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Abstract

Against the backdrop of the growing alignment between green agricultural transforma-
tion and rural land system reform, how stable land tenure promotes farmers” adoption of
green production technologies has become an important issue in achieving high-quality
agricultural development. Using 2024 survey data from 1117 farm households in Inner
Mongolia under China’s second-round land contract extension policy, this study applies
Poisson regression and mediation models to examine how land tenure stability affects
farmers’ adoption of green production technologies. The results show that legal, factual,
and perceived tenure stability, measured by second-round contract extension signing, no
land disputes since the second round, and expectations of no future land adjustment,
all significantly promote adoption. Tenure stability promotes adoption through higher
income, better credit access, stronger benefit expectations, and greater risk-coping ca-
pacity, reflecting both economic and psychological effects. Its positive effect is stronger
among small-scale farmers and those with lower-quality cultivated land. Policy efforts
should not only prudently advance the second-round land contract extension, but also
strengthen tenure security in practice and coordinate support for green production, rural
finance, and risk protection. From a multidimensional land tenure stability perspective,
this study provides new empirical evidence on how rural land reform translates into green
behavioral responses.

Keywords: land tenure stability; green production; farmers’ technology adoption; Inner
Mongolia

1. Introduction

Globally, agricultural development is widely confronted with the challenge of simul-
taneously advancing two overarching goals: ensuring food security and protecting the
ecological environment. For a long time, the excessive use of agricultural inputs such as
pesticides and chemical fertilizers has been common in developing countries [1], contribut-
ing to greenhouse gas emissions, soil degradation, and other environmental pressures
that undermine agricultural sustainability and threaten global food supply security [2].
Against this backdrop, promoting the green transformation of agricultural production
has become a global consensus for achieving sustainable agricultural development [3],
with countries adopting policy support, technology diffusion, and related measures [4].
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The Chinese government has attached great importance to green agricultural develop-
ment [5]. Policy documents, including the proposals for the 15th Five-Year Plan, emphasize
resource conservation and environmental friendliness, and call for stronger protection and
improvement of cultivated land quality [6,7]. In recent years, the level of green agricul-
tural development in China has improved to some extent. However, constrained by the
large rural population and the high degree of land fragmentation, a number of problems
remain prominent amid rapid economic expansion [8], including excessive pesticide use
intensity [9,10], fertilizer input levels that remain above the world average [11], residual
pollution from agricultural plastic film, and the degradation of cultivated land quality.
As the direct operators of cultivated land [12], farmers” adoption of green production
technologies, such as straw returning and the application of organic fertilizers, is widely
regarded as critical for enhancing the sustainability of agricultural development [13].

Although there is no universally accepted definition, the Food and Agriculture Or-
ganization of the United Nations emphasizes three principles for green land production:
minimizing soil disturbance, maintaining organic soil cover, and conserving agricultural
biodiversity [14]. Green production usually spans the entire agricultural process, including
pre-production, on-farm production, and post-production activities, and encompasses a
variety of technologies and practices such as soil testing and formula fertilization, water-
saving irrigation, straw returning, and pest control [15]. Compared with conventional
production practices, green production technologies are often characterized by sustained
input requirements and greater uncertainty in returns [16]. As a result, farmers’ willingness
to adopt green technologies depends largely on their expectations of future land tenure
stability. Land is not only an important means of production and income source for rural
households, but also a safeguard against livelihood risks [17,18]. Although many countries
have promoted land tenure reforms, problems such as unclear rights and responsibilities
and frequent land readjustments still persist in both legal and practical terms [19,20]. In
China, rural land reform has continued since the establishment of the Household Responsi-
bility System in 1978. However, historical changes and ongoing adjustments have made
plot boundaries difficult to define in many rural areas, while land rights relations remain
complex [21], raising persistent concerns over the effectiveness of rural land institutions
in China.

China is currently at a critical stage in which the second round of rural land contracts
is expiring and being extended for another 30 years. Exploring how stable land tenure
stimulates farmers’ long-term green investment is important for implementing the land
contract extension policy and advancing agricultural green transformation. Existing studies
have not reached a unified definition of land tenure stability. Most use formal institutional
indicators, such as land titling and certificate registration, as proxies [22,23]. Under China’s
“separation of three rights” reform, some studies further consider the actual operation
of land institutions, such as land readjustments, and farmers’ subjective perceptions of
tenure security [24,25]. However, evidence remains mixed on whether and how tenure
stability affects farmers’ adoption of green production technologies. The mainstream
view holds that stronger tenure stability enhances long-term land-use expectations and
promotes practices such as reduced fertilizer and pesticide use, organic fertilizer application,
and straw returning [20,26]. However, some studies argue that changes in perceived
tenure security induced by practices such as land readjustments do not necessarily have
a significant impact on farmers’ production investment behavior [27], implying that the
constraining effect of land tenure instability on agricultural investment may be relatively
limited [28].

Related studies suggest that land tenure stability may affect farmers’ investment de-
cisions and technology adoption through multiple channels, including economic returns,
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policy environments, and resource endowments [29]. Stable and well-defined farmland
property rights can stimulate rural factor markets, reduce transaction costs and uncertainty
in farmland transfer, and improve the efficiency of farmland resource allocation [30]. Scale
operation may further reduce the excessive use of conventional agricultural inputs such
as pesticides and chemical fertilizers [31,32]. In addition, clear and stable land rights can
serve as collateral or a credit signal under information asymmetry [33], helping financial
institutions assess farmers’ repayment capacity and default risk and thus improving farm-
ers’ access to formal credit [34]. External institutional support and regulation, together
with farmers’ internal cognitive and affective judgments, may further facilitate the inter-
nalization of agricultural production externalities and strengthen the role of land tenure
stability in promoting cultivated land quality protection and green production technology
adoption [25,35].

Overall, existing studies have examined the effects of land tenure on farmers’ in-
vestment and technology adoption from the perspectives of land institutions, land rights
confirmation policies, and perceived property rights security. These studies provide an
important foundation for understanding land tenure security across legal, factual, and
perceived dimensions [36]. However, as China’s rural land system has entered the post-
confirmation stage and the second-round land contract extension is being advanced, further
research remains needed. First, existing studies often measure legal tenure stability by
whether land rights have been confirmed and certificates issued. With the near completion
of land rights confirmation and certification, however, this indicator has become less dif-
ferentiated in the current rural Chinese context. It is therefore necessary to re-characterize
differences in farmers’ tenure stability in the post-confirmation stage by incorporating the
progress of the second-round land contract extension. Second, existing research has paid
more attention to the effects of land tenure stability on land investment, land transfer, rural
migration, and property rights perceptions. Most studies emphasize long-term invest-
ment incentives or financing constraints, while multi-path examinations of economic and
psychological effects remain insufficient.

Based on this, this study aims to respond to the practical needs of China’s agricultural
green transformation and the further reform of the rural land system. Against the back-
ground of extending the second round of rural land contracts for another 30 years after
expiration, this study examines how different dimensions of land tenure stability affect
farmers’ adoption of green production technologies. It also provides empirical evidence for
improving contract-extension policy implementation, optimizing green technology pro-
motion, and strengthening farmers’ incentives for long-term agricultural investment. This
study uses survey data from 1117 farm households collected from rural fixed observation
points in the Inner Mongolia Autonomous Region in 2024. Inner Mongolia is selected as the
study area for two main reasons. First, as an important agricultural production region and
ecological security barrier in northern China, Inner Mongolia faces practical pressure to
protect cultivated land quality and promote agricultural green transformation. Second, In-
ner Mongolia has a vast territory, and its eastern, central, and western regions differ greatly
in land operation scale, cultivated land quality, and farmers” production conditions. The
ongoing implementation of the second-round contract extension also provides a suitable
setting for examining how land tenure stability affects farmers” production decisions in the
post-certification stage.

Building on the existing three-dimensional framework of land tenure security, this
study measures land tenure stability from the legal, factual, and perceived dimensions in
line with the development of China’s rural land system. It further identifies the pathways
through which land tenure stability affects green production technology adoption from four
aspects: income level, credit accessibility, benefit expectations, and risk-coping capacity. The
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contributions of this study are twofold. First, based on the current context of China’s second-
round contract extension, this study uses whether farmers have signed second-round
land contract extension agreements, whether they have experienced land disputes, and
their expectations about contract-extension adjustment as measurement criteria, thereby
extending research on the relationship between land system arrangements and green
agricultural behavior in the post-certification stage. Second, from the perspectives of
economic and psychological effects, this study systematically reveals the mechanisms
through which land tenure stability affects farmers’ technology adoption under the second-
round contract extension. It also provides empirical evidence from China’s agricultural
practice for improving rural land system arrangements and optimizing green technology
promotion policies in other countries and regions.

2. Theoretical Analysis and Research Hypothesis
2.1. Land Tenure Stability and Farmers’ Adoption of Green Production Technologies

From the perspective of new institutional economics and farm household behavior
theory [37], farmers’ production decisions are not determined solely by profit maximization
under full rationality [38]. Rather, they are jointly shaped by institutional constraints,
uncertainty, and risk aversion, which may cause farmers to behave conservatively when
facing long-term and uncertain investments [39]. Property rights theory [40] suggests that
clear and stable property rights form a critical institutional basis for long-term investment
and efficient resource allocation [41,42]. In agriculture, land is the most fundamental
productive asset, and the stability of contracted land-use rights directly influences the
predictability of future returns and the uncertainty surrounding investment recovery [43].
Because green production technologies are often associated with high initial costs, long
payback periods, and uncertain returns [44], farmers” willingness to adopt them is likely to
depend heavily on their expectations of land tenure stability.

From the perspective of policy guarantees, land tenure stability is reflected in the
formal legal recognition of contracted land-use rights through measures such as land titling,
certification, and registration [45]. Drawing on theories of property rights security and
transaction costs, legal confirmation of land rights helps reduce the institutional risks of
rights infringement or land readjustment, while also lowering dispute and bargaining costs
arising from unclear rights and responsibilities, thereby strengthening farmers’ certainty
regarding the future allocation of returns [46,47]. Different land tenure arrangements may
also generate heterogeneous effects on farmers’ technology adoption [48]. Compared with
farmers who cultivate cash-rented land, farmers operating their own contracted land are
more likely to regard land as an asset for long-term use and management [21], thereby
increasing their willingness to adopt green production technologies that require sustained
investment and long-term management [49]. For tenant farmers, the length of the lease
contract also shapes investment incentives. Longer lease terms may create more stable
expectations and thus encourage investment in green production [50].

From the perspective of actual institutional operation, land tenure stability is fur-
ther reflected in the continuity and predictability of contracted land relations in practice.
Investment decision theory under uncertainty suggests that when contracted land-use
rights are subject to frequent disputes, rational farmers are more likely to delay or reduce
long-term investment [18,51,52], while shifting their preference toward short-term returns
to avoid potential sunk-cost losses. In contrast, relatively stable land tenure relations enable
farmers to make more consistent production arrangements and accumulate experience in
technology use, thereby lowering the trial-and-error costs of green technology adoption
and enhancing their incentives for long-term investment.
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From the perspective of subjective expectations, land tenure stability further affects
farmers’ risk attitudes by shaping their psychological expectations regarding future land
security [53]. Behavioral economics suggests that uncertainty can amplify decision makers’
tendency toward loss aversion [54]. In agricultural production, which is already subject
to natural risks and market fluctuations, the addition of institutional uncertainty is likely
to further discourage farmers from accepting long-term green investment. For farmers,
however, adopting green production technologies can, in the long run, help improve
production efficiency and increase output. Stable expectations of land tenure help alleviate
farmers’ psychological concerns over land loss, and a stronger sense of security makes
them more likely to undertake long-term investment [55].

In summary, the legal, factual, and perceived dimensions of land tenure stability
may reduce the institutional uncertainty and risk constraints faced by farmers in green
production technology adoption. On this basis, this study proposes that land tenure stability
may be positively associated with farmers” adoption of green production technologies, and
this relationship is further examined empirically. This study divides land tenure stability
into three dimensions: legal stability, factual stability, and perceived stability. These
dimensions correspond, respectively, to formal institutional confirmation, measured by the
signing of second-round land contract extension agreements; the actual stability of land use,
measured by whether land disputes have occurred; and farmers’ subjective expectations
about future land conditions, measured by whether they expect land readjustment during
the second-round land contract extension. Although these three dimensions may be related
in practice, they capture different aspects of land tenure stability. Therefore, treating them
as separate dimensions is theoretically necessary for distinguishing different sources of
tenure security. Based on this, the following hypotheses are proposed:

H1. Land tenure stability has a significant positive effect on farmers” adoption of green production
technologies.

H1la. Legal stability has a significant positive effect on farmers” adoption of green production
technologies.

H1b. Factual stability has a significant positive effect on farmers” adoption of green production
technologies.

Hilc. Perceived stability has a significant positive effect on farmers’ adoption of green production
technologies.

2.2. Mediating Effects of Land Tenure Stability on Farmers” Adoption of Green Production Technologies

Technology adoption is a multi-stage process involving awareness, evaluation, and
implementation [56]. Green production technologies are often characterized by high
upfront investment, delayed returns, and uncertain outcomes. Therefore, farmers” adoption
decisions depend not only on land rights themselves, but also on their economic capacity,
financing conditions, expected returns, and risk-coping ability. Accordingly, this study
examines whether land tenure stability affects farmers” adoption of green production
technologies through the following four mechanisms.

2.2.1. Income Level

7

According to farmer behavior theory and the resource constraint perspective, farmers
technology adoption is not determined solely by the expected benefits of a technology, but
is also jointly constrained by household resource endowments and economic capacity. As
micro-level decision-makers who act both as producers and risk bearers, farmers usually
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weigh expected returns, input costs, and uncertainty risks when making technology adop-
tion decisions. When household operating income is low, farmers have limited disposable
funds, and their technology investment behavior is more likely to be constrained by liquid-
ity shortages and short-term livelihood pressures [57]. For green production technologies
such as subsoiling, organic fertilizer application, straw returning, and green pest control,
adoption often requires relatively high upfront investment, continuous management costs,
and a certain period of technical adaptation. Therefore, even if low-income farmers are
willing to engage in green production, they may find it difficult to bear the costs of techno-
logical trial and error, short-term income fluctuations, and production transition risks due
to insufficient financial reserves [58].

Land tenure stability may further affect household operating income by shaping
farmers’ long-term operational expectations and resource allocation behavior. On the one
hand, more stable land tenure arrangements help reduce the institutional transaction costs
involved in rights protection, dispute resolution, and operational adjustment, allowing
farmers to allocate more resources to agricultural production. On the other hand, stable
expectations about land operation help farmers form relatively continuous production
plans and reduce short-term production behavior caused by land tenure uncertainty, which
may improve the stability and predictability of agricultural operating income. As income
increases, farmers’ economic capacity and disposable resources also improve, and the
constraints they face in meeting the capital input, management costs, and short-term
transition costs required for adopting green production technologies may be eased [59].

2.2.2. Credit Accessibility

Green production typically involves high upfront costs, delayed returns, and consider-
able uncertainty. For this type of capital-intensive investment, farmers” access to external
financial support can, to a certain extent, affect both their technology adoption decisions
and the intensity of their investment. On the one hand, from the perspective of credit
rationing theory and financing constraints, financial institutions tend to impose higher
risk premiums on agricultural loans under conditions of information asymmetry, meaning
that even when farmers are willing to invest in green production, they may still be unable
to do so because of insufficient cash flow [60]. By contrast, when credit accessibility im-
proves, farmers are more able to overcome financial barriers and translate intended green
investment into actual action, thereby sustaining more stable investment in areas such as
fertilizer substitution, green pest control, and soil improvement that require continuous
input [61]. On the other hand, from the perspective of farmers’ risk decision making and the
theory of irreversible investment, the returns to green technologies are inherently uncertain.
The smoother the financing channels are, the more easily farmers can buffer short-term
income fluctuations through financial resources [62], thereby enhancing their confidence in
adopting green production technologies.

In addition, the de Soto effect suggests that land with clearly defined and secure
rights can function as collateral, thereby alleviating financial institutions” concerns over
farmers’ repayment capacity and default risk, enhancing institutional trust, and easing
financing constraints [63]. By sending clearer signals of operational stability to external
lenders, land tenure stability can reduce the risk assessment costs faced by banks and other
financial institutions, thereby improving both lending willingness and credit accessibility.
For farmers, greater tenure stability also strengthens expectations of long-term operation,
making them more willing to use formal credit to support green investment and reducing
delays in adopting green technologies under short-term production incentives.
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2.2.3. Benefit Expectations

According to the theory of planned behavior and the technology acceptance model [64],
individuals’ adoption of a technology depends not only on objective constraints, but also on
their subjective judgments of its usefulness, profitability, and behavioral consequences [65].
Green production practices involve a dynamic learning process. Their benefits are often
long-term and lagged, and may not immediately translate into higher yields or increased
income in the short run. In the early stage, they may even generate additional learning and
management costs. Therefore, when making decisions about adopting green production
technologies, farmers may consider not only the current input—-output relationship, but
also whether future returns can be realized, whether these returns can be captured by
themselves, and whether continued technology investment is worthwhile [66].

Land tenure stability may further affect farmers’ green production technology adop-
tion decisions by shaping their judgment about the realization of future returns. When
farmers have stronger expectations of continuity and predictability in future land oper-
ations, they are more likely to believe that the soil improvement, cost savings, output
stability, and ecological benefits brought by green technologies will gradually emerge in
future farming operations and be continuously enjoyed by themselves. By contrast, if
land tenure stability is insufficient, farmers may have less confidence in the realization of
technology-related benefits, even if they recognize the potential value of green technologies,
because they may worry about future land readjustment, land disputes, or interruption of
farming operations [67].

2.2.4. Risk-Coping Capacity

According to expected utility theory and prospect theory [54,68], farmers tend to
exhibit risk-averse behavior when facing uncertain returns and irreversible investment.
They are especially likely to delay or reduce technology investments that require substantial
upfront costs and have long payback periods [69]. Green production technologies involve a
certain degree of input specificity and delayed returns. Once farmers invest in technologies
such as subsoiling, organic fertilizer application, straw returning, or green pest control,
the related costs are often difficult to recover fully in the short term. Their returns are
also vulnerable to external shocks, such as natural disasters, extreme weather, market
price fluctuations, and policy changes [70]. Therefore, under high external uncertainty
or unstable future land operation rights, farmers may prefer to retain cash flow, reduce
long-term investment, or choose traditional production methods with quicker short-term
returns [71,72].

Stable land tenure may reduce farmers’ concerns about land readjustment, operational
interruption, and the failure to realize returns from prior investments, thereby strengthening
their sense of security in future continuous operation. As land tenure stability improves,
farmers’ psychological tolerance and operational flexibility in coping with external shocks
also increase, making them more capable of bearing the initial cost pressure and income
fluctuations associated with green technology adoption. Therefore, land tenure stability
may enhance farmers’ risk-coping capacity, weaken the inhibitory effect of uncertainty on
green technology adoption, and ultimately increase their adoption of green production
technologies.

Based on this, the following hypotheses are proposed:

H2. Land tenure stability promotes farmers’ adoption of green production technologies through
both economic and psychological effects.
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H2a. Land tenure stability promotes farmers’ adoption of green production technologies by
increasing their income level.

H2b. Land tenure stability promotes farmers’ adoption of green production technologies by
improving their credit accessibility.

H2c. Land tenure stability promotes farmers’ adoption of green production technologies by
strengthening their benefit expectations.

H2d. Land tenure stability promotes farmers” adoption of green production technologies by
enhancing their risk-coping capacity.

Based on the above analysis, this study integrates the three dimensions of land tenure
stability, four mediating variables, and farmers’ adoption of green production technologies
into a unified analytical framework, and accordingly constructs the theoretical framework
shown in Figure 1. It should be noted that the theoretical framework of this study is
developed within the institutional context of China’s second-round land contract extension.
The three dimensions of land tenure stability and the four pathways are designed mainly
in light of China’s current rural land system practices and the context of farmers’ adoption
of green production technologies.
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reduce institutional uncertainty |
|

Green
Production
Technology
Adoption
Behavior

Legal Stability
Second-round Contract Extension Signing

Land Tenure Factual Stability

Stability Land Dispute Experience strengthen long-term expectations

I
I
Stabilize contract relations, L
I
I
I

Perceived Stability
Future Adjustment Expectations

: i |

Improve risk expectations, enhance i
long-term investment willingness | |
|
=

J s g

H2: Mediating effect Promotes

|

Improve the income base and [
Income Level P : o —H2a:Promotes

enhance economic affordability ) |

" A R 5 [l

Ease financial constraints and obtain
s H2b:Promotes
external funding

Credit
Accessbility

Benefit
Expectations

TITH

. . H2c:Promotes
adoption confidence

|
|
Strengthen benefit cognition and |
I
|

Economic Effects
|
|
|

Psychological
Effects Risk-Coping Strengthen risk buffering and ! 5 i Bromo
Capacity reduce adoption uncertainty |1 srromotes

Figure 1. Theoretical framework of how land tenure stability promotes farmers” adoption of green
production technologies.

3. Data and Methods
3.1. Data Sources

The data used in this study come from a special survey of rural fixed observation
sites conducted in the Inner Mongolia Autonomous Region, China, in 2024. The survey
covered 10 leagues and prefecture-level cities across the eastern, central, and western parts
of Inner Mongolia, 30 banners, counties, and districts, and a total of 53 villages, with farm
households holding contracted cultivated land as the main survey respondents.

The questionnaire was designed to collect information on farmers’ personal charac-
teristics, household features, land rights and land transfers, agricultural production and
investment, green production behavior, and subjective perceptions. A total of 1207 ques-
tionnaires were collected. After excluding questionnaires with abnormal data or missing
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basic information, 1117 valid questionnaires were retained, yielding an effective response
rate of 92.5%.

Among the surveyed households, 862 households had signed second-round land
contract extension agreements, representing 77.2% of the sample. A total of 41 households
had not adopted any green production technologies, while 45 households had adopted
all five technologies. The largest share of households, 431 in total, had adopted two
green production technologies, which is broadly consistent with the characteristics of a
probability distribution. The field survey data are therefore considered to be authentic
and reliable. Overall, the sample covers different parts of Inner Mongolia and provides a
reliable micro-level data basis for the subsequent empirical analysis.

3.2. Method and Model Specification
3.2.1. Poisson Regression Model

In this study, the dependent variable is farmers” adoption of green production tech-
nologies, measured by the number of green production technologies actually adopted by
each household. This variable is a non-negative integer count variable ranging from 0
to 5 and therefore does not satisfy the normality assumption required by ordinary least
squares regression. For this type of count random variable, Poisson regression or negative
binomial regression is commonly used for estimation. The Poisson regression model as-
sumes equidispersion, that is, the conditional variance equals the conditional mean, and is
widely used for non-negative integer count outcomes. In this study, the dependent variable
measures the number of green production technologies adopted by farm households. The
five technologies considered are relatively independent adoption choices and do not neces-
sarily occur jointly. After conducting a Pearson goodness-of-fit test on the sample data, the
resulting p-value was close to 1, so the null hypothesis of no overdispersion could not be
rejected, indicating that the Poisson distribution assumption is broadly satisfied. Therefore,
this study adopts the Poisson regression model as the baseline model to estimate the effects
of the three dimensions of land tenure stability on the number of green production tech-
nologies adopted by farmers. The probability distribution and conditional expectation are
specified as follows:

e MiA8
P(G; = g|Stabley, X;) = —a g =012... (1)
E(Gi|Stableki,Xi) = Ay = exp(ﬁ0+ﬁk5tableki+fy’Xi) (2)

In Equations (1) and (2), G; denotes the number of green production technologies
adopted by household i; Stabley; denotes the k-th dimension of land tenure stability for
farmer i, where k represents the legal, factual, and perceived dimensions, respectively;
and Xj; is a vector of control variables, including individual characteristics, household
characteristics, and production and operational characteristics. A; > 0 is the Poisson arrival
rate, reflecting the expected number of green production technologies adopted by the
household conditional on the explanatory variables. By is the key parameter of interest,
capturing the effect of different dimensions of land tenure stability on the number of green
production technologies adopted by farmers.

3.2.2. Mediation Model

To further identify the mechanisms through which land tenure stability affects farmers’
adoption of green production technologies, this study follows the mediation effect testing
procedure proposed by Wen et al. [73] and constructs stepwise regression models based
on the baseline regression. Specifically, this study examines whether the three dimensions
of land tenure stability affect farmers’ green technology adoption through economic and
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psychological effects. Four mediating variables are introduced. The economic effect is
captured by income level and credit accessibility, while the psychological effect is captured
by benefit expectations and risk-coping capacity. The mediation models are specified

as follows:
G; = ciStabley; + vX; + €15 )
My = agpStableg + 0X; + e; (4)
G = c{mlStableki + by Myi + 5/Xi + €3 )

Here, M,,; denotes the m-th mediating variable, including income level, credit acces-
sibility, benefit expectations, and risk-coping capacity; and ¢;;, €5;, and €3; are random
disturbance terms.

Equation (3) is used to test the total effect of each dimension of land tenure stability
on farmers” adoption of green production technologies, where c; denotes the total effect
of the k-th dimension of land tenure stability on green technology adoption. Equation (4)
tests the effect of each dimension of land tenure stability on the mediating variables, where
ay, denotes the effect of the k-th dimension of land tenure stability on the m-th mediating
variable. Equation (5) examines the effect of the mediating variables on green technology
adoption after both land tenure stability and the mediating variables are included, where
by denotes the effect of the mediating variable on green technology adoption, and ¢}, de-
notes the direct effect of land tenure stability on green technology adoption after controlling
for the mediating variable.

On this basis, this study further calculates the indirect effect of each mediation pathway
as follows:

IEgm = agm X bim (6)

In Equation (6), IE,, denotes the mediating effect through which the k-th dimension
of land tenure stability affects farmers” adoption of green production technologies via the
m-th mediating variable. If the Bootstrap confidence interval of ay,, X by, does not include
0, the corresponding mediation pathway is considered statistically significant.

Furthermore, this study calculates the proportion of the mediating effect as follows:

A X bkm

PMy,, = x 100% @)

Ck

In Equation (7), PMy,, denotes the proportion of the mediating effect of the m-th
mediating variable in the relationship between the k-th dimension of land tenure stability
and farmers’ adoption of green production technologies. If ay,, X by, is significant and ¢},
remains significant, the variable is considered to play a partial mediating role. If ay,, X by,
is significant while ¢}, becomes insignificant, the variable may play a full mediating
role. If the indirect effect and the total effect have opposite signs, the proportion of the
mediating effect is not interpreted mechanically; instead, it is treated as indicating a possible
suppression effect or competitive mediation.

3.3. Variable Description and Descriptive Statistical Analysis
3.3.1. Dependent Variable

The dependent variable in this study is farmers” adoption of green production tech-
nologies. Such adoption is reflected in farmers’ decisions to adopt one or more green
agricultural technologies in combination. Drawing on previous studies [15,74,75] and
taking into account the actual agricultural production conditions of the survey area, this
study selects five specific technologies to characterize green production technology adop-
tion: deep plowing and subsoiling, soil testing and formula fertilization, organic fertilizer
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application, straw returning, and green pest and disease control. These technologies have
been shown to improve soil properties, enhance soil water retention capacity, and increase
soil fertility by optimizing tillage practices, improving nutrient allocation, and reducing
dependence on chemical inputs [76-78]. Together, these practices constitute a green produc-
tion system that spans pre-production, on-farm production, and post-production processes.
They are consistent with the United Nations’ principles of sustainable agriculture and have
also been supported by relevant fiscal policies of the Chinese government.

Each of the five technologies is first coded as a binary variable, with adoption assigned
a value of 1 and non-adoption assigned a value of 0. Based on the actual conditions
of the surveyed region, the number of green production technologies adopted by each
household is then summed to obtain the final measure of the degree of green production
technology adoption. A higher value indicates a higher level of farmers” adoption of green
production technologies.

3.3.2. Core Independent Variable

The core independent variable in this study is land tenure stability. Van Gelder (2010)
argues that the stability of land tenure is a multidimensional concept that encompasses not
only formal institutional arrangements at the legal level, but also the actual operation of
contractual relations and farmers” subjective expectations regarding tenure security [79].
Accordingly, drawing on the relevant literature [36], this study conceptualizes land tenure
stability along three dimensions: legal stability, factual stability, and perceived stability.

In the legal dimension, existing studies have commonly measured the formal con-
firmation of land rights by whether farmers hold land contractual management right
certificates [80]. Rural land in China is collectively owned and farm households hold land
contractual management rights. Given that China is currently comprehensively advancing
the policy of extending the second round of rural land contracts for another 30 years after
expiration, whether farm households have signed second-round land contract extension
agreements can more directly reflect whether their contractual relationship has received
continuous, explicit, and formal institutional confirmation [81]. According to relevant
policy requirements, the contract-extension work is carried out on a household basis and
organized by the village or group collective economic organization through a unified pro-
cedure. If a farm household decides to participate in the contract extension, it submits an
application, which is then reviewed by the relevant government authorities. After approval,
the renewed contract is signed. Therefore, this study uses whether a household has signed
a second-round land contract extension agreement as the measure of legal tenure security,
assigning a value of 1 if such a contract has been signed or held, and 0 otherwise.

In the factual dimension, this study measures tenure stability by whether farmers have
experienced land disputes with other farmers or village collectives since the second-round
land contracting. The occurrence of land disputes usually indicates practical conflicts
over land boundaries, contractual relationships, rights attribution, land readjustment, or
compensation for land expropriation [67], reflecting disruptions to the actual exercise
of farmers’ land rights [24,36]. Specifically, households that have not experienced land
disputes with other farmers or the village collective since the second-round land contracting
are assigned a value of 1, indicating relatively stable land rights in practice; otherwise, the
variable is assigned a value of 0.

In the perceived dimension, this study measures farmers’ subjective expectations of
future land tenure stability by asking whether they expect land readjustment to occur
during the second-round land contract extension. The variable is assigned using a Likert
scale, with higher values indicating stronger perceived tenure stability [82]. As China’s
second-round rural land contracts approach expiration and enter the policy implementation
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stage of extension for another 30 years, farmers’ expectations about whether land will still
be readjusted during the extension period can directly reflect their subjective perceptions
of the stability of future land contractual relationships.

3.3.3. Mediating Variable

This study classifies the mediating variables into two categories: economic effects and
psychological effects. The economic effects include income level and credit accessibility.
Income level is measured by annual per capita net household income, which reflects the
economic basis for farmers’ ability to bear the costs and sustained investment required for
adopting green production technologies [83]. Credit accessibility is measured by whether
farmers can obtain loans from formal financial institutions in a timely manner when
agricultural production requires borrowing. It reflects the ease with which farmers can
access external financial support and alleviate financial constraints [84]. This variable is
assigned using a five-point Likert scale, with higher values indicating easier access to credit.

The psychological effects include benefit expectations and risk-coping capacity. Benefit
expectations are measured by farmers’ subjective evaluations of the benefits generated
by green production technologies. Higher values indicate stronger expected benefits [65].
Risk-coping capacity is measured by whether risks such as natural disasters, extreme
weather, market price fluctuations, and policy changes affect farmers” adoption of green
production technologies. It reflects farmers’ ability to maintain green technology adoption
under external uncertainty shocks, with higher values indicating that adoption behavior is
less vulnerable to external risks [85].

3.3.4. Control Variables

To avoid estimation bias caused by omitted variables, this study controls, as far as
possible, for other factors that may affect farmers” adoption of green production technolo-
gies, including individual characteristics, household characteristics, and production-related
conditions. Specifically, these variables include farmers’ age, educational attainment, house-
hold labor force size, social network, planting area, number of plots, cultivated land quality,
irrigation conditions, cooperative participation, agricultural training and economic level.

Table 1 reports the definitions of the variables and the results of the descriptive
statistical analysis.

Table 1. Variable description and descriptive statistics.

Val.‘le.xble' Variables Variable Definition Min Max Mean S.D.
Classification
Green production Number of green prqducthn technologles' adopted
Dependent Technology by the household, including deep plowing and
pe . subsoiling, soil testing and formula fertilization, 0 5 2.269 1.113
variable adoption . - 2 .
) organic fertilizer application, straw returning, and
behavior . .
green pest and disease control, ranging from 0 to 5
. Core Land tenure
independent 1
) stability
variable
e Whether the household has signed a second-round
Legal stability land contract extension agreement: Yes =1, No =0 0 ! 0.772 0420
Whether farmers have experienced land disputes
Factual stability with other farmers or village collectives since the 0 1 0.948 0.222
second-round land contracting: Yes =0, No =1
Do you expect land readjustment to occur during
the second-round land contract extension?
Perceived stability 1 = Strongly agree; 2 = Somewhat agree; 1 5 3.063 0.822

3 = Neutral; 4 = Somewhat disagree; 5 = Strongly
disagree

https://doi.org/10.3390/land 15071182


https://doi.org/10.3390/land15071182

Land 2026, 15,1182 13 of 31
Table 1. Cont.
Variable . . R .
PP Variables Variable Definition Min Max Mean S.D.
Classification
Med}atmg Income level Annual per capita net household income (10,000 0.049 39.254 4712 4112
variable RMB)
When you need to borrow for agricultural
Credit production, can you obtain a loan from formal
a ibilit financial institutions in a timely manner? 1 = Very 1 5 3.372 0.924
ceessibiity difficult; 2 = Relatively difficult; 3 = Neutral;
4 = Relatively easy; 5 = Very easy
Your evaluation of the expected benefits of green
Benefit production technologies: 1 = Very insignificant;
expectations 2 = Relatively insignificant; 3 = Neutral; 1 5 3.426 0.826
4 = Relatively significant; 5 = Very significant
Do risks such as natural disasters, extreme weather,
. . market price fluctuations, and policy changes affect
Risk-coping . . .
capacit your adoption of green production technologies? 1 5 3.487 0.984
pacty 1 = Strongly affect; 2 = Relatively affect; 3 = Neutral;
4 = Slightly affect; 5 = Do not affect at all
Control
variables Age Actual age (years) 28 84 57.291 9.972
Education level Years of schooling 0 16 7.593 2.418
N}lmber of Number of hougehold members engaged in 0 6 1.899 0.769
family laborers agricultural labor
How frequently do you interact with relatives,
friends, neighbors, and others?
Social network 1 = Very infrequently; 2 = Relatively infrequently; 1 5 3.876 0.724
3 = Moderately; 4 = Relatively frequently; 5 = Very
frequently
Cultivated area Actual planted area/acre 0.8 273 27.637 27.412
Number of plots Number of cultivated ;Jel;):s operated during the 1 176 5458 7204

How do you think the quality of land in your home
Land quality compares to others: 1 = Worst; 2 = Worse; 1 5 3.396 0.770
3 = Average; 4 = Better; 5 = Best

Irrigation conditions in your village:

Irrlgfit'lon 1 = Very poor; 2 = Poor; 3 = Fair; 4 = Good; 5 = Very 1 5 3.511 0.876
conditions
good
Participation in Whether the household has joined a farmers’
patl cooperative: 0 1 0086 0403
cooperatives Yes = 1. No = 0
Aericultural Whether the household has received agricultural
griew training provided by government departments: 0 1 0.203 0.280
training Yes=1, No =0

Economic level of the respondent’s village within
the township:
1 = Very low; 2 = Low; 3 = Moderate; 4 = High;
5 = Very high

Economic level 1 5 3.213 0.750

Source: Field survey data.

4. Analysis and Discussion of Results
4.1. Baseline Regression Analysis

To ensure the reliability of the model estimation results and avoid potential mul-
ticollinearity among variables, this study first conducts a multicollinearity test for all
variables included in the model before the baseline regression analysis. The results are
reported in Table 2. The maximum VIF value is 1.52, and the mean VIF value is 1.17, with all
variables having VIF values below 10. Meanwhile, the tolerance values (1/VIF) of all vari-
ables are greater than 0.65. These results indicate that there is no serious multicollinearity
among the explanatory variables.
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Table 2. Multicollinearity test results.

Variables VIF 1/VIF
Legal stability 1.13 0.889
Factual stability 1.19 0.843
Perceived stability 1.17 0.852
Education level 1.09 0.916
Age 1.18 0.849
Number of family laborers 1.13 0.884
Social network 1.08 0.927
Cultivated area 1.11 0.901
Number of plots 1.09 0.917
Land quality 1.10 0.912
Irrigation conditions 1.44 0.694
Part1c1pat1.on in 1.05 0.953
cooperatives
Agricultural training 1.07 0.931
Economic level 1.52 0.656
Mean VIF 1.17

Table 3 reports the Poisson regression estimates of the effect of land tenure stability
on farmers” adoption of green agricultural technologies. Models (1)—=(3) separately include
legal, factual, and perceived tenure stability, respectively, while Model (4) includes all
three dimensions simultaneously to examine their effects after controlling for the other
dimensions. Since the sample households are distributed across 53 villages, farmers
within the same village may face similar land policy implementation conditions, village
governance arrangements, and agricultural production environments. As a result, the
error terms may be correlated within villages. Ignoring such intra-village correlation
may underestimate the conventional standard errors and thereby overstate statistical
significance. To improve the reliability of statistical inference, village-clustered robust
standard errors are used in all regressions.

First, as shown in Model (1), legal stability has a positive effect on farmers” adoption of
green production technologies at the 1% significance level. The results indicate that signing
or holding a second-round land contract extension agreement significantly encourages
farmers to adopt more green production technologies. A possible explanation is that such
agreements provide continuous and explicit legal confirmation of land contractual rela-
tionships, thereby clarifying the boundaries of land operation and substantially reducing
farmers’ uncertainty over whether a given plot can be cultivated on a long-term basis. This
extends farmers’ decision-making horizon and makes them more willing to adopt green
technologies, such as deep tillage and subsoiling and organic fertilizer application, whose
returns may take years to materialize.

As shown in Model (2), factual stability promotes farmers’ adoption of green pro-
duction technologies at the 1% significance level, indicating that households without land
disputes since the second-round land contracting are more willing to adopt such tech-
nologies. A possible explanation is that land disputes weaken farmers’ perceptions of
the stability of their actual land operation rights and reduce their willingness to make
long-term investments. By contrast, when land rights are more stable in practice, farmers
are more likely to adopt green production technologies that require continuous investment
and generate long-term returns.
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Table 3. Poisson estimates of land tenure stability effects.
Farmers’ Adoption of Green Production Technologies
Variables @ (2) 3) @)
Coefficient IRR Coefficient IRR Coefficient IRR Coefficient IRR
Legal 0.441 *** 1.555 *** 0.381 *** 1.464 ***
stability (0.055) (0.086) (0.050) (0.073)
Factual 0.655 *** 1.924 *** 0.348 *** 1.416 ***
stability (0.103) (0.199) (0.109) (0.155)
Perceived 0.178 *** 1.195 *** 0.155 *** 1.168 ***
stability (0.024) (0.029) (0.020) (0.024)
Education level 0.004 1.004 0.003 1.003 0.000 1.000 0.003 1.003
(0.007) (0.007) (0.008) (0.008) (0.007) (0.007) (0.006) (0.006)
Ace —0.000 1.000 0.000 1.000 —0.002 0.998 —0.002 0.998
& (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
Number of 0.068 ** 1.070 ** 0.078 ** 1.081 ** 0.078 ** 1.082 ** 0.055 * 1.057 *
family laborers (0.031) (0.033) (0.031) (0.034) (0.034) (0.036) (0.031) (0.033)
Social 0.065 ** 1.067 ** 0.062 ** 1.063 ** 0.066 ** 1.068 ** 0.069 *** 1.071 ***
network (0.027) (0.029) (0.030) (0.032) (0.028) (0.030) (0.024) (0.026)
Cultivated area 0.002 ** 1.002 ** 0.002 ** 1.002 ** 0.002 ** 1.002 ** 0.001 * 1.001 *
v (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
Number of plots —0.005 0.995 —0.004 0.996 —0.004 0.996 —0.005 0.995
p (0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003)
Land qualit 0.080 ** 1.083 ** 0.064 * 1.066 * 0.063 * 1.066 * 0.068 ** 1.070 **
q y (0.031) (0.034) (0.032) (0.035) (0.033) (0.035) (0.031) (0.033)
Irrigation 0.053 1.055 0.047 1.048 0.045 1.046 0.039 1.040
conditions (0.036) (0.038) (0.038) (0.040) (0.036) (0.038) (0.032) (0.034)
Participation in 0.031 1.031 0.065 1.067 0.056 1.057 0.075 1.078
cooperatives (0.091) (0.093) (0.085) (0.090) (0.071) (0.075) (0.080) (0.086)
Agricultural 0.026 1.026 0.020 1.020 0.041 1.042 0.029 1.030
training (0.057) (0.059) (0.059) (0.060) (0.051) (0.053) (0.049) (0.051)
Economic level 0.105 *** 1.111 *** 0.090 ** 1.094 ** 0.044 1.045 0.051 1.052
(0.038) (0.042) (0.037) (0.041) (0.037) (0.038) (0.036) (0.038)
Constant —0.777 *** 0.460 *** —0.950 *** 0.387 *** —0.630 ** 0.533 ** —1.173 ** 0.309 ***
ons (0.293) (0.135) (0.298) (0.115) (0.291) (0.155) (0.275) (0.085)
Pseudo R? 0.041 0.030 0.035 0.054
Observations 1117

Note: *, **, and *** indicate significance at the 10%, 5%, and 1% levels, respectively. Village-clustered robust
standard errors are reported in parentheses, with 53 village clusters.

As shown in Model (3), perceived stability has a positive effect on farmers” adoption of
green production technologies at the 1% significance level. The perceived dimension focuses
on farmers’ subjective judgments about the continuity of future contractual relationships.
When farmers believe that future land operation relationships will remain relatively stable,
they tend to have stronger expectations of long-term operating returns and are more willing
to adopt green production technologies characterized by current investment and future
returns. This reduces their excessive reliance on short-term yields and immediate income.

Furthermore, Model (4) includes legal, factual, and perceived tenure stability si-
multaneously to compare the net effect of each dimension after controlling for the other
dimensions. The results show that legal, factual, and perceived tenure stability all continue
to promote farmers’ adoption of green production technologies at the 1% significance level.
Hypothesis 1 is supported. This indicates that although the three dimensions of tenure
stability reflect different aspects of land rights protection, their effects are not mutually
substitutive; rather, each dimension retains a relatively independent explanatory role after
the other dimensions are controlled for. Since the estimated coefficients in count models
cannot be directly interpreted as marginal effects, this study further reports the incidence
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rate ratios (IRRs). The IRR of legal tenure stability is 1.464, indicating that, holding other
variables constant, the expected incidence rate of the number of green production technolo-
gies adopted by farmers who have signed or hold a renewed second-round land contract
is about 1.464 times that of farmers who have not signed or do not hold such a contract,
equivalent to an increase of approximately 46.4%. The IRR of factual tenure stability is 1.416,
indicating that the expected incidence rate of the number of green production technologies
adopted by farmers who have not experienced land disputes is about 1.416 times that of
farmers who have experienced land disputes, equivalent to an increase of approximately
41.6%. The IRR of perceived tenure stability is 1.168, indicating that each one-unit in-
crease in perceived tenure stability is associated with an approximately 16.8% increase
in the expected incidence rate of the number of green production technologies adopted
by farmers.

In addition, the estimates of the control variables show that household labor, social
networks, cultivated area, and land quality have significantly positive effects in all models.
The adoption of green production technologies usually requires additional labor input and
management effort. Households with more family labor are therefore better able to bear
the labor requirements and management costs associated with adopting such technologies.
Stronger social networks also promote green technology adoption, as interactions with
relatives, friends, neighbors, and other social contacts help farmers obtain agricultural tech-
nology information and learn from the adoption experiences of others, thereby improving
their awareness and understanding of green production practices. A larger cultivated area
makes it easier for farmers to achieve economies of scale and spread costs, allowing the
fixed investment in green technologies per unit of land to be distributed over a larger oper-
ational scale and thus improving their economic feasibility. Better land quality increases
the value of land as a sustainably managed asset, giving farmers stronger incentives to
maintain and enhance soil fertility through green technologies such as soil testing and
formula fertilization and organic fertilizer application, in order to secure long-term output
and land-rent returns. Village economic level is significantly positive in Models (1) and (2),
suggesting to some extent that villages with a stronger economic foundation provide more
favorable conditions for farmers to adopt green production technologies. Economically
better-developed villages usually have better agricultural production conditions, technical
service provision, and information dissemination environments, which reduce farmers’
costs of accessing green technologies, policy support, and market information. These
conditions also strengthen farmers’ capacity and willingness to make sustained agricultural
investments, thereby promoting the adoption of green production technologies.

Some variables do not show statistically significant effects. This may be because the
adoption of green production technologies is not directly determined by a single indi-
vidual characteristic or basic production condition, but is jointly influenced by long-term
operational expectations, household labor allocation, social interactions, and the village
development environment. After these related factors are controlled for, the independent
explanatory power of some variables may be weakened, and therefore they fail to pass the
statistical significance test.

4.2. Endogeneity Analysis

On the one hand, the more stable land tenure is, the clearer farmers’ expectations
regarding future land use duration and returns become, and the more willing they are to
adopt green production technologies that require substantial upfront investment and have
long payback periods. On the other hand, the adoption of green production technologies
has a typical “choice-return” characteristic. By adopting green production technologies
such as deep plowing and subsoiling, soil testing and formula fertilization, and organic fer-
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tilizer application, farmers can improve soil fertility and yield stability, thereby enhancing
farm performance and strengthening their incentives to maintain or consolidate contracted
land relations. In regions with relatively high levels of green production, more stable
land tenure arrangements may also be easier to form. Therefore, in the long run, green
production technology adoption may itself contribute to a more stable land tenure structure.
Accordingly, there may be a bidirectional causal relationship between land tenure stability
and the adoption of green production technologies, as well as omitted variable bias arising
from unobservable factors such as the village-level institutional environment, which may
give rise to endogeneity problems and bias the empirical results.

Considering that the measurements of legal and factual tenure stability are closer to
objective institutional status and the actual operation of land rights, their potential endo-
geneity problems are relatively weak. By contrast, perceived tenure stability mainly reflects
farmers’ subjective judgment about the future stability of their land contractual relationship.
It may be affected by unobserved factors such as farmers’ long-term farming intentions, risk
preferences, and awareness of green production, and may also have a potential reverse rela-
tionship with the adoption of green production technologies. Therefore, this study focuses
on the endogeneity analysis of perceived tenure stability. Following relevant research [86],
this study selects the mean value of perceived tenure stability among other sampled house-
holds in the same village, excluding the focal household, as the instrumental variable for
individual perceived tenure stability. This instrument is constructed at the village level
and can reflect the implementation of land institutions, the land governance environment,
and shared expectations about land rights within the same village. It therefore has strong
explanatory power for individual farmers’ perceived tenure stability and satisfies the rele-
vance condition of an instrumental variable. Meanwhile, because the focal household’s own
value is excluded when constructing the instrument, the potential influence of individual-
level reverse causality can be reduced to some extent. In addition, the model controls for
factors that may affect technology adoption through information, organizational partici-
pation, and village conditions, including farmers’ social networks, agricultural training,
cooperative participation, village economic level, and irrigation conditions. Therefore, the
selected instrumental variable has a certain degree of theoretical exogeneity.

Table 4 reports the instrumental variable estimation results. Column (1) presents
the first-stage regression results. The instrumental variable has a significantly positive
effect on perceived tenure stability, indicating that the perceived tenure stability of other
farmers in the same village can effectively explain the focal household’s own perceived
tenure stability. The first-stage F-statistic is 77.04. The Kleibergen—Paap rk LM statistic
is 17.05 and is significant at the 1% level, suggesting that the model does not suffer from
underidentification. The Kleibergen—-Paap Wald rk F statistic is 111.60, which is higher than
the Stock—Yogo 10% critical value, indicating that there is no weak-instrument problem.
The IV-25LS results in Column (2) show that, after addressing the potential endogeneity of
perceived tenure stability, perceived tenure stability still has a significantly positive effect
on farmers” adoption of green production technologies.

Considering that the dependent variable is the number of green production technolo-
gies adopted and has the characteristics of a non-negative integer count variable, this study
further employs an IV-Poisson model for additional testing. The results in Column (3) show
that the estimated coefficient of perceived tenure stability remains positive and is significant
at the 5% level. These findings indicate that, after accounting for potential endogeneity,
the positive effect of perceived tenure stability on farmers” adoption of green production
technologies still holds.
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Table 4. Endogeneity test results.

IV-2SLS IV-Poisson
Green Production Green Production
Variables Perceived Stability Technology Adoption Technology Adoption
Behavior Behavior
(1) First Stage (2) Second Stage 3)
Perceived stability ?O%g 6*)* (262??3*;
Instrumental variable 0(3%86;;*
Control variables YES
Constant —0.673 *** —1.885 *** —1.252 ***
(0.223) (0.590) (0.285)
First-stage F-value 77.04
R? 0.242
Kleibergen-Paap rk LM statistic 17.05 ***
Kleibergen-Paap Wald rk F statistic 111.60
Observations 1117

Note: ** and *** indicate significance at the 5% and 1% levels, respectively. Village-clustered robust standard
errors are reported in parentheses, with 53 village clusters.

4.3. Robustness Test

To test the robustness of the baseline results, this study conducts a series of robustness
checks by replacing the core independent variables, replacing the estimation model and
excluding farmers aged over 65. The detailed regression results are reported in Table 5.

(1) Replacing the core independent variables. To test whether the findings depend on
the dimensional specification of land tenure stability, this study further integrates legal,
factual, and perceived tenure stability into an overall index of land tenure stability and
replaces the dimensional explanatory variables in the baseline model with this composite
variable for robustness testing. Specifically, considering differences in the value ranges of
the three-dimensional indicators, this study first standardizes legal, factual, and perceived
tenure stability. After ensuring that the numerical directions are consistent, an equal-
weighted summation method is used to construct the overall index of land tenure stability.
The advantage of equal-weighted summation is that its calculation process is transparent
and easy to interpret. It can also avoid excessive influence from subjective weighting or
sample-driven weighting. However, its limitation is that it assumes equal importance across
the three dimensions, which may weaken differences in their relative effects. Therefore,
this study uses the composite index only as a robustness check rather than as a substitute
for the dimensional baseline analysis. The estimation results are reported in Model 1.

The results show that, after replacing the three-dimensional variables with the overall
level of land tenure stability, the estimated coefficient remains significantly positive. The
calculated IRR is 1.462, indicating that, holding other variables constant, a one-unit increase
in the overall level of land tenure stability is associated with an expected incidence rate of
green production technology adoption that is 1.462 times as high as before, equivalent to an
increase of approximately 46.2%. This suggests that the main conclusion does not depend
on a specific dimensional specification of land tenure stability and is therefore robust.

(2) Replacing the estimation model. Considering that the dependent variable is the
number of green production technologies adopted by farm households, ranging from 0
to 5, it has the characteristics of a count variable but with a relatively limited range. To
examine whether the baseline Poisson regression results are sensitive to model specification,
this study further employs a binomial-type model for robustness testing and reports the
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corresponding marginal effects. The estimation results are shown in Model 2. The results
show that the estimated coefficients of legal, factual, and perceived tenure stability are
all significantly positive, indicating that the three dimensions of tenure stability continue
to significantly promote farmers’ adoption of green production technologies after using
an alternative model for a bounded outcome variable. In terms of marginal effects, the
marginal effects of legal, factual, and perceived tenure stability are 0.170, 0.149, and 0.071,
respectively, indicating that improvements in all three dimensions of tenure stability in-
crease the level of green technology adoption among farmers. These results suggest that the
baseline findings do not depend on the Poisson model specification and that the positive
effect of tenure stability on green production technology adoption is robust.

(3) Excluding farmers aged over 65. Compared with middle-aged and younger la-
borers, older farmers may rely more on existing production experience and may have
a relatively weaker willingness to adopt new technologies. Their land often also serves
pension and livelihood security functions, and their economic objectives and risk pref-
erences may differ substantially from those of other farmers. Therefore, to reduce the
potential interference of intergenerational differences and decision-making inertia, this
study excludes farmers aged over 65 and focuses on the green technology adoption behav-
ior of farmers within the main working-age group. The estimation results are reported in
Model 3. The results show that legal, factual, and perceived tenure stability all continue to
significantly promote farmers’ adoption of green production technologies at the 1% level.
Further calculation of the IRRs shows that the IRRs of legal and factual tenure stability are
both 1.439, while the IRR of perceived tenure stability is 1.164. This indicates that, even
after excluding older farmers who may be more conservative in production decisions, the
positive effect of land tenure stability on green production technology adoption remains
significant and robust.

Table 5. Robustness test results.

Model 1 Model 2 Model 3
. Replacing the Core
Variables P 8 i i i i
Independent Variables Replacing the Estimation Model Excluding Farmers Aged over 65
Coefficient IRR Coefficient Marginal Effect Coefficient IRR
Lewal stabilit 0.416 *** 0.170 *** 0.364 *** 1.439 ***
& y (0.054) (0.023) (0.048) (0.069)
Factual 0.363 *** 0.149 *** 0.364 *** 1.439 ***
stability (0.115) (0.048) (0.140) (0.201)
Perceived 0.172 *** 0.071 *** 0.152 *** 1.164 ***
stability (0.022) (0.009) (0.021) (0.025)
Land tenure 0.380 *** 1.462 ***
stability (0.034) (0.050)
antrol YES
variables
Constant —0.050 0.951 —4.483 —1.314 *** 0.269 ***
(0.276) (0.263) (0.300) (0.321) (0.086)
Observations 1117 881
Pseudo R? 0.053 0.054

Note: *** indicates significance at 1% level. Village-clustered robust standard errors are reported in parentheses,
with 53 village clusters. For the binomial-type model, average marginal effects are reported, and their standard
errors are calculated using the Delta method.

4.4. Mechanism Analysis of the Effect of Land Tenure Stability on Farmers” Adoption of Green
Production Technologies

To further examine the internal mechanisms through which land tenure stability
affects farmers’ adoption of green production technologies, this study employs the stepwise
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regression method and the Bootstrap test within the mediation effect framework. The
dependent variable in this study is the number of green production technologies adopted
by farm households, which has the characteristics of a count variable. However, in the
mediation analysis, to maintain the decomposability and interpretability of the total effect,
direct effect, and indirect effect within a linear framework, this study adopts an OLS-
based stepwise regression approach to test the mechanisms. For the mediating variables
measured using Likert scales, this study treats them as approximately continuous variables
and estimates the mediation equations using OLS.

Based on the theoretical analysis above, the mediating variables are classified into
economic and psychological effects. The economic effects include income level and credit
accessibility, which reflect farmers” economic affordability and the alleviation of financing
constraints. The psychological effects include benefit expectations and risk-coping capacity,
which reflect farmers’ subjective judgments of the benefits of green technologies and their
capacity to withstand external risk shocks. In the empirical analysis, legal, factual, and
perceived tenure stability are separately used as the core independent variables to examine
the pathways through which they affect green production technology adoption via the
four mediating variables. Tables 68 report the mediation effect test results for the three
dimensions of tenure stability, respectively, while Table 9 further reports the mediation
effect test results based on the village-clustered Bootstrap procedure.

Table 6. Mediation effects of legal tenure stability.

Variable Name Y Al Y A2 Y A3 Y A4 Y
. 0.869 *** 2167 ** (0.789 *** 1.120** 0.678 *** 0.937**  0.660 *** 1.147***  (.623 ***
Legal stability
(0.101) (0.315) (0.109) (0.151) (0.132) (0.099) (0.123) (0.145) (0.120)
0.037 ***
Income level (A1) (0.013)
. - 0.171 **
Credit accessibility (A2) (0.074)
Benefit 0.223 ***
expectations (A3) (0.076)
Risk-coping 0.214 ***
capacity (A4) (0.059)
Control variables YES
Observations 1117
R? 0.228 0.193 0.243 0.300 0.242 0.290 0.247 0.353 0.251

Note: ** and *** indicate significance at the 5% and 1% levels, respectively. Village-clustered robust standard
errors are reported in parentheses, with 53 village clusters.

Table 7. Mediation effects of factual tenure stability.

Variable Name Y Al Y A2 Y A3 Y A4 Y
Factual stabilit 0.993 ***  1.393**  (0.919 *** 0.991 *** (0.705*** 0.740 ***  0.732**  0.925**  (.694 ***
y (0.139) (0.416) (0.140) (0.223) (0.167) (0.194) (0.168) (0.219) (0.172)
P
Income level (A1) 0(8%31 2)
Credit 0.290 ***
accessibility (A2) (0.060)
Benefit 0.353 ***
expectations (A3) (0.055)
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Table 7. Cont.

Variable Name Y Al Y A2 Y A3 Y A4 Y
Risk-coping 0.323 ***
capacity(A4) (0.053)

Control variables YES
Observations 1117
R2 0.160 0.150 0.193 0.104 0.213 0.103 0.221 0.161 0.229

Note: *** indicates significance at 1% level. Village-clustered robust standard errors are reported in parentheses,
with 53 village clusters.

Table 8. Mediation effects of perceived tenure stability.

Variable Name Y Al Y A2 Y A3 Y A4 Y

0412 0.752** 0378** 0.153** 0368** 0.108* 0.374** 0.164** 0.360 ***
0.055)  (0.239)  (0.051)  (0.066)  (0.052)  (0.055)  (0.051)  (0.058)  (0.053)

Perceived stability

0.045 ***
Income level (A1) (0.012)
Credit 0.289 ***
accessibility (A2) (0.054)
Benefit 0.355 ***
expectations (A3) (0.052)
Risk-coping 0.317 ***
capacity (A4) (0.052)
Control variables YES
Observations 1117
R? 0.205 0.165 0.228 0.067 0.259 0.075 0.268 0.137 0.273

Note: * and *** indicate significance at the 10% and 1% levels, respectively. Village-clustered robust standard
errors are reported in parentheses, with 53 village clusters.

Table 9. Robustness test of the mediation effects.

C a*b C/ . .
Pathway Total Mediating % BootCI Di Eff Conclusion II}’: zs:)arttli(())ﬁ
Effect Effect Value 95% Boot irect Effect
Legal stability—Income level —Green 0.860 *** 0.080 0.026~0.140 0.789 #++ 0.16%

production technology adoption behavior

Legal stability—Credit
accessibility —+Green production 0.869 *** 0.191 0.037~0.331 0.678 *** 22.02%
technology adoption behavior

Legal stability— Benefit
expectations—Green production 0.869 *** 0.209 0.061~0.328 0.660 *** 24.10%
technology adoption behavior

Legal stability —Risk-coping Partial
capacity—Green production technology 0.869 *** 0.246 0.097~0.378 0.623 *** Mediation 28.28%
adoption behavior

Factual stability—Income level—Green

LR ~ Lt 0,
production technology adoption behavior 0.993 0.074 0.020~0.130 0.919 742%

Factual stability —Credit
accessibility—Green production 0.993 *** 0.288 0.119~0.436 0.705 *** 28.96%
technology adoption behavior

Factual stability —Benefit
expectations—Green production 0.993 *** 0.261 0.080~0.405 0.732 *** 26.30%
technology adoption behavior
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Table 9. Cont.
c a*b d
Pathway Total Mediati Conclusion Mediation
ota ediating 0 i Proportion
Effect Effect Value 95% BootCI Direct Effect P

Factual stability— Risk-coping
capacity—Green production technology 0.993 *** 0.299 0.107~0.470 0.694 *** 30.09%
adoption behavior
Perceived stability +Income level Green 475 e 0.034 0011~0.065 0378 * 8.28%
production technology adoption behavior
Perceived stability —Credit ]
accessibility —Green production 0.412 *** 0.044 0.008~0.083 0.368 *** Paftla_l 10.71%
technology adoption behavior Mediation
Perceived stability— Benefit
expectations—Green production 0.412 *** 0.038 0.002~0.077 0.374 *** 9.33%
technology adoption behavior
Perceived stability— Risk-coping
capacity—Green production technology 0.412 *** 0.052 0.014~0.091 0.360 *** 12.62%

adoption behavior

Note: *** indicates significance at 1% level. Confidence intervals are estimated using a village-clustered Bootstrap
procedure. The number of village clusters is 53.

4.4.1. Mediating Role of Income Level in the Effect of Land Tenure Stability on Farmers’
Adoption of Green Production Technologies

Income level plays a significant partial mediating role in the effects of all three types of
land tenure stability on farmers” adoption of green production technologies. Legal, factual,
and perceived tenure stability all significantly increase farmers’ income level, which in turn
significantly promotes their adoption of green production technologies. The Bootstrap test
results in Table 9 show that the mediating effects of legal, factual, and perceived tenure
stability through income level are 0.080, 0.074, and 0.034, respectively, with confidence
intervals of 0.026~0.140, 0.020~0.130, and 0.011~0.065. Since none of these intervals includes
0, the mediating effect of income level is significant. After income level is included, the
direct effects of the three types of tenure stability remain significant, indicating partial
mediation. The proportions of the mediating effects through income level are 9.16%, 7.42%,
and 8.28% for legal, factual, and perceived tenure stability, respectively.

These results suggest that stable land tenure can strengthen farmers’ confidence in
continuous land operation and improve their agricultural operating income or household
economic affordability. As income increases, farmers become more capable of bearing the
financial inputs, learning costs, and short-term transition costs required for adopting green
production technologies, thereby increasing their level of adoption.

4.4.2. Mediating Role of Credit Accessibility in the Effect of Land Tenure Stability on
Farmers’” Adoption of Green Production Technologies

Credit accessibility plays a significant partial mediating role in the effects of all three
types of land tenure stability on farmers’ adoption of green production technologies. Legal,
factual, and perceived tenure stability all significantly improve farmers’ credit accessibility,
and credit accessibility has a significant positive effect on green production technology
adoption. The Bootstrap test results show that the mediating effects of legal, factual, and
perceived tenure stability through credit accessibility are 0.191, 0.288, and 0.044, respectively,
with confidence intervals of 0.037~0.331, 0.119~0.436, and 0.008~0.083. Since none of these
intervals includes 0, the mediating effects are significant. After controlling for credit
accessibility, the direct effects of the three types of tenure stability remain significant,
indicating partial mediation. The corresponding proportions of the mediating effects are
22.02%, 28.96%, and 10.71%, respectively. These results suggest that, as land tenure stability
improves, farmers’ land operation relationships become clearer and their expectations
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of future operation become more stable. This may improve their credit evaluation and
financing capacity in formal financial institutions. With better credit accessibility, farmers
can more effectively alleviate financial constraints during the adoption of green production
technologies, thereby increasing their adoption level.

4.4.3. Mediating Role of Benefit Expectations in the Effect of Land Tenure Stability on
Farmers’ Adoption of Green Production Technologies

Benefit expectations also play a significant partial mediating role in the effects of all
three types of land tenure stability on farmers’” adoption of green production technolo-
gies. Legal, factual, and perceived tenure stability all significantly strengthen farmers’
expectations of the benefits of green production technologies, and benefit expectations
further have a significant positive effect on technology adoption. The Bootstrap test results
show that the mediating effects of legal, factual, and perceived tenure stability through
benefit expectations are 0.209, 0.261, and 0.038, respectively, with confidence intervals of
0.061~0.328, 0.080~0.405, and 0.002~0.077. Since none of these intervals includes 0, the
mediating effects are significant. After benefit expectations are included, the direct effects
of the three types of tenure stability remain significant, indicating partial mediation. The
corresponding mediation proportions are 24.10%, 26.30%, and 9.33%, respectively.

These results indicate that land tenure stability affects not only farmers’ objective
resource conditions, but also their subjective evaluations of the returns to green production
technologies. When land contractual relationships become more stable, farmers are more
likely to form long-term operational expectations and to believe that green production
technologies can generate long-term returns, such as soil improvement, output stability,
cost savings, and ecological benefits. Stronger benefit expectations further increase farmers’
likelihood of adopting green production technologies.

4.4.4. Mediating Role of Risk-Coping Capacity in the Effect of Land Tenure Stability on
Farmers” Adoption of Green Production Technologies

Risk-coping capacity is the most prominent mechanism among the four mediating
variables. Legal, factual, and perceived tenure stability all significantly improve farmers’
risk-coping capacity, which in turn significantly promotes their adoption of green produc-
tion technologies. The Bootstrap test results show that the mediating effects of legal, factual,
and perceived tenure stability through risk-coping capacity are 0.246, 0.299, and 0.052,
respectively, with confidence intervals of 0.097~0.378, 0.107~0.470, and 0.014~0.091. Since
none of these intervals includes 0, the mediating effects are significant. After controlling for
risk-coping capacity, the direct effects of the three types of tenure stability remain significant,
indicating partial mediation. The corresponding mediation proportions are 28.28%, 30.09%,
and 12.62%, respectively, which are higher than those of the other mediation pathways
within the same dimension.

This result indicates that land tenure stability enhances farmers’ capacity to withstand
uncertainties such as natural disasters, extreme weather, market price fluctuations, and
policy changes. The adoption of green production technologies itself involves certain
cost inputs and uncertain returns. If farmers lack stable expectations regarding future
land operations, they tend to avoid long-term investment and technological transition
risks. As land tenure stability improves, farmers’ sense of security in future operations is
strengthened, making them more capable of bearing the potential risks associated with
green technology adoption and thereby increasing both their willingness to adopt and the
intensity of adoption.

Overall, land tenure stability not only directly promotes the adoption of green produc-
tion technologies, but also indirectly facilitates adoption by improving farmers’ economic
conditions, financing capacity, benefit expectations, and risk-coping capacity. Risk-coping
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capacity accounts for the largest share of the mediating effect, indicating that an important
channel through which land tenure stability promotes green technology adoption is by
strengthening farmers’ capacity to cope with external uncertainties. Thus, Hypothesis 2
is supported.

In addition, considering that the dependent variable in this study has the characteris-
tics of a count variable, this study further uses Poisson regression to conduct a sensitivity
test for the outcome equations in the mediation analysis. Specifically, while retaining the
OLS specification for the mediator equations, the Poisson model is used to re-estimate both
the total-effect equation of the core explanatory variables on green production technology
adoption and the outcome equations after the mediating variables are included. The results
show that, after replacing the outcome equations with Poisson regressions, the directions
of the estimated coefficients of the main mediating variables are generally consistent with
those in the OLS-based mediation analysis, and the core mediation paths remain statisti-
cally significant. This indicates that the mechanism analysis does not depend on the linear
specification of the outcome equation. After accounting for the count-data characteristics of
the dependent variable, the pathways through which land tenure stability affects farmers’
adoption of green production technologies via economic and psychological effects remain
robust. For reasons of space, the detailed results of the sensitivity test are not reported.

Due to space limitations in the table and for clearer presentation, farmers” adoption of
green production technologies is denoted as Y, while A1, A2, A3, and A4 denote income
level, credit accessibility, benefit expectations, and risk-coping capacity, respectively.

4.5. Heterogeneity Test
4.5.1. Heterogeneity Analysis by Household Planting Scale

Household planting scale is one of the key factors influencing production decisions
and technology adoption behavior. Households operating at different scales may differ
significantly in factor endowments, risk-coping capacity, expected investment returns,
and sensitivity to changes in the institutional environment, which may in turn lead to
heterogeneous effects of land tenure stability on the adoption of green production tech-
nologies. In this study, the median planting area of the sample households is used as the
grouping threshold to divide households into two groups, namely those with relatively
small planting scales and those with relatively large planting scales. The effect of land
tenure stability on farmers” adoption of green production technologies is then estimated
separately for each group. Table 10 reports the heterogeneous effects of land tenure stability
on green production behavior across households with different planting scales.

The results by planting-scale group show that legal, factual, and perceived tenure
stability all have positive effects in both the large-scale and small-scale farmer subsamples,
indicating that the adoption of green production technologies by farmers with different
operational scales is promoted by land tenure stability. Further comparison shows that the
coefficients of legal and perceived tenure stability are relatively larger in the small-scale
farmer group. Factual tenure stability passes the 5% significance test in the large-scale
farmer group, but passes the 1% significance test in the small-scale farmer group, indicating
stronger statistical significance. These results suggest that small-scale farmers are generally
more sensitive to land tenure stability.

A possible explanation is that small-scale farmers generally have a weaker asset base
and rely more heavily on contracted land. When facing land readjustment, land disputes, or
changes in contractual relations, they tend to have a lower capacity to bear risks. Therefore,
the formal institutional confirmation provided by renewed second-round land contracts,
stronger perceptions of tenure stability, and the actual stability of land rights reflected by
the absence of land disputes can more clearly reduce their uncertainty about future farming
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operations and strengthen their willingness to invest in green production. By contrast,
large-scale farmers usually have stronger capital, technical, and managerial capacities.
Their adoption of green production technologies is more likely to be driven by returns from
larger-scale operations, market incentives, and technical conditions, while the marginal
incentive effect of land tenure stability is relatively limited.

Table 10. Heterogeneity analysis results.

Household Planting Scale Cultivated Land Quality
Variables Larger Planting Scale ~ Smaller Planting Scale Higher Cultivated Lower Cultivated Land
Group Group Land Quality Group Quality Group
Leeal stabilit 0.283 *** 0.458 *** 0.321 *** 0.442 ***
& y (0.050) (0.059) (0.062) (0.071)
- 0.374 ** 0.330 *** 0.343 0.316 ***
Factual stability (0.169) (0.096) (0.228) (0.096)
Perceived stabilit 0.126 *** 0.186 *** 0.146 *** 0.160 ***
y (0.028) (0.027) (0.031) (0.026)
Control variables YES
Constant —1.136 *** —1.180 *** —0.752 *** —1.670 ***
(0.416) (0.246) (0.429) (0.365)
Observations 546 571 466 651
Pseudo R? 0.042 0.065 0.038 0.066

Note: ** and *** indicate significance at the 5% and 1% levels, respectively. Village-clustered robust standard
errors are reported in parentheses, with 53 village clusters.

4.5.2. Heterogeneity Analysis by Cultivated Land Quality

Differences in cultivated land quality objectively shape farmers’ production conditions
and constraint environments. Cultivated land of different quality levels varies markedly in
terms of output stability, input efficiency, and the capacity to support long-term investment,
which may in turn affect farmers’ assessment of future operational risks and lead land
tenure stability to exert different strengths of influence on the adoption of green production
technologies. Accordingly, this study divides the sample into a lower cultivated land
quality group and a higher cultivated land quality group based on the mean value of
farmers’ evaluations of land quality, and further examines the heterogeneous effects of land
tenure stability on the adoption of green production technologies across these two groups.
The specific regression results are reported in Table 10.

The regression results show that legal and perceived tenure stability significantly promote
farmers’ adoption of green production technologies in both the high-quality and low-quality
cultivated land groups, and their estimated coefficients are relatively larger in the low-quality
cultivated land group. Factual tenure stability has a significantly positive effect in the low-
quality cultivated land group, but does not pass the significance test in the high-quality
cultivated land group. This suggests that, compared with operators of higher-quality land,
farmers cultivating lower-quality land rely more heavily on stable tenure expectations to
support green investment. When land rights are more secure and future tenure is more
predictable, these farmers are more willing to shift from short-term conservative strategies to
long-term land improvement, and thus become more active in adopting green production
technologies. By contrast, higher-quality land already offers relatively favorable production
conditions, and farmers’ green investment is partly driven by their existing factor endowments
and managerial capacity. In this case, land tenure stability functions more as a basic safeguard,
and its marginal incentive effect is relatively weaker.
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5. Discussion

At present, China is steadily advancing the policy of extending the second round of
rural land contracts for another 30 years after their expiration. Based on micro-survey
data from farm households, this study systematically examines the effects of land tenure
stability on farmers’ adoption of green production technologies from three dimensions:
legal, factual, and perceived stability. The results show that all three types of tenure stability
significantly promote farmers’ adoption of green production technologies.

This finding is broadly consistent with the existing domestic and international liter-
ature. Although countries may differ markedly in the ways land rights are established
and protected due to differences between private and collective land systems [87-89], the
constraining effect of land tenure instability on agricultural investment is not unique to
China. Rather, it is widely observed across regions such as Africa, Latin America, and
Central and Eastern Europe [90]. Since the last century, land certification programs have
been widely promoted in many countries around the world [91]. Empirical studies likewise
suggest that improvements in land rights stability help promote long-term land-related and
agricultural investment. For example, de Janvry et al. (2015) found in Mexico that some ru-
ral households faced serious land-use insecurity because they lacked formal land contracts
and management certificates [92]. Goldstein and Udry (2008) further showed in Ghana
that more stable land-use rights encouraged farmers to invest more in soil fertility [93].
Specifically, this study no longer relies solely on whether land rights have been confirmed
and certificates issued to measure legal tenure stability. It uses whether farmers have
signed or hold second-round land contract extension agreements to capture whether land
contractual relationships have been continuously and clearly confirmed at the institutional
level in the post-confirmation stage.

The mechanism analysis shows that land tenure stability does not affect farmers” adop-
tion of green production technologies solely through direct institutional incentives. Instead,
it also operates through multiple channels, including income level, credit accessibility,
benefit expectations, and risk-coping capacity. This finding is broadly consistent with
existing studies [94]. This study examines these factors within the analytical framework of
land tenure stability. In other words, income level, credit accessibility, benefit expectations,
and risk-coping capacity are not merely farmers’ pre-existing resource endowments or
psychological characteristics; they may also serve as transmission conditions generated by
improved land tenure stability. This study further finds that the effect of land tenure stabil-
ity is more pronounced among small-scale farmers and farmers operating lower-quality
cultivated land. This suggests that the incentive effect of land tenure stability is condi-
tional and more likely to influence farmers who face stronger resource constraints, weaker
risk-coping capacity, and greater uncertainty in returns to long-term investment. For these
two groups, stable contractual relations are not only an institutional arrangement, but also
an important safeguard for reducing future uncertainty and strengthening confidence in
continuous farming operations. Future policies should provide more targeted financial
support, technical services, and risk protection for small-scale farmers and operators of
lower-quality cultivated land.

This study is subject to several limitations. Although the sample region is reasonably
representative, the broader applicability of the findings should be interpreted with caution.
Land tenure systems and reform processes differ across regions within China and across
countries, which may affect how tenure stability influences farmers’ green production
decisions. Therefore, the mediation results should be understood as statistical evidence
from this specific sample and institutional context, rather than as mechanisms that can
be directly generalized to all regions. Future research could use samples from different
regions and longer-term panel data to further test the generalizability of the conclusions.
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6. Conclusions and Recommendations

Based on survey data from 1117 farm households collected in 2024 from rural fixed
observation sites in the Inner Mongolia Autonomous Region, this study employs a Poisson
regression model to examine the effects of the three dimensions of land tenure stability on
farmers’ adoption of green production technologies. It further uses mediation models to
test the mediating roles of income level, credit accessibility, benefit expectations, and risk-
coping capacity in the relationship between land tenure stability and the adoption of green
production technologies. Finally, it analyzes the group heterogeneity in the effects of land
tenure stability on farmers” adoption of green production technologies across households
with different planting scales and cultivated land quality. The main findings are as follows:

First, legal, factual, and perceived tenure stability all have significant positive effects
on the number of green production technologies adopted by farmers. This suggests that
formal rights confirmation through second-round land contract extension agreements, the
absence of land disputes since the second-round contracting, and lower expectations of
land readjustment can strengthen farmers’ long-term operational expectations, reduce
uncertainty in land rights, and promote green technology adoption. Second, land tenure
stability affects farmers’ adoption of green production technologies through both economic
and psychological channels. Income level and credit accessibility play partial mediating
roles by improving farmers’ economic affordability and easing financing constraints, while
benefit expectations and risk-coping capacity do so by strengthening farmers’ expected
returns and risk-coping capacity. Third, the effect of land tenure stability is stronger among
small-scale farmers and those operating lower-quality cultivated land, suggesting that
tenure stability provides greater marginal incentives for farmers with weaker resource
endowments and higher operational uncertainty.

Based on the conclusions, the following recommendations are provided: first, stable
farmland rights institutions should be further improved to strengthen farmers’ expectations
of tenure security. During the second-round land contract extension period, it is necessary
to consolidate long-term contracted land relations, standardize the use of land titling
outcomes, clarify land property rights, reduce arbitrary land readjustments, and improve
transparency in land allocation. These measures can enhance farmers’ confidence in
long-term land management and provide a stable institutional environment for sustained
investment in green production technologies.

Second, green production support policies should be more closely linked to the mecha-
nisms through which tenure stability affects technology adoption. Since income level, credit
accessibility, benefit expectations, and risk-coping capacity all play mediating roles, policy
support should focus on four aspects. Farmers’ returns from green production should be im-
proved through targeted subsidies, technical services, and stronger production-marketing
linkages. Formal financial services for green investment should be strengthened by pro-
viding small credit loans, green agricultural loans, interest subsidies, credit guarantees,
and repayment periods aligned with the return cycles of green technologies. Farmers’
benefit expectations should be enhanced through demonstration farms, cooperatives, and
extension services that clearly show the long-term economic and ecological benefits of green
technologies. Risk protection should be improved through agricultural insurance, disaster
relief, and market risk response mechanisms, so as to reduce the inhibitory effects of natural
disasters, price fluctuations, and policy uncertainty on green technology adoption.

Third, differentiated support should target small-scale farmers and households operat-
ing lower-quality cultivated land. For small-scale farmers, priority should be given to small
green credit, green input subsidies, machinery services, and cooperative-based technical
extension. For lower-quality cultivated land, support should focus on soil improvement
subsidies and long-term technical guidance. For farmers with weaker risk-coping capac-
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ity, agricultural insurance, disaster relief, price-risk compensation, and credit guarantees
should be strengthened. These tools can reduce the cost and uncertainty of green technology
adoption and help transform stable land tenure into sustained green production investment.
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