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Abstract:



The Honghe Hani Rice Terraces System (HHRTS) is one of the Globally Important Agricultural Heritage Systems (GIAHS) sites approved by Food and Agriculture Organization (FAO) in 2010. In recent years, with the development of modern agriculture and tourism, cultivation practices for high yield and uniform variety cropping, has threatened the stability of the system of forest-village-paddy-rivers in the Hani terraces. From the viewpoint of farming behavior, we carried out our surveys to learn about the local rural households’ planting situations and the factors that influence their planting choices. A Participatory Rural Appraisal (PRA) was used for gaining information in Yuanyang County, Yunnan Province. Seemingly Unrelated Regression (SUR) were used to test the theoretical result at the individual rural household level. Then, this paper summarized the status quo of crop cultivation structures and analyzed their driving factors in HHRTS. The results showed as follows: ① In the 41.23 hm2 available farmland referred in survey, the crops grown, ordered by total cultivated area, are hybrid rice, corn, and fruit, which rank as the top three for all crops. As the regional traditional crop, the cultivated area of red rice is only 12.04% of total available farmland referred to in the survey. ② According to the actual plantation, the rural household is divided into two categories and marked as “the red-rice-plantation-oriented household (RR household)” and “the hybrid-rice-plantation-oriented household (HR household)”. The result of the SUR model showed that the driving factors to plant hybrid rice and red rice varied greatly with different categories of the rural household. ③ Consistent with the results of correlation analyses and factor analyses, significant driving factors of red rice planting included the ethnicity of the household, the average altitude of the farmland, and the labor productivity of red rice. Significant restraint factors included the total number of family members and the yield of red rice per unit area. Thereupon, in order to realize the dynamic protection of HHRTS, we established an encouragement mechanism for improving the proportion of red rice plantings in relation to aspects of the rural household, the community, and the local government.
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1. Introduction


Agricultural production has both natural and social properties, and its process contains considerable uncertainty [1]. Since the “family-contract responsibility system” was carried out in China in the 1980s, the rural household has become the behavioral agent in the rural economic activities of China, and the fundamental unit of agricultural production [2]. The rural household’s farmland use and crop choices have a direct effect on output benefits [3] and influence the maintenance of farmland quality [4], preservation of the ecological environment [5,6], development and utilization of resources in rural areas, evolution of agricultural landscape patterns, and sustainable development of rural areas [7], among others. Although the income of the rural household depends less and less on crop management as industrialization develops in the rural area, crop management is still one of the major economic activities for the rural household [8].



Analyses of the production activities of the rural household form three branches at present: the school of organization and production [9], the school of rational peasants [10], and the historical school [11]. In the past, the production activity of the rural household was determined by family consumption, and the household’s economic objective was to “meet its consumption instead of pursuit of market sales for gaining maximum profits [11]”. More studies, however, show that the rural household not only works according to its own consumption but also optimizes its production patterns in accordance with market prices in pursuit of maximum profits [9]. Therefore, analyses of the production activity of the rural household cannot be totally divorced from the assumption of the “rational man” and cannot ignore the household’s objective of avoiding risks for maximum family utility.



The production activities of rural households are currently the main focus areas of study for scholars. According to previous studies, the driving factors of the rural household production activity are the regional advantages and the natural conditions of the farmland [12] (soil conditions [13], water resources and irrigation conditions [14,15] and transport convenience and availability [16]), the characteristics and resources of the rural household (farmers’ ages [17], household types [18], the family dependency ratio [19], the structure of labor force [20], the agricultural income ratio [21].), and the characteristics of the market economy (market demands and prices [22,23,24], and national policies [25]).



The Food and Agriculture Organization (FAO) of the United Nations proposed the Globally Important Agricultural Heritage Systems (GIAHS) in 2002, which aims to establish important agricultural heritage systems to preserve systems of relevant landscapes, biodiversity, and traditional knowledge as a base for sustainable management [26]. The plan seeks to gain worldwide acknowledgement and support. In China, the Honghe Hani Rice Terraces System (HHRTS), a representative of traditional farming society in China, was listed among the GIAHS in 2010 [27] and has gradually become a model for dynamic preservation and an example of an important agricultural heritage. HHRTS has an over 1300-year-old farming history. The vertical distribution of the forest-village-terrace-river ecological landscape forms the typical characteristics of HHRTS. Within its system is a unique energy flow, a demonstration of the law of material circulation, and high value in ecology, agricultural production, landscapes, and culture. Its agricultural biodiversity maintenance mechanism demonstrates the significance of preserving traditional agriculture. In recent years, agricultural technology modernization, which is production growth-oriented, brings threats to the dynamic protections of agricultural heritages represented by HHRTS, leading to the gradual disappearance of traditional farming modes and agricultural landscapes with long histories [28].



Red rice, a representative of traditional local crops, is an important part of HHRTS. It is an improved variety that has been cultivated using traditional farming modes, with qualities of stable production and stable disease resistance. These factors enable to red rice play a positive role in maintaining the heredity diversity of the species and provide a base for the study of other crops’ responses to climate change. In the meanwhile, the thousands of years of cultivation in the Hani terraced fields confirm the significance of traditional material resources in maintaining stability and supplying water resources to HHRTS. However, the Hani terraced fields areas are facing similar issues to most other traditional agriculture areas: the large number of chemical fertilizers used and the replacement of traditional crops, represented by red rice, by high-yielding hybrid rice. These changes threaten crop diversity and make it difficult to maintain the diversity of natural species, bringing serious ecological issues and food safety problems to the local area [29]. The germplasm resources represented by red rice need to be protected through cooperation from governments, households, and others, especially through encouraging rural households to plant red rice.



Therefore, a study of the production activity of the rural household and an analysis of its driving factors has significance in maintaining the stability of HHRTS and preserving its original landscape patterns. This paper, based on outcomes of prior studies, discusses problems facing the Hani terraced fields during agricultural modernization development from the perspective of the planting structure of crops and its driving factors, in the hope of offering advice on dynamic protections and sustainable development of agricultural heritage.




2. Methodology


2.1. Overview of the Study Area


HHRTS is mainly distributed along the Honghe River in the middle and lower parts of the Ailao Mountains in southern Yunnan. It has a long history and a large scale, involving Yuanyang County, Honghe County, Jinping County and Lvchun County. This paper takes Yuanyang County as the study area, which lies among the core areas of the HHRTS. Yuanyang County is located in the southern part of Yunnan Province and lies within the geological range of 102°27′~103°13′ E and 22°49′~23°19′ N. Its landform is mainly mountainous with the lowest altitude of 144 m and the highest altitude of 2939.6 m. The total area is 221,232 hm2. The total crop planting area reached 51,768 hm2 in 2014, taking 23.4% of the total area of the county. Planting is the most important means of livelihood for the local rural households in Yuanyang County. Water fields are mainly used for rice plantation. Before the “reform and opening-up policy”, red rice, a traditional crop, had always been planted. After 1980, hybrid rice was gradually planted primarily through ratooning [30]. At present, in Yuanyang County, hybrid rice, red rice, corn and soybeans are the staple grain crops, and mangos, bananas, rubber, palms and firs are the main cash crops.



In recent years, common households have been planting less red rice, and it has been gradually replaced by hybrid rice offering obvious advantages. The gradual decrease of red rice planting, on the one hand, will impact the dynamic protection of agricultural heritage and the cultural inheritance of traditional farming, and, on the other hand, will result in simplification of grain crops, which is disadvantageous for the protection of agricultural biodiversity in the area and the stability of HHRTS. Food systems act as complex social-ecological systems, involving multiple interactions between human and natural components [31]. Compared to hybrid rice, red rice plays a positive role in the agricultural biodiversity conservation and the traditional culture of the area. First, red rice has been cultivated for hundreds of years in HHRTS. During the Shiyuenian, Kuzhazha and other traditional Hani festivals, the Hani people use red rice to offer sacrifices to gods or ancestors [32]. Second, the genetic diversity of red rice is three times that of hybrid rice [33]. Genetic diversity protects agricultural biodiversity and, in particular, a wider deployment of agricultural biodiversity is an essential component in the sustainable delivery of a more secure food supply [34]. Meanwhile, red rice is an ideal healthy food resource: it contains seven of eight amino acids that cannot be synthesized in the human body [35]. Third, red rice has good adaptability to the environment and less reliance on chemical fertilizers. It can maintain a stable and moderate level of production for a long time, and ensure food security for farmers [36].




2.2. Analytical Framework


First, the paper, based on references and field investigations, considered potential factors that influence the rural household’s decisions to grow crops in the Hani terrace areas. Second, according to the ratio of actual planting of hybrid rice and red rice, the paper categorized households and constructed a seemingly unrelated regression (SUR) model to analyze and determine what factors are significantly relevant in influencing rural households’ planting decisions. Finally, based on the results of correlation analysis and general statistical analysis on the survey data of the rural household, the paper discusses the influential mechanisms of the driving factors of planting decisions by rural households through further filtering and analyzing of the significantly relevant factors that influence the rural households to plant hybrid rice and red rice.




2.3. Data Sources


The paper took the approach of a combination of a questionnaire survey and a Participatory Rural Appraisal (PRA) [37] and made an investigation centering on the planting structure of the main grain crops by the rural household, and the driving factors. Investigation and research was made in 10 villages of two towns and three townships of Yuanyang County, Honghe Hani and Yi Autonomous Prefecture, Yunnan Province, during July and August, in 2015 (Table 1). Towns and townships involved were those where terraced fields are densely distributed, namely Xinjie Town, Niujiao Zhai Township, Xiaoxinjie Township, etc. According to the total number of households in every village, 15%~30% of households in every village were randomly chosen to be surveyed. The total households surveyed reached 230. In the end, 199 households finished the survey. Apart from questionnaires with obvious mistakes and incomplete answers, 150 valid questionnaires were returned, taking 75.4% of the sample. The research involved 43.32 hm2 of farmland and 41.23 hm2 of effective plantation.



Table 1. The number of household surveyed in different villages.







	
Town

	
Village

	
Total Households

	
Surveyed Households

	
Proportion






	
Xinjie

	
Xinjie

	
98

	
25

	
25.51%




	

	
Qingkou

	
92

	
20

	
21.74%




	

	
Duoyishu

	
103

	
23

	
22.33%




	

	
Pugaolaozhai

	
89

	
18

	
20.22%




	
Niujiaozhai

	
Yicun

	
121

	
32

	
26.45%




	

	
Ercun

	
131

	
33

	
25.19%




	

	
Guoqi

	
72

	
18

	
25.00%




	

	
Zuota

	
73

	
24

	
32.88%




	
Xiaoxinjie

	
Yaoren

	
92

	
19

	
20.65%




	

	
Yaoshan

	
88

	
18

	
20.45%




	
Total

	
959

	
230

	
23.98%











2.4. Variable Selection


First, making relevant references offered by former researchers, the paper chose a series of factors that influence the rural household’s planting choices. Second, based on on-the-spot survey, the paper made sure that factors with unique regional characteristics according to living habits and conventions of the rural household in the Hani terrace area were represented. Finally, 21 influential variables from four factor categories are determined, namely: ① Family background factors, involving the total number of family members, the householder’s gender, the age of the householder, the education duration of the householder, the ethnicity of the householder, the health condition of the householder, labor force for farming, and the householder’s expectation of farming to later generations. ② Natural factors, concerning the quality of farmland, the water quality of irrigation, and the average altitude of farmlands. ③ Community factors, including village development types, participant cooperative numbers, rural product types, and annual times of agricultural technology training. ④ Economic factors, comprising agricultural income ratios, managed farmland scales, the cost-income ratios of hybrid rice and red rice, and the labor productivity of hybrid rice and red rice.



The paper set the ratio of planting area of hybrid rice and the ratio of planting area of red rice to explained variables and took the actual survey data as the value assignment base. Variables of family background factors, natural factors, community factors and economic factors were set as explanatory variables and their value assignments are presented in the Table 2.



Table 2. Variable name and value assignment.







	

	
No

	
Variable Name

	
Variable Definitions






	
Family Background Factor

	
Var1

	
The total number of family members

	
Continuous variables




	
Var2

	
Householder’s gender

	
0 = Female, 1 = Male




	
Var3

	
The age of the householder

	
Continuous variable




	
Var4

	
The education duration of the householder

	
Continuous variable




	
Var5

	
The ethnicity of the householder

	
1 = Han, 2 = Hani, 3 = Yi,

4 = Miao, 5 = Dai




	
Var6

	
The health condition of the householder

	
1 = Worst, 2 = Bad, 3 = Average,

4 = Well, 5 = Best




	
Var7

	
Labor force for farming

	
Continuous variable




	
Var8

	
The householder’s expectation of farming to later generations

	
1 = Worst, 2 = Bad, 3 = Average,

4 = Well, 5 = Best




	
Natural Factor

	
Var9

	
The quality of farmland

	
1 = Worst, 2 = Bad, 3 = Average,

4 = Well, 5 = Best




	
Var10

	
The water quality of irrigation

	
1 = Worst, 2 = Bad, 3 = Average,

4 = Well, 5 = Best




	
Var11

	
The average altitude of farmlands

	
Continuous variable




	
Community Factor

	
Var12

	
Village development types

	
1 = Common village,

2 = Traditional village,

3 = Agricultural village




	
Var13

	
Participant cooperative numbers

	
Continuous variable




	
Var14

	
Rural product types

	
1 = Common Product,

2 = Regional Characteristic Product,

3 = Non-harmful Product,

4 = Green Food,

5 = Organic Product,

6 = Product of Geographical Indication




	
Var15

	
Annual times of agricultural technology training

	
Continuous variable




	
Economic Factor

	
Var16

	
Comprising agricultural income ratios

	
Continuous variable




	
Var17

	
Managed farmland scales

	
Continuous variable




	
Var18

	
The cost-income ratios of hybrid rice

	
Continuous variable




	
Var19

	
The cost-income ratios of red rice

	
Continuous variable




	
Var20

	
The labor productivity of hybrid rice

	
Continuous variable




	
Var21

	
The labor productivity of red rice

	
Continuous variable










The paper carried out a test of significance by Pearson correlation coefficients of the variables above with the help of the statistical software StataMP 14. According to the principle that if 0.5 ≤ │r│ ≤ 0.8 and sig < 0.05, it was regarded as a moderate correlation, and if │r│ ≥ 0.8 and sig < 0.01, it was regarded as high correlation, analyses were given that linear correlations did not exist in 21 variables. In the meanwhile, StataMP 14 was applied for the collinearity test of the variables above. Tolerance < 1, namely VIF (variance inflation factor) > 10, determined whether collinearity existed in the variables. After testing, collinearity did not exist in the 21 available variables. Finally, the 21 variables above were chosen in the model for analysis.




2.5. Difference Test of the Category of the Rural Household


In order to have a targeted analysis on driving factors that influenced hybrid rice plantation and red rice plantation, the rural household was sorted into two categories according to their actual plantation: if the plantation ratio of red rice was higher than that of hybrid rice, the household was marked as a “red rice plantation-oriented household (RR household)”, otherwise, it was marked as a “hybrid rice plantation-oriented household (HR household)”. The RR household and the HR household comprised 34% and 66% of the total households surveyed. Before identifying influential factors of hybrid rice plantation and red rice plantation of different categories of rural households, it was necessary to confirm whether changes of the 21 variables above had the same effect on the two categories of the rural household. If the test result confirmed that different categories gained different effects from the variables, a study of different factors on the basis of different categories of the rural household had some degree of significance.



The Logit model was applied to the difference test of the influential factors of the categories of rural households. The HR household was taken to be the reference—it needed to test the difference change of the RR household as the influential factors changed. The household category was assumed to be the discrete variable, y. y = 0 represented the HR household. y = 1 represented the RR household. X represented the explanatory variable. β represented the regression coefficient. If the influential factors of the two categories had big differences, it showed that it was necessary to classify factors that influence the rural household to choose crops on the basis of the household category [38].
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2.6. Analysis on Driving Factors


In order to analyze how characteristics of the rural household and owned resources have an effect on crop choices of individual rural households, the rural household crop choice system was established for seemingly unrelated regression analyses of the explained variable and the explanatory variable, to show how characteristics of the rural household and owned resources had an effect on the rural household’s crop choices. Considering contemporaneous correlations among explanatory variables, the SUR model [39] was applied for parameter estimation. This model can identify correlations of random errors in every model and obtain a smaller parameter estimation variance, so the estimation result is more effective. It is a major method for correlation analysis [40]. The software used was StataMP 14. The model is as follows:



In a regression equation system with M regression equations, the ith equation must meet:


Yi = αij + ∑βijXij + εij (i = 1, 2, …, M)











Yi is the observed value of the ith explained variable. Xij is the observed value of the jth explanatory αij and βij are regression coefficient equations. εij is the residual term.



Based on the result of the SUR model, the paper selected the driving factors that influenced the rural household’s planting decisions from significantly relevant factors, through statistical analyses. In addition, the influential mechanism of driving factors was discussed by combining the results of correlation analysis and general statistical analysis.





3. Results


3.1. Situation of Crop Planting


Crops planted in Yuanyang County are mainly hybrid rice, red rice, corn, beans (mainly including peanuts, soybeans, kidney beans, etc.), vegetables (mainly including Chinese cabbages and ferns), fruit (mainly including mangoes, and sugar canes), rubber, palms, firs, and so on (Table 3).



Table 3. Crops area and the number of households.







	

	
Hybrid Rice

	
Corn

	
Fruit

	
Red Rice

	
Beans

	
Other Crops

	
Vegetables






	
The total planting area/hm2

	
13.880

	
12.470

	
8.170

	
5.170

	
1.100

	
0.287

	
0.153




	
The percentage of total planting area/%

	
33.66

	
30.24

	
19.82

	
12.54

	
2.67

	
0.70

	
0.37




	
The average planting area per household/hm2

	
0.140

	
0.125

	
0.908

	
0.148

	
0.079

	
0.096

	
0.051




	
The participant planting household/household

	
99

	
100

	
9

	
35

	
14

	
3

	
3




	
The percentage of participant planting household/%

	
66.00

	
66.67

	
6.00

	
23.33

	
9.33

	
2.00

	
2.00










In the area of Yuanyang, red rice planting poses a general situation such that the total number of the household that plants red rice decreases but the average planting area per household is still large, which leads to the total planting area of red rice being far smaller than that of hybrid rice, which is impacts negatively on the preservation of traditional crop varieties of the local area and on the maintenance of crop diversity. Red rice as a specialty of the Hani terrace area, suffers restrictions of characteristics and natural conditions, and recently, it is planted by a limited number of local specialized cooperatives and big growers rather than being promoted and sold was a common endeavor within a local agricultural specialty. Generally, a family treats hybrid rice as a staple food for daily life. Red rice is primarily stored in one’s own home and is often eaten during festivals or special celebrations.




3.2. Description of the Rural Household


According to the research data, the households surveyed were mainly families of six members. The householder was often a middle-age Hani man who had received nine years or more of education. The average total income of the whole family was 41,111.51 RMB/year, in which the average agricultural income was 7490.55 RMB/year, taking 36.15% of the total income. The rest of income sources included tourism reception, trades, and migrant work. They comprised 23.43%, 25.83% and 14.59% of total income respectively. Average planting area was 0.27 hm2 per household. Average farmland quality was not very good. Average irrigation quality was a little poor. The average altitude of farmland reached 1364.85 m. The average planting proficiency was approximately one or two per household (Table 4).



Table 4. Descriptive statistics of the household survey in Yuanyang County.







	
Variable

	
Unit

	
Average Value/Percentage




	
Rural Household

	
RR Household

	
HR Household






	
The total number of family members

	
Person

	
6

	
6

	
5




	
Householder’s gender/%

	
%

	

	

	




	
 Male

	
63.21

	
59.38

	
64.65




	
 Female

	
36.79

	
40.62

	
35.35




	
The age of the householder

	
Year

	
41

	
39

	
43




	
The education duration of the householder

	
Year

	
9

	
9

	
9




	
The ethnicity of the householder

	
%

	

	

	




	
 Han

	
12.11

	
8.82

	
62.38




	
 Hani

	
40.27

	
41.18

	
17.51




	
 Yi

	
22.36

	
24.69

	
9.87




	
 Miao

	
13.21

	
12.34

	
6.07




	
 Dai

	
12.05

	
12.97

	
4.17




	
The health condition of the householder

	
%

	

	

	




	
 Worst

	
4.79

	
6.25

	
17.17




	
 Bad

	
10.21

	
6.25

	
6.06




	
 Average

	
50.32

	
3.13

	
5.05




	
 Well

	
18.36

	
37.50

	
23.24




	
 Best

	
16.32

	
46.87

	
48.48




	
Labor force for farming

	
Per household

	
1.51

	
1.50

	
1.52




	
The householder’s expectation of farming to later generations

	
%

	

	

	




	
 Worst

	
9.82

	
6.25

	
5.05




	
 Bad

	
19.26

	
25.00

	
26.26




	
 Average

	
49.79

	
21.88

	
15.15




	
 Well

	
13.92

	
25.00

	
35.35




	
 Best

	
7.21

	
21.87

	
18.19










For the HR household and the RR household, there were big differences in the total numbers of family members, the gender of the householders, the ethnicity of the householders, the health condition of the household, and so on. Compared with the HR household, the RR household had more family members, higher ratios of the female to male householders, and non-Han householders, and better health conditions for the householders.




3.3. The Result of the Difference Test


From the perspective of particular effects caused by different factors, among the family background factor, the natural factor, the social factor and economic factor, more than one had an effect on the two categories of the rural household. The result shows that changes of the influential factors had different degrees of effects on the two categories (Table 5). When the HR household was taken to be the reference, the ethnicity of the householder, the average altitude of farmlands, the product type, times of agricultural technology training, the labor productivity of hybrid rice and the labor productivity of red rice of the RR household had relative changes of 2.756%, 0.028%, 0.738%, 1.302%, −0.009% and 0.086% respectively. Therefore, it was significant to analyze the factors that influence the rural household to choose crop varieties on the basis of the category of the rural household.



Table 5. Results of the Logit Model.







	
Influential Factor

	
Coefficient

	
p > |z|

	
Influential Factor

	
Coefficient

	
p > |z|






	
Var1

	
0.009

	
0.953

	
Var12

	
−0.119

	
0.650




	
Var2

	
−0.056

	
0.915

	
Var13

	
−1.551

	
0.163




	
Var3

	
−0.014

	
0.430

	
Var14

	
0.738 **

	
0.047




	
Var4

	
0.010

	
0.875

	
Var15

	
1.302 **

	
0.034




	
Var5

	
2.756 ***

	
0.000

	
Var16

	
−0.004

	
0.569




	
Var6

	
0.200

	
0.257

	
Var17

	
−1.776

	
0.184




	
Var7

	
−0.187

	
0.699

	
Var18

	
−0.002

	
0.965




	
Var8

	
−0.052

	
0.795

	
Var19

	
−0.005

	
0.915




	
Var9

	
−0.705

	
0.356

	
Var20

	
−0.009 *

	
0.093




	
Var10

	
−0.494

	
0.425

	
Var21

	
0.086 **

	
0.042




	
Var11

	
0.028 ***

	
0.000

	
Constant

	
−1.863 ***

	
0.009








Note: *** represents 10% significance, ** represents 5% significance, * represents 1% significance.









3.4. Results of the Correlation Analysis


The result of the SUR model indicated that significantly relevant factors for planting hybrid rice and red rice varied a lot with different categories of the rural household (Table 6).



Table 6. Results of the Seemingly Unrelated Regression (SUR) model.







	

	
RR Household

	
HR Household




	
Hybrid Rice

	
Red Rice

	
Hybrid Rice

	
Red Rice




	
Coefficient

	
p > |z|

	
Coefficient

	
p > |z|

	
Coefficient

	
p > |z|

	
Coefficient

	
p > |z|






	
Family background Factor

	
Var1

	
−0.237

	
0.744

	
−0.570 **

	
0.015

	
−1.194

	
0.187

	
−0.197 *

	
0.094




	
Var2

	
−6.368 ***

	
0.004

	
1.725 **

	
0.014

	
0.856

	
0.794

	
−0.582

	
0.172




	
Var3

	
0.250 **

	
0.010

	
−0.050

	
0.108

	
0.228 **

	
0.043

	
0.034 **

	
0.020




	
Var4

	
0.139

	
0.619

	
0.013

	
0.883

	
0.288

	
0.503

	
0.097 *

	
0.081




	
Var5

	
−13.624 ***

	
0.001

	
5.739 ***

	
0.000

	
2.900

	
0.323

	
1.388 ***

	
0.000




	
Var6

	
1.945 *

	
0.077

	
−0.084

	
0.812

	
1.068

	
0.305

	
0.251 *

	
0.063




	
Var7

	
−2.997

	
0.141

	
1.957 ***

	
0.003

	
1.595

	
0.612

	
−0.312

	
0.445




	
Var8

	
1.662 **

	
0.026

	
−0.288

	
0.231

	
1.412

	
0.246

	
0.137

	
0.387




	
Natural Factor

	
Var9

	
−0.437

	
0.761

	
−1.400 ***

	
0.002

	
−1.751

	
0.316

	
−0.024

	
0.917




	
Var10

	
1.726 *

	
0.080

	
−0.888 ***

	
0.005

	
−1.089

	
0.484

	
0.203

	
0.314




	
Var11

	
−0.654 **

	
0.041

	
0.252 ***

	
0.000

	
0.013

	
0.216

	
−0.002

	
0.183




	
Social Factor

	
Var12

	
2.691

	
0.243

	
−2.282 ***

	
0.002

	
2.871

	
0.137

	
0.285

	
0.254




	
Var13

	
−5.936

	
0.307

	
6.230 ***

	
0.001

	
5.589 **

	
0.033

	
0.231

	
0.497




	
Var14

	
0.201

	
0.875

	
−0.695 *

	
0.090

	
2.562

	
0.434

	
0.660

	
0.120




	
Var15

	
−5.950 ***

	
0.000

	
2.087 ***

	
0.000

	
−2.621

	
0.666

	
0.039

	
0.961




	
Economic Factor

	
Var16

	
0.007

	
0.824

	
−0.010

	
0.320

	
−0.002

	
0.966

	
0.007

	
0.266




	
Var17

	
1.737

	
0.832

	
−4.881 *

	
0.064

	
−9.325

	
0.257

	
−1.396

	
0.191




	
Var18

	
0.477 *

	
0.054

	
−0.138 *

	
0.085

	
1.204 ***

	
0.001

	
0.129 ***

	
0.008




	
Var19

	
1.272 **

	
0.026

	
−0.887 ***

	
0.000

	
0.960 ***

	
0.004

	
−0.087 **

	
0.044




	
Var20

	
0.878

	
0.365

	
0.114

	
0.715

	
−1.106 **

	
0.016

	
0.188 ***

	
0.002




	
Var21

	
−1.811 **

	
0.010

	
0.940 ***

	
0.000

	
−2.797 ***

	
0.000

	
0.415 ***

	
0.000




	
Constant

	

	
39.809 *

	
0.099

	
−292.544 ***

	
0.000

	
22.085

	
0.487

	
−13.289 ***

	
0.001




	
R2

	

	
0.777

	
0.998

	
0.759

	
0.465








Note: *** represents 10% significance, ** represents 5% significance, * represents 1% significance.








3.4.1. The Red Rice Plantation-Oriented Household


The factors that had relevance to this category of the household whose hybrid rice planting took 1% significance level, included the gender of the householder (−), the ethnicity of the householder (−), and times of participation in agricultural technology training (−). The factors that had relevance to their hybrid rice planting took 5% significance level, include the age of the householder (+), the householder’s expectation of farming to later generations (+), the average altitude of farmlands (−), etc.



The factors that had relevance to this category of the household whose red rice planting took 1% significance level, included the ethnicity of the householder (+), labor force for farming (+), the farmland quality (−), etc. The factors that had relevance to their red rice planting took a 5% significance level, including the number of total family members (−), and the gender of the householder (+).




3.4.2. The Hybrid Rice Plantation-Oriented Household


The factors that had relevance to this category of the household whose hybrid rice planting took 1% significance level, included the cost-income ratio of hybrid rice (+), the cost-income ratio of red rice (+), and the labor productivity of red rice (−). The factors that had relevance to hybrid rice planting took a 5% significance level, including the age of the household (+), the participant cooperative number (+), and the labor productivity of hybrid rice (−).



The factors that had relevance to this category of the household whose red rice planting took a 1% significance level, included the ethnicity of the householder (+), the cost-income ratio of hybrid rice (+), and the labor productivity of hybrid rice (+), etc. The factors that had relevance to red rice planting took a 5% significance level, including the age of the householder (+), and the cost-income ratio of red rice (−).





3.5. Analysis of Driving Factors


The result of the SUR model showed that the factors that influence the rural household to choose crops presented big differences because of the category of the rural household. The same factor may cause differences in planting the same crop by different categories of the household. Therefore, the factors above that have common significant influences on hybrid rice and red rice and factors with certain consistency from in the survey data were used in deep analyses in order to explore their affecting mechanisms.



3.5.1. The Family Background Factor


The Number of Total Family Members. The regression result showed that the number of total family members had a negative influence on red rice planting of both categories of the rural household. The following chart, based on survey data of the rural household, is a scatter diagram drawn with the software of OriginPro 2016 64 Bit, and a high fitting degree of the Logistic regression equation (R2 = 0.678) was applied to obtain a fitting curve by nonlinear fitting of the data. The result showed that the rural household that had a higher proportion (the area proportion ≥ 50%) of red rice planting mainly gathered in the area where there were fewer family members (family members ≤ 4). In the meantime, as the number of the family member rose, the planting area of red rice generally decreased (Figure 1). This indicated that the number of total family members was one of the significant factors that influence red rice planting. The household that had more members tended to plant less red rice. In the meanwhile, according to degrees and coefficients of significance, the higher the planting ratio of red rice, the more strongly the number of family members had restrictions on red rice planting.


Figure 1. Logistic fit of family number and the percentage of cultivated area.
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The Age of the Householder. The SUR model showed that the age of the householder had a positive influence on hybrid rice planting of all households, and also has a positive influence on red rice planting for the hybrid rice plantation-oriented household. According to the scatter diagram based on the research data and the Logistic regression equation and the fitting curve (the fitting curve of hybrid rice is R2 = 0.561 and the fitting curve of red rice is R2 = 0.561), as the age of the householder rose, the area proportions of planting hybrid rice and red rice generally demonstrated a rising tendency and a declining tendency respectively (Figure 2). This can showed that the age of the householder is one of the significant driving factors that influence hybrid rice planting. In the meantime, according to degrees and coefficients of significance, the smaller the proportion of planting hybrid rice was, the stronger the driving degree was.


Figure 2. Logistic fit of householder’s age and the percentage of cultivated area.
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The Ethnicity of the Householder. The ethnicity of the householder had a positive influence on red rice planting of all households, and had a negative influence on hybrid rice planting for the RR household. The household surveyed could be categorized into two: the Han household and the non-Han household, in terms of ethnicity. The Han households comprised just 12.11% of the total household surveyed. The non-Han households included the Hani people, the Yi people, the Miao people, and the Dai people (Figure 3). The result showed that the ethnicity of the householder is one of the significant driving factors that influence red rice planting. In the meantime, according to degrees and coefficients of significance, the bigger the proportion of planting red rice is, the stronger the driving degree is.


Figure 3. Proportions of different crops in household of the same ethnicity.
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3.5.2. The Natural Factor


The Irrigation Water Quality. The site condition of farmlands and the irrigation water quality were key factors that influenced the rural household to choose crops. Classification of irrigation water quality in research is by the subjective standards of the rural household, which involves four items—the water source, the water quality, and the quantity and quality of the irrigation canal. Each one of the items has five grades and Grade Five is regarded as optimal water quality. The irrigation water quality of the effective farmland surveyed was mainly Grade One and Grade Two, which was 75.42% of the effective area of farmlands. In terms of red rice, the irrigation water quality was higher, and the proportion of red rice was higher (Figure 4). Although the result of the SUR model shows that the irrigation water quality has a significant positive influence and a significant negative influence on hybrid rice planting and red rice planting for the RR household respectively, analyses of the survey data failed to present a result that was consistent with the results of the SUR model. Thereupon, the affecting mechanism of the irrigation water quality needs to be further analyzed in the future.


Figure 4. Proportions of different crops in irrigation water of the same quality.
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The Average Altitude of the Farmland. One slope of the Hani rice terrace in Yuanyang County can be converted into over 3000 terraces with an angle of ranging from 15° to 75°. The elevation variation, caused by this special vertical characteristic, becomes a key factor that influences the household’s crop choices. Field investigations and the household survey indicated that red rice has strong adaptability to high-altitude farmlands, and its planting altitude ranges from 1400 to 1700 m; the planting altitude of hybrid rice is lower, ranging from 1000 to 1600 m. The farmlands surveyed are categorized into two, bounded by the lowest altitude of red rice planting of 1400 m. Low-altitude farmland (which is below 1400 m) is mainly cultivated with corn and hybrid rice, with a total area of 88.31% the total area of the low-altitude farmland. High-altitude farmland (which is over 1400 m) is cultivated with much more red rice than hybrid rice, but the planting area of red rice takes just 34.44% of the total planting area of the high-altitude farmland. As for the high-altitude farmland, fruit and beans have the largest planting areas (Figure 5). In accordance with the result of the SUR model above, the altitude of the farmland was one of the significant driving factors of red rice planting and hybrid rice planting. Also, according to the degree of significance of the factor, the altitude of the farmland has a strong driving force for red rice planting.


Figure 5. Proportions of different crops in high-altitude and low-altitude farmland.
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HHRTS has a structure of vertical landscapes composed by four elements, forest, village, terrace, and river [41]. Pools and brooks conceived by high mountains and dense forests flow along the zigzagged ditches downward into villages for use by human and cattle, and then gather in terraced fields [42]. Red rice planting needs higher altitudes. After thousands of years of cultivation and screening, they become the first barrier for brooks from forests flowing downward. In the high-altitude farmland, red rice has a smaller planting area, which is disadvantageous for maintaining the stability of the terrace eco-system and supplying water to the low-altitude farmland. If the situation continues, the landscape pattern of the Hani terrace and food safety in the area will be threatened.




3.5.3. The Social Factor


The Number of Participation in Cooperatives. The red rice planting of Yuanyang County has developed a management model of “company+base+household”. Relying on enterprises, specialized cooperatives have been established. By cooperatives contracting purchase agreements with planting households and offering tech-supports and fine seeds, the rural household is encouraged to plant terraced red rice. The result of the SUR model shows that the number of participation in cooperatives has had a significant positive influence on red rice planting and hybrid rice planting of the RR household and the HR household respectively. But surveys indicate that by 2015, Yuanyang County had 67 farmer’s specialized cooperatives, with just two cooperatives engaging in planting and marketing of red rice (Table 7). The survey data showed that in the area of the Hani terrace the rural household participated in a small number of cooperatives. On average, one household participated in less than one cooperative. Thereupon, the affecting mechanism that the number of participation in cooperatives influences red rice planting and hybrid rice planting needs to be further discussed, but the number of participants in cooperatives has certain driving forces on the rural household’s crop choices.



Table 7. The number of different cooperatives.







	
The Type of Cooperatives

	
Number






	
Red rice planting and marketing

	
2




	
Fruit planting and marketing

	
28




	
Vegetables planting and marketing

	
19




	
Animal husbandry

	
20




	
Total

	
67










Times of Participation in Agricultural Technology Training. The SUR results showed that time of participation in agricultural technology training has a negative influence and a positive influence on hybrid rice planting and red rice planting of the RR household respectively. However, the survey data indicated that annual times of participation in agricultural training per household was less than once. Thereupon, the affecting mechanism that times of participation in agricultural technology training influence the planting structure of the rural household needs more complete data support. The survey data showed that 87.3% of the household surveyed had a strong willingness to participate in agricultural technology training. Suggestions have been offered to the local government for agricultural technology training to be organized in a planned way for improving the knowledge level and planting skills of the rural household.



The Development Type of the Village. Although the development type of the village had a significant negative influence on red rice planting of the RR household, the whole survey data showed that households in different villages of different types have big differences in the planting structure.



The villages surveyed were categorized into three development types: Category One is the common village, including Guoqi and Zuota of Niujiao Zhai Township; Category Two is the traditional village that aims to develop tourism, including Xinjie, Qingkou, Duoyishu, and Pugao Old Stockade of Xinjie Town, and Qingkou is a well-known “Hani folklore village”, concentrating on demonstration of four elements of the Hani rice terrace; Category Three is the village that aims to develop agricultural production, including Village One and Village Two of Niujiao Zhai Township, as well as Fish Pool Village and Xinzhai of Xiaoxinjie Township. Xiaoxinjie Township is one of the main production areas of red rice in Yuanyang County, and the two specialized cooperatives of red rice in Yuanyang County are also located there.



Regarding the planting structure, the common village has the richest crop varieties. Each proportion of hybrid rice, corn, beans and fruit approaches near one quarter. The proportion of red rice planting was the highest in traditional villages that aim to develop tourism, with 39.94%. In villages that aimed to develop agricultural production, hybrid rice and corn take the leading place (Figure 6).


Figure 6. Proportions of different crops in the same type of villages.
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3.5.4. The Economic Factor


The Cost-income Ratio of the Crop. The SUR result showed that the cost-income ratios of hybrid rice had a significant positive influence both on hybrid rice planting of all households and on red rice planting of the HR household, and the cost-income ratios of hybrid rice had a significant negative influence on red rice planting of the RR household. The cost-income ratios of red rice had a significant positive influence on hybrid rice planting of all households and a significant negative influence on red rice planting of all households.



Generally speaking, in the open market, rural household tend to plant crops that can bring higher profits. But field investigations found that 97.3% of the local households surveyed planted crops to meet their self-consumption, and less than 3% of the households surveyed did grain business. The local grain and crop market is still less developed. It was found that in the current market, the rural households judged the economic profit of crops only by crop yields per unit, rather than by market trading, and the influence of the cost-income ratio on the rural household’s crop choices showed itself mainly by more straightforward measurements of yields per unit, and planting costs. The following chart depicts the input and output of red rice and hybrid rice according the field investigations: the yield of red rice per unit was far lower than that of hybrid rice. The yields per unit were respectively 1187.5 kg/hm2 and 2197.07 kg/hm2. But the cost and net profit of red rice approached approximately to those of hybrid rice. The yields per unit area were, respectively, 1187.5 kg/hm2 and 2197.07 kg/hm2. The total planting costs were respectively 33,775.66 RMB/hm2 and 36,781.93 RMB/hm2. Net profits were respectively 8974.24 RMB/hm2 and 9506.15 RMB/hm2. Meantime, the cost-income ratio of red rice was higher than that of hybrid rice, respectively being 26.57% and 25.84% (Figure 7). It was found that the influence of the cost-income ratio on the rural household’s crop choices in the Hani terrace area shows itself by the crop yield per unit area. According to the assumption of the “rational man” in economics and the result of the SUR model, the yield of hybrid rice per unit area was the significant driving factor that influenced the rural households to plant hybrid rice. The higher the proportion of red rice planting was, the stronger the driving force was. The yield of red rice per unit area was a significant restraint factor for red rice planting. The higher the proportion of red rice planting was, the stronger the restraint degree was. In the meanwhile, the yield of red rice per unit area was the significant driving factor of hybrid rice planting. The higher the proportion of red rice planting was, the stronger driving force was.


Figure 7. Input and Output of Hybrid rice and Red rice.
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The Labor Productivity of the Crop. The results of the SUR model indicated that the labor productivity of red rice has a significant positive influence and a significant negative influence on red rice planting and hybrid rice planting of all households respectively, and that the labor productivity of hybrid rice has a negative influence and a positive influence respectively on hybrid rice planting and red rice planting for the HR household only.



The survey data showed that red rice and hybrid rice have a big difference in labor productivity, respectively being 16.74 RMB/h and 52.81 RMB/h. The migrate workers from the Hani terrace area mainly engage in short-term jobs within the county or the prefecture, 90.1% of whom surveyed said that they will return to their hometowns to plant and plough during busy farm work periods. Therefore, the opportunity cost of the rural household’s planting activities can be negligible. In consistent with the SUR result above, the influence of the labor productivity of hybrid rice on the rural household’s planting choices shows itself when there is a large scale of hybrid rice planting, which means that some hybrid rice plantings are replaced with red rice planting when the rural household is encouraged to extend hybrid rice planting. The labor productivity of red rice is the significant driving factor that influences the rural household to plant red rice. The higher the proportion of red rice planting is, the stronger the driving force is. In the meanwhile, the labor productivity of red rice is the significant restraint factor of hybrid rice planting. The higher the proportion of hybrid rice planting is, the stronger the restraint degree is.






4. Conclusions


This paper, based on household survey data in Yuanyang County of Honghe Hani and Yi Autonomous Prefecture, Yunnan Province, established a SUR model to analyze the current situations of the planting structure and driving factors of HHRTS. The conclusions are as follows: ① In the effective farmland of 41.23 hm2 surveyed, the arrangement was hybrid rice>corn>fruit>red rice>beans>other crops>vegetables, in terms of their total planting areas and the average planting area per household. Red rice and hybrid rice, as the primary grain crops in the Hani terraced area, had mutual substitutability. There were a small number of households planting red rice, but the average planting area per household was larger, which caused the total planting area of red rice to be far smaller than that of hybrid rice. This was disadvantageous for the protection of local traditional crops and maintaining crop diversity. ② The SUR model indicated that for the RR household, red rice planting was more stable and more difficult to be replaced by hybrid rice planting when the householder was a non-Han male, the average altitude of the farmland was higher, the household had more occurrences of participation in agricultural technology training, and the labor productivity of red rice was higher. ③ In line with the results of correlation analyses and factor analyses, the significant driving factors of red rice planting included the ethnicity of the household, the average altitude of the farmland, and the labor productivity of red rice. Significant restraint factors of red rice planting included the total number of family members and the yield of red rice per unit area. The significant driving factors of hybrid rice planting included the age of the householder, the yield of hybrid rice per unit area, and the yield of red rice per unit area. Significant restraint factors of hybrid rice planting included the average altitude of the farmland and the labor productivity of red rice.




5. Discussion


As stated above, the key point of protecting and maintaining the stability of HHRTS lies in encouraging the rural household to plant red rice. The results of correlation analyses and factor analyses in the paper showed that the significant driving factors of red rice planting included the ethnicity of the householder, the average altitude of the farmland, and the labor productivity of red rice. Among these, the former two belonged to inherent family characteristics and natural characteristics, aspect which are difficult to interfere with. Therefore, the critical factor in encouraging the rural household to plant red rice is to enhance the labor productivity of red rice.



In general, besides soil quality, labor rates, and land productivity, agricultural labor productivity also depend on the conversion degrees of agricultural products into agricultural output value. The conversion rate of output value is a vital factor that influences labor productivity [43]. To be specific, the factors of agricultural labor productivity include the size of the land used per unit of worker [44], the product’s yield per unit of farmland [45], the agricultural production structure [46], and the price of the agricultural product [47]. Therefore, to realize a dynamic protection of HHRTS, a suggestion is proposed to aim at raising the proportion of red rice planting with an encouragement mechanism for the rural household’s planting behaviors, established as follows:



For the rural household. An encouragement mechanism to raise the proportion of red rice planting should be established on the basis of the category of the rural household. The suggestions are as follows: ① The RR household should be encouraged to participate in more red rice specialized cooperatives and agricultural technology trainings sessions, and to increase family farming proficiency. ② The HR household should be encouraged to receive higher-level education and frequent health check-ups. The following chart respectively presents the significant positive factors of red rice planting by the RR household and the HR household.



For the community. Increasing the proportion of red rice planting should be an aim, and the local rural community should extend and expand the size and the number of red rice-specialized cooperatives. In the meantime, frequent availability of agricultural technology training and fine seeds to rural households, led by cooperatives, is suggested. Planting efficiency needs to be enhanced while maintaining traditional planting modes. Moreover, the local rural community is advised to popularize relevant knowledge of agricultural heritage, and to improve the understanding of the importance of traditional crops.



For the local government. Suggestions include three aspects. ① Brand shaping work needs to be promoted to increase added value. In the prefecture, led by the prefectural government of Honghe Hani and Yi Autonomous Prefecture, a unified brand of traditional crops represented by terrace red rice needs to be established. It needs to promote the quality evaluation system of the agricultural product, authorize use of this brand to qualified further-processing enterprises and specialized cooperatives, and increase added value of traditional crops to raise market transaction prices and improve planting enthusiasm of the rural household. ② The government needs to develop a multiple agricultural production structure, which centers on red rice. HHRTS embodies production values, ecosystem values, social values, and cultural values, and has beneficial conditions for industrial coexistence development [48]. The local government is advised to take traditional crop planting as a developing first industry, and focus on traditional crops represented by red rice, take further processing of agricultural specialties as a developing second industry, and develop further processing products of traditional crops represented by red rice, and to take rural tourism and eco-recreation as a developing third industry, and further highlight cultural connotations of traditional crops in the production and life of the Hani, Yi, and other ethnic groups to develop special tours and village stays. ③ Intense research and scientific supports should be put into fine seeds of red rice. At present, red rice has a low yield, which badly impacts the rural household’s planting enthusiasm. The local government is suggested to provide more support into fine seed breeding and seeding of red rice, to scientifically improve yields.



Due to data availability and problem complexity, the paper has some weak points to be further discussed: ① The paper takes section data from 2015 and analyzes this from the perspectives of the economic benefit of the crop, the characteristics of the farmland, the family characteristics of rural households, and owned resources, rather than making long-term analyses on changes to the planting structure. ② In terms of the characteristics of the farmland, the farmland quality is categorized just by subjective evaluations of the rural household, which cannot reveal farmland quality completely and objectively. ③ HHRTS has rich cultural resources and different ethnic groups with different living habits and behaviors, so the influences of cultural connotations for the crop itself on planting choices, cannot be presented in the paper.







Acknowledgments


This work was supported by the National Natural Science Foundation of China, No. 41201586.




Author Contributions


Lun Yang and Qingwen Min conceived and designed the research; Lun Yang, Fei Lun, Zheng Yuan, and Yongxun Zhang collected and analyzed the data; Lun Yang and Moucheng Liu developed the model, conducted the analysis and wrote the paper together.




Conflicts of Interest


The authors declare no conflict of interest.




References


	1. 
Beattie, B.R.; Taylor, C.R.; Watts, M.J. The Economics of Production; Wiley: New York, NY, USA, 1985. [Google Scholar]

	2. 
Lopez, R.A.; He, X.; De Falcis, E. What Drives China’s new agricultural subsidies? World Dev. 2017, 93, 279–292. [Google Scholar] [CrossRef]

	3. 
Zhang, Y.; Li, X.; Song, W.; Thai, L. Land abandonment under rural restructuring in China explained from a cost-benefit perspective. J. Rural Stud. 2016, 47, 524–532. [Google Scholar] [CrossRef]

	4. 
Paul, J.; Sierra, J.; Causeret, F.; Guinde, L.; Blazy, J.M. Factors affecting the adoption of compost use by farmers in small tropical Caribbean islands. J. Clean. Prod. 2017, 142, 1387–1396. [Google Scholar] [CrossRef]

	5. 
Wauters, E.; Mathijs, E. The adoption of farm level soil conservation practices in developed countries: A meta-analytic review. Int. J. Agric. Res. Gov. Ecol. 2014, 10, 78–102. [Google Scholar] [CrossRef]

	6. 
Wang, T.; Luri, M.; Janssen, L.; Hennessy, D.A.; Feng, H.; Wimberly, M.C.; Arora, G. Determinants of Motives for Land Use Decisions at the Margins of the Corn Belt. Ecol. Econ. 2017, 134, 227–237. [Google Scholar] [CrossRef]

	7. 
Krupnik, T.J.; Schulthess, U.; Ahmed, Z.U.; McDonald, A.J. Sustainable crop intensification through surface water irrigation in Bangladesh? A geospatial assessment of landscape-scale production potential. Land Use Policy 2017, 60, 206–222. [Google Scholar] [CrossRef] [PubMed]

	8. 
Cotta, J.N. Revisiting Bora fallow agroforestry in the Peruvian Amazon: Enriching ethnobotanical appraisals of non-timber products through household income quantification. Agrofor. Syst. 2016, 1, 1–20. [Google Scholar] [CrossRef]

	9. 
Chayanov, A.V.; Xiao, Z.H. Peasant Farm Organization; Central Compilation & Translation Press: Beijing, China, 1996. [Google Scholar]

	10. 
Schultz, T.W.; Lang, X.M. Transforming Traditional Agriculture; The Commercial Press: Beijing, China, 2009. [Google Scholar]

	11. 
Huang, P.C. Small Peasant Economy and Social Change in North China; Zhonghua Book Company: Beijing, China, 1986. [Google Scholar]

	12. 
Lawas, M.C.M.; Luning, H.A. GIS and multivariate analysis of farmer’s spatial crop decision behaviour. Netherlands. J. Agric. Sci. 1998, 46, 193–207. [Google Scholar]

	13. 
Ravnborg, H.M.; Rubiano, J.E. Farmers’ decision making on land use—The importance of soil conditions in the case of Río Cabuyal watershed, Colombia. Geografisk Tidsskrift-Danish. J. Geogr. 2001, 101, 115–130. [Google Scholar]

	14. 
Henderson, A.D.; Asselin-Balençon, A.C.; Heller, M.C.; Lessard, L.; Vionnet, S.; Jolliet, O. Spatial variability and uncertainty of water use impacts from US feed and milk production. Environ. Sci. Technol. 2017. [Google Scholar] [CrossRef] [PubMed]

	15. 
Ding, Y.; Peterson, J.M. Assessing The determinants of irrigated crop choices in kansas high plains. J. Agric. Res. Econ. 2003, 28, 653. [Google Scholar]

	16. 
Liu, L. Labor location and agricultural land use in Jilin, China. Prof. Geogr. 2000, 52, 74–83. [Google Scholar] [CrossRef]

	17. 
Negatu, B.; Vermeulen, R.; Mekonnen, Y.; Kromhout, H. A method for semi-quantitative assessment of exposure to pesticides of applicators and re-entry workers: An application in three farming systems in Ethiopia. Ann. Occup. Hyg. 2016, 60, 669–683. [Google Scholar] [CrossRef] [PubMed]

	18. 
Chen, J.; Yu, Z.; Ouyang, J.L.; Mensvoort, M.E.F. Factors affecting soil quality changes in the North China Plain: A case study of Quzhou County. Agric. Syst. 2006, 91, 171–188. [Google Scholar] [CrossRef]

	19. 
Low, A. Agricultural Development in Southern Africa: Farm Household-Economics and the Food Crisis; James Currey: Cape Town, South Africa, 1986. [Google Scholar]

	20. 
Greig, L. An analysis of the key factors influencing farmer’s choice of crop, Kibamba Ward, Tanzania. J. Agric. Econ. 2009, 60, 699–715. [Google Scholar] [CrossRef]

	21. 
Arunrat, N.; Wang, C.; Pumijumnong, N.; Sereenonchai, S.; Cai, W.J. Farmers’ intention and decision to adapt to climate change: A case study in the Yom and Nan basins, Phichit province of Thailand. J. Clean. Prod. 2017, 143, 672–685. [Google Scholar] [CrossRef]

	22. 
Haile, M.G.; Kalkuhl, M.; Braun, J. Inter-and intra-seasonal crop acreage response to international food prices and implications of volatility. Agric. Econ. 2014, 45, 693–710. [Google Scholar] [CrossRef]

	23. 
Wu, J.N.; Murphy, F.; Garvey, J.; Ma, W.F. The role of market participants in agricultural futures markets. Outlook Agric. 2015, 44, 97–108. [Google Scholar] [CrossRef]

	24. 
Mahon, N.; McGuire, S.; Islam, M.M. Why bother with Bere? An investigation into the drivers behind the cultivation of a landrace barley. J. Rural Stud. 2016, 45, 54–65. [Google Scholar] [CrossRef]

	25. 
Wu, W.B.; Yang, P.; Meng, C.Y.; Ryosuke, S.; Zhou, Q.B.; Tang, H.J.; Shi, Y. An integrated model to simulate sown area changes for major crops at a global scale. Sci. China Earth Sci. 2008, 51, 370–379. [Google Scholar] [CrossRef]

	26. 
What Are GIAHS? Available online: http://www.fao.org/giahs/giahs/en/ (accessed on 24 August 2013).

	27. 
Yuan, Z.; Lun, F.; He, L.; Cao, Z.; Min, Q.W.; Bai, Y.Y.; Liu, M.C.; Cheng, S.K.; Li, W.H.; Fuller, A.M. Exploring the State of Retention of Traditional Ecological Knowledge (TEK) in a Hani Rice Terrace Village, Southwest China. Sustainability 2014, 6, 4497–4513. [Google Scholar] [CrossRef]

	28. 
Liang, L.H. Biodiversity in the Hani Cultural Landscape. Available online: http://ourworld.unu.edu/en/biodiversity-in-the-hani-culturallandscape/ (accessed on 8 November 2015).

	29. 
Jiao, Y.M.; Li, X.Z.; Liang, L.H.; Takeuchi, K.; Okuro, T.; Zhang, D.D.; Sun, L.F. Indigenous ecological knowledge and natural resource management in the cultural landscape of China’s Hani Terraces. Ecol. Res. 2012, 27, 247–263. [Google Scholar] [CrossRef]

	30. 
People’s Government of Honghe Hani and Yi Antonomous Perfecture. Proposal for the Globally Important Agricultural Heritage System; People’s Government of Honghe Hani and Yi Antonomous Perfecture: Yunnan, China, 2010.

	31. 
Allen, T.; Prosperi, P.; Cogill, B.; Flichman, G. Agricultural biodiversity, social-ecological systems and sustainable diets. Proc. Nutr. Soc. 2014, 73, 498–508. [Google Scholar] [CrossRef] [PubMed]

	32. 
Jiao, Y.M.; Cheng, G.D.; Xiao, D.N. A study on the cultural landscape of Hani’s terrace and its protection. Geogr. Res. 2002, 6, 733–741, (In Chinese with English abstract). [Google Scholar]

	33. 
Xu, F.R.; Zhang, E.L.; Dong, C.; DAI, L.Y.; Zang, H.S. Comparison of phenotypic traits of rice landraces, grown in two different periods in Hani’s terraced fields in Yuanyang County, Yunnan. Biodivers. Sci. 2010, 4, 365–372. (In Chinese) [Google Scholar]

	34. 
Frison, E.A.; Cherfas, J.; Hodgkin, T. Agricultural Biodiversity Is Essential for a Sustainable Improvement in Food and Nutrition Security. Sustainability 2011, 3, 238–253. [Google Scholar] [CrossRef]

	35. 
Wang, Z.P. Research and application progress on red rice resources in China. Hunan Agric. Sci. 2008, 4, 32–34. (In Chinese) [Google Scholar]

	36. 
Xia, Q.; SHEN, M. Analysis on Reasons for Red Rice Flourishing and Its Features from Yuanyang Terrace-A Case Study of Moon Valley. J. Anhui Agric. Sci. 2014, 30, 10826–10828, (In Chinese with English abstract). [Google Scholar]

	37. 
Menconi, M.E.; Grohmann, D.; Mancinelli, C. European farmers and participatory rural appraisal: A systematic literature review on experiences to optimize rural development. Land Use Policy 2017, 60, 1–11. [Google Scholar] [CrossRef]

	38. 
Castillo-Valero, J.S.; Sanchez-Garcia, M.; Garcia-Cortijo, M.C. Predicting grower choices in a regulated environment. Int. Food Agribus. Manag. Rev. 2017, 20, 1–22. [Google Scholar] [CrossRef]

	39. 
Donati, M.; Zuppiroli, M.; Riani, M.; Verge, G. The impact of investors in agricultural commodity derivative markets. Outlook Agric. 2016, 45, 25–31. [Google Scholar] [CrossRef]

	40. 
Susaeta, A.; Lal, P.; Carter, D.R.; Alavalapati, J. Modeling nonindustrial private forest landowner behavior in face of woody bioenergy markets. Biomass Bioenergy 2012, 46, 419–428. [Google Scholar] [CrossRef]

	41. 
Li, J.; Min, Q.W.; Li, W.H.; Bai, Y.Y.; Yang, L.; Bijaya, G.C.D. Evaluation of water resources conserved by forests in the Hani rice terraces system of Honghe County, Yunnan, China: An application of the fuzzy comprehensive evaluation model. J. Mt. Sci. 2016, 13, 744–753. [Google Scholar] [CrossRef]

	42. 
Bai, Y.; Min, Q.W.; Liu, M.C.; Yuan, Z.; Xu, Y.T.; Cao, Z.; Li, J. Resilience of the Hani rice terraces system to extreme drought. J. Food Agric. Environ. 2013, 11, 2376–2382. [Google Scholar]

	43. 
Henderson, H.; Isaac, A.G. Modern Value Chains and the Organization of Agrarian Production. Am. J. Agric. Econ. 2017, 99, 379–400. [Google Scholar] [CrossRef]

	44. 
Inder, B.; Kabore, C.; Nolan, S.; Cornwell, K.; Suarez, D.C.; Crawford, A.; Kamara, J.K. Livelihoods andChild Welfare among Poor Rural Farmers in East Africa. Afr. Dev. Rev. 2017, 29, 169–183. [Google Scholar] [CrossRef]

	45. 
Theriault, V.; Smale, M.; Haider, H. How Does Gender Affect Sustainable Intensification of Cereal Production in the West African Sahel? Evidence from Burkina Faso. World Dev. 2017, 92, 177–191. [Google Scholar] [CrossRef] [PubMed]

	46. 
Czyzewski, B.; Smedzik-Ambrozy, K. The regional structure of the CAP subsidies and the factor productivity in agriculture in the EU 28. Agric. Econ. (Zemědělská Ekonomika) 2017, 63, 149–163. [Google Scholar] [CrossRef]

	47. 
Ragasa, C.; Chapoto, A. Moving in the right direction? The role of price subsidies in fertilizer use and maize productivity in Ghana. Food Secur. 2017, 9, 329–353. [Google Scholar] [CrossRef]

	48. 
Min, Q.W.; Zhang, Y.X.; Jiao, W.J.; Sun, X.P. Responding to common questions on the conservation of agricultural heritage systems in China. J. Geosci. 2016, 26, 969–982. [Google Scholar] [CrossRef]



































© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).







nav.xhtml


  sustainability-09-01162


  
    		
      sustainability-09-01162
    


  




  





media/file8.jpg
N ybeidrice:
[

O crops

e amiand

m——

1 3 o 3 ) = ES

R Y





media/file11.png
Common village Traditional village Agricultural village

B Hybrid rice
B crice
Other crops






media/file6.jpg
Grade One Grade Two Grade Three

.

Grade Four Grade Five

l

B e rice

l. B ybrid rice

Other crops





media/file1.png
The Percentage of Cultivated Area

¢ Redrice
Logistic Fit of Red rice

2 2 4 6 3 1 12

The total number of family members





media/file13.png
[nput (10,000 RMB/hm?)

(NS
1

Hybird rice

Red rice

Output (10,000 RMB/hm?)

w
|

N
]

Hybrid rice

Legend
B Irrigation cost

I Animal cost

B Human cost

[ ]Pesticide & Fertilizer cost
I Seed cost

B General income

[ ] Netincome

Red rice





media/file10.jpg
Common village: Traditional village Agricultural village

g rice
Other crops.






media/file7.png
Grade One

v

Grade Four

Grade Two Grade Three

Grade Five

BN Hybrid rice
B Rcrice

Other crops





media/file12.jpg
=

Hybindrce

Hybidsce

Redrice

Felier





media/file9.png
I Hybrid rice
B  Redrice

Other crops

The high-altitude farmland

The low-altitude farmland

0 5 10 15 20 25 30

Planting area /hm?





media/file5.png
Han Non-Han
Hybrid rice

~— Red rice
/— Other crops






media/file3.png
The Percentage of Cultivated Area

100 - Amn::a A A‘ N 5 100 S — 4 Hybrid rice
90 - Ay A, - < 90 - - - - Logisitic Fit of Hybrid rice
o=
80 - g G, DL Z 80 ®* Redrice
70 Y S —— E 70 Logistic Fit of Red rice
. A =
50 1 AMA AL AMMA AMA 4 . © 50
. | A L
40 - - | L g 40
y AA A M A s
30—. : N R g 30
20 ; £ 20
1 i : 2
10 ~ | A " = o o
e R N et T S e TR s e S R I e B
10 20 30 40 50 60 70 80 90 10 20 30 40 50 60 70 80 90

The age of the householder The age of the householder





media/file14.png





media/file4.jpg
Han Non-Han

Red rice

\ '~ Other crops

/~ Hybrid rice





media/file0.jpg
The Percentage of Cultivated Area

® Redrice
Logistic Fit of Red rice

0 2 4 o 8 10 12

The total number of family members





media/file2.jpg
100

4 Hybridrice
%0 %0 ogisitc Fit of Hybrid e
0 50  Rediice
0 0 —— Logisic it of Redrice
w w0
s0 i " s0
W e W0
30 it 30
20 ™ 2
10 HEC 1o . .
o 4 ol
1020 30 40 50 60 70 50 90 20 30 40 S0 60 70 %0 %0

T aasat s hosedkiiliar Tha ngr af il hossdubieg





