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Introduction: The implementation of ecological agriculture practices in Chinese
tea gardens plays a vital role in mitigating N,O emissions and addressing
environmental degradation. Nevertheless, a dearth of discourse exists
regarding the intricacies surrounding farmers' adoption of tea garden
ecological agriculture practices (TGEAP), particularly the complex interplay
between adoption factors and outcomes.

Methods: Using data of 310 farmers, this study employed complexity theories
and Stimulus-Organism-Response theories, and integrated Partial Least Squares
Structural Equation Modeling and fuzzy-set Qualitative Comparative Analysis to
explore the complex relationships between farmer characteristics, internal and
external factors, and adoption of farmer.

Results: The results show three influential paths in the Stimulus-Organism-
Response model, and environmental protection attitude (EPA) and production
expectation (PE) act as intermediaries. Notably, EPA exhibits a masking effect in
one pathway. These paths linked closely to three farmer characteristics. Beyond
the Stimulus-Organism-Response model, nine combinations lead to farmers'
adoption, and four to non-adoption.

Discussion: We discover scenarios where opposing environmental states or age
lead to adoption, explaining the masking effect. These combinations highlight
how a favorable environment influences both adoption and non-adoption. We
also discuss other combinations that lead to adoption or non-adoption. The
study suggests that governments employ targeted incentives to facilitate tea
farmers' transition in agriculture.
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1 Introduction

1.1 Literature review

Globally, tea is a crucial natural resource, playing a pivotal role
in the economic advancement of numerous developing nations
through its production and circulation (Kalita et al., 2019).
Moreover, it serves as a vital livelihood source for millions of
smallholder tea growers globally (74th session of the United
Nations General Assembly, 2022). Nevertheless, current research
indicates that N,O emissions from tea garden soil surpass those
from cereal farmland soil, establishing it as a focal point in global
agricultural N,O emission hotspots (Wang et al., 2020). In the 21st
century, the significant release of greenhouse gases has emerged as a
global challenge impeding human progress (Balat, 2006; IPCC,
2022). Given the scale of tea cultivation and consumption,
coupled with other greenhouse gas emissions from tea cultivation,
tea has emerged as a central focus in global agricultural greenhouse
gas reduction efforts (Liang et al., 2021). Simultaneously, the
excessive utilization of agricultural inputs has contributed to the
ecological degradation of tea gardens and the presence of pesticide
residues in tea beverages, which hinder the sustainable livelihood of
tea growers (Xu et al., 2021; Sun R. et al,, 2021). These problems are
evident in China. China is the world’s largest tea producer. In 2020,
China’s tea garden area and tea production account for 62.1% and
47.6% of the world’s total, respectively (China Tea Marketing
Association, 2022). Due to the government’s rural revitalization
strategy, the scale of China’s tea industry has been expanding in
recent years and has become an important industrial pillar of
China’s agricultural sector (Liang et al., 2021). However,
agricultural inputs are still heavily used, challenges of greenhouse
gas emissions and ecological degradation remain, and there has
been no substantial improvement in China’s tea gardens. Similar to
China, the application of chemical fertilizers and pesticides has long
been a tradition for tea growers in Vietnam. The overuse of
agricultural inputs, such as fertilizers and pesticides, has also
caused soil fertility loss and soil acidification in Vietnamese tea
plantations, reducing tea production and quality, posing a threat to
human health, and resulting in lower income and unsustainable
production of tea plantations (Le et al., 2021). Kenya (Kagira et al,
2012), Sri Lanka (Piyathilake and Udayakumara, 2023) and India
(Deka and Goswami, 2021), the world’s major tea-producing
countries, are also facing this problem.

In order to solve this problem, the practice of ecological agriculture
in tea gardens has been promoted worldwide. The Chinese government
has begun to promote various ecological and low-carbon practices in
tea garden management, and in 2021, the specifications for ecological
and low-carbon tea garden practices were established. The tea garden
ecological agriculture practice(TGEAP) covers many links such as soil
management, grass damage prevention, and defines the application of
organic fertilizer, grass control, and artificial weeding as ecological low-
carbon tea garden management technologies (Tea Research Institute,
Chinese Academy of Agricultural Sciences, 2021). This is a sustainable
eco-agricultural practice (Nwosu and Oshunsanya, 2021). In Vietnam,
the government has promoted Good Agricultural Practices in tea
plantations since 2008 (Van Ho et al., 2019). In Kenya, international
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collaboration with FAO, China, and Germany has led to the adoption
of shade trees, tea pruning, and organic fertilizers to reduce greenhouse
gas emissions (Food and Agriculture Organization of the United
Nations, 2024). India’s National Organic Production Program has
encouraged the adoption of organic tea cultivation by promoting third-
party certification (Deka and Goswami, 2022). In these major
tea-producing countries, tea growers have been the primary
managers of tea gardens and the key implementers of ecological
agricultural practices.

Nevertheless, as a type of farmer, tea growers, like other farmers,
have high heterogeneity in their behaviors and decisions. This poses a
challenge to the popularization and application of tea garden eco-
agriculture practices. Enhancing the understanding of the practices
adopted by farmers, especially their heterogeneity, is of great
significance for the promotion of agricultural practices (Karali
et al,, 2013).

The practice of eco-agriculture adopted by farmers has been the
focus of the academic community for a long time. The initial study
believed that farmers’ motivation to adopt practices was profit-
driven, but subsequent studies showed that both environmental and
profit-oriented factors play an important role in adoption behavior
(Gedikoglu and McCann, 2012; Willock et al., 1999). In a review,
economic and environmental attitudes are also the most frequently
analyzed factors (Bartkowski and Bartke, 2018). In subsequent
studies, many studies have incorporated production expectation
drive and environmental attitude drive into the theory for analysis.
Several notable examples include the Theory of Planned Behavior,
the Technology Acceptance Model, and the Theory of Innovation
Diffusion (Serebrennikov et al.,, 2020; Adnan et al., 2019). The
researchers studied adoption of eco-agriculture practices from a
wide range of perspectives, including personalities, beliefs,
government, risk appetite, information sources, and broader
farmer characteristics (Serebrennikov et al., 2020). Specifically in
the field of tea growers, some studies have explored the influencing
factors of tea growers’ adoption of TGEAP from three aspects:
economy, psychology, and government (Igbal et al., 2006; Lou et al.,
2021; Li et al., 2022).

In many studies, traditional causal analysis methods such as
logistic regression (Malila et al., 2023), structural equation modeling
(Tapsoba et al., 2023), propensity score matching (Li et al., 2021),
and experimental selection (Christensen et al., 2011) have been
employed by researchers to investigate the impact of farmer
characteristics on the adoption of sustainable ecological
agriculture. For example, Igbal et al. (2006) used the Logit model
to examine the key factors affecting the adoption of rubber-tea
intercropping by small tea growers in Sri Lanka. Lou et al. (2021)
used SEM to analyze eco-friendly pest management practices
adopted by green tea growers in China. Li et al. (2022) used
Probit and Logit models to analyze the role of relational
embedment in the government’s development of green tea
production demonstration households.

However, these conventional causal analysis methods face
challenges in capturing the complex interdependencies between
input and output variables, especially when utilizing regression-
based models. The intricate interdependence among these factors
yields diverse or varying results, making the interpretation of such
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models complex and challenging (Hayat et al., 2022). Therefore,
some scholars have turned to non-traditional causal asymmetry
analysis methods such as fsSQCA. Dong et al. (2023) utilized the
£sQCA method to analyze the adoption of environmentally friendly
land conservation techniques by farmers (Dong et al., 2023).
Similarly, some scholars have used fsQCA to analyze causality in
the adoption of conservation agriculture practices (Hayat et al,
2022; Zhang et al., 2022).

The combination of PLS-SEM and fsQCA methods allows for
the simultaneous integration of the strengths of both traditional and
non-traditional causal analysis methods. This approach helps
identify causal impact mechanisms and uncover other
asymmetrical causal relationships. Therefore, Dong et al. utilized
the PLS-SEM method to analyze the relationships between
behavioral attitudes, subjective norms, perceived behavioral
control, and farmers’ willingness to adopt rice prawn cropping
technology. Subsequently, they employed the fsQCA method to
identify four high intention configurations regarding the acceptance
of high-tech agricultural practices (Dong et al., 2022a).

In these studies employing non-traditional methods, researchers
have not sufficiently addressed individual factors, especially those
related to farmer characteristics. This is true in other domains of
research focused on various agricultural behaviors (Wu et al., 2023;
Jin et al, 2022; Lee et al., 2022).Simultaneously, while researchers
have categorized the influencing factors on farmers’ adoption
practices into individual factors based on farmers and external
factors originating outside farmers, there has been limited emphasis
on certain external variables. Specifically, factors such as technology
information acquisition (Liu et al., 2022; Xiuling et al., 2023), the
agricultural production environment (Marenya and Barrett, 2009;
Wang et al., 2016), and agricultural input supply and services (Cai
et al, 2021; Shi et al., 2023) have received scant attention, despite
evidence of their impact on farmers’ behavior. The mediation roles of
the two most common influencing factors, profit-based production
expectations and environmental conservation attitudes, in the process
of how these external variables exert their impact have not been
clearly elucidated. Additionally, there is limited research analyzing
individual factors related to profit-driven production expectations
and environmentally conscious attitudes (Hayat et al., 2022; Small
et al., 2016; Khatri-Chhetri et al., 2017).

Although researchers have made a lot of efforts to explain the
huge differences in farmer behavior, because farmers are a highly
diverse group, the differences in physical and temporal aspects of
agricultural practices, as well as the high variability of the
determinants of practice, will complicate the study of farmer
behavior (Reimer et al,, 2014). Research on farmers’ use of
agricultural practices often focuses on behavioral factors but fails
to capture the complex relationship between farmer characteristics
and farmer behavior.

According to Bente Castro Campos, farmers’ behaviors related
to agricultural practices cannot be simply analyzed in isolation.
Behavioral factors (cognition, will, emotion) and non-behavioral
factors (sociodemographic characteristics) should be considered in
a complex space. In the ignoring of farmer characteristics
background, this often leads to a large number of unexplained
variations (Campos, 2022).
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Therefore, through a literature review, we can find that many
studies have explored the influencing factors of tea growers
adopting TGEAP from three aspects: economy, psychology, and
government (Igbal et al., 2006; Lou et al,, 20215 Li et al,, 2022).
Nonetheless, there is a lack of research on the relationship between
external variables and the dual drivers of profit-based production
expectations and environmental protection attitudes. Similarly,
there is a lack of discussion on the intricate relationships between
adoption behavior and influencing factors. In the broader field of
farmer adoption of eco-agriculture practices, it is still difficult to
enhance the interpretation of the complexity of farmer behavior and
determine the complex relationship between farmer characteristics
and other factors. In this context, the main purpose of this study is
to establish an effective research framework and delineate the
pathways through which these external variables, influence tea
growers’ adoption of TGEAP by the dual factors of production
expectation and environmental protection attitude. Simultaneously,
it investigates how the intricate relationships between farmer
characteristics and other factors contribute to the tea
growers’ adoption.

In view of this, the comprehensive methods of PLS-SEM and
fsQCA were used in this study. Under the theoretical framework of
the S-O-R theoretical model and complexity theory, we discuss how
the farmer’s characteristic factors and other factors are complicated
to lead to tea growers’ adoption of TGEAP. Finally, this study
identifies multiple intermediate paths in which external variables
influence the adoption. The study also reveals various
configurations of influencing factors, demonstrating significant
differences among these combinations, yet all leading to the
adoption of TGEAP by tea growers. The factors configurations
leading to tea growers not adopting eco-agricultural practices are
also revealed. The research framework used in this study can be
effectively used in the practice of eco-agriculture adopted by tea
growers, and can also provide references for explaining the complex
of other farmer behaviors. At the same time, this study also provides
a scientific basis and policy recommendations for the promotion
of TGEAP.

1.2 Theoretical analysis

1.2.1 Complexity theory

Complexity theory holds that the determinative factors are
essentially causal conditions, and the combination of multiple
antecedent conditions under different circumstances ultimately
leads to the result (Chen et al, 2023). Especially in real life,
outcomes are usually the result of a combination of various
antecedents rather than a single combination (Kaya et al., 2020).
Most empirical studies have employed traditional symmetry-based
methods to study outcomes between variables. However, these
methods emphasize the net impact of each influencing factor on
each outcome, ignoring possible asymmetrical relationships
between variables in complex environments. The introduction of
complexity theory can determine the asymmetric relationship
between variables and find different combinations of factors that
lead to the same result (Chaparro-Pelaez et al., 2016). Due to the
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strong heterogeneity of tea growers, and the existence of multiple
complex causal relationships within the characteristics of tea
growers and between the characteristics of tea growers and their
behaviors, the behaviors of tea growers also show the characteristics
of diversity and complexity. This situation lends itself to analysis
using complexity theory.

Based on this, we take complexity theory as an important
theoretical perspective and apply it to research. Age, family size,
production number, and annual income are four farmer
characteristic factors. Together with the five factors of no-
farmer characteristic factors, they are the nine antecedent
conditions for tea growers to adopt ecological tea garden
management practices. And from the perspective of complexity
theory, we discuss the combination of factors that lead to tea
growers’ adoption of TGEAP.

1.2.2 S-O-R theoretical model

S-O-R defines a stimulus (S) as a specific cue that affects an
individual’s internal state, and an organism (O) as an individual’s
cognitive process that begins to function once the individual
receives a stimulus from a specific cue (Sultan et al., 2021). And
the response (R) is the result that the individual gets from the
stimulus and the organism (Robert and John, 1982). Because S-O-R
theory can provide a flexible framework to explain the effects of
various internal and external, tangible and intangible stimuli on
individual psychology and individual behavior. Therefore, it has
achieved wide success and application in many fields such as
tourism (Yang et al, 2022), food consumption (Sultan et al,
2021) and education (Anwar et al., 2023).

Profit based production expectations and environmental
protection attitudes have been regarded as important internal
drivers for farmers to adopt eco-agricultural practices (Bartkowski
and Bartke, 2018). Faced with new agricultural practices, farmers
calculate the expected consequences of adopting them and are more
willing to adopt them when production is expected to increase
returns (Ding et al., 2023). Thus, external variables can enhance
farmers’ adoption of new agricultural practices by increasing their
production expectations. Concern for the environment is an
important non-economic motivation for agricultural producers to
decide to adopt green practices, farmers’ moral obligation and
emotional resonance may affect their subjective views on
ecological practices, and then affect adoption of practices (Xiong
et al., 2016). The moral obligation and emotional resonance are all
influenced by individual farmers and external factors. Tea garden
production environment as an external physical factor, agricultural
input supply and services, and technical information acquisition as
two external social factors, will affect production expectations and
environmental protection attitude. And they may further influence
tea growers’ adoption of TGEAP. Therefore, we introduced the S-
O-R model, taking tea garden production environment, technical
information acquisition, agricultural input supply and services as
external stimulus variables (S), and discussing how the external
stimulus variable (S), through two internal driving factors (O),
ultimately affects tea growers’ adoption of ecological agriculture
practices (R).
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1.3 Hypothesis

Technical information acquisition can be divided into active
information seeking and passive information receiving by tea
growers. The sources include communication among communities,
publicity of government policies by media (Boz and Ozcatalbas,
2010), and technical training (Liu et al, 2022). Interpersonal
communication, policy advocacy, and technical training are typical
forms of external environments. By introducing external technical
knowledge and information, it is possible to effectively change
endowment constraints, correct the information asymmetry
between farmers and technology adoption, increase the correct
perception of agricultural practices, and ultimately improve the
production expectations of agroecological practices (Xiuling
et al., 2023).

Environmental protection attitude includes the environmental
emotion of tea growers and the price they are willing to pay
for environmental protection. Previous studies have shown that
value perception has direct and indirect positive effects on
ecological behavior, and the indirect effects are mediated by
environmental attitudes (Meng and Si, 2022). Environmental
knowledge can enhance individual environmental emotion, and
thus promote the implementation of individual ecological
behavior (Carmi et al., 2015). In addition, technical information
acquisition about eco-agricultural practices often increases an
individual’s knowledge of environmental protection, and the
more knowledge about environmental protection, the more
willing they are to take on environmental improvement (Liu
et al., 2023). Therefore, suppose:

H1: Technical information acquisition can have a positive
impact on tea growers’ adoption of TGEAP by enhancing
production expectations.

H2: Technical information acquisition can have a positive
impact on tea growers’ adoption of TGEAP by enhancing
environmental protection attitudes.

The tea garden production environment is mainly characterized
by soil and water sources. As an external physical factor, the
production environment will affect the technology adoption of tea
growers. Especially in the context of promotion of organic
agriculture production, a good ecological environment is often
associated with high-quality agricultural products. Farmers may
think that a good environment will bring high-quality tea products
and a broad market and have higher ecological technology
production expectations (Chi and Chine, 2022), thus promoting
farmers to carry out ecological production. Farmers’ awareness of
the local environmental situation will also have an impact on their
environmental protection attitudes and behaviors (Gachango et al.,
2015). In the case of poor environmental conditions, farmers choose
to avoid the bad environment and show a negative attitude towards
environmental protection because they cannot bear the financial
cost of changing the environment (Liu et al., 2018). On the contrary,
when farmers are in a good production environment, because the
cost of changing the environment is relatively low, they show a
positive attitude towards environmental protection, and promote
farmers to adopt eco-agriculture practices. The research on
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environmental education also shows that the connection with
nature as an internal motivation can enhance the acceptance of
environmental education, and promote the ecological behavior of
individuals (Otto and Pensini, 2017). Therefore, suppose:

H3: The tea garden production environment can have a positive
impact on tea growers’ adoption of TGEAP by enhancing
production expectations.

H4: The tea garden production environment can have a positive
impact on tea growers adoption of TGEAP by enhancing
environmental protection attitudes.

Agricultural input supply and services refer to the difficulty of
obtaining agricultural inputs such as fertilizers and pesticides and
the guidance of their use after obtaining them. As a part of the input
of agricultural production factors, agricultural inputs directly affect
the products output and affect farmer’s income (Sibande et al,
2017). Existing studies have shown that the more convenient the
supply of agricultural materials, the more likely farmers are to use
ecological agricultural practices (Huang et al., 2019). As rational
economic human tea growers, the decrease in the cost of acquiring
and using materials means that the higher the expected production
income, the more likely they are to adopt eco-agriculture practices.
Therefore, suppose:

H5: Agricultural input supply and services can have a positive
impact on tea growers adoption of TGEAP by enhancing
production expectations.

There is a complex relationship between farmer characteristics
and non-farmer characteristics, and these variables may affect tea
growers’ adoption. Based on the above assumptions and reasoning,
this study proposed a model as shown in Figure 1.

1 Farmer characteristics
variable

age

annual income

1
1
1
1
1
1
1
1
1
: variable
1
1 producers
1
1
1
! family size
1
1
1
1
1
: method fsQCA
1
1
1
1 theory Complexity Theory
1
1
1
\
\ TIA:Technical information acquisition
N TPGE:Tea garden production environment
N PE:Production expectation

FIGURE 1
Theoretical framework.
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2 Materials and methods
2.1 Data collection

Anxi County is located in the southeast of Fujian Province. The
region has a tea cultivation history for nearly a thousand years, with
a yearly production of 75,600 tons of tea (Anxi County Statistics
Bureau, National Bureau of Statistics Anxi survey team, 2021) and
mountainous terrain suitable for the growth of tea trees (Anxi
County People's Government, 2017). Anxi Tieguanyin tea culture
system was recognized as a globally important agricultural cultural
heritage by the Food and Agriculture Organization of the United
Nations in 2022 and is a typical representative of China’s tea
production (Food and Agriculture Organization of the United
Nations, 2022). In this study, Anxi County was selected as the
research site, and household interviews and questionnaires were
conducted among tea growers in Anxi County from July 2022 to
August 2023. 342 questionnaires were issued, and 310 were valid,
with an effective rate of 90.64%.The map of the study area is shown

in Figure 2.

2.2 Sample characteristics

We calculated the demographic characteristics of tea growers
(Supplementary Table S1). In this survey, people between 40 and 55
years old account for 55.5%, which is consistent with the current
situation of aging in rural China (Lou et al., 2021). In terms of
household population size, tea growers with a population of 4-6

No-Famer characteristics Ecological agricultural h

2 \
variable practice i
1
'
i
'
TIA !
'
tea growers' i
PE adoption of |
TGEAP !
'
atss =) |
1
tea growers' !
EPA non-adoption :
of TGEAP L
TPE i
1
'
i
PLS-SEM !
'
1
'
S-O-R model :
'
1
1
AISS:Agricultural input supply and services y
EPA:Environmental protection attitude 4
producers:number of tea producers P
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FIGURE 2
Study area map.

individuals accounted for more than half of the sample, this reflects
that the current tea growers are mainly small-scale families. Tea
growers with two tea production labor forces accounted for 49.2%.
This is mainly because the joint production of husband and wife is
the most common way of family labor input. The income than
120,000 yuan accounted for a relatively large proportion (41.3%),
and the low tea income level (income less than 30,000 yuan and
income of 30,000-60,000 yuan) also accounted for a certain
proportion (7.1% and 17.7%). This reflects that the tea growers
have a higher income, but a considerable proportion of tea growers
are still relatively poor.

2.3 Variables’ measurement

2.3.1 Dependent variable

The tea growers” adoption of TGEAP is the dependent variable,
which is composed of three items: fertilizer type, fertilization
method, and weeding method. The values of these items are
based on a scale of 1-3. Tea growers who have never adopted
ecological agriculture practices are set as 1, tea growers who have
fully adopted ecological agriculture practices are set as 3, and those
who are between the two types are actually set as 2.

2.3.2 Explanatory variables and
mediating variables

On the basis of referring to existing studies and combining the
actual situation, this study selected technical information
acquisition, agricultural input supply and services and tea garden
production environment in stimulus (S) as the core explanatory
variables, and selected production expectation and environmental
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protection attitude in organism (O) as the mediating variables, and
tested their mediating role in PLS-SEM analysis. After PLS-SEM
analysis, this study added four farmer characteristics, such as age,
family size, number of tea producers, and annual income, into the
fsQCA analysis to determine the combination of farmer
characteristics and other variables that lead tea growers to adopt
TGEAP. The specific items and descriptive statistics of each variable
are shown in Table 1. The specific contents of variable assignment
and meaning are shown in the Supplementary Materials
(Supplementary Table S2).

2.4 Methods

In this study, we used a composite method based on PLS-SEM
and fsSQCA (Rasoolimanesh et al., 2021). PLS-SEM is based on
ordinary least squares (OLS) regression, which can model complex
relationships between variables (Sukhov et al., 2023). Especially
when the research goal is to test the theoretical framework from a
predictive perspective and to understand complex relationships by
advancing established theories, PLS-SEM has a good effect
(Rasoolimanesh et al., 2021).The fsQCA method is based on
asymmetric set theory and has good results in understanding
connectivity causality, equivalence, and causal asymmetry.
Therefore, it can deal with the problem that traditional research
methods ignore asymmetric relationships between variables in
complex environments, identify different combinations of
independent variables that lead to the realization of results, and
reveal patterns that are ignored by other methods due to their
asymmetric logic (Sukhov et al., 2023; Chuah et al., 2021).

In this study, the PLS-SEM method was used to analyze the S-
O-R model to determine the feasible influence path and the
prediction ability of the model, and the latent variable factor
scores of each factor under the S-O-R model were obtained.
Then, this study takes age, number of tea producers, family size,
and annual income as the characteristics of farmers, and includes
them in the fsSQCA analysis together with the latent variable factor
scores of each factor under the S-O-R model. Under a unified
research framework, we analyzed the necessity of each factor to
encourage tea growers to adopt TGEAP and not to encourage tea
growers to adopt TGEAP and identify the combination of factors
that lead to the two different outcomes.

3 Results
3.1 PLS-SEM analysis

In order to ensure the stability of the research results, we refer to
the practice guide of Rasoolimanesh et al. (2021). The analysis results
are presented in Tables 2 and 3. An external load of 0.7 or higher is
considered very satisfactory, while 0.5 is considered acceptable
(Hulland, 1999). The estimation results of the PLS path model show
that the majority of indicators have loadings greater than 0.7, with one
indicator exceeding 0.65, and the reliability of the model is supported
(Rasoolimanesh et al., 2021). Cronbach’s Alpha and Composite
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TABLE 1 Descriptive statistics.

10.3389/fevo.2024.1431779

Latent variable

Latent variable

. Average Standard
Variable 9 et factor score factor
value deviation o :
standard deviation score median
Type of fertilizer 1.63 0.751
Tea growers’ adoption of TGEAP Fertilization pattern 1.74 0.753 1.001507 -0.239
Weeding method 1.55 0.722
Tea garden soil quality 3.22 1.393
Tea garden
. 1.00149 0.147
production environment The quality of water used by the
3.28 1.663
tea garden
Understand the meaning of
. 2.78 1.078
ecological tea garden
Technical information acquisition Receive technical training 1.98 1.306 1.00185 0231
echnic; 0 on acquisitiol about TGEAP . . . .
P . .
ay attention to eco'loglcal tea 287 L058
gardens policy
Difficulty level in obtaining
agricultural inputs 374 1.048
Agri li I "
grlcultu;a 1n1'3ut supply L00165 0123
and services Use instructions and other
. . 3.35 1.127
supporting services
The market of ecological tea 3.72 0.853
Production expectation Yield and quality of tea after Jo1 s 1.001652 0.25
adoption of TGEAP ’ ’
I should take ibility f
should Fa e respoesnb ity for 121 0.959
protecting the environment
I am willing to change the
X i i management of tea garden for 3.79 1.02
Environmental protection attitude . 1.00152 -0.023
protect the environment
It is necessary for the government
to strengthen its environmental 3.97 0.965
protection policy
Farmer characteristic A .
: Average value Standard deviation Median
variable
Age 3.11 0.716 3
Family size 5.98 3.951 5
Number of tea producers 2.71 1.36 2
Annual income 3.71 1.348 4

Reliability are both greater than 0.7, which has sufficient internal
consistency and composite reliability (Dong et al., 2022b). AVE
is greater than 0.5, meeting the convergence threshold of more
than 0.5. VIF is less than 5, HTMT is less than 0.85, and both test
results meet the requirements, indicating that the multicollinearity test
and discriminant validity test of this study have passed, there is no
multicollinearity between the measured variables, and the discriminant
validity of the construction is supported (Rasoolimanesh et al., 2021;
Dong et al, 2022b). In general, the robustness of the measurement
model is appropriate, and the next SEM and fsQCA analysis can be
carried out.

In this study, Bootstrapping based on 5000 samples was used to
consider the path coefficients and their significance and R-square values.
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The analysis results are presented in Table 4.The path coefficients ranged
from —0.22 to 0.382, and hypothesis H1, H2, and H4 passed the
significance test (p<0.05). Some assumptions between access to
technical information acquisition, agricultural input supply and
services, tea garden production environment, production expectation,
environmental protection attitude, and tea growers” adoption of TGEAP
are supported. The R-square values of environmental protection
attitudes, production expectations, and TGEAP are 0.1707, 0.1429, and
0.2308, respectively. Considering the complexity of the model and similar
situations in the field of farmer behavior (Bathaiy et al, 2021), the
R-square values of the empirical modeling in the field of social science are
reasonable when the values are within 0.1-0.5 and most explanatory
variables are significant (Ozili, 2023). Therefore, we believe that the
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TABLE 2 Construct validity.

. - Cronbach’s  Composite
Latent variable Loding VIF npos
alpha reliability
Fertilization pattern 0.8777 2.1044
Tea growers” adoption of TGEAP Weeding method 0.839 1.4093 0.7259 0.8369 0.6345
Type of fertilizer 0.6551 1.6178
Diff . -
i cult'y level m‘ obtaining 09034 L4474
agricultural inputs
AISS! 0.7146 0.8743 0.7767
Use instructions and other
. . 0.8587 1.4474
supporting services
Tea garden soil quality 0.9346 2.2546
2
TGPE The quality of water used by the 0.8545 0.9322 0.873
0.9341 2.2546
tea garden
I should take ibility f
shou é e resp.onm ility for 0.8695 17294
protecting environment
I am willing to change the
EPA? management of tefi garden for protect 0.8549 1.7507 0.7673 PP, 0.6825
the environment
It is necessary for the government to
strengthen its environmental 0.7488 1.3895
protection policy
Understand the meaning of ecological
0.8108 1.5247
tea garden
TIA* Receive technical training 0.8015 | 1407 07221 0.8435 0.6424
about TGEAP ' ' ’ ’ ’
P ttention to th li
ay a enl.on o the policy on 07921 L3664
ecological tea gardens
The market of ecological tea 0.8828 1.4431
5
PE Yield and quality of tea after adoption 0.8802 L4431 0.7131 0.8745 0.777
of TGEAP ' '

'AISS, Agricultural input supply and services.
>TPGE, Tea garden production environment.
SEPA, Environmental protection attitude.
4TIA, Technical information acquisition.

5PE, Production expectation.

R-square values of environmental protection attitudes, production
expectations, and TGEAP are acceptable.

A series of results of the hypothesis H4 all pass the significance test,
and these results indicate that tea garden production environment
plays a significant and negative role in influencing tea growers’

TABLE 3 Discriminant validity HTMT ratio.

Latent variable

adoption. This suggests that adverse tea garden production
environments promote tea growers’ adoption, while favorable
environments hinder it, and environmental protection attitudes act
as a mediator in this process. However, the mediation path has an
opposite direction to the path coefficients and total effects about tea

Tea growers’ adoption

of TGEA
Agricultural input supply and services
Tea growers” adoption of TGEA 0.2091
Environmental protection attitude 0.1603 0.3432
Production expectation 0.3052 0.3815 0.5356
Technical information acquisition 0.3697 0.5095 0.4885 0.454
Tea garden production environment 0.1309 0.2513 0.1901 0.1181 0.1013
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TABLE 4 Results structural model.

Original

Sample

sample mean

10.3389/fevo.2024.1431779

Standard

o Decision
deviation

T statistics P values

Path coefficients

AISS' — farmers’ adoption of TGEAP 0.041 0.041 0.057 0.711 0.477 Rejected
AISS — PE 0.153 0.156 0.055 2.79 0.005 Supported
EPA’ — farmers’ adoption of TGEAP 0.124 0.126 0.05 2.465 0.014 Supported
PE® — farmers’ adoption of TGEAP 0.135 0.137 0.054 2.481 0.013 Supported
TIA* — farmers’ adoption of TGEAP 0.278 0.279 0.06 4.663 0 Supported
TIA — EPA 0.382 0.385 0.048 7.882 0 Supported
TIA — PE 0.297 0.299 0.056 5.284 0 Supported
TGPE’ — farmers’ adoption of TGEAP -0.22 -0.223 0.057 3.84 0 Supported
TGPE — EPA 0.19 0.191 0.054 3.502 0 Supported
TGPE — PE 0.131 0.131 0.053 2451 0.014 Supported
Total indirect effects

AISS — farmers’ adoption of TGEAP 0.021 0.021 0.011 1.828 0.068 Rejected
TIA — farmers’ adoption of TGEAP 0.088 0.089 0.025 3.494 0 Supported
TGPE — farmers’ adoption of TGEAP 0.041 0.042 0.015 2.689 0.007 Supported
Specific indirect effects

HI1:TIA — PE — farmers” adoption of TGEAP 0.04 0.041 0.017 2.301 0.021 Supported
H2TIA = EPA — farmers’ adoption 0.048 0.048 0.021 2.309 0.021 Supported
of TGEAP

H3:TGPE = PE = farmers’ adoption 0.018 0.018 0.011 1631 0.103 Rejected
of TGEAP

?}TGGETP_} EPA = farmers” adoption 0.024 0.024 0.011 2,076 0.038 Supported
H5:AISS — PE — farmers’ adoption of TGEAP 0.021 0.021 0.011 1.828 0.068 Rejected
Total Effects

AISS — farmers” adoption of TGEAP 0.061 0.062 0.056 1.086 0.277 Rejected
TIA — farmers’ adoption of TGEAP 0.366 0.368 0.051 7.116 0 Supported
TGPE — farmers’ adoption of TGEAP -0.179 -0.181 0.058 3.07 0.002 Supported

'AISS, Agricultural input supply and services.
2EPA, Environmental protection attitude.
*TPGE, Tea garden production environment.
“TIA, Technical information acquisition.

*PE, Production expectation.

garden production environment — tea growers’ adoption of TGEAP,
indicating that environmental protection attitudes have a masking
effect in this influencing process. Good tea garden production
environments negatively affect tea growers” adoption but can increase
adoption by enhancing tea growers’ environmental protection
attitudes, thus offsetting the negative impact of the tea garden
production environment on adoption.

H1 and H2 are both supported by the study results. Technical
information acquisition has a positive and significant impact on tea
growers’ adoption of TGEAP through both production expectations
and environmental protection attitudes, with production

Frontiers in Ecology and Evolution

expectations and environmental protection attitudes playing
significant mediating roles in this process (p values all less than
0.05). Regarding H3, the results show that the hypothesis is not
significantly supported in the PLS-SEM analysis (p>0.05). This
suggests that a good tea garden production status cannot promote
tea growers’ adoption practices by increasing their production
expectations. Regarding H5, a series of results all did not pass the
significance test. This indicates that agricultural input supply and
services cannot significantly influence tea growers” adoption.

The outcomes of our study reveal that within the S-O-R model,
both technical information acquisition and tea garden production
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environment exert significant effects on tea growers’ adoption
through 3 pathways. Environmental protection attitudes and
production expectations act as mediators in the S-O-R model.
However, agricultural input supply and services do not have a
significant impact on tea growers’ adoption. The research findings
support hypotheses H1, H2, and H4, while hypotheses H3 and H5
are not supported.

To assess and validate the predictive capability of the research
model, we utilized the cross-validated predictive ability test
(CVPAT) for model evaluation. In the prediction-based model
assessment, average loss values were compared with the average
values obtained using the Indicator Average (IA) as a naive
benchmark. PLS-SEM average loss should be lower than the
benchmark’s average loss, with a negative difference indicating a
reduction in average loss, and if the negative difference is
significantly less than 0, it suggests that the model has strong
predictive capability (Cuevas et al., 2023). Results analysis
indicates that the model’s predictive capability surpasses that of
IA, demonstrating the model’s strong predictive performance. The
analysis results are shown in Table 5.

3.2 fsQCA analysis

This study uses PLS-SEM latent variable scores as part of the
dataset analyzed by fsQCA. Due to the limitation of the number of
conditional variables in fsSQCA analysis, we combined the results of
previous studies on tea growers and took four variables as the
characteristics of farmers (age, annual income, number of tea
producers, and family size). Then, fsSQCA analysis was performed
using four farmer characteristic variables and five non-farmer
characteristic variables (technical information acquisition,
agricultural input supply and services, tea garden production
environment, environmental protection attitudes, production
expectations) as condition variables. In order to enhance the
explanatory power, we not only analyze the tea growers” adoption
of TGEAP, but also analyze the tea growers’ non-adoption of
TGEAP by using fsQCA method to deal with the characteristics
of causal asymmetry (Chen et al., 2023).

Before fsSQCA analysis can be performed, the data set needs to
be transformed into a fuzzy set. The value of a fuzzy set ranges from
0 to 1, where 0 means that it does not belong to the set at all, 1
means that it belongs to all, and 0.5 means the intersection between
the two. Since most of the study data did not show a normal

TABLE 5 CVPAT - PLS-SEM vs indicator average (lA).

. Average t p
Latent variable :
loss difference value value
Environmental
. . -0.098 2.972 0.003
protection attitude
Production expectation -0.071 2.923 0.004
Farmers’ adoption 0,051 3081 0,001
of TGEAP ' ’ '
Overall —-0.074 4.113 0
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distribution, we determined the calibration threshold based on the
distribution of the variable values, the median, and the standard
error (Supplementary Table S3).

Necessity analysis can check whether each condition variable is
a necessary condition for adoption. If the result of necessity analysis
exceeds the threshold value of 0.9, it indicates that this condition
variable is a necessary condition for adopt (Jovanovic and
Morschett, 2022). Our necessity analysis results show that there
are no necessary conditions for both tea growers’ adoption and non-
growers’ adoption, which indicates that we need to further analyze
how different conditional variables are combined to form tea
growers’ adoption (Supplementary Table S4).

The truth table algorithm can determine the relationship between
different combinations of condition variables and the result (Nikou
et al, 2022). After simplifying the truth table, a meaningful
combination of conditional variables can be formed to explain the
formation of tea growers’ adoption. When performing truth table
operations, it is necessary to determine the raw consist threshold of the
truth table. We adopt the mainstream practice of existing fsSQCA
analysis, set the threshold is 0.79. The raw consist of non-growers’
adoption is 0.8 (Supplementary Tables S5 and S6).

Based on the results of the truth table, we form the combined
analysis results of tea growers’ adoption and non-growers’ adoption.
The conditions present in the simple solution have an important effect
on the result, the conditions under which only intermediate solutions
occur are edge conditions, called auxiliary contribution conditions
(Huang and Bu, 2023). We use the current broad practice of fsQCA to
only report the intermediate solution and the simple solution, because
the intermediate solution has the same configuration path as the
complex solution. This study also reports the overall coverage and
overall consistency of farmer adoption and non-farmer adoption. The
overall coverage was 0.426814 and 0.450596, respectively, exceeding the
threshold of 0.25, and the overall consistency was 0.76189 and
0.839613, respectively, exceeding the threshold of 0.75, indicating
that these combinations all had a good explanation on the whole
(Chen et al., 2023).

Our research findings suggest that there are numerous
configurations of antecedent conditions leading to tea growers’
adoption and to tea growers not adopting. Additionally, we
integrated the results from the PLS-SEM analysis and fsQCA
analysis to categorize the configurations leading to tea growers’
adoption into 9 types, and configurations leading to non-adoption
into 4 types, as illustrated in Figures 3 and 4.

The PLS-SEM and fsQCA analysis results together show that
there are many types of combinations that lead tea growers to
adopt, which shows the complexity of tea grower behavior.

We used the method of Shahrokh Nikou et al. to test robustness
by changing the consistency threshold, and if the results are very
different due to a slight change in the threshold, it indicates that the
combination scheme is not stable enough (Nikou et al,, 2022). In
this study, robustness tests were performed using raw consistency
thresholds of 0.75 and 0.8 for tea growers’ adoption and 0.75 and
0.82 for tea growers’ non-adoption. We present the raw
conformance adjusted results with the original results and
compare them, and the results are acceptable (Supplementary
Tables S7 and S8).
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TIA: technical information acquisition
AISS: agricultural input supply and services
TPGE: tea garden production environment
EPA: environmental protection attitude

PE: production expectation

producers: number of tea producers

.
Type 2 Type 3
2 — AT
R —_
{ Age ) AT Tea growers'
W O A adoption
\ 4 \ 4
Type 1 ’
Type 9 Type 8 Type 7
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FIGURE 3

The type of tea growers'adoption of TGEAP. Type 1, includes configuration combinations 2,3, 6and 9. Type 2, includes configuration combinations
4,5,7,8 and 18. Type 3, includes configuration combinations 1,2, 6and 17. Type 4 includes configuration combinations 1,3 and 14. Type 5 includes
configuration combinations 9 and 18. Type 6 includes configuration combinations 11 and 12. Type 7 includes configuration combinations 15 and 16.
Type 8 includes configuration combinations 10. Type 9 includes configuration combinations 14. A thick line indicates that all configuration
combinations in the type satisfy this anthems, and thin line indicates that only some configuration combinations meet this antecedent condition. The
solid line indicates that the antecedent condition is in a high degree, that is, sufficient state; The dashed line indicates that the antecedent condition

is in a low degree, that is, the absence state.

4 Discussion

In this study, PLS-SEM and fsQCA were used to investigate the
influence path and factor configuration combination of tea growers’
adoption of TGEAP. Based on PLS-SEM analysis, it was determined
that the influence paths of technical information acquisition and tea
garden production environment on tea growers’ adoption. Part of the
results based on fsQCA analysis are consistent with the results of PLS-
SEM, while the other part reveals the influence patterns that PLS-SEM
fails to find, which have also been ignored by previous studies.

In general, types 1 and 5 support the establishment of the
adoption path of the tea garden production environment and
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technical information acquisition influencing tea growers under
the S-O-R model, and the PLS-SEM analysis results confirm each
other with the fsQCA analysis results, further enhancing the
authenticity of this theoretical model. The combination of
farmers’ characteristics and the S-O-R model shows that under
the conditions limited by the S-O-R model, low age, high annual
income, and sufficient number of tea producers are effective factors
to promote tea growers to adopt ecological agriculture. This is
particularly evident in Type 1. This result is consistent with many
studies (Ul Haq et al., 2021; Qiao et al., 2022; Xie and Huang, 2021).

One explanation for the high probability of younger tea growers
adoption is at the level of personal attitudes. Younger tea growers
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AISS: agricultural input supply and services N s
TPGE: tea garden production environment
EPA: environmental protection attitude
PE: production expectation
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FIGURE 4

The type of tea growers’non-adoption of TGEAP. Type 10, includes configuration combinations 1,3,4,7,9,16,21. Type 11, includes configuration
combinations 10,12,13,24,25. Type 12, includes configuration combinations 2,5,6,8,11,14,15,18,19. Type 13, includes configuration combinations
17,20,22,23. A thick line indicates that all configuration combinations in the type satisfy this anthems, and thin line indicates that only some
configuration combinations meet this antecedent condition. The solid line indicates that the antecedent condition is in high degree, that is, sufficient
state; The dashed line indicates that the antecedent condition is in a low degree, that is, the absence state.

may be more receptive to new technologies because they may be less
dogmatic in their belief system of agricultural practices and have a
welcoming attitude towards environmental protection (Liu Y. et al,,
2019). Older tea growers will be more likely to rely on and prefer the
experience of traditional farming (Pan et al., 2017). Our
establishment of the mediating role of environmental protection
attitudes and antecedent conditions combination supports this,
however, in our study, we believe that it should be understood
from a more complex and comprehensive perspective.

In types 1, 3, and 5, high incomes and sufficient producers have
always been the influencing conditions. The combination of high
income and low age appeared in types 1 and 3. This shows a very
close relationship between low age and high income, and between
high income and sufficient producers. Lower-age tea growers tend
to have higher incomes and more labor to produce tea. This may be
because younger tea growers have a variety of options in
employment, and if agriculture income is low, they are likely to
switch to non-farm employment (Zhang et al., 2017). Only the
higher-earning tea growers are willing to stay for agricultural
production and devote more labor to it. As a result, this group of
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lower-age tea growers has higher income, has enough capital and
labor to try new practices, and is more likely to accept the concept of
environmental protection.

This explanation is applicable to Type 1 and can also elucidate
why low states of tea garden production environment become
significant antecedent conditions in Type 3. In adverse tea garden
production environments, tea growers, due to the financial costs
associated with changing the environment, may opt to escape the
adverse environments. This avoidance of adverse environments,
coupled with a negative orientation toward environmental
protection attitudes, hinders tea growers’ adoption (Liu et al,
2018). However, within the younger age group, where there is a
higher proportion of professional farmers (Zhang et al., 2017), tea
growers are more inclined to use TGEAP for long-term
considerations. With the goal of improving the tea garden
production environment, younger tea growers are more
motivated to adopt TGEAP, leading to a higher adoption rate in
this age group.

However, older tea growers also adopt TGEAP, as evidenced in
Types 2 and 5. In these types, a high level of these factors - age,
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agricultural input supply and services, technical information
acquisition, income, and environmental protection attitudes — are
important components of their antecedent conditions. We posit
that this situation is associated with technical information
acquisition addressing cognitive limitations associated with older
age, and agricultural input supply and services mitigating labor
constraints associated with older age. Pan et al. (2017) showed that
after receiving knowledge training, the intensity of fertilizer use of
middle-aged and older wheat farmers decreased more than that of
younger farmers. Our study showed that with a high annual income
and sufficient number of tea producers, the higher the degree of tea
growers’ technical information acquisition, the more likely they are
to get rid of the cognitive limitations caused by age differences,
which encourages tea growers of different ages to adopt eco-
agriculture practices.

High agricultural input supply and services is one of the
important sufficient conditions for the adoption of practices by
older farmers (Liverpool-Tasie et al., 2017). Aging will reduce the
labor capacity of farmers (Zhang et al., 2019), including the ability
to obtain agricultural inputs. The difficulty of obtaining ecological
agricultural inputs required is often higher than that of traditional
agriculture (Janjhua et al., 2019). Therefore, for older tea growers,
when it is difficult to supply agricultural resources and services, they
will be more inclined to traditional agricultural practices with
sufficient materials and easier access and utilization. However,
when the supply of agricultural resources is convenient, the
restrictions on the ability of older tea growers to obtain
agricultural inputs are reduced, and older tea growers can adopt
eco-agriculture. The academic community generally believes that
older tea growers have more experience and knowledge, but they do
not adopt new technologies due to their own declining labor
capacity, risk aversion, and resistance to new technologies
(Foguesatto et al., 2020; Lee and Gambiza, 2022; Branca and
Perelli, 2020). And high agricultural input supply and services,
coupled with high technical information acquisition, evidently helps
mitigate negative influencing factors on tea growers’ adoption,
thereby promoting adoption.

Notably, we found that the opposite tea garden production
environment state can lead tea growers to adopt, that is, the
opposite production environment state between type 3, 6 and
type 5, 7. This provides an explanation for the masking effect of
the production environment in influencing tea growers’ adoption.
There are two scenarios in which a favorable production
environment leads to adoption. In the first scenario, a good
production environment encourages tea growers to reduce the use
of chemical inputs and increase the input of other eco-agricultural
materials. Simultaneously, as tea growers find it relatively cost-
effective to change the environment in a good production setting,
they exhibit a positive environmental protection attitude,
promoting the adoption of eco-agricultural practices (Liu et al,
2018; Otto and Pensini, 2017). The motivation for adoption in these
cases stems from production expectations and environmental
protection attitudes, as evident in Type 5. In the second scenario,
despite lacking production expectations for TGEAP and
maintaining lower environmental protection attitudes, tea growers
have sufficient agricultural inputs, a good production environment,
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and ample capital investment. In this situation, farmers have the
potential to try new practices (Ul Haq et al., 2021; Xie and Huang,
2021), as observed in Type 7. However, the occurrence of this
scenario is relatively low, with coverage rates for its configuration
combinations being 0.037 and 0.0348.

The poor tea garden production environment leading to adoption
manifests in two scenarios. There are two categories of adoption:
active and passive. The first scenario is evident in Type 3, where the
younger age group, with a higher proportion of professional farmers
(Zhang et al., 2017), is more willing to use TGEAP to improve the
production environment. This group is oriented towards improving
the production environment, directly resulting in a higher willingness
among younger tea growers to adopt TGEAP. High income and high
producers provide sufficient capital to try new technologies (Ul Haq
et al, 2021; Xie and Huang, 2021). High technical information
acquisition increases tea growers’ environmental protection
attitudes and production expectations, enhancing their adoption
motivation. The second scenario is reflected in Type 6. Technical
information acquisition, agricultural input supply and services,
production environment, production expectations, and
environmental protection attitudes all exist in Type 6 at low states,
while producers and family size exist at high states. In this situation,
tea growers find it challenging to access information about new
agricultural technologies from the exterior, and they also face a harsh
environment with higher production costs. The poor production
environment is sometimes combined with the weak capital factors,
which is consistent with previous studies (Reardon and Vosti, 1995).
Economic constraints force tea growers to reduce production capital
investment, leading them to adopt practices that require more labor
but save economic capital, achieving low-cost input. Tea growers in
this category adopt eco-agriculture more out of livelihood constraints
than voluntary willingness.

The analysis results of PLS-SEM and fsQCA also indicate that
different tea garden production environment states lead to
adoption. Types with a favorable production environment and
adoption have lower coverage rates, with coverage rates of 0.037
and 0.0348 for the involved configuration combinations. This aligns
with the lower path coefficient in the PLS-SEM analysis for
production environment — environmental protection attitudes
— tea growers” adoption of TGEAP (B=0.024). Types with a poor
production environment leading to adoption have higher coverage
rates. This corresponds to the strong negative impact of production
environment on adoption of TGEAP in the PLS-SEM analysis
(B=-0.22).

Combining the complex situations regarding tea growers’
adoption based on different environmental conditions, along with
the analysis results from PLS-SEM and fsQCA, we argue that both
favorable and poor environmental conditions can lead to adoption.
Among them, the type where poor environmental conditions lead
to tea growers’ adoption dominates. Although favorable
environmental conditions can also result in tea growers’ adoption,
with some influence mediated by environmental protection
attitudes, the number of cases is relatively low. It is the presence
of this type that weakens the significant negative impact of
production environment on tea growers’ adoption of TGEAP
from —0.22 (Path Coefficients) to —0.179 (Total Effects).
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Additionally, in Type 8, even though other antecedent
conditions are at low states, technical information acquisition and
environmental protection attitudes are at high states and serve as
core conditions. This implies that, even in the absence of other
conditions, acquiring technical information about TGEAP can still
promote tea growers’ adoption practices. Type 9 reveals that a high
state of agricultural input supply and services and a high state of
production expectations may still lead to tea growers’ adoption,
although the path agricultural input supply and services —
production expectations — tea growers’ adoption of TGEAP in
the PLS-SEM analysis has a p-value of only 0.068.

Our results regarding tea growers’ non-adoption practices
indicate 4 types of combinations of antecedent conditions.
Overall, a good tea garden production environment often leads to
non-adoption by tea growers.

The first type is the dual constraint type of information and
capital, as manifested in Type 10. Knowler D. et al. argued that land
fertility can negatively impact adoption because farmers with high-
yielding soils may pay less attention to the conservation of their
land (Knowler and Bradshaw, 2007), aligning with our findings. In
situations with low states of technical information acquisition, tea
growers lack positive production expectations for TGEAP, and due
to their favorable tea garden production environment, their
adoption motivation is further weakened. Additionally, these tea
growers lack the corresponding investment capital. Therefore, this
scenario means that in a favorable production environment, tea
growers find more marginal benefits from using conventional
agriculture, particularly in terms of fertilizer input. The second
type is the lack of motivation type, as evidenced in Type 11. In a
good tea garden production environment, tea growers, following
the traditional production model, already have sufficient income.
Additionally, due to inadequate agricultural inputs and low
production expectations, tea growers lack the motivation to
undergo practice transformation.

The third type is the absence of external variables leading to
internal motivation deficiency, as observed in Type 12. Because
technical information acquisition and the tea garden production
environment are both at low states, they inhibit environmental
protection attitudes and production expectations, thereby leading to
tea growers’ non-adoption. This result confirms the mutual
verification of the S-O-R model assumptions and supports some
derivations of tea growers’ adoption. The fourth type is the dual
constraint of motivation and capital, shown in Type 13. The
producer number and income are at low levels, indicating that tea
growers lack the capital to adopt new practices. Furthermore, tea
growers’ environmental protection attitudes and production
expectations are also not high. Therefore, even if tea growers have
an adequate supply of agricultural inputs and a good production
environment, they still do not adopt TGEAP.

This study still has some limitations. First of all, due to the
limitation of data availability, this study lacks an in-depth analysis
of the complexity of tea grower adoption from the time dimension.
Secondly, this study only studied tea growers and did not analyze
other types of farmers. As for the limitations of this study, future
studies can work on these aspects, future studies can further carry
out a more detailed investigation on the types of farmers, increase
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the sample size of data, and conduct a comprehensive and in-depth
analysis on the adoption behavior of farmers from the time and
space dimensions, so as to break through the limitations of this
research and expand the research depth of existing studies.

5 Conclusion

Technical information acquisition can significantly influence
tea growers’ adoption through production expectations and
environmental protection attitudes. The tea garden production
environment can positively affect tea growers’ adoption through
environmental protection attitudes. However, adverse tea garden
production environments also have a significant and positive
impact on tea growers’ adoption. Environmental protection
attitudes exhibit a masking effect in the impact of the tea garden
production environment on tea growers’ adoption. Low age, high
income, and an abundant number of producers, combined with the
production environment and technical information acquisition,
lead to tea growers” adoption. Both low and high age can lead to
tea growers’ adoption, each with different combinations of
antecedent conditions. Low age is a core characteristic of farmers
adopting eco-agriculture. However, high-age tea growers also adopt,
often in conjunction with high states of agricultural inputs and
services and high states of technical information acquisition
variables. These combinations go beyond the theoretical
assumptions of the S-O-R model. Both favorable and poor states
of the tea garden production environment can lead to tea growers’
adoption, presenting a distinction from the results expected under
the S-O-R theoretical model. In contrast to the S-O-R model’s
assumptions, the favorable production environment not only
promotes adoption but can also lead to non-adoption. The
favorable production environment can induce tea growers’
adoption through environmental protection attitudes. The
adoption resulting from poor production conditions can be
classified into two types: one is adopted voluntarily, and the other
is adopted due to livelihood constraints. There are 4 types of
combinations of antecedent conditions leading to tea growers’
non-adoption. These include the double constraint of information
and capital, the lack of motivation type, the dual constraint of
motivation and capital, and the internal lack of motivation due to
the absence of external variables.

Based on the research results, we put forward corresponding
policies and suggestions: (1) Strengthen the dissemination of eco-
agricultural technology information, increase the information
sources and channels for tea growers to obtain information about
eco-agriculture practices, improve the supply services of rural
agricultural resources, and provide convenient conditions for tea
growers to implement eco-agriculture practices. By improving the
terms of technical information acquisition, agricultural input
supply, and services, it can improve production expectations and
environmental protection attitudes, and promote the practice
adoption. (2) The government needs to conduct a more detailed
investigation on the production environment of tea gardens and the
capital of tea growers, so as to accurately identify and assess whether
tea growers are suitable for switching to eco-agricultural practices,
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and adopt targeted encouragement policies. This is because there
are many types of tea growers’ non-adoption, and different factors
restrict them. For example, when tea growers do not adopt
ecological agriculture because they lack financial capital support
and production expectations but have sufficient agricultural labor
force, and a good production environment, then the government
can promote the adoption of eco-agriculture practices by giving
preferential subsidy policies and credit support.
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