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Abstract: Land suitability evaluation is the basis for optimizing and adjusting regional land use
structure and layout, making scientific decisions, and planning, according to local conditions. It
is also the basis for developing local characteristic poverty alleviation industries, and achieving
sustainable development according to local conditions. However, existing research on the evaluation
of land suitability rarely results in scientifically selecting the land resource area of a single crop,
based on the principle of “suitable planting in the right place” and “suitable growth in the right
place”; additionally, it does not conduct the land suitability evaluation of a single crop from the
perspective of the sustainable development of the characteristic poverty alleviation industry. As the
evaluation scope, this paper takes the dry and hot valley area of the Jinsha River, in Luquan County,
Yunnan Province, as an example, selects eight evaluation factors, and organically combines the “limit
condition method” and the “suitability index method”, determining 27,877.59 hectares of irrigated
land, dry land, and other grasslands, below 1800 m above sea level in Luquan County in the Jinsha
River basin. According to the principles of “suitable planting in the right place” and “suitable growth
in the right place”, the suitability of sorghum planting land was evaluated. The evaluation results
show that: the land area suitable for planting sorghum is 24,227.61 hectares, accounting for 86.91%.
The area of land unsuitable for planting is 3649.98 hectares, and the area with a gradient over 25°, and
obvious water and soil loss, accounts for 51.68% of the area of land being unsuitable for planting. The
area of land unsuitable for planting is 48.32%, due to the restriction of soil thickness, soil texture, and
bare rock, etc. The land that is not suitable for planting sorghum needs to be included in the scope of
ecological protection. Compared with the 1200 hectares that have been developed and planted at
present, there are still sufficient land resources suitable for planting sorghum. However, the area and
proportion of land suitable for planting sorghum in different townships are quite different, so it is
necessary to make a reasonable layout of the land suitable for planting sorghum according to local
conditions. Among the land suitable for sorghum planting in the county, the proportion of the first,
second, and third grade land suitable for sorghum planting is about 14:35:51. This shows that the
area of first-class land suitable for planting is relatively small. This is because the terrain of the Jinsha
River basin is characterized by: high mountains, steep slopes, deep valleys, little flat land, mainly
mountains, shallow soil layers on slopes, and has poor texture. Therefore, there are many third-class
suitable lands for planting with poor quality, and many reconstruction measures need to be taken to
improve the quality of land suitable for planting.

Keywords: land suitability evaluation; characteristic poverty alleviation industry development;
sorghum planting; Jinsha River dry hot valley area; Luquan County

Agriculture 2022, 12, 1852. https:/ /doi.org/10.3390/agriculture12111852

https://www.mdpi.com/journal/agriculture


https://doi.org/10.3390/agriculture12111852
https://doi.org/10.3390/agriculture12111852
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/agriculture
https://www.mdpi.com
https://orcid.org/0000-0003-3929-9970
https://doi.org/10.3390/agriculture12111852
https://www.mdpi.com/journal/agriculture
https://www.mdpi.com/article/10.3390/agriculture12111852?type=check_update&version=3

Agriculture 2022, 12, 1852

2 0f23

1. Introduction

Poverty is an extremely serious challenge in the world, and eliminating (or reducing)
poverty is a fundamental requirement of human social development. In September 2015,
the Sustainable Development Summit, held by the United Nations, adopted Transforming
Our World: the 2030 Agenda for Sustainable Development, which sets the 2030 Sustainable
Development Goals (SDGS) and proposes to “eliminate poverty in all forms and dimen-
sions” in all parts of the world, by 2030 [1]. China’s poverty alleviation practice in recent
years shows that developing characteristic industries in line with local conditions is the
fundamental way to eliminate poverty in rural areas. In China’s rural revitalization strategy,
industrial prosperity is the primary requirement for rural revitalization [2] and the material
basis for rural revitalization. The development of characteristic industries depends on the
rational development and utilization of land, and land suitability evaluation can provide
a basis for the rational use of land and the realization of the characteristic development
and utilization of land resources. The characteristic development and utilization of land
resources has showed significance in the poverty alleviation of China’s poor counties and
poor people [3] (Yang Zisheng, 2018), and will also play a significant role in promoting
the consolidation of poverty alleviation achievements and the rural revitalization strategy
being implemented in China.

Land suitability evaluation is a scientific judgment on the suitability and suitability
degree of land system use (such as the development of agriculture, forestry, animal hus-
bandry, and fishery) [4]. In the past 10 years, due to the needs of the development of local
characteristic crop industries, the land suitability evaluation of single crop planting has
been continuously expanded. The variety of crops involved has also been increasing, and
research results have continued to emerge, such as the land evaluation of: the suitability
of vegetables [5-8], flue-cured tobacco [9-12], castanea mollissima [13], green agricultural
product base [14], oil-tea camellia [15], jasmine [16,17], soy [18], cotton [19], wheat and bar-
ley [20], rubber [21], tea [22], sugarcane [23], momordica grosvenorii [24], cuilan [25], sisal
hemp [26], kiwifruit [27], green pepper [28] and citrus [29]. They have further enriched and
developed the theory and practice of land suitability evaluation for single crop planting,
and promoted the development of agricultural characteristic industries.

However, in general, there are not many research results on the land suitability eval-
uation of individual crops, especially for the characteristic individual land suitability
evaluation of promoting poverty alleviation in the poor mountainous areas/rural revital-
ization of characteristic industries. It can be found from current literature that the existing
research results rarely scientifically select the land resource areas of individual crops, based
on the land suitability evaluation principles of “suitable planting in the right place” and
“suitable growth in the right place”. Additionally, they do not organically link the land
suitability evaluation of individual crops with the development of poverty alleviation in-
dustries with rural characteristics, so as to promote the increase of production and income
of farmers. The land suitability of individual crops was evaluated from the perspective of
developing characteristic poverty alleviation industries.

There were many poverty counties in the Jinsha River dry and hot valley area, located
in the upper reaches of the Yangtze River, in China [30]. In terms of climate conditions,
the temperature difference in the dry and hot valley area of Jinsha River is small in four
seasons, with annual rainfall of 850~1200 mm; however, the dry and wet seasons are
distinct, belonging to the subtropical monsoon climate, which is suitable for planting
sorghum and other crops. Sorghum likes temperature and light. The suitable temperature
for the whole growth period is 20~30 °C [31], which is mainly distributed in areas with
higher temperature and lower latitude. In addition to its edible function, sorghum rice
can also be used for brewing liquor, and making sugar, etc. [32]. In order to win the battle
against poverty, since 2017, and in accordance with the general requirements of “a batch
of industrial development to alleviate poverty”, Luquan County has taken the planting
of sorghum crops as an important industry to reduce poverty and has introduced new
sorghum varieties, Hongyingzi No. 1, Hongmaonuo No. 2, and Jinliangnuo No. 1 in the
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dry hot valley. It has also tried to introduce the “Langzhitang” liquor industry to settle in
Luquan, in the form of “enterprise + government + cooperatives + poverty households” to
develop large-scale industrialized and characteristic sorghum planting. Based on many
surveys with rural cadres, it can be found that the practice of leading the sorghum planting
industry to alleviate poverty in the dry and hot valley of the Jinsha River, in Luquan
County, has achieved remarkable results [31]. However, how to scientifically select the
land resource area suitable for sorghum planting, according to the land suitability principle
of “suitable planting in the right place” and “suitable growth in the right place”, and
how to scientifically deploy, arrange, and plan the land for sorghum planting, are topics
that need to be studied in depth. For this reason, while drawing on previous research
results, and aiming at the shortage of existing literature, this paper takes the dry and
hot valley area of the Jinsha River in Luquan County as an example to organically link
the evaluation of land suitability of individual crops, with the development of poverty
alleviation industries with rural characteristics, thus promoting the increase in production
and income of farmers. According to the land suitability evaluation principles of “suitable
planting in the right place” and “suitable growth in the right place”, this paper evaluates
the land suitability of sorghum planting. On the one hand, this study provides the basis and
technical support for Luquan County and other similar poverty relief counties in the Jinsha
River dry and hot valley area to carry out rational development, planning, decision-making,
and management of sorghum planting industry. On the other hand, the study will explore
a scientific, practical, and easy to popularize evaluation principle and method system of
land suitability for planting characteristic crops in poor mountainous areas, and further
enrich and develop the theory and method system of single land suitability evaluation.

2. Materials and Methods
2.1. Overview of the Study Area

Luquan County is one of the counties under the jurisdiction of Kunming, Yunnan
Province, connected with Dongchuan District and Xundian County, in the northwest of
Dongchuan District, and in the west of Xundian County. It borders Fumin County in the
south and is adjacent to Wuding County of Chuxiong Prefecture in the west. The north
is only separated from Huili and Huidong in Sichuan by the “Jinsha River” (Figure 1).
Luquan County covers an area of 4233.91 km? and has jurisdiction over 16 streets and
towns, namely: Pingshan Street, Cuihua Town, Jiulong Town, Zhuanlong Town, Wumeng
Township, Zhongping Town, Xueshan Township, Tuanjie Town, Sayingpan Town, Zehei
Township, Maoshan Town, Yunlong Township, Jiaopingdu Town, Malutang Township,
Wudongde Town, and Tanglang Township.

Luquan County has more mountains and less flat land. The altitude difference among
regions is large, showing very obvious three-dimensional climate characteristics. Accord-
ing to the second land survey of Yunnan Province [33], the whole area of the county is
423,000 hm?2, while the dam area is 12,000 hm?, accounting for only 2.8%. The mountainous
area is about 411,000 hm?, accounting for more than 97%. The statistical results of the
Luquan Digital Elevation Map show that the land area < 6° only accounts for 5.39%, while
the land area of 6°~15°, 15°~25°, 25°~35°, and >=35°, respectively, accounts for 22.62%,
33.83%, 23.30%, and 14.86%. That is to say, the land area over 15° accounts for 72.0% of
the whole area, and the land area above the critical slope of 25° accounts for 38.2%. High
altitude and steep slope are its obvious characteristics.

Luquan County has a large difference in elevation among different regions, with
typical characteristics such as steep slopes and many mountains. This paper applies
the Luquan Digital Elevation Map to make statistics of relevant results, and conducts
altitude stratification according to <1500 m, 1500~1800 m, 1800~2100 m, 2100~2400 m, and
>= 2400 m. The land < 1500 m accounts for 7.47%, 1500~1800 m for 9.39%, 1800~2100 m for
22.16%, 2100~2400 m for 32.66%, and >= 2400 m for 28.31%.
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Figure 1. Geographical location of Luquan County.

The results of the second soil survey in Luquan County show that the soil in the
county is mainly red soil, purple soil, and yellow brown soil [34]. Due to the large altitude
difference in the territory, the vertical distribution of soil is very prominent, and its types
are regularly distributed with the elevation.

2.2. Evaluation Index System

Based on the basic concept of land and the land attributes or land property factors
representing land quality, the commonly used evaluation indicators in past agricultural
land suitability evaluation mainly include soil, ecology, landform, slope, vegetation, and
the climate of the region. The scope of assessment determined in this study is the existing
irrigated land, dry land, and other grasslands below 1800 m above sea level in the Jinsha
River basin of Luquan County, excluding forest land, paddy field, garden plot, other
agricultural land, various construction land, waters, and bare land. The evaluation area is
27,877.59 hectares. Since the evaluation unit used is the land plot of the county level land
use change survey, that is, the “current land use map spot” in the 1:10,000 current land use
map in Luquan County, the need for evaluation and the availability of basic data related
to the evaluation unit need to be fully considered in the selection of evaluation indicators.
After investigation and analysis, among many factors affecting the suitability of sorghum
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planting land, some are rigid, such as low temperature, and steep slope, etc. The other
part is the basic factors affecting sorghum planting, such as hydrology, and soil texture, etc.
There are also some factors that belong to dual factors, such as terrain slope. Generally
speaking, the gradient can be 25° as the critical point. If the gradient exceeds 25°, it indicates
that the gradient is too steep. 25° is the upper limit of reclamation forbidden slope specified
in the Law of the People’s Republic of China on Water and Soil Conservation [35]. For
cultivated crops, including sorghum, when the slope reaches 25°, the instability of various
objects on the slope is very high. Especially in the rainy season (even heavy rain and
rainstorm), objects on the slope, under the combined effect of their sliding potential energy,
raindrop kinetic energy, runoff scouring force, and other forces, usually have a great danger
of sliding down, often causing serious water and soil loss. This will cause serious damage
to the ecological environment in mountainous areas. Therefore, the land is considered
unsuitable for planting crops and is classified as “unsuitable” (i.e., the method of “one vote
veto” is adopted). If the gradient is within 25°, the land suitability can be comprehensively
evaluated as a participating factor, together with other participating factors. Therefore, it
is necessary to combine some special factors with other basic elements in the suitability
evaluation of sorghum planting land, so as to build a scientific and reasonable indicator
evaluation system. At the same time, the method of “one vote veto” is adopted for these
special factors (such as slope), so as to finally ensure the scientificity and rationality of
the suitability evaluation results. According to the investigation and analysis, and in
accordance with the characteristics of sorghum planting, this study takes into account the
availability, scientificity and rationality of the data, the terrain slope, elevation (thermal
conditions), soil layer thickness, soil texture, the degree of water source assurance, drainage
conditions, bare rock ratio, and average unit yield in recent three years, and they are used
as the evaluation factors for suitability evaluation. An index system for the suitability
evaluation of sorghum planting land is constructed (Table 1).

Table 1. Evaluation factors and grading indexes of land suitability evaluation of sorghum planting.

Evaluation Factors

Suitability Classification Index

Recent 3 Years (kg/hm?)

High-Suitable Moderate-Suitable Low-Suitable Unsuitable
Topographic Slope (°) <6° 6°~15° 15°~25° >25°
Altitude (m) <1500 1500~1700 1700~1800 >1800
Soil Thickness (cm) >80 50~80 20~50 <20
. Clay, Sandy Loam, Heavy Clay and .
Soil Texture Loam Sandy Soil Gravelly Soil Gravelly Soil
Assurance Degree of Water Meet Growth Basically Meet Growth Difficult to Meet Severe Drought and
Source Requirements Requirements Growth Requirements Water Shortage
. i . Occasionally Ponding Seasonal Ponding or Long Term Ponding
Drainage Conditions No Ponding or Flooding Flooding or Flooding
Bare Rock Rate (%) None or Occasional <20 20~50 >50
Bare Rock
Average unit Qutput in >7500 4500~7500 1500~4500 <1500

Note: For terraces with high total output, the suitability classification index can be upgraded by one level as
appropriate.

In this paper, various evaluation indicators are divided into four grades, which are
high, medium, low appropriate, and inappropriate (Table 1). For example, for the slope,
the reference values corresponding to the above four grades are, respectively: less than 6°,
6°~15° (including 6° but excluding 15°), 15°~25° (including 15° but excluding 25°), and
greater than or equal to 25°.
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It should be pointed that environmental factors, such as biodiversity protection, natural
capital protection, and carbon sequestration, are also important. However, since the
assessment unit is the land plot for land use change survey at the county level, the basic
data and data required are still difficult to obtain, so this paper will temporarily not consider
them. In addition, this paper does not include vegetation mapping (e.g., forests, shrubs,
and grasslands), because the evaluation scope selected in this paper is the existing irrigated
land, dry land, and other grasslands below 1800 m above sea level, excluding forest land,
paddy field, garden land, and grassland. This is due to the following considerations:
newly reclaimed land suitable for planting sorghum cannot compete with forest land and
grassland. That is to say, the existing forest land and grassland need to be kept for their
functions, which is also the basic requirement of land use regulation in China. If a large
amount of forest land and grassland are reclaimed as sorghum planting land, the ecological
environment will be degraded or even seriously deteriorated.

2.3. Evaluation System

A reasonable and scientific system is the key to evaluate land suitability. Based on
FAO [36] and the land resource suitability evaluation system [37] of China’s 1:1,000,000
land resource map, this paper divides the land suitability evaluation system for sorghum
planting into three levels, namely: suitability program, suitability class, and restricted type,
according to the actual needs of carrying out sorghum planting land suitability evaluation.

1.  Suitable class.

The suitability index can indicate the suitability type of sorghum planting land and
whether the land is suitable for sorghum planting. It can be divided into “suitable”
and “unsuitable”.

(1) Suitability (S): This means that continuous sorghum planting on the land will not
only not cause damage to the land itself, but will also produce significant development
and utilization benefits. The land assessed as “suitable for planting sorghum” belongs to
“suitable for planting sorghum”.

(2) Unsuitable (N): This means that the land cannot be used for “sorghum planting”.
The main reasons for unsuitability are: () The natural conditions of the land are bad, such
as steep terrain, high altitude, or thin soil layer, which strongly limits the possibility of
sorghum planting. @) The development of land as sorghum planting land may lead to some
troubles, such as obvious ecological environment damage and soil degradation. Q) The
land conditions are poor in all aspects, so that the input is more and the income is less,
even the income is far less than the input. The land assessed as “unsuitable” belongs to
“unsuitable sorghum land”.

2. Suitability level

It is within the scope of “suitability program”, reflecting the suitability of the land
for the use of “sorghum planting”. The classification of suitable levels can be divided into
three levels by referring to the existing common practices at home and abroad, namely:

(1) Highly suitable grade (first-class suitable land for planting) (S1): the land can be
continuously used for “sorghum planting”. There are no obvious restrictions or only small
restrictions on the way to use it, which will not significantly affect the development and
utilization benefits, nor the need to increase investment beyond an affordable level.

(2) Moderate suitability level (second-class suitable land for planting) (52): the land
can be continuously used for “sorghum planting” and is subject to moderate restrictions, so
the development and utilization benefits are reduced, and the suitability level is “medium”
or “moderate”. Such land can only be developed as “sorghum planting land” after certain
transformation and improvement, or it needs to be properly protected and managed to
prevent land degradation.

(3) Low suitability grade (third-grade suitable land for planting) (S3): land that can be
continuously used for “sorghum planting” and is severely restricted, so the development
and utilization benefits are significantly reduced, and the suitability degree is “low”. Such
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land can only be developed into “sorghum planting land” after major transformation
and remediation measures are taken, or strict protection and management measures are
required, otherwise, land degradation is very likely to occur.

3.  Restricted

“Restricted” is within the category of “suitable level”, which is mainly classified
according to the strength of its restrictions and the difference of factors. For the same
restricted type, the transformation measures and restrictive factors are generally the same.
Within the same “level”, there is no essential difference between the “restricted types”. On
this basis, the difficulty, direction, and measures of land transformation can be clarified. In
general, the limiting factors are relatively stable in the long run, and some volatile factors
can be ignored.

As far as the suitability evaluation of sorghum planting land is concerned, the limita-
tion types are mainly divided into: terrain slope limitation, altitude (heat) limitation, soil
layer thickness limitation, soil quality limitation, water source assurance degree limitation,
drainage condition limitation, bare rock limitation, water supply and drainage condition
limitation, and unit yield limitation, etc. Each limiting factor can be divided into several
levels, and the indicators should be able to meet the classification of sorghum planting
suitability as the basic criterion.

2.4. Evaluation Method and Model Construction

In view of the vulnerability of the ecological environment in the Jinsha River basin and
the sustainability of regional industrial development, this paper fully combines the “limit
condition method” and the “suitability index method” to calculate and evaluate whether
each plot is suitable for sorghum planting and the degree of suitability, according to which
the above four evaluation grades are divided. The technical steps of evaluation include:

1.  The “limit condition method” was used to determine the suitability and unsuitability
of each evaluation unit for sorghum planting. The above three special factors are
mainly considered. It is stipulated that any plot with a slope of 25° or more, or located
at an altitude of more than 1800 m and a soil layer thickness of less than 20 cm, shall
be regarded as unsuitable for sorghum planting. On the contrary, it is considered as
suitable sorghum land.

2. Combined with “limit condition method” and “suitability index method” as the main
body, determine the appropriate grade of sorghum suitable for planting. First, the first-
grade sorghum suitable land was determined by using the limit condition method.
With reference to the research methods of various scholars, as long as the slope is
lower than 6°, the natural conditions in all aspects are relatively good in the “sorghum
suitable land”, which is determined as the first-class sorghum suitable land in this
paper. Second, the second and third-grade sorghum suitable fields were determined
by using the method of suitability index. The specific steps are:

D Determine the single evaluation factor index. In this paper, the definition
domain of each single evaluation factor index is determined at [0, 100]. Because
it is difficult to quantify each non quantitative assessment factor accurately, this
paper assigns the values of 85, 65, and 45, respectively, according to the high,
medium, and low land suitability grades corresponding to each assessment
factor (Table 2).

@ Calculate and establish the comprehensive suitability index of sorghum plant-
ing. Referring to previous research methods, this paper proposes a comprehen-
sive evaluation index (comprehensive suitability index of sorghum planting
land) to characterize the suitability of sorghum planting. The purpose is to eval-
uate the suitability of sorghum planting land more scientifically and reasonably.
The calculation method is as follows:

wl-h + w2'l2 + Z{J3-I3 + ZU4'I4 + ZU5'I5 + w6-16 + ZU7'I7 + ZUg'Ig (1)
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In the above formula, I3, I,..., Is represent the evaluation index values of 8
factors evaluating the suitability of sorghum planting land. wy, w»,..., wg represent
the weight values of I3, I,..., Is. The higher the comprehensive suitability index of
sorghum planting land, the more suitable the land is for sorghum planting.

Generally, each indicator has a different impact on the overall, so the weight of
each indicator should be determined when making a comprehensive evaluation of
the overall. This paper uses the Delphi method to calculate the weight, and organizes
15 experts from various industries to score the weight of the eight evaluation factors
in Table 1, and obtains the weight value (Table 3).

©) Determine the comprehensive suitability level. This paper determines the
weight according to the Delphi method, calculates the value of the final com-
prehensive suitability index of sorghum planting using GIS, and divides the
comprehensive suitability grade of each sorghum planting evaluation spot. In
this paper, the criteria for the classification of the three grades of suitable land
for sorghum planting are established (Table 4).

Table 2. Values of single factor index.

Suitability Grade High-Suitable Moderate-Suitable Low-Suitable
Value range 100~80 80~60 60~40
Specific value 85 65 45

Table 3. Factors and weights for evaluating the land suitability of sorghum planting.

Evaluation Factors Weights
1.  Topographic Slope (°) 0.20
2. Altitude (m) 0.18
3. Soil Thickness (cm) 0.16
4. Soil Texture 0.08
5. Assurance Degree of Water Source 0.10
6.  Drainage Conditions 0.08
7. Bare Rock Rate (%) 0.10
8.  Average unit Output in Recent 3 Years (kg/hm?) 0.10
Total 1.00

Table 4. Classification index of comprehensive suitable grade of sorghum planting land.

Suitability Grade High-Suitable = Moderate-Suitable = Low-Suitable

Comprehensive Suitability Index of

Sorghum Planting Land =80 75-80 <7

2.5. Determination of Evaluation Scope and Selection of Evaluation Unit

The scope of suitability evaluation of sorghum planting land in the dry hot valley of
Luquan County is determined from two aspects.

First of all, according to the development practice of the sorghum industry in Luquan
County, the regional scope of this study is mainly aimed at the valley and mountain area of
the Jinsha River basin in Luquan County, below 1800 m above sea level, with an area of
71,409.07 hectares, accounting for 16.87% of the county. These areas are mainly distributed
in 13 townships and 28 village committees in Luquan County.

Secondly, from the perspective of current land types, the objects of this assessment
are determined as two categories: first, irrigated land and dry land in cultivated land.
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Second, other grasslands, that is, wasteland [38—40] in the previous land use classification
system, belonging to reserve land resources. This is due to the following considerations:
First, do not compete with forest land, paddy fields in cultivated land, garden plots,
other agricultural land, and various types of construction land. Second, the reserve land
resources mainly consider other grasslands (uncultivated grasslands), and the water area,
bare land, and other areas, should not be used for sorghum planting. Therefore, paddy field,
garden plot, forest land, various construction land, water area, and bare land, etc. in the
cultivated land are not evaluated as “suitable for sorghum planting”, but are considered as
“unsuitable for sorghum planting”. According to the land change survey data, completed
in 2019, the area of irrigated land and dry land below 1800 m above sea level in the county
is 8557.76 hectares, and the area of other grasslands (uncultivated grassland) is 19,319.84
hectares, with a total assessment area of 27,877.59 hectares, accounting for 39.08% of the
land area below 1800 m above sea level in the Jinsha River basin (Table 5).

Table 5. Evaluation scope of land suitability of sorghum planting in Jinsha River Basin of Luquan
County (Unit: ha, %).

Evaluation Scope

Adrr;:glir::tlve Total Area Arealls_.ggsn;l"han Area of Irrigated ~ Area of Other Grassland Total Ratio
and Dry Land (Uncultivated Grassland)
Pingshan 30,839.46 8398.41 1285.88 422.14 1708.03 20.34
Maoshan 23,699.23 1521.57 315.71 19.69 335.41 22.04
Tuanjie 19,448.06 1021.66 385.46 40.83 426.29 41.72
Zhongping 24,967.02 4111.00 338.90 602.09 940.99 22.89
Jiaopingdu 25,033.15 3305.95 267.76 964.72 1232.48 37.28
Tanglang 21,203.69 7230.52 886.25 2073.67 2959.93 40.94
Malutang 22,191.58 3354.41 348.34 1594.34 1942.68 57.91
Wudongde 18,678.16 10,619.09 1551.96 3302.53 4854.50 45.71
Zehei 33,585.04 12,460.84 705.23 5173.95 5879.18 47.18
Cuihua 30,979.41 8089.22 1384.34 1043.87 2428.21 30.02
Jiulong 37,807.48 4297.58 438.42 1095.93 1534.36 35.70
Wumeng 17,966.69 4263.84 530.35 1176.74 1707.10 40.04
Xueshan 13,314.02 2655.39 119.13 1809.33 1928.46 72.62
Total 423,391.39 71,329.47 8557.76 19,319.84 27,877.59 39.08

Evaluation Scope of Land Suitability of Sorghum Planting in Jinsha River Basin of
Luquan County

The evaluation unit, also known as the evaluation object, is the smallest unit in
land suitability evaluation. Its spatial boundaries are very clear. This spatial entity is
formed by the combination of various impact factors. In general, the same evaluation
units have the same basic land characteristics, that is, their land production level and
natural characteristics are consistent. On the contrary, inconsistent evaluation units have
different basic land characteristics, such as different land use methods and management
characteristics. The evaluation unit is a spatial entity reflecting the final results of sorghum
planting suitability evaluation, and its selection and classification are usually restricted by
the accuracy of the survey.

Based on the needs of this sorghum planting land suitability evaluation, and in
combination with the local characteristics of Luquan County, the evaluation unit in this
paper mainly uses the land plots from the county level land use change survey. In other
words, this paper uses the “current land use map spot” in the 1:10,000 current land use map.
If the area of the spot is too large and covers multiple grade grades, this paper divides the
spot into multiple evaluation units according to four grade grades (i.e., below 6°, greater
than or equal to 6° and less than 15°, greater than or equal to 15° and less than 25°, greater
than or equal to 25°) as the boundary.
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2.6. Data Sources

The sources of various basic data and maps in the suitability evaluation of sorghum
planting land in Luquan County are as follows:

(1) The first vector database of land use status change survey is from the vector
database of land use status change survey of Luquan County in 2018, completed by the
Luquan County Bureau of Land and Resources (now Luquan County Bureau of Natural
Resources) in 2019. Second, from the website of the Resource and Environmental Science
and Data Center of the Chinese Academy of Sciences (https://www.resdc.cn/) (accessed
on 18 October 2021) download the DEM image of 30 m spatial resolution of Luquan County
in 2000, and use ArcGIS software to revise the vector data of the 2018 Luquan County land
use status change survey, obtain the 2020 land use status change data, and form the latest
1:10,000 land use status map of Luquan County.

(2) The gradient classification map and elevation classification map are downloaded
from the geospatial data cloud to obtain the digital elevation model map of Luquan
County. The digital elevation model map of Luquan County is obtained by using mask
interception in GIS tools, and then the topographic gradient classification map and elevation
classification map of Luquan County are generated.

(3) The soil type distribution map is derived from the soil distribution map of Luquan
County (1:50,000) prepared by the Second Soil Census Office of Luquan County, and the
soil distribution map of Kunming City (1:200,000) prepared by the Second Soil Census
Office of Kunming City. Relevant soil attribute data are from Luquan Soil compiled by the
Second Soil Census Office of Luquan County and Kunming Soil, compiled by the Second
Soil Census Office of Kunming.

3. Results
3.1. Results of Topographic Gradient and Elevation Classification in Luquan County

Due to the limitation of space, according to the evaluation factors and grading indica-
tors for the suitability of sorghum planting land, this paper has drawn the altitude map
of Luquan County (Figure 2a), the topographic gradient grading map of Luquan County
(Figure 2b), and the elevation grading map of Luquan County (Figure 2c). According to
these results, we can directly see the suitability evaluation scope of this paper.

Legend

" County Level Admi-

*= nistrative Boundary

mship Level Admi-
" nistrative Boundary
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igh: SN =

| 0 10km A 10 km 21002400
B Low: 746 I =200

(b) (c)

Figure 2. Results of topographic gradient and elevation classification in Luquan County. (a) The
altitude map of Luquan County; (b) the topographic gradient grading map of Luquan County; (c) the
elevation grading map of Luquan County.
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3.2. Evaluation Results

According to the vector database data of land use status change survey obtained, this
paper uses the ArcGIS software to revise the vector data of land use status change survey
in Luquan County in 2018, obtain the data of land use status change in 2020, and form the
latest 1:10,000 land use status map of Luquan County (Figure 3a).

y Counlx Level Admi-
«== «++ nistrafive Boundary
e Townshi; | Admi-
—“=nistrativé Boundary
Cultivated Land
Garden Land
County level Admi-
[ Forest Land .—.—nistrative Boundary Other Land|
Other Grassland .. Township Level ypes
B Urban Land . Boundary Land
100 Rural Residential Land| Suitability Level (E:n en
{1 Transportation Land [ High-suitable Forejt
B Mining Land ) Lan
-Modcrate-sunable-Urbgn
1 Scenic Spots Land ) Lan
Weiex 0 10 km B Low-suitable Water
B Bare Land (I I Unsuitable 9ﬂ-e|r
(a) (b)

Figure 3. Results of land suitability evaluation of sorghum planting in Luquan County. (a) Present
land-use map; (b) land suitability evaluation map.

According to the above evaluation methods and steps, the ArcGIS 10.5 was used to
evaluate the suitability of sorghum planting in each evaluation map spot within the evalua-
tion scope of Luquan County, and the sorghum planting suitability grade area (Tables 6-8)
in the Jinsha River basin of Luquan County and the sorghum planting land suitability
evaluation map (Figure 3b) in the Jinsha River basin of Luquan County were obtained.

Although Tables 6-8 clearly show the total land area suitable for planting sorghum in
the townships of Luquan County, and the land area of each suitable grade, it is difficult for
us to directly see the differences among regions. Additionally, because of the geographical
location constraints, it is difficult for us to clearly understand whether these differences
have a certain spatial agglomeration characteristics. For this reason, this paper has drawn:
the proportion of the evaluation scope of the land suitable for planting sorghum to the
total land area in Luquan County (Figure 4a); the proportion of land suitable for planting
sorghum in the evaluation scope in townships of Luquan County (Figure 4b); the proportion
of land suitable for planting sorghum in total land area in townships of Luquan County
(Figure 4c); the land area (Figure 4d—f) of each suitable grade (first-class suitable, second-
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class suitable, third-class suitable); and the proportion of the land area of each suitable
grade (Figure 4d-f).

Table 6. Irrigated and dry land area of land suitability grade of sorghum planting in Jinsha River
Basin of Luquan County (Unit: ha, %).

Area Suitable for Where Unsuitable for
Administrative .Area of Sorghum Planting Sorghum Planting

Region Irggatidrf Crll d . First-Class  Second-Class  Third-Class .
ry La Subtotal  Ration Suitable Suitable Suitable Subtotal Ratio
Pingshan 1285.88 1028.34 79.97 148.95 364.55 514.84 257.55 20.03
Maoshan 315.71 309.82 98.13 39.40 181.80 88.62 5.90 1.87
Tuanjie 385.46 363.53 94.31 23.86 172.99 166.68 21.94 5.69
Zhongping 338.90 235.13 69.38 2.82 88.58 143.72 103.77 30.62
Jiaopingdu 267.76 101.42 37.88 0.00 27.29 74.12 166.35 62.12
Tanglang 886.25 768.37 86.70 8.67 485.98 273.72 117.88 13.30
Malutang 348.34 256.97 73.77 22.53 84.59 149.86 91.37 26.23
Wudongde 1551.96 1190.39 76.70 8.16 690.64 491.59 361.57 23.30
Zehei 705.23 448.66 63.62 17.00 187.69 243.97 256.57 36.38
Cuihua 1384.34 916.50 66.20 26.15 310.89 579.46 467.85 33.80
Jiulong 438.42 276.20 63.00 9.92 74.31 191.97 162.22 37.00
Wumeng 530.35 286.37 54.00 0.00 51.24 235.12 243.99 46.00
Xueshan 119.13 26.58 22.32 0.00 6.36 20.22 92.55 77.68
Total 8557.76 6208.26 72.55 307.45 2726.93 3173.88 2349.49 27.45

Table 7. Other grassland (uncultivated grassland) area of land suitability grade of sorghum planting
in Jinsha River Basin of Luquan County (Unit: ha, %).
Area of Other Area Suitable for Where Unsuitable fo.r
Administrative Grassland Sorghum Planting Sorghum Planting

Region (Uncultivated . First-Class  Second-Class  Third-Class .
Grassland) Subtotal  Ration Suitable Suitable Suitable Subtotal Ratio
Pingshan 422.14 343.28 81.32 89.21 162.40 91.67 78.86 18.68
Maoshan 19.69 9.02 45.81 2.12 6.08 0.82 10.67 54.19
Tuanjie 40.83 26.35 64.54 17.42 4.15 4.78 14.48 35.46
Zhongping 602.09 567.36 94.23 69.01 161.93 336.41 34.73 5.77
Jiaopingdu 964.72 933.81 96.80 123.86 329.10 480.85 3091 3.20
Tanglang 2073.67 1874.16 90.38 334.38 643.50 896.28 199.52 9.62
Malutang 1594.34 1512.29 94.85 245.76 487.84 778.70 82.05 5.15
Wudongde 3302.53 3063.19 92.75 895.91 844.41 1322.87 239.34 7.25
Zehei 5173.95 4895.48 94.62 42449 1775.78 2695.21 278.46 5.38
Cuihua 1043.87 886.18 84.89 233.78 273.23 379.17 157.68 15.11
Jiulong 1095.93 1016.09 92.71 92.68 259.50 663.91 79.84 7.29
Wumeng 1176.74 1132.40 96.23 52.63 422.74 657.02 44.35 3.77
Xueshan 1809.33 1759.73 97.26 477.85 442.66 839.22 49.60 2.74
Total 19,319.84 18,019.35 93.27 3059.12 5813.32 9146.91 1300.49 6.73

3.3. Evaluation Results
3.3.1. Analysis on the Suitability Grade Area and Proportion of Sorghum Planting Land in
the County

The evaluation results show that, within the evaluation scope (i.e., 27,877.59 hectares
of irrigated land, dry land, and other grasslands below 1800 m above sea level in the Jinsha
River basin of Luquan County), the area of land suitable for planting in the whole county
is 24,227.61 hectares, accounting for 86.91% of the evaluation scope. The area of unsuitable
land is 3649.98 hectares, accounting for 13.09% of the assessed area. There is an obvious
gap between the area and proportion of land suitable for farming and land unsuitable for
farming in each township (Table 8).
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Among the land suitable for farming in the county, the first-class land suitable for
farming is 3366.57 hectares, accounting for 13.90% of the land suitable for farming. The
second-class suitable land is 8540.25 hectares, accounting for 35.25% of the suitable land.
The third-class suitable land is 12,320.79 hectares, accounting for 50.85% of the suitable
land. It can be seen that the land suitable for planting in the county is mainly the third-class
land, and the proportion of the first, second and third-class land suitable for planting is
about 14:35:51. There are obvious differences in the area and proportion of different classes
of land suitable for planting in each township (Table 8).

Based on statistics and analysis of the database of the evaluation results of the suitabil-
ity of sorghum planting land in the Jinsha River basin of Luquan County, the composition
of the limiting factors of unsuitable land is as follows:

(1) The slope is more than 25°, accompanied by very obvious water and soil loss, with
an area of 1886.45 hm?, accounting for 51.68% of the area of land unsuitable for planting.

(2) Due to the restriction of soil thickness, soil texture and bare rock, the area of
land unsuitable for planting is 1763.53 hectares, accounting for 48.32% of the area of land
unsuitable for planting.

The above suitability evaluation results show that Luquan County needs to include the
steep slope land with more than 25°, and the land that is not suitable for planting sorghum
due to other factors, into the scope of ecological protection, so as to better prevent the
damage and environmental pollution caused by artificial planting of crops and continuous
land development. This is because steep slopes over 25° are prone to serious water and soil
loss, which is the scope of land reclamation prohibited by the Law of the People’s Republic
of China on Water and Soil Conservation [35] and the scope of strengthening ecological
protection. In addition, the land that is not suitable for planting sorghum due to other
factors is mainly shallow soil layer, has poor soil texture, and a large proportion of bare
rock. The ecological degradation of the low-quality land is prominent, and it really needs to
strengthen ecological restoration and protection. For land within 25°, ecological protection
shall be taken into consideration while development and utilization, so as to maximize
ecological, economic and social benefits. At the same time, water and soil conservation
technology projects will be used to realize the sustainable use of land resources.

Table 8. Area of land suitability grade of sorghum planting in Jinsha River Basin of Luquan County
(Unit: ha, %).

Area Suitable for Where Unsuitable for
Administrative Total Sorghum Planting Sorghum Planting
Region Ev;lcl(l)atéon . First-Class Second-Class Third-Class .
P Subtotal Ration Suitable Suitable Suitable Subtotal Ratio
Pingshan 1708.03 1371.62 80.30 238.16 526.95 606.51 336.41 19.70
Maoshan 335.41 318.84 95.06 41.52 187.88 89.43 16.57 4.94
Tuanjie 426.29 389.87 91.46 41.28 177.14 171.46 36.41 8.54
Zhongping 940.99 802.49 85.28 71.83 250.52 480.14 138.50 14.72
Jiaopingdu 1232.48 1035.23 83.99 123.86 356.39 554.98 197.26 16.01
Tanglang 2959.93 2642.53 89.28 343.05 1129.49 1169.99 317.40 10.72
Malutang 1942.68 1769.26 91.07 268.28 572.42 928.55 173.42 8.93
Wudongde 4854.50 4253.59 87.62 904.07 1535.05 1814.47 600.91 12.38
Zehei 5879.18 5344.15 90.90 441.50 1963.47 2939.18 535.03 9.10
Cuihua 2428.21 1802.68 74.24 259.93 584.13 958.62 625.53 25.76
Jiulong 1534.36 1292.29 84.22 102.61 333.81 855.88 242.06 15.78
Wumeng 1707.10 1418.76 83.11 52.63 473.98 892.14 288.33 16.89
Xueshan 1928.46 1786.31 92.63 477.85 449.02 859.44 142.15 7.37

Total 27,877.59 24,227.61 86.91 3366.57 8540.25 12,320.79 3649.98 13.09
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Figure 4. Distribution of land suitable for planting sorghum in each township of Luquan County.
(a) Proportion of the evaluation scope of the land suitable for planting sorghum to the total land area
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in Luquan County (Unit: %); (b) proportion of land suitable for planting sorghum in the evaluation
scope in townships of Luquan County (Unit: %); (c) proportion of land suitable for planting sorghum
in total land area in townships of Luquan County (Unit: %); (d) distribution of first-class suitable
land area in townships of Luquan County (Unit: hectares); (e) distribution of second-class suitable
land area in townships of Luquan County (Unit: hectares); (f) distribution of third-class suitable
land area in townships of Luquan County (Unit: hectares); (g) proportion of first-class suitable land
area in townships of Luquan County (Unit: %); (h) proportion of second-class suitable land area
in townships of Luquan County (Unit: %); and (i) proportion of third-class suitable land area in
townships of Luquan County (Unit: %).

3.3.2. Analysis on the Suitability Grade Area and Proportion of Sorghum Suitable for
Irrigated Land and Dry Land

Among the 8557.76 hectares of irrigated and dry land below 1800 m above sea level in
the Jinsha River basin of Luquan County, 6208.26 hectares are suitable for planting sorghum,
accounting for 72.55%. The area unsuitable for planting is 2349.49 hectares, accounting
for 27.45%. There is an obvious gap between the area and proportion of land suitable
for farming and land unsuitable for farming in each township (Table 6). In the area of
irrigated land and dry land suitable for planting sorghum below 1800 m above sea level
in the Jinsha River basin of the county, 307.45 hectares are first-class suitable for planting,
accounting for 4.95% of the suitable land. The second-class suitable land is 2726.93 hectares,
accounting for 43.92% of the suitable land. The third-class land suitable for planting is
3173.88 hectares, accounting for 51.12% of the land suitable for planting. It can be seen
that the area of irrigated land and dry land suitable for planting sorghum in the county
is also dominated by the third-class suitable for planting, and the proportion of the first,
second and third-class suitable for planting is about 5:44:51. There are great differences in
the area and proportion of different classes of irrigated and dry land suitable for planting
in different towns (Table 6).

3.3.3. Analysis on the Suitability Grade Area and Proportion of Sorghum Suitable for
Other Grasslands

It can be seen from Table 7 that in 19,319.84 hectares of “other grasslands” in the
Jinsha River basin of Luquan County below 1800 m above sea level, the area suitable for
planting sorghum is 18,019.35 hectares, accounting for 93.27%. The unsuitable planting area
is 1300.49 hectares, accounting for 6.73%. There is an obvious gap between the area and
proportion of land suitable for planting and land unsuitable for planting in each township
(Table 7). Among the 18,019.35 hectares of other grasslands suitable for planting sorghum in
the county, 3059.12 hectares are of first-class land, accounting for 16.98%. The second-class
land suitable for planting is 5813.32 hectares, accounting for 32.26%. The third-class land
suitable for planting is 9146.91 hectares, accounting for about 50.76%. It can be seen that
the other grasslands suitable for planting sorghum are mainly of the third-class, and the
proportion of the first, second and third-class is about 17:32:51. There is a great difference
in the area and proportion of different classes of other grassland suitable for sorghum
planting in each township (Table 7).

3.4. Application Mode of Evaluation Results in the Development of Characteristic Industries

The above evaluation results show that the valley and the slopes on both sides of
the Jinsha River basin in Luquan County below 1800 m above sea level belong to the
dry and hot valley area of the Jinsha River. There is a wide land suitable for sorghum
planting. The area of land suitable for sorghum planting is 24,227.61 hectares, while that of
Zehei, Wudongde, Tanglang, Cuihua, Xueshan, Malutang, Wumeng, Pingshan, Jiulong,
and Jiaopingdu (10 towns in total) is more than 1000 hectares. Since 2017, Luquan County
has tried to use the poverty alleviation model of “enterprise + government + cooperatives +
poor households”, introduced the “Langzhitang” liquor industry to settle in the county and
build factories, developed large-scale, industrialized, and characteristic sorghum planting,
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and achieved a stable income increase for farmers, and has achieved remarkable results. By
the end of 2020, the area of sorghum planting in Luquan County has exceeded 1200 hectares.
In accordance with the Implementation Plan for the Development of High-quality Sorghum
Industry in Luquan Yi and Miao Autonomous County (2018-2020), and the relevant plans
of the “Fourteenth Five Year Plan”, the scale of high-quality sorghum planting will be
greatly expanded in the future. Since January 2021, the author has followed the third
party assessment team to Luquan County many times to investigate the development and
layout of the assistance industry, and has communicated in-depth with the county party
and government leaders, the Agricultural and Rural Bureau, and the Rural Revitalization
Bureau (the former Poverty Alleviation and Development Office), to jointly discuss the
necessity and feasibility of further development and expansion of the sorghum planting
industry. The author believes that in accordance with the principles of “adjusting measures
to local conditions” and “suitable planting in the right place” and “suitable growth in the
right place”, based on the suitability evaluation of sorghum planting land, scientifically
developing the high-quality sorghum industry layout according to the appropriate scope
of sorghum planting is of great practical significance for consolidating the achievements of
poverty alleviation and implementing the rural revitalization strategy.

In order to win the battle against poverty, Luquan County, in accordance with the gen-
eral requirements of the industrial development for poverty alleviation in the “five-pronged
poverty alleviation measures”, takes industrial poverty alleviation as the primary work, and
makes every effort to develop a characteristic planting industry to promote farmers” income
increase and poverty alleviation. In combination with the climate characteristics of the
Jinsha River valley area in Luquan and the previous small-scale planting experience, since
2017 Luquan County has introduced new sorghum varieties Hongyingzi 1, Hongmaonao 2,
and Jinliangnao 1, to the dry and hot valley region. Focusing on the fundamental poverty
alleviation path of industrial poverty alleviation, it has taken sorghum planting as a key
industrial poverty alleviation project, The Implementation Plan for the Development of Hig-
quality Sorghum Industry in Luquan Yi and Miao Autonomous County (2018-2020) was
formulated and issued. In the form of “enterprise + government + cooperatives + poverty
households”, the “Langzhitang” liquor industry was introduced to settle in Luquan, build
a factory, develop large-scale, industrialized and characteristic sorghum planting, and take
policy measures to protect price acquisition, so as to promote farmers (especially poverty
households) to increase production and income and promote industrial prosperity. Figure 5
intuitively shows the sustainable mode of poverty alleviation led by the sorghum planting
industry in Luquan County.

The application of the evaluation results of sorghum planting land suitability in
the development of high-quality sorghum industry is mainly reflected in the key link
of “rational layout of new sorghum planting land”. The basic meaning of the so-called
“rational layout” is that the new sorghum planting land should be arranged within the
scope of gentle slope suitable for planting with suitable ecological environment conditions.
That is to say, the spatial distribution range of the new sorghum planting land is consistent
with the distribution range of suitable planting land determined in the “Sorghum Planting
Land Suitability Assessment Map”, and cannot be arranged within the “unsuitable planting
land” range where the environmental conditions are not suitable. Moreover, due to the
constraints of development cost and ecological security, the newly increased sorghum
planting land should be arranged within the range of first-class and second-class suitable
land with good conditions.
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Figure 5. Sustainable mode of sorghum planting industry leading poverty alleviation in the dry-hot
valley area of Jinsha River in Luquan County.

The specific application process and mode can be summarized as follows: the local
government or agricultural and rural departments can superimpose the “new sorghum
planting planning map” or sorghum planting planning scheme, economic and social distri-
bution map (including economic and social development planning map, agricultural popu-
lation and labor force distribution map, agricultural production planning map), poverty
population distribution map or poverty incidence distribution map, and general land use
planning map determined to be arranged and distributed in the Jinsha River basin on the
“sorghum planting land suitability evaluation map” to analyze the spatial connectivity of
these two maps:

(1) If the above maps are basically consistent or has great relevance with the range of
land suitable for planting on the “Assessment Map of Sorghum Planting Land Suitability”,
it indicates that the new sorghum planting land planned and developed in the Jinsha
River basin is reasonable. At this time, the new sorghum planting plan can be determined
according to the government or agricultural and rural departments.

(2) If most of these maps are connected and a few are not, that is, a small part of the
new sorghum planting planning scope belongs to unsuitable land, there are two ways to
deal with it: first, the government or agricultural and rural departments should modify the
“new sorghum planting planning map” or planning scheme to make it connect with the
“sorghum planting land suitability evaluation map”. Second, the newly added sorghum
planting area that belongs to “land unsuitable for planting” shall be treated as “land for
forest and grass” during land use planning.

(3) If most of these maps are not connected, that is, most of the new sorghum planting
planning scope belongs to “unsuitable land”, then in order to ensure the rationality of the
regional layout of the new sorghum planting land, the government or agricultural and rural
departments must organize the reprogramming of the “new sorghum planting planning
map” or planning scheme until it is connected with the “sorghum planting land suitability
evaluation map”.

Of course, while making a reasonable layout of sorghum planting land according
to local conditions and the principle of land suitability, we must constantly optimize the
sorghum planting mode of “enterprise + government + cooperatives + poor households”,
boost the prosperity of sorghum industry and lead farmers to becoming richer.
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In terms of relevant research results in other countries, these include: soil suitability
evaluation for optimized production on U.S. tribal lands [41]; land suitability analysis for
vineyard culture in the Izmir metropolitan area [42]; and the assessment of soil capability
and crop suitability using integrated multivariate and GIS approval toward agricultural
sustainability [43]. There is no comparison between the suitability evaluation map and the
new sorghum planting plan, sorghum planting plan, economic and social distribution map,
poverty population distribution map, or poverty incidence distribution map; the overall
land use planning map are superimposed for correlation analysis to explore the path and
mode of suitability evaluation map applied to the development of characteristic industries
and poverty alleviation countermeasures at present. One of the characteristics of this study
is to discuss the path and mode of applying the evaluation results of sorghum planting
land suitability to the development of characteristic poverty alleviation industries, which
can really make the evaluation results play a role in the regional development planning and
spatial layout of characteristic poverty alleviation industries, and is conducive to improving
the rationality and feasibility of the regional development planning and spatial layout of
characteristic industries.

4. Discussion

The objective determination of evaluation indicators is the basis for scientific land
suitability evaluation. The evaluation index is usually determined by the evaluation
scope and the characteristics of the evaluation unit. In this study, the evaluation scope is
determined as the existing irrigated land, dry land, and other grasslands below 1800 m
above sea level in the Jinsha River basin of Luquan County, excluding forest land, paddy
field, garden plot, other agricultural land and various construction land, waters, and
bare land. The evaluation unit used is the plot of land use change survey at the county
level. Therefore, in the selection of assessment indicators, the needs of evaluation and
the availability of basic data related to the evaluation unit need to be fully considered.
After investigation and analysis, and according to the characteristics of sorghum planting,
and considering the availability, scientificity, and rationality of the data, this paper takes
the topographic slope, altitude (thermal conditions), soil thickness, soil texture, assurance
degree of water source, drainage conditions, bare rock rate, and average unit output in
recent three years as the evaluation factors of land suitability, and constructs an index
system for the land suitability evaluation of sorghum planting. It should be pointed out
that environmental factors, such as biodiversity protection, natural capital protection,
carbon sequestration, are also important. However, since the evaluation unit is the land
plot for land use change survey at the county level, the basic data and data required are
still difficult to obtain, so this paper will temporarily not consider them. In addition, this
paper does not include vegetation mapping (e.g., forests, shrubs, and grasslands), because
the evaluation scope selected in this paper is the existing irrigated land, dry land, and
other grasslands below 1800 m above sea level, and does not include forest land, paddy
field, garden land, and pasture land. This is because the newly cultivated land suitable
for planting sorghum cannot compete with forest land and pasture land. According to
the basic requirements of China’s land use regulation, the existing forest land and pasture
land need to be kept for their functions. If a large number of forest land and grassland are
reclaimed as sorghum planting land, the ecological environment will be degraded or even
seriously deteriorated.

Luquan County has explored a road to develop characteristic industries and increase
income according to local conditions. The introduced new sorghum varieties and their
popularization have achieved good results. Based on the above research results, this paper
believes that sorghum crops should be planted according to the principles of “adapting
measures to local conditions”, “suitable planting in the right place” and “suitable growth
in the right place”. Through analysis and research, it is found that Luquan County has
developed and planted more than 1200 hectares of sorghum crops, but compared with
it, the land area suitable for planting sorghum is 24,227.61 hectares, indicating that there
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are still sufficient land resources for planting sorghum, but the area and proportion of
land suitable for planting sorghum in different towns are quite different. Additionally, the
land area suitable for planting sorghum in the first class is still limited (the land area in
the first-class, the second-class and the third-class are 3366.57 hectares, 8540.25 hectares
and 12,320.79 hectares, respectively). It shows that the area of first-class land suitable for
planting is relatively small, because the terrain of the Jinsha River basin is characterized
by high mountains, steep slopes, deep valleys, little flat land, mainly mountains, shallow
soil layers on slopes, and poor texture. Therefore, there is less first-class land suitable for
planting with great quality, and more third-class land suitable for planting with poor quality.
In order to improve the quality level of land suitable for planting, many transformation
measures need to be taken, such as changing sloping fields into terraced fields, thickening
soil layers, improving soil, and fertilizing soil, etc. Therefore, Luquan County not only
needs to rationally arrange sorghum planting land according to local conditions, but
can also further promote sorghum planting, and appropriately increase the development
and planting scale according to the principle of adjusting measures to local conditions.
Referring to the results of this study, the sorghum planting land should be arranged on the
first and second-class suitable land as much as possible, so as to obtain greater development
benefits. For third-class land, we should effectively increase the intensity and measures of
land consolidation.

According to the evaluation results, the area of unsuitable land with slope exceeding
25° and accompanied by obvious water and soil loss is 1886.45 hm?, accounting for 51.68%
of the area of unsuitable land. Due to the restriction of soil layer thickness, soil texture,
and bare rock, the area of land unsuitable for planting is 1763.53 hectares, accounting for
48.32% of the area of land unsuitable for planting. These lands that are not suitable for
planting sorghum need to be included in the scope of ecological protection, so as to better
prevent the damage and environmental pollution caused by artificial planting of crops and
continuous land development. This is because steep slopes over 25° are prone to serious
water and soil loss, which is the scope of land reclamation prohibited by the Law of the
People’s Republic of China on Water and Soil Conservation [35]. In addition, due to other
factors, the land that is not suitable for planting sorghum is mainly because it has shallow
soil layer, poor soil texture, and large proportion of bare rock. The ecological degradation
of the low-quality land is prominent, and it really needs to strengthen ecological restoration
and protection.

Poverty is a huge obstacle to human development, and poverty alleviation is the basic
requirement of human social development [30,44]. China has now achieved a comprehen-
sive victory in overcoming poverty and eliminating absolute poverty [45]. Developing rural
characteristic industries is an important way to eliminate poverty and promote sustainable
economic development [46—48]. Since the “Fourteenth Five Year Plan”, China’s rural areas
have turned to the stage of effective connection between the consolidation of poverty alle-
viation achievements and rural revitalization. Industrial development has entered a new
era of development. The primary strategic goal of “industrial prosperity” has put forward
new scientific and technological needs for planting single characteristic crops. Yunnan is
located in the frontier of China, with mountains and fragile ecological environment, which
has typical characteristics of frontier, ethnic groups and poverty [49-51]. Although itis a
preliminary attempt to evaluate the suitability of sorghum planting land in the dry and hot
valley of the Jinsha River in Luquan County, this paper has achieved rich results and expe-
rience. In the future, it will not only deepen and expand further the research on suitability
evaluation and the application of sorghum planting land in the Jinsha River basin, but will
also further carry out individual land suitability evaluation for other characteristic crop
planting industries, to actively serve the rural revitalization strategy.

The contradiction between preventing non grain cultivated land and developing char-
acteristic industries (especially poverty alleviation industries) is objective, which is also a
major problem in the field of land use and rural revitalization in a certain period of time
in the future; but it is not unsolvable. The development practice of sorghum suitable for
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planting in Luquan County shows that the reasonable selection of suitable characteristic
crops and scientific development and planting in accordance with the principle of land eco-
logical suitability of “suitable planting in the right place” and “suitable growing in the right
place” can not only effectively prevent cultivated land from becoming non grain, but can
also produce good economic benefits, and ensure the consolidation of poverty alleviation
achievements and the requirements of rural revitalization strategy for industrial support.

5. Conclusions

Based on the ecological environment conditions in the dry and hot valley of the Jinsha
River, and the needs of the development of characteristic industries in the poverty free
areas, this paper considers the influence of terrain slope, altitude, and soil thickness on
the land suitability of sorghum planting. In addition, soil texture, water source assurance
degree, drainage conditions, bare rock ratio, and unit yield in recent years are taken as
evaluation factors, so as to build an index system for land suitability evaluation of sorghum
planting. The weight is determined by the Delphi method, and the suitability index method
is combined with the limit condition method to evaluate the suitability of sorghum planting
land in Luquan County. The main conclusions are as follows:

(1) The main factors affecting the suitability of sorghum planting land in the dry hot
valley of the Jinsha River are terrain slope, altitude, and soil layer thickness. In addition,
factors such as soil texture, water source assurance, drainage conditions, bare rock rate
and single yield in recent years also have a certain impact on sorghum planting suitability.
Based on this, an index system for land suitability evaluation of sorghum planting was
established. As for the selection of evaluation methods and models, this paper believes that
integrating the previous qualitative methods (i.e., the limit condition method or the one
vote veto method) with the quantitative methods (suitability index method) and absorbing
the advantages of the above methods as much as possible, can not only improve the
shortcomings of the previous qualitative methods, but also show more advantages than
the single evaluation method, making the evaluation results more realistic.

(2) The land scope of the region assessed in this paper is determined as irrigated land,
dry land, and other grasslands below 1800 m above sea level in the Jinsha River basin
of Luquan County, totaling 27,877.59 hectares. Among them, the land area suitable for
planting sorghum is 24,227.61 hectares, accounting for 86.91%. The area of unsuitable land
is 3649.98 hectares, and 51.68% of the land has a slope of more than 25° and is accompanied
by obvious water and soil loss, 48.32% of the land is unsuitable for planting due to the
restrictions of soil layer thickness, soil texture, and bare rock, etc. The land that is not
suitable for planting sorghum need to be included in the scope of ecological protection.
Compared with the 1200 hectares that have been developed and planted at present, there
are still sufficient land resources suitable for planting sorghum. However, the area and
proportion of land suitable for planting in different towns are quite different, so the area
of land suitable for planting in Zehei, Wudongde and Tanglang (three towns in total) is
about 2600~5340 hectares. The area of land suitable for planting in Cuihua, Xueshan,
Malutang, Wumeng, Pingshan, Jiulong and Jiaopingdu is about 1000~1800 hectares, and
the area of land suitable for planting in Zhongping Tuanjie and Maoshan cover an area of
320~800 hectares, which requires a reasonable layout of sorghum planting land according
to local conditions.

(3) Among the land suitable for planting sorghum in the county, the proportion of the
first, second and third-grade land suitable for planting sorghum is about 14:35:51. There is a
large difference in the classification area of land suitable for planting among townships. The
proportions of third-class land suitable for planting in Jiulong, Wumeng, Zhongping, Zehei,
Jiaopingdu, Cuihua, and Malutang are from 52% to 66%. On the whole, the land suitable
for planting sorghum in Jinsha River basin of Luquan County is mainly the third-class
land suitable for planting sorghum. This is related to the characteristics of the terrain of
the Jinsha River basin. The basin is characterized by high mountains, steep slopes, deep
valleys, little flat land, mainly mountains, shallow soil layers and poor texture on the slopes.
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Many transformation measures need to be taken to improve the quality of land suitable for
planting. In particular, water and soil conservation technologies such as “slope to ladder”
and comprehensive land improvement measures such as soil improvement and fertility
improvement, need to be taken.
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