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Abstract

:

Conducting suitability assessment for sugarcane cultivation is of great significance for optimizing the sugarcane cultivation structure and industrial layout. In this paper, based on the requirements of sugarcane growth and development on climate, terrain, and other environmental conditions, as well as the influence of natural disasters, a total of 11 specific indicators in terms of climate factor, terrain factor, and disaster factor were selected to construct a sugarcane cultivation suitability assessment system based on the analytic hierarchy process (AHP). Then, using Guangxi Province, China, as an example, a suitability assessment for sugarcane cultivation was conducted using multi-source data on climate, terrain, and hazards over the past 30 years. The results showed that among 11 indicators, including annual average temperature, elevation had the largest contribution rate, followed by precipitation during the period of ≥20 °C, slope, and the autumn drought frequency. From the spatial distribution, 37% of the provincial regions were suitable for sugarcane cultivation, mainly distributed in Chongzuo City, Nanning City, Qinzhou City, and Beihai City. In total, 44% of the provincial regions were moderately suitable for sugarcane cultivation, mainly distributed in Hezhou City, Laibin City, and Liuzhou City. Additionally, only 19% of the provincial regions were unsuitable for sugarcane cultivation, mainly distributed in Baise City, Hechi City, and Guilin City, with the terrain factor being the main influencing factor of sugarcane suitability assessment. In order to make reasonable use of land resources and increase sugarcane yield, it is suggested that sugarcane cultivation areas should be adjusted to the central and southern regions such as Chongzuo City, Nanning City, Beihai City, and Qinzhou City, and other industries should be developed in the northern regions which are not suitable for sugarcane cultivation.
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1. Introduction


Sucrose is a natural monosaccharide derived from plants such as sugarcane and sugar beet. It is widely used in the food, beverage, pharmaceutical, and cosmetic industries. The production and supply of sucrose is critical to ensuring the domestic supply of food and agricultural products and is an indispensable part of the national economy and food production [1]. Sugarcane, as the main raw material for sugar production, is an important economic crop worldwide. It is also a tropical and subtropical crop [2]. In addition to its use as a raw material for the production of sugar, sugarcane has a wide variety of uses and benefits, including for bioenergy, fiber materials, and medical materials. Therefore, sugarcane plays an important role in human life and economic development [3]. In China, sugarcane is the main sugar crop, accounting for more than 90% of the country’s sugar production [4,5]. Guangxi Province, as the main sugarcane producing region in China, has for many years had a sugarcane acreage and yield exceeding 60% of the national total, ranking first in the country. Therefore, the sugarcane industry in Guangxi Province is not only an important pillar of the region’s economic development but also plays an important role in promoting the development of the national sugarcane industry [6]. Therefore, the scientific assessment of the suitability of sugarcane cultivation in Guangxi Province is of great importance, especially in providing important information and references for resolving the conflicts between people and land and sugarcane cultivation.



In the past, domestic and foreign scholars have mostly used the comprehensive weighted index method to study the suitability of crop cultivation. They established an appropriate assessment system by considering multiple factors such as soil, meteorology, and economics; determined the weight of each factor using methods such as AHP; and finally, obtained the suitability of crop cultivation based on GIS. For example, Hikmet et al. [7], Huang et al. [8], Deng et al. [9], and others have conducted research on the suitability of various crops such as wheat, torreya, and rice. In addition, domestic and foreign scholars have also used this method to study the suitability of sugarcane cultivation. For example, Mubashir et al. [10] assessed the suitability of sugarcane cultivation in the Bijnor region of India based on 10 factors, including rainfall, soil texture, drainage, soil depth, slope, distance to the main road, distance to the nearest sugar factory, erosion hazards, flood risks, and pH. Jim et al. [11] assessed the suitability of sugarcane cultivation in central Bukidnon, Philippines, based on six factors including soil depth, water-holding capacity, slope direction, soil texture, slope, and elevation. Xie et al. [12] assessed the suitability of sugarcane cultivation in the Jiangzhou District, Chongzuo City, Guangxi Province, based on four factors: soil, topography, climate, and economy. In addition to the above methods, some scholars have used different methods to study the suitability of sugarcane cultivation. For example, Tan et al. [13] used 44 years of meteorological station statistics combined with the characteristics of sugarcane cultivation to study the optimization of the meteorological disaster layout for the sugarcane industry in Guangxi Province. Liu et al. [14] compared and analyzed 35 years of measured data from 14 meteorological stations in Hainan with the main climate indicators for sugarcane cultivation and assessed the climate suitability for sugarcane cultivation in Hainan Province. An analysis of previous sugarcane cultivation suitability studies shows that there are more studies using climate and terrain factors to assess the suitability of sugarcane cultivation, including recent references and data from international reports. However, due to the special geographical environment and frequent meteorological disasters in Guangxi Province, it is necessary to include a disaster factor in the assessment of sugarcane cultivation suitability. However, there are few reports in the current research on sugarcane cultivation suitability that combines the disaster factor with climate and terrain.



In this paper, we hypothesize that climate factors, terrain factors, and disaster factors are key factors that affect the suitability of sugarcane cultivation in Guangxi Province, China. Specifically, we expect that temperature, precipitation, terrain elevation difference, slope, aspect, disaster frequency, altitude, and other factors will significantly affect the suitability of sugarcane cultivation, and we further hypothesize that the direction and degree of these effects may vary across different regions of Guangxi Province. Our study aims to verify these hypotheses through the construction of an assessment system and the analysis of the results, and to provide decision-making support for optimizing the sugarcane cultivation structure.




2. Materials and Methods


2.1. Research Area Overview


Guangxi Province is located in the southern region of China, between 104°28′~112°04′ E and 20°54′~26°23′ N, bordering Guangdong Province to the east, facing the Beibu Gulf to the south and across the sea from Hainan Island, adjacent to Yunnan Province to the west, connected to Hunan Province to the northeast, and bordering Guizhou Province to the northwest [15]. It is located at a low latitude and a large north–south latitude, with significant climate differences across the region [16]. It belongs to the subtropical and tropical monsoon climate zone of Central and South Asia, with an average annual temperature of 16.5–23.1 °C, an average annual precipitation of 1000–2800 mm, and an average annual sunshine duration of 1169–2219 h [17]. The unique climate provides favorable conditions for the cultivation of various crops such as sugarcane, citrus, bananas, and rice. Sugarcane is the main economic crop in Guangxi Province and the main source of income for farmers [18]. Guangxi Province is mainly composed of different types of landforms, such as mountains, hills, tablelands, and plains. The central and southern parts of Guangxi Province are mainly hilly and flat land, with a basin-like shape, and are known as the “Guangxi Basin”. Under the combined influence of solar radiation, atmospheric circulation, and geographic environment, Guangxi Province has formed a climate characterized by distinct dry and wet seasons, moderate sunshine, few winters and many summers, frequent disasters, and prominent droughts and floods, with abundant wind energy resources along the coast and in the mountains [19]. The scope of this study covers the whole of Guangxi Province, China, as shown in Figure 1.




2.2. Construction of Suitability Assessment System for Sugarcane Cultivation


The growth of sugarcane is affected by various factors, including climate, terrain, and disasters. Climatic factors such as precipitation, temperature, light, and humidity have a significant impact on the growth rate of sugarcane, photosynthesis efficiency, and incidence of pests and diseases [12,14,20,21,22,23,24,25,26,27]. Terrain factors such as altitude, soil texture, slope, slope direction, and soil moisture have a direct impact on the growing environment, soil quality, and water supply of sugarcane [10,11,12,28,29]. Disaster factors such as drought, flood, freeze, pests, and diseases have a direct impact on sugarcane yield and quality [13,30,31,32,33,34]. Among them, annual average temperature [20,21,22,23,24,25] can reflect the temperature conditions throughout the growing season, and annual average minimum temperature [20,23,25] reflects the sensitivity of sugarcane to low temperature. The ≥20 °C accumulated temperature [20,21,22,23,25,26,27] reflects the effective temperature obtained by sugarcane during the growing season [35], and the number of consecutive days with average temperature ≥25 °C [20,25,27] reflects the influence of high temperature on sugarcane growth. Precipitation during the period of ≥20 °C [20,24,25] reflects the influence of water on sugarcane during the growing season. Altitude [11,28] reflects the influence of height difference on sugarcane growth, and slope [10,11,29] reflects the influence of slope gradient on water and soil nutrients. Slope direction [11,28] reflects the influence of slope orientation on sunlight and temperature. Spring drought [13,30,31,32] reflects the cultivation and emergence situation of spring sugarcane, and autumn drought [13,30,31,32] reflects the elongation and sugar accumulation situation of sugarcane in the later stage. Frost [13,33,34] reflects the influence of low-temperature environments on sugarcane. The frequency of disasters can more comprehensively reflect the occurrence of disasters in the region and is more representative and operational [36]. These indicators consider sugarcane growth from different perspectives. Comprehensive consideration can more accurately reflect the growth status of sugarcane. Therefore, in this paper, these 11 indicators have been used as indicators for assessing the suitability of sugarcane.



Using the 11 selected indicators, a suitability assessment system for sugarcane cultivation in Guangxi Province was established based on the AHP. The system is a three-level hierarchical structure model, including the target level, the criterion level, and the indicator level. Thus, the sugarcane suitability assessment flowchart is shown in Figure 2. The weight of the indicators in the hierarchical structure was obtained through the expert rating method, and the sugarcane suitability criteria for each indicator in the indicator level were determined by referring to previous relevant studies [12,13,14,20,21,22,23,24,25,26,27]. According to the classification criteria, each indicator was classified into four levels based on its suitability for sugarcane: most suitable, suitable, moderately suitable, and unsuitable. Due to the different units and scales of the different indicators in the indicator layer, it is necessary to convert the indicator data into dimensionless indicator scores in order to facilitate subsequent calculations. In this paper, we used the assignment method to convert them into dimensionless scores, with the most suitable level assigned 100 points, the suitable level assigned 75 points, the moderately suitable level assigned 50 points, and the unsuitable level assigned 25 points. Based on the above description of the construction of the indicator system, the indicator system used in this paper can be obtained, as shown in Table 1.



In Table 1, the occurrence of spring drought is characterized by a precipitation of less than 30 mm in March, the occurrence of autumn drought is characterized by the consecutive number of days with a daily precipitation of less than 5 mm from September to October exceeding 25 days, and the occurrence of frost is characterized by using the lowest temperature below 0 °C occurring continuously for more than one day in January to February.




2.3. Determining the Weight of Indicators


In this paper, a hierarchical structure model based on the AHP was constructed on assess the suitability of sugarcane cultivation in Guangxi Province. The model took the suitability assessment of sugarcane cultivation in Guangxi Province as the target level, with climate, terrain, and disaster factors as the criterion level, and 11 subdivided assessment indicators as the indicator level. The quantitative assessment of each level of indicators was then carried out using the expert rating method, and the relative weights between indicators were calculated. Specifically, a pairwise comparison matrix was established based on the subjective judgments of experts on the relative importance of each indicator [37,38,39]. According to the results of the experts’ relative importance of each indicator, the weight value of each indicator was calculated using the square root method [40,41,42]. After obtaining the weight values, the consistency index (CI) and the random consistency ratio (CR) of the judgment matrix must be tested [43,44,45]. The larger the CI, the worse the consistency, while a CR less than 0.1 indicates that the judgment matrix has a satisfactory consistency [46,47].



In this paper, four judgment matrices were constructed to measure the relationship between the target level and the criterion level, and the relationship between the criterion level and the indicator level. Using these judgment matrices, we obtained the weights and their consistency test results, as shown in Table 2. It can be seen that all judgment matrices passed the consistency test, providing a reliable foundation and support for the establishment of the assessment system. In the table, we have used A for the target level, B for the criterion level, and C for the indicator level.




2.4. Comprehensive Assessment and Classification Standards


This paper used temperature, precipitation, and DEM data to assess the suitability of sugarcane cultivation. Temperature data were obtained from the ERA5 land dataset [48], while precipitation data were obtained from the CHIRPS precipitation dataset [49]. Daily average temperature, daily minimum temperature, and daily precipitation data for the past 30 years (1990–2019) were obtained using the Google Earth Engine (GEE) platform. The spatial resolution of the temperature data was 25 km, while the spatial resolution of the precipitation data was 5 km. The DEM data were sourced from the ALOS PALSAR data in the NASA Earth Science database [50], which were obtained using the download tool provided on the NASA Earth Science database website (https://earthdata.nasa.gov/ (accessed on 25 October 2022)). The DEM data had a time range of 2009 and a spatial resolution of 12.5 m.



The data processing in this paper consisted of three steps. The first step was to process the raw data to obtain usable indicator data. The elevation data were obtained directly from the DEM data, while the slope and slope direction data were derived using surface analysis techniques in GIS based on the DEM data [51,52,53]. In addition, the remaining eight indicators were calculated using the daily average temperature data, daily minimum temperature data, and daily precipitation data based on the GEE platform [54,55,56,57,58]. The second step was to optimize the indicator data to obtain assessment data. This included spatial interpolation [59,60,61] of the temperature and precipitation data to smooth the data and unify the spatial resolution of all indicator data to 100 m. The third step was to perform weighted calculations on the assessment data to obtain the final assessment scores. Specifically, the indicator data were assigned values according to the classification standards of the indicator level, and the indicator scores were weighted and summed using the weighted sum equation [62,63,64] (see Equation (1)) to obtain the criterion level scores. The criterion level scores were then weighted and summed using the weighted sum equation (see Equation (2)) to obtain the final assessment scores.


   X B  =   ∑   i = 1  n   w   C i     x   C i    ,  



(1)






   X A  =   ∑   i = 1  k   w   B i     x   B i    ,  



(2)




where    w   C i      is the weight of the indicator level,    x   C i      is the value of the indicator level,    X B    is the value of the criterion level,  n  is the number of indicator levels contained in each criterion level,    w   B i      is the weight of the criterion level,    x   B i      is the value of the criterion level,    X A    is the value of the target level, and  k  is the number of criterion levels contained in the target level.



In response to the inconsistency of assessment systems among different countries and regions, which hinders international academic exchange, the Food and Agriculture Organization of the United Nations (FAO) proposed the “guidelines for land evaluation” system at the Wageningen Expert Consultation in 1972. It was pointed out that the land suitability class reflects the degree of suitability within the guidelines, and it can be divided into three levels: highly suitable, moderately suitable, and marginally suitable. In this study, we referred to the subdivision of the highly suitable class into two levels, namely most suitable and suitable, and renamed the marginally suitable class as not suitable. Finally, four levels of sugarcane suitability were obtained in this study, namely most suitable, suitable, moderately suitable, and not suitable.



The classification standard for the assessment system in this paper is different from the classification standard for the indicator level. Initially, four discrete values were used as the classification standard for sugarcane suitability, which was not suitable for the continuous values of the criterion level and the target level to classify sugarcane suitability. Therefore, in order to more accurately reflect the suitability of sugarcane cultivation in Guangxi Province and the differences in suitability, it was necessary to adjust the classification standard for suitability levels. This paper adopted the classification standard for sugarcane cultivation areas in Guangxi Province proposed by Su Yongxiu et al. [20], which is shown in Table 3.





3. Results and Analysis


3.1. Assessment of Sugarcane Cultivation Suitability Based on Climatic Factor


Based on the sugarcane cultivation suitability assessment system, the climate factor of sugarcane cultivation suitability in Guangxi Province was assessed. Firstly, the suitability score maps of five indicators were obtained (Figure 3a–e). By considering the weights of each indicator, the assessment score data of sugarcane cultivation suitability in Guangxi Province were obtained based on the climatic factor. Finally, the assessment score data were divided into different levels according to the classification standard for sugarcane cultivation suitability to obtain the assessment results (Figure 3f).



Analysis of Figure 3a–e shows that the northern region of Guangxi Province is mostly mountainous, with lower temperatures and less precipitation, resulting in lower scores for four indicators of sugarcane cultivation suitability, namely the annual average temperature, annual minimum temperature, ≥20 °C accumulated temperature, and precipitation during the period of ≥20 °C. On the other hand, the southern coastal area of Beihai City is heavily influenced by the ocean, with higher and more stable temperatures, resulting in higher scores for the indicator of the number of consecutive days with an average temperature ≥ 25 °C. An analysis of Figure 3f shows that the suitability for sugarcane cultivation in Guangxi Province based on the climatic factor shows a trend of distribution from south to north and along the latitude. Approximately 11.644 million hectares of land are suitable for sugarcane cultivation, mainly distributed in the southern and central regions, accounting for 49% of the total area of Guangxi Province. Approximately 8.188 million hectares of land are moderately suitable for sugarcane cultivation, mainly distributed in the southern part of the northern region, accounting for 35% of the total area. Approximately 3.819 million hectares of land are unsuitable for sugarcane cultivation, mainly distributed in the northern part of the northern region, accounting for 16% of the total area. This is due to the significant differences in climate between the northern and southern regions of Guangxi Province. The northern region is a high-altitude area, with lower temperatures and less precipitation, which is not suitable for growing sugarcane. In contrast, the central and southern regions have suitable temperatures and sufficient precipitation, making them suitable for sugarcane cultivation.




3.2. Assessment of Sugarcane Cultivation Suitability Based on Terrain Factor


Based on the sugarcane cultivation suitability assessment system, the terrain factor of sugarcane cultivation suitability in Guangxi Province was assessed. Firstly, the suitability score map of three indicators were obtained (Figure 4a–c). By considering the weights of each indicator, the assessment score data of sugarcane cultivation suitability in Guangxi Province were obtained based on the terrain factor. Finally, the assessment score data were divided into different levels according to the classification standard for sugarcane cultivation suitability to obtain the assessment results (Figure 4d).



Analysis of Figure 4a–c shows that the northern area of Guangxi Province, certain parts of southwestern Guangxi Province, and certain parts of eastern Guangxi Province are not conducive to sugarcane growth due to high altitude and steep slopes, resulting in lower suitability scores for the altitude and slope indicators in these areas. However, areas such as Hechi City, Chongzuo City, Laibin City, Guigang City, and Beihai City have a relatively flat terrain, more south-facing slopes, and sufficient sunshine, which are conducive to sugarcane photosynthesis and growth. Therefore, the slope direction indicator has a higher suitability score for sugarcane cultivation in these areas. Figure 4d shows that the suitability of sugarcane cultivation in Guangxi Province based on the terrain factor tends to be unsuitable in the northwest and suitable in the southeast, but the distribution is scattered. Approximately 8.205 million hectares of land are suitable for sugarcane cultivation, mainly distributed in the southeastern region, accounting for 34% of the total area of Guangxi Province. About 6.115 million hectares of land are moderately suitable for sugarcane cultivation, scattered near the suitable cultivation areas, accounting for 26% of the total area of Guangxi Province. In addition, approximately 9.332 million hectares of land are unsuitable for sugarcane cultivation, mainly distributed in the northwest region, accounting for 40% of the total area of Guangxi Province. This is due to the general trend of the terrain in Guangxi Province, which is high in the northwest and low in the southeast, with scattered slope orientations. The high terrain in the northwest has lower temperatures and is unsuitable for sugarcane cultivation, while the flat terrain in the southeast has higher temperatures and is suitable for sugarcane cultivation.




3.3. Assessment of Sugarcane Cultivation Suitability Based on Disaster Factor


Based on the sugarcane cultivation suitability assessment system, the disaster factor of sugarcane cultivation suitability in Guangxi Province was assessed. First, the map of suitability scores of three indicators were obtained (Figure 5a–c). By considering the weights of each indicator, the assessment score data of sugarcane cultivation suitability in Guangxi Province were obtained based on the disaster factor. Finally, the assessment score data were divided into different levels according to the classification standard for sugarcane cultivation suitability to obtain the assessment results (Figure 5d).



Analysis of Figure 5a–c shows that there are significant differences in climate and terrain across Guangxi Province, resulting in different levels of disaster risk in different regions. The northwestern region is located in the monsoon climate zone and is particularly vulnerable to the influence of monsoon winds, especially in March; the monsoon airflow blows from the South China Sea, with relatively low relative humidity, dry air, and relatively low rainfall, resulting in a higher frequency of spring drought. The indicator of spring drought frequency has a relatively low score for assessing the suitability of sugarcane cultivation. The central region has a relatively flat terrain with stable airflow and a lack of stimulation of large-scale upward air currents, resulting in less rainfall and a higher frequency of autumn droughts; the indicator of autumn drought frequency has a relatively low score for assessing the suitability of sugarcane cultivation. The northeastern region is located in a high-latitude area with a relatively cold climate and is susceptible to the influence of strong cold air from the north in winter, which can lead to frost occurrences. Therefore, the indicator of frost frequency has a relatively low score for assessing the suitability of sugarcane cultivation. As can be observed in Figure 5d, the distribution of suitable sugarcane cultivation in Guangxi Province based on the disaster factor is suitable for the southern region, with a small part of the western region being unsuitable. Approximately 4.849 million hectares of land are suitable for sugarcane cultivation, mainly distributed in the south, accounting for 20.5% of the total area of Guangxi Province. About 307,000 hectares of land in the western region of Baise City are unsuitable for sugarcane cultivation, accounting for 1.3% of the total area of Guangxi Province. The remaining approximately 18.496 million hectares of land are relatively suitable for sugarcane cultivation, accounting for 78.2% of the total area of Guangxi Province. This is due to the southern region having more rainfall and higher temperatures, with a lower likelihood of spring droughts, autumn droughts, and frost. The complex terrain and lower rainfall in the western region of Baise City result in a higher frequency of spring and autumn droughts.




3.4. Comprehensive Assessment of Sugarcane Cultivation Suitability


3.4.1. Analysis of Suitability Assessment for Sugarcane Cultivation


By weighting and summing the score data and weights of the three factors of climate, terrain, and disasters for the suitability of sugarcane cultivation, a suitability score map for sugarcane cultivation in Guangxi Province was obtained. According to the classification standard for sugarcane cultivation suitability, the results of the suitability assessment for sugarcane cultivation in Guangxi Province are shown in Figure 6.



Analysis of Figure 6 shows that 37% of Guangxi Province’s entire area is suitable for sugarcane cultivation, with an area of 8.732 million hectares mainly distributed in the southern and central regions including Qinzhou City, Beihai City, Chongzuo City, Nanning City, Laibin City, Guigang City, and Yulin City. Additionally, 44% of Guangxi Province’s entire area is moderately suitable for sugarcane cultivation, mainly scattered in the central and northern regions, as well as the eastern edge regions, including places such as Baise City, Hechi City, Liuzhou City, and Guilin City, covering an area of 10.292 million hectares. Only 19% of Guangxi Province’s total area is unsuitable for sugarcane cultivation, mainly concentrated in the northern part of Guangxi Province with an area of 4.628 million hectares. Overall, Guangxi Province gradually becomes more suitable for sugarcane cultivation from north to south, with Nanning City, Qinzhou City, Guigang City, Yulin City, Laibin City, and Chongzuo City being the regions with a relatively large suitable area for sugarcane cultivation, which should be areas of focus for the development of the sugarcane cultivation industry. On the other hand, many areas in the northern region are unsuitable for sugarcane cultivation, suggesting that other industries should be developed in these areas.



Comparing the results of our study with Su Yongxiu’s study on the suitability of sugarcane cultivation in Guangxi based on climate and terrain factors, we found that the results of both studies are consistent. Both studies indicate that the northern region is not suitable for sugarcane cultivation, while the central and southern regions are suitable, with the suitability gradually increasing from north to south. The main difference between the two studies is that our results appear more refined on the map due to the use of more detailed data.




3.4.2. Contribution Rate Analysis of Sugarcane Cultivation Suitability Assessment


In order to better understand the suitability assessment results for sugarcane cultivation in Guangxi Province, this paper used a contribution rate to measure the relative importance of each factor in the assessment. Specifically, the ratio between the score data of a particular factor for sugarcane cultivation suitability and the total sugarcane cultivation suitability score data in Guangxi Province was calculated. Contribution rate calculations were performed for each of the three factors, resulting in three contribution rate maps for the suitability of sugarcane cultivation. These maps are shown in Figure 7.



Analysis of Figure 7 shows that the climate factor has the greatest impact on the suitability assessment of sugarcane cultivation in western Guangxi Province, the southern part of the northern region, and some areas in the eastern region, with contribution rates ranging from 65% to 85%. The terrain factor has the greatest effect on the suitability assessment of sugarcane cultivation in the northeastern region, with contribution rates ranging from 36% to 71%. In contrast, the disaster factor has the greatest impact on the suitability assessment of sugarcane cultivation in the northern region, with contribution rates ranging from 32% to 43%. Therefore, the biggest influencing factor that makes the northern region unsuitable for sugarcane cultivation is disasters, while the impact of the climate factor on this region is relatively small. In contrast, in the central and southern regions, the terrain is the main factor influencing the suitability of sugarcane cultivation, followed by the climate factor. Therefore, targeted management and control in different regions is required to ensure the stable development of sugarcane cultivation.






4. Conclusions and Discussion


This paper comprehensively considered the impact of climate, terrain, and disaster factors on the growth of sugarcane in Guangxi Province and selected 11 indicators as the assessment indicators for sugarcane suitability based on these three factors. AHP and GIS technology were used to construct an assessment system for sugarcane cultivation suitability, and this system was used to assess the suitability of sugarcane cultivation in Guangxi Province. The research results are as follows:



(i) In the suitability assessment system for sugarcane cultivation, 11 specific indicators of climate, terrain, and disaster factors were selected based on their effects on sugarcane growth. Among them, altitude had the highest contribution rate to the suitability of sugarcane cultivation, followed by precipitation during the period of ≥20 °C, slope, and autumn drought frequency. Among the three factors of climate, terrain, and disaster, terrain had the most significant impact on sugarcane cultivation suitability.



(ii) The central and southern regions of Guangxi Province are suitable for sugarcane cultivation, while the northern region is not. The area suitable for sugarcane cultivation is 8.732 million hectares, accounting for 37% of the total area of Guangxi Province. The area that is moderately suitable for sugarcane cultivation is 10.292 million hectares, accounting for 44% of the total area of Guangxi Province. The area unsuitable for sugarcane cultivation is 4.628 million hectares, accounting for 19% of the total area of Guangxi Province.



(iii) It is recommended to focus on the development the sugarcane industry in the regions of central and southern Guangxi Province that are suitable for sugarcane cultivation, such as Chongzuo City, Nanning City, Qinzhou City, Guigang City, Yulin City, and Beihai City. In these areas, the government can strengthen support and guidance for the sugarcane cultivation industry, help farmers improve their cultivation techniques and management skills, and promote the development of local agriculture and economic prosperity. In the northern regions, the government should support other industries to reduce dependence on sugarcane cultivation and ensure sustainable economic development in the area.



This paper assessed the suitability of sugarcane cultivation in Guangxi Province by comprehensively considering three factors: climate, terrain, and disasters, based on previous research. In order to address the issue of frequent disasters caused by extreme weather conditions throughout the year in Guangxi Province, this paper analyzed the impact of disasters on the entire growing season of sugarcane and combined this analysis with the effects of climate and terrain on sugarcane cultivation to provide a more comprehensive assessment of suitability. Additionally, to overcome the problems encountered in the past of using coarse meteorological station data for assessment, this paper used continuous and pixel-level precipitation and temperature data, which are more refined in time and space and can cover the assessment area in more detail, resulting in more detailed assessment results. However, the process of constructing the judgment matrix in the expert rating method relies on the experience of the experts, and the acquisition of weights is subject to some subjective interference. In order to assess the suitability of sugarcane cultivation more scientifically, we will continue to study how to obtain weights to reduce the influence of subjective factors, such as obtaining weights through the autonomous training of neural networks to optimize the assessment system and improve the accuracy of the results.
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Figure 1. Geographical location and elevation distribution map of study area. 






Figure 1. Geographical location and elevation distribution map of study area.



[image: Agriculture 13 00988 g001]







[image: Agriculture 13 00988 g002 550] 





Figure 2. Sugarcane planting suitability assessment flowchart. 
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Figure 3. Analysis and comprehensive assessment of indicators based on the climate factors: (a) annual average temperature; (b) ≥20 °C accumulated temperature; (c) annual minimum temperature; (d) number of consecutive days with average temperature ≥ 25 °C; (e) precipitation during the period of ≥20 °C; (f) climate factor comprehensive assessment. 
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Figure 4. Analysis and comprehensive assessment of indicators based on the terrain factors: (a) elevation; (b) slope; (c) slope direction; (d) terrain factor comprehensive assessment. 
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Figure 5. Analysis and comprehensive assessment of indicators based on disaster factors: (a) spring drought frequency; (b) autumn drought frequency; (c) frost frequency; (d) disaster factor comprehensive assessment. 
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Figure 6. Distribution map of suitable areas for sugarcane cultivation in Guangxi Province. 
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Figure 7. Contribution rates of three factors to the assessment of sugarcane cultivation suitability: (a) contribution rate of climate factor; (b) contribution rate of terrain factor; (c) contribution rate of disaster factor. 
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Table 1. Indicators system for suitability assessment of sugarcane cultivation in Guangxi Province.
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Target Level

	
Criterion Level

	
Weight

	
Indicator Level

	
Weight

	
Most Suitable Level

	
Suitable Level

	
Moderately Suitable Level

	
Unsuitable Level




	
100 Points

	
75 Points

	
50 Points

	
25 Points






	
Suitability of sugarcane cultivation in Guangxi Province (A)

	
Climate factors (B1)

	
0.31

	
Annual average temperature (C1)/°C

	
0.079

	
(21, +∞)

	
(19, 21]

	
(18, 19]

	
(−∞, 18]




	
≥20 °C accumulated temperature (C2)/°C

	
0.245

	
(5000, +∞)

	
(4000, 5000]

	
(3000, 4000]

	
(−∞, 3000]




	
Annual average minimum temperature (C3)/°C

	
0.137

	
(0, +∞)

	
(−1.0, 0]

	
(−1.5, −1.0]

	
(−∞, −1.5]




	
Number of consecutive days with an average temperature ≥25 °C (C4)/days

	
0.137

	
(150, +∞)

	
(130, 150]

	
(110, 130]

	
[0, 110]




	
Precipitation during the period of ≥20 °C (C5)/mm

	
0.402

	
(1200, +∞)

	
(1100, 1200]

	
(1000, 1100]

	
[0, 1000]




	
Terrain factors (B2)

	
0.49

	
Altitude

(C6)/m

	
0.540

	
(−∞, 150]

	
(150, 250]

	
(250, 350]

	
(350, +∞)




	
Slope

(C7)/°

	
0.297

	
(−∞, 6]

	
(6, 15]

	
(15, 25]

	
(25, +∞)




	
Slope direction

(C8)

	
0.163

	
Flat terrain, southern slope

	
Southeastern slopes, southwestern slopes

	
Eastern slope, western slope, northeastern slope, northwestern slope

	
Northern slope




	
Disaster factors (B3)

	
0.20

	
Frequency of spring droughts (C9)/%

	
0.297

	
(0, 10]

	
(10, 25]

	
(25, 50]

	
(50, 100]




	
Frequency of autumn droughts (C10)/%

	
0.540

	
(0, 20]

	
(20, 40]

	
(40, 60]

	
(60, 100]




	
Frequency of frosts (C11)/%

	
0.163

	
(0, 10]

	
(10, 25]

	
(25, 50]

	
(50, 100]
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Table 2. Weight and consistency test results of judgment matrices.
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Judgement Matrix

	
CI

	
CR

	
Judgement Matrix Weights






	
A-B

	
0.0268

	
0.0462

	
B1:0.31 B2:0.49 B3:0.20




	
B1-C

	
0.0075

	
0.0067

	
C1: 0.079 C2:0.245 C3: 0.137 C4:0.137 C5:0.402




	
B2-C

	
0.0046

	
0.0079

	
C6:0.540 C7:0.297 C8:0.163




	
B3-C

	
0.0046

	
0.0079

	
C9:0.297 C10:0.540 C11:0.163




	
Consistency test passed
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Table 3. Classification standard for suitability of sugarcane plantation.
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	Grade
	Most Suitable Level
	Suitable Level
	Moderately Suitable Level
	Unsuitable Level





	Score/points
	100
	[75, 100)
	[50, 75)
	[25, 50)
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