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ARTICLE INFO ABSTRACT

Keywords: While economic growth and food security in Vietnam’s Red River Delta are heavily reliant on
Sustainable agriculture agriculture, the intensive use of agricultural land has resulted in various negative impacts on the
Gender

environment, such as soil degradation, water pollution, biodiversity loss, and health effects on

ggs River Delt humans and animals. The current situation emphasizes an increased need for sustainable agri-
e 1ver Delta . . . . P . . Py
Vietnam culture practices in the region. Understanding farmers’ decision-making processes and identifying

factors that influence their choices is crucial in order to promote their adoption of sustainable
agriculture practices. This study examines the impact of attitudes, subjective norms, perceived
behavioral control, age, and gender on farmers’ intention to adopt sustainable agriculture prac-
tices using the Theory of Planned Behavior and Partial Least Squares Structural Equation
Modeling. The results show that attitude towards sustainable agriculture practices showed a path
coefficient of 0.310 (p < 0.001), and perceived behavioral control had a coefficient of 0.305 (p <
0.001), indicating strong positive relationships with intention. However, subjective norms,
despite a positive coefficient, did not significantly affect intentions (path coefficient 0.099, p >
0.05). Age was found to have a moderating effect; older farmers are less likely to adopt sus-
tainable agriculture practices compared to their younger counterparts. Gender, however, did not
present a significant influence. In light of these findings, policymakers face a challenge in creating
incentives to encourage farmers’ engagement in sustainable agriculture practices in the Red River
Delta and at the same time discourage youth out-migration from the agricultural sector more
generally. Overall, this study enriches our theoretical understanding of the factors influencing
sustainable agriculture adoption in developing countries and offers practical insights for policy-
makers and agricultural stakeholders in the Red River Delta to promote more effective and tar-
geted sustainable agriculture practices.

Theory of planned behavior

1. Introduction

Agriculture plays a vital role in Vietnam’s economic development and food security as it is the main source of national income and
employs about 40% of the labor force [1,2]. The Red River Delta (RRD) in Vietnam has dense networks of rivers, canals, ditches, dikes,
sluice gates, and compartmented fields, which produce 18% of the country’s rice, 26% of its vegetables, and 20% of captured and
farmed aquaculture [3]. The RRD is particularly susceptible to climate change, largely due to its low elevation, dense population, and
dependence on agriculture and natural resources [4,5]. In line with global trends, the RRD is confronting shifts in weather patterns,
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extreme weather events, and rising sea levels [2,4,6]. These changes threaten the region’s water supply, which is vital for irrigation, by
disrupting rainfall patterns and increasing the occurrence of droughts and floods [7,8]. Further, these climatic variations have directly
harmed agriculture by degrading soil quality, impairing crop health, and heightening salinization risks in coastal farming zones
[9-11]. For example, a majority of the literature focusing on the impact of climate change on rice production in Vietnam concludes that
climate change will result in a substantial decrease in rice yield by 2050, though the extent of this reduction varies significantly
depending on the specific rice crop season and geographical area [12].

Given the agricultural sector’s crucial role in the region, implementing sustainable practices will not only have an impact locally,
but also on a national and even global level [13,14]. The primary objective of sustainable agricultural policies (SAP) is to ensure that
environmental sustainability is achieved while either improving or maintaining agricultural productivity levels [15,16]. In 2012,
Vietnam’s Prime Minister approved the Vietnam Sustainable Development Strategy for 2011-2020, which aimed to actively and
effectively respond to climate change [17]. The National Sustainable Agriculture and Rural Development Strategy 2021-2030, vision
to 2050," has two main objectives: building a commodity-producing agricultural sector while developing specific agriculture plans
based on local advantages, with high productivity, quality, efficiency, and sustainability. By 2030, the prime minister’s aim is to make
strides toward sustainable agriculture to ensure adaptability and resilience to changes and reduce rural environmental pollution in
order to meet the Strategy’s objectives.

The implementation of SAP can bring farmers multiple benefits, including improved crop yields and household income, enhanced
food security, and reduced input costs incurred from the restricted use of chemical fertilizers, pesticides, and herbicides [14,18-20].
SAP also bring benefits to consumers and other stakeholders with the reduction of food contamination due to the minimization of
harmful synthetic inputs, the efficient use of natural resources, and the improvement of the ecological system [14,21,22]. Despite the
proven benefits in various regions around the world, SAPs’ adoption rates remain low across Vietnam [14]. Various and complicated
factors influence a farmer’s decision to adopt SAP: resource endowments, socioeconomic status, demographic characteristics, and
access to institutional services [14,23,24]. In addition, not everyone has the capability to properly adopt SAP to improve their food
security and income due to various reasons such as limitations in access to and control over resources or social and cultural factors
[25]. Women and older farmers can be affected by constraints that would limit their capacity to adopt new agricultural technologies
[26,27]. For example, research found that the generally high age and low education level of rural farmers, with most respondents aged
between 40 and 60 years old and approximately 69.8% having received an education up to junior school (up to the ninth grade in a
12-grade system), contribute to poor learning abilities regarding green agricultural production technology and acquiring new
knowledge in general [27]. In particular, women small farm holders’ adoption of conservation agricultural practices is hindered by
various constraints, including limited access to credit and extension services, restricted membership in farmers’ cooperatives, lack of
access or rights to land, inadequate skill training opportunities, insufficient access to information such as the selection and proper use
of herbicides and pesticides or information about improved seeds, and constrained mobility [28]. Another crucial factor is farmers’
perceptions of SAPs’ characteristics; multiple studies point out that farmers’ perceptions of social pressure and their ability to engage
in sustainable agriculture shape their intention (or lack of) to adopt SAP [29,30]. Therefore, determining farmers’ intention and
capacity to adopt SAP are necessary for the government to develop policies that promote large-scale SAPs’ implementation.

In this study, we draw on the Theory of Planned Behavior (TPB) to investigate farmers’ intention to implement SAP. Researchers
have utilized the TPB to interpret farmers’ environmental decision-making across various socioeconomic and geographic contexts [29,
31-33]. The TPB proposes that the likelihood of an individual adopting a new behavior is determined by their attitude towards the
behavior, the social norms surrounding it, and their perceived behavioral control. The theory also suggests that an individual’s
intention to adopt the behavior is also a key predictor [34]. For example, researchers employed a psycho-behavioral approach,
including the TPB, when investigating the determinants affecting farmers’ inclination to embrace Geographical Indication (GI)
practices within the Indonesian coffee industry. They found that attitude, perceived behavioral control, and perceived economic
benefits play a crucial role in influencing the readiness to adopt GI practices [35]. Furthermore, the TPB is flexible, allowing for the
incorporation of extra predictors, provided that they demonstrate a substantial contribution to the variance in behavior or intention
after accounting for the theory’s current variables [34]. Gender, age, and TPB constructs may interact to explain the intention or lack
thereof to adopt SAP. The impact of gender and age on individual perceptions, attitudes, and performance is widely recognized,
making it crucial to study their role in shaping attitudes in various domains (i.e., computer and information technologies, consumer
intention) [36-38]. For example, younger consumers generally exhibit a more positive attitude towards adopting technology
compared to older consumers [38]. Additionally, gender emerges as a distinct characteristic influencing individuals’ readiness to adopt
new technology, with findings indicating that men are often more adept at advanced computer skills when compared to women. These
differences with regard to TPB constructs could also help to clarify the reasons for variations in SAPs’ adoption among different groups
in the RRD. In addition, gender and/or age may influence the link between TPB constructs and SAPs’ implementation. For example,
gender and age have been found to be moderating effects on the relationships between TPB constructs in a pro-environment context (i.
e., green restaurant patronage) [39].

Although several studies have utilized the TPB to investigate the influence of attitude, subjective norms, and perceived behavioral
control on an individual’s intention to adopt pro-environmental practices in agriculture [29,40,41], the majority of this research has
overlooked the potential moderate effects of gender and age. Thus, this study aims to identify farmers’ intention toward SAP by relying
on an extension of the TPB with two additional moderators: gender and age.

1 Decision No. 150/QD-TTg, dated 28 January 2022.
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Overall, the main issue driving this research is the notably low adoption rate of sustainable agriculture practices in Vietnam’s Red
River Delta [3]. Despite the clear environmental and economic benefits of these practices, there is a critical knowledge gap regarding
the specific factors influencing farmers’ decisions to adopt them. This study aims to bridge this gap by thoroughly analyzing the
behavioral, demographic, and socio-economic elements that either facilitate or impede the adoption of SAP in this region. Such an
understanding is essential for crafting effective strategies and policies that could bolster the adoption of sustainable practices in
similar, low-income agricultural areas.

To achieve this, our overarching goal is to delve into the factors affecting the adoption of SAP in Vietnam, paying special attention
to moderating influences. We aim to evaluate how farmers’ attitudes, subjective norms, and perceived behavioral control, as outlined
in the TPB, shape their intentions toward sustainable practices, while also considering the impact of demographic factors like age and
gender. This comprehensive approach not only seeks to deepen our theoretical understanding of behavioral dynamics in sustainable
agriculture but also to provide practical insights for policymakers and stakeholders. These insights are aimed at enhancing the pro-
motion of sustainable agriculture practices in the region, guided by the interrelations among TPB constructs.

2. Materials and methods
2.1. Study region: the Red River Delta

The Red River Delta is situated in northern Vietnam and encompasses a flood plain area of 21,051 km? (Fig. 1). The majority of the
soil found here is alluvial soil, with medium texture and a neutral pH, making it ideal for cultivating annual cash crops [42]. The RRD’s
population in 2019 was about 20.2 million people, an increase of 7.4% when compared with 2009 [43]. The same report also
highlights the challenges of an aging population in the RRD, with the aging ratio in its rural areas—the percentage of those aged 60 and
over compared to the population under age 15—being the highest in the country at 58%. Additionally, the report indicates a
decreasing rural workforce in the RRD due to out-migration. Specifically, between 2009 and 2019, there was a significant migration of
around 400,000 individuals from rural to urban areas within the region, ranking the RRD as the second highest in the nation for
population migration. In Vietnam’s labor force, there had been a pronounced aging trend in the agricultural sector with a 20% decline
in the proportion of workers under age 50 from 2007 to 2016 [44].

In the context of extensive male out-migration in rural Vietnam, women, especially in the RRD, continue to constitute the main
work force in agricultural production in general, and rice production in particular, due to the social norm that considers rice farming as
women’s responsibility [44,45]. From 2007 to 2016, women constituted approximately 53-54% of the agricultural labor force in
Vietnam and were the key source of labor in rice production [44,45]. If women work in factories near their village and can return home
daily, they still actively engage in farming outside of their waged work responsibilities [45]. Even if women migrate to work in other
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Fig. 1. The Red River Delta region and the location of the communes that are home to the farmers who participated in this study. The national and
provincial boundaries are drawn from The Humanitarian Data Exchange Database (https://data.humdata.org/dataset/cod-ab-vnm, accessed June
10, 2023).
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provinces, they continue to contribute to their household’s agricultural activities by returning home for important periods in the crop
cycle such as transplanting rice seedlings and harvesting.

The climate of the RRD is classified as tropical monsoon, which is comprised of a dry season from November to April and a wet
season from May to October [46]. The RRD’s annual average temperature is 23.5 °C and annual average rainfall is 1667 mm [3]. About
five to six typhoons make landfall along Vietnam’s coast annually and the majority of them impact central and northern Vietnam [47].
The precipitation from these events can result in significant flood damage in the RRD lowlands [48]. The crop year is divided into three
seasons: summer (June to October), winter (October to January), and spring (February to June) [49]. Due to the region’s climate
conditions, diseases and pests are present year-round. The hot and wet season with its frequent rainfall can exacerbate their spread by
extending the period of time in which leaves remain wet. The hotter weather also has a direct impact on pests’ reproduction, survival,
spread, and population dynamics [42,50].

In the RRD, crop production has its foundation in small-scale farms where the average size of an agriculture plot is about 400 m2.
The majority of respondents’ farms in this study are small-scale family farms, with 96% of them farming an area of less than 0.5 ha.
While small-scale farming can have some advantages, such as lower investment and greater flexibility, the scale of the operation leads
to several disadvantages. The implementation of new technologies is limited on these farms due to the lack of resources and capacities.
In many cases, small-scale farmers are forced to sell their produce to middlemen who dictate the prices.

2.2. Study sites and data collection

This study is based on data from a structured survey of famers’ perceptions of sustainable agriculture. The data that we employ in
the study were collected during a comprehensive survey in six communes within three RRD provinces: Hung Yen, Thai Binh, and Vinh
Phuc. Each province in this study has its own unique characteristics and represents a different ecosystem within the RRD. Hung Yen,
located in the center of the region, is characterized by its relatively flat topography [51]. According to Hung Yen province’s report on
its economic and social situation in the first five months of 2021, the agricultural sector accounts for 7.5% of the overall economic
structure [52]. Out of a total annual cultivated land area of 34,845 ha in Hung Yen province, 28,056 ha are dedicated to rice culti-
vation, accounting for 80.5% of the overall land area. Additionally, the current area of perennial plants amounts to 15,502 ha, which
corresponds to 44.5% of the annual crop area. However, there is a noteworthy trend occurring in the province as there is a shift away
from annual crops towards the cultivation of fruit trees. Thai Binh, situated in the northeast of the RRD, is a coastal province with low
plains, flat topography, and is known for its extensive network of rivers, canals, and wetlands [53,54]. For 2019, Thai Binh province
reported record contributions from its agricultural sector to its provincial Gross Domestic Product (GDP), surpassing the RRD’s nine
other provinces, with rice cultivation accounting for 58% of the total crop production value [55]. Vinh Phuc is located in the northwest
of the RRD. The province has a mix of agricultural land, forested areas, and hilly terrain with the altitude gradually decreasing from the
northeast to the southwest, showcasing three distinctive regions with characteristic topography: plains, hills, and low to
medium-altitude mountains [56]. Accounting for 74.8% of the total land area, the province’s agricultural land area reached 92,823 ha
in 2017 [57]. In each province, we selected two communes in which to conduct interviews with farmers (Fig. 1). This selection was
based on their agriculture production, percentage of the population working as farmers as well as recommendations from provincial
government officials. The study involved face-to-face interviews with 50 farmers in each commune, resulting in 300 farmers being
surveyed. We selected the type of farms and respondents to be surveyed through random sampling from each of the commune’s village
lists. The research team designed the questionnaire to collect relevant basic information for the study, including the respondents’
demographic information and questions to capture farmers’ perceptions, attitudes, and intentions that range from strongly disagree (1)
to strongly agree (5). The survey form can be found in the Supplementary Material. To ensure participants’ anonymity, they were
informed that all individual responses provided as part of the questionnaire would remain confidential. Participation in the survey was
voluntary.

Gender Age
H4 H5
TPB model
H1
Subjective H2 \ )
Intentions
Norms
Perceived /

Behavioral
Control

Fig. 2. Hypothetical relationships of the extended TPB model in exploring the intention to adopt sustainable agriculture used in this study and based
on our data.
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2.3. Theory of planned behavior

The Theory of Planned Behavior (TPB) is a highly influential and widely used conceptual framework for studying human behavior
[58,59]. In 1985, Icek Ajzen first introduced the TPB to suggest that people’s intention towards a particular behavior is influenced by
their beliefs about the factors that enable or impede the behavior’s performance, which could be based on their past experiences or
their observation of others performing the behavior [60]. According to the TPB, the behavior intention is determined by three key
factors: attitude, subjective norm, and perceived behavioral control (Fig. 2) [32,34]. In this study, the behavioral intention can be
defined as the farmers’ intention to adopt SAP such as intercropping, applying best management practices, and reducing chemical
inputs. Attitude can be understood as the farmers’ personal evaluation of sustainable farming. Subjective norm can be defined as
farmers’ perception of their social circle’s views on sustainable agriculture. Finally, perceived behavior control can be referred to as the
farmers’ perceived ability to adopt sustainable agricultural practices.

Researchers have recently conducted studies to identify various factors affecting farmers’ intention to practice sustainable agri-
culture globally [29,40,61]. A study on coffee farmers’ intention to adopt sustainable agriculture in the context of climate change using
the TPB in Vietnam extends the TPB to include climate change perception and farmers’ past behavior and found that social norm,
perceived behavioral control, and climate change perception significantly influenced the farmers’ behavioral determinants [29]. The
TPB was applied to study farmers’ intention to use green pesticides in Iran, where researchers examined the inclusion of self-identity
and moral norm in the TPB framework; the final analysis revealed that attitude, moral norm, and self-identity have a significant impact
on intention [62]. Another study examined Bangladesh farmers’ intention towards conservation agriculture by using the extended
TPB, which includes perceived threat of conventional farming and knowledge [40]. This study found that all independent variables
significantly impact farmers’ intention to adopt conservation agriculture. Despite previous studies’ valuable contributions, there re-
mains a research gap in our understanding of the moderating effects of category variables (i.e., gender and age) within TPB-based
studies on sustainable agriculture. Therefore, further research is needed to explore these areas and enhance our knowledge of the
factors that influence individuals’ decision-making processes and behaviors in relation to supporting environmentally friendly agri-
culture practices.

This study examines the moderating effects of gender and age. A moderator variable is defined as a factor that systematically alters
the form and/or strength of the relationship between a predictor variable and a criterion variable [63]. In the context of this study, a
moderator variable is a factor that influences or alters the strength and direction of the relationship between the predictor variables
(attitude, subjective norm, perceived behavioral control) and the intention to engage in SAP. The moderator helps us to understand
how and under what conditions the relationships between the predictor variables and the intention might differ.

2.4. Hypotheses development

Based on the TPB framework, we propose the following hypotheses to investigate the factors influencing the adoption of Sus-
tainable Agriculture Practices (SAP) in the Red River Delta (Fig. 2):

e Hypothesis 1 (H1): There is a positive relationship between farmers’ attitude towards sustainable agriculture and their intention
to adopt SAP.

e Hypothesis 2 (H2): Subjective norms are directly and positively associated with farmers’ intention to adopt SAP.

e Hypothesis 3 (H3): There is a positive relationship between perceived behavioral control and farmers’ intention to adopt SAP.

o Hypothesis 4 (H4): Individuals’ age has a moderating effect on the relationship between the intention to adopt SAP and its direct
predictors.

e Hypothesis 5 (H5): Gender has a moderating effect on the relationship between the intention to adopt SAP and its direct
predictors.

These hypotheses are grounded in the TPB model’s core constructs and are further expanded by including demographic factors such
as age and gender, which we hypothesize to have moderating effects on the adoption of SAP.

2.5. Analytical framework

There are various methods to test interaction or moderation effects for the TPB model [64-66]. One commonly employed approach
is multiple linear regression, which is a widely employed statistical method in the field of behavioral sciences. The technique enables
the measurement of linear associations between multiple independent variables and a single dependent variable [67,68]. By utilizing
this technique, it becomes possible to assess the unique contributions of each independent variable to the dependent variable as well as
determine the overall variance in the dependent variable that can be attributed to the combined effect of the independent variables.

In addition to multiple linear regression technique, researchers have increasingly advocated for the use of structural equation
models when studying the TPB model and potential moderators [64,66,69]. Structural Equation Modeling (SEM) can be viewed as an
extension of multiple regression and encompasses a collection of statistical techniques [64,69,70]. While multiple regression focuses
on examining relationships between independent variables and a single dependent variable, SEM expands the analysis by allowing for
the investigation of complex relationships among multiple variables simultaneously. SEM also offers a more comprehensive modeling
approach when compared with multiple regression modeling. Researchers can specify a model that examines the influence of multiple
variables on multiple other variables. This means that the entire TPB can be assessed in relation to a dataset within a single analysis,
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eliminating the need for separate analyses [64,69,70]. In addition, SEM offers the advantage of providing statistical significance tests
for the hypothesized relationships within the model. This allows researchers to assess the strength and significance of the relationships
between variables. Furthermore, SEM provides valuable insights into the overall fit of the model, indicating how well the proposed
model aligns with the observed data [64,69].

Given the non-normality issues addressed in this study, we chose Partial Least Squares Structural Equation Modeling (PLS-SEM) as
the primary analysis technique for estimating the parameters of the TPB model. PLS-SEM is a variance-based approach utilized for
estimating structural equation models that simultaneously estimates the associations between observed variables and their corre-
sponding measurement indicators (measurement model) as well as the interrelationships among unobserved latent variables (struc-
tural model) [31]. In PLS-SEM, the Ordinary Least Squares (OLS) estimation method based on regression is utilized to explain the
variance of latent constructs. The aim is to minimize the error terms and maximize the R2 values of the endogenous constructs that are
being targeted. Furthermore, PLS-SEM imposes fewer restrictions to the assumptions and requirements, such as those related to large
sample sizes and data normality, yet still maintains robustness in estimations [32].

In this study, the latent variables include attitude, subjective norm, perceived behavioral control, intention, gender, and age. We
created the model of this study using SmartPLS software [71], and followed a two-stage approach to analyze and interpret the PLS-SEM
model [31]. The first step of the approach involves evaluating the reliability and validity of the collected data as well as the structural
model that depicts the relationships between constructs. The second step was to evaluate the relationships among the variables. When
examining the moderating effects using PLS-SEM, a multi-group approach can be used to investigate potential variations in parameter
values across categorical variables [69]. This approach allows for the exploration of potential variations in these parameters, such as
the intention-behavior relationship across different groups, and categories based on gender or age. If the parameters demonstrate
significant differences across groups, it indicates that the categorical variable acts as a moderator, influencing the relationship between
predictor variables (attitude, subjective norm, perceived behavioral control) and the intention. In this study, gender is categorized into
male and female, while age is divided into two groups including older respondents (>51 years old) and younger respondents (<51
years old). The split at 51 years old is due to the lack of younger respondents. The option of group division containing both gender and
age was not an option due to a limitation in the data.

To evaluate the internal consistency and construct reliability of the model variables, multiple indicators including reliability, in-
ternal consistency, convergent validity, and discriminant validity need to be calculated [62]. The reliability can be measured by the
factor loadings, which are used to measure the strength of the relationship between the observed variables and the underlying
construct they are intended to measure [72]. The factor loading needs to be more than 0.5 to be considered acceptable, but a value
greater than 0.7 is preferred [73]. Cronbach’s alpha (>0.7) is a widely used measure for evaluating the internal consistency of in-
dicators that measure a specific construct [73,74]. Composite reliability is another statistical measure used to assess internal con-
sistency, which can be estimated using the rho_a coefficient [75]. A value of rho_a greater than 0.7 indicates the model’s composite
reliability. The average variance extracted (AVE) can be used to assess the convergent and discriminant validity of the measurement
models. The AVE value needs to surpass 0.50 to achieve convergent validity [72,73]. The extent to which a construct is distinct from
other constructs is referred to as discriminant validity, for which we employed the Heterotrait-Monotrait (HTMT) ratio [76]. The next
step was to test the hypothesized relationships from the structure models. We employed bootstrapping techniques with 5000 resamples
to obtain two-tailed t-tests of significance at 5% to test the statistic significant of the structure model’s relationships [31].

Table 1
Sample profiles of respondents.
Item Value Percentage
Man Woman Man Woman
Gender 70 230 23.3 76.7
Age Group =<40 5 9 7.1 3.9
41-50 12 25 17.1 10.9
51-60 21 105 30.0 45.7
61-70 27 76 38.6 33.0
>70 5 15 7.1 6.5
Education None 0 8 0.0 3.5
Primary school 0 7 0.0 3.0
Secondary school 35 119 50.0 51.7
High school 34 93 48.6 40.4
Vocational degree 1 3 1.4 1.3
Years of Agriculture Experience <20 2 4 2.9 1.7
20-29 1 8 1.4 3.5
30-39 29 71 41.4 30.9
>40 38 147 54.3 63.9
Item Value Percentage
Household size 1-2 143 47.7
3-4 929 33.0
5-6 48 16.0
>7 10 3.3
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3. Results
3.1. Demographics

The socio-demographic characteristics of the respondents (n = 300) can be found in Table 1. There were more female respondents
(n = 230) when compared with male respondents (n = 70). This result reflects the gender dynamics of the agricultural workforce, with
the sector’s increasing feminization in the RRD [77,78]. Respondents’ ages revealed another trend in the sector with the majority of
respondents between 50 and 69 years of age. As most farmers have worked in their family’s fields since a young age, more than 95%
have more than 30 years of farming experience. For both men and women, almost everyone completed their secondary education and
about half of respondents attended high school. Less than 2% have a vocational degree, and no one has a bachelor’s or a higher ed-
ucation degree. Almost half of the respondents indicated that their household has only 1-2 people. Some households with 3-4 people
include the grandparents who take care of their grandchildren while the parents out-migrate to cities in the RRD and across Vietnam
for better employment opportunities.

3.2. Measurement models analysis

Table 2 shows the descriptive statistics of the TPB items that include the mean, standard deviation, and factor loading of all of the
latent variables. Among the factors that impact intention, according to the TPB, perceived behavioral control mean values are lower
compared with the attitudes and subjective norms towards sustainable agriculture. This result indicates that even though the farmers
are aware of the importance of sustainable agriculture, they are less certain about their capacity to adopt sustainable agriculture
practices. The intention towards sustainable agriculture has the mean values of 3.79 and 3.40, which are the lowest among the four
basic TPB constructs, suggesting that farmers will lean towards practicing sustainable agriculture in the future, but hesitancies remain.
All of the factor loadings are greater than the acceptable threshold, ranging from 0.88 to 0.98, suggesting good contributions of the
items to the TPB model. Age and gender have the loading of 1 as they are defined by just one indicator each.

Table 3 reports on the construct reliability and its validity. Cronbach’s alpha values of all variables are greater than 0.7 with the
lowest value of 0.822 (intention) and the highest value of 0.971 (attitude). These values indicate the high reliability of the model’s
variables. The rho_a of all of the constructs greater than 0.7 implies that the model has good composite reliability. In terms of
convergent validity, the Average Variance Extracted (AVE) values need to exceed 0.5. Based on the results shown in Table 3, the AVE
values were greater than 0.50, providing evidence that the study’s convergent validity is acceptable. The discriminant validity of
HTMT ratios of correlations (Table 4) were below 0.85, suggesting that the measurement models have high discriminant validity. This
indicates that the variables we examined in the study are sufficiently distinct, ensuring that each model captures unique constructs,
thereby upholding the integrity and specificity of the study’s measurements.

3.3. Hypothesis testing

Table 5 reports the hypothesis testing for the model. The table shows the path coefficient, T statistics, and P values of all variables in
the model, revealing their effect on sustainable agriculture. The path coefficient reflects the positive or negative relationships between
two latent variables or between a latent variable and its observed indicators. On the other hand, the T statistic and P value are used to

Table 2
Descriptive statistics of the items used for TPB and factor loadings.
Items Mean  Standard Loadings
deviation

Attitude towards sustainable agriculture

Practicing sustainable agriculture on your farm within the next five years would be a good idea 4.09 0.56 0.96

Practicing sustainable agriculture on your farm within the next five years would be possible 4.06 0.56 0.98

Practicing sustainable agriculture on your farm within the next five years would be more profitable than conventional ~ 4.09 0.58 0.97
farming

Subjective norm towards sustainable agriculture

Your family favors the idea that you should practice sustainable agriculture on your farm within the next five years 4.09 0.54 0.98

In general, people whose opinion is important to you approve of you practicing sustainable agriculture on your farm  4.05 0.55 0.98

within the next five years
Perceived behavioral control towards sustainable agriculture

You think that you have the technical ability to practice sustainable agriculture on your farm within the next five years ~ 3.87 0.73 0.90
You think that you are capable of dealing with sustainable farming on your farm within the next five years 3.86 0.71 0.95
You think that you can meet the regulations of sustainable farming on your farm within the next five years 3.96 0.64 0.88
You think that you can afford the costs of conversion to sustainable farming on your farm within the next five years 3.88 0.72 0.94
You think that you can meet the amount of work needed for sustainable farming on your farm within the next five years ~ 3.92 0.70 0.91
Age 58.49 9.17 1.00
Gender 1.77 0.42 1.00
Intention towards sustainable agriculture

How likely is it that you will practice sustainable agriculture on your farm in the near future? 3.79 0.90 0.93
Do you intend to practice sustainable agriculture on your farm within the next five years? 3.40 1.24 0.91
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Table 3
Construct reliability and validity.
Cronbach’s alpha Composite reliability (rho_a) Average variance extracted (AVE)
Attitude 0.971 0.973 0.945
Subjective norm 0.952 0.952 0.954
Perceived behavior control 0.952 0.954 0.840
Intention 0.822 0.830 0.848

Table 4
Discriminant validity—Heterotrait-monotrait ratio.
Attitude Subjective norm Perceived behavior control Intention
Attitude
Subjective norm 0.813
Perceived behavior control 0.622 0.628
Intention 0.636 0.591 0.619
Table 5
Hypothesis testing.
Hypothesis Path Coefficient T value P value
Attitude -> Intention H1 0.310 3.241 0.001
Subjective norm -> Intention H2 0.099 1.034 0.301
Perceived behavioral control -> Intention H3 0.305 5.911 0.000

assess the statistical significance of the relationships between behavioral intentions and the three latent variables. If the T value is
greater than a critical value (i.e., 1.96 for a two-tailed test at a 5% level of significance), the relationship is considered statistically
significant [79]. The results in Table 5 show the positive coefficients for all of the TPB’s variables, which indicate that there is a direct
relationship between the farmers’ attitude, subjective norm, and perceived behavioral control as well as their intention to practice
sustainable agriculture. In other words, the higher the level of attitude, subjective norm, and perceived behavioral control a farmer has,
the greater their intention to adopt sustainable agriculture. However, among the three latent variables, attitude and perceived
behavioral control have a statistically significant relationship with the intention, while the relationship between subjective norm and
intention is not statistically significant. This means that social pressure or influence that individual farmers perceive from their social
environment, such as family, friends, peers, and neighbors, does not have a significant impact on their intention to practice sustainable
agriculture. Furthermore, according to the R2 value, the constructs of all of the variables accounted for 39.7% of the variance in
farmers’ intention to adopt sustainable agriculture.

Overall, Hypotheses H1 and H3 are accepted, while H2 is rejected. Specifically, H1, suggesting a positive impact of farmers’ at-
titudes on adopting sustainable agriculture, is supported. H3, relating to the positive influence of perceived behavioral control on
adoption intentions, is also validated. However, our findings do not support H2, concerning the influence of subjective norms on these
intentions.

The findings in Table 6 below show that gender does not have a significant moderating effect on the relationship between the three
determinants and behavioral intention in the model. Therefore, hypothesis H5 should be rejected. The path coefficients between
subjective norm and intention are the weakest when compared to other relationships for both males and females. These coefficients
have values close to zero, indicating that the relationship between these two variables is weak and neutral. This result further supports
hypothesis H2’s rejection.

Meanwhile, Table 7 below shows that age has a significant moderating effect on the relationship between perceived behavioral
control and intention (T = 2.192, P = 0.032). The path coefficient between perceived behavior control and intention in younger
respondents is higher than with older respondents, indicating that the relationship becomes stronger for younger respondents. The
path coefficient between subjective norm and intention in younger respondents is 0.417, while this value for older respondents is only
0.084, indicating that subjective norm likely does not affect older respondents’ intention regarding the application of SAP. As a result,

Table 6
Results for the moderation of gender using the Welch-Satterthwaite Test.
Male Female Male vs. Female
P1 STD1 P2 STD2 P1-P2 T value P value
Attitude -> Intention 0.112 0.150 0.339 0.111 —0.228 1.227 0.223
Subjective norm -> Intention 0.026 0.195 0.111 0.109 —0.085 0.384 0.702
Perceived behavioral control -> Intention 0.337 0.142 0.313 0.051 0.024 0.157 0.875

Note: P1 and P2 are path coefficients for male and female, respectively. STD1 and STD2 are standard errors of P1 and P2, respectively.
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Table 7
Results for moderation of age using the Welch-Satterthwaite Test.
Younger Older Younger vs. Older
P1 STD1 P2 STD2 P1-P2 T value P value
Attitude -> Intention —0.220 0.413 0.345 0.095 —0.565 1.345 0.184
Subjective norm -> Intention 0.417 0.415 0.084 0.105 0.333 0.785 0.436
Perceived behavioral control -> Intention 0.530 0.097 0.286 0.057 0.244 2.192 0.032

Note: P1 and P2 are path coefficients for younger and older, respectively. STD1 and STD2 are standard errors of P1 and P2, respectively.

the findings partially support hypothesis H5 regarding age’s moderating effect on the relationships between intention and its three
predictors.

4. Discussion

In brief, this study’s findings provide evidence supporting the TPB’s validity as a suitable model for predicting the likelihood of
SAPs’ implementation. Attitude and perceived behavior control relationships with intention were statistically significant. Notably,
attitude was the most influential factor that impacted farmers’ intention to adopt SAP. Although the relationship between subjective
norm and intention was statistically insignificant, this finding is consistent with other related studies [33,80,81]. A meta-analysis study
also showed that subjective norm-intention relationship is significantly weaker than attitude-intention and perceived behavioral
control-intention relationships [82].

Furthermore, this study contributes to the limited body of research that investigates the moderating effects of gender and age on the
relationships between TPB constructs within the context of SAP’s implementation. Gender and age are fundamental demographic
factors, and understanding their impacts on intention studies is crucial for developing theoretically robust research models. By
investigating these moderating effects, this study provides valuable insights into the influences of gender and age on the relationships
between TPB constructs in the SAP context, contributing to a more comprehensive understanding of behavioral intention in this
domain.

Research shows that age tends to influence subjective norms while simultaneously impacting on intention [83]. For example, age
has a significant impact on farmers’ intention to rejuvenate idle homesteads [84]. This includes a notable moderating effect of age on
the relationship between subjective norms and farmers’ intentions, indicating that the influence of social pressures on their
decision-making varies with age. Our study revealed that the farmers we interviewed, who were predominantly middle-aged or older,
were less influenced by social pressure in their decision-making processes. This finding reinforces the significance of age differences in
resistance to peer and social pressure. The consistency between our study and previous studies highlights the observed phenomenon’s
robustness and reliability. For example, peer pressure can have little impact on adults regarding risk-taking tasks [85]. When we asked
farmers if they think about changing their current farming practices to sustainable practices, 72% (204/300) indicated that it is a risky
transition. Farmers have become conscious of the ecological impacts of their agriculture management practices [86]. However, this
awareness has not led to a significant willingness to modify their farming practices, due to the lack of incentives for compliance and
disincentives for noncompliance with new regulations. Overall, our study contributes to the growing body of evidence supporting the
understanding of how an individual’s age influences their ability to withstand peer and social pressures.

Our study also reveals that age has a significant moderating impact on the relationship between farmers’ perceived behavioral
control and intention to practice sustainable agriculture. As the farmers age, they do not think that their health or energy permits a
transition to sustainable agriculture. For example, over the past decade, technology and machinery have been introduced into various
aspects of rice production, including planting, harvesting, fertilizer and pesticide application as well as transportation. Now less labor-
intensive, minimum effort is required from farmers due to these innovations. Should farmers decide to practice sustainable agriculture,
they will need to allocate more time and labor to their farms since their use of pesticides, herbicides, and chemical fertilizers would be
limited. They may also have to plant other crops, i.e., vegetables or fruits, to make the practice economically viable.

Interestingly, this study found that gender does not impact farmers’ intention regarding their adoption of sustainable agriculture.
When asked about who in the household would make the decision to shift agricultural management practices, 60% (179/300) of the
respondents indicated that it would be a joint decision between spouses. This result further demonstrates that gender does not
significantly influence agriculture production decision-making in the household. Specifically, 80 out of 300 of our respondents said
that women were the decision-makers in the household regarding agriculture production; 12 out of 300 respondents said men were the
decision-makers. This reveals a trend in the agriculture sector’s femininization in Vietnam as men tend to take temporary or permanent
non-farm jobs, while women at home have greater involvement in agriculture work [87,88]. As women play an increasingly important
role in this sector, their decision-making power also increases, leading to a shift towards more balanced gendered decision-making
regarding farm work [87]. However, it is worth noting that while women now have more decision-making power in farm work,
this added responsibility also places additional burden on them, as they remain responsible for the majority of household cares [78].

Overall, our research findings contribute to existing literature by addressing the gap concerning the moderating role of gender and
age in explaining farmers’ intention to adopt SAP. Unlike other studies that often focus on the moderating variables affecting single
relationships, this study investigates the moderating effect of the whole model using multigroup analysis. Moreover, the study reveals
significant differences between younger and older groups when considering perceived behavioral control’s impact on intention. This
highlights the need for future studies to address the moderating effects of age as well as the combination of age and gender when
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investigating farmers’ intentions toward changing management practices or products produced.

From a practical standpoint, the study offers recommendations for policymakers, manufacturers, marketers, and retailers in the
agricultural sector. To encourage farmers to practice sustainable agriculture, policymakers should prioritize the TPB model’s attitude
and perceived behavioral control and then familiarize themselves with their specific underlying beliefs. Among these determinants,
attitude emerges as the most significant factor influencing intention. When considering that many Vietnamese farmers lack
comprehensive knowledge about sustainable agriculture and its products, manufacturers and retailers should engage in communi-
cation and knowledge sharing activities to educate farmers and familiarize them with sustainable agriculture concepts that can
contribute to a change in farmers’ attitudes and promote a better understanding and acceptance of sustainable agriculture. To improve
farmers’ perceived behavioral control, policymakers should consider amending or enacting laws and regulations in the agriculture
industry, particularly in the sustainable and organic food segments. For example, policymakers could implement a comprehensive law
specifically dedicated to sustainable farming, outlining the standards, certification processes, labeling requirements, and enforcement
mechanisms. This law would provide a legal framework for the development, promotion, and regulation of sustainable agriculture in
Vietnam. Our results reveal that age has significant moderating effect, suggesting that this variable should be considered when
developing engagement strategies for sustainable agriculture. Younger participants are more influenced by perceived behavioral
control in adopting SAP. Therefore, incentives to improve younger farmers’ perceived behavioral control should be implemented.
These incentives could also attract young people to return to the agricultural sector, reducing the burden of older farmers.

This study’s comprehensive analysis has significantly illuminated the dynamics of SAPs’ adoption in Vietnam’s Red River Delta. By
thoroughly exploring farmers’ attitudes, societal norms, and perceived control, we have gained deep and multifaceted insights. This
exploration has led to a substantial refinement of our conceptual framework, enhancing it to provide a richer, more detailed depiction
of the factors influencing SAPs’ adoption. This refined framework now intricately interweaves farmers’ perspectives with broader
socio-economic considerations, offering a holistic view of the agricultural decision-making landscape in this region.

Our findings shed light on the intricate web of internal motivations and external influences that guide sustainable agriculture
decisions, highlighting the complex interplay between personal beliefs, community pressures, and practical realities. This nuanced
understanding has significant theoretical implications, providing a leap forward in our comprehension of behavioral dynamics within
sustainable agriculture. Practically, it translates into a valuable resource for policymakers and practitioners. These stakeholders can
now draw upon a more informed basis for designing and implementing strategies that are sensitive to the unique needs and challenges
faced by farmers in the Red River Delta.

Beyond its theoretical advancements, this research makes several key contributions to the field of sustainable agriculture,
particularly within the context of developing regions. Through the application of the TPB in a distinct socio-economic and cultural
context, this study broadens our comprehension of the factors influencing SAPs’ adoption by combining behavioral, demographic, and
socio-economic factors. These aspects, which have not been extensively explored in the context of Vietnamese agriculture, offer a
glimpse into the important cultural and demographic factors that shape sustainable farming decisions. This study enhances the
literature by providing a nuanced understanding of how cultural and demographic factors play a crucial role in the decision-making
processes of sustainable farming.

Moreover, the practical implications of this study are far reaching. We provide actionable recommendations tailored to the unique
context of the Red River Delta, thereby contributing to more effective and targeted strategies for promoting sustainable agriculture in
similar low-income, agrarian regions grappling with the impacts of climate variability and environmental changes. Our study not only
pushes the boundaries of understanding in the field of SAP but also offers a nuanced and detailed analysis of the factors influencing
their adoption. This is especially critical for Vietnam, a key agricultural hub, where such insights can drive transformative change in
sustainable agriculture practices.

5. Limitations of the study and implications for further research

One of our study’s main limitations is the lack of younger participants. In Vietnam, the age of farmers is becoming an issue as more
and more youth are leaving agriculture for better economic opportunities in non-farm, urban sectors. In rural households, the
dependence on agricultural livelihoods has declined, with a significantly smaller proportion of workers employed in agriculture—from
48.4% in 2007 to 39.4% in 2016—while agriculture households were reduced from 83.5% in 1992 to 62.9% in 2016 [44]. As a result,
our sample of farmers was mostly comprised of farmers aged 51 and older. However, sustainable agriculture’s adoption is more likely
among young farmers, highlighting the importance of studying young people’ perspectives toward sustainable agriculture [89]. For
future studies, research focused on collecting data on young farmers’ behavior and attitudes could help us to understand their intention
to adopt and practice sustainable agriculture.

Other factors that can influence farmers’ adoption of SAP should be considered in future research to better explain the likelihood of
sustainable agriculture growth in the RRD. For example, expanding the TPB to include the climate perception variable would not only
contextualize the theory locally, but also enhance the data [29]. This expansion could be significant as climate perception directly
impacts climate adaptation, including sustainable agriculture. A farm’s characteristics, including farm size, could be statistically
significantly in determining farmers’ intention toward sustainable agriculture, which may lead to a negative regression coefficient
between farm size and farmers’ willingness to adopt Integrated Pest Management, an environmentally friendly approach to pest
control [90]. In other locales like Serbia, research found that large farms may prioritize more intensive agricultural production and are
less willing to take the risk of reducing pesticide use [90]. However, their finding is not in line with the preliminary results from our
in-depth interviews with farmers in the RRD. The farmers that we interviewed mentioned that larger farms have more resources and
technical capacity to adopt sustainable agriculture. We do not include farm size as a factor in our analysis as most farms in this study
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are small family farms; 96% have an area of less than 0.5 ha. In a future study, large farms could be targeted to increase our un-
derstanding of these farmers’ intention toward sustainable agriculture.

6. Concluding remarks

The intensive utilization of agricultural land in the RRD has resulted in significant negative impacts on the environment, including
soil degradation, water pollution, loss of biodiversity, and negative impacts on the health of humans and animals. Moreover, the effects
of climate change have exacerbated the disruption of growing seasons and reduced crop yields, highlighting the pressing need for the
implementation of sustainable agricultural practices in the RRD. Gaining an understanding of farmers’ decision-making processes and
identifying the factors that can influence their farming choices is, therefore, crucial for promoting a transition towards more envi-
ronmentally SAP. To address the aforementioned needs, this study’s objective is to enhance our understanding of farmers’ intention to
adopt sustainable agricultural practices.

In this study, we used the TPB in combination with PLS-SEM to examine the impact of attitude, subjective norm, and perceived
behavioral control on the intention of farmers toward sustainable agriculture. The study reveals that all three TPB variables have a
positive relationship with intention, even though only attitude and perceived behavioral control have a significant impact. This result
indicates that in order to encourage more farmers to adopt SAP, the government needs to implement special policies and incentives to
enhance farmers’ receptiveness, attitude, and perceived behavioral control toward sustainable agriculture. For example, to improve
farmers’ attitude, workshops, training, public awareness campaigns, and field demonstrations could be carried out to help educate and
raise awareness among farmers of SAPs’ benefits. Training will also improve farmers’ perceived behavioral control as this variable
indicates a farmer’s perception of their ability to perform a practice. Policies that support SAP and provide financial incentives could
also improve perceived behavioral control among farmers.

Regarding the influence of personal characteristics on intention, age has a moderating effect on the TPB model. There is a sta-
tistically significant difference between younger and older respondents when considering the relationship between perceived
behavioral control and intention. In the RRD, the current trend of young people abandoning the agriculture sector to seek opportunities
elsewhere presents a significant challenge for policymakers who need to create incentives that discourage youth from out-migration
and promote engagement in agriculture—SAP more specifically. Meanwhile, gender does not seem to play a significant role in
influencing farmers’ intention to adopt SAP. This result can be attributed to the trend of feminization in agriculture within the region,
whereby women are assuming a progressively significant role in this sector, which is simultaneously contributing to a more balanced
distribution of decision-making power between genders. Overall, the findings of this study, set against the backdrop of environmental
challenges and the pressing need for SAP in the RRD, underscore the importance of understanding farmer decision-making in this
transition. While the study reveals the positive relationship of attitude and perceived behavioral control with the intention to adopt
sustainable practices, it also acknowledges limitations due to the sample’s age demographic. This highlights the need for future
research to include delta’s younger farmers’ perspectives and examine additional factors like climate perception and farm size. Such
expanded research would provide more comprehensive insights, crucial for policy formulation, aimed at encouraging the younger
generation to engage in sustainable agriculture and addressing the feminization trend in the sector. Addressing these gaps in future
studies will be instrumental in shaping effective strategies to bolster sustainable agriculture in regions facing similar challenges.
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