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Abstract: Ensuring food security has always been a top priority of the Chinese government. However,
China’s grain supply is facing challenges due to limited resources for grain production and the growth
of domestic grain consumption. Reducing post-harvest grain loss represents one of the most realistic
and effective ways to ensure grain security in China. In view of the importance of grain sales in
the post-harvest period, we conducted a survey, interviewing 1890 grain sellers across 54 regions
in 9 provinces of China, to investigate the factors affecting post-harvest grain loss during sales.
The results of the survey show that grain storage conditions have the greatest impact on post-harvest
grain loss, followed by transportation. Display and sales have the least impact on grain loss. The Tobit
regression model was used to analyze the main factors affecting post-harvest grain loss during sales.
The findings suggest that the seller’s education level, years of working as a seller, the conditions of
grain storage, and the supply and management level of public facilities in the market were negatively
correlated with grain loss in the sales process, whereas the seller’s age, the separation of sales
shops and storage warehouses, and the fall season were positively correlated with grain loss. Policy
implications are also provided for potential future policy decisions.

Keywords: food security; post-harvest grain loss; sales process; survey; Tobit regression model; China

1. Introduction

Food security is a necessary foundation for economic and social stability and sustainable
development and has been the focus of current work by several international organizations and
national governments [1]. China, a large country with a population of about 1.4 billion, pays particular
attention to its food security status [2,3]. Grains are the most important group of products in China’s
food security program. To ensure the security of the grain supply in past decades, China has paid huge
environmental and resource costs by relying on a large investment in pesticides and fertilizers and an
increase of cultivated land, without paying enough attention to the sustainable development of grain
production [4]. After consecutive growth of China’s grain production for 12 years, from 2004 to 2015,
a further increase in grain production is meeting rising difficulties, constrained by reduced arable land,
water shortages, climate change, and other factors [5–7]. However, with population growth and an
upgrade in grain consumption patterns of residents, China’s grain consumption and demand have
increased remarkably and inflexibly [8]. In this context, there also exist quite severe post-harvest grain
losses in China. According to preliminary estimates, China’s annual post-harvest grain loss is about
80 billion kg, equivalent to the production from 100,000 km2 of high-yield farmland, or about 15% of
the annual total national grain production, which is enough to feed 200 million people for one year [9].
The massive post-harvest grain loss in China not only reduces the grain supply, but also restricts
China’s self-sufficiency in the grain market. It also wastes a large amount of the labor, arable land,
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fresh water, fertilizers, and other resources used in grain production, which does not go along with
sustainable development. Therefore, it is very important to reduce post-harvest grain loss to ensure a
sufficient supply of grains and to make utilization of the agricultural production resources sustainable.

Post-harvest loss was defined by Boxall (1986) as loss that occurs when the grain is taken from the
site of growth or production to the point where it is prepared for consumption [10]. Since then, scholars
from developing and developed countries, as well as different international organizations, have
conducted pilot studies on this concept across different countries or regions based on local situations.
For example, Aulakh and Regmi (2013) referred to post-harvest food loss as the inevitable loss of grain
caused by objective factors, such as the lack of infrastructure, the lack of management and technology,
and outdated equipment [6]. Song et al. (2015) defined the concept of post-harvest grain loss as
the sum of all tangible grain losses during the processes of harvesting, transportation, drying, and
storage [11]. Based on the existing literature and the situation in China, Wu et al. (2017) pointed out
that post-harvest grain loss should refer to the decrease in quantity and quality of edible grain in the
supply chain caused by factors such as natural conditions, infrastructure, technological equipment,
management decisions, and practitioners' individual characteristics [12].

In fact, the post-harvest period involves many steps. It refers to the entire supply chain system,
from harvesting to consumption: harvesting, transportation, drying, storage, processing, sales, and
consumption [12]. Post-harvest grain loss can occur between these steps, and the extent and causes
of grain loss vary depending on the nature of the specific post-harvest steps and the type of grain.
In previous studies, most researchers put their focus on specific steps in the post-harvest grain loss
process [13–16], such as harvesting, transportation, storage, or consumption. It is rare to investigate
grain loss during sales, especially in developing countries (and regions), including China. The sales
step, as the final step in the grain production-consumption process, plays an important role in reducing
post-harvest grain loss. Accordingly, China has promulgated relevant policies to promote the structural
transformation of grain sellers. In particular, local governments are required to adopt preferential
policies to support knowledge-based, technology-based, and scale-based sellers to reduce grain loss at
the sales stage.

Understanding the main factors affecting post-harvest grain loss during the sales process in China
will help with better design of intervention steps to reduce grain loss and promotion of sustainable
development of the grain supply. Therefore, the objective of this study was to investigate the main
factors affecting post-harvest grain loss at the sales stage, by applying the Tobit regression model
to analyze the data obtained from valid questionnaires of 1662 grain sellers across 54 regions in
9 provinces of China. It should be pointed out that based on China’s actual situations and previous
research findings, grain loss at the sales stage is defined as “the amount of grains that are reduced
before reaching consumers during the sales process due to limited operating conditions and the
lack of management capacity at the sales stage,” and the sales stage is divided into subcategories:
transportation, storage, and display and sales. In our study, we examined post-harvest grain loss
involving the sellers and channels specified in Figure 1. The different scales of grain sellers in
China include wholesale markets, farmers’ markets, supermarkets, retail stores, and grain and oil
specialty stores. The grains for sale that were surveyed included rice, wheat, maize, soybean, peanut,
rapeseed, and others.
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2. Literature Review and Hypothesis Development

China has many grain varieties and geographical regions, which means substantial differences in
the levels of economic and social development and consumption habits across regions. Also, according
to observed reality, the factors that influence grain loss are in different subcategories at the grain sales
stage. In addition, a range of sellers are widely distributed geographically, and they differ substantially
in scale and level of mechanization [12]. Thus, multiple factors affect post-harvest grain loss at the
sales stage, including the personal characteristics of the sellers (e.g., age, education level, and years of
working), the management characteristics (e.g., storage and equipment), and the external environment
(e.g., policy factors, sales seasons).

To study the main factors affecting post-harvest grain loss at the sales stage, this study makes the
following hypotheses based on the available research literature and the investigations.

2.1. Personal Characteristics of Grain Sellers

Previous studies showed that the characteristics of grain sellers affect the extent of grain loss at
the sales stage [17]. Kaminski and Christiaensen (2014) conducted a survey on maize sellers, and the
results showed that the gender and age of a seller had an impact on maize loss at the sales stage [18].
In particular, young male sellers were correlated with less maize loss. In our on-site investigation, we
found that the sellers’ education level was generally low, and most of them lacked basic knowledge of
grain management. Also, lack of awareness of grain saving is common in the grain sales industry at
present. Our pre-survey also found that a seller’s years of working was negatively correlated with
grain loss during the sales process. The more years worked, the less grain lost. Therefore, we derived
the following hypotheses regarding grain loss at the sales stage:

Hypothesis 1. Compared to their male colleagues, female sellers are associated with more grain loss.

Hypothesis 2. The age of a seller is positively correlated with grain loss.

Hypothesis 3. The education level of a seller is negatively related to grain loss.

Hypothesis 4. The seller’s years of working is negatively related to grain loss.

2.2. Separation of Grain Shops and Storage Warehouses

Our survey found that if sellers’ shops and storage warehouses are geographically close or
adjacent, it improves the sellers’ management efficiency and helps reduce grain loss. Therefore, the
separation of shops and storage warehouses is closely related to the extent of grain loss. During our
survey, we also found that the majority of grain sellers operated at a small scale, and the number of
employees was <10. Also, warehouse managers generally lack professional knowledge and capabilities.
Therefore, the following hypothesis is made:

Hypothesis 5. The separation of sellers’ shops and warehouses is positively correlated with grain loss during
the sales process.

2.3. Grain Seller’s Equipment Level

Premanandh (2011) pointed out that poor infrastructure in developing countries is a major
contributor to grain loss, and these countries should increase their investment to improve key
technologies and equipment [19]. Koester (2014) argued that lagging infrastructure and facilities
in developing countries is a major cause of higher levels of grain loss when compared to developed
countries [20]. Also, as transportation and storage represent important steps in the grain sales process,
the level of mechanized equipment determines the production efficiency of grain sales and has a
positive impact on reducing grain loss [21]. Qin et al. (2008) pointed out that grain products are
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commodities with large sales volumes but low margins, and they require a lot of manpower and
resources during the transportation, storage, and sales stages [22]. To maximize their interest, grain
sellers often have a negative attitude toward equipment updates. In our survey, we also found that
most grain sellers chose to reduce their investment in equipment to cut costs and increase profit due
to intense competition pressure and low margins. Overall, wearing out of equipment is a common
problem for grain sellers. Therefore, the following hypothesis is derived:

Hypothesis 6. The level of grain sellers’ equipment is negatively correlated with grain loss.

2.4. Grain Sellers’ Grain Storage Conditions

During the sales process, grains are often stored temporarily by grain sellers before entering
the market. As a result, storage conditions and methods affect the extent of grain loss and quality [6].
Grains that are temporarily stored are susceptible to damage caused by rodents, insects, and microbes,
which affects their quantity and quality. Therefore, good storage conditions could effectively reduce
grain loss from insects or other pests [23]. A study by Munesue et al. (2015) further showed
that the longer the storage time and the worse the storage conditions, the more severe the grain
loss [24]. Therefore, grain sellers should improve storage conditions as much as possible. For example,
reasonable control of storage temperature and humidity is important [6]. Boxall (1986) also pointed out
that it is necessary to maintain proper moisture content where grains are stored [10]. Good ventilation
and dehumidification measures are needed as well. Additionally, insufficient storage conditions during
display could increase grain loss. Our on-site survey also found that substantial differences existed
in grain storage conditions among different sellers. For some grain sellers, their storage warehouses
were well equipped with damp-proof floors, ventilators, and thermometers. For others, however, their
storage warehouses were in dismal condition. Therefore, the following hypothesis is made:

Hypothesis 7. Grain sellers’ storage conditions are negatively correlated with grain loss during the sales process.

2.5. Supply of Public Facilities and Market Management Level

The reality is that many grain sellers often gather in a variety of markets, such as grain wholesale
markets, farmers’ markets, supermarkets, and so on. The size and scale of these markets differ, and the
number of sellers varies. Grain wholesale markets, farmers’ markets, and supermarkets are generally
operated and managed by major investors or commissioned by third parties. In the market, a seller
leases or buys the facilities (e.g., shops and warehouses) provided by the market management, and
uses public facilities such as water, electricity, and roads to carry out sales and business activities.
Therefore, the condition and management level of these facilities would affect the extent of grain loss
during the sales process. Our on-site survey found that grain sellers often complained that neglect
and mismanagement of the market contributed to grain loss during the sales process. Therefore, the
following hypothesis is derived:

Hypothesis 8. The supply and management level of public facilities in a market are negatively related to grain loss.

2.6. Seasonal Factors

Seasonal factors, especially weather conditions, play a crucial role in affecting the retail
grain industry. On the one hand, grains are susceptible to extreme weather events, such as prolonged
exposure to strong sunlight and heavy rainstorms during transportation, which can lead to grain loss.
On the other hand, bad weather can affect the storage environment. Continued high temperature can
shorten the shelf life of grains. When grain sellers are not able to provide a good storage environment,
grains can rapidly deteriorate [6,25]. In our on-site survey, grain sellers also reported that the summer
season, with high temperatures and heavy precipitation, can cause more mold problems. Therefore,
the following hypotheses are made:
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Hypothesis 9. The spring season is negatively correlated with grain loss.

Hypothesis 10. The summer season is positively correlated with grain loss.

Hypothesis 11. The fall season is negatively correlated with grain loss.

2.7. Government Policies in Support of the Grain Market

The Food and Agriculture Organization of the United Nations pointed out in its 2011 report
concerning global grain loss and waste that the government policy environment affects grain loss [13].
A study conducted by Kitinoja et al. (2011) also suggested that grain loss in developing countries
is closely related to government regulation, policy support, and national legislation [17]. Also,
government interventions can affect the sellers’ behavior and the rate of grain loss [26]. In our
on-site survey, we found that there was a lack of local government policies in support of sellers, which,
to some extent, could affect the grain sellers’ motivation to reduce grain loss. Therefore, the following
hypothesis is derived:

Hypothesis 12. Government policies in support of grain markets are negatively correlated with grain loss.

3. Materials and Methods

3.1. Description of the Study Region

The objective of this study was based on a special nonprofit sector research project entitled
“Research on the Survey of Grain Loss and Waste in Post-Harvest Stages and the Relevant Assessment
Techniques”, supported by the State Administration of Grain in China. The survey area and sample
size were determined by the project’s expert steering team. In the present study, surveys were
conducted across 54 regions in 9 designated provinces (Anhui, Guangdong, Hunan, Hubei, Jiangsu,
Liaoning, Shandong, Shaanxi, and Sichuan). The sampling regions not only cover the major regions of
China, but also span across five major grain-producing areas (South China, Central China, East China,
Southwest China, and Northeast China). Therefore, our samples have a good representation of spatial
distributions (Figure 2). Furthermore, according to years of observation by the State Administration
of Grain, these nine provinces are not only regionally representative, but also among the typical
areas where post-harvest grain loss is severe. Therefore, our survey work was mainly conducted in
these nine provinces to find out the major factors that contribute significantly to grain loss during the
sales process.
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3.2. Data Collection and Questionnaire Design

The survey was conducted from August 2016 to September 2016. Prior to the large-scale survey, a
preliminary survey was conducted of grain sellers of varying scales in Wuxi City of Jiangsu Province, to
identify potential questionnaire problems, make changes, and finalize the questionnaire. Interviewers
received scientific training and were instructed in how to prevent the participating grain sellers
(hereinafter referred to as respondents) from answering questions in an incomplete manner, or even
concealing their true thoughts when interviewed due to their own interests. Additionally, respondents’
understanding of the surveyed questions could vary significantly. When the formal survey was
conducted, to prevent the respondents’ misunderstanding of the questionnaire and information
distortion, trained interviewers paid random visits to the designated survey areas and interviewed
the respondents face-to-face, and the questionnaire was filled out by the interviewers. The final
questionnaires were conducted in nine provinces, shown in Figure 2. We conducted stratified sampling,
and six cities were surveyed in each province, according to the population distribution. In each
provincial city, we chose 10 to 15 sellers of different sizes in one city, one county, and one town.
The respondents (grain sellers) were asked to provide direct answers to the questionnaire in face-to-face
interviews. A total of 1890 respondent samples were obtained in our survey, and the number of effective
samples was 1662, with an effective rate of 87.94%.

The questionnaire items were set based on the existing research literature (the main references are
cited in the Literature Review and Hypothesis Development section of this paper) and the objective
observations during the pre-survey in Wuxi, Jiangsu Province, China. The formal questionnaire is
composed of the following parts: First, the individual information and management characteristics
of the respondents, including gender, age, educational attainment, and years of working, and the
separation of grain stores and storage warehouses, equipment level, and grain storage conditions,
corresponding to Table 1. Second, the respondents’ judgment on the impact of relevant factors
on grain loss in the various steps of grain sales, including transportation (loading and unloading
methods, handling tools, packaging quality, weather conditions during loading and unloading),
storage (equipment conditions, warehouse ventilation, hot and humid environment, mildew), display
and sales links (grain display, grain shelf life, etc.), corresponding to Table 2. Third, the respondents’
judgment on the impact of the external environment on grain loss, including the level of supply
and management of public facilities in the market, seasonal factors (spring, summer, and autumn),
the government’s supportive policies on grain markets, etc., corresponding to the relevant content
in Table 3.

4. Results

4.1. Descriptive Statistics

4.1.1. Demographics

Table 1 provides the basic statistical characteristics of the grain sellers interviewed. Among 1662
respondents, men accounted for 51.93%, which was slightly higher than the percentage of women.
Regarding age distribution, most respondents fell in the age group of 36–45 years, which accounted
for 40.61% of the total, and approximately 95% of the respondents were ≤56 years old. In terms of
education level, years of working, size of the sales shops, and annual revenue, the highest percentage
fell in the brackets of junior high school (44.71%), 6–10 years of working (33.21%), 20–50 m2 (46.93%),
and annual sales of 100,000–500,000 RMB (42.48%).
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Table 1. Basic statistical characteristics of the grain sellers interviewed.

Characteristic Characteristic Categories Count Percentage (%)

Gender
Male 863 51.93

Female 799 48.07

Age

≤25 years old 65 3.91
26–35 years old 397 23.89
36–45 years old 675 40.61
46–55 years old
≥56 years old

428
97

25.75
5.84

Education

Primary school and lower 267 16.06
Junior high school 743 44.71

High school or vocational school 473 28.46
Junior college 116 6.98

Undergraduate and higher 63 3.79

Years of working

≤2 years 145 8.72
3–5 years 394 23.71

6–10 years 552 33.21
11–15 years 319 19.19
≥16 years 252 15.16

Shop size

≤20 m2 160 9.63
20–50 m2 780 46.93

50–100 m2 429 25.81
100–200 m2 172 10.35
200–500 m2 62 3.73
≥500 m2 59 3.55

Annual revenue (RMB)

≤100,000 328 19.73
100,000–500,000 706 42.48

500,000–1,000,000 224 13.48
1,000,000–2,000,000 155 9.33
2,000,000–5,000,000 98 5.89
5,000,000–8,000,000 101 6.08

≥8,000,000 50 3.01

4.1.2. Factors that Affect Grain Loss at Different Steps of Grain Sales

The results of the statistical analysis of the 1662 sellers’ judgment on the factors affecting grain loss
in the different subcategories (transportation, storage, and display and sales) during the grain sales
process are shown in Table 2. The survey showed that, in terms of transportation, 13.60% and 36.16%
of respondents believed that weather conditions during the (un)loading had a great and relatively
important impact, respectively, on grain loss. In terms of storage, 11.67% and 35.68% of respondents
indicated that storage equipment conditions had a great and relatively important impact, respectively,
on grain loss; and 15.88% and 42.18% of respondents thought that ventilation and humid and hot
conditions in the storage warehouse played a significant and intermediate role, respectively, on grain
loss; 19.73% and 33.21% of respondents believed that mold contamination had a great and relatively
important impact, respectively, on grain loss. Furthermore, in terms of display and sales, 40.01%
and 32.37% of respondents indicated that the display method had limited or relatively little impact,
respectively, on grain loss. The shelf life of grains puts a time limit on grain sales, as 29.18% and 28.64%
of respondents believed that shelf life had limited or relatively little impact, respectively, on grain loss.
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Table 2. Factors that affect the extent of grain loss at different steps of grain sales.

Grain Sales
Step Factors Limited

Impact (%)
Relatively Little

Impact (%)
Medium

Impact (%)
Relatively Important

Impact (%)
Significant
Impact (%)

Transportation

Loading and
unloading methods 40.07 30.93 19.68 8.00 1.32

Handling of tools 40.55 30.21 19.92 8.18 1.14
Packaging quality 21.06 24.79 24.49 22.98 6.68

Weather conditions 6.98 18.77 24.49 36.16 13.60

Storage

Storage equipment
conditions 8.00 13.36 31.29 35.68 11.67

Ventilation, humid
and hot conditions 6.62 13.78 21.54 42.18 15.88

Mold contamination 10.65 16.19 20.22 33.21 19.73

Display and
sales

Grain display 40.01 32.37 18.71 6.68 2.23
Shelf life 29.18 28.64 21.78 14.44 5.96

4.2. Variable Selection

Based on the foregoing assumptions, we defined sellers’ grain loss ratio at the sales stage as the
dependent variable, and factors that affect this value as independent variables. The definitions of all
variables and their types are shown in Table 3.

Table 3. Definitions and types of variables.

Variable Definitions and Assigned Values Mean Mode Standard Deviation

Grain loss ratio (Y) Continuous variable; specific
grain loss ratio (%) 0.53 0.00 1.02

Individual
characteristics
of grain sellers

Gender (X1) Discrete variable; male = 1,
female = 0 0.52 1 0.50

Age (X2) Continuous variable; actual age
(years old) 41.89 41.5 8.51

Education level (X3) Continuous variable (years old);
specific education length (years) 10.07 9 2.71

Years of
working (X4)

Continuous variable; specific
employment length (years) 8.70 8 4.58

Management
characteristics
of grain sellers

Separation of sales
shops and

warehouses (X5)
Discrete variable; yes = 1, no = 0 0.36 0 0.48

Equipment level (X6)
Continuous variable; amount of

equipment investment
(10,000 RMB)

5.63 3.0 8.00

Grain storage
conditions (X7)

Dummy variable (no or little
equipment = 0, otherwise = 1) 0.55 1 0.50

External factors

Supply and
management level of
public facilities (X8)

Dummy variable (lack of
management = 0, otherwise = 1) 0.59 1 0.49

Seasonal factors:
spring season (X9)

Discrete variable; whether spring
is the worst season for grain loss

(yes = 1, no = 0)
0.08 0 0.27

Seasonal factors:
summer season (X10)

Discrete variable; whether
summer is the worst season for

grain loss (yes = 1, no = 0)
0.87 1 0.33

Seasonal factors: fall
season (X11)

Discrete variable; whether fall is
the worst season for grain loss

(yes = 1, no = 0)
0.03 0 0.18

Government policy
support for grain

market (X12)

Dummy variable (little = 0,
otherwise = 1) 0.28 0 0.45

Note: Mode refers to the most frequently occurring value in a set of data.
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4.3. Tobit Regression Analysis

To clarify the distribution pattern of the sellers’ grain loss ratio, the present study plots a histogram
of Y values (in Table 3), as shown in Figure 3.
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As seen in Table 3 (Y mode) and Figure 3 (the histogram of grain loss rate), Y is a variable that is
continuous over a strictly positive range but takes a positive value of zero, meeting the characteristics
of Tobit model [27]. Also, Y can be regarded as a normal distribution truncated at 0 according to the
histogram as shown in Figure 4.
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Based on the above reasons, Tobit regression models were established:

yi
∗ = α +

12

∑
k = 1

xkiβk + εi (1)

{
yi = y∗i , yi > 0
yi = 0 , yi ≤ 0

(2)

where i = 1,2,· · · ,n, n represents the number of samples, k represents the kth explanatory variable, yi
represents the dependent variable, xi represents the independent variable, βK represents the estimated
parameter, and εK represents the random error term.

Then, Stata 12.0 analysis software (StataCorp LLC, College Station, TX, USA) was used to estimate
the effects of different factors on grain loss; the results are shown in Table 4.
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Table 4. Examination of the main influencing factors on grain loss at the sales stage based on the Tobit
regression model.

Variable Coefficient Standard Error t Value p Value

Gender (X1) −0.065 0.050 –1.320 0.188
Age (X2) 0.009 ** 0.003 2.980 0.003

Education level (X3) –0.033 ** 0.010 –3.330 0.001
Years of working (X4) –0.023 ** 0.006 –4.020 0.000

Separation of sales shops and
warehouses (X5) 0.188 ** 0.054 3.520 0.000

Equipment level (X6) 0.005 0.053 1.660 0.096
Grain storage conditions (X7) –0.171 ** 0.052 –3.300 0.001

Supply and management level of
public facilities (X8) –0.183 ** 0. 052 –3.550 0.000

Spring season (X9) 0.008 0.219 –0.040 0.972
Summer season (X10) –0.101 0.202 –0.500 0.619

Fall season (X11) 1.019 ** 0.242 4.220 0.000
Government policy support for

grain market (X12) 0.061 0.056 1.090 0.275

_cons 0.821 0.273 3.000 0.003
Likelihood function value, Log likelihood = –2321.535

Overall significance, LR chi2 (12) = 144.200

Note: ** for p < 0.01.

It can be seen from Table 4 that a grain seller’s age, education level, and years of working,
separation of sales shops and storage warehouses, grain storage conditions, the supply of public
facilities and the management level, and fall season were statistically significant at the 0.01 level,
whereas the remaining variables were not statistically significant. Within those significant variables,
the regression result of the fall season variable was not consistent with our research hypothesis.
This is probably because the fall season is known for big temperature changes between day and night.
As a result, condensation is likely to occur on grain stacks. Other possibilities, such as inadequate
implementation of storage and management measures, may also cause grain loss.

5. Discussion

Based on the results above, the present study mainly focused on three aspects—individual
characteristics of grain sellers (operators), their managerial characteristics, and external factors—to
conduct further analysis.

5.1. Individual Characteristics of Grain Sellers (Operators)

Based on the regression model, the coefficient for the grain sellers’ ages was 0.009, suggesting that
as their age increases, the extent of grain loss will rise substantially. Also, with one unit increase in grain
sellers’ age, the grain loss rate will increase by 0.009 unit, which is consistent with hypothesis 2. This is
probably because older grain sellers generally lack knowledge of grain saving. Moreover, sticking to
traditional sales practices, they cannot take effective measures to reduce grain loss. The coefficient for
the grain sellers’ education level was −0.033, suggesting that an increase in education level would
significantly reduce grain loss, which is consistent with hypothesis 3. This is not difficult to understand,
since a highly educated seller would have a relatively well-rounded business philosophy and strong
awareness of grain saving, which would be helpful in alleviating grain loss. The estimated coefficient
for the years of working was −0.023, suggesting that the more years of working, the less the extent of
grain loss. Also, with one unit increase in the grain sellers’ years of working, the grain loss rate will
decrease by 0.023 unit, which is consistent with hypothesis 4. This is probably because a grain seller
with many years of working history is more experienced, and thus can make a reasonable arrangement
regarding inventory according to market demand and effectively avoid grain loss.
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5.2. Managerial Characteristics of Grain Sellers

The coefficient for the separation of sales shops and storage warehouses was 0.188, suggesting
that if a seller’s store and storage warehouse are geographically close or adjacent, it helps to reduce
grain loss, which is consistent with hypothesis 5. The coefficient for grain storage conditions was
−0.171, suggesting that improved storage equipment could help reduce grain loss, which is consistent
with hypothesis 7, and with the findings by the Food and Agriculture Organization (FAO) (2011),
Mena et al. (2011), Beretta et al. (2012), and other scholars [13,28,29]. However, it is not consistent with
the findings of Giuseppe et al. (2014), who claimed that an improvement in storage conditions would
increase grain loss [30]. Their explanation was that to improve grain storage conditions, a seller would
have to increase his or her investment in storage facilities. To save cost (Minnich and Maier, 2006) [31],
however, sellers tend to cut managerial input at the same time, thereby increasing the risk of grain loss.
Although the findings of Giuseppe et al. (2014) are somewhat reasonable, their generality need more
tests [30].

5.3. External Factors

The coefficient for the supply and management level of public facilities was −0.183, indicating
that improved supply and standardized market management practices would significantly reduce
grain loss, which is consistent with hypothesis 8. The coefficient for the fall season variable was 1.019,
which is statistically significant at the 0.000 level, suggesting that grain loss events are more likely
to be associated with the fall season, which is not consistent with hypothesis 11. By contrast, the
coefficient for the summer season variable was statistically insignificant, inconsistent with respondents’
noting that summer is more likely to be associated with grain loss. This is probably because high
temperatures, heavy precipitation, and other bad weather conditions often occur in summer. Therefore,
grain sellers should strengthen grain management beforehand. By contrast, temperatures get cooler
in the fall season, and grain sellers often overlook the impact of the big change between daytime
and nighttime temperatures on grain storage. As a result, condensation is likely to occur on grain
stacks due to their lack of caution (Sun, 2014) [32]. Cool temperatures in the fall season are ideal for
the growth of microbes and pest insects, which, coupled with inappropriate measures for ventilation
and dehumidification, could cause local insect, overheating, and mold problems (Zhang and Song,
2003) [33], which could further lead to grain loss.

6. The Main Conclusions and Policy Implications

Post-harvest grain loss during the sales process is a matter of importance but does not receive
enough attention. Understanding the main factors affecting post-harvest grain loss during the sales
process will help in formulating more effective measures to reduce grain loss and promote food security
in China and other countries with similar conditions worldwide. By interviewing 1662 grain sellers
across 54 regions in 9 provinces of China and using the Tobit regression model, the present study
analyzed the main factors affecting post-harvest grain loss at the sales stage. The results show that
grain storage conditions had the largest impact, followed by the steps of transportation. By contrast,
display and sales had the least impact on grain loss. Additionally, the seller’s education level and
years of working, the conditions of grain storage, and the supply and management level of public
facilities in the market were all negatively correlated with grain loss at the sales stage, whereas the
seller’s age, the separation of sales shops and storage warehouses, and the fall season were positively
correlated with grain loss.

The conclusions of this study have multiple implications on policy-making. First, using a variety of
policy tools, the government should encourage grain sellers to increase their investment in equipment
and to improve grain storage facilities and conditions, and effectively improve their management skills.
Second, a variety of newly established markets with grain sales functions should strive to minimize the
geographical separation of shops and storage warehouses. Also, storage warehouses should be built to
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higher standards. Market management should be standardized, and the public infrastructure supply
should be increased. The government should provide necessary financial subsidies or tax relief to
support the owners/operators of existing markets and grain sellers in improving sales facilities. This is
especially true for markets that have been running for years. Third, relevant laws and regulations,
as well as supervision and enforcement of grain-related laws and regulations, must be strengthened.
By doing so, grain waste behavior would be restrained or punished through legal means. Fourth, the
government should fully support the training of grain sales professionals in colleges and universities,
actively cultivate new-generation grain sellers, and greatly encourage people with higher levels of
education to engage in grain sales. Meanwhile, education and publicity are also helpful in reducing
grain loss. It requires calling on the active participation of the whole society to reduce grain loss.
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