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Abstract: On the basis of data collected from 1208 apple farmers in the provinces of Shaanxi and
Gansu, this study utilizes the weighted-frequency method to investigate the priority sequence of farm-
ers’ preferences in choosing fertilizer-reduction and efficiency-increasing technologies. Subsequently,
ordered-probit models, a mediating-effect model, and a moderating-effect model are employed to em-
pirically analyze the influence of capital endowment on farmers’ choices related to fertilizer-reduction
and efficiency-increasing technologies and their underlying mechanisms. The study further exam-
ines how agricultural-technology extension moderates these mechanisms. The main findings are:
(1) The priority sequence of farmers’ choices concerning fertilizer-reduction and efficiency-increasing
technologies is as follows: organic fertilizer substitution, new efficient fertilizers, soil testing and
formula fertilization, green manure cultivation, straw mulching, fertilizer-reduction application,
and deep mechanical application. (2) Capital endowment significantly enhances farmers’ choices
in fertilizer-reduction and efficiency-increasing technologies. (3) The mechanism analyses indicate
that capital endowment can promote farmers’ choices in fertilizer-reduction and efficiency-increasing
technologies by improving their information-acquisition capabilities. (4) Moderation effects reveal
that agricultural-technology extension methods, such as technical training, financial subsidies, and
government publicity, significantly and positively moderate the relationship between information-
acquisition capabilities and farmers’ choices in fertilizer-reduction and efficiency-increasing tech-
nologies. The moderating effects of educational attainment and generational differences on different
agricultural-technology extension methods are heterogeneous. Technical training, financial subsidies,
and government publicity can effectively enhance the positive impact of information-acquisition
capabilities on farmers with a higher educational attainment. Financial subsidies can effectively
strengthen the positive impact of information-acquisition capabilities on the older generation of
farmers. Therefore, it is recommended to prioritize the accumulation of farmers’ capital endowment,
improve their information-acquisition capabilities, and intensify agricultural-technology extension
efforts, especially taking into account farmers’ educational attainment and generational differences.

Keywords: capital endowment; fertilizer-reduction and efficiency-increasing technologies; information-
acquisition capabilities; agricultural-technology extension

1. Introduction

Fertilizer, as a crucial agricultural input, has played a significant role in contributing to
the economic growth of agriculture in China [1]. However, the quantity of fertilizer applied
in agriculture has surpassed the optimal range that balances economic and environmen-
tal efficiency [2,3]. The per-unit-area application of fertilizer in China remains 1.67 times
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higher than the internationally accepted fertilizer application limit of 225 kg/ha [4], and the
nitrogen-use efficiency is only 0.25 in China compared with 0.42 worldwide [5]. The chronic
excessive and inefficient application of fertilizer has not only escalated the costs of agricul-
tural production but has also led to a progressively severe environmental pollution crisis,
thereby impeding the sustainable development of agriculture in China [6,7]. Addressing the
challenges of augmenting agricultural efficiency and farmers’ income while simultaneously
improving the quality of agricultural products and enhancing the ecological environment of
the soil necessitates a concerted effort toward reducing the use and increasing the efficiency
of fertilizers. Initiated in 2015 with the introduction of the “Action Plan for Zero Growth in
Fertilizer Use by 2020” by the Ministry of Agriculture and Rural Affairs, this commitment
was reaffirmed in the central government’s “Number One Document” in 2021, emphasizing
the ongoing promotion of the reduction in the use and improvement in the efficiency of
fertilizers. Further, in 2022, the national government enacted the “Action Plan for the
Battle Against Agricultural and Rural Pollution (2021–2025)”, outlining the imperative to
further the reduction in the use and the improvement in the efficiency of fertilizers while
specifying the technical pathways and measures necessary to achieve these objectives. It
is evident that the reduction in the use and improvement in the efficiency of fertilizers
represent focal points of attention for both the political and academic spheres, constituting
an essential prerequisite for agricultural emissions reduction and the realization of green,
high-quality development.

In this context, technologies related to fertilizer reduction and increasing efficiency
are essentially green agricultural technology, and they are of wide concern. They not
only stabilize crop yields but also enhance the overall benefits by saving production costs,
improving the quality of agricultural products, and mitigating environmental pollution [8].
Comprising various subtechnologies, they constitute a technical package encompassing a
series of green agricultural production techniques. Through the implementation of inno-
vative fertilizers, adjustment of fertilization structures, and improvement of fertilization
methods, this technology aims to boost the utilization efficiency of fertilizers and curtail the
volume of fertilizer applied. Despite a series of incentive measures taken by the Chinese
government over the years to promote green agricultural technology, there have been
limited improvements in the technical supply and extension, particularly when dealing
with numerous small-scale farmers [9]. Existing research indicates that farmers exhibit
limited enthusiasm and low adoption rates for green production technologies [10]. The
decision-making process of farmers regarding the adoption of fertilizer-reduction and
efficiency-increasing technologies is pivotal in determining the effectiveness of technology
extension, constituting the foundation and a key challenge for the green transformation
of agricultural production [11]. Effectively promoting technologies for reducing fertilizer
usage and improving efficiency has become an urgent issue to address, and it is vital for
ensuring the sustainable and green development of agriculture in China.

Academic explorations of farmers’ choices of technology and the influencing factors
generally unfold along four main dimensions: (1) A comprehensive analysis of the various
factors: research undertaking a quantitative analysis of the diverse factors influencing farm-
ers’ choices of technology, considering both internal and external factors [12] as well as the
perspectives of micro-individuals and macropolicies [13–15]. (2) A focus on specific factors:
Some studies have honed in on specific factors affecting farmers’ decisions concerning
technology, such as technological awareness [16–19], technological environment [20], risk
preferences [21,22], migration for work [23], market conditions [24], policy incentives, and
others [25–27]. (3) Classification based on technological attributes: research has categorized
the impact of different technological attributes on farmers’ technology choice, including
single attribute characteristics [28] and multi-attribute features [29]. (4) Deviations in tech-
nology choice according to the type of farmer: studies have explored variations in the
choice of technology among different types of farmers [30]. While the existing literature
provides insight from various perspectives, the influences on farmers’ technological choices
can be synthesized as being rooted in the transformation and dynamic balance of different
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elements based on varying capital endowments. These differences in capital endowments
are likely to manifest as distinct comprehensive effects. Therefore, it is crucial to offer
both theoretical explanations and empirical validations from the perspective of capital
endowment regarding the impact on farmers’ technology choices.

Regarding the interplay between capital endowment and farmers’ behavior, studies in
the existing literature predominantly commence with an examination of the level of capital
endowment. This exploration delves into its implications for various aspects of farmers’
conduct, including, but not limited to, green production behaviors [31,32], land-utilization
patterns [33], and the adoption of technology [34]. A consensus has largely been reached
that recognizes capital endowment as a critical factor shaping farmers’ decisions and be-
havior. Farmers may opt to forego these activities when their capital endowment falls
short of meeting the prerequisites for certain behaviors. Among them, farmers’ education,
social networks, age, and ethnicity are the deep-rooted factors that affect farmers’ green
production behavior [35]. Risk attitude, government publicity and education, household
size, land fragmentation, farm income ratio, farm size, and health are the most impor-
tant factors influencing farmers’ environmentally friendly pesticide-application behavior
(FEPAB) [36]. Capital endowment, including natural, economic, human, and social capital,
has a significant influence on farmers’ green production behavior [37]. At the same time,
some scholars have traced the capital endowment, planting scale, family income, and
technical specialization of fruit farmers as having a significant impact on the adoption and
exercise of environmentally friendly technology (EFT) [38]. Simultaneously, a relatively rich
body of research has emerged, probing relationships such as “information-acquisition ca-
pability and technology selection” and “agricultural-technology extension and technology
selection” [9,39,40]. For example, previous studies used survey data from households in
the Loess Plateau in 2017 to evaluate the impact of the ability to acquire information on the
decision-making process for the adoption of soil and water conservation (SWC) technology
by farmers [41]. The results indicated that information acquisition exerts a positive and
significant impact on farmers’ recycling choices, whereby a greater information-acquisition
intensity increases the likelihood of recycling plastic film residues [42]. Both agricultural-
technology extension and social networks can significantly promote farmers’ adoption
of conservation tillage technology, and the promotion effect of agricultural-technology
extension is greater [43]. However, scholarly attention has predominantly focused on under-
standing the emergence and decision-making mechanisms of one or two influencing factors
on farmers’ selection of technology. There remains a relative scarcity of comprehensive
examinations of the interplay among these three factors. Therefore, several questions arise:
How is the logical nexus established between capital endowment, information-acquisition
capability, and agricultural-technology extension concerning farmers’ choices in adopting
fertilizer-reduction and efficiency-increasing technologies? Are there discernible differ-
ences in the decision-making mechanisms of farmers’ technological choices under varying
constraints of capital endowment? What are the underlying transmission mechanisms and
operative principles? The academic community has yet to arrive at a conclusive consensus.
Theoretically, a farmer’s robust information-acquisition capability implies a more symmet-
rical access to agricultural production and management information, coupled with a wealth
of technological knowledge and experience. This is likely to diminish uncertainties in the
technology adoption process, thereby amplifying the catalytic role of capital endowment
in affecting their behaviors of technology adoption. Additionally, as an external interven-
tion, agricultural-technology extension serves to fortify farmers’ information-acquisition
capabilities, enhance their comprehensive assessment of technological benefits, and propel
their inclination toward technology adoption. In summary, through an in-depth analysis
of the impact and operational mechanisms of capital endowment on farmers’ decisions
regarding the selection of fertilizer-reduction and efficiency-increasing technologies, as well
as an exploration of the moderating effects of agricultural-technology extension, including
potential disparities in the efficacy of various extension methods across diverse farmer
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groups, this study introduces a fresh perspective and an avenue for advancing the cause of
green technology in agriculture.

In consideration of this context, this paper focuses on the following questions: Does
capital endowment exert an influence on farmers’ choices regarding the adoption of
fertilizer-reduction and efficiency-increasing technologies? If so, can the impact of capital
endowment be strengthened by enhancing information-acquisition capabilities? In the
affirmative, can this mechanism be adjusted through agricultural-technology extension?
Additionally, does the moderating effect of different agricultural-technology extension
methods exhibit heterogeneity? To address these inquiries, the study utilized data from
1208 valid surveys conducted among apple farmers in the provinces of Shaanxi and Gansu
to supplement the existing studies from the following aspects: First, in terms of the research
content, building upon an examination of farmers’ preferences in prioritizing choices related
to fertilizer-reduction and efficiency-increasing technologies, this paper used the order-
probit model to confirm the promoting effect of capital endowment on farmers’ choices
of fertilizer-reduction and efficiency-increasing technologies, supplemented the existing
evidence on the factors influencing farmers’ choices of fertilizer-reduction and efficiency-
increasing technologies, and provides a new perspective for promoting farmers’ choices of
technology. Second, from the perspective of farmers’ information-acquisition ability, this
paper analyzes the mechanism by which capital endowment affects farmers’ choices of
fertilizer-reduction and efficiency-increasing technologies and tests the regulating effect of
agricultural-technology extension. Thirdly, from the perspective of research, this paper ana-
lyzes the heterogeneity of the influence of the adjustment effect of agricultural-technology
extension on the behavior related to the choices of fertilizer-reduction and efficiency-
increasing technologies of farmers with different education levels and generations, so as to
provide a decision-making basis for formulating effective fertilizer-reduction policies.

2. Theoretical Analysis and Research Hypotheses
2.1. Direct Influence of Capital Endowment on Farmers’ Choices in Fertilizer-Reduction and
Efficiency-Increasing Technologies

Capital endowment refers to all the resources and capabilities, whether inherent
or acquired, that are possessed by farmers. It reflects farmers’ capacity for engaging in
agricultural production and constitutes a significant factor influencing human behavior
or intent [44]. Because of the constraints imposed by capital endowment, the decision-
making process of most farmers involves making rational choices after considering their
family endowment [45]. In other words, different constraints in capital endowment lead
to variations in individual farmers’ decisions. Theoretically, a higher level of capital
endowment means that farmers not only have more decision-making information and
choices but also a stronger ability to carry out various life or production practices. They
can reasonably weigh up and screen relevant technical information, quickly learn and
accept new production technologies and behaviors, and, thus, enhance their willingness to
adopt technologies.

Considering the different dimensions of capital, as categorized by scholars [46], this
paper elaborates on the impact of capital endowment on farmers’ behavior concerning their
choices of fertilizer-reduction and efficiency-increasing technologies across five dimensions:
natural capital, material capital, human capital, economic capital, and social capital. Specif-
ically, natural capital refers to the indispensable resources and environmental elements
in farmers’ production decisions [47]. It plays a vital role in social security, providing the
foundation necessary for farmers’ survival. Farmers with abundant natural capital tend
to choose methods of agricultural production conducive to long-term development [48],
and farmers who are mainly engaged in agricultural production live in villages for longer
periods of time. It can obtain greater effects with improvements to the village environment,
so the probability of selecting technology related to fertilizer reduction and efficiency in-
crease is greater. Material capital refers to the materials and equipment that farmers rely
on for technology selection. It reflects, to some extent, their quality of life and material
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conditions. The richer the material capital, the more improved the material conditions and
production facilities for agricultural production. This enhancement contributes to increased
production efficiency and convenience. At the same time, farmers with a high level of
material capital have better living and production conditions and pay more attention to
improving their quality of life. Human capital refers to the knowledge and production
capabilities farmers possess when making choices about the adoption of technology [49].
Higher levels of human capital deepen the understanding of the importance of fertilizer-
reduction and efficiency-increasing technologies and the harmfulness of environmental
pollution. Abundant human capital can allocate some labor to engage in new technologies,
ensuring the existing agricultural production income while reducing uncertainty and risk,
making it easier to adopt such technologies. Economic capital refers to a major reflection
of the financial strength and economic status of farmers’ households. It determines the
capacity to invest in new technologies and withstand technological risks, influencing the
farmers’ decision-making process [50,51]. The greater the economic capital, the more sub-
stantial the financial support farmers have in production decisions, making them more
inclined to adopt new technologies. Social capital refers to farmers’ network relationships
and mobilizable resources, including social networks, trust, participation, reputation, and
norms. These elements influence the collective awareness and actions of social members
through complex social relationships [52–54]. Farmers with a higher level of social capital
can obtain relevant information more quickly and accurately, which has certain advantages
in alleviating information asymmetry. Serving as informal channels for information and
resources, farmers promote the adoption of fertilizer-reduction and efficiency-increasing
technologies through interactions, learning, and communication. It can be observed that
farmers with enriched levels of capital endowment across various dimensions are more
likely to choose fertilizer-reduction and efficiency-increasing technologies.

On this basis, the following research hypotheses are proposed:

H1. Capital endowment has a significant positive effect on farmers’ choices in fertilizer-reduction
and efficiency-increasing technologies.

H2. Different dimensions of capital endowment have significant positive effects on farmers’ choices
of fertilizer-reduction and efficiency-increasing technologies.

2.2. Mediating Effect of Information-Acquisition Capability in the Relationship between Capital
Endowment and Farmers’ Choices of Fertilizer-Reduction and Efficiency-Increasing Technologies

Information-acquisition capability refers to farmers’ ability to effectively identify, di-
gest, and apply relevant agricultural information. Prior research suggests that stronger
information-acquisition capabilities confer advantages to farmers in terms of searching
for information, market negotiation, and other aspects, leading to reduced information
costs [55]. Farmers with enhanced information-acquisition capabilities tend to possess
more symmetrical information for agricultural production and management, enriched
technological knowledge, and a greater potential to alleviate uncertainties in the process of
technology adoption, thereby facilitating the adoption of new technologies [56]. However,
information-acquisition capability is contingent upon both the basic conditions of farmers
and external factors and environments. Because of varying levels of capital endowment,
farmers exhibit differences in sensitivity to agricultural technology and related informa-
tion [57,58]. It is evident that the level of capital endowment is a primary manifestation
of farmers’ information-acquisition capabilities. This not only directly influences farmers’
decisions but also determines the acquisition capability to differentiate information among
farmers. Consequently, it leads to diverse choices in the adoption of fertilizer-reduction and
efficiency-increasing technologies. Specifically, as the level of capital endowment increases,
farmers with better agricultural production resources and capabilities find it easier to meet
various demands, making them more inclined to choose new technologies. Abundant capi-
tal endowment broadens the diversification of farmers’ information acquisition, enhancing
their information-acquisition capabilities. Farmers with strong information-acquisition
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capabilities can access more information about new technologies, reducing the difficulty
in utilizing technology and, consequently, promoting the decision-making process for the
selection of fertilizer-reduction and efficiency-increasing technologies. Therefore, farmers
with enriched capital endowments tend to have more opportunities to acquire technical
information and possess stronger information-acquisition capabilities, making them more
likely to choose fertilizer-reduction and efficiency-increasing technologies.

On this basis, the following research hypothesis is proposed:

H3. Information-acquisition capability plays a mediating role in the relationship between capital
endowment and farmers’ choices in fertilizer-reduction and efficiency-increasing technologies.

2.3. Moderating Effect of Agricultural-Technology Extension on the Relationship between
Information-Acquisition Capability and Farmers’ Decisions in the Selection of Fertilizer-Reduction
and Efficiency-Increasing Technologies

Agricultural-technology extension, as a government-supported initiative to reduce
the use of and increase the efficiency of fertilizer, plays an important role in enabling
farmers to access information and enhance their skills. It serves as a crucial mechanism
to facilitate farmers’ adoption of technology. Extensive research has been conducted on
the correlation between agricultural-technology extension and farmers’ adoptive behavior.
Existing studies suggest that agricultural-technology extension, employing strategies such
as demonstration, lectures, training programs, and technical subsidies [34,59,60], not only
enhances farmers’ agricultural production capacity [61] but also boosts their information-
acquisition capabilities [32,62], cognitive levels, and risk tolerance [63,64]. Consequently,
it contributes to the adoption of new technologies by farmers [65]. With its diverse ap-
proaches, broad outreach, accurate information dissemination, and strong inclusiveness,
agricultural-technology extension acts as a positive force for farmers. It mitigates infor-
mation asymmetry and barriers, reduces information searching and the corresponding
costs [40], and widens information channels. This makes it more convenient for farmers
to acquire technical information, reinforcing their proactive selection of new technolo-
gies. Presently, the government primarily promotes agricultural production technologies
through three main avenues: technical training, financial subsidies, and government pub-
licity. This diverse approach introduces heterogeneous information to farmers, influencing
their adoption of technology, with varying effects [66]. Therefore, this paper categorizes
agricultural-technology extension into three dimensions. Specifically, technical training
provides farmers with technical information and professional guidance. Expanding the
depth and breadth of farmers’ technical knowledge enhances their awareness of the advan-
tages and disadvantages of fertilizer application, as well as policies for fertilizer reduction
and efficiency. This optimization of fertilization habits improves agricultural production
capacity, ultimately increasing farmers’ acceptance of technology. Financial subsidies, by
compensating farmers for positive externalities in their environmental behavior, help to re-
duce farmers’ input costs, increase expected returns, and stimulate farmers’ enthusiasm for
choosing new technologies. Government publicity conveys policy information and green
development concepts to farmers, contributing to raising environmental awareness among
farmers and, consequently, increasing farmers’ adoptive behavior toward technology.

On this basis, the following research hypothesis is proposed:

H4. Technical training, financial subsidies, and government publicity exhibit moderating effects on
the relationship between information-acquisition capability and farmers’ decisions in the selection of
fertilizer-reduction and efficiency-increasing technologies.

On this basis, a theoretical framework was constructed, as illustrated in Figure 1.
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3. Data Source, Model Construction, and Variable Selection
3.1. Source of Data and Sample Description

The data for this study were collected during a survey on the selection of fertilizer-
reduction and efficiency-increasing technologies among apple farmers conducted by our
research team from March to June 2022 in the provinces of Shaanxi and Gansu. The selection
of the Shaanxi and Gansu provinces, located on the Loess Plateau, as the research areas and
apple farmers as the research subjects were mainly based on the following considerations:
First, in 2008, the Ministry of Agriculture’s “Apple Advantageous Regional Layout Plan
(2008–2015)” pointed out that the Loess Plateau, as one of China’s optimal apple-producing
areas, has an apple-planting area of approximately 18.3042 million mu, accounting for
the largest proportion (58.44%) of the country’s apple-planting area. Second, according
to the latest data released by the National Bureau of Statistics, the apple-planting area in
2022 was 9.2410 million mu in the Shaanxi province and 3.8460 million mu in the Gansu
province, ranking them as the top two apple-planting areas in the country. The amount of
fertilizer applied is large and is on the rise, with the average amount of fertilizer applied
to apples per mu in the Shaanxi and Gansu provinces in 2021 being 74.8 kg and 31.1 kg,
respectively, and excessive fertilization is common. Agricultural nonpoint-source pollution
is a serious problem. Third, most research objects are rice, corn, wheat, or other field crops,
and there are few research results that analyze perennial cash crops, such as fruits and
vegetables. In addition, compared with food crops, China’s fruit trees, vegetables, and
other theoretical scientifically based fertilization studies and technological research and
development are seriously insufficient, so it is more urgent to choose fertilizer-reduction
and efficiency-increasing technology. Therefore, the selection of the survey areas has a
certain representativeness and typicality. The questionnaires were primarily conducted
with farmers through one-on-one interviews with household heads or key family members
involved in decision making related to production. The content included information on
farmers’ capital endowment, production, and management; sales situation; application
practices related to fertilizers and pesticides; and farmers’ choices concerning fertilizer-
reduction and efficiency-increasing technologies. Farmers orally answered the questions
raised by the researchers. Prior to the formal survey, the research team conducted a
presurvey in the Zhuanglang county, Jingning county, Xifeng district, and Qingcheng
county in the Gansu province. On the basis of the findings of the presurvey, modifications
and improvements were made to the survey questionnaire.

The research team made full preparations before the field investigation, including
designing the questionnaire, holding expert discussions, and conducting a pre-investigation.
The survey employed a multistage sampling method involving the following four stages:
First stage: selection of the representative areas in the Loess Plateau region (the area to
the north of the Weihe River within Shaanxi, the southern area of northern Shaanxi, and
the Longdong and Longnan regions in Gansu). Second stage: Considering factors such as
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the geographical distribution and the apple-farming practices within the two provinces,
four counties (districts) in Shaanxi and four counties (districts) in Gansu were chosen as
sample counties. Specifically, these included Xunyi County, Baishui County, Baota District,
and Luochuan County in Shaanxi, and Xifeng District, Qingcheng County, Zhuanglang
County, and Jingning County in Gansu. Third stage: two townships involved in the apple
industry’s development and technology application were randomly selected from each of
the eight designated counties (districts). Fourth stage: four villages were randomly selected
from each township, and 16–19 households were then randomly chosen from each village
as the final survey subjects. A total of 1230 questionnaires were distributed to farmers in
this survey. After excluding some questionnaires with missing data and inconsistencies,
the final valid sample set consisted of 1208 questionnaires, resulting in a questionnaire
validity rate of 98.21%. Meanwhile, to test the stability and reliability of the questionnaire,
Cronbach’s alpha coefficient and the Stata15.1 software were used to test the reliability of
the samples. The results show that the overall α coefficient was 0.7108, indicating that the
questionnaire had good internal consistency.

As can be seen from Table 1, the sample of farmers mainly presented the following
characteristics: First, males accounted for 94.21% of the farmers sampled. The age of
the farmers was generally older, with farmers aged 50 and above accounting for 77.15%,
and the average age was 55.13 years old. Overall, the educational level was low, and the
average number of years of education attained was approximately 7.42 years. The average
number of household participants in the labor force was approximately three. The planting
scale was mainly small, with 74.92% of farmers having a planting scale of less than 10 mu,
and the average planting scale was 9.59 mu; the planting years were generally long, and
the average number of planting years was 21.46 years. The annual family income was
mostly below CNY 80,000, accounting for 59.69%, and the percentage of farmers with
an agricultural income accounting for more than half of the annual income of the family
was 43.29%. The research samples in this paper basically conform to the basic situation
of agricultural producers in China and have good representativeness. Second, 50.08%
of farmers judged the amount of fertilizer applied according to their own experience;
27.73% of farmers fertilized more than the application standard, and only 9.11% of farmers
fertilized according to the application standard, indicating that the method used by the
farmers in the sample to judge the amount of fertilizer is greatly affected by production
habits, and the potential for a reduction in fertilizer use by farmers is relatively large.
Third, 9.44% of the farmers did not choose any fertilizer-reduction and efficiency-increasing
technologies; 17.30% of the farmers chose one of the fertilizer-reduction and efficiency-
increasing technologies; 24.42%, 20.61%, and 14.40% of the farmers chose two, three, and
four fertilizer-reduction and efficiency-increasing technologies; and 13.82% of the farmers
chose five or more fertilizer-reduction and efficiency-increasing technologies. Although the
proportion of farmers who chose at least one fertilizer-reduction and efficiency-increasing
technology was high, fertilizer reduction and efficiency involves systematic engineering,
which needs to be combined with a variety of technologies to play a better role. Therefore,
the degree of adoption of the fertilizer-reduction and efficiency-increasing technologies by
farmers still needs to be further improved.

Table 1. Basic statistical characteristics of sample farmers.

Variable Category Sample
Size Ratio Variable Category Sample

Size Ratio

Sex Male 1138 94.21% Income ≤40,000 358 29.64%
Female 70 5.79% 80,000 to 80,000 363 30.05%

Age ≤40 years 85 7.04% 80,000 to 120,000 215 17.80%
41–50 years 271 22.43% >120,000 272 22.52%

51–70 years 791 65.48% Fertilizer
application Less than standard 158 13.08%

>70 years 61 5.05% According to standard 110 9.11%
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Table 1. Cont.

Variable Category Sample
Size Ratio Variable Category Sample

Size Ratio

Education Primary school
and below 486 40.23% More than standard 335 27.73%

Junior school 514 42.55% According to
experience 605 50.08%

Senior school 178 14.74% Technical
quantity Unselected 114 9.44%

High school and
above 30 2.48% 1 kind 209 17.30%

Scale ≤5 mu 411 34.03% 2 kinds 295 24.42%
5–10 mu 495 40.92% 3 kinds 249 20.61%
10–15 mu 157 13.00% 4 kinds 174 14.40%
>15 mu 145 12.00% 5 kinds or more 167 13.82%

3.2. Model Construction
3.2.1. Weighted-Frequency Method

In accordance with the National Sustainable Agricultural Development Plan (2015–
2030) jointly released by multiple departments, and drawing from relevant studies [67,68],
this study focused on two aspects: altering the methods and structure of fertilizer’s ap-
plication. Seven technology packages for fertilizer reduction and increasing efficiency
were selected, including reduced fertilizer application, green manure cultivation, new
efficient fertilizers, organic fertilizer substitution, soil testing and formula fertilization,
straw mulching, and mechanical deep application. Farmers’ preferences for these seven
technologies were analyzed by ranking them based on their demand. The final comprehen-
sive score for the intensity of the demand for each strategy was calculated by accumulating
the frequency of each rank for every technology. The method is outlined below:

Zk =
N

∑
n=1

wnRn (1)

where Zk represents the comprehensive demand score for the kth strategy, and Rn and wn
represent the cumulative frequency and respective weight for the strategy ranked in the
nth position. To mitigate potential errors arising from subjective weighting, this study
employed an equal-interval weighting method, where wn = (7 − n)/6. The descending ar-
rangement of Zk enables the identification of the priority sequence for farmers’ preferences
in selecting fertilizer-reduction and efficiency-increasing technologies.

3.2.2. Ordered-Probit Model

The dependent variable in this study represents the quantity of farmers’ choices
of fertilizer-reduction and efficiency-increasing technologies, with values ranging from
0 to 7 (0, 1, 2, 3, 4, 5, 6, 7), demonstrating a noticeable progressive relationship. This
makes it suitable for analyzing the intensity of farmers’ selection of fertilizer-reduction and
efficiency-increasing technologies. Therefore, the ordered-probit model was selected for
regression estimation with the specific mathematical expression as follows:

Y∗
i = aXi + εi (2)

In Equation (2), Y*
i represents the unobservable latent variable, Xi represents the capital

endowment and control variables, and εi is the random error term following a standard
normal distribution. Although Y*

i is unobservable, there exists an observable variable, Y,
corresponding to it, defined by r0 < r1 < r2 < r3 < r5 < r6, that serves as a critical point for
abrupt changes in Y*

i . Therefore, the relationship between Y*
i and Y can be described as

follows:
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Yi =



0 (Not adopted) Y∗
i ≤ r0

1 (One adopted) r0 < Y∗
i ≤ r1

2 (Two adopted) r1 < Y∗
i ≤ r2

3 (Three adopted) r2 < Y∗
i ≤ r3

4 (Four adopted) r3 < Y∗
i ≤ r4

5 (Five adopted) r4 < Y∗
i ≤ r5

6 (Six adopted) r5 < Y∗
i ≤ r6

. . . . . .
j (j adopted) rj−1 < Y∗

i

(3)

This implies that the probabilities for Y = 0, 1, 2, 3, 4, 5, 6, and 7 are as follows:

prob(Y = 0|Xi) = P
(

Y*
i ≤ r0

∣∣∣Xi

)
= Φ(r0 − aXi) (4)

prob(Y = 1|Xi) = P
(

r0 < Y*
i ≤ r1

∣∣∣Xi

)
= Φ(r1 − aXi)− Φ(r0 − aXi) (5)

prob(Y = j|Xi) = P
(

rj−1 < Y*
i

∣∣∣Xi

)
= 1 − Φ

(
rj−1 − aXi

)
(6)

In Equations (4)–(6), Φ represents the cumulative probability function of the stan-
dard normal distribution. The coefficients a and ri can be estimated using MLE, where a
represents the marginal impact of the independent variable on the latent variable, indicat-
ing its influence on the probability of the dependent variable for different values of the
independent variable.

3.2.3. Testing for Mediation Effects

This study adopts the testing method for mediation effects proposed by Zhonglin Wen
et al. [69], utilizing a stepwise regression approach to establish regression models for the
independent variable on the dependent variable, the independent variable on the mediator
variable, and the independent and mediator variables on the dependent variable. The
specific testing process is as follows:

Y = cX + ε1 (7)

M = aX + ε2 (8)

Y = c’X + bM + ε3 (9)

In Equations (7)–(9), Y represents the dependent variable, indicating farmers’ behav-
iors in choosing fertilizer-reduction and efficiency-increasing technologies; X is the core
independent variable, reflecting capital endowment; and M is the mediator variable, repre-
senting the information-acquisition capability. The mediation effect is assessed through the
following steps: First, the significance of the coefficient c in Equation (7) is examined. If it
is significant, the mediation effect is considered; otherwise, it suggests a masking effect.
Second, the significance of the coefficients a and b in Equations (8) and (9) is sequentially
tested. If both are significant, a mediation effect exists. If at least one is not significant,
further verification is required using the bootstrap method.

3.3. Variable Selection
3.3.1. Dependent Variables

The focal point of this study was the farmers’ engagement in choosing fertilizer-
reduction and efficiency-increasing technologies. The quantity of technologies chosen by
farmers serves as an indicator to gauge their selection behavior [70]. Farmers usually do
not select all of the subtechnologies in the technology package at once but gradually select
each subtechnology in the technology package through “learning by doing” or “social
learning” [71]. The ordered-probit model assigns a value of 0 to not adopting any fertilizer-
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reduction and efficiency-increasing technology, 1 to adopting only one technology, etc. The
selection of all fertilizer-reduction and efficiency-increasing technologies is denoted by a
value of 7 [14].

3.3.2. Core Independent Variables

The core independent variable in this study was capital endowment, primarily as-
sessed across five dimensions: natural capital, material capital, human capital, economic
capital, and social capital. For natural capital, considerations included the village’s topog-
raphy, land size, land quality, and the fragmentation level of the cultivated land. Material
capital encompassed the number of agricultural machines, housing conditions, and the
quantity of household appliances. Human capital included the education level, health
status, gender structure, and the percentage of the labor force. Economic capital comprised
the proportion of income from apple planting, income stability, and financing capability.
Social capital encompassed social networks, trust, participation, reputation, and norms.
After standardizing these indicators using the entropy method to calculate the weights,
the levels of capital endowment in each dimension were objectively determined, and the
comprehensive score of the capital endowment was further calculated.

3.3.3. Mediating Variables

In this study, information-acquisition capability was chosen as the mediating variable,
drawing primarily on existing research [41]. Farmers’ information-acquisition capability
was assessed using four questions: “Can you easily access relevant information about
new technologies?”; “Do you have sufficient ability to understand the newly acquired
technologies?”; “Can you accurately identify the risks associated with the new technologies
obtained?”; and “Can you quickly recognize the benefits brought by new technologies?”.
Respondents provided their answers on a Likert five-point scale, with options ranging
from “Strongly Disagree” = 1; “Disagree” = 2; “Neutral” = 3; “Agree” = 4; and “Strongly
Agree” = 5. The average value of the responses to these four questions is then used as the
numerical representation of the level of information-acquisition capability.

3.3.4. Moderating Variables

Agricultural-technology extension was selected as the moderating variable in this
study, measured from three aspects: technical training, financial subsidies, and government
publicity. It was represented by three questions: “In the past five years, have you partici-
pated in training related to fertilizer-reduction and efficiency-increasing technologies?”;
“In the past five years, have you received financial subsidies related to fertilizer-reduction
and efficiency-increasing technologies?”; and “In the past five years, has the government
conducted publicity on fertilizer-reduction and efficiency-increasing technologies?” The
variable was assigned a value of 1 if applicable and 0 otherwise.

3.3.5. Control Variables

Various factors such as age, cadre identity, years of cultivation, risk aversion, un-
derstanding of fertilizer-reduction and efficiency-increasing policies, and membership in
cooperatives were selected as the control variables affecting farmers’ choices in fertilizer-
reduction and efficiency-increasing technologies. Additionally, to control for differences in
geographical location, climate conditions, and precipitation among different regions, vari-
ables of the virtual region were included to eliminate the impact of the region on farmers’
choices in fertilizer-reduction and efficiency-increasing technologies. Specific assignments
and the descriptive statistical analysis are detailed in Table 2.
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Table 2. Variable definition and descriptive statistics.

Variable Definition Mean Max Min Std.

Farmers’ choices in
fertilizer-reduction and
efficiency-increasing
technologies

The number of farmers’ choices in fertilizer-reduction
and efficiency-increasing technologies/numbers 2.621 7 0 1.656

Capital endowment The entropy weighting method calculates the value 0.466 0.766 0.148 0.094

Natural capital The entropy weighting method calculates the value 0.083 0.174 0.007 0.032

Village’s topography
Flat land = 1; Sloping land = 2; Mountain = 3;

Tableland = 4;
Mountain platform = 5

1.477 3 1 0.819

Land size Actual apple-planting area/acres 9.594 120 0.5 9.368

Land quality Very poor = 1; Relatively poor = 2; Moderate = 3;
Relatively good = 4; Good = 5 3.406 5 1 0.886

Fragmentation level of
cultivated land

The area of land operated divided by the number of
plots 4.918 80 0 5.353

Material capital The entropy weighting method calculates the value 0.053 0.129 0.006 0.019

Number of agricultural
machinery

The quantity of farm machinery owned by a
household 2.088 8 0 1.515

Housing conditions Stone kiln = 1; Adobe house = 2; Brick = 3; Brick = 4;
Reinforced concrete = 5 3.624 5 1 0.920

Quantity of household
appliances

The number of household appliances owned by the
household 5.815 12 0 2.197

Human capital The entropy weighting method calculates the value 0.061 0.097 0.019 0.137

Education level The actual number of years of education 7.426 17 0 3.531

Health status Very poor = 1; Poor= 2; Average = 3; Good = 4; Very
good = 5 4.043 5 1 1.085

Gender structure The proportion of male members in the total
population of the household 0.548 1 0 1.575

Percentage of the labor force Proportion of actual household labor force to total
household population 0.758 1 0 0.224

Economic capital The entropy weighting method calculates the value 0.130 0.312 0.000 0.066

Proportion of income from
apple planting

Annual apple revenue as a percentage of total annual
revenue 0.466 1 0 0.323

Income stability
Very unstable = 1; Rather unstable = 2; Moderate = 3;

Relatively stable = 4;
Very stable = 5

2.343 5 1 1.208

Financing capability
How easy is it to borrow money? Very difficult = 1;

Rather difficult = 2;
Moderate = 3; Relatively easy = 4; Very easy = 5

2.853 5 1 1.163

Social capital The entropy weighting method calculates the value 0.140 0.223 0.009 0.044

Social networks
How are you moving around with friends and

neighbors? Never = 1; Occasionally = 2; Generally = 3;
Relatively frequently = 4; Frequently = 5

3.853 5 1 1.171

Social trust

How much do you trust your friends and neighbors?
Very distrustful = 1;

Distrustful = 2; Generally trusting = 3; More trusting =
4; Very trusting = 5

4.270 5 1 0.801
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Table 2. Cont.

Variable Definition Mean Max Min Std.

Social participation
Do you take part in village activities? Never = 1;

Occasionally = 2;
Generally = 3; Relatively frequently = 4; Frequently = 5

3.767 5 1 1.192

Social reputation

Do village people who have important matters to
decide consult you? Never = 1; Occasionally = 2;

Generally = 3; Relatively frequently = 4;
Frequently = 5

3.156 5 1 1.375

Social norms

Do you consider the opinions of your friends and
neighbors when

adopting technology? Strongly disagree = 1; Disagree
= 2; Neutral = 3; Agree = 4; Strongly agree = 5

3.508 5 1 1.187

Information-acquisition
capability Arithmetic mean 3.405 5 1 0.826

Agricultural-technology
extension

Technical training

Have you participated in training related to
fertilizer-reduction and

efficiency-increasing technologies in the past 5 years?
Yes = 1; No = 0

0.623 1 0 0.485

Financial subsidies

Have you received financial subsidies related to
fertilizer-reduction and

efficiency-increasing technologies in the past 5 years?
Yes = 1; No = 0

0.499 1 0 0.500

Government publicity

Has the government conducted publicity on
fertilizer-reduction and

efficiency-increasing technologies in the past 5 years?
Yes = 1; No = 0

0.651 1 0 0.477

Age Actual age of the head of household/Years 55.134 81 26 9.363

Cadre identity Have you ever served as a village cadre? Yes = 1;
No = 0 0.108 1 0 0.319

Years of cultivation Actual planting years/Years 20.26 50 0 9.783

Risk aversion Risk aversion index: 0–1 0.776 1 0 0.336

Understanding of
fertilizer-reduction and
efficiency-increasing policies

No knowledge = 1; Limited knowledge = 2; Moderate
=3; Considerable knowledge = 4; Extensive

knowledge = 5
2.515 5 1 1.251

Membership in cooperatives Yes = 1; No = 0 0.203 1 0 0.402

Region Shaanxi = 1; Gansu = 0 0.493 1 0 0.500

4. Model Estimation
4.1. Analysis of Farmers’ Choices and Preferences concerning Fertilizer-Reduction and
Efficiency-Increasing Technologies

In this study, an analysis of farmers’ willingness, adoption rates, and demand prefer-
ences for seven fertilizer-reduction and efficiency-increasing technologies was conducted.
As shown in Table 3, first, the farmers’ overall willingness to select the seven fertilizer-
reduction and efficiency-increasing technologies only exceeded 50%. This indicates that
the sampled farmers had a relatively low willingness to select fertilizer-reduction and
efficiency-increasing technologies, and there were differences in the willingness to select
different technologies. Specifically, the willingness to select organic fertilizer substitution
technology was 74.42%, while the willingness to select green manure cultivation was
52.40%. Second, among the fertilizer-reduction and efficiency-increasing technologies,
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the farmers currently have a higher adoption rate for organic fertilizer substitution and
new efficient fertilizers, while the adoption rate for soil testing and formula fertilization is
the lowest. Thirdly, the farmers’ preferences for the priority order of fertilizer-reduction
and efficiency-increasing technologies were as follows: organic fertilizer substitution, new
efficient fertilizers, soil testing and formula fertilization, green manure cultivation, straw
mulching, reduced fertilizer application, and deep mechanical fertilization. Ranking first,
as a technology in demand, 484 households chose organic fertilizer substitution as their
preferred technology, accounting for 40.07% of the sample’s choice in this position, followed
by new efficient fertilizers, accounting for 33.03% of the sample’s choice in this position.

Table 3. Analysis of farmers’ choices and preferences concerning fertilizer-reduction and efficiency-
increasing technologies.

Preferences
Reduced
Fertilizer

Application

Green
Manure

Cultivation

New
Efficient

Fertilizers

Organic
Fertilizer

Substitution

Soil Testing
and Formula
Fertilization

Straw
Mulching

Deep
Mechanical
Fertilization

First 176 115 399 484 314 232 114
Second 46 308 150 34 97 35 58
Third 6 242 5 306 193 79 66

Fourth 89 161 229 29 227 423 64
Fifth 396 198 39 90 126 93 460
Sixth 441 44 350 117 93 96 28

Seventh 54 140 36 148 158 250 418
Willingness % 56.21 52.4 70.28 74.42 58.03 52.48 56.46

Adoption rates % 28.81 35.51 69.04 75 9.77 23.43 28.23
Composite score 468.33 686.83 713.17 780.33 695.5 572.33 396.33
Preference order 6 4 2 1 3 5 7

4.2. Direct Impact of Capital Endowment on Farmers’ Choices in Fertilizer-Reduction and
Efficiency-Increasing Technologies

Multicollinearity tests were conducted on all variables using Stata 15.1. The obtained
VIF values ranged from 1.05 to 7.82, with an average of 5.68. All values were below
10, indicating the absence of severe multicollinearity among the selected variables and
meeting the independence requirement. The stepwise-regression method was employed
to examine the impact of the overall capital-endowment index on the farmers’ choices
in fertilizer-reduction and efficiency-increasing technologies in Model (1). In Model (2),
the dimensions of capital endowment were included to assess their influence on farmers’
choices in fertilizer-reduction and efficiency-increasing technologies. Models (3) and (4)
utilized the ordered-logit method for robustness checks. The testing and regression results
for each model are outlined in Table 4.

Analyzing the results from Models (1) and (3), there is a significant positive correlation
between capital endowment and farmers’ choices of fertilizer-reduction and efficiency-
increasing technologies, which was observed at the 1% significance level. Thus, it can be
concluded that capital endowment has a direct significant and positive effect on farmers’
choices in fertilizer-reduction and efficiency-increasing technologies. This implies that
farmers with higher levels of capital endowment are more likely to choose these technolo-
gies. This finding supports Hypothesis H1. As a reflection of farmers’ production capacity
and technological proficiency, capital endowment fulfills the resource requirements such
as labor, materials, and funds when farmers engage in technology selection, facilitating
their decision-making process. Consequently, higher levels of capital endowment make it
easier for farmers to meet the demands of and supply the resources necessary for agricul-
tural production, resulting in an increased likelihood of opting for fertilizer-reduction and
efficiency-increasing technologies.
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Table 4. Estimation results of capital endowment on farmers’ choices in fertilizer-reduction and
efficiency-increasing technologies.

Variable
Oprobit Ologit

(1) (2) (3) (4)

Capital endowment 2.2236 *** (0.3420) 3.7466 *** (0.5873)
Natural capital −2.5936 ** (0.9985) −4.1191 * (1.7502)
Material capital 7.9715 *** (1.6955) 13.6842 *** (2.9173)
Human capital 3.9119 (2.3018) 6.9968 (3.9796)

Economic capital 2.6667 *** (0.4993) 4.1800 *** (0.8765)
Social capital 1.5866 * (0.7250) 2.8338 * (1.2397)

Age −0.0074 * (0.0034) −0.0051 (0.0034) −0.0125 * (0.0058) −0.0088 (0.0060)
Cadre identity 0.1093 (0.0962) 0.1073 (0.0979) 0.1890 (0.1703) 0.1857 (0.1730)

Years of cultivation 0.0074 * (0.0033) 0.0082 * (0.0033) 0.0121 * (0.0057) 0.0138 * (0.0058)
Risk aversion −0.3092 ** (0.0906) −0.2624 ** (0.0912) −0.4925 ** (0.1589) −0.4221 ** (0.1609)

Understanding of fertilizer
reduction and

efficiency-increasing
policies

0.1031 *** (0.0249) 0.0845 ** (0.0252) 0.1842 *** (0.0431) 0.1544 *** (0.0436)

Membership in
cooperatives

0.4153 *** (0.0753) 0.3957 *** (0.0755) 0.7137 *** (0.1327) 0.6769 *** (0.1334)

Region 0.4309 *** (0.0629) 0.4633 *** (0.0692) 0.7660 *** (0.1101) 0.7880 *** (0.1208)
N 1208 1208

LR chi2 218.41 255.78 215.75 248.25
Pseudo R2 0.0482 0.0564 0.0476 0.0547
Prob > chi2 0.0000 0.0000 0.0000 0.0000

Note: *** p < 0.001; ** p < 0.01; * p < 0.05.

Examining the results from Models (2) and (4), there are significant differences in the
impact of various dimensions of capital endowment on the farmers’ selection behavior
toward fertilizer-reduction and efficiency-increasing technologies. Natural capital exhibited
a negative impact on the farmers’ selection of these technologies at a 10% significance level,
indicating that farmers with higher levels of natural capital are less inclined to select
these technologies. One plausible explanation is that richer natural capital corresponds to
better land conditions for agricultural production, and the adoption of new technologies
involves uncertainty. Consequently, farmers with abundant natural capital may exhibit a
lower probability of selecting fertilizer-reduction and efficiency-enhancement technologies.
The impact of human capital on the farmers’ selection did not demonstrate statistical
significance, suggesting that the influence of different dimensions of capital endowment
on various fertilizer-reduction and efficiency-increasing technologies varies. As this study
did not separately analyze different technologies and, instead, tested them collectively
based on the total number of technologies chosen by farmers, this may have influenced the
final results. Material capital, economic capital, and social capital positively affected the
farmers’ choices of fertilizer-reduction and efficiency-increasing technologies at significance
levels of 1%, 1%, and 10%, respectively. This implies that farmers with higher levels of
material capital, economic capital, and social capital are more likely to select fertilizer-
reduction and efficiency-increasing technologies. A potential interpretation is that a higher
level of material capital signifies better operational capacity and production conditions for
farmers, facilitating the satisfaction of basic needs in agricultural activities. With increased
economic capital, financial constraints are reduced, encouraging farmers to allocate more
funds and time to agricultural production. Social capital reflects farmers’ ability to access
external resources through informal channels, reducing learning costs and establishing “soft
constraints” that influence farmers’ choices. Consequently, the farmers’ selection behavior
related to fertilizer-reduction and efficiency-increasing technologies exhibited a significant
negative correlation with natural capital and a significant positive correlation with material
capital, economic capital, and social capital, partially confirming Hypothesis H2.

Examining the control variables, the age of the household head showed a signifi-
cant negative correlation at the 10% level with farmers’ choices in fertilizer-reduction and
efficiency-increasing technologies. This suggests that compared with younger farmers,
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older farmers have greater differences in their information-acquisition and learning ability.
In addition, they rely more on traditional production experience, are used to conserva-
tive production methods, and are less likely to choose new technologies. The number
of years spent in farming was subjected to significance testing and exhibited a positive
coefficient, indicating that farmers with more experience in planting are more inclined
to select fertilizer-reduction and efficiency-increasing technologies. The propensity for
risk aversion, having passed the significance test with a negative coefficient, implies that
farmers who favor risk are more likely to adopt this technology. The level of awareness
regarding fertilizer-reduction and efficiency-increasing policies positively affected the adop-
tion of these technologies at the 1% significance level. This suggests that farmers with
a better understanding of relevant policies are more likely to adopt fertilizer-reduction
and efficiency-increasing technologies. Joining a cooperative had a positive impact on the
selection of fertilizer-reduction and efficiency-increasing technologies at the 1% significance
level. Farmers who are members of cooperatives possess ample social capital [61]. This
organizational structure not only enhances farmers’ negotiation abilities and reduces pro-
duction costs but also widens their information sources, mitigating information asymmetry.
Through technical exchanges, farmers increase their likelihood of technology selection. The
geographical region had a positive impact on farmers’ selection of fertilizer-reduction and
efficiency-increasing technologies at the 1% significance level. This indicates significant
regional differences in farmers’ selection behavior, possibly attributed to variations in
technology extension policies across different regions [72].

4.3. Robustness Test

This study conducted robustness tests using different methodologies, including mod-
ifying the dependent variable and excluding specific samples. Firstly, the dependent
variable was changed to whether farmers opted for fertilizer-reduction and efficiency-
increasing technologies. A binary probit model was employed for regression, assigning
a value of 1 to indicate selection behavior if a farmer chose at least one technology and 0
otherwise. Second, considering the limited cognitive and learning abilities of the elderly
population in understanding fertilizer-reduction and efficiency-increasing technologies,
samples with individuals aged 65 and above were excluded from the robustness test. Both
approaches maintained the core variables, control variables, and regional dummy variables
constant. The regression results in Table 5 indicate that there are no significant differences
in coefficients, significance, and signs between the two approaches. This suggests the
robustness of the previously estimated results, confirming the significant and positive
impact of capital endowment on farmers’ selection behavior related to fertilizer-reduction
and efficiency-increasing technologies.

Table 5. Robustness test of capital endowment on farmers’ choices in fertilizer-reduction and
efficiency-increasing technologies.

Variable
Modifying the Dependent Variable Excluding Specific Samples

(1) (2) (1) (2)

Capital endowment 1.9141 ** (0.6443) 2.1922 *** (0.3663)
Natural capital −2.3881 (1.8254) −3.005 ** (1.0582)
Material capital 10.8148 ** (3.4066) 7.6025 *** (1.8374)
Human capital 0.9089 (4.0354) 3.4811 (2.5541)

Economic capital 2.2549 * (0.9306) 2.9900 *** (0.5362)
Social capital 1.3304 (1.3457) 1.1900 (0.7953)

Control variables Controlled Controlled
N 1208 1032

LR chi2 62.39 74.85 163.77 203.56
Pseudo R2 0.0826 0.0991 0.0419 0.0521
Prob > chi2 0.0000 0.0000 0.0000 0.0000

Note: *** p < 0.001; ** p < 0.01; * p < 0.05.
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4.4. Mechanism Examination

The previous analysis suggests a significant and positive effect of capital endowment
on farmers’ selection behavior regarding fertilizer-reduction and efficiency-increasing tech-
nologies. However, further investigation is needed to understand the mechanism by which
capital endowment affects this behavior. Following the steps and principles of testing
for a mediation effect, we first assessed the significance of the regression coefficient of
capital endowment on the farmers’ selection behavior toward fertilizer-reduction and
efficiency-increasing technologies, examining it for the presence of a mediation effect. If
present, a subsequent analysis determines whether it is a complete or partial mediation
effect. As depicted in the regression results in Table 6, the coefficient of capital endowment
in column (1) is significantly positive at the 1% confidence level, indicating that capital
endowment positively influences farmers’ selection behavior toward fertilizer-reduction
and efficiency-increasing technologies. In column (2), the estimated coefficient of capital
endowment on the information-acquisition capability is 1.8401, and it is statistically sig-
nificant at the 1% confidence level, suggesting that capital endowment enhances farmers’
information-acquisition capabilities. In column (3), when both capital endowment and
information-acquisition capability are simultaneously included in the regression equation,
their coefficients are both significantly positive at the 1% confidence level, indicating a
significant and positive impact on the selection behavior concerning fertilizer-reduction
and efficiency-increasing technologies. Comparing the results of Models (1) and (3), with
the inclusion of the mediator variable, the coefficient representing the impact of capital
endowment on the farmers’ selection behavior related to fertilizer-reduction and efficiency-
increasing technologies decreased from 2.2236 to 1.8291. This indicates that part of the
influence of capital endowment on farmers’ selection behavior is realized through their
information-acquisition capability, thus supporting hypothesis H3. In terms of variable
parameters, the proportion of the mediating effect was 19.62%, signifying that approxi-
mately 19.62% of the impact of capital endowment on farmers’ selection behavior related
to fertilizer-reduction and efficiency-increasing technologies is achieved through the medi-
ating role of the information-acquisition capability.

Table 6. Mediating effect test of the information-acquisition capability.

Variable

Oprobit Ologit

(1) (2) (3) (1) (2) (3)

Technology
Selection

Information-
Acquisition
Capability

Technology
Selection

Technology
Selection

Information-
Acquisition
Capability

Technology
Selection

Capital endowment 2.2236 ***
(0.3420)

1.8401 ***
(0.2592)

1.8291 ***
(0.3481)

3.7466 ***
(0.5873)

1.8401 ***
(0.2592)

3.0934 ***
(0.5963)

Information-
acquisition
capability

0.2371 ***
(0.0382)

0.4297 ***
(0.0663)

Control variables Controlled Controlled

N 1208 1208

LR chi2(F) 218.41 17.49 256.96 215.75 17.49 257.93

Pseudo R2 (Adj R2) 0.0482 0.0985 0.0567 0.0476 0.0985 0.0569

Prob > chi2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Note: *** p < 0.001.

5. Further Discussion
5.1. Moderating Effect of Agricultural-Technology Extension

Given the mediating role of information-acquisition capability in the influence of
capital endowment on the selection of fertilizer-reduction and efficiency-increasing tech-
nologies, it is essential to explore whether the effect of the information-acquisition capa-
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bility on farmers’ selection behavior is subject to the influence of other factors. In other
words, it is crucial to understand the boundary conditions under which the mediating
effect operates. According to the theoretical analysis presented earlier, the impact of the
information-acquisition capability on farmers’ selection behavior concerning fertilizer-
reduction and efficiency-increasing technologies may vary depending on the different
modes of agricultural-technology extension. Therefore, drawing on the approach used by
Wen Zhonglin et al. [69], this study introduces interaction terms between the information-
acquisition capability and three types of agricultural-technology extension. This aims to
investigate whether different modes of agricultural-technology extension moderate the im-
pact of information-acquisition capability on farmers’ selection behavior related to fertilizer-
reduction and efficiency-increasing technologies. To mitigate the correlation between
interaction terms and the variables constructed, the original variables were centralized.

The regression results in Table 7 reveal that the coefficient of the interaction term
between information-acquisition capability and technical training is significant at the
10% level (0.1524), the coefficient of the interaction term between information-acquisition
capability and subsidy is significant at the 5% level (0.1930), and the coefficient of the
interaction term between information-acquisition capability and government publicity
is significant at the 10% level (0.1767). All three coefficients align with the coefficient
of information-acquisition capability. This implies that the three modes of agricultural-
technology extension enhance the positive impact of information-acquisition capability on
farmers’ selection behavior toward fertilizer-reduction and efficiency-increasing technolo-
gies. In other words, technical training, subsidies, and government publicity play positive
moderating roles, supporting hypothesis H4. One possible explanation is that technical
training, subsidies, and publicity act as external factors that activate farmers’ technological
awareness. By boosting farmers’ information-acquisition capability, production skills, and
risk tolerance, these methods enhance farmers’ objective assessments of fertilizer-reduction
effects. Essentially, they alleviate farmers’ traditional habits of applying fertilizer, positively
encouraging farmers to select fertilizer-reduction and efficiency-increasing technologies.

Table 7. Test of moderating effects.

Variable (1) (2) (3) (4) (5) (6)

Information-acquisition
capability

0.2614 ***
(0.0377)

0.2608 ***
(0.0377)

0.2615 ***
(0.0377)

0.2525 ***
(0.0378)

0.2663 ***
(0.0376)

0.2653 ***
(0.0376)

Technical training 0.6638 ***
(0.0632)

0.6696 ***
(0.0633)

Financial subsidies −0.3775 ***
(0.0627)

−0.3810 ***
(0.0627)

Government publicity 0.5696 ***
(0.0638)

0.5762 ***
(0.0639)

Information-acquisition
capability *

Technical training

0.1524 *
(0.0753)

Information-acquisition
capability *

Financial subsidies

0.1930 **
(0.0733)

Information-acquisition
capability *

Government publicity

0.1767 *
(0.0767)

Control variables Controlled Controlled Controlled

N 1208 1208 1208

LR chi2 340.15 344.24 265.65 272.59 309.22 314.52

Pseudo R2 0.0750 0.0759 0.0586 0.0601 0.0682 0.0694

Prob > chi2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Note: *** p < 0.001; ** p < 0.01; * p < 0.05.
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5.2. Heterogeneity of Moderating Effects

While agricultural-technology extension can effectively guide and regulate farmers’
selection behavior concerning technologies, the impact of these efforts may vary because of
differences in education levels and generational factors. These factors influence farmers’
abilities to learn, understand, and adopt new technologies, creating significant heterogene-
ity in the effectiveness of technology extension. Given the diverse nature of farmers, the
effects of technology extension may differ across educational backgrounds and genera-
tions. Therefore, this study examined whether the moderating effects of the three modes of
agricultural-technology extension on the relationship between information-acquisition capa-
bility and farmers’ selection behavior toward fertilizer-reduction and efficiency-increasing
technologies exhibited variations based on education levels and generational differences.

5.2.1. Heterogeneity Analysis Based on Different Education Levels

This study categorized farmers into two groups according to their education levels:
the “high-education” group, composed of individuals with a high-school education or
above, and the “low-education” group, consisting of those with education levels at junior
high school or below. The outcomes of the heterogeneity analysis for the moderating effects
of the three modes of agricultural-technology extension are outlined in Table 8.

Table 8. Heterogeneity of moderating effects based on different education levels.

Variable
High Low High Low High Low

(1) (2) (3) (4) (5) (6)

Information-acquisition
capability

0.1768
(0.1029)

0.2700 ***
(0.0408)

0.2253 *
(0.1023)

0.2554 ***
(0.0411)

0.1882
(0.1028)

0.2733 ***
(0.0408)

Technical training 1.002 ***
(0.1775)

0.6272 ***
(0.0681)

Financial subsidies −0.0744
(0.1614)

−0.4439 ***
(0.0683)

Government publicity 0.9553 ***
(0.1790)

0.5244 ***
(0.0688)

Information-acquisition
capability *

Technical training

0.6857 **
(0.2064)

0.0709
(0.0815)

Information-acquisition
capability *

Financial subsidies

0.3974 *
(0.1970)

0.1471
(0.0801)

Information-acquisition
capability *

Government publicity

0.6995 **
(0.2093)

0.0942
(0.0830)

Control variables Controlled Controlled Controlled

N 183 1025 183 1025 183 1025

LR chi2 91.30 258.52 57.41 218.37 88.17 232.12

Pseudo R2 0.1272 0.0679 0.0800 0.0574 0.1228 0.0610

Prob > chi2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Note: *** p < 0.001; ** p < 0.01; * p < 0.05.

The results from Table 8 indicate that in the high-education group, the coefficient of
the interaction term between information-acquisition capability and technical training is
significantly positive at the 5% level (0.6857). The coefficient of the interaction term between
information-acquisition capability and financial subsidies is significantly positive at the 10%
level (0.3974), and the coefficient of the interaction term between information-acquisition ca-
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pability and government publicity is significantly positive at the 5% level (0.6995). However,
in the low-education group, none of these coefficients are significant. This suggests that the
three modes of agricultural-technology extension can enhance the positive impact of the
information-acquisition capability, and this effect is more pronounced for farmers with a
higher educational attainment. As farmers’ educational attainment increases, their under-
standing and cognitive abilities strengthen, making it more likely for them to absorb and
accept new knowledge and skills through agricultural-technology extension. This enables
them to promptly address technical obstacles encountered in practice, thereby increasing
their probability of choosing fertilizer-reduction and efficiency-increasing technologies.
This observation aligns with the conclusions of existing research [73,74], indicating that for
more effective agricultural-technology extension and information services, government de-
partments tend to select farmers with abundant resource endowments as target recipients.

5.2.2. Heterogeneity Analysis Based on Different Generations

In this study, farmers were categorized into two groups based on the birth year of
the household head: the “new generation” group, consisting of those born after 1975, and
the “old generation” group, composed of those born in 1975 or earlier. This followed
the approach of Liu Yanzhou et al. [75]. The results of the heterogeneity analysis for the
moderating effects of the three modes of agricultural-technology extension in classifying
farmer generations are presented in Table 9.

Table 9. Heterogeneity of moderating effects based on different generations.

Variable
New Old New Old New Old

(1) (2) (3) (4) (5) (6)

Information-acquisition
capability

0.1650
(0.0958)

0.2855 ***
(0.0413)

0.1733
(0.0970)

0.2743 ***
(0.0415)

0.1696
(0.0958)

0.2902 ***
(0.0413)

Technical training 0.7741 ***
(0.1726)

0.6500 ***
(0.0683)

Financial subsidies −0.6120 ***
(0.1708)

−0.3365 ***
(0.0678)

Government publicity 0.7721 ***
(0.1735)

0.5404 ***
(0.0690)

Information-acquisition
capability *

Technical training

0.2763
(0.2046)

0.1200
(0.0819)

Information-acquisition
capability *

Financial subsidies

0.2385
(0.1941)

0.2020 *
(0.0799)

Information-acquisition
capability *

Government publicity

0.2802
(0.2044)

0.1464
(0.0835)

Control variables Controlled Controlled Controlled

N 181 1027 181 1027 181 1027

LR chi2 48.05 316.77 41.37 254.94 47.78 288.14

Pseudo R2 0.0699 0.0825 0.0602 0.0664 0.0695 0.0750

Prob > chi2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Note: *** p < 0.001; * p < 0.05.

According to the results in Table 9, for both the new- and old-generation groups, the
coefficients of the interaction terms between information-acquisition capability and techni-
cal training, as well as information-acquisition capability and government publicity, are
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not statistically significant. This suggests that there is no heterogeneity in the moderating
effects of technical training and government publicity across the different generational
groups. However, in the old-generation group, the coefficient of the interaction term be-
tween information-acquisition capability and financial subsidies is significantly positive at
the 10% significance level (0.2020), while in the new-generation group, it is not significant.
This indicates that financial subsidies can enhance the positive impact of information-
acquisition capability specifically for the old-generation farmers. One possible explanation
is that, on the one hand, because of liquidity constraints, financial subsidies can effectively
compensate for the shortcomings faced by the old-generation farmers, such as reduced
opportunities for off-farm employment and insufficient income sources. This alleviates the
adaptability risks and cost-increasing risks associated with new technologies, positively
influencing the technology selections of farmers [76]. On the other hand, financial subsidies
can be used to improve the communication and network facilities of the older generation
of farmers and broaden the channels of access to information so that the older generation
of farmers can more easily obtain technical information and improve their enthusiasm for
technology decisions.

6. Discussion
6.1. Conclusions

This study is based on data from 1208 valid apple farmers in the provinces of Shaanxi
and Gansu. Utilizing the weighted-frequency method to investigate the priority sequence of
farmers’ preferences for choosing fertilizer-reduction and efficiency-increasing technologies,
we employed the ordered-probit model, the mediation-effect model, and the moderation-
effect model. These were used to empirically analyze the impact and mechanisms of
capital endowment on farmers’ decisions regarding the selection of fertilizer-reduction and
efficiency-increasing technologies. Additionally, the study explores the moderating role of
agricultural-technology extension in this mechanism. The main conclusions are outlined
as follows:

(1) Capital endowment significantly and positively influences farmers’ selection of
fertilizer-reduction and efficiency-increasing technologies. In essence, higher capital
endowment levels correlate with an increased likelihood of farmers selecting fertilizer-
reduction and efficiency-increasing technologies. More specifically, the selection of
fertilizer-reduction and efficiency-increasing technologies is significantly and nega-
tively associated with natural capital, as well as being significantly and positively
associated with material capital, economic capital, and social capital.

(2) Information-acquisition capability acts as a mediating factor in the influence of cap-
ital endowment on farmers’ decisions regarding fertilizer-reduction and efficiency-
increasing technologies, with the proportion of the mediating effect being 19.62%

(3) The methods of agricultural-technology extension, such as technical training, fi-
nancial subsidies, and government publicity, have a significantly positive moder-
ating effect on the influence of information-acquisition capability on farmers’ deci-
sions to select fertilizer-reduction and efficiency-increasing technologies. That is to
say, a higher intensity of agricultural-technology extension enhances the impact of
information-acquisition capability on farmers’ decisions regarding the selection of
fertilizer-reduction and efficiency-increasing technologies. This indicates that the
occurrence of farmers’ technology selection is closely associated with the support
provided by agricultural-technology extension.

(4) Educational attainment and generational differences resulted in distinct moderating
effects for various agricultural-technology extension methods. The effects of technical
training, financial subsidies, and government publicity were more prominent in the
high-education group compared with the low-education group. Additionally, the
impact of financial subsidies was more effective in the old-generation group compared
with the new-generation group.
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6.2. Policy Implications

On the basis of the findings of this study, the following recommendations can be put
forward: (1) Prioritize the accumulation of farmers’ capital endowment and fully exploit
its role in promoting the adoption of fertilizer-reduction and efficiency-increasing tech-
nologies. On the basis of enhancing the constraints posed by farmers’ capital endowment,
optimize the structure of farmers’ capital endowment. In terms of material capital, vigor-
ously develop a socialized service system for agricultural production to compensate for
shortcomings in material capital and to improve agricultural production efficiency. In eco-
nomic capital, focus on developing the apple industry to ensure increased production and
income for farmers, providing diverse financing services to alleviate financial constraints
in agricultural production and to enhance farmers’ economic capital. Regarding social
capital, leverage the “acquaintance society” in rural areas as a channel for information
dissemination, establish a resource-sharing platform, strengthen interactive communica-
tion among farmers, and effectively guide mutual learning among them. (2) Enhance
farmers’ information-acquisition capabilities. In addition to traditional technical services,
broaden farmers’ information channels through new media devices such as computers and
smartphones. Simultaneously, intensify training efforts to enhance farmers’ information-
acquisition capabilities using a combination of online and offline methods. (3) Increase the
government’s efforts at agricultural-technology extension, improve farmers’ information-
acquisition capabilities, and stimulate their enthusiasm for technology adoption, with
particular attention to differences in educational attainment and generational factors. For-
mulate targeted policy incentives for different types of farmers, such as strengthening
subsidies for those with higher educational attainment and the older generation in terms of
technology applicability. Actively conduct technology training and promotion for farmers
with a higher educational attainment.

6.3. Limitations and Areas for Further Research

The research has important practical significance for improving the popularization
and application of fertilizer-reduction and efficiency-increasing technologies for farmers,
improving the quality of cultivated land, reducing the pollution of farmland ecological
environment, promoting the sustainable development of agriculture, realizing the increase
in farmers’ income, and revitalizing the industry. Because agricultural production is highly
dependent on and sensitive to climate change, the impact of climate change has gradually
become an issue of great interest in the field of agricultural production research. This
paper ignores the change in the capital endowment of farmers caused by climate change,
which has an impact on the selection behavior of farmers related to fertilizer-reduction and
efficiency-increasing technologies. At the same time, it is not clear whether the PLS-SEM
method will affect the research results. This model does not have stringent requirements
related to the data sample size, model identification problems and distribution state, and
can effectively deal with collinearity problems among variables. Currently, it is often used
in questionnaire survey data and is an effective method to estimate a causality model. In
the future, research on the selection behavior of farmers concerning fertilizer-reduction and
efficiency-increasing technologies can combine the advantages of different disciplines and
use a variety of observational data, experimental data, and different research methods to
conduct cross-research, and further panel data can be collected for analysis in the future.
By carrying out follow-up research and obtaining continuous panel data, we can better
reveal the mechanism by which capital endowments impact farmers’ behavior in choosing
fertilizer-reduction and efficiency-increasing technologies.
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