditional ways such as meeting
farmers directly to disseminate techniques at agricultural fairs,
agricultural extension associations, farmer associations or projects to
strengthen the capacity of farmers. However, accessing information
can also be done indirectly through television, promotional programs
and especially social networks in today’s modern society.

Hypothesis H10: Access to information about new technology has
positive impact on the adoption of HTV production.

3 Data collection and analysis

The model in this study was estimated using data obtained
from primary and secondary data of vegetable producers in
Hanoi. First, we mapped the main vegetable production districts
of Hanoi and then collected secondary data on vegetable farmers
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through the District Statistics Office

Departments. Information collected includes the number of

and Agriculture

vegetable growing households, list of households, vegetable
growing models, vegetable growing area and the current status of
local vegetable production activities. To collect primary data, the
study used the following formula to estimate the sample size (Hair
etal., 2013):

N
n=
1+ N # &2

In which n is the sample size, N is the total number of producers
in population, e is accepted errors.

With a total number of households growing vegetables of 10,723
and 5% errors, the calculated sample to ensure reliability was 435. In
fact, a stratified random sample of 450 producers was surveyed. The
survey is conducted by the authors focusing on districts of producing
vegetables such as Dan Phuong, Dong Anh, Ung Hoa, Phuc Tho and
Thanh Tri districts. The total surveyed area was more than 5,000
hectares. The area of vegetables applying high technology was nearly
1,260 hectares, reaching nearly 26% of total high technology vegetable
area in Hanoi. To select households for interview and research, first
research the distribution of 90 households in each of the above
districts, and then randomly draw 3 wards with vegetable production
in each district. In each ward, we randomly selected 30 households
according to the list provided by the local government. The research
team approached households in the evening when the head of the
household was usually present. At each household, we introduced the
objectives of the study and asked for households’ consent to
participate. If they agreed, they would check the “agree” box and sign
the survey form. Absent households were replaced by a list of 10
backup households also randomly drawn from the list of households.
The official investigation was conducted in July and August
2023 in Hanoi.

Based on the empirical model proposed in Section 2, the binary
logit model was used to analyze the factors affecting the adoption of
high technology in vegetable production in Hanoi. The dependent
variable Y had two values, 0 and 1, in which 0 represented the no
application of high technology application, and 1 represented the
adoption of high technology in vegetable production. The probability
function was expressed as:

! i-1

P‘ n
B ZIOgel:]_lP:ﬂO +Zﬁan:|

P probability of high technology adoption of farming households.
X: impact factors.

Bi: coefficient of marginal impact.

Experimentally, the regression equation was expressed as follows:

PrADOPT; =a + By * ATT + B * PB+ 33 * SN + P4 * PBC +
BsFSIZE + B HHSIZE + 37 * EDU + fg * MEO +
BsACRE + B ACIF +¢;

The description and measurement of variables is present in
Table 1.
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TABLE 1 Description of variables in the research model.

10.3389/fsufs.2024.1345598

Variables symbol  Meaning Scale Literature sources
ADOPT The decision to apply high technology of | 1:adoption of HTV in production Matuschke and Qaim (2001), Gadenne et al. (2011),
PrADOP
farmers in vegetable production 0: No adoption Kassie et al. (2015), Negatu and Parikh (2019)
Kristjanson et al. (2015), Baumgartetz et al. (2012),
ATT Attitude on HTV production 1to 5 points
Elmustapha et al. (2018)
Gadenne et al. (2011), Kassie et al. (2015), Mottaleb et al.
PB Perceived benefits of HTV production 1to 5 points
(2016), Negatu and Parikh (2019)
Matuschke and Qaim (2001), Dima (2013), Meijer et al.
SN Subjective norm 1 to 5 points
(2015), Moser and Barrett (2016)
Pardey et al. (2016a,b), Elmustapha et al. (2018),
PBC Perceived behavior control 1 to 5 points
Negatu and Parikh (2019)
Lowder et al. (2016), Ojiako et al. (2017), Noack and
FSIZE Farm size Square meter
Larsen (2019)
Sharma (2015), Shiferaw et al. (2015), Shiferaw et al.
HHSIZE Household size person
(2015)
EDU Years of schooling Teklewold et al. (2013), Ogada et al. (2014), Shiferaw
etal. (2018)
MEO Membership of extension organizations 1: membership Marenya and Barrett (2011), Grabowski et al. (2016),
0" no membership Lam et al. (2018), Mulema et al. (2022)
ACRE Access to credit 1: access to credit source in Floro et al. (2018). Fischer (2016), Dissanayake et al.
agricultural production (2022), Simtowe et al. (2019), Baumgartetz et al. (2012)
0: no access to credit source
ACIF Access to HTV information 1: have accessed to HTV information Kabunga et al. (2012), Burton (2014), Dissanayake et al.
0: no access to HTV information (2022), Brown et al. (2019)

Source: Research design (2023).

4 Results and discussions

4.1 High technology vegetable production
in study area

Since 2009, Hanoi’s high-tech agricultural application program
has been promoted. After more than 14 years of implementation, it
has had a positive impact on the growth of Hanoi’s agricultural
industry, reaching an average growth rate of 8.5%/year (Department
of Agricultural and Rural Development, 2022). High-tech
agricultural production achieved an average income more than 2
times higher than the average production value of the entire city,
typically: high-quality vegetables reach about 450-500 million
VND/ha/year, many models reach 2 billion VND/hectare/year.
Currently, the area of high-tech vegetables alone reached 13,655
hectares, accounting for nearly 22.1% of the total cultivated vegetable
area. To achieve the above achievements, Hanoi has invested in
research, built models, and applied new technical solutions and
technologies. Common technologies applied included biotechnology
in breeding (in vitro plant tissue culture, vegetable grafting
technology), net house technology, drip irrigation technology with
supply
technologies, heat drying technology, film forming technology using

pressurization and fertilizer system, post-harvest
automatic or semi-automatic machines in harvesting products. In
addition, application of water-saving irrigation technology is also a

relatively common model of use in vegetable growing areas with

Frontiers in Sustainable Food Systems

irrigation forms such as drip, local sprinkler and local underground
irrigation. The advantage of this system is that it saves 30-60% of
water compared to traditional methods, reduces labor, improves
crop productivity and quality, and can especially provide fertilizer
through a small irrigation system.

4.2 Socio-economic characteristics of the
survey sample

Survey results in Table 2 showed that within 450 producers out
of a total of 436 respondents, 53.9% were male, and 46.1% were
female; the ratio of men and women participating in the interview
was quite balanced. The average age of respondents was 42.1, of
which the age group from 41 to 50 accounts for the highest
proportion (51.2%), this is also the common age group of household
heads and the main labor force of farming households in Hanoi. On
average, each household participating in the interview had 4.4
people. Over 59% of respondents had graduated from secondary
school and the average number of years of schooling was 9.8 years.
In the research sample, 34.1% of households applied technology in
vegetable production and 65.9% applied traditional methods. The
average vegetable growing area per household ranged from 2 to 20
sao (1 sa0=1,000m2). Up to 62.5% of households had average
income, high income households accounted for only 5.7% and low
income households accounted for 17.6%.
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TABLE 2 Socio-economic characteristics of the sample.

10.3389/fsufs.2024.1345598

Indicator Number % Average
Gender
Male 243 53.9
Female 207 46.1
Age
20-30 33 7.5
31-45 155 34.4
42.1years
46-50 231 51.3
Over 60 31 6.8
Average people in household 4.4 persons
Education
Primary 23 5.1
Secondary 202 449
9.8 years
High school 168 37.3
University 57 12.7
Types of vegetable productions
Traditional production 154 34.1
HTYV production 296 65.9
Agricultural land area (sdo=1,000 m2)
<5 163 36.2
5-10 148 32.9
7.3 sao
11-15 82 18.2
>15 57 12.7
Household income/month
Low 79 17.6
Average 281 62.5
35.7 million VND
Fairly high 64 14.2
High 26 5.7

Source: Research results (2023).

4.3 Factors affecting the decision to apply
high technology in vegetable production in
Hanoi

Table 3 showed the results of analyzing the relationship between
independent variables and the probability adoption of vegetable
production in study area. We used binary logit regression with
maximum likelihood estimation. Firstly, the results of model
goodness of fit had significance value of 0.000<0.05. Thus, the
regression model was consistent. The —2 Log likelihood (—2LL)
measured how well the model fitted the data. In this case, the -2LL
for the empty model (no independent variables) was 134.32. This
significant reduction in -2LL indicated that the independent
variables included in the model improved their fit compared to the
empty model. Furthermore, the Cox & Snell R? and Nagelkerke R?
values were greater than 0.5, suggesting that the regression model
had a good fit and explained a substantial portion of the variability
of the dependent variable.

Logit regression results indicated that there were 8 factors having
a significant influence on the application of technology in vegetable
production in Hanoi including ATT, PBC, FSIZE, EDU, MEO, ACRE
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and ACIE in which ACIF had the strongest impact on farmers’
decisions to apply technology (Table 3).
The logit regression equation is written as follows:

PrADOPT; =1.324+0.132% ATT + 0.056 * PBC + 0.082 *
FSIZE +0.077 * EDU +0.104 * MEO + 0.076 *
ACRE +0.115* ACIF +¢;

From the results, farmer households’ attitude toward technology
was the factor that had the strongest influence on their decision to
apply high technology in vegetable production. This result is consistent
with the TPB model, which says that the attitude factor is crucial in
individual intention-making. This result was also discovered in
previous studies on technological application behavior of farmers
(Gadenne et al., 2011; Kassie et al., 2015; Negatu and Parikh, 2019).
The results show that when attitude increases by 1 point, technology
acceptance increases by 13.2%. According to Kristjanson et al. (2015),
attitude was farmers’ perception of the application of technology. The
more they understand the superiority of technology, the attitude will
improve. Study by Elmustapha et al. (2018) in Malawi also found that
demonstration field visits help improve farmers’ attitudes toward
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TABLE 3 Logit regression results.

10.3389/fsufs.2024.1345598

B S.E. Wald Sig. Exp(B)
Constant 1.324 0.463 2.189 00377 2.682
ATT 0.132 0.043 0.306 0.003 %5 1.256
PB 0.012 0.034 1.457 0.244 0.996
SN 0.091 1.042 2.147 0.078 1.025
PBC 0.056 0357 2173 0.043%% 1.326
FSIZE 0.082 0.462 1.285 0.019%* 2.043
HHSIZE 0241 0.576 0.201 0.134 1.532
EDU 0.077 0.071 1.483 0.0227% 0.642
MEO 0.104 0.873 1.212 0.037%* 1.867
ACRE 0.076 0.945 2391 0.0327* 1.202
ACIF 0.115 0.303 0.176 0.026%* 0.473

### and **correspond for the significant level of 1 and 5%. Source: Research results (2023).

technology adoption. Dima (2013) found similar results in their study
on the determinants of technology adoption by vegetable farmers in
Malaysia. Technology demonstrations give farmers the opportunity to
evaluate new technology before deciding whether to adopt it.
Additionally, field demonstrations promote positive adaptive behavior
among farmers as they have the opportunity to interact closely with
technology enablers, thereby dispelling any doubts they may have
about a particular technology. This result was also consistent with
researches by Kristjanson et al. (2015) and Baumgartetz et al. (2012).

Access to information is the second most influential factor in
farmers’ decisions to apply technology in production. Applying new
technology is a complex process and the more information farmers
have, the more confident they are in their decision-making process. In
previous studies by Kabunga et al. (2012), Burton (2014), access to
information was also proven to be one of the most important factors
in the decision-making process to apply technology for farming
households. There are many channels that can provide information
about technology applications in production to people. Dissanayake
etal. (2022) showed that traditional forms of providing information
such as agricultural associations, training and disseminating
agricultural knowledge directly have a stronger impact than indirect
channels such as community media. However, Brown et al. (2019) in
the study in Asia pointed out those social networks were the most
important channel for disseminating knowledge and information for
farmers. Whether provided directly or indirectly, access to information
is always an important factor in promoting technology adoption
behaviors whether in developed or developing countries (Di Falco and
Bulte, 2013; Lam et al., 2018).

Participation in local agricultural extension organizations was the
third most influential factor in the application of technology in
vegetable growing by farmers. The positive sign of the coefficient was
as expected that when farmers join agricultural extension
organizations, the level of technology adoption would increase. This
result is consistent with other findings from studies by Marenya and
Barrett (2011), Grabowski et al. (2016), and Lam et al. (2018).
Extension agencies were expected to increase awareness among
farmers about techniques in agriculture production. Furthermore,
adequate accompaniment of farmers by extension officers and other
technical experts is crucial for technology adoption because their
presence increases farmers’ confidence in the applied technologies.
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Farm size was proposed to have a positive influence on farmers’
technology adoption decisions. As expected, this variable was
statistically significant at the 5% significance level. This means that the
larger farm, the more likely farmers were to adopt new technology.
Although the vegetable growing area in the study area was fairly small,
it was common for farmers to have multiple vegetable growing areas
in different locations for different crops. This might spread production
risks. Other studies also supported this hypothesis such as Lowder
et al. (2016), Ojiako et al. (2017) and Noack and Larsen (2019).
However, Noack and Larsen (2019) found a negative significant
relationship between farm size and farmers’ technology adoption.

Access to credit had also a positive effect on farmers’ decision to apply
advanced technology in our analysis. This result was consistent with initial
expectation that access to credit had a direct impact on technology
adoption. Farmers with access to credit were more likely to adopt new
technologies (Fischer, 2016; Floro et al., 2018; Dissanayake et al., 2022).
This makes sense because some technologies involve additional
production costs, higher demands on labor and resources. Therefore,
farmers’ ability to cover these additional costs by taking out loans was an
important factor in their decision to adopt the production technology.

The educational attainment of farmers was also recognized as a
positive influence on the decision to embrace new technologies. A
higher level of education equips farmers with the capability to access
and utilize information on the adoption of new technology effectively.
This phenomenon can be attributed to the fact that a robust educational
background tends to foster broader and more analytical thinking,
enabling individuals to assess the advantages presented by innovative
technology more comprehensively. The observed relationship between
education level and the decision to apply advanced vegetable technology
further substantiates this notion. Specifically, it becomes evident that
farmers with higher levels of education are inclined to adopt a more
expansive and accurate perspective, which enables them to make
informed decisions regarding technology adoption. This aligns
coherently with a similar study on factors influencing agricultural
technology adoption in Asia and Africa such as Ndiritu et al. (2014),
Ogada et al. (2014), and Aung et al. (2021).

Finally, perceived behavioral control was the factor with the
weakest significant influence on the adoption of technology by
farmers. For every 1 point increased in this variable, the likelihood of
people accepting the technology increased by 5.6%. Perceived
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behavioral control is an individual’s perception of how easy or difficult
it is to perform a behavior; it represents the degree of control over
performing the behavior, not the outcome of the behavior (Ajzen,
1991). This outcome aligned harmoniously with a study on the impact
of farmers’ use of information technology by Pardey et al. (2016a,b),
Elmustapha et al. (2018), and Negatu and Parikh (2019). It implied a
universal trend where farmers are more likely to recognize the
advantages of applying technology; they tend to accept higher
technology in agricultural production.

5 Conclusion and implications

This study addressed the gap in the lack of scientific information
about factors affecting farmers’ decisions to apply high technology in
vegetable production in Hanoi. The study also mixed the psychological
factors of the TPB model with the characteristics of the farming
household and the supporting factors of the external environment in
the model. Since then, logit analysis has found 7 main factors that
affect the acceptance of technology in agricultural production by
farming households. Understanding the factors affecting technology
adoption will play an essential role in promoting the development of
high-tech agriculture in Hanoi and Vietnam. From the results and
discussions, the following management implications are proposed:

Firstly, it is necessary to improve the attitude of farming
households toward applying technology in production. This is the
most decisive factor in this study on farmer behavior. To change
attitudes, it is important to raise farmers’ awareness about technology
adoption. This can be done through a number of specific solutions
including (i) taking farmers to visit demonstration sites on applying
technology in vegetable growing so that they can see the benefits of
applying technology, (ii) disseminate benefits and technological
solutions through media and social networks to farmers, (iii) promote
the integration of high-tech agricultural production in agricultural
extension activities in the community.

Secondly, regulatory agencies also need to strengthen access to
technology information and extension services, to increase their
awareness and technology application capacity. Information on
agricultural technology and related extension services is vital in
promoting awareness and application of high technology in
agricultural production. Farmers might evaluate existing and new
technologies, and then make consideration for application. They do
not have to apply immediately, but can learn information carefully
before making a final decision. In addition, through extension service,
farmers can access information about effective technologies and the
benefits of using new technologies through distribution agents. These
agents help connect technology suppliers with users, reducing the cost
of transmitting information about new technology to many farmers,
thereby reducing the gap between them and the technology. Moreover,
through the information dissemination network, farmers will
be updated with knowledge and skills about specific technological
solutions, suitable to the production situation of farming households.
Farmers can also share information and learn from each other in
specific agricultural innovation situations while engaging in practical
production models. From there, they might evaluate the effectiveness
of applying new technology in production and, from there, make
progress together. Localities need to focus on propaganda to raise
public awareness of the importance of technological development in
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agriculture. At the same time, it is necessary to build a mentality for
people who are always ready to mobilize and be creative to find new
technological solutions to overcome the difficulties of agriculture with
a limited starting point.

Thirdly, strengthen farmers’ capacity in technology in production
through training. Training human resources with the proper knowledge,
skills, qualities, and attitude is crucial in applying high-tech agriculture.
This human resource is the decision factor for the modernization of
agriculture, closely linked with new rural construction and creating
breakthroughs in agricultural production. This also contributes to
promoting rural economic development in the context of international
economic integration. To successfully apply new technology to
production, it is necessary to increase farmers awareness about
technology applications and choose methods suitable to family
economic conditions and situations. In the future, the suburbs of Hanoi
need to strengthen the policy of training human resources through
various forms. This includes attracting quality human resources and
raising awareness among households, businesses, cooperatives, and
cooperative groups about changing and applying new technologies in
production. The promotion of human resources related to high-
technology should agriculture also focus on improving the qualifications
of technical and administrative staff. Vocational training methods need
to be renewed, focusing on improving practical capacity, core skills,
techniques, and soft skills to adapt and promote in the modern
technology in agricultural production.

Last but not least, the state needs to continue to strengthen
financial solutions to support farmers to apply technology in
production. Options could include increasing farmers’ access to micro
credit, providing interest rate subsidies when applying production
technology, or supporting part of the initial investment capital when
establishing new technologies by farming households.
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