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Abstract: The excessive use of cultivated land for non-grain production activities is considered
a threat to grain security. This study presents an analysis framework on unraveling the causal
mechanisms for non-grain production of cultivated land. We apply the analysis framework in Liyang,
which is located in the Yangtze River Delta and is also an important “national grain base” county of
China. We first determine four non-grain production categories as immediately recoverable (IMR),
simple-engineering recoverable (SER), engineering recoverable (ENR), and irrecoverable (IR) based
on the effect of non-grain activities on the degree of soil damage of the cultivated land, especially
the difficulty of restoring the capacity for grain production. Then, we analyze the spatial pattern
features for non-grain production of four given categories at the village scale. Furthermore, we reveal
the mechanisms of the four categories using multiple linear regression modeling with geophysical,
demographic, economic, and policy variables. The results show that the total non-grain area of
cultivated land in Liyang is 28,158.38 hectares, and the non-grain rate is 48.09%, ranging from 10.59%
to 96.75% among villages. The IMR, SER, ER, and IR rates are 11.81%, 17.76%, 15.07%, and 3.45%,
respectively. There is also a significant neighborhood effect among the four categories, indicating that
non-grain production activities have a stimulating effect on the surrounding operators of cultivated
land. Farming conditions such as the proportion of irrigated farmland and economic variables such
as the tourism scale have stronger effects on non-grain production than demographic variables.
Policy variables, especially the cultivated land transfer policy, neither inhibit nor promote non-grain
production. Based on these findings, we make policy suggestions for reducing non-grain production
activities and protecting cultivated land. This analysis framework contributes to a new perspective
for unraveling the causal mechanisms and making categorical governance decisions of non-grain
production on cultivated land at the village level.

Keywords: non-grain production; soil damage; grain security; multiple linear regression; neighborhood
effect; categorical governance

1. Introduction

The 2015 United Nations Sustainable Development Summit released Transforming our
World: The 2030 Agenda for Sustainable Development, and specifically SDG 2, to commit
the international community to achieve zero hunger by 2030 through a renewed focus on
agricultural development for food security and nutrition [1]. However, people affected by
hunger in the world continue to increase in the shadow of the COVID-19 pandemic [2].
Achieving zero hunger by 2030 will not be achieved if recent trends continue [3,4]. Although
China has a populous country with scarce cultivated land resources, it has long placed
grain production as a high priority on the national political agenda and contributed to
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global grain security [5]. Cultivated land is the important carrier for grain production;
both the quality and quantity of cultivated land are important guarantees for sustainable
supply [6]. However, with rapid urbanization and economic development in recent years,
the advantages of traditional grain production have been reduced, and cultivated land has
become individualized by marketization [7–9]. The phenomenon of non-grain production
on cultivated land has proliferated throughout rural in China [10,11]. As of 2018, there were
5.447 million hm2 of non-grain cultivated land in China, and the non-grain production rate
was 32.9% [12]. Non-grain activities such as the pond farming of fish and shrimp and the
cultivation of eucalyptus and poplar trees have had destructive effects on irrigation facilities,
fertility, and the soil tillage layer, making future cultivation difficult [13,14]. Cultivated
land has also been occupied for non-grain-related activities such as rural tourism and
farmhouse entertainment [15]. Excessive non-grain production would not only reduce the
total area of cultivated land for grain production but also destroy the quality of cultivated
land and have a negative impact on grain production and security [16]. In the context
of the Sustainable Development Goals and the COVID-19 pandemic, China increasingly
faces a contradiction between a huge demand for grain and excessive non-grain production
that threatens both national and international grain security [17]. In 2020, China’s General
Office of the State Council issued the “Opinions on Preventing Non-Grain Activities and
Stabilizing Grain Production of Cultivated Land” (http://www.gov.cn/zhengce/, accessed
on 4 November 2020) to reflect the resolution of the Chinese government to safeguard
national grain security.

The above information has led to the question of “What is non-grain production on
cultivated land?” Some studies have described it as planting traditional cash crops such as
oil, sugar, vegetables, and melons on cultivated land [8]. Others have expanded it to include
breeding, forestry, fruit industry, land abandonment, and leisure and tourism [11,18]. Based
on the attributes of output products, non-grain production has been further divided into
non-grain food (edible cash crops, including vegetables, fruits, sugar, and fish), non-edible
agricultural products (e.g., fast-growing poplar, fast-growing eucalyptus, green flowers,
and seedlings), and non-agricultural products (tourism, farmhouse entertainment, and
infrastructure) [14].

To measure non-grain production on cultivated land, most studies have used the
“non-grain ratio”, which is the proportion of non-grain crops area to the area of total crops
sown or the total cultivated land area [8,19]. However, grain production is regional and
seasonal, and there are differences in farming systems among regions. Thus, if only the
non-grain ratio is used for calculation, it may lead to a bias prejudice in which areas with
greater sowing frequency under the same amount of arable land have higher levels of
non-grain production. Therefore, the suitability of the non-grain ratio as a measurement
method has not been sufficiently verified.

The effects of the non-grain production of cultivated land have been shown to posi-
tively affect the agricultural economy, thereby bringing higher profits to operators [20,21].
Non-grain production can also provide goods and services that can meet various consumer
demands [22]. However, because non-grain production can cause soil damage and nutrient
loss, it can have negative effects on the grain-production potential of cultivated land [23,24].
In China, the strategy of “Storing Grain in the Land” refers to protecting the productive
capacity of cultivated land and ensuring grain security in the future. Since non-grain pro-
duction has different effects on cultivated land [14,25,26], it is necessary to divide non-grain
production activities into given categories based on the degree of impact on the soil tillage
layer. Few studies, however, have attempted such classification.

What causes non-grain production? Studies have variously focused on land-related
factors (e.g., quantity, terrain, location, and irrigation facilities) [27], social and economic
factors (industrial scale and structure, and labor force) [28,29], and the individual charac-
teristics of land operators (age, education, cognition, and decision-making ability) [29,30].
Others have focused on policy effects such as grain subsidies [31] and prime farmland
regulation [27]. Ultimately, land-use behaviors can be understood as the result of farmers
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balancing production risks and profits [32]. Some studies have analyzed the factors affect-
ing non-grain production on a larger scale, noting that urban expansion [8], rising labor
prices [33], and land transfer policies [34] all drive non-grain production on cultivated land.
Others have suggested that capital flowing into the countryside has increased the scale
of non-grain production [35]. However, there have been some contrary viewpoints: some
believe that industrial and commercial capital flowing into the countryside has provided
productive services that promoted the transfer of farmland to farmers and increased the
input of mechanical factors, which was beneficial to farmers for expanding grain produc-
tion [28]. At the village level, cultivated land use is affected by not only the individual
attributes of operators but also the external influence of factors such as economic and policy
decision-making by village chiefs and higher-level governments [27,36]. However, the
ways in which natural, social, and economic factors affect non-grain production at the
village level remains poorly understood.

We presented an analysis framework on unraveling the causal mechanisms for non-
grain production of cultivated land, and applied it in Liyang, which is located in the Yangtze
River Delta of China and is an important “commodity grain base” county, to address
key questions: Where exactly do non-grain production activities take place in villages?
How are the causal mechanisms for non-grain production activities of cultivated land
revealed, and how are they governed in rural areas at the village level? Our goals include
(i) classifying non-grain production activities on cultivated land into given categories,
(ii) analyzing spatial pattern features of given non-grain production categories in villages,
and (iii) revealing the causal mechanisms of each given non-grain production category.
Finally, governance suggestions for non-grain production of cultivated land will be formed.

2. Materials and Methods
2.1. Study Area

Liyang county is located in the Yangtze River Delta of China. Its digital elevation
model (DEM) value is 9–495 m, including low mountains, hills, and plains, among which
the south has low mountains, the northwest is hilly, and the plains are distributed from west
to east. Liyang has undergone rapid urbanization, with population, land, and economy
flowing into the city faster than into other cities. The large amount of capital flowing
into the countryside has promoted the rapid development of industries such as rural
tourism and distinctive agricultural undertakings on cultivated land. From 2009 to 2020,
the urbanization rate increased from 45.38% to 60.41%. Tourism has also developed rapidly,
with the number of tourists increasing from 2.4 million to 19.3 million and tourism revenues
increasing by more than 11 times. Liyang is also an important national grain base and
cultivated land accounted for 28.92% (irrigation land: 26.34%) of the total in 2020. Liyang
has successively built a number of characteristic product bases, including 43,000 hectares
of high-quality grain and oil, 4600 hectares of tea, 4000 hectares of specialty fruits, and
13,000 hectares of aquatic products. It was selected as the third batch of advantageous
areas of agricultural products with Chinese characteristics. However, the cultivated land
area decreased by about 6%, the grain-planting area decreased by 5.9%, grain production
decreased by 8.5%, and the loss of labor forces exceeded 31%. Liyang has experienced
significant non-grain production expansion. This situation is a serious challenge for the
local government and can be seen as a typical case of non-grain production in the rapid
urbanization of major grain-producing regions of China. So, this study took Liyang as
a case area since it can reflect the current situation of non-grain production in rapidly
urbanizing grain-producing areas and provide a reference for the governance of similar
regions—namely, those that are in the same stage of urbanization but must also supply
grain, especially in the context of increasing instability (Figure 1). Furthermore, data
availability in Liyang is good.
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2.2. An Analysis Framework

Farmers and organizations make decisions about cultivated land based on balancing
risks and profits [32,37]. In recent years, with agricultural industry adjustments, large
differences have emerged between using cultivated land for cash crops or non-agricultural
activities and using it for grain production [36]. Thus, operators usually prioritize non-grain
production or non-agricultural activities over grain production to obtain higher profits [38].
However, excessive non-grain production can have negative effects on grain security for
China and the international community. To ensure grain security, the government needs to
take effective measures to prevent the continuation of non-grain production behaviors. In
addition, when formulating measures, the government cannot ignore the fact that different
non-grain production activities have different effects on soil layer quality [14]. For example,
planting vegetables, sugars, or melons has little effect on the soil layer, but digging ponds
for fish and shrimp breeding, planting shrubs, and using land for tourism can all harm or
destroy the soil tillage layer, making it unsuitable for grain production [39]. The degree
of soil layer damage can characterize the ability of cultivated land to provide fertility,
water, and other nutrients for grain production [25]. The fact is consistent with China’s
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strategy of “Storing Grain in the Land”; the strategy aims to preserve the soil layer quality
of cultivated land for grain production. Therefore, we propose that the government use
damage degree and restoration difficulty as criteria to classify non-grain activities and
enact related governance.

Generally, non-grain production refers to all non-grain activities on cultivated land. At
the same time, the problem of the destruction of the cultivated soil layer caused by non-grain
production has become increasingly prominent [14]. There is a certain internal correlation
between the non-grain production of cultivated land and the destruction of the tillage soil
layer. For example, planting vegetables, fruits, and sugar will not destroy the tillage soil
layer. However, digging fishponds and raising livestock will lead to the direct loss of it,
especially because of agricultural facilities, such as buildings—the hardened ground will
directly lose the soil layer and be irreversible [14,25]. As shown in Figure 2, we propose an
analysis framework of a three-step process for unraveling the causal mechanisms for four
non-grain production categories of cultivated land. So, first of all, we will classify four non-
grain production categories according to the effect of non-grain activities on soil damage
degree and the difficulty of restoring land for grain production. Then, we analyze spatial
pattern features of the four given non-grain production categories in villages of Liyang
through global autocorrelation, hotspots, and scatterplot matrix detecting, respectively.
After that, using multiple linear regression, the causal mechanisms for each given category
will be revealed. Finally, we will propose strategies for governing excessive non-grain
production activities in local and other similar regions.
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2.3. Classifying and Extracting Non-Grain Production Categories

At present, there is no quantitative standard for determining the damage of cultivated
soil layer caused by non-grain production on cultivated land. We refer to the existing
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related studies [14,25,40–42], and choose the qualitative methods to classify non-grain
production into four categories based on the degree of damage to cultivated land and
the difficulty of restoration. We classified non-grain activities as immediately recoverable,
simple-engineering recoverable, engineering recoverable, and irrecoverable.

Immediately recoverable (IMR) refers to the cultivation of cash crops such as vegeta-
bles, oil, seeds, sugars, and melons on cultivated land in the form of perennial crops or crop
rotation. There is no negative effect on the soil tillage layer. This land can be switched to
grain production without restoration costs.

Simple-engineering recoverable (SER) refers to cultivated land that is abandoned or
used to plant flowers, grass, tea trees, or shrubs. The soil layer has suffered slight damage,
and grain production can be restored at relatively little cost.

Engineering recoverable (ENR) refers to cultivated land where trees have been planted
or ponds have been dug to raise fish and shrimp, resulting in significant soil loss or
destruction. Restoring the land for grain production requires significant engineering and
technology costs.

Irrecoverable (IR) cultivated land has been used to build settlements, roads, and
industrial or commercial infrastructures. The soil tillage layer is completely lost and cannot
be restored for agricultural production.

Using information from the third land survey of Liyang in 2020, the classification
method was as follows: cash crops and grain rotation on cultivated land were categorized
as IMR; gardens, forestland, and aquaculture arising from adjustments to the industrial
structure were considered ENR; remaining gardens, forestland, and grassland, as well as
abandoned farmland, arising from changes to cultivated land, were categorized as SER;
and cultivated land that became construction land was considered IR. Figure 3 shows the
method for classifying the four non-grain production categories.

The non-grain production rate for each category refers to the proportion of cultivated
land area to the total cultivated land area in a village for the corresponding non-grain category:

PIMR = (s5 + s6/r)/S × 100% (1)

PSER = (s3 + s4)/S × 100% (2)

PENR = (s2 + s8)/S × 100% (3)

PIR = s1 +/S×100% (4)

P = (s1 + s2 + s3 + s4 + s5 + s6/r + s8)/S × 100% (5)

where PIMR, PSER, PENR, and PIR, are the non-grain rates of four given categories; S is the
area of cultivated land in 2009; s1, s2, s3, s4, s5, s6, and s8 are the areas of several types of
non-grain production (Figure 3); and r is the number of rotations. r = 2, according to the
actual crop rotation system in Liyang.

2.4. Analyzing Spatial Patterns of Four Categories

Specifically, we used the exploratory spatial data analysis (ESDA) functions of global
spatial autocorrelation analysis and hotspot detection. The global Moran’s I calculated
based on the non-grain rates of all units (villages) for four given categories was used
to evaluate the spatial non-grain production pattern. We explore non-grain production
hotspots through local Getis–Ord G∗

i statistics [43]. The goal of the hotspot analysis tool
is to identify areas with statistically significant clustering. The p-value corresponds to the
significance level, which can be understood as the probability level of obvious failure of the
hypothesis. The corresponding confidence levels are respectively converted to 90%, 95%,
and 99%, and the higher the confidence, the more confident the hypothesis [44].
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agglomerations or outliers at the overall level [45]. The formula is as follows:

I =
n
S2 ×

∑n
i=1 ∑n

j=1 wij(pi − p)

∑n
i=1 ∑n

j=1 wij
(6)

S2 = ∑n
i=1(pi − p)/n (7)

where n is equal to the total number of units (villages), pi and pj are the observation values
(non-grain rates) of area units i and j, respectively, p is the mean value of pi, wij is the space
weight matrix, and S2 is the sum of all elements of the spatial weight matrix, which is the
core of the ESDA-based spatial analysis [46]. A binary-symmetric spatial weight matrix
(wn×n) is determined based on either the adjacency standard or the distance standard. In
this study, the adjacency standard is adopted. That is, when there is a shared side between
two adjacent units i and j, then wij = 1; otherwise, wij = 0. The standardized Moran’s I is
tested through z statistics. The Moran’s I index is between −1 and 1. Moran’s I > 0 means
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the unit’s observations are spatially agglomerated; Moran’s I < 0 means the observations are
discretely distributed; Moran’s I = 0 means the observations are randomly distributed [47].

2.4.2. Spatial Hotspot Analysis

Global spatial autocorrelation analysis can reveal the spatial agglomeration charac-
teristics of the data as a whole but cannot reflect the spatial agglomeration of data in local
areas. Therefore, we used the Getis–Ord G∗

i statistic to identify hot/cold spots [48]. The
formula is as follows:

G∗
i =

∑n
j=1 wij pj − p ∑n

j=1 wij[√
∑n

j=1 p2
j /n − (p)2

]
×
√[

n ∑n
j=1 w2

ij −
(

∑n
j=1 wij

)2
]

/(n − 1)

(8)

where G∗
i is the Getis–Ord local statistic; pj is the observed value of spatial unit j, wij is the

spatial weight matrix of units i and j, which represents the proximity relationship between
them, and n is the sum of all elements of the spatial weight matrix. To standardize G∗

i for
the convenience of comparison, it can be transformed into:

Z(G∗
i ) =

G∗
i − E

(
G∗

i
)√

Var
(
G∗

i
) (9)

where E(G∗
i ) is the mathematical expectation of G∗

i (i.e., the Getis–Ord local statistic), and
Var (G∗

i ) is the variance of G∗
i . If the Z (G∗

i ) values in unit i and its surrounding units are
positively high (i.e., greater than the mean value), the spatial cluster forms a hotspot zone.

2.4.3. Scatterplot Matrix

A scatterplot matrix is commonly used for high-dimensional data visualization. It
combines high-dimensional data into a scatterplot for every two variables and then forms
them into a scatter matrix in a certain order. In this way, the relationships among the four
non-grain production categories in the high-dimensional data can be shown in pairs [49].

2.5. Revealing the Causal Mechanisms of Four Categories
2.5.1. Factors Selection

Dependent variables: we chose the non-grain production rate as the dependent vari-
able of the each given category. Independent variables: we chose indicators in terms of
four aspects—geophysical, demographic, economic, and policy [50]—based on regional
differences, scale characteristics, and data availability (Table 1).

Geophysical factors underlie the direction and scale of agricultural production. We
prioritized terrain and cropland conditions (irrigated or non-irrigated) as two geophysical
conditions. Distance plays an important role in land-use accessibility and costs [51]. Thus,
we used the indicator “distance to town or city” to explore the influence of the land location
condition variable.

Demographic factors pertained to land operators and village chiefs. Land operators’
determinants reflected the proportion of different land-use types according to labor force
quantity, age, and education [52]. The village chief’s management experience is also an
important factor in cultivated land protection [6]. Therefore, four variables were selected:
proportion of population over 60 years old, proportion of labor force leaving the township
for more than 6 months, proportion of operators with a high school education or above,
and age of the village chief.

Economic factors included transportation facilities or industry, commerce, and
tourism [28,36]. Importantly, commerce, industry, and tourism have all increased the
demand for non-grain or non-agricultural production, stimulating non-grain activities
on cultivated land [53]. However, machinery, technology, and capital can substitute for
labor, reduce the cost of growing grain, and possibly alleviate non-grain production
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activity [28]. We chose four variables to explore the effect of economic variables on
non-grain production: density of rural roads, industrial scale, commercial scale, and
tourism scale.

In China, the farmland transfer and prime farmland protection policies have the most
relevance for cultivated land use and protection [27]. Therefore, those two policies were
selected to explore their relationship with non-grain production activities.

Table 1. Independent variables and descriptions.

Variable Description

Geophysical variables

Cultivated land topography (G1) 1 = plain, 2 = hill, 3 = mountain

Proportion of irrigated farmland (G2) Irrigated farmland area/total cultivated land area (%)

Distance to nearest town (G3) 1 = town location, 2 = close to town, 3 = one village away from town,
4 = two or more villages away from town

Demographicvariables

Proportion over age 60 (D1) Population over age 60/total number (%)

Proportion leaving town for more than 6 months (D2) Amount of labor force leaving the township for more than 6
months/total labor force (%)

Proportion with high school education or above (D3) Amount of labor force with high school education or above/total
labor force (%)

Age of the village chief (D4) 1 = under 30, 2 = 31–40, 3 = 41–50, 4 = over 51

Economic variables

Road traffic density in villages (E1) Road area/rural area (%)

Industrial scale (E2) Area of industrial and storage land in a village (hm2)

Commercial scale (E3) Area of commercial land in a village (hm2)

Tourism scale (E4) Number of homesteads in three places and above/total number of
households in a village (%)

Policy variables

Proportion of completed cultivated land transfer (P1) Area of completed transfer/total cultivated land area (%)

Proportion of prime farmland (P2). Area of prime farmland/total cultivated land area (%)

2.5.2. Multiple linear regression model

Multiple linear regression was used to reveal the causal mechanisms among each
category of the dependent and independent variables [51]:

Pl = a + β1x1 + β2x2 + . . . + βixi + ε (10)

where Pl is the non-grain rate of given category l in one village (l = 1, 2, 3, and 4), xi is
the value of the i factor, β1, β2, β3, . . . βn are the n + 1 parameter values to be estimated
(i = 1, 2, . . . n), a is constant term, and ε is the random interference term.

2.6. Data Sources and Processing

Data for cultivated land in Liyang in 2009 came from China’s second national land
survey. Data for land use in Liyang in 2020 came from China’s third national land survey.
In addition, data and information for prime farmland were obtained from Liyang’s Natural
Resources Bureau. Socioeconomic data used in this study included labor force quantity,
age, and education, age of the village chief, and the scale of cultivated land transfer in
each village. These data were all obtained from the County Rural Agricultural Statistical
Yearbook of Liyang in 2020.



Land 2022, 11, 1888 10 of 20

The most detailed statistics for Liyang were available at the village level; our statistical
analysis covered 165 villages (Table 2).

Table 2. Statistical results of independent variables.

Variable Min Max AVG STD

Cultivated land topography (G1) 1 3 2 0.53
Proportion of irrigated farmland (G2) 33.5 99.27 87.96 11.88
Distance to nearest town (G3) 1 3 1.85 0.79
Proportion over age 60 (D1) 16.12 46.77 26.27 3.97
Proportion leaving town for more than
6 months (D2) 0 55.27 11.35 8.87

Proportion with high school education
or above (D3) 10.76 29.33 19.25 3.64

Age of the village chief (D4) 1 4 3.49 0.68
Road traffic density in villages (E1) 1.33 17.91 5.03 2.69
Industrial scale (E2) 0 53.79 4.44 7.42
Commercial scale (E3) 0 23.87 2.42 4.52
Tourism scale (E4) 0 33.8 1.69 4.55
Proportion of completed cultivated
land transfer (P1) 0 27.03 1.89 2.58

Proportion of prime farmland (P2) 2.88 99.14 87 12

3. Result Analysis
3.1. Spatial Patter Features of Four Non-Grain Production Categories in Liyang
3.1.1. Non-Grain Production Areas and Rates

There were 28,158.38 hectares of non-grain production area, of which 6915.17 hectares
belonged to IMR, 10,399.10 hectares to SER, 8824.01 hectares to ENR, and 2020.09 hectares
to IR. We also calculated the rates of different non-grain production categories in Liyang
and the villages. The results showed that the comprehensive non-grain production rate was
48.09%, ranging from 10.59% to 96.75% in the villages. IMR, SER, ENR, and IR accounted
for 11.81%, 17.76%, 15.07%, and 3.45%, respectively (Table 3). SER and ENR were the most
widely distributed in Liyang.

Table 3. Areas and rates among non-grain production categories in Liyang, China.

IMR SER ENR IR

Liyang_areas (ha) 6915.17 10,399.1 8824.01 2020.09
Liyang_rates (%) 11.81 17.76 15.07 3.45

Villages_range (%) 1.35–61.06 0.48–75.96 0.19–96.69 0.02–30.88

3.1.2. Spatial Pattern Features of Four Categories

Global spatial autocorrelation analysis was performed using Moran’s I, and a Moran
scatterplot was used for visualization. Figure 4 shows the Moran scatterplots of non-grain
production, reflecting the global features of the spatial patterns of non-grain production
rates. The z values were 12.91, 15.57, 12.26, and 4.42, respectively, indicating the significance
test was passed. The global Moran’s I of the rates of IMR, SER, ENR, and IR were 0.592,
0.694, 0.566, and 0.231, respectively, indicating significantly positive spatial autocorrelation.
In addition, a significant neighborhood effect was identified among IMR, SER, ENR, and
IR in Liyang.

The maps in Figure 5 show the spatial hotspot and cold spot patterns of the four cat-
egories of non-grain production. While these clusters were dispersedly located in the
administrative regions of Liyang, the distribution of hotspots and cold spots in each cate-
gory was relatively concentrated in space. The IMR hotspots were concentrated around
the urban area; SER was located in the south, central, and north regions; ENR was located
in the east and west; and IR was located in the west and north regions. This reveals con-
spicuous regional disparities. Furthermore, spatial connections were observed among the
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four categories. In addition, most cold-spot clusters of IMR, SER, and ENR were relatively
concentrated in the central region of Liyang.
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We further verified spatial connections among IMR, SER, ENR, and IR in pairs
(Figure 6). The results showed that although there was no relation between IR and the
other three categories, there were positive relationships among IMR, SER, and ENR in pairs.
There was a stronger relationship between IMR and ENR, followed by SER and ENR. This
means that if there was ENR in a village, IMR and SER were easily found as well.

These results for spatial pattern relationships (including global spatial autocorrelation,
hotpots, and the scatterplot matrix) showed significant neighborhood effects and spatial
aggregation characteristics among the categories and in pairs.

3.2. Causal Mechanisms of Four Non-Grain Production Categories

The variance inflation factor (VIF) is a measure of the severity of multicollinearity
in a multiple linear regression model. Our results showed that the VIF values of the
variables were close to 1, indicating no multicollinearity problem among the variables.
Table 4 shows other statistical results for the four non-grain production categories. They
indicated that our multiple linear regression model suitably explained the relationship
between non-grain production and the factors. The parameters of each factor showed good
statistical significance, with sig F values of less than 0.001, indicating that the probability of
all dependent and independent variables being uncorrelated was 0; that is, the model was
statistically significant. The R2 of the fitting models of the four categories was 0.540, 0.397,
0.274, and 0.300, all of which had a good fit and fully explained the correlation between
dependent and independent variables.

Table 4 shows that the IMR category had a negative correlation with the proportion
of irrigated farmland (G2) and a positive correlation with the proportion leaving town for
more than 6 months (D2), road traffic density in villages (E1), industrial scale (E2), and
tourism scale (E4). SER had a negative correlation with the proportion of irrigated farmland
(G2) and the proportion of prime farmland (P2) and a positive correlation with cultivated
land topography (G1), proportion over age 60 (D1), commercial scale (E3), and tourism
scale (E4). ENR had a negative correlation with the proportion of irrigated farmland (G2),
proportion over age 60 (D1), and industrial scale (E2); it had a positive correlation with
cultivated land topography (G1). IR had a negative correlation with the proportion of
irrigated farmland (G2), age of the village chief (D4), road traffic density in villages (E1),
and commercial scale (E3), as well as a positive correlation with tourism scale (E4). We
also found that irrigated farmland was more likely to occur under the four categories than
non-irrigated farmland, and a village with more tourism was more prone to non-grain
production activities. However, the cultivated land transfer policy neither encouraged nor
inhibited them.
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Table 4. Multiple linear regression model results for four given non-grain production categories.

IMR SER ENR IR

Cultivated land topography (G1) −0.036 0.117 * 0.146 * 0.055
Proportion of irrigated farmland (G2) −0.279 *** −0.133 * −0.55 *** −0.547 ***
Distance to the nearest town (G3) 0.036 −0.019 −0.098 0.06
Proportion over age 60 (D1) 0.055 0.127* −0.153 * −0.002
Proportion leaving town for more than
6 months (D2) 0.153 * 0.086 0.086 −0.046

Proportion of high school education or
above (D3) −0.104 −0.067 0.051 −0.017

Age of village chief (D4) 0.045 0.045 0.081 −0.192 *
Road traffic density in villages (E1) 0.269 *** −0.048 0.084 −0.197 **
Industrial scale (E2) 0.154* −0.083 −0.23 ** −0.002
Commercial scale (E3) 0.119 0.209 * −0.143 −0.172 *
Tourism scale (E4) 0.271 ** 0.427 ** −0.024 0.139 *
Proportion of completed cultivated
land transfer (P1) 0.008 0.003 −0.058 −0.111

Proportion of prime farmland (P2) −0.076 −0.228 ** 0.044 −0.082
a 0.222 / 0.757 0.301
n 165 165 165 165
F 0.000 0.000 0.000 0.000
R2 0.540 0.397 0.274 0.300

The reference category is grain cultivation in all models. ***, **, and * indicate p < 0.01, p < 0.05, and p < 0.1.
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4. Discussion
4.1. Spatial Patterns of Non-Grain Production Categories

Non-grain production activity is common in Liyang, with a total non-grain production
area of 28,158.38 hectares and a non-grain production rate of 48.09%. The rate of non-grain
production was much higher in Liyang than in other regions, as revealed by previous
studies [8,11,36,54]. The reason for this difference is that while we included multiple
types of non-grain production, previous studies only focused on a single one or part of
them. In addition, our study is the first to consider construction activity on cultivated land
as a non-grain production activity rather than a non-agricultural activity, as in previous
studies [8,55]. Among the four categories, SER and ENR occupied a huge proportion
of the total non-grain production area. Explanations include the following: Liyang is a
typical tourism area, and there has been increased landscape construction, including the
planting of trees, flowers, and fruit-picking gardens on cultivated land. Liyang is also
a shrimp-breeding base, and a large amount of cultivated land has been converted into
breeding pits and ponds. In addition, planting saplings, flowers, and fruits and farming
fish and shrimp can bring higher profits than IMR activities, such as vegetable and melon
planting. However, the initial investment, labor force, and technology input for SER and
ENR are much higher than for IMR and grain production [51]. SER, in addition to orchards,
landscape gardens, and abandoned land, also accounts for a large proportion. By contrast,
the IR category occupied a small proportion of the total non-grain production area. This is
likely because China has stringent policies for protecting cultivated land, especially with
regard to converting cultivated land into construction land [56–58].

The Moran’s I value of four categories indicated significant spatial agglomeration.
This is because most non-grain production activities on cultivated land can bring higher
profits, which would motivate farmers in the surrounding areas to engage in similar
activities [59,60]. Because of the neighborhood relationship, farmers can share techniques,
equipment, and experience to improve the competitiveness of non-grain products [61].
Construction activities, meanwhile, such as building roads and irrigation facilities, are
usually carried out in each village of the whole region and do not reflect personal
behavior [62]. In addition, factories, commerce, and tourism construction activities all
take place in special regions, mainly guided by governments and village collectives, not
individual farmer behaviors. Thus, there was weak autocorrelation in the IR category
and little correlation with the other three categories.

4.2. Reasons for the Significant Causal Mechanisms for Four Categories

A given category of non-grain production is often stimulated or inhibited by the
features of certain key factors in a specific region. IMR was more likely to arise in a village
with a lower proportion of irrigated farmland, a higher proportion of leaving town for more
than 6 months, a higher density of road traffic in villages, and a larger scale of industry
and tourism. This is reasonable since IMR corresponds to planting vegetables, fruits, oil,
sugar, and raw agricultural materials, which does not require stripping the soil tillage
layer or other engineering activities, thus requiring less labor input than the other three
categories. In addition, vegetables and other cash crops are not suitable for long-term
storage and, therefore, if needed, are quickly sent to supermarkets or processing plants
via improved transportation [63]. Moreover, increased tourism has increased the demand
for diversified cash crops. A village with the above factors and features is thus often more
prone to non-grain production in the IMR category.

SER was more likely to be seen in villages with a lower proportion of irrigated farm-
land and prime farmland, a higher proportion of people over age 60, a larger scale of
commerce and tourism, and more mountains. SER was partly formed by abandonment and
partly by the planting of flowers, grasses, shrubs, and other landscape features. Villages
that abandoned cultivated land because of a lack of a young labor force mainly comprised
this category [64]. Compared with agricultural production, non-agricultural work in cities
can bring more profits for young workers, better medical services for the elderly, and better
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educational resources for children [65,66]. Therefore, in villages with serious population
and labor losses, some people, especially those with more education, prefer to stay in
cities, and cultivated land is abandoned [67]. Moreover, the effect of terrain on the uti-
lization of cultivated land is often manifested in the abandonment of cultivated land or
the development of economic orchard planting in mountainous areas [68]. Then, when
capital flows into the countryside, the larger the business scale, the greater the employment
opportunities, and operators choose non-grain activities after comparing the profits with
those from grain production. Furthermore, with increased rural tourism, the demand for
landscapes with flowers and grasses has increased. However, planting such landscapes is
often limited by prime-farmland protection policies.

ENR was more likely seen in villages with a lower proportion of irrigated farmland,
a lower proportion of people over the age of 60, a smaller industrial scale, and proximity
to mountains. ENR mainly corresponds to fruit-picking orchards and fish and shrimp
breeding. Operators prefer to use cultivated land that is closer to mountainous areas with
steep non-irrigated farmland to plant various fruits and develop fruit-picking activities.
Meanwhile, some industries focus on grain production, processing, transportation, stor-
age, and sales. High-quality rice is sold to the surrounding big cities, such as Nanjing,
which can also obtain good profits from order service. Thus, some operators are encour-
aged to reconvert shrimp ponds into irrigated farmland for grain production in Liyang
(http://www.liyang.gov.cn, accessed on 10 October 2019).

IR mostly corresponded to villages with a lower proportion of irrigated farmland,
village chiefs with less management experience, lower-density road traffic, a smaller scale
of commerce, and a larger scale of tourism. They tended to be dominated by buildings,
roads, and commercial and service infrastructure. This category of non-grain production
is related not only to farmers but also to village chiefs. Previous studies have shown
that the village chief’s age is closely related to management decisions and experience [6].
The older the manager, the greater the awareness of farmland protection; thus, this type
of non-grain phenomenon does not easily occur. The more complete the rural roads,
the lower the demand for new roads in the village, which can also reduce this category
of non-grain production activity. The development of rural commerce is different from
that of cities owing to the limited scale of population and service consumption. When
rural commerce develops to an appropriate scale, the demand may decrease, and the
opportunities for cultivated land to be occupied by commercial development decrease [69].
On the contrary, against the background of China’s rural revitalization strategy, tourism,
especially rural tourism, has been booming in recent years [70]. The demand for related
facilities also changes with tourism development, indicating that IR is more likely to arise
in such villages.

A village with a higher proportion of irrigated farmland is less prone to these four non-
grain production categories. A reasonable explanation is that the higher the proportion of
irrigated farmland, the higher the quality of cultivated land resources, and the more perfect
the irrigation facilities. These are important guarantees for reducing risks and increasing
confidence in the benefits of cultivated land utilization. Tianmuhu, Daibu, Shangxing, and
Zhuze are mainly on non-irrigated land and have an average non-grain production rate
of 54.2%. Nandu and Bieqiao, meanwhile, are flat plain regions, mainly with irrigated
farmland, and they have an average non-grain production rate of 41.7%. This is 12.5%
lower than in mountainous and hilly areas, which is in line with previous studies [71].

The results indicated that farming conditions (e.g., the proportion of irrigated farm-
land) and economic scale (e.g., tourism scale) had more of an effect than demographic
variables on non-grain production in Liyang. Meanwhile, the land-transfer policy did not
lead to non-grain production; this result is contrary to Jiang and Qi [72], and Leng et al. [34],
but consistent with Zhang and Du [73]. Non-grain production activities by large-scale
operators were restricted by the supply of capital and labor and the intensity of policy
implementation at the village scale. Whether land-transfer activity can suppress non-grain
production could be scenario dependent [74]. In Liyang, the small-scale cultivated land

http://www.liyang.gov.cn
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transfer of farmers coexists with the larger scale of economic groups and organizations.
Small-scale land transfer is more easily used by farmers for non-grain planting. Organi-
zations usually grow grain products, which are regulated by policies and encouraged by
subsidies in Liyang. Since both scenarios were observed, it may have led to the result
that the effect of the land-transfer policy on non-grain production was not obvious. The
prime-farmland protection policy had a negative relationship with SER non-grain pro-
duction. China is a populous country with a relatively small amount of cultivated land;
thus, China has very strict cultivated land protection policies. Therefore, the higher the
proportion of prime farmland in a village, the better the implementation of national or
regional cultivated land protection policies. This also means there are more restrictions on
farmers and operators changing the grain production activities in village regions.

4.3. Governance Implementation

Given the prevalence of non-grain production activities in Chinese villages, there is
an urgent need to innovate the land-use policy to guarantee grain security. Non-grain
production needs to be controlled through management to achieve sustainable land use
and rural development while also considering farmers’ economic benefits. It is necessary
to scientifically distinguish the phenomenon of non-grain production on cultivated land
and formulate differentiated control measures and disposal methods under the principle
of “Storing Grain in the Land”. We therefore put forward some suggestions for reducing
non-grain production and protecting cultivated land according to the causal mechanisms
of the four categories identified in this study.

First, we should promote agricultural consolidation projects, especially cultivated
land irrigation facilities. A high proportion of irrigated farmland can curb the expansion
of non-grain production in the four categories. For mountainous areas with more serious
problems with non-grain production, investment in constructing irrigation facilities should
be increased, which could enhance farmers’ enthusiasm for growing grain.

Regarding farmers, especially those lacking a labor force, they should be encouraged
to transfer their cultivated land to agricultural enterprises. However, in the process of
land transfer, special attention should be paid to clear agreements regarding the use of
cultivated land and the types of grain in the transfer contract to ensure grain security. We
should also increase village chiefs’ awareness of grain production and cultivated land
protection, taking grain production as an important performance indicator that directly
affects their promotion.

The flow of capital into the countryside is a double-edged sword. We should strike a
balance between regional development and grain security and encourage industries that use
grain as raw material to go into the countryside. Such industries can encourage operators
to produce grain and can provide employment opportunities for local farmers with regard
to storage, transportation, and processing. At the same time, the expansion of rural tourism
should be controlled. New tourism development should not occupy cultivated land or
destroy the soil layer. Non-grain production land that has already destroyed the soil layer
can be used to develop projects that combine tourism and agriculture.

The management of non-grain production on cultivated land is based on adherence
to regulations for the protection of prime farmland. Strict implementation of a farmland
protection system depends on formulating clear rules, preventing new non-grain farming
activities on permanent prime farmland, and specifying penalties for violations.

4.4. Limitations and Future Prospects

The present study provided new insights about governing cultivated land non-grain
production at the village level. To our knowledge, this is a frontier study in China to
classify and govern non-grain production according to the effect of non-grain activities on
grain production. Our results have important policy implications on land-use decisions in
response to non-grain production of cultivated land that evolves from ongoing urbanization
and socio-economic transitions, but it is subject to several limitations. It is crucial to
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acknowledge the actual and quantifiable impact of various non-grain production activities
on the soil layer, which would be different by each non-grain production behavior. Such
acknowledgement plays an essential role in classifying non-grain production activities for
governing them. The classification of cultivated land non-grain production in this study
was formed by referring to the expert opinions of land, soil, ecology and environment,
combined with field investigation and existing research knowledge; it could lead to some
inaccuracy. Therefore, follow-up research should strengthen and collect the quantifiable
and accuracy impact of various non-grain production activities on the soil layer based
on multi-domain research. In terms of methods, the spatial regression model, such as
geographically weighted regression (GWR), is useful to analysis the phenomenon of spatial
heterogeneity, and it would be worth considering such studies in the future.

5. Conclusions

Unraveling the causal mechanisms for non-grain production of cultivated land is
important for grain security but they are rarely studied. This study presented an analysis
framework for non-grain production of cultivated land and applied it in Liyang. We
first divided all non-grain production activities on cultivated land into four categories:
IMR, SER, ER, and IR, according to the degree of damage to the soil tillage layer and
the difficulty of restoration. We then analyzed spatial pattern features and revealed the
causal mechanisms of the four given non-grain production categories. Finally, we put
forward suggestions for reducing non-grain activities and protecting cultivated land. These
conclusions were as follows:

(1) Non-grain production activities were found to be widespread in Liyang, the com-
prehensive non-grain rate was 48.09%. The non-grain rates of IMR, SER, ENR, and
IR were 11.81%, 17.76%, 15.07%, and 3.45%, respectively. SER and ENR were more
widely distributed.

(2) A significant neighborhood effect was identified among the four categories. While
they exhibited different levels and obvious spatial agglomeration, there were positive
relationships among IMR, SER, and ENR in pairs.

(3) All four non-grain production categories were inclined to occur in places where the
proportion of irrigated farmland was lower. In addition, IMR was more likely to occur
around urban areas, which were characterized by more labor force loss, higher-density
transportation infrastructures, and larger-scale industry and tourism. Furthermore,
SER was mainly located in the south, central, and north of Liyang, mainly in areas
closer to mountains and with an aging workforce and larger-scale commerce and
tourism. ENR was mainly located in the east and west of Liyang, mainly in areas
closer to mountains, with younger labor forces and smaller-scale industries. IR was
mainly distributed in the west and north of Liyang, which were characterized by less
experienced village leaders, less transportation infrastructure, smaller-scale commerce,
and larger-scale tourism.

(4) To ensure grain security, the government should improve farmland irrigation facili-
ties, as well as increase the proportion of irrigated farmland and grain subsidies for
mountainous farmland. A future policy orientation could be to increase the scale of
land transfer and take grain production as a performance indicator for the promotion
of village chiefs. In terms of industry imports, local governments should encour-
age industries that use grain as raw material to go into the countryside, effectively
controlling the random expansion of rural tourism. The basis of the management
of non-grain production on cultivated land lies in adhering to regulations on the
protection of prime farmland and clarifying the penalties for occupying permanent
prime farmland.
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