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Abstract

Greenhouse gas emissions are influenced by the technologies that farmers use in their agricultural 
production. Therefore, the purpose of this study is to find out the influencing factors for cotton farmers 
to adopt low-carbon technology. First of all, this study surveyed the progress of cotton farmers 
in Xinjiang and finally obtained 383 valid questionnaires. And then, a logistic model was used to 
analyze the influence on the adoption of key low-carbon technologies in the cotton cultivation process, 
combined with the theory of planned behavior. The results show that drip irrigation, soil testing, 
farmyard fertilizer, biodegradable film, and intercropping have different effects on farmers’ adoption of 
low-carbon technologies. Meanwhile, the attitude had no significant effect on cotton farmers’ adoption 
of low-carbon technology, while perceived behavior control and subjective norms had a significant 
effect on cotton farmers' adoption of low-carbon behavior. In the end, Suggestions are made from 
the following points. The government can improve farmers' awareness of low-carbon technologies by 
raising the level of education and expanding the publicity of agricultural low-carbon technologies. 
Businesses should be encouraged to provide farmers with free information on low-carbon technologies, 
so that cotton farmers can better understand agricultural low-carbon technologies. At the same time, to 
increase the enthusiasm of farmers to participate in training and income, farmers should be encouraged 
to participate in cooperatives. These initiatives will help the government to further promote low-carbon 
technologies. 

        
Keywords: eco-friendly environment, theory of planned behavior, cotton, logistic model, agricultural 
low-carbon technologies

*e-mail: zhanglj@xju.edu.cn

DOI: 10.15244/pjoes/144917 ONLINE PUBLICATION DATE: 2022-03-23 



Yue K., et al.2924

Introduction

With the release of a large number of greenhouse 
gases, the global temperature has been rising. This 
kind of climate change seriously harms the living 
environment of human beings, animals, and plants. 
The continuously rising temperature will lead to 
disasters, and sometimes a large number of animals 
and plants will even become extinct, as described by 
Root et al., [1]. In addition to the spontaneous release 
of greenhouse gases by nature, greenhouse gases are 
also produced by People’s Daily production activities. 
Sohail et al., [2] believed that transportation can lead to 
environmental pollution. About fifty-two percent of the 
methane produced by human activities is agriculture, 
and eighty-two percent of the nitrous oxide produced 
by human activities is also agriculture, as described by 
Smiths et al., [3]. According to the Food and Agriculture 
Organization of the United Nations, developing low-
carbon agriculture can offset 80% of agricultural 
greenhouse gases. Therefore, to protect the environment 
and achieve the goal of sustainable development of 
humans, animals, and plants, we urgently need to take 
practical actions to reduce greenhouse gas emissions as 
far as possible.

According to previous research, there are many 
ways to produce greenhouse gases, when people engage 
in agricultural activities. Li et al. [4] calculated the 
energy efficiency with DEA, realizing that greenhouse 
gas emissions can be decreased by effectively 
increasing the energy efficiency of fertilizers, diesel, 
plastics, chemicals, and water. Snyder et al. [5] believed 
that increasing the efficiency of ammonia fertilizer used 
by farmers could protect water resources and reduce 
greenhouse gas emissions. Zhen et al. [6] discovered 
organophosphorus pesticides (OPPs) existed in the soil 
for a long time in the process of studying pesticide 
pollution, which would increase the emission rate of 
greenhouse gases in the soil. 

To solve this problem, Skeeter et al. [7] studied 
how to control greenhouse gas emissions from the 
perspective of agriculture. Sohail et al. [8] explored 
ways to protect ecosystems from a water perspective. 
People can improve water quality by taking preventive 
measures, as described by Sohail et al., [9]. There is an 
urgent need for government agencies to make sincere 
efforts to address the plight of water shortages [10] 
(Sohail et al., 2014). For example, industrial wastewater 
can be treated for irrigation [11] (Sohail et al., 2021). 
Islam et al. [12] studied the greenhouse gas emission 
of rice under different irrigation methods and different 
fertilizers through comparative analysis. He argued that 
a combination of whole grass and fertilizer is better 
at controlling greenhouse gas emissions than single 
fertilizer and that better water management can also 
improve the efficiency of nitrogen fertilizer. Qi et al. 
[13] believed water-saving irrigation can reduce carbon 
dioxide emissions compared with continuous irrigation. 
Usually, water-saving irrigation means drip irrigation, 

as described by Sander et al., [14]. Gibbons et al. [15] 
studied farmland soil in English counties and believed 
that the reason for eutrophication was not because 
farmers used too much fertilizer, but because farmers 
did not carry out soil testing and the timing of using 
fertilization was not appropriate. Wuang et al. [16] 
conducted three years of experiments on farmland and 
found that using manure instead of fertilizer was an 
effective strategy to reduce greenhouse gas emissions. 
Ma et al. [17] believed that farmyard manure could 
effectively improve soil fertility and speed up nutrient 
circulation. Lee et al. [18] found that under the same 
fertilization conditions when farmers planted crops with 
film, the grain yield of corn was increased by about 
45-95% and carbon emission was caused by corn also 
reduced. Yang et al. [19] believed that plastic mulch can 
save water when farmers are engaged in agricultural 
activities. But it leads to environmental pollution. And 
degradable films can help a lot to solve the problem. 
Brooker et al. [20] believe that intercropping could 
achieve the purpose of increasing production capacity 
without increasing input costs, and could help farmers 
adopt sustainable and intensive planting patterns.

 The differences between us and the previous 
research literature are in the following areas. i) We 
have identified a variety of technologies that affect low-
carbon cotton production. These factors include drip 
irrigation, soil testing, farm fertilizer, biodegradable 
film, and inter-production. ii) Combined with the theory 
of planned behavior, the questionnaire was designed. 
iii) To increase the confidence of the questionnaire, 
questionnaire surveys were conducted from different 
organizational forms, and factors affecting the use of 
different low-carbon technologies by cotton farmers 
were analyzed. To reduce greenhouse gas emissions, 
cotton farmers take drip irrigation, soil testing, 
farmyard manure, degradable films, and intercropping 
to plant cotton. When farmers are faced with  
the choice of different planting techniques, the factors 
that affect farmers taking measures are different.  
So based on previous research, this paper discusses 
these methods adopted by cotton farmers in Xin Jiang 
and tries to find the factors influencing them. And it is 
significant to promote ESC-friendly planting methods 
for environmentally sustainable development. 

Materials and Methods

Area Selected

In China, agriculture plays an important role in 
the national economy. Xin Jiang is a major cotton-
producing region in China. In 2020, Cotton yielded 
accounted for 87.33% of the country’s total cotton yield, 
and its planting area accounted for 76% of the country’s 
cotton planting area in Xin Jiang. Therefore, this study 
conducted a questionnaire survey on cotton farmers in 
Xin Jiang, trying to find out the factors that influence 
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cotton farmers to adopt environmental protection 
technology for production activities. Fig. 1 shows the 
map of the study area.

Data Collection

The main body of cotton production and operation 
in Xinjiang consists of three parts, namely, local 
government, farm operating enterprise, and production 
and construction corps (hereinafter referred to as local 
government, enterprise and corps)."Local" means the 
people's government of the Xinjiang Uygur Autonomous 
Region, the governments of Cities, counties and towns. 
An enterprise refers to an enterprise that uses various 
factors of production (land, labor force, capital, and 
technology, etc.) to make profits to engage in economic 
activities such as production, circulation, and service. 
It is a comprehensive enterprise with the integrated 
operation of agriculture, industry, and trade, and 
has strict production management functions over the 
areas under its jurisdiction. The corps is a special 
social organization integrating the party, government, 
army, and enterprise. It has the function of managing 
agricultural production, as well as the responsibility of 
managing and directing farmers’ production activities.

Therefore, the locations selected by the questionnaire 
were also represented by three locations. The 
representative places of the local government are Yuli 
County of Korla city with cotton as the leading economy 
and Manas County of Changji City, an important grain 
and cotton base. The representative location of the 
enterprise is selected as Awati County, which is known 
as “the hometown of Long-staple cotton in China”. We 
selected two enterprises for investigation, namely, Lu 
Tai Harvest Cotton Co., Ltd. and Xinjiang Tianfeng 
Seed Co., Ltd. The corps selected two representative 
sites, the first and eighth Agricultural Construction 

Division of the Xinjiang Production and Construction 
Corps, which are the main cotton-producing areas in 
Xinjiang.

The data needed for the study were obtained 
through field surveys in the form of questionnaires. 
A total of 441 questionnaires were obtained from this 
survey. A total of 141 questionnaires were obtained by 
the local government, 13 invalid questionnaires were 
excluded, and 128 valid questionnaires were obtained. 
And a total of 68 questionnaires were obtained by farm 
management enterprises, 17 invalid questionnaires were 
excluded, and 51 valid questionnaires were obtained. 
A total of 232 questionnaires were obtained from the 
Corps.28 invalid questionnaires were eliminated, and 
204 valid questionnaires were obtained. Finally, a total 
of 383 valid questionnaires were obtained.

Questionnaire Design

There are many ways to reduce greenhouse gas 
emissions from agricultural production. These methods 
include water conservation [21] (Singh et al., 2021), 
fertilizer conservation [22] (Puspitawati et al., 2021), 
land conservation [23] (Paul et al., 2020), energy 
conservation [24] (Sohail et al., 2021) degradable film 
[25] (Xochitl et al., 2021), recycling of waste from 
farming and breeding [26] (Renella et al., 2021), 
recycling of waste from agricultural processing [27] 
(Yang et al., 2021), and clean energy [28] (Usman et al., 
2021). Based on the realistic situation in Xin Jiang, we 
found that the cotton planting process mainly involved 
water-saving, fertilizer saving, medicine saving, land 
saving, and agricultural film substitution technology. 
Therefore, drip irrigation technology, soil testing 
technology, farmyard manure technology, degradable 
films technology, and intercropping technology were 
selected as the explained variables of the research. 

Fig. 1. Location of the study area.
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Cotton farmers are asked if they use these techniques. 
If this technique is used, the value is 1. And if this 
technique is not used, the value is 0.

The factors affecting the behavior of cotton 
farmers are mainly considered from the aspects of 
individual characteristics, family characteristics, land 
characteristics, and environmental characteristics. 
Ajzen et al., [29] expanded the theory of rational 
behavior, believing that people’s actions are not only 
affected by attitudes and subjective norms but also 
affected by perceived behavior control. Attitude is 
the attitude formed after an individual evaluates a 
particular behavior. The subjective norm is that the 
actions of individuals are influenced by external 
pressures. Perceptual behavioral control means that 
past experiences of people and expectations will 
influence their actions. Therefore, in combination with 
the theory of planned behavior, attitude and perceived 
behavior control are added in the analysis of personal 
characteristics, and subjective norms are added in the 
analysis of environmental characteristics to determine 
the final questionnaire design.

The variables of individual characteristics include 
gender, age, educational level, attitude, and perceived 
behavior control. In general, different individual 
characteristics of farmers will have an impact on their 
behavioral decisions. Li et al. [30] found that men 
are more willing to adopt agricultural low-carbon 
technologies. The older people are, the slower they 
are at learning new things, and the more likely they 
are to adopt old techniques, influenced by old habits. 
The more educated people are, the more likely they 
are to accept new things and take control of them. 
Cotton farmers who are willing to actively try new 
technologies should be more likely to adopt low-
carbon technologies than those who are not willing 
to actively try new technologies. Cotton farmers who 
know these techniques are more likely to adopt them 
than those who do not. Therefore, it is expected that 
male cotton growers are more inclined to adopt low-
carbon technology. The older cotton farmers are, the 
less likely they are to adopt low-carbon technologies. 
Cotton farmers with a higher education level, a more 
positive attitude towards new technologies and more 
understanding of new technologies are more inclined to 
adopt low-carbon technologies.

Household characteristic variables include the 
number of people engaged in cotton cultivation, the 
proportion of cotton income, and whether they join 
the cooperative. Xin et al. [31] conducted a study on 
cotton farmers in Xinjiang and found that the quantity 
of labor force and land type were the main factors 
affecting whether cotton farmers in Xinjiang adopted 
machine-picked cotton technology. Considering that 
different types of low-carbon technologies will have 
different demands on labor, labor-intensive low-carbon 
technologies and large labor force have advantages, 
the relationship between the number of people engaged 
in cotton cultivation and the adoption of low-carbon 

technologies still needs to be tested. In terms of the 
proportion of cotton income, the larger the proportion 
of cotton income in the total household income,  
the more attention the cotton-planting households pay 
to the improvement of cotton production technology, 
and the more inclined they are to adopt low-carbon 
technology. Cooperatives can provide their members 
with relevant technical information and other services, 
and members of cooperatives have more opportunities 
to learn about low-carbon technologies and the benefits 
they bring than those who do not join. Therefore, this 
study expects that the higher the proportion of cotton 
income and the participation in the cooperative will 
have a positive impact on the adoption of low-carbon 
technologies by cotton growers. The relationship 
between the number of people engaged in cotton 
cultivation and the adoption of low-carbon technologies 
has not yet been established.

Land characteristic variables include 3 parts.  
They are planting scale, land ownership type, and 
distance from the nearest market. The larger the 
planting scale, the more convenient the technology 
adoption and the lower the average adoption cost. From 
the perspective of land ownership types, compared with 
land leaseholders, landowners pay more attention to soil 
improvement and sustainable land use and are more 
inclined to choose production technologies with low 
harm to soil. Cooperatives can provide their members 
with relevant technical information and other services, 
and members of cooperatives have more opportunities 
to learn about low-carbon technologies and the benefits 
they bring than those who do not join. Therefore, this 
study predicts that cotton farmers with a large cotton 
planting scale, high land ownership, and cooperative 
participation are more likely to adopt low-carbon 
technologies.

The characteristic variables of the technological 
environment include government promotion, 
government regulations, technical guidance for 
agricultural technicians, and technical training 
organized by the government. Government promotion, 
government regulations, technical guidance of 
agricultural technicians, and technical training 
organized by the government will help cotton-growers 
to have a comprehensive and correct understanding 
of low-carbon technology and its economic benefits, 
help cotton-growers to adopt low-carbon technology 
correctly, reduce the cost and risk of low-carbon 
technology adoption, and make cotton-growers more 
inclined to adopt low-carbon technology. Technical 
popularization, technical guidance of agricultural 
technicians, and technical training can promote farmers 
to adopt new technologies. Therefore, this study expects 
that government promotion, government regulations, 
technical guidance for agricultural technicians, and 
technical training organized by the government will 
have a positive impact on cotton growers to adopt low-
carbon technologies.
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Model Construction and Variable Description

The Logistic regression model is a probabilistic 
nonlinear regression model, which is suitable for 
the analysis of explained variables as dichotomous 
variables. The explained variable is a typical binary 
variable. Therefore, a binary Logistic regression model 
is selected to analyze the influencing factors of the low-
carbon technology adoption behavior of cotton growers. 
The specific model is as follows.

             (1)

The Logit transformation of Equation (1) can be 
obtained as follows.

             (2)

pi represents the probability of cotton growers adopting 
low-carbon technology. y is the explained variable, 
which represents the adoption behavior of cotton 
growers to low-carbon technology (adopt = 1, not  
adopt = 0). xi is the explanatory variable, which 
represents the possible influencing factors for 
cotton growers to adopt low-carbon technology. a is 
the constant term, bi is the regression coefficient, 

and n
 

represents the order of possible influencing 
factors. 

Results and Discussion

Planting Technology

Among 383 cotton-planting households, the samples 
of drip irrigation used by farmers accounted for 99.48% 
of the total samples. And 54.57% of the total samples 
adopted soil testing technology. The ratio of cotton 
farmers using farmyard manure technology accounted 
for 36.03% of the total samples. Cotton farmers using 
biodegradable film accounted for 12.01% of the total 
samples. Cotton farmers using intercropping accounted 
for 20.10% of the total samples. It can be seen that there 
are huge differences in the adoption of the five types 
of low-carbon technologies (Table 1). Except that most 
farmers adopt drip irrigation, the overall adoption level 
of other technologies is not high. 

Descriptive Statistical Analysis of Features

Table 2 shows the descriptive statistical analysis 
of individual characteristics. In terms of gender, the 
respondents were mainly male, accounting for 76.5% 
of the total number of respondents. The majority of 
people are 41 to 50 years old. The proportion of those  

Table 1. Planting technique adoption rate of cotton farmers.

Technology item Amount Rate Code Assignment

Drip irrigation 381 99.48% y1 Adopt = 1, Not = 0

Soil testing 209 54.57% y2 Adopt = 1, Not = 0

Farmyard fertilizer 138 36.03% y3 Adopt = 1, Not = 0

Biodegradable film 46 12.01% y4 Adopt = 1, Not = 0

Intercropping 77 20.10% y5 Adopt = 1, Not = 0

Table 2. Descriptive statistical analysis of individual characteristics.

Variables Code Assignment Mean Se.

Gender x11 Male = 1, Female = 0 0.77 0.43

Age x12 Calculate according to the actual age of the respondent 44.49 9.07

Education x13
Primary and below = 1, Junior high school = 2; High school or technical secondary 

school = 3; Junior College and above = 4 2.19 0.75

Attitude x14 Most people adopt then adopt  = 1; See how it works then use  = 2; Active try  = 3 2.12 0.66

Perceive 
behavior 
control

x151 Drip irrigation,not understanding = 0;Understanding = 1 0.99 0.07

x152 Soil testing, not understanding = 0; Understanding = 1 0.71 0.46

x153 Farmyard fertilize, not understanding = 0; Understanding = 1 0.61 0.49

x154 Biodegradable film, not understanding = 0, Understanding = 1 0.28 0.45

x155 Intercropping, not understanding = 0; Understanding = 1 0.33 0.47
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with junior secondary education reached 86.9 percent. 
And 55.4% of cotton farmers will adopt the new 
technology after seeing the effects of others using it. 
More than 60% of cotton farmers know drip irrigation, 
soil measurement, and farm manure, and less than 
33.3% of them know biodegradable film and inter-row 
farmers.

Table 3 shows the descriptive statistical analysis 
of family characteristics. From the perspective of the 
number of growers, two people in the surveyed family 
were mainly engaged in planting activities, accounting 

for 72.1% of the total number of respondents. And 
85.4% of households rely on cotton to earn more than 
50% of total household income. In addition, the majority 
of families did not choose to join the cooperative, that’s 
85.4 percent.

Table 4 shows the descriptive statistical analysis 
of land features. 54% of the households surveyed 
have a planting scale of between 40 mu and 100 mu. 
84.6 percent of the land planted by cotton farmers is 
contracted; Farmers whose land is within 10 kilometers 
of the market account for 68% of all farmers.

Table 3. Descriptive statistical analysis of family characteristics.

Table 4. Descriptive statistical analysis of land features.

Variables Code Assignment Mean Se.

The number of 
people x21 Calculate according to the actual number of people engaged in cotton farming 1.95 0.68

Income x22 The ratio of cotton income to total income is less than 50% = 0, More than 50% = 1 0.85 0.35

Cooperative x23 Join = 1, Not = 0 0.15 0.35

Variables Code Assignment Mean Se.

Scale x31 Calculated by actual planting area 157.62 190.69 

Ownership type x31
The leaseholder of free land (private land) =1, Land contractor = 2, Owner of private 

land = 3 2.09 0.38 

Distance x31 Distance from location to nearest market (km) 11.69 14.31 

Table 5. Descriptive statistical analysis of the technological environment.

Variables Code Assignment Mean Se.

Government
promotion

x411 Soil testing, not promoting = 0; Promoting = 1 0.41 0.49

x412 Farmyard fertilize, not promoting = 0; Promoting = 1 0.21 0.41

x413 Biodegradable film, not promoting = 0; Promoting = 1 0.11 0.32

x414 Intercropping, not promoting = 0; promoting = 1 0.10 0.30

Government
regulation

x421 Soil testing, without regulation = 0; regulation = 1 0.07 0.25

x422 Farmyard fertilize, without regulation = 0; regulation = 1 0.06 0.24

x423 Biodegradable film, without regulation = 0; regulation = 1 0.02 0.13

x424 Intercropping, without regulation = 0; regulation = 1 0.03 0.18

Government
guidance

x431 Soil testing, without guidance = 0; guidance = 1 0.43 0.50

x432 Farmyard fertilize, without guidance = 0; guidance = 1 0.21 0.41

x433 Biodegradable film, without guidance = 0; guidance = 1 0.07 0.25

x434 Intercropping, without guidance = 0; guidance = 1 0.09 0.28

Government
training

x441 Soil testing, without training = 0; training = 1 0.33 0.47

x442 Farmyard fertilize, without training = 0; training = 1 0.20 0.40

x443 Biodegradable film, without training = 0; training = 1 0.07 0.26

x444 Intercropping, without training = 0; training = 1 0.09 0.29
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Table 5 shows the descriptive statistical analysis 
of the technological environment. From the cotton 
farmers surveyed, 65.4 percent received a signal from 
the government to promote irrigation technology, only 
22.5 percent received subsidies, and the number of 
farmers receiving technical guidance and government 
training was close to 50 percent of the total. It can be 
seen that the government attaches great importance 
to the promotion of drip irrigation technology. Drip 
irrigation has many advantages, such as saving labor, 
saving irrigation water, saving digging ditches, and 
so on. As drip irrigation technology brings cost-
saving advantages, farmers can more easily accept and 
adopt this technology after the government promotes 
drip irrigation technology and provides farmers with 
technology and training.

The government's popularization rate of soil 
measurement technology reached 47.73%. The number 
of cotton growers receiving government subsidies 
accounted for 6.79% of all the surveyed cotton 
farmers. The technical personnel's guidance rate of soil 
measurement technology accounted for 42.56% of all 
the surveyed cotton farmers. And 32% of the surveyed 
cotton farmers received training organized by the 
government.

Among the surveyed cotton farmers, only 20.89% 
of them were promoted by the government, 6.27% of 
them received government subsidies, 21.15% of them 
received guidance from technicians, and 18.58% of 
them received training on-farm manure.

Government promote the rate of degradation of the 
membrane is only 11.2%, enjoy the government subsidy 
rate was 1.83%, the technical personnel to guide the 
ratio of 6.79% biodegradable film, the government for 
biodegradable film training rate of 7.05% compared with 
the dropper soil testing technology of farm technology, 
farmers surveyed in terms of the use of biodegradable 
film, facing the subjective norms are relatively weak, 
affected by the outside world is relatively small.

For intercropping seeding technology, the 
government promotion rate accounted for 10.18% of 
all respondents, the proportion of cotton farmers who 
received government subsidies accounted for 3.39% of 
all respondents, the guidance rate of technical personnel 
for inter-row seeding was 8.62%, and the proportion 

of cotton farmers who received training from  
the government accounted for 8.88% of all respondents. 
The purpose of interrow seeding technology is to 
improve the efficiency of soil use and increase land 
income. Because of the unique nature of intercropping, 
cotton farmers use intercropping to achieve higher 
incomes, even with less government intervention.

Validity Analysis

The validity analysis of this questionnaire 
was carried out using the SPSS25 version and the 
exploratory factor molecule method. According  
to the results of the exploratory factor analysis above 
(Table 6), it can be seen that the coefficient results of the 
KMO test are between 0.63 and 0.71, and the coefficient 
values of the KMO test range from 0 to 1. The closer  
to 1, the better the validity of the questionnaire. 
According to the significance of the spherical test, 
we can also see that the significance of this test is 
infinitely close to 0. Reject the null hypothesis, so the 
questionnaire has a good effect.

In our study,  a total of 383 valid questionnaires 
were collected. We found that the number of people 
using drip irrigation technology for cotton irrigation  
has accounted for 99.48% of the total sample. So when 
we did the regression analysis, we eliminated this 
explained variable. The correlation test of the sample 
was carried out using the Pearson analysis method, 
and the results are shown in Tables 8, 9, 10, and 11. 
To further analyze the influence factors of low-carbon 
technology, we use a binary Logistic regression model 
to test the influence of variables on cotton farmers' low-
carbon technology adoption behavior, and the results 
are shown in Table 12.

By analyzing the regression results, we find that 
the fitting results of the adoption behavior model of 
the four types of low-carbon technologies can be 
significant at the 1% level. In other words, the model 
fits well. Personal characteristics, family characteristics, 
land characteristics, technical and environmental 
characteristics have different degrees of influence on 
the adoption of four types of low-carbon technologies 
by cotton farmers.

Table 6. KMO and Bartlett tests.

Variables Soil testing Fertilizer farmyard Biodegradable film Intercropping

KMO measure 0.63 0.71 0.71 0.69 

Bartlett sphericity test

The approximate chi-square 644.27 812.79 882.44 815.97 

Degree of freedom 105.00 105.00 105.00 105.00 

Significance 0.00 0.00 0.00 0.00 
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Table 8. Correlation between the relevant variables of soil measurement.

Variables 1 2 3 4 5 6 7

Soil testing 1

Perceiving 0.61*** 1

Ownership -0.04 -0.02 1

Promotion 0.56*** 0.45*** -0.12** 1

Regulations 0.25*** 0.13** -0.03 0.26*** 1

Guidance 0.55*** 0.47*** -0.04 0.56*** 0.23*** 1

Training 0.47*** 0.40*** -0.07 0.61*** 0.32*** 0.65*** 1

Table 9. Correlation between the relevant variables of farmyard manure.

Table 10. Correlation between the relevant variables of degradable films. 

Table 11. Correlation between the relevant variables of intercropping.

Variables 1 2 3 4 5 6 7

Farmyard 
manure 1

Perceiving 0.56*** 1

Ownership 0.03 0.03 1

Promotion 0.46*** 0.36*** -0.10* 1

Regulations 0.32*** 0.19*** -0.09* 0.37*** 1

Guidance 0.46*** 0.33*** -0.08 0.60*** 0.34*** 1

Training 0.45*** 0.33*** -0.06 0.620*** 0.39*** 0.73*** 1

Variables 1 2 3 4 5 6 7

Degradable 
films 1

Perceiving 0.58*** 1

Ownership 0.21*** 0.12** 1

Promotion 0.63*** 0.45*** 0.11** 1

Regulations 0.37*** 0.22*** 0.07 0.38*** 1

Guidance 0.44*** 0.37*** 0.10** 0.53*** 0.27*** 1

Training 0.40*** 0.35*** 0.10* 0.48*** 0.34*** 0.70*** 1

Variable 1 2 3 4 5 6 7

Intercropping 1

Perceiving 0.66*** 1

Ownership 0.02 0.04 1

Promotion 0.50*** 0.41*** 0.11** 1

Regulations 0.34*** 0.27*** 0.07 0.38*** 1

Guidance 0.40*** 0.36*** 0.10** 0.53*** 0.27*** 1

Training 0.46*** 0.37*** 0.10* 0.48*** 0.34*** 0.70*** 1
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The Impact of Individual Characteristics 
on the Adoption of Four Types of Low-Carbon 

Technologies

Gender had a significant positive effect on the 
adoption of farmyard fertilizer technology by cotton 
farmers, and it was significant at the level of 5%. In other 
words, male cotton farmers are more inclined to adopt 
farmyard fertilizer technology under the condition that 
other factors remain unchanged. However, gender had 
no significant impact on soil formulation technology, 
biodegradable membrane technology, and intercropping 
technology, which may be due to the lack of sufficient 
understanding of these low-carbon technologies by 
current cotton farmers or the fact that they do not think 
these three low-carbon technologies can bring expected 
benefits.

We found that the impact of education level on 
cotton farmers’ adoption of soil testing formula 
technology was not as expected, showing a significant 
negative impact. The reason may be that the cotton 
planting area in Xinjiang is large and the soil is rich. 
If the soil testing formula is adopted, it will lead to an 
increase in production input costs for cotton farmers. 
The more educated the cotton growers, the better their 
understanding of the land, and the more techniques they 
have to improve soil fertility. Therefore, when using soil 
improvement technology, these people will combine the 
actual situation of the land and consider the production 
cost, so they are reluctant to use soil testing formula 
technology. Education level had no significant effect 

on the adoption of biodegradable film technology 
and intercropping technology by cotton farmers.  
The application process of degradable agricultural film 
technology and intercropping technology is simple and 
easy to be mastered. If people adopt these technologies, 
they don’t need to be highly educated to apply them. 

Perceptual behavior control had significant 
positive effects on cotton farmers' adoption of the four 
techniques. Perceptual behavioral control refers to the 
influence of experience and expectation on human 
behavior. The more cotton farmers know about the 
effects of low-carbon technologies, the more likely they 
are to adopt them.

Age attitudes to new technologies had no significant 
effect on cotton farmers' adoption of the four types of 
low-carbon technologies. 

The Impact of Household Characteristics 
on the Adoption of Four Types of Low-Carbon 

Technologies

The number of people engaged in cotton production 
has no significant influence on cotton farmers’ adoption 
of soil measurement formula technology biodegradable 
agricultural film technology and intercropping 
technology.

The results show that the ratio of cotton income to 
cotton income has a significant and positive impact on 
the adoption of degradable agricultural film technology. 
The reason may be that the price of biodegradable 
agricultural film is 1.6 times that of ordinary 

Table 12. Model estimation results. 

Variables Soil testing Fertilizer farmyard Degradable film Intercropping

Gender -0.01 0.79* 0.76 0.84

Age -0.02 -0.04 -0.01 0.02

Education -0.59* 0.13 0.13 -0.29

Attitude -0.23 -0.29 -0.25 -0.17

Perceive behavior control 3.01*** 3.60*** 4.90*** 4.30***

The number of people -0.01 0.32 0.05 0.52

Income 0.23 -0.05 2.12 0.65

Join the cooperative 0.95* 0.26 2.08* -0.24

Planting scale 0.01 -0.01 0.01 0.01

Land ownership 0.17 0.49 1.93** -0.05

Distance 0.02* -0.01 0.01 0.01

Government promotion 1.90*** 0.77 3.03*** 1.72**

Government regulations 17.02 2.73* 17.49 1.48

Technical guidance 1.45*** 1.02* -0.40 -0.15

Technical training -0.02 0.68 0.44 1.33

_cons -1.68 -4.23** -13.66*** -6.65**
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agricultural film. If people use biodegradable film, soil 
pollution will be reduced, but it will also increase the 
cost of cotton production. The lower the percentage of 
income from cotton, the fewer attention farmers pay 
to the benefits of cotton and the less they are willing 
to invest in managing cotton and protecting the soil. 
For cotton farmers with a higher proportion of cotton 
income, pay more attention to cotton production, invest 
more energy, and are more willing to invest more cost 
to protect the soil. The cotton income ratio had no 
significant effect on soil test formula technology and 
intercropping technology.

There was a significant positive correlation between 
soil testing formula technology and degradable 
film technology for cotton farmers after joining the 
cooperative, which was consistent with the expectation. 
Cooperatives can provide their members with required 
technical information services and technical guidance 
and demonstration. And the probability that the cotton 
farmers who participated in the cooperative adopted 
the soil testing technology was 2.5 times higher than 
that of the cotton farmers who did not participate in the 
cooperative. Among cotton farmers who participated in 
cooperatives, they were 5.7 times more likely to adopt 
biodegradable film technology than those who did not. 
The incorporation of cotton farmers into cooperatives 
had no significant effect on the adoption of farm manure 
technology and intercropping technology.

The Impact of Land Characteristics 
on the Adoption Behavior of Four Types 

of Low-Carbon Technologies

In the course of the investigation, we found that the 
cotton planting area of the survey subjects was more 
than 2.67 hectares. In addition, cotton is widely grown 
on a large scale in Xinjiang. Therefore, the planting 
scale has no significant impact on the adoption of the 
four types of low-carbon technologies.

Land ownership type had a significant positive 
effect on cotton growers’ adoption of degradable film 
technology, which was consistent with the expectation. 
Biodegradable agricultural film technology has the 
characteristics of protecting the environment and 
reducing the damage to the soil but if people use it, 
they need to spend more money. If people grow land 
that is leased, they focus more on the short term to 
get more revenue. And they will be reluctant to invest 
more in reducing the damage to soil caused by ordinary 
mulch. Cotton farmers are more interested in the long 
term if they own the land. While they get the benefits 
from the land, they also pay attention to the protection 
and sustainable use of the land. And they tend to use 
biodegradable film technology to reduce the damage to 
the soil. The effect of land ownership type on soil test 
formula technology and intercropping technology was 
not significant.

The distance from the nearest market to the home 
location is significantly positively correlated with soil 

testing formulation techniques. In other words, the 
farther away from the market, the more cotton farmers 
tend to use soil testing formula technology. It was not in 
line with expectations. The reason for this phenomenon 
is that Xin Jiang cotton farmers' access to low-carbon 
technology information is relatively simple. In general, 
the closer you are to the market, the faster, more 
comprehensive, and more comprehensive you will get 
information about low-carbon technologies. According 
to the survey, we found that 65.27 percent of cotton 
farmers’ access to low-carbon technology information 
comes from the government’s technology promotion 
department, and 29.50 percent of cotton farmers’ access 
to low-carbon technology information comes from 
television networks and other media, which makes 
access to low-carbon technology information break 
through the distance limit.

The Impact of Technology Environment 
on the Adoption Behavior of Four Low-Carbon 

Technologies

For cotton farmers, government promotion will 
have a significant and beneficial impact on the use of 
three technologies: soil measurement, biodegradable 
film, and intercropping. This conclusion is in line with 
expectations. This suggests that when government 
takes measures to promote technology, farmers will 
have a better understanding of them. And then, these 
cotton farmers are more likely to use them. However, 
the impact of government promotion on the use of farm 
fertilizer technology by cotton farmers is not significant 
The reason explaining the phenomenon is that cotton 
farmers already have known about farmyard fertilizer. 
Whether the government promotes this technology or 
not, it will not deepen farmers' understanding of this 
technology.

Government regulation is an important factor 
affecting cotton farmers' use of farm fertilizer, which 
is in line with expectations. However, it has little effect 
on cotton farmers using soil testing formula technology, 
biodegradable agricultural film technology, and inter-
seeding technology. This shows that in the process 
of technology promotion, ignoring the will of cotton 
farmers themselves to force cotton farmers to adopt 
low-carbon technology is not very effective. Cotton 
farmers will be more willing to adopt low-carbon 
technologies if the government should adopt a guided 
approach.

The technical guidance provided by agricultural 
technicians is an important factor affecting the adoption 
of soil testing formula technology and farm-house 
fertilizer technology by cotton-planting households, 
which is positively correlated and consistent with the 
expectation. The technical requirements of soil testing 
formula and manure are high. Technical guidance 
from agricultural technicians can help cotton farmers 
use low-carbon technologies correctly. By doing so, 
they reduce the risk that cotton farmers will lose 
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money because of operational errors. The effect of 
technical guidance provided by agrotechnologists on 
cotton farmers' adoption of degradable film technology  
and intercropping technology was not significant  
and was negative. The reason for this result may be 
that the biodegradable agricultural film technology 
and inter-seeding technology are simple to operate. 
Therefore, cotton farmers do not need to be guided by 
a technician.

The technical training organized by the government 
has a significant positive effect on cotton growers 
using intercropping technology. This conclusion is in 
line with expectations. Technical training organized 
by the government is helpful for cotton farmers to 
master intercropping technology correctly. And it 
will reduce the risk of loss to cotton farmers due to 
operational errors. But technical training organized by 
the government has no significant effect on the adoption 
of soil testing formula technology, manure technology, 
and degradable agricultural film technology by cotton 
planters. Through our survey, we found that most of 
the farmers interviewed knew that the government 
organized technical training. However, some cotton 
growers did not participate in the technical training 
organized by the government. Some cotton farmers 
attend technical training not seriously, the harvest after 
training is not much. 

Conclusion 

In addition to drip irrigation, cotton farmers in 
Xinjiang have a low adoption rate of low carbon 
technologies such as soil formula technology, 
biodegradable agricultural film technology, and 
intercropping interplanting technology. The adoption 
rate of soil measurement technology is 54.57%, and the 
adoption rate of other technologies is not even up to 
50%. Individual characteristics, family characteristics, 
land characteristics, and technological environment 
have different impacts on the adoption of four types of 
low-carbon technologies by cotton farmers in Xin Jiang. 
The significant factors influencing cotton farmers' 
soil measurement are the level of education, the level 
of knowledge of the technology itself, participation  
in cooperatives, government promotion, and guidance 
from technical personnel. The significant factors 
affecting the adoption of farm fertilizer technology by 
cotton farmers are gender, the degree of understanding 
of the technology itself, government regulation, 
and technical personnel guidance. Significant 
factors affecting the adoption of biodegradable thin-
film technology by cotton farmers are the level of 
understanding of the technology itself, the share of cotton 
income in all income, participation in cooperatives, and 
government promotion. The significant factor affecting 
the inter-line technology adopted by cotton farmers is 
the degree of understanding of the technology itself  
and the government’s promotion.

In order to better promote the development of low-
carbon agriculture, we can start from the following 
aspects. i) The government education sector may reduce 
tuition fees and incidental fees for education in poor 
areas and promote vocational and technical education 
in agriculture. ii) The government should further 
promote the exchange of agricultural cooperatives and 
enhance exchanges and learning among cotton farmers. 
This is conducive to improving the management level 
of farmers on the land. iii) Governments can increase 
investment in secondary and tertiary industries in 
economically underdeveloped regions. This could help 
agricultural workers increase their incomes through 
a second job and increase funding for low-carbon 
production technologies.

 Although this study has made a relevant and 
regressive analysis of the factors affecting the use of 
various low-carbon technologies by cotton farmers, we 
also put forward some suggestions for promoting low-
carbon technologies in agriculture based on the results. 
However, in addition to the effects of growing crops 
on greenhouse gas emissions, people living in rural 
areas also produce greenhouse gases during their daily 
heating. In the future, we may consider studying the 
effects of urban-rural integration on greenhouse gases.
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