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West Nusa Tenggara (NTB) is the third-largest tobacco-producing
province in Indonesia. However, the dynamics of tobacco production tend
to decline, one of which is due to its productivity and land area, which also
tends to stagnate. Technology is one of the levers of productivity and the
efficiency and effectiveness of supply chain management. The objectives of
this research are to assess the level of technology adoption, analyze the
factors influencing farmers' decisions to adopt technology, and develop
policy recommendations based on the findings. This research uses mixed
methods, namely qualitative and quantitative. The qualitative approach
uses an in-depth interview approach and Focus Group Discussion (FGD)
with farmers and stakeholders of the tobacco industry. The quantitative
approach uses the Partial Least Square Structural Equation Modeling
(PLS-SEM) method. The results showed that farmers who used tractors,
ovens, tobacco pressing, power weeder, and combine harvester technology
were 42%, 71%, 46%, 21%, and 2%, respectively. The results of PLS-SEM
analysis showed that the variables of education and age had a positive and
significant effect on the adoption of tobacco farmer technology. In contrast,
the variables of length of farming and land area did not have a significant
effect. The variables of land area, length of farming experience, and
farmers' age do not significantly affect technology adoption. Based on the
results of this study, several strategies to increase technology adoption for
tobacco farmers are institutional strengthening to facilitate socialization
and counseling related to technology, the establishment of financing
schemes that are friendly to farmers, and the development of research and
innovation related to appropriate technology to economic, social, cultural,

and environmental aspects.
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INTRODUCTION

Agricultural technology is related to
increasing productivity and economic efficiency,
including minimizing agricultural risk and
uncertainty (Gallardo dan Sauer, 2018; Oyetunde-
Usman et al., 2021). Indonesia has a history of
adopting agricultural technology that began to be
promoted during the Industrial Revolution 4.0 in
the agricultural sector. Good agricultural
development will impact a stable economy
(Puspitasari 2019). The government wants to
strengthen the status of food security, one of which
is through technology. However, agricultural
technology  adoption  among  Indonesian
smallholders is still relatively low (Priest et al.
2015, Suprehatin 2021). The low adoption of
technology in agriculture is caused by various
things, including the readiness of human
resources, geographical, infrastructure,
institutional, socio-economic, and cultural factors
(Feyisa 2020, Kilmanun et al. 2022).

Tobacco is one of the agricultural industries
contributing to considerable state revenue, namely
10.11% in 2022 (Ministry of Industry 2022). West
Nusa Tenggara (NTB) is Indonesia's third largest
tobacco-producing provincefter East Java and
Central Java Provinces (Badan Pusat Statistik
2015). However, tobacco productivity tends to
stagnate in 2014-2018, besides being caused by
weather and climate factors (Nazam et al. 2022).
Tobacco also contributes to the most significant
inflation in NTB (Bank Indonesia 2022).

Agriculture, such as seeds, fertilizers, and
pesticides, which are scarce and tend to be
expensive, also have an effect (Hidayat et al.
2021). In addition, other crucial factors are the
lack of dissemination and the unaffordability of
technology. Adopting technology in agricultural
systems can promote rural economic growth and
reduce poverty rates (Muzari et al. 2012,
Habtemariam et al. 2017, Zegeye et al. 2022,
Akumbom et al. 2023). Technology adoption can
also overcome the problem of agricultural workers
whose costs are increasingly high and limited in
number (Abdullah and Samah 2013).

Indonesia lags far behind in adopting
agricultural technology (Kuntariningsih and
Mariyono 2013), but there are still opportunities to
catch up. Technology is an essential factor that
determines the sustainability of Indonesian
agribusiness, so the direction of agricultural
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development policy should include technology
adoption as one of the levers of competitiveness.

Tobacco agribusiness is no exception and
requires technology from upstream to downstream
agriculture. Adopting technology in tobacco
agribusiness is essential to increase productivity
and profits and ensure that the tobacco industry
can adapt to various challenges, such as climate
change and more sustainable products.

Two types of technology are used to
streamline the agribusiness system, namely on-
farming and postharvest. On-farming technology
is directly related to agricultural cultivation, such
as optimization of tillage, fertilization, irrigation,
pest and disease control. The technology used
varies from machine-based to Artificial
Intelligence (Al). In addition to on-farming
technology, tobacco farmers use postharvest
technology to improve the performance of
tobacco-added value, including oven dryers,
choppers, and pressing machines.

The level of technology adoption by tobacco
farmers, both on-farming and postharvest, needs
to be identified. In addition, it is also necessary to
analyze the determinants that influence farmers in
adopting technology. Some literature states that
several factors affect the level of technology
adoption in farmers, including farmer education,
household size, land size, access to credit, land
tenure, access to extension services, and
organization membership (Ruzzante et al. 2021).
Feyisa (2020) explained that technology adoption
is also influenced by distance from the market
because it is related to the storage of agricultural
products. Belay and Mengiste (2023) added that
gender, frequency of contract with extension
agents, access to climate information, and income
are core determinants of agricultural technology
adoption. Muzari et al. (2012) assert that
vulnerability, awareness, labor, and
innovativeness by smallholder farmers are factors
that influence technology adoption. Farm size
determines technology adoption (Mwangi and
Kariuki 2015).

In addition to identifying determinants that
influence technology adoption, this study also
identifies whether the length of farming affects the
land area. This condition is related to other
investments made by farmers in addition to
technology. After analyzing these determinants,
policy implications for accelerating technology
adoption in tobacco agribusiness will be

606



Nurjati et al.

formulated. The policy of accelerating technology
adoption is expected to increase the
competitiveness of tobacco agribusiness and the
welfare of farmers in particular.

METHOD
Research approach and data sources.

This paper uses quantitative and qualitative
data to identify the determinants of technology
adoption among tobacco smallholders in West
Nusa Tenggara. Quantitative data were collected
by surveying 100 smallholders. West Nusa
Tenggara was selected because it is one of
Indonesia's top three tobacco producers (BPS
2021). Data were collected through a survey using
questionnaires. To follow up on important and
interesting issues that had arisen during the
survey, the study went further by conducting in-
depth interviews with a few selected smallholders
and stakeholders, such as the local government
and the Tobacco Industry Association. The
sampling method is purposive sampling. This
research also uses literature reviews to obtain
information about tobacco agribusiness.

Procedure and data processing

Partial Least Square-Structual Equation
Modeling (PLS-SEM) is employed to analyze the
relationship between exogenous and endogenous
variables and test the model's characteristics. The
number of samples in this study was 100
respondents. The minimal number of samples is
five to ten multiplied by the number of core
questions in the questionnaire (Hair 2014). This
study's number of core questions was 9, 9x5=45
respondents, more than enough to meet the
required  recommendations.  This  study's
technology used as indicators are tractors, ovens,
tobacco-pressing machines, and power weeders.
The variables that determine the level of farmer
technology adoption are education, age, land area,
and length of farming. Education variables are one
of the crucial factors influencing technology
adoption (Pierpaoli et al. 2013, Shita et al. 2018,
Feyisa 2020, Ruzzante et al. 2021, Zegeye et al.
2022). Age is one of the socio-demographic
variables that is a core factor in adopting
technology (Kumar et al. 2018; Pierpaoli et al.
2013). Furthermore, land area is also one of the
main variables in consideration of technology
adoption (Kumar et al. 2018; Ruzzante et al. 2021;
Zegeye et al. 2018; Suprehatin 2021; Shita et al.
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2018; Feyiza 2020; Milkias and Abdulahi 2018).
Likewise, farming experience influences farmers
in adopting technology (Challa and Tilahun 2014,
Kumar et al. 2019). Table 1 shows the full extent
of questions asked, characteristics, and scales for
each construct used in the PLS-SEM analysis.

Figure 1 is a structural model of PLS-SEM in
this research. Based on the literature reviews
explained before, to achieve our research
objectives, we will test five hypotheses as follows

H1: Education has a positive and significant
effect on technology adoption
H2: Farmer age has a positive and significant
effect on technology adoption
H3: The land area has a positive and significant
effect on technology adoption
H4: Long time of farming has a positive and
significant effect on technology adoption
H5: The length of farming has a positive and
significant impact on land area

RESULTS AND DISCUSSION

This study measured how much tobacco
farmers in West Nusa Tenggara adopted
agricultural technology. The survey results
showed that farmers who used tractors, ovens,
tobacco pressing machines, power weeder, and
combine harvester technology were 42%, 71%,
46%, 21%, and 2%, respectively. Agricultural
technology adoption rates below 50% also occur
in various countries in the adoption of improved
varieties. Smale and Mason (2014) reported that
the adoption rate of hybrid maize in Zambia was
37.4% in 2002/2003 and 42.6% in 2006/2007.
Asfawi et al. (2019) also identified that only 32%
of farmers in Tanzania and Ethiopia adopted
chickpeas and pigeonpea. The same condition also
occurs in the Philippines, as Villano and Fleming
(2006) reported, where only 30% of farmers adopt
certified rice seeds. Furthermore, the adoption rate
of drought-tolerant maize was only 5% of maize
area in 2006 in Angola, 15% in Benin, 19% in
Ethiopia, 25% in Ghana, 72% in Kenya, 15% in
Mali, 22% in Malawi, 11% in Mozambique, 25%
in Nigeria, 18% in Tanzania, and 35% in Uganda
(Kostandini et al. 2013). Technology adoption
increases revenue and reducesroduction costs
(Michler et al. 2019). Furthermore, adopting
agricultural technology can also reduce poverty
rates (Kostandini et al. 2013).
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Table 1 Indicator variables
Constructs Indicators Symbol Characteristics Scale
Technology  Technology Use: Tractor Y11 Not using, using 1, 2,
adoption (soil processing machine) respectively
(Y1) Technology Usage: Oven Y12 Not using, using 1,2,
respectively
Technology Usage: Y13 Not using, using 1,2,
Tobacco pressing machine respectively
Use of technology: Power Y14 Not using, using 1,2,
weeder (weed or nuisance respectively
plant cleaner)
Education Education Level of X11 Not finished/graduated from 1
(X1) farmers elementary
school/equivalent
Junior High 2
School/equivalent
High school/equivalent 3
Diploma, Undergraduate, 4
and Postgraduate
Age (X2) Age of the farmer X21 <30 years 1
31-40 years 2
41-50 years 3
> 51 years 4
Land (Y2) Farmer’s land area <5000 1
Y21 5001-10000 2
10001-15000 3
15001-20000 4
20001-100000 5
Farming Long-time farmers do X31 0-5 1
experiences  farming 6-10 2
(X3) 11-15 3
16 - 20 4
>21 5

The analysis results show that ovens are the
most widely adopted postharvest technology by
tobacco farmers in NTB compared to other
technologies. Two methods of handling tobacco
postharvest are bachelor and oven tobacco. Most
tobacco farmers prefer to invest in oven
machinery and technology because the selling
price of oven tobacco tends to be higher than
display tobacco. Tobacco pressing machines are
the second most widely adopted postharvest
technology by farmers. Farmers use pressing
machines to supply cigarette companies in large
quantities so as not to need large volumes.

Furthermore, the third most common
technology adopted by farmers is a tractor, which
is an on-farming technology used to cultivate
agricultural land. The next technology that
farmers have adopted the least is the power weeder

and combine harvester, an on-farming technology.
Technology and machinery, both on-farming and
postharvest, aim to increase agricultural
productivity and farm efficiency.

Furthermore, to identify the relationship
between variables and determinants that affect the
rate of technology adoption, it will be analyzed
using the PLS-SEM model. However, previously
descriptive statistical indicators will be presented
in each construction. Table 2 describes each
indicator's mean, median, minimum value,
maximum value, standard deviation, excess
currency, and skewness. From these results, it can
be seen that the value of each indicator spreads
from the smallest value to the largest.

Before testing the path coefficient
relationship, it is necessary to analyze the
concurrent and determinant validity tests. The

608



Nurjati et al.

loading factor value on each indicator is more than
0.7, so it can be stated that all the indicators tested
are valid. Furthermore, the overview of algorithm
test results, namely Cronbach alpha, rho_A,
composite reliability, and average variance
extracted (AVE) have exceeded the rule of
thumbs, namely Cronbach alpha > 0.6, rho A >
0.7, composite reliability > 0.6, AVE more than
0.5 (Abdullah and Hartono 2014).

Furthermore, determinant validity testing
was carried out based on the AVE square root
value between constructs and the cross-loading

Farming experiences
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value of each indicator. Based on the results of the
determinant validity test, it can be stated that the
model formed is valid because the value has met
the rule of thumbs, namely, the value of the AVE
square root between constructs is more than the
correlation of latent variables (discriminant
validity) and the cross-loading value is more than
0.7 in one variable (Table 4 and Table 5).
Furthermore, the results of the R-square test show
that the R-square and R-square adjusted values of
the technology adoption construct are 0.124 and
0.088, respectively, while for the land area
construct are 0.061 and 0.051, respectively.

X1

Education (1)

Y11

Y12

Technology adoption Yis

(X3)

Y21

(Y1)

X21

Figure 1 PLS-SEM structural model

Table 1 Descriptive statistics

Standard  Excess

Construct Indicator Mean Median  Min Max . . Skewness
Deviation Kurtosis
Technology Y11 1.420 1.000 1.000 2.000 0.494 -1.931 0.329
adoption (Y1) Y12 1.710 2.000 1.000 2.000 0.454 -1.140 -0.940
Y13 1.460 1.000 1.000 2.000 0.498 -2.014 0.163
Y14 1.210 1.000 1.000 2.000 0.407 0.092 1.446
Education(X1) X11 2.570 3.000 1.000 4.000 1.079 -1.266 -0.087
Age (X2) X21 2.530 2.000 1.000 4.000 0.888 -0.756 0.299
Farming X31 3.030 3.000 1.000 5.000 1.323 -1.135 0.023
experiences
(X3)
Land (Y2) Y21 2.860 2.000 1.000 5.000 1.364 -1.198 0.354
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Table 2 Convergent validity test
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Factor Cronbach’s .
. AVE Rho-A Composite
Construct ltem I(t;%d;r;g >05)  (>0,7) (Al%hg) reliability (>0,6)
Technology Y11 0.856 0,799 0,815 0,755 0,888
adoption Y14 0.930
Education X1 1.000 1.000 1.000 1.000 1.000
age X2 1.000 1.000 1.000 1.000 1.000
Farming X3 1.000 1.000 1.000 1.000 1.000
experiences
Land Y2 1.000 1.000 1.000 1.000 1.000
Table 3 Root value of AVE square between constructs
construct Technology adoption Farming experiences Land education  age
Technology adoption 0,894
Farming experiences 0,034 1,000
Land 0,112 0,246 1,000
education 0,215 -0,446 -0,007 1,000
age 0,199 0,650 0,028 -0,221 1,000
Table 4 cross-loading value of each indicator
Construct Technology adoption  Farming experiences Land education  age
X1 0,215 -0,446 -0,007 1,000 -0,221
X2 0,199 0,650 0,028 -0,221 1,000
X3 0,034 1,000 0,246 -0,446 0,650
Y11 0,856 0,011 0,117 0,208 0,085
Y14 0,930 0,044 0,089 0,183 0,245
Y2 0,112 0,246 1,000 -0,007 0,028

Table 6 presents the results of the path
coefficient, which shows that three results match
the hypothesis, namely H1, H2, and H5, while the
other three test results do not match the
hypothesis. The level of education has a positive
and significant effect on technology adoption,
which indicates that the higher the level of
education, the greater the chance of farmers
adopting technology. Age has a positive and
significant effect on technology adoption. The
older the farmer, the more likely the farmer to
adopt technology. The long farming period has a
positive and significant effect on land area. The
more extended farmers farm, the more they tend
to have more agricultural land. Farmers prefer to
invest in agricultural land.

Furthermore, land area and length of farming
do not have a significant effect on technology
adoption. As farming experience progresses,
farmers tend to prefer investing in land areas
rather than technology. Likewise, the area of land,
the larger the land area, it does not necessarily

change the behavior of farmers in investing in
technology. Based on the test results, it can be
stated that two variables influence the adoption of
tobacco technology in NTB, namely education
and age.

The results showed that tobacco farmers in
NTB tend to use postharvest technology more than
on-farming technology. However, coverage also
tends to be low. It is not only experienced by
tobacco farmers in Indonesia, but technology
options also occur in various other countries.
Research conducted by Simtowe et al. (2008)
reported that technology adoption in groundnut
varieties in Malawi is relatively low. Mwangi and
Kariuki (2015) explained that the adoption of
technology by smallholder farmers in several
developing countries is also relatively low.
Various things cause the low level of technology
adoption in various countrie both institutional
readiness and the ability of farmers (Suprehatin
2021). In addition, socio-cultural factors are also
one of the factors that play a significant role in the
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technology transfer process in the agribusiness
value chain (Curry et al. 2021).

The results of path coefficient testing in PLS-
SEM show that two determinants positively and
significantly affect the technology adoption of
tobacco farmers in NTB: education and age. The
test results show that education and age are the
main  variables in adopting agricultural
technology. The higher the farmers' education
level, the more aware farmers are that using
technology can increase farm efficiency.
Education, including the agricultural sector, is an
important pillar in human resource development.
Ruzzante et al. (2021) explained that investment
in education is significant because it can improve
farmers’ ability to understand and make informed
decisions about new technologies.

The results of this study are consistent with
the findings of Maguza-Tembo et al. (2017),
Manyumwa et al. (2013), and Massresha et al.
(2021a) found that greater years of schooling is a
key  determinant influencing  agricultural
technology adoption in Ethiopia. Similarly,
Manyumwa et al. (2013) also stated that
educational status affects farmers’ decisions to
adopt floating tray technology in tobacco farming.
Maguza-Tembo et al. (2017) revealed that the
level of education is a significant factor
influencing farmers’ adoption decisions regarding
climate-smart technologies.

There is a fundamental problem: farmers'
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16.87% who complete their education at the
university level, the rest is dominated by workers
who are not in school. The results of this study
show that farmers who completed education at the
elementary, junior high, high school, and tertiary
levels were 21%, 26%, 28%, and 25%. The
majority of farmers completed their education at
the high school level. In addition, a relatively large
percentage of 25% of farmers complete their
education at university. The results of the research
observations indicate that there are groups of
people who have two livelihoods at once: those
working in the formal sector and those who are
tobacco farmers. The community claimed that
tobacco farming was profitable, so educated
people pursued it. Economic benefits are one of
the driving factors for the agricultural sector to be
attractive. Therefore, the policy implication in
improving the competitiveness of tobacco
agribusiness is an attractive economic profitability
scheme while also considering other sustainability
aspects, such as social and environmental aspects.

The age variable is an essential variable in
the adoption of tobacco farmer technology in
NTB. The longer the age of farmers turned out to
be correlated with the rate of technology adoption.
Older farmers tend to apply technology more
compared to younger farmers. This study is also
consistent with the research conducted by
Maguza-Tembo et al. (2017), Massresha et al.
(2021), and Manyumwa et al. (2013), which found
that age is a significant determinant influencing

education level in Indonesia is relatively farmers’ decisions to adopt agricultural
low.Badan Pusat Statistik (2022) reports that the  technologies.
proportion of informal employment is only
Table 5 Path coefficient

Original Sample  Standard Deviation T Statistics P Values

Sample (O) Mean (M) (STDEV) (|O/STDEV))
H1: Education -> 0,244 0,243 0,126 1,041 0,053***
technology adoption
H2: > of technology 0,306 0,306 0,150 2,040 0,042%*
adoption
H3: Land area -> 0,126 0,131 0,115 1,102 0,271
technology adoption
H4. Farming
experience -> -0,087 -0,096 0,178 0,491 0,623
Technology Adoption
H5: Farming
experiences -> land 0,246 0,247 0,087 2,822 0,005*
area

Note: ***(10%), **(5%), *(1%)
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Feyisa (2020) explained that older people are
better aware of the benefits of agricultural
technology based on life experience. In addition,
older age also tend to be more established in terms
of capital, so they can invest in machinery and
technology to make their farming activities more
effective and efficient. On the other hand, young
farmers tend not to have the capital to invest in
machinery and technology because the amount of
capital is limited and has been used to pay for
agricultural inputs, such as land, seeds, fertilizers,
pesticides, and so on. The policy implication that
can be applied to this case is formulating
environmentally friendly financing schemes
through banking and non-banking, such as
cooperation between corporate partners and
cooperatives.

Furthermore, the variable length of farming
is positively and significantly correlated with land
area, while the variable length of farming is not
significantly correlated with technology adoption.
The results of a similar study conducted by
Panikkai et al. (2017) stated that tobacco
cultivation and postharvest methods have been
carried out for generations so that farmers already
have their concepts or ways of farming. The test
results indicate that farmers tend to prefer
investing in land area rather than agricultural
technology. Farmers prefer increasing the
profitability of agricultural extensification over
agricultural intensification through optimizing
land resources. Through agricultural land
extensification, farmers can expand their farming.
The agricultural extensification strategy will be
profitable following the procedure, namely
clearing untapped land. Agricultural
intensification strategies also have the potential to
increase profitability, and it is recommended that
ecological aspects be paid attention to to support
sustainability (Marita et al. 2021).

Land area variables were not significantly
correlated with technology adoption. The test
results indicate that more land farmers own does
not necessarily apply more technology adoption.
The increase in agricultural land area is not
matched by the adoption of technology, both on-
farming and postharvest. The results of the same
study were reported by Setiyowati et al. (2022),
which stated that the attitude of farmers who are
unable to face the risks of farming and fear of
failure if they have invested in technology is the
reason the land area factor does not significantly
affect technology adoption. In addition to
optimizing profitability, technology can minimize
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the impact of agricultural risks, which will cause
the wider the land, the greater the risk will be.
Awareness of the use of technology does not seem
to have been fully experienced by tobacco farmers
in NTB. Technology is also one of the keys to
increasing the competitiveness of agricultural
agribusiness. Therefore, a comprehensive strategy
is needed so that farmers can feel the impact of
technology that can increase the effectiveness and
efficiency of farming.

Based on the analysis results, formulating a
strategy to accelerate technology adoption in
tobacco farmers in NTB should prioritize the
education sector. The government and other
stakeholders should invest in education for
smallholder farmers (Ruzzante et al. 2021, Zegeye
et al. 2022). It is also essential for farmers to
provide  counseling and guidance  on
understanding the importance of appropriate
technology. Technology can reduce fixed costs for
the sustainability of tobacco agribusiness,
particularly the economic dimension (Zegeye et
al. 2022). The results of this study also show that
age variables are positively and significantly
correlated with technology adoption, so it is
essential to integrate financing schemes that are
friendly to smallholder farmers. Local and central
governments should formulate credit access
policies that provide optimal services for
smallholder farmers both to public and private
financial institutions, such as banks, cooperatives,
and so on (Yigezu et al. 2018, Massresha et al.
2021b, Ruzzante et al. 2021, Zegeye et al. 2022).

In addition, Kumar et al. (2019) emphasized
that it is essential to emphasize the element of
economic advantage in the technology used.
Institutional strengthening needs to be done
because technology development is related to the
social and cultural aspects of the local community.
Therefore, the government needs to develop
research related to appropriate technology that

meets  economic, social, cultural, and
environmental sustainability aspects.
Stakeholders  must  develop institutional

innovations such as farmer corporations to
encourage farmers’ adoption and understanding of
technology (Mwangi and Kariuki 2015,
Suprehatin  2021). The synergy between
stakeholders, such as researchers, farmers, and
governments, both locations and regions, is
essential to increase farmers” access to technology
(Achmad et al. 2022).
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CONCLUSION

The level of technology adoption among
tobacco farmers in NTB in this study showed low
value. Most farmers do not adopt technology for
their agribusiness activities in the cultivation and
postharvest processes. The results of the path
coefficient test in PLS-SEM show that the
variables of education and age are positively and
significantly correlated with the variables of
technology adoption. At the same time, the length
of farming and land area do not have a significant
effect. The analysis results also show that the
longer they farm, the more likely farmers are to
like investing in agricultural areas rather than
technology. Although the land area has increased,
farmers do not immediately adopt technology.

Technology is one of the keys to agribusiness
sustainability because it can increase the
efficiency of farming costs and improve the
welfare of farmers. Therefore, it is necessary to
formulate a strategy to increase technology
adoption. The results of this study emphasize the
importance of several aspects that need to be
considered in increasing technology adoption,
including 1) dissemination of technology for both
tobacco cultivation and  postharvest, 2)
development of research and innovation related to
appropriate technology for tobacco agribusiness
that pays attention to various aspects, including
economic, social, cultural, and environmental, 3)
training and mentoring farmers on the benefits and
use of technology, 4) more manageable and
optimal  financing schemes for tobacco
agribusiness  sustainability, 5) strengthening
agricultural institutions and corporations to
facilitate socialization and coordination, and 6)
strengthening cooperation with tobacco company
partners for technology supply and facilitation.
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