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Abstract

:

Agricultural mechanization is essential to increase farmers’ income in modern agriculture. However, the use of machinery for crop production in China is quite inefficient. To understand the obstacles limiting farmers’ use of machinery, we conducted face-to-face interview surveys with 1023 farmers (including cooperative directors, machine operators, and farmers without machines) in two major cereal-producing regions with large differences in farming scale: the North China Plain (2.7 ha per capita) and the Northeast China Plain (12.8 ha per capita). The results revealed that farmers in both regions had strong will to use machines. The obstacle preventing farmers from buying machines was the lack of machinery training in the Northeast China Plain and land fragmentation in the North China Plain. Among different farmer groups, land fragmentation was the main barrier for cooperative directors. Farmers without machines thought that there was lack of machinery training and that the cost of machinery purchase was high. Machine operators believed that machine maintenance was too expensive. The income and age also had an effect on the different groups of farmer. It is concluded that, to improve mechanization efficiency and stimulate farmers’ intention to use machinery, the government should make policies to encourage the merge of fragmented farmlands, provide targeted subsidies for agricultural machinery, and organize machinery training in an efficient way.
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1. Introduction


Of the 570 million farms worldwide, most are small scale (less than 2 ha), with family farms accounting for approximately 75% of global agricultural land management [1]. Agricultural machinery plays an important role in small-scale agriculture [2]. In China, substantial progress has been made in agricultural mechanization. In 2020, the national crop planting and harvesting mechanization rate reached 71%. The comprehensive mechanization rate of planting and harvesting exceeds 95%, 85%, and 90% for wheat, rice, and maize, respectively [3]. To accelerate agricultural mechanization, the Chinese government issued a series of policies to encourage farmers to use machinery, including financial subsidies for machine purchases, subsidies for machine operations, and support for cooperatives to provide machinery for individual farmers [4]. However, agricultural labor productivity in China (the ratio of agricultural output value to the agricultural employment labor force in a year) remains low, being only 4.1% of that in the United States (in 2018 constant dollars) [5]. Machinery utilization in China is reported to be inefficient and unproductive for agricultural production, which accounted for 22.4% of employment and only 7.2% of output in the primary sector in 2018 [6]. The low efficiency of mechanized production hinders farmers’ intention to purchase new machines and renew old equipment [7]. To improve mechanization efficiency and stimulate farmers’ intention to use machinery, it is essential to understand the obstacles limiting farmers’ use of machinery and recommend corresponding policies for the government.



The efficiency of agricultural mechanization can be limited by various aspects. In China, agricultural machinery usually has high prices, and good brands are less subsidized, which is economically unrealistic for small-scale farmers [8]. Wang et al. reported that machinery cost increased as the number of fields of a farmer increased [9]. The fragmentation of fields substantially reduces the efficiency of irrigation [10,11]. Agricultural technology training can also be a limiting factor [12]. The mean logarithm of the average income of households participating in agricultural technology training was only 0.151 times higher than that of untrained households. Farmers’ access to training can be limited by their personal attributes, such as education level, age, and income level, as well as external factors, such as training methods, content, methodology, and teachers [13]. Internationally, larger sized family farms (among farms below 20 ha) have been reported to be related to stronger economic sustainability [14]. Fleisher argued that merging four field plots into one plot can increase labor productivity by 8% [15]. In Japan, the efficiency and profitability of mechanized agricultural production has been effectively improved by expanding the scale of agriculture [16]. In addition, the Japanese government has provided farmers with effective training in the use of agricultural machinery, and unit production costs in Japanese rice fields at the 150-hectare scale were reported to be reduced to 88% of the costs at the 50-hectare scale [17]. In the case of Vietnam, millions of families own small plots of land averaging 1 ha that are divided into incontiguous parcels [18]. Nguyen and Warr [19] found that reduction of land fragmentation through land consolidation (exchanging ownership of spatially dispersed farm plots to establish new land with fewer plots) promoted mechanization of crop sowing, harvesting, etc. and increased agricultural productivity. The age and education of farmers also play an important role in the development of agricultural mechanization. Tamirat et al. [20] and Novelli [21] reported that older farm managers were less knowledgeable about modern production methods and technologies. As the scale of operations increases and large, convenient, and efficient machinery becomes more popular, older farmers should carefully consider their options when purchasing expensive machinery [22].



Smallholder farmers with less risk-taking capacity are more susceptible to social, economic, and cultural influences in using machinery. Therefore, the support from government is important. In European countries and USA, to encourage farmers to use machinery, government agencies (public sector), agricultural machinery manufacturers (private sector), and farmer organizations (third sector) work together to improve coordination of smallholders [23]. In China, the government has carried out many farm machinery technical demonstrations. Farmers have taken advantage of the demonstration areas to learn more about machinery, but the impact is often singular and short-lived and are lacking in long-term guidance and systematic training [24].



Overall, farmers’ use of machines faces barriers from social, economic, and cultural sources, but these barriers have not been well quantified in China. In the current study, we selected two typical cereal production regions of China, namely the North China Plain (NCP) and the Northeast China Plain (NEP), to explore the barriers limiting farmers’ use of agricultural machinery by interviewing 1023 farmers, which we divided into three types: cooperative directors, machine operators, and farmers without machines. The findings suggest the need for policy approaches to remove barriers and speed up agricultural mechanization in China.




2. Materials and Methods


2.1. Regions and Farmers


The surveys were conducted in October–November 2019 and August–September 2020 in NCP (Hebei, Shandong and Henan Provinces) and NEP (Heilongjiang, Jilin and Liaoning Provinces). These regions are major cereal producing areas in China, with urbanization rates ranging from 53% to 68%. These regions account for 31% of the national total gross agricultural product (GAP) and 40% of the total agricultural machinery power [6]. We divided farmers into three types: cooperative directors who own machines, machine operators who receive salaries for operating the machines for cooperatives, and farmers without machines who purchase machine services from cooperatives.



We conducted discussions with local university faculty staff and government officials to select a total of 18 counties that were representative of the local food crop production. A total of 5–6 villages were randomly selected in each county, each with 1–3 cooperatives and 5–10 farmers. These cooperatives and farmers are mostly traditional or medium-sized and represent the majority of cooperatives and farmers nationwide in terms of planting management. A total of 1060 farmers were interviewed. However, 15 farmers did not complete the questionnaire in its entirety, 10 farmers did not provide personal characteristics, and 12 farmers consistently selected a score of 3 (neutral) in response to all questions. These questionnaires were excluded. Ultimately, a total of 1023 questionnaires were collected and analyzed, consisting of 308 cooperative directors, 577 farmers without machines, and 138 machine operators. Table 1 provides basic information about the surveyed farmers. A total of 569 farmers were interviewed in NCP, consisting of 157 cooperative directors, 378 farmers without machines, and 34 machine operators. A total of 454 farmers were interviewed in NEP, consisting of 151 cooperative directors, 199 farmers without machines, and 104 machine operators. As can be seen in Table 1, the average planting area of surveyed farmers in NEP was much higher than in NCP. Specifically, the average planting area of NEP farmers without machines was 7.7 times higher than that of NCP farmers. The differences in other characteristics were not significant.




2.2. Questionnaire Design and Statistical Analysis


The questionnaire for the farmer survey was designed on the basis of the theory of planned behavior (TPB). According to the TPB, the behavior of individuals is generally determined by (1) their attitudes toward the desired outcome, (2) their perceived subjective norms from social referents, and (3) their perception of ease or difficulty influenced by controlling factors (behavioral control) [25,26,27].



The questionnaire consists of five main sections:




	
Farm structure and farmer characteristics.



	
Farmers’ intention to use machinery in the next 3 years.



	
Farmers’ perceptions of the outcomes of using agricultural machinery, namely (i) how likely the outcome is (defined as strength of belief) and (ii) what is the extent of the negative or positive outcome to the farmer (defined as outcome evaluation).



	
Farmers’ perceptions of social referents, namely (i) supporting or hindering application of the machine (defined as normative beliefs) and (ii) the extent to which farmers are willing to comply with social referents’ views (motivation to comply).



	
Farmers’ perceptions of controlling factors, namely (i) the extent to which the factors hinder the use of agricultural machinery (defined as control power) and (ii) the extent to which these factors are effective for the farmer (defined as control strength).








Farmers’ attitudes and the strength of their beliefs regarding outcomes, their perceptions of referents and motivation to comply, and their perceptions of control factors and strength of control were rated on a Likert scale of 1–5, with 1 = not likely or very bad and 5 = very likely or very good. For example, one possible outcome of using machinery is higher income. In the survey, we first asked farmers about the extent to which they thought the use of machinery would increase their income (1 = very unlikely, 2 = unlikely, 3 = neutral, 4 = likely, and 5 = very likely) and then asked how they rated the effectiveness of machinery in increasing their income (1 = very bad, 2 = bad, 3 = neutral, 4 = good, and 5 = very good). In addition, we scored farmers’ intention to use machinery on a Likert scale of 1–5.



Questions related to farmers’ intention were defined differently for cooperative directors, farmers without machines, and machine operators. For cooperative directors and machine operators, the questions concerned whether they “will continue to use the machines in the next 3 years” and “will reduce or increase the number of machines”. For farmers without machines, the questions concerned whether they would use (purchase) machinery within the next 3 years. In the last section, farmer characteristics (e.g., education level, size of farming, and income) were included. Before starting the survey, the questionnaire was tested to verify that all questions were interpreted correctly. The combined values of attitudes, subjective norms, and perceived behavioral control were calculated using the following equations [28]:


Attitude = belief strength × (outcome valuation − 3)



(1)






Subjective norm = motivation to comply × (normative belief − 3)



(2)






Behavior control = control power × (control strength − 3)



(3)







Scores for outcome, subjective norm, and behavioral control were reduced by three points to obtain a negative to positive balance ratio (−2 to 2). Thus, the values ranged between −10 and 10 for each farmer. Values <0 were regarded as barrier, and values >0 were regarded as driving factors [28]. A mean (strength, motivation, and power) <3 was defined as a potential barrier or driver.



The significance of differences in outcomes, social referents, control factors, and farmers’ intentions among different cooperative directors as well between farmers without machines and machine operators was analyzed using one-way ANOVA with Tukey’s test. Spearman’s rank correlation test was conducted using SPSS 25.0 to investigate correlations between farmers’ intentions and characteristics.





3. Results


3.1. Farmers’ Attitudes toward Using Machinery


The 12 attitudinal factors toward using machinery were divided into four categories: working efficiency, agronomic effectiveness, environmental impact, and economy (Figure 1). Attitude values >0 indicate that farmers have positive attitudes, while attitude values <0 indicate negative attitudes. For most farmers, positive attitudes stemmed from the fact that machinery could increase yields and improve the quality of agronomic management (e.g., tillage, seeding, fertilizer application, irrigation, and harvesting) as well as improve economic efficiency (e.g., increasing farmer income and reducing expenses) and save working time. Attitudes of NCP and NEP farmers differed regarding the agronomic effectiveness and economic impact of using machinery. Although NCP farmers expected the use of machinery to improve irrigation effectiveness and reduce production costs, the majority of farmers did not think the current irrigation technique was inefficient (belief intensity <3). Surprisingly, there were no significant differences between cooperative directors, farmers without machines, and machine operators.



Farmers perceived increased environmental pollution as a negative consequence of machinery use (Figure 1). However, many farmers thought that the risk of environmental pollution from the use of machinery was low (i.e., belief intensity <3).




3.2. Influence of Reference Factors on Farmers’ Decision to Use Machinery


On average, all eight reference factors were considered to be drivers of farmers’ use of machinery (Figure 2). However, different types of farmers were strongly influenced by subjective norms. Farmers without machines (particularly those in NEP) were more strongly influenced by the reference factors of family, friends, and neighbors compared to cooperative directors or machine operators (Figure 2a). In contrast, cooperative directors and machine operators were more positively influenced by social reference factors, such as cooperatives, agricultural advisors, and officials.



Overall, compared to NCP farmers, the use of machinery by NEP farmers was more strongly influenced by subjective norms, particularly among those without machines (Figure 3b). Cooperative directors in NEP were more influenced by cooperatives, researchers, agricultural advisors, and officials compared to NCP directors (Figure 3a). Machine operators in NEP were significantly more influenced by neighbors and cooperatives compared to those in NCP (Figure 3c). Interestingly, both NCP and NEP farmers were influenced by researchers (Figure 2 and Figure 3).




3.3. Barriers Affecting Farmers’ Decision to Use Machinery


Land fragmentation and lack of machinery training were cited by most farmers in both regions as an important barrier to using machinery (Figure 4). However, NEP farmers perceived 8–9 of the 12 possible control factors as barriers and ranked lack of machinery training as the greatest barrier. Meanwhile, high purchase prices, difficulties of purchasing machinery parts, limited access to product information, and lack of machinery subsidies were also seen as obstacles. For NCP farmers, barriers were more focused on (i) land fragmentation, (ii) lack of machinery training, and (iii) high cost of purchasing machines.



In addition, there were specific barriers for the same types of farmers in different regions (Figure 5). In NEP, farmers without machines cited the single function of machinery and high price of use as the barriers, while famers without machines in NCP cited lack of machinery cooperatives as the main barrier. The greatest barriers for cooperative directors in NEP were the lack of machine training, high purchase cost, and land fragmentation, whereas cooperative directors in NCP reported that land fragmentation was the greatest barrier. Regarding machine operators, those in NEP cited poor quality of machine operations, lack of high-performance machinery, lack of machinery training, difficulty in accessing product information, and lack of machinery subsidies as barriers, whereas those in NCP cited high purchase and maintenance costs, land fragmentation, and difficulty in purchasing machinery parts as barriers.




3.4. Farmers’ Future Intention to Using Machinery


In NEP, 47% of directors and 39% of operators intended to use machinery in the next three years compared to 25% of farmers without machines intending to use it in the future (Figure 6). In NCP, 37%, 62%, and 17% of directors, machine operators, and farmers without machines intended to use machines, respectively. Surprisingly, 31%–49% of the farmers investigated expressed neutral attitudes.




3.5. Correlation between Farmers’ Intention to Use Machinery and Farmers’ Characteristics


Farmers’ intention to use machinery was correlated with their characteristics (Figure 7). Specific types of farmers showed the same correlations in both regions. For farmers without machines, the intention to use machines was positively correlated with the level of education and the number of household laborers and negatively correlated with farmer age. For cooperative directors, the intention to use machines was positively correlated with farm size, income, and level of education. For machine operators, the intention to use machines was positively correlated with annual income and years of machinery use.



Farmers’ intention to use machines differed between NCP and NEP. The intention among NEP farmers was strongly positively correlated with annual income. Among NCP farmers, the intention was positively correlated with annual income in machine operators, whereas it was positively correlated with planting income in farmers without machines. The intentions of NCP directors were positively correlated with all given survey options, except for age.



Farming income was an important component of household income in our sample. Cooperative directors mostly depended on farming income, whereas machine operators were the least dependent. In the absence of machinery, farmers’ intention was strongly and positively related to the number of household laborers and negatively related to age. The operators’ intention to use machines was positively correlated with the number of years of machinery use.





4. Discussion


4.1. Opportunities and Challenges to Using Machinery among Farmers


In recent years, a large number of young rural laborers have migrated to cities, resulting in a shortage of young laborers in rural areas in China [29]. In our survey, in NEP, 40.3% of the farmers were over 54 years old and 10.6% were under 35 years old. In NCP, 55.5% and 3.5% of the sample were older and younger farmers, respectively. For farmers without machines, age was negatively correlated with the intention to use machines. Moreover, the average number of household laborers was 1.8–2.0 in NEP and 1.7–1.8 in NCP and exhibited a positive correlation with intention, especially in NCP farmers without machines. These results confirm that the use of machinery in agricultural production relies heavily on family members [30].



Farmers perceived the use of machinery as positive for economic benefits (Figure 1). From sowing to harvesting, farmers are able to reduce labor intensity and can increase productivity through the use of machinery [31,32,33]. However, in NCP, farmers did not think machinery could improve irrigation and reduce production costs (Figure 1b), indicating that the use of irrigation equipment is limited by some social factors (e.g., land fragmentation and small field sizes). Different social referents may influence farmers’ decisions in different ways [34]. In general, researchers develop new machinery and develop new technologies, and agricultural advisors pass on the machinery and technologies to farmers [35]. Accordingly, it was found that most farmers maintained a high level of trust in researchers, particularly in NEP (Figure 2). Therefore, the quality of communication between researchers and farmers plays an important role in farmers’ decision-making [36]. Despite this, only 20% of farmers without machines expressed an intention to use machinery in the near future, with 33% of cooperative directors and 40% of machine operators choosing to use machinery depending on the situation. This finding indicates that there are still some barriers preventing farmers from using machinery.




4.2. The Main Obstacles to Using Machinery


4.2.1. Field Size and Fragmentation


In both regions, land fragmentation is a key barrier limiting the use of machines (Figure 4). In NCP, the per capita planted area of farmers without machines was only 0.44 ha. The use of tractors, which usually make multiple turning maneuvers in a field, would result in low mechanical productivity [37]. Although NEP has a large per capita surface, there is still a high degree of land fragmentation, with the average number of plots on a farm (cooperative) reported to range from 3.1 to 4.9 compared to more than 5.5 in NCP [38]. Because most farmers own more than one field and the distance between plots is often several hundred meters or even several kilometers, machine operators often travel a long distance but work only a few acres, which increases the operating cost of machinery and results in low economic efficiency [39]. There was a significant positive correlation between acreage and intention to use machinery in the future (Figure 6). Large acreage operations are typically more sensitive to inputs and profits [40].



In China, the average water productivity for food crop production is 1 kg/m3, which is only 50% of that in developed countries [41]. In NCP, which has insufficient rainfall and a high degree of land dispersion, most farmers use furrow irrigation, in which nearly 60% of the water is lost [42]. The use of modern irrigation equipment is limited by field size, which is why NCP farmers believed that using machinery did not improve irrigation (Figure 1). In the United States, on average, each farmer manages more than 100 ha of land, and the concentrated contiguous land greatly increases the efficiency of mechanical operations [43]. Pointer sprinklers typically have a single span length of 50 m, and approximately 28 ha of the field can be irrigated by completing a single turn, which maximizes economies of scale [44,45].




4.2.2. Mechanical Technology Training


Most of the farmers in NCP and NEP regarded the lack of machinery training as the main obstacle. Farmers without machines considered the lack of machinery training as the greatest obstacle (Figure 4 and Figure 5). The reason may be that, at present, most farmers in China lack basic scientific knowledge in agronomy and typically rely on the experience of their parents and friends [46]. Because of lack of effective training, some farmers have poor ability to operate machinery, particularly medium and large machines, potentially causing damage to the machines [47]. In China, technical training for farmers is currently mainly conducted in the form of classroom lectures and is often delivered as a one-time training session. There is little evidence on the effectiveness of such training [48]. This can lead to poor machine operation outcomes, such as herbicide damage and poor crop residual disposal, and may consequently affect crop yield and the efficiency of machinery use [49,50]. With the emergence of large and medium-sized tractors and high-performance and high-quality implements, effective technical training may be an important factor affecting farmers’ attitudes toward using machines.




4.2.3. Agricultural Machinery Prices and Food Prices


In general, the surveyed farmers agreed that the high price of purchasing machines was a barrier to use. This barrier was felt particularly by cooperative directors and farmers without machines in NEP (Figure 5) because these farmers had larger areas of land than those in NCP and required more medium and large tractors with efficient implements, which are also more expensive. However, the average income of the farmers growing cereal crops (wheat, maize, and rice) was less than $181.49 (in 2018 constant dollars)/ha over the past three years [51], whereas the cost of purchasing a piece of machinery is $1500 to $15,000. Thus, the low profitability would directly limit farmers’ intention to purchase machines, especially among cooperative directors (Figure 6).





4.3. Approaches for Promoting the Development of Agricultural Machinery in China


Farmers’ decisions are often influenced by interactions between dealers, manufacturers, and government agencies, and differences in environmental and cultural backgrounds entangle farmers in a large and complex network [52]. Therefore, it is necessary for governments to use diverse strategies to encourage farmers to use machinery. First, both NEP and NCP are suitable for large-scale mechanized production. For cooperative directors, farmland size was strongly positively correlated with the intention to use machinery (Figure 7), and land fragmentation was seen as the most critical barrier. Thus, the merge of small scale farmland may provide a feasible solution. A previous study reported that the development of high-quality farmland in which the fields are concentrated and contiguous, small to large, and curved to straight provide a suitable approach for facilitating agricultural mechanization [53]. The Vietnamese government is consolidating larger land size and larger plots and encouraging farmers to invest more in machinery use to increase higher farm incomes by substituting machinery for labor [54]. Currently, the Chinese government has set an annual target of developing 100 million mu (1 in 15 ha) of high-quality farmland in 2021, which will boost the widespread use of machinery [55].



For farmers without machines, the lack of machinery training and poor access to product information were found to be important barriers in the current study (Figure 5). Thus, these farmer may be positively influenced by a range of social norms, such as advice from agricultural researchers and advisors, to enhance motivation to use machinery. Interactive learning between farmers and teams of technical advisors, experts, and universities can encourage the development and application of innovative ideas [56]. A team at Eberswalde University in Germany established a farmer university network that includes farms, agricultural organizations, and research institutes. Using this approach, expert scholars can train farmers in the use of new technologies and farmers can give feedback to research institutions about the problems encountered in production. These positive interactions were found to promote continuous innovation in agricultural technology [57]. When conservation tillage was introduced in the UK, a continuous learning process was used to train farmers, and the researchers conducted technical follow-up after farmers adopted the new technology. This process enhances communication between researchers and farmers and ensures the implementation of new technology [58]. Commercial companies and university experimental stations may jointly provide machinery training courses, live demonstrations and practical operations on field days, and long-term intensive field coaching [59]. In addition, farmers can learn from each other and solve challenges related to machinery use in the actual planting process. This strategy is in line with the concept of “knowledge-attitude-practice” [60]. In China, collaboration between researchers and farmers may provide an effective approach for introducing new concepts to smallholder farms [61]. Farmers’ intentions to use machines were severely limited by the high costs of purchase and maintenance of machines and low annual income (Figure 4 and Figure 5). Machinery subsidies may provide a feasible way to remove these barriers. Some researchers have affirmed the positive impact of subsidies on farmers’ purchasing behavior, arguing that subsidies play a “well-leveraged” role [62,63]. However, it has also been pointed out that although subsidies can increase farmers’ enthusiasm for purchasing machines in the short term, in the long term, the rapid growth of machinery ownership, the gradual saturation of the market, and lower than expected returns from machine operations may have a negative impact on the demand for machinery [64]. In China, it is generally agreed that subsidies for machine purchases have a positive impact on agricultural output [65]. However, the current system of subsidies for machine purchase has some limitations, including narrow coverage, poor product quality, and poor awareness of after-sales service. These problems limit farmers’ motivation to purchase machinery [66]. During the development of agricultural mechanization in Japan in the 1970s, small-scale farmers had low efficiency in the use of machinery, and investment in purchasing machinery was difficult to recover. These problems resulted in lower income for farmers in a phenomenon referred to as “mechanized poverty” [67]. In China, where small-scale farmers are also dominant, this phenomenon should be changed. A targeted subsidy policy may be needed that considers the product quality, the income level of different regions, and interest subsidies for loans [68]. There may be some possible limitations in this study. The study area focused only on NEP and NCP, did not analyze barriers to mechanization development in northwestern and southern China, and lacked ongoing follow-up of individuals in the sample. Therefore, our estimates are likely to be conservative. In the future, we will refine the study for other regions as well as provide questionnaire feedback to the samples already studied and explain the reasons for the changes.





5. Conclusions


Most farmers were well aware of the benefits of using machinery. Nevertheless, 50%–79% of farmers expressed low or neutral intention to use machinery. The major barriers limiting farmers’ intention to use machines were the small scale of farmland, land fragmentation, lack of machinery training, and high costs of purchasing machines. The current findings suggest that the government should make policies to support farmers to merge small-scale fields and develop high-quality farmland suitable for mechanized production, enhance machinery training, promote cooperative development, and establish a targeted subsidy mechanism. These recommendations may also be applicable to other developing countries with similar social and economic conditions regarding agricultural development.
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Figure 1. Attitudes toward machinery use among farmers in (a) Northeast China Plain (NEP) and (b) North China Plain (NCP). Data are mean ± standard deviation; error lines indicate standard deviation. Different colors indicate different attitude categories. * indicates mean strength score <3, indicating not significant. 
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Figure 2. The influence of eight social referents on machinery use among cooperative directors, farmers without machines, and machine operators: (a) NEP (N = 454) and (b) NCP (N = 569). Same as below. Lowercase letters indicate significant differences in referent scores among the three types of farmers, p < 0.05. 
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Figure 3. The influence of eight social referents on machinery use among farmers in NEP and NCP: (a) cooperative directors (N = 308), (b) farmers without machines (N = 577), and (c) machine operators (N = 138). * indicates p < 0.5, ** indicates p < 0.1. 
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Figure 4. Barriers to machinery use perceived among farmers in NEP and NCP. 
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Figure 5. Barriers to machinery use perceived by cooperative directors, farmers without machines, and machine operators in (a) NEP (N = 454) and (b) NCP (N = 569). 
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Figure 6. Farmers’ intention to use machinery among cooperative directors, farmers without machines, and machine operators during the next three years. Different colors indicate the relative proportion of farmers’ intention in %. (a) NEP (N = 454) and (b) NCP (N = 569). 
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Figure 7. Correlation between farmers’ intention to use machinery and the characteristics of cooperative directors, farmers without machines, and machine operators. Numbers indicate Spearman’s rho. * means p < 0.05. ** means p < 0.01. Larger ball size indicates higher correlation. Different colors indicate the relative direction (red for negative and green for positive). (a) NEP (N = 454) and (b) NCP (N = 569). 
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Table 1. Mean characteristics of surveyed cooperative directors, farmers without machines, and machine operators.
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Characteristics

	
Cooperative Directors

	
Farmers without Machines

	
Machine Operators




	
NCP

	
NEP

	
NCP

	
NEP

	
NCP

	
NEP






	
Number of farmers surveyed

	
157

	
151

	
378

	
199

	
34

	
104




	
Mean managed farmland size (ha)

	
6.10

	
30.11

	
0.44

	
3.39

	
1.57

	
5.04




	
Average age

	
53.19

	
49.56

	
56.14

	
53.17

	
50.50

	
46.38




	
Average laborers per family

	
1.78

	
1.89

	
1.88

	
1.97

	
1.82

	
2.00




	
Years of education

	
9.11

	
9.20

	
8.48

	
8.67

	
8.82

	
8.70

















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 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 (https://creativecommons.org/licenses/by/4.0/).






media/file13.jpg
a8y sty
34808
ZoZed asn Grounpew asn Araurgpew
Josiwag o stay
0:Q%- statoqey sistoqe]

a3t uoneInpy P31 uogeInpy

Surddon

Surddoss
wos w0y

woif Swosur

@

swoouy jenuuy. wouy jenuuy

SO suspuun [np—

Cooperative

Machine operators
Cooperative

Machine operators

i
£ £
i £

(b)





media/file4.png
Family | [l Machine operators Family | llll Machine operators

[ Farmers without machines

[ Farmers without machines Friends

Friends

c tive directors . i i
ooperative di Neighbours Cooperative directors

Neighbours

Cooperatives Cooperatives

a

Researchers Researchers
a
a

Agricultural advisors a Agricultural advisors

Officials Officials

Mediums Mediums

1 1
-10 -5 0 5 10 -10 -5 0 5

Subjective horm(-10 to 10) Subjective norm(-10 to 10)

(a) (b)





nav.xhtml


  agriculture-12-00287


  
    		
      agriculture-12-00287
    


  




  





media/file2.png
Improving tillage results
Improving seeding quality
Improving fertilization effects
Improving irrigation effects
Improving pesticide effects
Improving harvest quality
Increasing crop yield

Reducing agricultural materials input
Increasing farmers' income
Reducing production costs
Increasing environment pollution

Reducing labor hours

-10

- @ Working efficiency  : i Qo |
~ @ Agronomic effect :
~ @ Environmentimpact & e :
| @ Financial -
L t‘\* E ]
1 i 1
=5 0 5

Attitude(-10 to 10)

(a)

Improving tillage results
Improving seeding quality
Improving fertilization effects
Improving irrigation effects
Improving pesticide effects
Improving harvest quality
Increasing crop yield

Reducing agricultural materials input
Increasing farmers' income
Reducing production costs
Increasing environment pollution

Reducing labor hours

-10

| —
e 6 6 ¢©

Working efficiency
Agronomic effect

Environment impact

Financial

! I ¥

N *

L *)

=5

(b)

Attitude(-10 to 10)





media/file5.jpg
________

_________

T





media/file3.jpg
RN

.::::«





media/file1.jpg
peeviprmatrn Sl S g | $ e
fravesrimmine — prtsenirmammined pamali

@






media/file7.jpg
Poor mecharical aperation
% W NEP

High price of use
High purchase cost | s NCP

High maintenance costs

Lack of machinery cooperatives
Land fragmentation

Lack of quality machinery

Dificult to purchase machinery parts
Lack of machinery training

Limits to acquiring information

Lack of machinery subsidy

Single function

-10 -5
Perceived behavior control(-10 to 10)





media/file10.png
Poor mechanical operation
High price of use

High purchase cost

High maintenance costs

Lack of machinery cooperatives
Land fragmentation

Lack of quality machinery
Difficult to purchase machinery parts
Lack of machinery training
Limits to acquiring information
Lack of machinery subsidy

Single function

=10

I Machine operators
Farmers without machines

Cooperative directors

=5

Perceived behavior control (-10 to 10)

(a)

o

Poor mechanical operation
High price of use

High purchase cost

High maintenance costs

Lack of machinery cooperatives
Land fragmentation

Lack of quality machinery
Difficult to purchase machinery parts
Lack of machinery training
Limits to acquiring information
Lack of machinery subsidy

Single function

-10

I Machine operators
Farmers without machines

Cooperative directors

=5

Perceived behavior control (-10 to 10)

(b)





media/file12.png
Farmers’ intention scores to use

machines(%)

100%

80%

60%

40%

20%

0%

mDefinitely not mMay not mNeutral m May use mDefinitely use

Cooperative
directors

Farmers without
machines

(a)

Machine
operators

100%

80%

60%

40%

20%

Farmers’ intention scores to use
machines(%)

0%

Cooperative
directors

Far

mers without Machine
machines operators

mDefinitely not mMay not mNeutral mMay use mDefinitely use

(b)





media/file9.jpg
n:_:mxmww

w__mm

e
i





media/file0.png





media/file14.png
0.04  -0.08
9

0.11

0.22**

017"

Cooperative

-0.21**

—-0.02
@

J
0.05

D
0.17*

Farmers without machines

0.15

Ql22**
QO O o o

o
0.22*

0.02
Q

Machine operators

a8y

3sn Arduryoewn
JO SIB3 X

s1aroqe]

[9A9] uoeINpy

durddoxn
WOy dWOodU]

3WIOdUI [eNnuUuUy

JZIS pue[ULIR]

(a)

~0.09
9

0.18*

0.18*
o

0.28**

0.47**

0.49**

onv7z*
Q o O

Cooperative

-0.11*

0.32**

oj16**

0.07

-0.01

o

-0.03

0.35%*

Farmers without machines

0.35*

0.16
J

0.10
o

0.10
D

Machine operators

a8y

asn ARurnyew
JO sIea

s131I0q®e]

[9A3] uoredINpy

Surddon

WOIJ JWO3U]

dWI0dUI [enuUuy

JZIS PUBTULIR]

(b)





media/file8.png
Poor mechanical operation
High price of use

High purchase cost

High maintenance costs

Lack of machinery cooperatives
Land fragmentation

Lack of quality machinery
Difficult to purchase machinery parts
Lack of machinery training
Limits to acquiring information
Lack of machinery subsidy

Single function

-10

NEP

NCP

-5

Perceived behavior control(-10 to 10)






media/file11.jpg
[Fanmers' intention scores to use

machinests)

100%
o
o
o
%

R —————
gl gy
Dottty eyt e oy v wOstity 30

@

§

Fammers intanion scores to e
achinesty

o ————
S e o
sty ot syt st <My use aDutineyusa

(b)





media/file6.png
Family

Friends

Neighbours

Cooperatives

Researchers

Agricultural advisors

Officials

Mediums

I NEP
[ NeP

-10

-5

Subjective norm(-10 to 10)

Family

Friends

Neighbours

Cooperatives

Researchers

Agricultural advisors

Officials

Mediums

=10

I NEP
IINeP

-5

Subjective norm(-10 to 10)

Family

Friends

Neighbours

Cooperatives

Researchers

Agricultural advisors

Officials

Mediums

-10

I NEP
I NeP

-5

Subjective norm(-10 to 10)





