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Abstract: Featuring complex and fractured terrain, the Loess hilly and gully regions suffer poor
grain production capacity. The behavior of farmers, the major users of agricultural production
space, significantly influences the agricultural production space. Hence, it is essential to explore
the evolution rules of the agricultural production space under the influence of farmer behavior and
reveal the influencing mechanism of agricultural production space change, which will facilitate the
promotion of ecological protection and high-quality development of the Yellow River Basin. Relying
on six-stage remote sensing images of the Yanhe River Basin from 1995 to 2018, this study utilized a
land use dynamic index, transfer matrix and landscape pattern index to analyze the spatial pattern
evolution of agricultural production in the Yanhe River Basin. Furthermore, the geographic detector
model was applied to quantitatively analyze the influencing factors of the spatial pattern evolution
of agricultural production. The results demonstrated the following: (1) From 1995 to 2018, the overall
area of cultivated land in the Yanhe River Basin decreased by 927.02 km2, with a change degree of
21.07%. The spatial structure of agricultural production changed, mainly transferring the cultivated
land to woodland and grassland. (2) The spatial form of agricultural production has changed
from fragmentation to regularity, and the complexity of the production space shows a trend of first
increasing and then decreasing. (3) The evolution of the spatial pattern of agricultural production
was affected by multiple factors of farmer behavior, where significant interactive enhancement effects
existed. Specifically, labor input was the dominant factor affecting the overall scale of the production
space, with an influence value of 0.202; fertilization input and cultivated land transfer were the
key factors affecting the spatial distribution of production, with influence values of 0.264 and 0.242,
respectively; income level and social interaction were the base factors affecting the spatial form
of production, with influence values of 0.558 and 0.438, respectively. The research results provide
scientific support for the improvement of agricultural production quality and the spatial evolution
mechanism of agricultural production in the Yanhe River Basin.

Keywords: farmer behavior; production space; pattern evolution; influence mechanism; Yanhe
River Basin

1. Introduction

Consisting of the most typical landform category of the Loess plateau, the Loess hilly
and gully regions suffer severe vegetation degradation due to the long-term unreasonable
exploitation of resources, as well as serious soil and water loss, significant decline in
land productivity, and a fragile ecological environment [1,2]. As the main carrier and
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vital position of agricultural development, production space is also the basis for ensuring
food security and achieving high-quality development [3]. Since 1999 when the large-scale
project of returning cultivated land to woodland and grassland was launched, the ecological
environment in this area has greatly improved, but the grain production level remains low
and unstable [4,5]. On the one hand, due to the scattered distribution of the fragmented
cultivated land operated by farmers, it is difficult to achieve scale management. Moreover,
few farmers are willing to input long-term investment in cultivated land, which leads to
new conflicts between people and land. On the other hand, young villagers have obtained
real benefits in the urbanization process through land use conversion. Consequently, the
elderly in the basin have become the main force of food production, making it difficult
to enhance the management level of cultivated land [6]. As the key behavior subjects of
rural production space, farmers are highly influential in rural development. Their activities
indeed change the structure, morphology, and function of agricultural production space.
Therefore, it is crucial to promote the ecological protection and high-quality development
of the Yellow River Basin by exploring the influencing direction of farmer behaviors on
the evolution of agricultural production space and revealing the mechanism of different
farmer behaviors on production space. The Yanhe River Basin is located in the middle
reaches of the Yellow River Basin and is a primary tributary of the Yellow River. In the
Loess hilly and gully regions with complex terrain, the Yanhe River Basin is a typical loess
hilly and gully geomorphic unit, and the terrain is highly fragmented. The overall scale and
morphological structure of the rural agricultural production space are experiencing huge
changes during the critical period of transforming traditional rural agriculture to modern
agriculture. As the policy operators, individual farmer behavior is not sufficient to reveal
the production space mechanisms [7]. Hence, farmers’ behaviors are diverse and complex,
and their effects on the scale, structure, and morphology of agricultural production space
need to be revealed during the complex changes.

There have been several domestic and foreign studies on agricultural production space,
including the spatial morphology of core elements of rural human-land systems [8,9], typ-
ical models [10,11], evolution processes [12,13], and dynamic factors [14]. The research
results on agricultural production space are relatively mature, and the main line of research
predominantly includes the spatial scale, spatial layout, and production function of cul-
tivated land [15]. In terms of scale and layout, some scholars have studied production
space elements such as cultivated land [16] and woodland [17], and explored the spatial
and temporal characteristics of rural land use structure by analyzing the morphological
characteristics of cultivated land [18,19]. In terms of the spatial function of agricultural
production, Qiao et al. [20] constructed an evaluation method system of land spatial func-
tion at the city and county scales, and quantitatively identified the spatial function of rural
areas. Playing a dominant role in promoting the socioeconomic development of the river
basins, farmers’ behaviors determine whether production space and factor resources can
be rationally utilized [21,22]. Li et al. [23] studied the spatial distribution features and
influencing factors of farmers’ agricultural production from the perspective of farmers.
Wang et al. [24] conducted an in-depth study on the reconstruction mechanism of farmers’
behaviors and rural transformation. Liu et al. [25] analyzed the bonding mechanism be-
tween farmers’ land use behavior and agricultural spatial distribution. In terms of farmers’
land management behavior, traditional small farmers gradually realize large-scale agricul-
tural production and management through land transfer and other methods to improve
the utilization efficiency of land resources [26]; from the perspective of production factor
input behavior, farmers’ input in production technology and labor input have an important
impact on large-scale agricultural production [27]; at the same time, the change in farmers’
utilization of information and other factors will also lead to the transformation of rural
production organization mode [28]. Farmers’ land management behaviors, input behaviors,
and resource utilization behaviors have different degrees of influence on the quantity
allocation and spatial distribution of agricultural production space. However, most of the
above studies are aimed at a certain behavior of farmers, and do not comprehensively study
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the impact of all the behavior processes of farmers’ agricultural production on agricultural
production space.

Regarding research methods, RS and GIS evaluation techniques have been employed
to research rural spatial layout and resilience [29,30]. Methods such as the Landscape pat-
tern index [31], transfer matrix [32], and dynamic attitude model [33] are most extensively
utilized to explore the spatial and temporal evolution features and influencing mecha-
nisms of ‘scale–structure–function’ of production–ecology–living space. The data on the
agricultural production space and farmers’ behavior were statistically analyzed, and the
influences of farmers’ behavior on the evolution of agricultural production space patterns
were analyzed by constructing econometric models. One empirical study comprehensively
adopted a logistic regression model [34] to quantitatively analyze the influence of different
types of farmers’ variation and production behaviors on the agricultural production space
system [35,36]. The above model is limited to the statistical analysis of the quantitative
relationship between the indicators and cannot explore the driving factors that affect the
geographical spatial distribution. Compared with other econometric models, the geographi-
cal detector model can fully study the interaction between spatial geographical features and
their potential driving factors [37,38]. Farmers’ behaviors have more abundant indicators.
The interactions between different farmers’ behaviors were measured using the geographi-
cal detector model, and the influencing mechanisms of different farmers’ behaviors on the
agricultural production space were revealed, thus enriching the existing research.

Therefore, taking the agricultural production space of the Yanhe River Basin as the
study object, according to the six periods of land use data of the Yanhe River Basin in 1995,
2000, 2005, 2010, 2015, and 2018, and combined with mathematical models such as spatial
analysis function and geographic detector, this study explored the spatial and temporal
characteristics, evolution rules, and influencing factors of the agricultural production
space from the perspective of farmer behaviors, revealing the influencing mechanisms of
farmer behaviors on the evolution of the spatial patterns of rural agricultural production
in the river basin. Furthermore, this study offers references for the rational layout of a
rural agricultural production space and the relevant decision-making optimization, so
as to lay a solid foundation for enriching the research theory and method systems of
rural development.

2. Study Area and Data Sources
2.1. Study Area

As a typical basin in the Loess hilly and gully regions, the Yanhe River Basin (36◦27′–
37◦58′ N,104◦41′–110◦29′ E) is high in the northwest and low in the southeast, with complex
and fragmented terrain. Originating from Tianciwan Village, Jingbian County, the Yanhe
River Basin merges into the Yellow River at Liangshui’an Village, Yanchang County (Fig-
ure 1), with a total length of 286.9 km and a basin area of 7725 km2. The Yanhe River
flows through seven districts and counties, 10 street offices, and 43 towns, which accounts
for 1026 administrative villages in total. In 2018, the rural population along the Yanhe
River Basin was 647,300, with a population density of 83.79 people/km2. Cultivated land
occupies a dominant position in the agriculture of the Yanhe River Basin. Cultivated land
refers to the land dedicated to planting crops. The Yanhe River Basin is located in the Loess
hilly and gully region; therefore, the proportion of paddy fields is very small. Thus, this
study defines cultivated land as dry land in the LUCC (land use/land cover change) land
use classification. The planting types of crops in the Yanhe River Basin mainly include
grain and commercial crops. Recently, agriculture in the basin has been developing rapidly,
forming an industrial structure featuring pollution-free apples, greenhouse vegetables, and
minor grain crops.
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Figure 1. Location of the study area.

2.2. Data Sources

The data adopted in the study mainly contained six periods of land use data on
the Yanhe River Basin in 1995, 2000, 2005, 2010, 2015, and 2018, DEM data on the Yanhe
River Basin, and relevant farmer data. Specifically, the six periods of land use data on
the Yanhe River Basin in 1995, 2000, 2005, 2010, 2015, and 2018 were acquired from the
resource and environmental data cloud platform of the Chinese Academy of Sciences.
Generated through manual visual interpretation, the spatial resolution was 30 m, with
a comprehensive accuracy of over 90%, which was the remote sensing monitoring data
product with higher precision for land use in China. The classification of land use data used
in this paper refers to the secondary classification system of China’s land use/land cover
data. The first level includes six types of cultivated land, woodland, grassland, water area,
construction land, and unused land. The second level is divided into 25 types according
to the natural attributes of the land. The land use data on the Yanhe River Basin were
reclassified by GIS, and the land use data on the Yanhe River Basin were obtained using
cutting tools, which mainly included 16 types of dry land, closed forest land, shrub land,
sparse woodland, other woodland, lake, etc. derived from a geospatial data cloud, 2018
DEM data applied from a digital elevation data product with a spatial resolution of 30 m,
which could precisely reflect the topographic characteristics of the study area. Originating
from 1:1,000,000 soil data provided by the Nanjing Soil Institute in the second National
Land Survey, the soil data and soil texture data were presented in grid format with WGS84
projection, as well as the main soil classification system of FAO-90.

The relevant data on farmer behavior were obtained through questionnaires and field
visits. Additionally, the main contents were obtained in four major items and 12 minor
items, including farmer family characteristics, farmer land management behavior, farmer
production input behavior, and farmer resource utilization behavior. In the field inves-
tigation stage, the people’s governments of the town and the villagers’ committee were
interviewed. The respondents were village cadres who were familiar with the village
situation, such as the secretary of the village branch, the village head, and the accountant.
In total, 70 villages were investigated, and the participatory farmer survey method (PRA)
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was used to interview the farmers. There were 316 questionnaires distributed; 309 valid
questionnaires were collected. To ensure the feasibility of the questionnaire, SPSS22.0
was also utilized to conduct statistical analysis and verification of the questionnaire data,
concluding a Cronbach’s α coefficient of 0.809 > 0.8. As the validity test of indicator vari-
ables revealed, the KMO result was 0.714 > 0.5, and the Bartlett’s spherical test result was
sig < 0.001, confirming the high credibility of the questionnaire data.

3. Research Methods

As shown in Figure 2, this study proposed the research framework of “data collection–
feature exploration–mechanism revelation” and adopted specific research contents.
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Figure 2. The research framework.

Based on the research data, the change in cultivated land quantity in the Yanhe River
Basin was determined using the dynamic change index of land use. In order to explore
the spatial distribution of land use types over the whole study period, spatial overlay
was conducted based on the spatial information of land use in the Yanhe River Basin at
the beginning (1995) and the end (2018) of the study period, and the spatial structure
transfer relationship of cultivated land was analyzed via the land use transfer matrix. By
analyzing the landscape pattern index, this study implemented spatial statistics of the rural
agricultural production patch morphology index in the Yanhe River Basin. Eventually, the
influencing mechanism of various farmer behaviors on the production space was revealed
through the geographical detector model.

3.1. Analysis Method of the Spatial Characteristics of Agricultural Production
3.1.1. Dynamic Degree Index of Land Use Change

The dynamic degree index of land use change refers to the change amplitude of land
use types in the aspect of area, which reflects the speed and intensity of various land use
changes in different periods [39]. The single dynamic degree index of land use change
reflects the quantity change of a certain land use type within a certain period in the Yanhe
River Basin; its detailed calculation formula is as follows:

K =
La − Lb

La
×100% (1)

where K refers to the dynamic degree index of the cultivated land area change, La denotes
the initial cultivated land area, Lb represents the cultivated land area at the end of the study
period, and N means the study period.
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3.1.2. Land Use Transfer Matrix

A land use transfer matrix was employed to analyze the quantity and structure changes
of rural production space land in the Yanhe River Basin, and the ArcGIS overlay function
was also applied to study the spatial position changes of land use conversion. The transfer
matrix reflected the area changes, structural characteristics, and changing directions of
various land use types at the beginning and end of a period in a certain region [40]; its
mathematical form is as follows:

Sij =


S11 S12 . . . S1n
S21 S22 . . . S2n
. . . . . . . . . . . .
Sn1 Sn2 . . . Snn

 (2)

where S refers to the land area, n represents the quantity of each land use type, and i
and j denote land use types at the beginning and end of the study period, respectively.
ArcGIS10.2 software was utilized in this study to conduct spatial overlay, area tabulation,
and summarize the land use type data, so as to obtain the transfer matrix of land use type
areas at different stages in the Yanhe River Basin.

3.1.3. Landscape Pattern Index Method

The landscape index [41] refers to a simple quantitative indicator that highly concen-
trates landscape pattern information and reflects certain aspects of its structural compo-
sition and spatial configuration characteristics. We selected six indicators to analyze the
spatial morphological changes in agricultural production in the Yanhe River Basin. These
indices cover three aspects of patch complexity: area, shape, and diversity [42]. Among
them, the area index selects the average patch size (MPS) and the number of patches
(NP) to comprehensively measure the scale of cultivated land and the degree of patch
fragmentation. The shape index selects the perimeter area fractal dimension (PAFRAC),
the mean shape index (MSI), and the aggregation index (AI) to express the complexity
of cultivated land morphology. Under the same patch area, the more complex the shape
boundary, the higher the degree of fragmentation. We selected the Shannon diversity index
(SHDI) to evaluate patch diversity. Fragstats4.2 software was used for spatial statistics, and
principal component analysis was used to measure the spatial and temporal characteristics
of landscape fragmentation in the Yanhe River Basin [43,44]. The shown in Table 1.

Table 1. List of patch feature evaluation formulas and their meanings.

Index Type Patch
Indicators Formula Formula

Explanation
Indicator

Significance Equation

Area

Number of Patches
(NP) NP = N N is the number of

patches

The higher the value,
the higher the degree
of fragmentation of

cultivated land

(3)

Mean Patch Size
(MPS) MPS = A

N

A is the total area of
patches;

N is the number of
patches

The most direct
indicator reflecting
the patch size. The

higher the value, the
lower the degree of

fragmentation

(4)
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Table 1. Cont.

Index Type Patch
Indicators Formula Formula

Explanation
Indicator

Significance Equation

Shape

Mean Shape Index
(MSI) MSII =

∑n
j=1

[
2Pij

2
√
π×aij

]
ni

Pij represents the
circumference of the
jth patch of the ith

patch type, and aij is
the area of the jth

patch of the ith patch
type; n is the number

of patches

The larger the value,
the higher the

complexity of the
plaque

(5)

Perimeter Area
Fractal Dimension

(PAFRAC)
PAFRAC = 2ln(P/4)/ln A

P represents the
perimeter of the

patch; A represents
the area of the patch

The larger the value,
the more complex the

shape of the patch
(6)

Agglomeration index
(AI)

AIc =[
1− ∑n

j=1 pij

∑n
j=1 pij
√

aij

][
1− 1√

z

]−1

pij represents the
circumference of the
jth patch of the ith

patch type, and aij is
the area of the jth

patch of the ith patch
type; n is the number

of patches

The larger the value,
the higher the

aggregation degree of
similar plaques

(7)

Diversity Shannon Diversity
Index (SHDI) SHDI =−

m
∑

i=1
(Piln Pi)

Pi represents the
proportion occupied
by landscape patch

type i

It reflects spatial
heterogeneity. The

larger the index, the
higher the

fragmentation degree

(8)

3.2. The Influence Mechanism of Farmers’ Behavior on Agricultural Production Space
Geographic Detector

The geographic detector is a group of statistical methods for detecting spatial differ-
entiation and revealing hidden driving forces [36]. Based on the factor detection module
of the geographic detector model, this study explored the influencing factors of farmer
behaviors on the spatial change in agricultural production in the Yanhe River Basin. It was
assumed that it could detect the contribution rate of each factor to the model and extract
practical spatial association rules from a huge spatial database [45]. The specific calculation
formula was as follows:

q = 1− 1
Nσ2

L

∑
i=1

Niσi
2 (9)

where q stands for the spatial differentiation features within the range of 0–1; the bigger
the q is, the stronger the heterogeneity of spatial distribution will be. N denotes the
study sample number; σi

2 means variance of index; i refers to the sub-region; and L is the
sub-region quantity.

Factor interaction detection was utilized to identify whether the combined effect of
each driving factor enhanced or weakened the explanatory ability of spatial differentiation
characteristics of the study area [15]. The specific statistical method is to first collect the
q value of the single effect of each factor, and then calculate and compare the q value of
the pair interaction of each factor. The interaction results of various driving factors can be
classified into the five categories shown in Table 2.
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Table 2. Geodetector interactive detection function.

Interaction Interaction Judgment
Reference Interaction Graph

Non-linear enhancement q(X1∩X2) > q(X1) + q(X2)
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According to Table 3, from 1995 to 2018, the rural agricultural production space area
of the Yanhe River Basin presented a fluctuant decreasing trend, from 3330.07 km2 to
2403.05 km2, decreasing the cultivated land area by 927.02 km2. From 2005 to 2010, the
cultivated land area sharply decreased by 651.93 km2, from 3094.37 km2 to 2442.39 km2,
with a change degree of 21.07%. Simultaneously, the cultivated land area of rural land use in
the Yanhe River Basin reduced, attributed to the farmers’ conversion from traditional grain
planting to commercial crop planting, supplemented by food crops, and the emergence of
moderate-scale management modes. With the gradual diversification of farmers’ planting
crops, the channels of agricultural production have gradually broadened, the agricultural
planting structure has changed, and traditional food crops have shifted to a planting
structure dominated by cash crops and supplemented by food crops. In the adjustment of
agricultural structure, a large amount of agricultural land has been converted to planting
orchards or cultivating the water surface, resulting in a decrease in cultivated land area. In
the adjustment of planting structure, the blind adjustment of farmers’ planting structures is
not conducive to the maintenance of cultivated land, which can easily lead to a decline in
cultivated land quality and the loss of cultivated land.

Table 3. Changes in the amount of cultivated land in the Yanhe River Basin.

Years Cultivated Land
Area (km2)

Cultivated Land
Change (km2)

Annual Change Rate of
Cultivated Land Area (%)

1995 3330.07 — —
2000 3310.81 −19.26 −0.58
2005 3094.37 −216.44 −6.54
2010 2442.39 −651.99 −21.07
2015 2428.12 −14.27 −0.58
2018 2403.22 −24.90 −1.03

4.1.2. Characteristic Results of Spatial Distribution Transfer

According to Table 4, the area of cultivated land and water area in the Yanhe River
Basin decreased from 1995 to 2018, and the area of woodland, grassland, construction land,
and unused land increased. Cultivated land was transformed to woodland and grassland
of 273.93 km2 and 754.73 km2, respectively, and to construction land and bare land of
36.30 km2 and 1.44 km2, respectively. Some land was also transformed into cultivated land:
23.40 km2 of woodland, 113.08 km2 of grassland, and 3.71 km2 of water area. The transfer
to other construction land mainly came from cultivated land and grassland types. The
transferred-out area of cultivated land was 1067.94 km2, which was much smaller than the
transferred-in area. It is the land type with the largest area change in land use, followed by
grassland and forest land, and the transferred-out areas were 244.33 km2 and 51.20 km2,
respectively. In general, the flow of cultivated land in the Yanhe River Basin from 1995 to
2018 was mainly woodland, grassland, and construction land, which is closely related to
the implementation of ‘returning cultivated land to woodland and grassland’ and the rapid
development of social economy in recent years.

Table 4. Transfer matrix of land use types in the Yanhe River Basin from 1995 to 2018 (unit: km2).

1995

2018
Cultivated

Land Woodland Grassland Water
Area

Urban
Land

Rural
Residential

Land

Other
Construction

Land

Bare
Land Transfer

Cultivated land 2403.22 273.93 754.73 1.54 3.31 11.61 21.38 1.44 1067.94
Woodland 23.40 760.68 23.17 0.53 0.33 0.93 2.58 0.26 51.20
Grassland 113.08 105.70 3242.79 3.72 3.07 1.78 12.99 3.99 244.33
Water area 3.71 0.50 1.05 21.67 0.33 0.24 0.25 - 6.08
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Table 4. Cont.

1995

2018
Cultivated

Land Woodland Grassland Water
Area

Urban
Land

Rural
Residential

Land

Other
Construction

Land

Bare
Land Transfer

Urban land 0.03 0.01 0.03 0.02 4.90 0.06 0.00 - 0.15
Rural

residential land 0.75 0.16 0.64 0.05 1.58 16.32 0.42 0.00 3.60

Other
construction land 0.08 0.00 0.01 0.01 0.01 0.01 2.14 - 0.12

Bare land 0.13 0.00 0.07 - - - 0.00 2.38 0.20
Conversion 141.18 380.30 779.70 5.87 8.63 14.63 37.62 5.69 1373.62

4.1.3. Evolution Results of the Spatial Morphological Features

As is shown in Table 5, the NP value of the Yanhe River Basin first increased and
then decreased during 1995–2018, which was the same trend in the fragmented degree
of the cultivated land, indicating that landscape destruction caused by human activities
in the basin had accelerated the fragmentation of production space. However, the MPS
value in the Yanhe River Basin decreased first and then increased, suggesting that the
spatial landscape fragmentation degree of agricultural production in the Yanhe River Basin
presented a trend of increasing first and then decreasing. MSI increased first and then
decreased, suggesting that the complexity of the patch shape was reducing. Simultaneously,
PAFRAC increased first and then decreased, indicating that the patch shape changed from
irregular to regular, and the ecological environment also shifted from complex to simple.
The value of SHDI first increased and then decreased, suggesting that the spatial patches
of agricultural production in the basin displayed a trend of uniform distribution, and the
fragmented degree increased first and then slightly decreased. The aggregation index, AI,
presented a trend of first decreasing and then increasing, revealing that the agglomeration
degree of the agricultural production space first decreased and then tightened.

Table 5. Spatial morphological characteristics of agricultural production in the Yanhe River Basin.

Years NP MPS MSI PAFRAC SHID AI

1995 5375 143.0164 2.4340 1.5459 1.4075 90.4482
2000 5454 140.9447 2.4495 1.5463 1.4308 90.2664
2005 5489 140.0467 2.5279 1.5818 1.5408 90.0733
2010 8540 90.0136 2.4133 1.5902 1.6348 90.0011
2015 8771 87.6427 2.3980 1.5736 1.6574 89.9870
2018 8348 92.0839 2.4090 1.5765 1.6296 90.2455

4.2. Analysis of Influencing Factors of Farmer Behavior on the Spatial Pattern Evolution of
Agricultural Production

Scientifically and accurately revealing the spatial characteristics and influencing factors
of cultivated land is an important basis for the study of optimal allocation of agricultural
production space resources. Based on the existing literature research [46], this study selected
the spatial scale of agricultural production, the spatial distribution of production and the
spatial form of production as the dependent variables. Based on the sub-watershed unit, the
spatial pattern of agricultural production was quantitatively analyzed. The geographical
detector was used to analyze the independent variables of farmers’ behavior and the spatial
dependent variables of agricultural production. The main driving force of the spatial
differentiation of agricultural production in the Yanhe River Basin was measured; then,
the influence mechanism of farmers’ behavior on the evolution of the spatial pattern of
agricultural production at the basin scale was analyzed.

4.2.1. Constructing an Index System of Influencing Factors

The spatial differentiation of rural agricultural production in the Yanhe River Basin is a
result of the comprehensive effect of farmer spatial behaviors. Starting from the four aspects
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of farmer family features, land management behaviors, production input behaviors and
resource utilization behaviors, twelve influencing factors (Table 6) were chosen to explore
the effects on the spatial differentiation of rural agricultural production. Using ArcGIS10.6
software, discrete processing was conducted according to the aggregation characteristics
of each driving factor, and the geographical detector was adopted to implement factor
detection on the selected factors. Consequently, this study could obtain the influencing
value of each factor on the production space evolution (q value: the larger the value was,
the greater the effect of the factor on the production space evolution, and vice versa), and
the explanatory power value of the factor (p value: the smaller the value was, the greater
the explanatory power of the factor on the production space evolution, and vice versa).

Table 6. Index system of factors influencing spatial differentiation in rural agricultural production.

Element Layer Factor Layer Calculation Method Farmer Perception (Field Interview and Research)

Farmer family
features

Income level X1 Per capita disposable
income of farmers

“Many well-educated and well-off families here
don’t farm any more, and even if they do, they know

more than us, invest more, and gain higher
productivity.”

Education degree X2 Illiteracy rate

Land
Management

behavior

Cultivated land
transfer X3

Change degree of
cultivated land area “It’s a long way from home to the farm. It takes more

than half an hour to walk, which is shorter if we ride
tricycles. We just plant some corn in the mountains,

and we don’t take much care afterwards.”

Cultivation distance
condition X4 Distance from road

Cultivation radius
condition X5

Distance from residential
area

Planting situation X6 The proportion of
grain planting

Production
input behavior

Irrigation input X7 Distance from the river “We almost all rely on the nature. Only the land
close to the river can be pumped for irrigation.

Worse still, it is difficult to walk to the mountain
land, and the machinery can’t reach there......

Besides the high cost of plowing and fertilizer,
human input is also large, so we have to hire people

if we cannot do these ourselves.”

Input of machinery X8 Road network density

Labor input X9 Labor force amount of
unit cultivated land area

Fertilization input X10 Physical amount of
agricultural fertilizer

Resource
Utilization
behavior

Understanding of
policies and information

X11
Distance from the town

“Living close to the county, we can often go there to
understand more about the market. Moreover, we

have more working opportunities, a wider
interpersonal circle, and more channels to obtain

information.”

Social interactions X12
Internet users of

telecommunication
services

“We invest a lot in farming, and sometimes we
borrow money from relatives and friends when we
are short of money... Now we live far, so we seldom
see each other, and rely more on mobile phone for

contacting.”

4.2.2. Analysis Results of Influencing Factors

(1) Analysis of main influencing factors

Quantitative analysis of the driving force of the rural agricultural production space
scale in the Yanhe River Basin was performed. As shown in Table 7, the labor input,
X9 (0.202), in the production input behaviors exerted the greatest effect on the rural pro-
duction space scale. Secondly, the distance to farmers’ cultivated land, X4 (0.153), and the
income, X1 (0.150), of the farmers’ family features in land management behavior exerted
considerable impacts on the production space scale, and the corresponding factors showed
relatively strong explanatory power.
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Table 7. Influencing factor detection of the spatial evolution of rural agricultural production in the
Yanhe River Basin.

Driving
Factors

Production Space
Scale

Production Space
Distribution

Production Space
Morphology

q p q p q p

X1 0.150 0.391 0.091 0.902 0.558 1.000
X2 0.073 0.552 0.120 0.463 0.262 1.000
X3 0.007 0.993 0.242 0.292 0.345 1.000
X4 0.153 0.210 0.019 0.953 0.210 1.000
X5 0.067 0.677 0.057 0.847 0.289 1.000
X6 0.145 0.481 0.053 0.943 0.258 1.000
X7 0.088 0.442 0.077 0.770 0.304 1.000
X8 0.120 0.297 0.066 0.635 0.138 1.000
X9 0.202 0.109 0.177 0.420 0.356 1.000

X10 0.061 0.729 0.264 0.034 0.403 1.000
X11 0.102 0.520 0.162 0.245 0.337 1.000
X12 0.100 0.431 0.096 0.418 0.438 1.000

The driving factors affecting the spatial distribution of rural production included
fertilization input, X10 (0.264); cultivated land transfer, X3 (0.242); labor input, X9 (0.177);
understanding of policy and information, X11 (0.162); and education degree, X2 (0.120); the
q values of other factors were all less than 0.1, with a low influencing degree. The explana-
tory power of fertilization input was the smallest (0.034). Specifically, in the production
process, the conversion of land resources reduced the abandonment and waste of cultivated
land, broke the fragmented management pattern of land management, gradually changed
to the moderate scale of land management, and transformed to the industrial structure of
rural production space.

The main factors influencing the spatial pattern change of rural production included
farmer income, X1 (0.558); social interaction, X12 (0.438); and fertilization input, X10 (0.403);
whose influence q values were all greater than 0.4. It was revealed that the improvement
in farmer income and social interaction greatly enhanced the cultivation technology and
fertilization input, as well as the efficiency of agricultural production management. Under
the constraints of different terrain conditions, the fertilization input of farmers in promoting
intensive land production was higher, reducing the arable patch area and intensifying the
fragmentation of cultivated land.

(2) Analysis of interactive detection

According to Figure 4a, the interaction between farmer income and farming distance is
the strongest, reaching 0.776, followed by the interaction between farming radius and irriga-
tion input, and farming distance and labor input, which were 0.637 and 0.618, respectively.

As for the influence of farmers’ land management behavior on the spatial distribution
of rural production, Figure 4b reveals that the interaction between fertilization input and
education degree was the strongest, reaching 0.817, and that between irrigation input and
fertilization input was also strong, reaching 0.790.

According to Figure 4c, the interaction between policy, information understanding,
and farming distance was the strongest, reaching 0.780. Moreover, the interaction of
production input behavior and any two influencing factors exerted a great impact on the
spatial form of production.
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4.3. The Influencing Mechanism of Farmer Behavior on the Evolution of Spatial Patterns of
Agricultural Production

As shown in Figure 5, based on the results of the above geographical detectors, the
influence mechanism of the rural agricultural production space in the Yanhe River Basin
was constructed. As the main body of the basic social unit in the complex system of the
agricultural production space in the Yanhe River Basin, farmers’ production behavior has a
considerable influence on the agricultural production space.

The higher the education level and income of farmers, the more comprehensive
the cognition of agricultural development, and farmers’ rational behavior decisions can
optimize and adjust the agricultural production space. The income and education level of
farmers are basic factors affecting the evolution of spatial patterns of agricultural production.
At the same time, the interaction value between farmers’ income and farming radius is
very high, for farmers who rely on agricultural production to maintain their livelihoods,
the reference of establishing residential areas according to ‘farming radius’ is very high,
which is more conducive to the large-scale operation of the agricultural production space.
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Among the influencing factors of land management behavior, the interaction value of
tillage distance with policy information and irrigation input is higher, and the influence
value of cultivated land transfer on the spatial layout of agricultural production is higher.
On the one hand, when the farming distance was great, or the farming radius was large,
the agricultural production cost was high, and the farmers’ enthusiasm for farming was not
high. On the other hand, most of them were located in remote areas at high altitude and
with inconvenient transportation. Cultivated land is continuously abandoned; idle land
gradually begins to transform; and the degree of land fragmentation is weakened. Through
interactive detection analysis, it is concluded that farmers’ land management behavior
is an important factor affecting the evolution of agricultural production spatial patterns.
From the analysis of farmers’ land management behavior, traditional small farmers have
gradually become agricultural workers through idle land transfer and land shareholding,
which has promoted large-scale land management, weakened the fragmentation of the
agricultural production space and improved agricultural production efficiency. At the
same time, we will promote the integration of rural agriculture with secondary and tertiary
industries and accelerate agricultural modernization.

Through interactive detection analysis, it was concluded that production input behav-
ior is the dominant factor affecting the evolution of agricultural production spatial patterns.
The interactions between fertilization input, farmers’ education level, and irrigation input
are very high, and the interaction between labor input and policy information under-
standing is very strong. This shows that at the level of production input, the approach of
simply increasing labor input to increase production has gradually changed. The increase
of agricultural machinery, fertilizer and other production inputs has a positive impact
on the scale of agricultural production and accelerates the development of information
technology. However, farmers have changed from simple agricultural management to
part-time management, labor input has been reduced, poor quality farmland has been
abandoned, and the number of agricultural management plots has been reduced, which
will aggravate the fragmentation of agricultural production space.

Resource utilization behavior is an external factor affecting agricultural production
space. The interactive detection analysis showed that policy information factors have a key
impact on the spatial evolution of agricultural production. Due to the rapid development
of urbanization, the spatial transformation of the rural population, the aggregation of
non-agricultural industries to cities and towns, and the transfer of an agricultural labor
force to a non-agricultural labor force occur, as highlighted in the significant reduction in
cultivated land and the increase in construction land in agricultural production space in
the Yanhe River Basin. The implementation of the policy of returning cultivated land to
woodland and grassland and the rapid development of urbanization have driving effects on
the spatial evolution of agricultural production in the Yanhe River Basin, which is the main
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external influencing factor of the spatial pattern evolution of agricultural production. The
degree of access to policy, information and credit is better, and the adoption of advanced
agricultural technology is gradually increasing, which has a positive impact on the quality
of cultivated land, promotes the abandonment of unsuitable cultivated land and improves
the efficiency of agricultural production. It can promote the improvement of agricultural
related policy information and market information.

5. Discussion

Originating from the field investigation of rural agricultural production space and
farmers’ spatial behavior in the Yanhe River Basin, this study adopted a scientific, systematic
and reasonable research method, although its research structure was slightly different from
the reality [47,48]. For instance, farmer behaviors were divided into twelve influencing
factor indicators, in the four dimensions of farmer family features, land management
behaviors, production input behaviors and resource utilization behaviors, which enriched
the research on the influence of the existing policies and technological development on
farmers’ decision-making [49]. In the meantime, the interaction between different farmer
behaviors exerted a more precise effect on the rural agricultural production space. The
subjects of production function in the basin were inter-related. Therefore, combined with
the index system of farmer behaviors and through the geographical detector model, this
study not only expounded the influence intensity of each factor on the change in agricultural
production space from the single factor aspect, but also further discussed the changing
mechanism of agricultural production space from the perspective of factor interaction,
complementing the shortcomings of conventional methods which cannot explain the
influencing mechanisms of interaction [50,51]. Although this study provides support for
rural spatial planning and construction, and represents a reference for the research of
similar subjects, ‘behavior–space’ itself is a complex system, whose intrinsic mechanism
needs to be further explored in the future.

Rural agricultural production space is a complex research object, where the rapid flow
of rural elements has a profound impact on agricultural land use, industrial development,
and social systems. However, as the subjects of rural agricultural production space, farmers’
economic and social activities deeply change the spatial pattern of agricultural production.
In addition, differences in family resource endowment, subjective cognitive ability and
individual behavioral preferences also determine the behavioral goals of farmers. This
study verified the rationality of the indicators, confirming that the evolution features of the
spatial pattern of agricultural production in the Yanhe River Basin basically satisfied the
requirements of social and economic development and farmland protection policies [52–54].
From the micro perspective, the evolution and development of rural agricultural production
space exerted a crucial impact on further improving the land transfer system, reducing the
abandonment rate of farms, strengthening the supervision of land transfer, and promoting
the optimal utilization of land resources. In order to provide a research paradigm for the
management of production space, regulation measures suitable for the actual needs of
farmers should be formulated.

In the process of rapid urbanization, farmers’ individual wishes should be combined
while studying the rural agricultural production space in the basin, and more field inves-
tigations should be carried out in rural areas with various characteristics. The following
aspects should be considered in optimizing basin production space:

• Actively develop a variety of forms of moderate scale management, in order to build a
modern agricultural industry system, i.e., a production system.

• Establish a sound land transfer mechanism, standardize land transfer procedures,
ensure sufficient arable land area, avoid wasting resources, for example through land
abandonment due to non-agricultural transfer of traditional farmers, and improve
space utilization efficiency.

• Provide a good regional policy and education platform, and strengthen the cultivation
of farmers’ production capacity, technical level, and management ability.
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6. Conclusions

This study took the spatial behavior of farmers as the starting point, and comprehen-
sively considered the evolution of the spatial pattern of agricultural production from the
perspective of human behavior. First of all, this study used land use dynamics, transfer
matrix and landscape pattern index analysis [34–36] to describe the evolution characteristics
of agricultural production space scale, structure, and form. The cultivated land area in the
Yanhe River Basin decreased by 927.02 km2, and was mainly transformed to woodland,
grassland, and construction land. Secondly, the geographical detector model was used to
analyze the relationship between farmers’ behavior and the scale, distribution, and form of
agricultural production space. Among them, the interaction between irrigation input and
fertilization input, the interaction between farming distance and policy understanding, and
the interaction between farming radius and household income have significant effects on
agricultural production space. The interaction detection values are 0.790, 0.780 and 0.776,
respectively. Finally, the influence mechanism of farmers’ behavior on the evolution of
agricultural production spatial pattern was analyzed.

Among them, the characteristics of peasant households are the internal driving force
that affects the adjustment of agricultural production space. Farmers demonstrate great
differences in the acquisition of information, technology, policy, and other factors, as well
as the use of labor input and production tools, which, in turn, affect the scale, distribution,
and morphological structure of agricultural production space, and promote the gradual
evolution of agricultural production to the direction of large-scale operation and modern-
ization. However, social and economic systems, such as policy, market, and technology,
as well as natural systems, such as terrain structure and location conditions, constitute
the main external factors affecting agricultural production space. Under the constraints of
objective external conditions, farmers comprehensively consider the situation of labor force
and production input, which together constitute the influence mechanism of the evolution
of agricultural production spatial pattern in the Yanhe River Basin. The research results
can be used to guide the production space layout and land development strategies in the
future agricultural production space planning of the Yanhe River Basin.

The evolution of the spatial pattern of agricultural production in the Yanhe River Basin
is affected by many complex factors, including the influence of different scale operators.
Hence, there are some limitations to this study. First of all, from the perspective of the
main body of scale management, further research [52] considering the migration of rural
populations, the support of external policy conditions, and the development of modern
technology will affect the evolution of the spatial pattern of agricultural production. In
future research, such changes in agricultural production space are not very active areas.
We should expand the research time, and more scientifically and comprehensively analyze
the evolution characteristics and influence mechanism of agricultural production space in
the Yanhe River Basin.
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