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Abstract: The agricultural marketing behavior of farmers is crucial for the realization of production
value. Based on survey data from 406 citrus farmers in Hubei Province, this paper empirically
examines the effects of risk aversion and Internet use on farmers’ marketing behavior in terms of
fresh produce. The results show that, first, farmers are generally reluctant to sell, with reluctant
sellers accounting for about one-third of the total sample, and most report high levels of Internet
use. Second, risk aversion and Internet use have a significant impact on farmers’ reluctance to sell.
The higher the level of farmer risk aversion, the lower the reluctance to sell, while Internet use
significantly increases the probability of farmers being reluctant to sell. Third, Internet use weakens
the inhibiting effect of risk aversion on reluctance to sell. These findings help to clarify the factors
influencing farmers’ reluctance to sell and provide reference suggestions for promoting high-quality
agricultural development and rural industrial revitalization.
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1. Introduction

China is one of the largest producers of fruit in the world. According to the latest data,
China’s orchards cover 12,646.28 hm?, and total fruit production has reached 286,923.6 kt [1].
However, price fluctuations in the Chinese fruit market are very frequent. Since 2009, the
monthly fluctuation of fruit prices in 36 major cities in China has exceeded 5.01%, peaking at
14.51% [2]. Meanwhile, the uncertainty of agricultural activities has increased dramatically
due to frequent emergencies, such as extreme weather conditions and COVID-19, increasing
the severity of the fruit market price risks faced by farmers.

Many researchers have studied farmers’ selling strategies when market prices fluctuate.
They have found that farmers’ sales behavior often shows a strange phenomenon known
as “reluctance to sell” when faced with market price fluctuations [3]. “Reluctance to sell”
first appeared in relation to grain purchases. It refers to the fact that farmers are not
satisfied with the price of agricultural products or expect the price to increase, which leads
to wait-and-see behavior or a reluctance to sell [4]. “Reluctance to sell” is a subjective
and rational behavior of farmers, i.e., farmers can sell but do not sell, rather than having
difficulty selling. For small-scale farmers in developing countries, profit maximization and
risk minimization are their primary goals [5]. Although reluctance to sell may reduce losses
or increase revenue, it is often accompanied by greater risks. This seems to be inconsistent
with the view that “farmers are rational people”.

Most studies focus on farmers’ reluctance to sell stored agricultural products such as
grains. For example, Qi and Yu [6] analyzed the factors influencing farmers’ reluctance
to sell. Mattos and Fryza [7] found that risk appetite contributed to Canadian wheat
farmers’ reluctance-to-sell behavior. Using an experimental approach, Vollmer et al. [8]
similarly demonstrated the risk appetite of farmers’ reluctance to sell in relation to grain.
Luo et al. [9] analyzed the impacts of storage losses and market development on the
maize-selling behaviors of rural households in China. Peng and Xu [10] found that large-
scale farmers who anticipate an increase in grain prices will choose to postpone grain
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sales to potentially maximize profits. Risk-averse large-scale farmers will choose a mul-
tiperiod sales method, while risk-loving ones will choose a single-period delayed sales
method. Additionally, there have been fewer studies on fresh agricultural products such
as fruits. The optimal time to sell agricultural products may vary depending on the
product type. Fresh produce is perishable and less easily transported than stored agricul-
tural products. Sun et al. [11] argued that the higher the expected price and the greater
the market risk perception, the more growers prefer the long-term storage of high-value
agricultural products.

In summary, although scholars have carried out numerous studies on farmers’ re-
luctance to sell, there is room for further advancement. First, most existing studies focus
on explaining the influencing factors and phenomena of reluctance to sell but ignore the
internal relations between the factors and lack a comprehensive and systematic analysis.
Second, scholars mostly focus on the sales behavior of large-scale farmers, and there is
less research on small farmers. The current research on the selling behaviors of farm-
ers in developing countries largely revolves around small-scale farmers and the impact
of their endowments, ignoring the roles played by information technology and farmers’
subjective attitudes.

This study takes risk aversion and Internet use as its perspectives. It uses survey data
gathered from farmers in the main citrus-producing areas of Hubei Province to empirically
investigate how smallholder farmers in China determine the optimal time to sell in the
context of information asymmetry and market price fluctuations, i.e., whether farmers
exhibit reluctant selling behavior. Ultimately, our goal is to understand the selling behavior
of fruit farmers in developing countries such as China, to help smallholders increase their
income, and to provide recommendations for promoting quality agricultural development
and rural revitalization.

Compared with previous studies, the innovation and contributions in this study
include the following. First, this study reveals the special sales behavior of farmers, which
differs from the definition of farmers’ sales behavior in previous studies. This study mainly
focuses on farmers’ reluctant selling behaviors. Second, this study combines the actual
scenario of China’s fresh fruit market to construct an analysis framework for small-scale
farmers’ sales decisions. Simultaneously, based on prospect theory and information effect,
this study reveals the trade-off relationship between profit and risk in small-scale farmers’
sales decision-making processes and the importance of information acquisition, which
helps to understand the characteristics of their sales behavior.

2. Theoretical Framework
2.1. Farmers” Agricultural Products Sales Decision

Suppose that each rural household decides the optimal timing for selling agricultural
products based on three main factors: proportional transaction costs, TC”; fixed transaction
costs, TC/; and expected market price, p] As the number of agricultural products sold

increases, the proportional transaction costs, TC;?, faced by the farmer in period j also
increase. It depends on the market distance, d s trading time, t and other characteristic
factors, z]’,’, expressed as follows:

TC! = TCV (dj, tj,z]’.’) )

The fixed transaction costs are not related to the number of sales, but to the fixed cost
of each family, z{ , which can be expressed as follows:

rcl, = c! (z{ ) @)
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In particular, due to the particularity of citrus planting, the production costs of citrus
fertilizers and pesticides can also be regarded as fixed transaction costs each year. In
our survey practice, we also found that farmers usually ignore the factor inputs in the
citrus-growing process when deciding when to sell, as it is a perennial plant and can bear
fruit multiple times. In contrast, farmers are more concerned with labor prices, storage
costs and other transaction costs that vary with the quantity sold. We include production
costs in our discussion of fixed transaction costs.

Farmers usually make sales decisions based on market prices, p}, p}, related to market
price information, pjs and price fluctuations, M.M, which depend on the expected sales
volume, s;, the quality of agricultural products, g;, and the bargaining power of farmers,
BP;. The function form of p j can be expressed as follows:

p; = pj £ M(sj,qj, BP)) ®

Because agricultural production is susceptible to various factors, such as the external
environment, it is characterized by typical uncertainty. Therefore, by adding risk variables,
A, the final sales volume of farmers in the current period is (s; — A;g), where A;g represents
the random yield loss caused by uncertain risk factors in period j. According to the principle
of profit maximization, the optimal sales decision conditions of rational smallholders in
period j are as follows:

m]axl_ll-j = {(s]- - A]-g) : [ﬁj + M(S]" ‘U'BPJ') - TC]P (df' tf’Z]P)} o TC{ (Z{)} @)

When the current sales profits reach the maximum, farmers will choose to sell agricul-
tural products. It can be seen that proportional transaction costs, fixed transaction costs,
market prices and risk factors have a key impact on agricultural product sales decisions.

2.2. Sales Decision Framework for Small-Scale Fruit Grower

When small-scale farmers, who aim to maximize profits and minimize risk, face
exogenous price shocks under information asymmetry, their reluctance to sell is manifested.
Additionally, subsequent decisions are made taking into account their price expectations
and risk-averse attitudes. Prospect theory suggests that people make decisions based on
reference points; individuals are willing to take more risk when faced with losses and tend
to be risk-averse when faced with gains. Individuals are more sensitive to losses than
gains [12].

Farmers face multiple risks, such as natural disasters and price fluctuations, during
agricultural production and operation. Individual risk preferences will directly impact
their behavioral decisions [13]. According to behavioral bias theory, individuals are more
likely to maintain the status quo and avoid risk when faced with a choice between benefits
and risks [14]. A reluctance to sell may reduce losses or increase revenues. However, it
is often associated with greater risks. Specifically, on the one hand, farmers may hesitate
for too long and lose their initial gains due to a fall in prices. On the other hand, the large
number of homogeneous agricultural products on the market during the waiting period
will further crowd out the market space and lead to stagnating sales of agricultural products,
resulting in greater losses. In addition, scholars have found typical heterogeneity in the
risk preferences of farm households [15,16]. As smallholder farmers have a minimal risk
tolerance, most tend to be risk-averse to reducing economic losses. Therefore, risk-averse
farmers who are averse to losses will choose to sell their agricultural products promptly
and are more likely to be willing to sell to avoid losses or suffer greater losses caused by
risk factors such as price fluctuations and natural disasters. Based on this, we propose the
following hypothesis:
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H1: The more risk-averse small-scale farmers are, the lower the possibility of reluctant sales of
their produce.

Price expectations are another key factor affecting farmers’ marketing strategies. Price
expectations refer to farmers’ prediction of future market price level trends. Since small-
scale farmers are generally less educated, they judge the future price trend of agricultural
products through experience or other information obtained. The ability to make correct
price expectations will determine whether small-scale fruit growers can successfully maxi-
mize profits.

According to basic economic theory, a lack of information can lead to a loss of economic
efficiency [17]. However, most rural areas are remote and have poor communication with
markets, and farmers often need more accurate information on current market prices to make
their decisions. The advent of Internet technology has broken down information barriers and
influenced farmer behavior through the effects of information and technology [18].

On the one hand, Internet use can enhance the flow of information and reduce the
financial and time costs required for farmers to obtain and exchange information, thus
reducing transaction costs [19]. Additionally, abundant information flow can help farmers
judge market trends and increase their market participation [20,21]. On the other hand,
the Internet innovation platform can facilitate the production-marketing interface, which
broadens the marketing channels of farmers and increases the sales of agricultural prod-
ucts [22]. In particular, the application of e-commerce has shortened the sales chain and
greatly increased the market participation of farmers.

Furthermore, Internet use will enhance the factor allocation capacity of farmers and
alleviate factor endowment constraints [23], thus optimizing farmers” marketing strategies
related to agricultural products. The more farmers are in contact with outside information
through the Internet, the more their sales thinking and approach will change, ultimately
leading to changes in farmers’ sales behavior. Generally, the more information a farmer has
about the market, the more they expect to sell the product at a higher price. Internet use
reduces the cost of trading agricultural products and expands trade channels. Therefore,
when faced with price fluctuations, farmers with high Internet use will likely be reluctant
to sell. Therefore, we propose the following hypothesis:

H2: Farmers are more likely to be reluctant to sell their produce if they have a high level of
Internet use.

Chinese farmers have long had a weak position in the sales market, with intermediaries
forming a monopoly market for small-scale farmers [24]. This is mainly because farmers
know very little about market prices compared to intermediaries. However, Internet use can
reduce the market power of intermediaries to some extent, improve the bargaining power
of farmers, and thus increase the selling price of agricultural products [25]. Theoretically,
Internet use mitigates the degree of risk aversion among farmers to a certain extent. The
positive influence on the risk attitude of farmers who use the Internet more frequently is
more significant [26,27].

Specifically, first, the change in information access channels brought about through the
popularization of Internet technology in rural areas mitigates the degree of risk aversion
of farmers through the effects of information [27]. Second, farmers” mastery of Internet
technology can spill over to the level of knowledge network and social network. Better use
of Internet technology can be internalized into farmers’ knowledge endowment and social
capital, improving farmers’ ability to resist risks. Third, the Internet has improved farmers’
access to credit [28]. Internet use can reduce farmers’ liquidity constraints, mitigate the
financial vulnerability of rural households, and encourage farmers to be more likely to
engage in risky behavior.
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In summary, the impact of Internet use on farmers’ agricultural marketing behavior
is in essence achieved by alleviating farmers’ risk-averse attitudes, increasing farmers’
risk resistance, and reducing rural households’ liquidity constraints. The higher the risk
appetite of farmers, the higher their resistance to risk, and the weaker their household
liquidity constraints, the more likely they are to be reluctant to sell their produce. Given
this, we propose the following hypothesis:

H3: Internet use will mitigate the disincentive effect of risk aversion on farmers’ reluctant
selling behavior.

3. Data
3.1. Data Collection

The research data were taken from a household survey of citrus growers in Hubei
Province, China, conducted in July 2021. These survey areas were selected for two reasons:
First, Yichang City, Hubei Province, as one of the important production areas of citrus
in China, has rich reserves of varieties and a long and experienced history of cultivation.
Second, as the most developed citrus industry in Yichang [29], Zigui County can basically
reflect the current situation of citrus development in Yichang, and the study of its farmers’
behavior is also generalizable to other production areas. Therefore, selecting the sample
of citrus growers in Hubei Province is not only scientifically representative, but also has
important practical value for the development of the citrus industry.

The survey first identified Zigui County, Yichang City, Hubei Province, as a sample
area, and through a typical sampling method, selected two better citrus-producing towns,
Guojiaba Town and Shuitianba Township. Secondly, the method of stratified random
sampling was adopted, and the administrative villages were randomly selected according
to the total annual output of citrus. A total of seven sample villages were formed. Finally,
60 citrus growers were randomly selected from each sample village for investigation. It
is worth mentioning that the list of villagers provided by village cadres helps us better
adapt to random selection. In each sample village, we ranked the citrus size from largest to
smallest, and each sample farmer was selected to be distinguished by the same number
of non-sample farmers. Finally, we carefully reviewed the survey data according to the
integrity, logic, and authenticity of the questionnaire, obtaining 406 pieces of valid survey
data for empirical analysis.

The interviewers consisted of doctoral and master’s students from the research team,
who had received advanced training. The interviewees were the main laborers or the
heads of households responsible for citrus production and operation. Based on a randomly
selected list, the interviewers entered the farmers’” homes one by one for face-to-face
communication. Then, the interviewers asked questions and filled out the questionnaire
accurately according to the interviewees” answers. The main contents of the questionnaire
included the input and output of citrus production, production and management decisions,
and basic family and personal information.

3.2. Basic Characterization of the Sample

Table 1 reports the basic characteristics of the samples. Citrus marketing methods can
be divided into two categories: only selling through intermediaries, and selling through
intermediaries while also selling on their own (hereinafter referred to as “simultaneous
self-selling”). The survey found that most farmers in the survey area rely on the sales
method of ‘farmers + middlemen’, which is consistent with the research conclusions of
Song and Qi [29]. However, while relying on intermediaries for sales, farmers also use
other methods to sell on their own. Among all the survey samples, 141 households sell
through online social networking platforms, accounting for 34.73% of the total sample. It
can be seen that the Internet sales model based on social networking platforms is gradually
being integrated into the farmers’ sales process.
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Table 1. The distribution of the sample.

Variable Description Observation Percentage Variable Description Observation Percentage
Gender Male 227 44.09 Primary and below 204 50.25
Female 179 55.91 Junior high 147 36.21
<45 64 15.76 Education Senior High School 46 11.33
Age 45~60 224 55.17 Junior college 7 1.72
>60 118 29.06 Bachelor and above 2 0.49
<4 120 29.56 Intermediaries 237 58.37
Oml}fﬁ)area 4-8 207 50.99 Sales methods Multiple channels 169 41.63
>8 79 19.46 E-commerce platforms 23 5.67
<50,000 223 54.93 Social platform 141 34.73
Citrus sales 50,000~10,0000 137 33.74 Multiple channels Short video platform 11 2.71
revenue 100,000~150,000 33 8.13 Supply to supermarkets 6 1.48
>150,000 13 3.2 Sell offline to customers 36 8.87

Note: While relying on intermediaries for sales, farmers also use other methods to sell on their own; the way
mainly includes 5 kinds: e-commerce platform, social platform, short video platform, supply to supermarkets and
sell offline to customers. 1 mu = 1/15 hectare.

4. Empirical Model and Descriptive Statistics
4.1. Empirical Model

We construct a binary Probit model of citrus growers’ sales behavior choice for analysis.
The expression is as follows:

y_m(lfp) = Bo+ B1op + Bon + B3 X + 1 ®)

where p represents the probability that citrus growers adopt reluctant selling behavior;
1 — p represents the probability that farmers sell normally. ¢ and 7 represent the degree
of risk aversion and the level of Internet use of farmers, respectively. 1 and B, are their
estimated coefficients, respectively. X is the control variable vector that affects the decision-
making processes of farmers’ sales behavior, and B3 is its estimated coefficient vector. S is
a constant term and y is a random error term.

In order to further explore whether the level of Internet use of farmers will alleviate
the inhibitory effect of risk aversion on farmers’ reluctance to sell, we add the interaction
term of ¢ and 7 on the basis of Equation (5):

Y:ln(lfp> =co+crp+cent+cz(pxn)+caaX+w (6)

In Equation (6), ¢ X 7 is the interaction term between farmers’ risk aversion and
Internet use level, and c3 is its estimated coefficient. ¢; and ¢, are the estimated coefficients
of ¢ and 7, respectively. X is the vector of control variables, and cy is its estimated coefficient.
¢g is a constant term, and w is a random error term.

4.2. Key Variables and Descriptive Statistics

In order to estimate the coefficients mentioned earlier, we need to define the variables.
For the dependent variable, we selected "whether citrus growers take reluctant selling
behavior’ in the questionnaire item to identify Y. Additionally, this study included two key
independent variables. One of them is risk aversion. As the more risk-averse farmers tend to
delay the adoption of new technologies [30,31], we refer to the research of Wang et al. [32],
through the following question: ‘Are you willing to try the new citrus planting technology’
for identification. This is measured using a scale of 1 to 5, with lower values indicating
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that farmers are more risk-averse and higher values indicating that farmers show a greater
preference for risk.

The other is Internet use. We measure the Internet use level of citrus growers from five
levels: learning, work, social, entertainment and business activities. These five categories of
indicators are assigned from 1 to 7 according to the frequency of Internet use. In ascending
order of fetching value, they represent seven levels: never, once every few months, once
a month, 2-3 times a month, 1-2 times a week, 3—4 times a week, and almost every day.
We use the mean score of these indicators to identify the Internet use of citrus growers. A
higher score for farmers represents a higher level of Internet use. It is worth mentioning
that compared with previous studies, we pay more attention to the farmer’s Internet skills
acquisition rather than simply measuring whether farmers can use the Internet.

Of course, we also controlled for the impacts of other factors on farmers’ citrus sales
behavior in this study. On the one hand, drawing on previous studies, we controlled
the personal, family and production characteristic variables of citrus growers. Personal
characteristics include gender, age, and education; family characteristics include coopera-
tive membership, labor force and economic status; and production characteristics include
planting scale, yield, planting years, the proportion of sales revenue and cooperative re-
lationships. On the other hand, the transportation condition and market distance at the
village level are controlled. The definition and characteristic statistical results of each
variable in the model are shown in Table 2.

Table 2. Variable definitions and descriptive statistics.

Variables

Definition and Assignment Mean Standard Deviation

Citrus sales behavior

Dependent variable
1 if the farmer is reluctant to sell, otherwise 0 0.320 0.467

Key independent variables
New technology adoption intention: Likert 1-5 points,

Risk aversion i~ - 2.773 1.032
1 = very unwilling, 5 = very willing
Internet use Means of 5 categories of indicators 3.607 1.340
Gender 1 = Male, 0 = Female 0.559 0.497
Age Citrus growers’ actual age(years) 54.892 10.589
. 1 = Primary and below; 2 = Junior high; 3 = Senior high
Education school; 4 = Junior college; 5 = Bachelor and above 1.660 0.784
Cooperative membership 1 if farmer is a cooperative member,0 otherwise 0.197 0.398
Labor force Total household labor force (person) 3.032 1.094
Economic status 1 = Very poor, 2 = Poor, 3 = Medium, 4 = Good, 5 = Very good 2.640 1.030
Planting scale Actual citrus planting area (mu) 7.142 24.847
Yield Average yield per mu (kg), taking the natural logarithm 7.958 0.417
Planting years Citrus planting duration(years) 27.744 10.060
Proportion of sales revenue Total revenue from salgs of citrus as:) a percentage of total 81.344 28.055
family revenue (%)
Cooperative relationship. 1 = Very poor, 2 = Poor, 3 = Medium, 4 = Good, 5 = Very good 3.155 1.119

Transportation condition

Market distance

Village characteristics
1 = Poor; 2 = General; 3 = Better 2.037 0.835
Distance to the nearest a}grlcultural trading market 7 850 9.539
in the village (km)

Note: 1 mu = 1/15 hectare.

To check the suitability of the Internet use survey scales, the Kaiser-Meyer-Olkin
(KMO) test and Bartlett’s sphericity test are used. The Kaiser-Meyer-Olkin measure
of sampling adequacy is 0.696, and the Bartlett test of sphericity is 718.745 (p = 0.000),
indicating that the survey scales are suitable for factor analysis. The results of the factor
analysis show that the Internal consistency (Cronbach’s «) and composite reliability (CR)
are greater than 0.7, and the average variance extracted (AVE) is greater than 0.5, indicating
that the scale has good reliability and validity. The specific results are shown in Table 3.
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Table 3. Description of Internet use.

Variable Subject Mean Std. Standard Factor Loadings Cronbach’s « CR AVE
Learning 2.022 1.417 0.724
Working 2.163 1.635 0.777

Internet use Social 5.293 1.873 0.715 0.778 0.853 0.538
Entertainment 5.488 2.027 0.678
Business 3.069 2.159 0.769

Note: We use a 7-point Likert scale to measure Internet use, with scores of: 1 = never; 2 = once every few months;
3 = once a month; 4 = 2-3 times a month; 5 = 1-2 times a week; 6 = 3—4 times a week; 7 = almost every day.

In addition, Table 4 illustrates that 130 households out of the total sample of farmers
exhibit reluctant selling behavior, accounting for 32.02% of the total sample. Among the
sample farmers who adopt the reluctant sale behavior, the proportion of high level of Internet
use is greater. The Pearson correlation coefficient between Internet use and sales behavior is
statistically significant at the 1% level, indicating a significant positive relationship.

Table 4. Farmers’ sales behavior under the difference of Internet use level.

Sales Behavior

Variable No Reluctant Selling Reluctant Selling
Observation Percentage (%) Observation Percentage (%)
High level of Internet use 146 76.40% 45 23.60%
Low level of Internet use 130 60.50% 85 39.50%
Pearson correlation coefficient 0.171 ***

Note: *** is significant at the 1% level.

5. Estimation Results and Robustness Test
5.1. Estimation Results

Table 5 reports the results of the benchmark regressions on the effects of risk aversion
and Internet use on citrus growers’ selling behavior decisions. Model 1 is the result of
considering only the control variables. Model 2 and Model 3 are the results of risk aversion
and Internet use each affecting farmers” marketing behavior decisions. Model 4 is the result
of adding the interaction term of risk aversion and Internet use.

First, considering only the control variables, Model 1 shows that planting scale, yield,
and proportion of sales revenue share significantly positively affect farmers’ reluctant
selling behavior. In contrast, the village transportation development and market distance
have a significant negative effect. The possible reasons are as follows: First, farmers with
larger citrus planting areas, higher yields and larger proportions of citrus sales revenue
have a higher dependence on citrus sales revenue. They expect to sell at a higher price, so
their wait-and-see time is longer, and the possibility of being reluctant to sell is higher when
the market price fluctuates. Second, the higher the level of transportation development, the
farmers can choose more sales channels through various ways to sell agricultural products
promptly. Moreover, the closer the farmers are to the market, to save transaction costs, it is
easier to choose to sell nearby, and farmers are less likely to make reluctant sales.

Second, according to the estimation results shown in Model 2, citrus growers’ risk
aversion has a significant negative impact on reluctant selling behavior after controlling
for other influencing factors. Thus, Hypothesis 1 is supported. This is due to reluctant
selling behavior greatly increasing the risks and costs that farmers need to bear, meaning
that they easily miss the best time to sell [33]. However, risk-averse farmers are usually
more cautious when making decisions [23], so they are less likely to be reluctant to sell.
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Table 5. Benchmark regression results.
Variable Model 1 Model 2 Model 3 Model 4
Risk aversion — —0.223 *** (0.073) — —0.292 *** (0.078)
Internet use — — 0.168 ** (0.066) 0.202 *** (0.067)
Risk aversion x Internet use — — — 0.144 *** (0.054)
Gender —0.037 (0.144) —0.011 (0.146) —0.039 (0.147) 0.033 (0.152)
Age 0.001 (0.009) 0.002 (0.009) 0.008 (0.009) 0.009 (0.010)
Education 0.086 (0.103) 0.114 (0.105) 0.006 (0.107) 0.010 (0.111)
Cooperative membership —0.040 (0.184) —0.014 (0.187) —0.110 (0.187) —0.112 (0.194)
Labor force —0.101 (0.067) —0.108 (0.068) —0.109 (0.067) —0.104 (0.068)
Economic status 0.027 (0.072) 0.082 (0.075) 0.009 (0.071) 0.071 (0.075)
Planting scale 0.043 ** (0.019) 0.050 ** (0.021) 0.035 * (0.019) 0.039 * (0.020)
Yield 0.447 ** (0.178) 0.435 ** (0.182) 0.408 ** (0.178) 0.407 ** (0.182)
Planting years 0.006 (0.008) 0.004 (0.008) 0.004 (0.008) 0.002 (0.008)
Proportion of sales revenue 0.010 *** (0.003) 0.010 *** (0.003) 0.010 *** (0.003) 0.010 *** (0.003)
Cooperative relationship. —0.028 (0.065) —0.038 (0.065) —0.018 (0.064) —0.051 (0.066)
Transportation development —0.542 *** (0.098) —0.535 *** (0.099) —0.558 *** (0.100) —0.546 *** (0.102)
Market distance —0.068 *** (0.010) —0.070 *** (0.011) —0.070 *** (0.010) —0.071 *** (0.011)
Constant —3.591 ** (1.619) —3.039 * (1.641) —3.987 ** (1.645) —3.445 ** (1.677)
Observations 406 406 406 406
Wald chi2 78.930 *** 80.000 *** 81.230 *** 89.330 ***
Pseudo r-squared 0.199 0.216 0.211 0.242

Note: ***, ** and * are significant at the 1, 5 and 10% levels, respectively; standard errors are in parentheses.

Third, the estimation results in Model 3 show that Internet use significantly positively
affects citrus growers’ reluctant selling behavior. Hypothesis 2 has been verified. This
suggests that even though farmers use the Internet to gain access to a wealth of market
information, they choose to wait and see in terms of prices in order to maximize profits
based on a full weighing of external information. Farmers tend to be reluctant to sell,
consistent with the judgment that farmers demonstrate ‘bounded rationality” in the prospect
theory [34].

Finally, the results of Model 4 show that the estimated coefficient of risk aversion
is negative, the estimated coefficient of Internet use is positive, and the estimated coeffi-
cient of the interaction between risk aversion and Internet use is positive, and both are
significant at the level of 1%. This shows that Internet use can weaken the inhibitory effect
of risk aversion on farmers’ reluctance to sell, which verifies Hypothesis 3. The reason
is that the higher the level of Internet use of farmers, the stronger the ability to obtain
information, which helps to compensate for their information asymmetry in the market
and reduces uncertainty in the sales process of agricultural products [19]. Whether farmers
are reluctant to sell citrus is a typical uncertainty decision. Effective information acquisition
reduces farmers’ uncertainty perception [35], and then promotes them to adopt reluctant
selling behavior.

5.2. Robustness Test

In the baseline regression model, we control for many variables that affect farmers’
selling behavior. Additionally, there is also a lack of evidence for the theory that the
risk attitude of farmers is affected by their sales behavior. Therefore, the possibility of
endogenous problems caused by risk aversion and farmers’ reluctant selling behavior in
the model is not great. Even so, there may still be endogeneity problems due to omitted
variables, and there may still be some unobservable variables that can have an impact
on farmers’ selling decisions. To overcome potential endogeneity problems, this study
re-estimates the model by replacing the regression model, limiting the sample, and re-
measuring the key variables.

Specifically, the Logit model is first used for re-estimation. Meanwhile, considering
that the risk attitude of the elderly in rural areas is less likely to be changed by external
factors, we refer to the study of [27], excluding the sample of farmers aged 60 and above
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and then substituting the processed data into the original model for regression. Further,
in order to verify the impact of key variables from multiple perspectives, this study also
draws on Cai et al. [36] by assigning the first three options of the risk-aversion measure to
0 for “no” and the last two options to 1 for “yes”, redefining it as “risk aversion”.

Finally, “farmers’ ability to grasp and receive Internet information” is used to charac-
terize farmers’ Internet use, with 1~5 representing “very poor, poor, medium, good and
very good”, respectively. The stronger the ability of farmers to grasp and receive Internet
information, the higher the level of Internet use. Table 6 shows the results of various
robustness testing methods. After controlling for endogeneity problems, the estimation
results of the key variables are consistent with those shown in Table 5, indicating that the
results are robust and credible.

Table 6. Robustness test results.

Variables

Replacing the Regression Model Limiting the Sample Re-Measuring the Key Variables

Risk aversion
Internet use
Risk aversion x Internet use
Control variables
Observations
Wald chi2
Pseudo r-squared

—0.406 *** (0.131) —0.502 ***(0.140) —0.240 *** (0.091) —0.347 *** (0.100) —0.751 ***(0.233) —1.167 *** (0.354)
0.306 *** (0.115)  0.341 *** (0.119) 0.198 ** (0.084) 0.235 ***(0.086)  0.314 ***(0.088)  0.356 *** (0.093)
— 0.237 ** (0.096) — 0.164 ** (0.068) — 0.515 ** (0.229)
Yes Yes Yes Yes Yes Yes
406 406 272 272 272 272
74.150 *** 78.208 *** 71.610 *** 75.140 *** 76.080 *** 73.370 ***
0.233 0.244 0.254 0.268 0.276 0.289

Note: ***, ** are significant at the 1 and 5 levels, respectively; standard errors are in parentheses.

6. Conclusions, Policy Implications and Limitations

Determining the best time to sell fresh fruit is the most important economic decision
for citrus growers. Based on the survey data of 406 citrus growers in China’s major citrus-
producing areas, we empirically analyzed the impact of risk aversion and Internet use on
farmers’ reluctance to sell. We used various methods to test the robustness to address the
potential endogenous problems, and the estimated results were still valid.

Our study shows that: First, citrus growers generally have a reluctant selling mentality.
Farmers reluctant to sell account for about one-third of the total number of the sample,
most of whom have a high level of Internet use. Second, risk aversion and Internet
use significantly impact citrus growers’ reluctant selling behavior. The higher the risk
aversion of farmers, the lower the possibility of being reluctant to sell, and Internet use
can significantly increase farmers’ reluctance to sell. Third, Internet use can weaken the
disincentive effect of risk aversion on citrus growers’ reluctance to sell.

Our findings also inform agricultural development in China and other developing
countries. First, governments should gradually establish significant agricultural production,
supply and demand, price, monitoring and an early warning system. It is necessary to
use Internet technology fully, build an information platform, collect feedback in a timely
manner, and convey agricultural production and management information. In particular,
analyzing the impact of significant events on the market provides farmers with reliable
information security, improving their ability to judge future market trends.

Second, governments should strengthen agricultural industrialization and create a
community of interest. Considering the fragmented nature of the smallholder economy,
governments should support and regulate the development of agricultural organizations
such as cooperatives and associations to bring together the scattered smallholders. At
the same time, the government should vigorously develop contract agriculture, establish
effective market docking, improve the market competitiveness of farmers, and reduce their
income risks.

Third, governments should improve the agricultural insurance system, build high-
quality storage facilities and logistics systems, and establish a corresponding agricultural
insurance protection mechanism for farmers according to their needs and enhance their
risk-coping ability. At the same time, storage facilities should be established to reduce the
loss of agricultural products.
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Fourth, the important role of the Internet should be given full play in helping agricul-
tural production and operation. Internet knowledge and skills training should be provided
to farmers, and personalized training courses for farmers with different educational levels
should be carried out to enhance the initiative of farmers to use Internet technology to
optimize agricultural production and management decisions.

However, this study also has some limitations. Firstly, although our study area, Hubei
Province, is the main citrus-producing area, other producing areas remain. Secondly, the
sample size of our study is small, which will affect the robustness of the results to some
extent. Finally, our study sample is limited to citrus growers, and there may be differences
in the factors affecting the marketing of other types of agricultural products. Therefore,
more future studies could be conducted in other citrus-producing areas in China, and the
sample size could be expanded. Attention should also be paid to the factors influencing
the reluctant selling behavior of other agricultural products.
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