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Abstract

The quality of cultivated land has an important influence on agricultural
output, food security, sustainable development and the ability of using culti-

Science, 9, 243-254.
https://doi.org/10.4236/0jss.2019.912015

Received: November 1, 2019
Accepted: December 13, 2019
Published: December 16, 2019

Copyright © 2019 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).

vated land resources. As the trend of cultivated land quality is getting more
and more attention, in order to strengthen the management of cultivated land
quality, improve the precision of cultivated land quality and other achieve-
ments, and maintain the current situation of cultivated land quality and other
achievements. For this paper, taking A county of Guangxi Zhuang Auto-
nomous Region as an example, with the support of GIS, the paper studies the
grade and grade renewal of cultivated land by using the superposition me-
thod, studies the grade and grade change of regional cultivated land and its
spatial distribution, grasps the status quo change of cultivated land and the
grade and grade change of cultivated land caused by the quality construction

http://creativecommons.org/licenses/by/4.0/

of cultivated land in the year, and then provides scientific data for land use
plan, land consolidation and cultivates land protection.
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1. Introduction

The old proverb “the barn is solid and the world is safe” gives an image inter-
pretation to the value of grain. Grain, at all times, is the foundation of national
government and national security. Cultivated land is the key foundation and
guarantee of food production. The latter cannot exist independently of the for-
mer, and cultivated land is the “hotbed”. The premise and guarantee of human
survival lies in cultivated land. The sustainable development of our country de-

pends on the protection of cultivated land. Nowadays, the most critical research
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project is to explore measures to protect cultivated land and promote the com-
prehensive productivity of food, so as to fully guarantee the national food secu-
rity [1]. Therefore, the scientific evaluation of cultivated land quality is helpful to
optimize the allocation and sustainable utilization of land resources, maintain
the dynamic balance of total cultivated land, and realize the sustainable devel-
opment of China & APOS, economy and society to a certain extent. The conti-
nuous improvement of cultivated land quality level can greatly promote the land
management in China to change from quantitative type to qualitative type as
soon as possible, and realize the unity of ecological management and protection
as soon as possible, and in addition, in order to implement the farmland occupa-
tion compensation mechanism, achieve the goal of regional farmland occupation
compensation coordination, farmland transfer, farmland productivity evaluation

and basic farmland non-destructive to give strong guidance [2].

2. Regional Overview

County A is under the jurisdiction of Liuzhou City, which is located in the
southeast of Guangxi Zhuang Autonomous Region. In latitude and longitude, it
is in the range of 10850 E to 109°36 19 'E, 24°26 4 'N to 24°5017 'N. To the East
is Luzhai County, to the West are Luocheng county and Yishan county (now
Yizhou city), to the south are Liujiang county and Liuzhou City, and to the
north are Rongshui county and Rongan county. In terms of climate characteris-
tics, this area has subtropical monsoon climate, with sufficient illumination
throughout the year, suitable temperature in summer, low temperature in winter
and abundant water resources. Multi-year average temperature is 20.2°C, Janu-
ary is the coldest, monthly average temperature is 9.9°C; the monthly average
temperature of July is 28.5°C, the annual average number of days is 155.7 days,
and the annual average rainfall is 1340.2 mm. The rainy season is concentrated
in the main flood season of Liucheng County from May to July [3]. This is a
semi hilly area with low Karst mountains crisscrossing in the low hills and val-

leys.

3. Research Data and Methods

3.1. Data Source and Processing

3.1.1. Data Collation

The data used by the research institute is from the updated data of cultivated
land quality at county level in 2016, which is accepted and approved by the Min-
istry of land and resources. Data types include maps, reports, tables, and data-
bases. According to the collected data, according to the farmland grading system
of Guangxi, determine the designated crop light temperature/climate potential
index, farmland quality grading evaluation factor index, evaluation index weight,
yield ratio coefficient, land use coefficient and land economic coefficient of the

county where the project is located.
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3.1.2. Make and Update the Working Base Map of Evaluation

In order to facilitate the data analysis and result unification, this study first com-
pleted the SHP format transformation from land remediation project map to
ArcGIS with the help of ArcGIS 10.2 platform. ArcGIS is used to supplement
and modify errors and missing attributes during data format conversion. The
data coordinate system is unified, and the corresponding registration processing
is completed for the spatial position [4]. According to the evaluation of culti-
vated land quality, the corresponding base map can be made by two ways: su-
perposition and incremental data packet extraction. According to the collected
data, county A of Guangxi chooses to adopt the superposition method, use the
ArcGIS platform and use the superposition method to operate. First, sort out
and accept the 2016 project data: land consolidation project, farmland water
conservancy construction project, agricultural comprehensive development
project, and then put the area and area information of these projects into the
cultivated land quality construction layer. Then the overlay of the construction
layer to the land change survey type layer is carried out. Finally, the overlapping
cultivated land spots in the project area distribution of the same cultivated land
quality construction layer are extracted.

The base map is divided into two layers, one is the annual renewal evaluation
layer of cultivated land map spot; the other is the annual renewal evaluation
layer of sporadic cultivated land.

When acquiring the cultivated land map points within the high-quality con-
struction scope, the extraction steps are implemented for the overlapping culti-
vated land map points. The principle is that when some map points fall within
the cultivated land quality construction project area and some fall outside the
cultivated land quality construction project area, the whole map points are taken
as the partial implementation extraction of the annual update benchmark map.
Add/reduce cultivated land patches and high-quality construction cultivated
land patches into the base map of annual renewal evaluation [5]. To complete
the combination of the above plaques, two identical map points can be seen in
the same part. These two points are quality construction points, new map points
and reduced map points at the same time. Then, the map points of cultivated
land quality construction are removed and marked as reduced/new map

points.

3.1.3. Generate Annual Update Data Package of Cultivated Land Quality

The evaluation results of the annual renewal of the relevant cultivated map spots
are sorted out, and the corresponding “submission requirements” of the results
are used as a reference to generate the corresponding annual renewal data pack-
age. The layer of cultivated land (including scattered cultivated land) in the land
use database, the county level/scattered classification unit in the previous year &
apos; s level database, and the updated data package compiled in this year are
superposed, so as to complete the construction of the annual level database of

cultivated land quality.
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3.2. Grade Determination and Conversion

In view of the cultivated land quality and other achievements in this area, Gua-
ngxi Zhuang Autonomous Region has issued the corresponding “supplementary
and perfect work implementation plan”. Under the guidance of this plan, around
the quality evaluation work of new cultivated land and quality construction cul-
tivated land, we first extract the map spots of these two types of cultivated land,
and then obtain the relevant attribute data through the project data and field
supplementary survey, and then use the above-mentioned data to under the
guidance of the regulations of farmland quality classification [6] mentioned
above, the quality of the above two types of cultivated land is evaluated. Based on
the cultivated land layers of land remediation project, annual land use adjust-
ment map, farmland water conservancy construction and agricultural compre-
hensive development, the field investigation is carried out on the information of
relevant factors of each quality construction and new cultivated map spots, such
factors include soil thickness, soil erosion status, surface soil texture, soil salini-
zation status, distance between barrier layer and surface, drainage Water condi-
tion, soil nutrient condition, irrigation water quality, soil organic matter level,
irrigation assurance rate, soil pH, etc., and then quantize the data of grading
factors [7] [8] [9].

According to the regulations of classification of agricultural land quality
(GB/T28407-2012) [6], the index and classification parameter system of culti-
vated land quality are updated, the index of natural quality, the index of utiliza-
tion at the autonomous region level and the index of economy at the autonom-
ous region level are calculated [10] [11]. Then, the classification of cultivated
land quality at the autonomous region level is divided according to the index of
nature, the index of utilization, the index of economy, the index of utilization,
and so on. Among them, the first grade has the worst quality. Finally, the evalua-
tion results of cultivated land quality in the autonomous region are converted
into national cultivated land quality.

a) The rules for the conversion of autonomous district-level indices to nation-
al-level indices are as follows:

National Natural Quality Index = Autonomous Natural Quality Index X
1.0188 + 695.08

National utilization index = autonomous utilization index x 0.5776 + 616.86

National economic equality index = autonomous district economic equality
index x 0.6558 + 696.6

b) The new national grade of cultivated land is divided according to the new
national grade of cultivated land by equal distance method [6] according to the
new national grade of cultivated land. The distance between the national grade
of cultivated land is 400, 0 - 400 is 15, 400 - 800 is 14, etc. = 5600 is 1; the dis-
tance between national utilization class and economic class is 200, 0 - 200 is 15,
200 - 400 is 14, etc. 2800 - 3000 is 1 grade (best quality).
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4. Evaluation Results of Cultivated Land Quality in a County
of Guangxi

4.1. General Situation of Cultivated Land Quality

4.1.1. Grade Results of Cultivated Land Quality in a County, Guangxi

According to the summary of 2016 evaluation results of cultivated land quality
level in county A of Guangxi, it can be seen from Table 1 and Figure 1 that the
area of national natural quality grade higher land in county A of Guangxi is
24,297.71 hectares, accounting for 31.33% of the total cultivated land in the
whole county, 53,245.68 hectares of medium land, 68.67% of the total cultivated
land in the whole county, 24,323.28 hectares of national grade higher land,
31.37% of the total cultivated land in the whole county, 53,220.11 hectares of
medium land, 68.63% of the total cultivated land in the whole county, 192.31
hectares of national economic grade land, 0.25% of the total cultivated land in
the whole county, 43,764.92 hectares of high land, 56.44% of the total cultivated
land in the whole county, and 33,586.15 hectares of medium land 43.31% of the
total cultivated land. Figure 1 shows the distribution of natural quality, utiliza-

tion and economy at the national level.

4.1.2. Distribution Characteristics and Law of National Natural Quality of
Cultivated Land in a County of Guangxi

Based on the updated database of cultivated land quality in the region and gene-
rating Figure 2, the national natural quality of cultivated land in county A of
Guangxi is distributed between 5 and 11 grades according to the statistics of the

natural quality of each township. Among them, 11 grades correspond to the

Table 1. Summary of cultivated land quality assessment results in county A of Guangxi.

Area: Ha

National natural
National utilization grade National economy grade

quality grade
category
The measure The measure The measure
Percentage Percentage Percentage
of area of area of area
4 etc. 0.00 0% 0.00 0% 192.31 0.25%
Classy 0.00 0% 0.00 0% 192.31 0.25%
5 etc. 2232.30 2.88% 1131.07 1.46% 1958.97 2.53%
6 etc. 17,710.42 22.84% 12,489.56 16.11% 4780.90 6.17%
7 etc. 4354.99 5.62% 9948.28 12.83% 11,920.32 15.37%
8 etc. 0.00 0% 754.37 0.97% 25,104.74 32.38%
Higher
& 24,297.71 31.33% 24323.28 31.37% 43764.92 56.44%
ground
9 etc. 8896.26 11.47% 33,141.81 42.74% 23,410.60 30.19%
10 etc. 42,755.06 55.14% 20,078.30 25.89% 10,175.55 13.12%
11 etc. 1594.36 2.06% 0.00 0% 0.00 0%

Moderately  53,245.68 68.67% 53,220.11 68.63% 33,586.15 43.31%

Total 77,543.39 100% 77,543.39 100% 77,543.39 100%
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Figure 1. Distribution of cultivated land quality in a county, Guangxi.
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Figure 2. Distribution characteristics and rules of national natural quality of cultivated
land in a county, Guangxi.

lowest natural quality grade, which covers an area of 1594.36 hectares, account-
ing for 2.06% of the total cultivated land in the whole county. They are distri-
buted in Guzhai Township, Taiping Town and Zhailong town the highest natu-
ral quality grade is 5, covering an area of 2232.30 hectares, accounting for 2.88%
of the total cultivated land area of the county, mainly distributed in Guzhai
Township, Dongquan town and Taiping town; the natural quality grade 6 and
grade 10 cultivated land are most distributed, covering an area of 60,465.48 hec-
tares, accounting for 77.98% of the total cultivated land area of the county,

mainly including Taiping Town, Guzhai Township and Dapu town.

4.1.3. The Distribution Characteristics and Law of Cultivated Land at
National Level in a County of Guangxi

According to the updated cultivated land quality database of this region, Figure
3 is generated, and the national land use grade divided by township is counted,
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Figure 3. Distribution characteristics and rules of cultivated land at national level in A
county, Guangxi.

the national utilization grades of cultivated land in county A of Guangxi are dis-
tributed between 5 and 10, among which the lowest utilization grade is 10, cov-
ering an area of 20,078.30 hectares, accounting for 25.89% of the total cultivated
land area in the whole county, mainly distributed in Fengshan Town, Zhailong
town and Taiping town; the highest utilization grade is 5Etc., covering an area of
1131.07 hectares, accounting for 1.46% of the total cultivated land area of the
county. The areas involved are mainly Shapu Town, Liutang town and Mashan
township. The cultivated land of grade 9 and grade 10 is the most widely used,
covering an area of 53,220.11 hectares, accounting for 68.63% of the total culti-
vated land area of the county, mainly distributed in Dapu Town, Dongquan

town and Taiping town.

4.1.4. The Distribution Characteristics and Law of the National Economy
of Cultivated Land in a County of Guangxi

According to the updated database of cultivated land quality in this region, Fig-
ure 4 is generated and the statistical data of township national economy is ob-
tained, it can be seen that the national economy of cultivated land in county A of
Guangxi is distributed between 4 and 10, among which the lowest economy is
10, covering an area of 10,175.55 hectares, accounting for 13.12% of the total
cultivated land area in the whole county, and the involved areas are mainly
Fengshan Town, Dongquan town and Chongmai town; the highest one is Feng-
shan Town, Dongquan town and Chongmai town The economic grade is 4, cov-
ering an area of 192.31 hectares, accounting for 0.25% of the total arable land
area of the county, which is all distributed in Shapu town; the economic grade 8
and 9 are the most distributed, covering an area of 48,515.34 hectares, account-
ing for 62.57% of the total arable land area of the county, and the areas involved

are mainly Taiping Town, Dongquan town and Dapu town.
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Figure 4. Distribution characteristics and rules of national economic grade of cultivated
land in A county, Guangxi.

4.2. Analysis on the Change of Cultivated Land Quality in a County
of Guangxi

4.2.1. Analysis of New Cultivated Land in a County of Guangxi

According to the change data of land use status in 2016, there was no new culti-

vated land in county A of Guangxi.

4.2.2. Quality Grade of Cultivated Land Reduction in a County, Guangxi

According to Table 2, in 2016, the area of cultivated land was reduced by 41.80
hectares in County A of Guangxi, in which 36.60 hectares of dry land, 4.84 hec-
tares of paddy land and 0.36 hectares of watered land were occupied, the cor-
responding proportion was 87.56%, 11.59% and 0.86% respectively. The main
reasons for the decrease of cultivated land in County A of Guangxi are highway
land, hydraulic construction land, facilities agricultural land, town, village, scen-
ic spot and special land occupation. 0.03 hectares (0.1%) of cultivated land was
reduced due to hydraulic construction land; 2.18 hectares, or 5.2 per cent, of
farmland reduced due to agricultural facilities; The cultivated land reduced by
the towns was 22.77 hectares, or 54.5 per cent; 0.92 hectares, or 2.2 per cent, of
cultivated land reduced due to villages; 11.25 hectares (26.9 per cent) of culti-
vated land was reduced due to scenic spots and special land. The cultivated land
was reduced in all villages and towns, which was most distributed in Tai Po
Town and Feng Shan Town, with an area of 30.74 hectares (73 hectares), 53 per

cent.

4.2.3. Quality Construction of Cultivated Land in a County of Guangxi
In 2016, 16 high standard basic agricultural projects were completed and ac-
cepted, including “land renovation project of high quality and high yield sugar

cane base in Gongshantun, Zhitong village, Chongmai Town, Liucheng county”,
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Table 2. Annual renewal of cultivated land quality and reduction of cultivated land flow
in county A of Guangxi.

Area: Ha
Current Highwa Land for Facility organic Scenic spots
situation class ghway hydraulic  agricultural & Village and special Total
an .
Autochthonous construction land land

dry land 3.71 0.03 1.60 20.49 .68 10.10 36.60

Irrigated land - - 0.36 - - - 0.36

paddy field 0.94 - 0.23 2.29 0.24 1.15 4.84
Total 4.65 0.03 2.18 22.77 0.92 11.25 41.80

“land renovation project of high quality and high yield sugar cane demonstra-
tion base in Sifatun, Sixiang village, Guzhai Township, Liucheng county (2014)”,
with a construction scale of about 909.46 hectares.

There are 909.46 hectares of cultivated land affected by the implementation of
the project, including 267.77 hectares of paddy field, accounting for 29.44%, and
641.69 hectares of dry land, accounting for 70.56%. The cultivated land is mainly
distributed in Shechong Township and Shapu town. Before the implementation
of the project, the national natural quality of cultivated land is distributed in
Grade 6, Grade 7, grade 9, grade 10 and grade 11. After the implementation of
the project, the average grade of cultivated land in this area is 8.77, 0.1 higher
than that before the construction. The national level utilization of cultivated land
involved in the project is distributed in Grade 5, grade 6, Grade 7, Grade 8, grade
9 and grade 10. After the implementation of the project, the average national
level utilization of cultivated land is 8.51, 0.06 higher than before the construc-
tion. The national economy of the cultivated land related to the project is con-
centrated in the range of grade 5 to grade 10, and the project is to be imple-
mented. The average value of these categories is 8.43, which is 0.14 higher than

that before the construction.

5. Discussion

1) The significance of the study on the quality of cultivated land is significant
[12] [13] [14]. This work plays a key role in both the quality and quantity of cul-
tivated land, management and ecology; it can be used as a key guide for the
permanent demarcation of basic farmland. Based on the basic farmland and
other data, the responsibility of basic farmland protection is implemented, and
the construction of basic farmland protection data base is completed [15]; it can
be applied to the implementation and management of the overall land use plan-
ning, land development and reclamation, agricultural land productivity ac-
counting and assessment of cultivated land protection responsibility objectives
[16]. At the same time, the results of cultivated land quality updating can pro-
vide basic data support for the determination of cultivated land quality in the de-
limitation of basic farmland.

2) In 2016, there was no new cultivated land in county A of Guangxi, but there
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was a decrease in cultivated land. The main reason for the decrease in cultivated
land was the construction occupation of urban, village, highway and facility
agricultural land, of which urban occupation was the most. There are 909.46
hectares of cultivated land affected by the implementation of the project. After
the implementation of the project, in addition to improving the national natural
quality of cultivated land, the national utilization and national economy have
also been improved to a certain extent.

3) Cultivated land in county A of Guangxi is mainly medium-sized land.
Therefore, it is necessary to increase investment in land remediation, effectively
implement relevant protection and quality construction work for new cultivated
land, and significantly improve investment. We will focus on optimizing the
field infrastructure and enhancing the basic land capacity, and enhance the in-
vestment and construction of the field infrastructure, comprehensively streng-
then the quality construction of new cultivated land and the implementation of
scientific fertilization, vigorously promote the production and application of or-
ganic fertilizer, straw recycling, green manure planting projects, and promote
the overall improvement of the quality level of cultivated land [17] [18].

4) Relying on the ArcGIS platform, using the superposition method in the
process of farmland quality evaluation, for data collection and editing, as well as
the establishment of database and output of results, compared with the previous
manual operation method, the workload is greatly reduced, the work efficiency
is improved [19], and the results are more accurate.

5) Focusing on the cultivated land quality in 2016, this study focuses on the
corresponding update and evaluation work with the help of ArcGIS. Based on
the relevant data in 2015, through the superposition method and referring to the
previous practice of agricultural land classification, with the help of GIS spatial
analysis method, the data extraction and attribute assignment of new cultivated
land, reduced cultivated land and quality construction cultivated land are com-
pleted, and the number of updates is calculated. According to the cultivated land
map spots in the package, the cultivated land quality grade evaluation is carried
out, which provides the basis for the later work of this update evaluation, and
implements a more in-depth and comprehensive update of the cultivated land
quality grade. In view of this update result, the corresponding evaluation data-
base construction and other projects in 2016 are completed [20].

6) The evaluation of cultivated land quality in county A of Guangxi is a com-
prehensive evaluation based on the local cultivated land soil texture, cultivated
soil layer thickness and other influencing factors, which accurately and objec-
tively reflects the specific utilization status of cultivated land in this area, pro-
vides guidance for the optimization of the layout structure of this area, the im-
provement of cultivated land occupation and compensation balance measures,
and provides guidance for land use planning and project scheme design. It pro-
vides basic data, and also lays a solid foundation for the next round of farmland

quality evaluation [21] [22].
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