

  agronomy-11-02435




agronomy-11-02435







Agronomy 2021, 11(12), 2435; doi:10.3390/agronomy11122435




Article



Factors Affecting New Agricultural Business Entities’ Adoption of Sustainable Intensification Practices in China: Evidence from the Main Apple-Producing Areas in the Loess Plateau



Zhao Wang 1,2,3, Jianhong Liu 1, Tongsheng Li 1,*, Jing Chao 1 and Xupeng Gao 1





1



College of Urban and Environmental Science, Northwest University, Xi’an 710127, China






2



School of Public Policy and Management, Tsinghua University, Beijing 100084, China






3



China Institute of Rural Studies, Tsinghua University, Beijing 100084, China









*



Correspondence: leetang@nwu.edu.cn







Academic Editor: Magdalena Sobocińska



Received: 28 October 2021 / Accepted: 26 November 2021 / Published: 29 November 2021



Abstract

:

The unsustainability of China’s agricultural production requires an urgent shift from traditional to more sustainable practices; however, the acceleration thereof remains challenging. New agricultural business entities (NABEs) lead agricultural modernization and strongly guide the application of innovative agricultural technologies and models. Thus, an understanding of the factors that influence NABEs’ adoption of sustainable intensification practices will promote their widespread adoption. We developed a model based on innovation diffusion theory and the technology–organization–environment framework, which can both distinguish the influencing factors at different adoption stages and identify the influencing factors of technology adoption from a multidimensional perspective. The results indicate that differences in regional agroecological endowments emerge as the most important influencing factor. Relative advantage, perceived barriers, and agricultural extension services have a significant effect on adoption intention and decision, but a smaller effect on intention. Management and risk response capacities have a significant positive effect on adoption decisions, but no effect on intention. Meanwhile, organizational size has no effect on adoption intention or decision. Adoption intention significantly positively influences, but only partially explains, adoption decisions. Our findings provide a basis for technology promoters to categorize potential adopters by technology adoption stage and provide targeted strategies to stimulate technology demand.
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1. Introduction


Over the past few decades, China’s agricultural productivity has increased rapidly, successfully feeding 22% of the world’s population with less than 9% of its arable land [1]. This scale is largely attributed to increased inputs of fertilizer, water, and pesticides, as well as the widespread adoption of high-yielding products during the Green Revolution [2,3]. Though the Green Revolution has achieved a certain level of success in China, it has also caused extensive ecological and environmental problems, such as soil degradation and water and environmental pollution [4,5]. The total area of degraded land in the world is estimated to be 1964 Mha, of which China has 145 Mha (or 7.4%) [6]. The loss of N and P through leaching and runoff leads to pollution in drinking water that affects 30% of the country’s population and leads to eutrophication in 61% of its lakes. Since the 1980s, the concept of sustainable intensification has received wide-spread attention from scholars and policy makers to address the adverse effects of unsustainable agricultural development on agricultural ecosystems and human health [7]. Sustainable intensification aims to avoid cultivation of more land—thereby also avoiding the loss of non-cultivation habitats—and to improve the overall performance of the system without incurring net environmental costs. It is currently a priority in the United Nations Sustainable Development Goals [8]. Agricultural technologies and techniques that can promote sustainable intensive farming are collectively referred to as sustainable intensive practices (SIPs) [9]. The promotion of SIPs has become an important strategy for China to advance its transformation of agricultural development from its primary reliance on resource consumption to resource efficiency and environmental friendliness [10,11]. SIPs aim to increase the productivity and resilience of agricultural production systems without negatively impacting soil and water resources or the integrity of associated non-agricultural ecosystems [8,12]. Despite significant efforts by the Chinese government to promote SIPs, their adoption in agricultural production remains slow.



Due to the combined push of increased productivity within agriculture and the pull of industrialization and urbanization on the rural labor force, a large number of rural laborers have moved to the cities and are engaging in non-agricultural industries. Along with the high cost and risk of agricultural production, resource and environmental constraints, and asymmetric supply and demand of agricultural products, the questions of who should farm and how are becoming increasingly prominent in China [13]. Against this background, new agricultural business entities (NABEs) have emerged in the form of family farms, farmer cooperatives, and agricultural enterprises. NABEs are tasked with developing modern agriculture, ensuring food security, and upgrading the industrial structure [14,15]. China currently has 3.224 million NABEs; these entities and smallholder farmers are expected to coexist for a long time [15,16]. NABEs have a demonstration effect and play a guiding role in leading the development of China’s agricultural modernization [17,18]. Therefore, a focus on the adoption of SIPs by NABEs in the study of agricultural technology diffusion and application, and exploration of factors that influence their technology adoption, will facilitate the design of more targeted policy strategies, while promoting the widespread application of SIPs among a wide range of farmers [17].



Given the important role of NABEs in accelerating the adoption of SIPs, this study attempts to enhance our understanding of the determinants of SIP adoption by NABEs. This study aims to (1) comprehensively identify the determinants of SIP adoption intention and decision by NABEs, based on the technology–organization–environment (TOE) theory; (2) confirm the differences in the explanatory power and influence of technical, organizational, and environmental factors in the two stages of adoption intention and decision; and (3) effectively identify the impact of regional differences in agroecological conditions on SIP adoption.




2. Literature Review


After years of innovative development, the constituent subjects of the modern agricultural management system and the practices of traditional farmers in China constitute completely different conceptual categories. Compared to traditional farmers, NABEs represent more specialized, integrated, organized, and socialized production and management organizations [15]. They are characterized by relatively largescale operations, better material and equipment conditions, higher scientific and technological levels of management, and higher labor productivity, resource utilization, and land productivity [19]. In analyzing the adoption behavior of green control technology on family farms, Gao et al. [20] emphasized that, compared to traditional farmers, family farms adopt a consumer-, market-, and future-oriented business strategy that emphasizes scale and entrepreneurial operations, as well as the concepts of agricultural product certification and brand marketing. In examining the willingness of farmer cooperatives to adopt agricultural information technology, Wang et al. [18] pointed out that, unlike traditional farmers, cooperatives have advantages in terms of scale, access to information, and policy support.



Despite the significant differences between NABEs and smallholder farmers, previous studies on SIP adoption focused on smallholder farmers; research on the adoption of SIPs by new business entities is lacking. Zeweld et al. [21] confirmed the important role of social capital, personal efficacy, training, and perceived usefulness in smallholder farmers’ intentions to adopt sustainable practices. Daxini et al. [22] found that Irish smallholder farmers’ intentions to follow a nutrient management plan was dominated by perceived behavioral control drives, followed by subjective norms, and finally, attitudes. Jera et al. [23] showed that dairy herd size, land tenure, dairy association membership, and agroecological potential are the key influences on the adoption of agroforestry practices by smallholder farmers in Zimbabwe. Pilarova et al. [24] showed that adoption of sustainable agricultural practices (SAP) by smallholder farmers in the Republic of Moldova was largely influenced by farmer characteristics and their impact on risk perceptions. Teklewold et al. [25], Kassie et al. [26], Kotu et al. [27], and Jabbar et al. [28] explored smallholder farmers’ choice of multiple SIPs and decision factors. Market access, education, information, extension services, and agroecological conditions were found to influence SIP adoption. A study by Cafer and Rikoon [29] found that access to cash and capital by service providers is more likely to influence smallholder farmers’ decision to adopt SIPs, compared with agricultural information. Ndiritu et al. [30] demonstrated gender differences in SIP adoption among smallholder farmers in Kenya. However, it is questionable whether these findings on smallholder SIPs adoption can be generalized to NABEs due to the unique characteristics of NABEs. Therefore, a specific study on SIP adoption in NABEs is necessary.



Based on a literature review, SIP adoption studies typically focus on the determinants of individual stages in technology adoption, such as adoption intention [21,22] and adoption decision [25,27,28,30]; however, few studies integrate multiple stages of SIP adoption. Technology adoption is a multi-stage sequential process [31], and the influence and explanatory power of antecedent factors at different stages of the adoption process have important differences [32]. Specifically, understanding the influences of the different adoption stages is useful for designing targeted demand stimulation strategies. Therefore, distinguishing the influencing factors at different adoption stages of SIPs is crucial.



Prior research has used a number of innovation diffusion theories to study technology adoption. These theories include the technology acceptance model (TAM) [33], the theory of reasoned action (TRA) [34], and the theory of planned behavior (TPB) [35], in addition to the theory of diffusion of innovation (DOI) [36] and the TOE theory [37]. The TRA and TPB primarily predict individual adoption, while the TAM, DOI, and TOE frameworks examine technology adoption at the organizational level. As the focus of this study is on SIP adoption by agribusinesses (rather than individuals), organization-level adoption theory is considered appropriate. TAM focuses extensively on technology and ignores social and psychological parameters [38], thus limiting its explanatory and predictive utility. The DOI theory emphasizes the multi-stage character of technology adoption, using constructs from organizational and technological contexts to explain adoption, but it neglects environmental factors. The TOE theory emphasizes not only the influence of technology itself on adoption, but also the influence of the organizational and external environment, thus providing a more comprehensive picture of the factors that influence the adoption of SIPs at the organizational level. Therefore, integrating the DOI and TOE theories allows for the multi-stage nature of SIP adoption to be considered while enabling the factors influencing SIP adoption to be studied from a multi-dimensional perspective.



According to literature reviews by Prokopy et al. [39], Tey and Brindal [40], Knowler and Bradshaw [41], Pannell et al. [42], and Baumgart-Getz et al. [43], the common factors influencing the adoption of SIPs can be categorized into six areas: socioeconomic (managerial capacity of decision makers), agroecological, institutional, informational and intentional, as well as technology perceived attributes. These six categories are similar to the TOE framework. Among them, technology perception attributes can be categorized as the technical context; managerial capabilities and intentions can be categorized as the organizational context; and agroecology, institutions, and information can be categorized as the environmental context in the TOE framework. Therefore, using the TOE framework to explore SIP adoption is feasible. Among the existing studies on SIP adoption, the decomposed theory of planned behavior [21,22], the integration of TPB with DOI [44], and the integration of interpersonal behavior theory with DOI [45] have been used to analyze the determinants of SIP adoption. However, research integrating DOI with TOE framework to analyze the adoption of SIPs at the organizational level has not been conducted thus far.



To address these research gaps, we developed a model based on a synthesis of two theoretical perspectives, namely, the DOI and TOE frameworks, which can both distinguish the influencing factors at different adoption stages and identify the influencing factors of technology adoption from a multidimensional perspective. We validated the comprehensive model using survey data from six typical apple-producing counties in the dominant apple-producing region of the Loess Plateau. This study is the first to analyze the SIP adoption behavior of NABEs from the perspective of organizational technology adoption. It provides valuable guidance for a clearer understanding of the agricultural technology adoption behavior of NABEs. Furthermore, the study considers the multiple stages of technology adoption, examining adoption behavior in terms of both intentions and decisions. This allows it to distinguish the relative importance of the factors that influence adoption intentions and decisions. Consequently, useful information for identifying policies and designing interventions to stimulate higher adoption rates is obtained. The study also contributes to the literature by applying the TOE framework to the field of SIP adoption, providing new insights into a more comprehensive and integrated understanding of the factors that influence SIP adoption. Finally, we used spatial interpolation of meteorological data from the investigated region and extracted spatial interpolation data using respondents’ latitude and longitude information to effectively capture agroecological information, such as climate and topography of respondents’ farm locations—this provides an effective method for accurately identifying the impact of regional differences in agroecological conditions on SIP adoption.




3. Research Model and Hypotheses


Based on the DOI and TOE frameworks, we propose a conceptual model for the adoption of sustainable intensive apple culture systems (SIACS, Figure 1). Maximum variable selection integrates and synthesizes previous studies that adopt the same techniques [39,40,41]. The model has seven constructs, each of which is explained by a set of determinants. Among these, relative advantage and perceived barriers are identified as the technological context; organizational size, managerial capacity, and risk response capacity constitute the organizational context; and agroecological endowments and public agricultural extension services represent the environmental context. For the dependent variables, intentions and decisions represent different subsequent stages of the technology adoption process [36], and distinguishing between them as different dependent variables is crucial [32]. Therefore, this study examines SIACS adoption in terms of both adoption intention and adoption decision. These predictors are discussed below.



3.1. Technology


Due to the nature of human reasoning, the characteristics of innovation must be subjectively perceived by those who consider adopting these innovations. The perception of innovation characteristics is often considered an important factor in adoption decisions. Rogers [36] identified five perceived characteristics as antecedents for adoption: relative advantage, compatibility, complexity, testability, and observability. A meta-analysis of 75 diffusion articles conducted by Tornatzky and Klein [46] concluded that relative advantage, complexity, and compatibility are most consistently significant in relation to innovation adoption. Kapoor et al. [47] conducted a meta-analysis of articles on Rogers’ innovation characteristics from 1996 to 2011, and their conclusions were consistent with the above findings. Zeweld et al. [21] concluded that perceived usefulness, perceived ease of use, and social capital were significant predictors of farmers’ adoption intentions. An empirical study by Pilarova et al. [24] demonstrated the important impact of risk perception on SAP adoption. Therefore, in this study, relative advantage, complexity, and risk perception are considered key factors for SIACS adoption, whereas complexity and risk perception are categorized as perceived barriers.



Relative advantage refers to the degree to which a new technology is perceived to provide greater benefits than an existing technology [36]. The technology diffusion theory [48] shows that identification of a new technology is a key prerequisite in influencing actors’ adoption decisions, and Lee [49] found that innovations that are perceived to have more operational value are more likely to be adopted. The advantage of SIACS over traditional planting patterns is that its dwarfing and wide rows of dense planting facilitate mechanical management of orchards and improve labor efficiency, which saves labor costs to a large extent. In addition, with SIACS, substantial yields in the third year and mature yields in the fifth year are expected [50], whereas there is no expectation of substantial yield until the eighth year with the conventional cropping pattern; hence, a clear advantage of SIACS is that it can shorten the payback period. In summary, companies that perceive a higher relative advantage of SIACS tend to be more likely to adopt it. Therefore, we hypothesized the following:



Hypothesis 1 (H1a).

There is a positive correlation between relative advantage and SIAC adoption intention.





Hypothesis 1 (H1b).

There is a positive correlation between relative advantage and SIAC adoption decision.





Complexity and risk perception are considered to be the main perceived barriers to innovation adoption. Complexity renders innovations more difficult to master and usually requires higher management skills, which in turn increase the risks associated with the innovation [51]. The existing literature on innovation diffusion suggests that the rate of adoption decreases as the complexity of innovation implementation increases [44]. That is, if potential adopters perceive the innovation as complex, the likelihood of adoption decreases. Risk perception is an individual’s identification of uncertainty when faced with a decision. Most farmers are risk averse because of uncertainty in terms of weather, pests and diseases [52]. Thus, introducing risk perception is necessary to assess the adoption behavior of SIACS. Under the intensive cultivation model, it takes approximately four years from initial planting to the productive period, indicating that characteristics such as slow technology effectiveness and a long technology action period increase the risk associated with adopting SIACS. Therefore, we hypothesized the following:



Hypothesis 2 (H2a).

Perceived barriers are negatively correlated with SIACS adoption intention.





Hypothesis 2 (H2b).

Perceived barriers are negatively correlated with SIACS adoption decision.






3.2. Organization


Organizational context refers to the influence of organizational characteristics on technology adoption decisions for the SIACS. The agricultural technology adoption literature has identified variables such as human capital factors (e.g., age, experience, education, and labor endowment of decision makers), organizational size, information availability, access to credit, and land tenure as important factors in adoption decisions in developing countries [24,39,53]. In this study, the proposed framework limits the organizational factors to organizational size, organizational management capacity, and an organization’s ability to cope with risk.



Organizational size is considered an important driver for the adoption of technological innovations. Large companies typically have more resources to test new technologies and a greater ability to bear the risks and costs of implementing them. In addition, the intertemporal tradeoffs between short- and long-term costs and returns are a key issue for the adoption of SIPs [54]. With the adoption of the SIACS, substantial yields are expected in the third year and mature yields in the fifth year [50]. This implies that the benefits from the SIACS are explicitly biased toward the future and require costs in the current period. In examining the intertemporal choices of actors, Green et al. [55] concluded that adopters have lower discount rates for large returns and higher discount rates for small returns. This phenomenon is known in behavioral economics as the quantitative effect. For SIACs, the larger the planted area, the larger the quantitative effect of future returns, and the lower the degree of time preference. Accordingly, the following hypothesis is proposed:



Hypothesis 3 (H3a).

There is a positive correlation between organizational size and SIACS adoption intention.





Hypothesis 3 (H3b).

There is a positive correlation between organizational size and SIACS adoption decision.





The SIACS is complex and involves a wide range of management decisions. Its operation includes a series of management procedures, such as seedling selection, manipulation of branch angles, fruit tree pruning, irrigation, fertilization, pest and disease control, and use of plant growth regulators [50]. The specific operation of each management procedure, in turn, involves many technical points. For example, in the control of branch angle, branches at angles higher than 45° theoretically grow vigorously and produce few flowers, while branches below 45° to the horizontal angles produce large flowers and have a large fruit size of good quality [50]. However, in practice, the control of orchard density branch angles varies, and managers should make appropriate judgments based on their skills and experience. The empirical literature has widely demonstrated that factors associated with improved management are related to adoption patterns: for example, the level of the adopter’s education is positively correlated with the level of adoption [40,56]. This suggests that management capabilities may be key to the successful adaptation and adoption of knowledge-intensive systems [49]. The higher the management capabilities of the organization, the more comprehensive the knowledge of the attributes of the technology will be. Accordingly, the following hypotheses are formulated:



Hypothesis 4 (H4a).

There is a positive relationship between organizational managerial competence and SIACS adoption intention.





Hypothesis 4 (H4b).

There is a positive relationship between organizational managerial competence and SIACS adoption decision.





Feder and Slade [57] considered market risk an important influencing factor in farmers’ technology choices. Climate change will lead to higher temperatures, increased crop demand for water, more variable rainfall, and extreme weather events that will adversely affect agriculture in many regions [53]. Risks or shocks play an important role in agricultural production decisions, especially in the uptake of agricultural technology [58]. Investment decisions that lack ex-post coping mechanisms, such as formal and informal insurance risks, will lead to reduced willingness of decision makers to engage in activities or investments that, while having a high expected outcome, carry a risk of failure or downside risk [59]. Profitable investments and innovations can only be undertaken by investors who are financially secure and adequately defended against adverse risks [60]. Accordingly, the following hypothesis is formulated:



Hypothesis 5 (H5a).

There is a positive relationship between organizational risk-coping capacity and SIACS adoption intention.





Hypothesis 5 (H5b).

There is a positive relationship between organizational risk-coping capacity and SIACS adoption decision.






3.3. Environment


Baumgart-Getz et al. [43] conducted a meta-analysis of the relevant literature on factors influencing the adoption of BMPs. They found that overall type and formality of education did not have a significant effect on the adoption of best management practices, but extension training had a positive impact on farmer adoption. Studies of the early stages of the extension process have also shown that access to extension services is a major determinant of the rate of adoption by different users [61]. In addition, agricultural production is constrained by natural environmental conditions that determine different agricultural practices and agrotechnological needs. Through a review and summary of the theoretical and empirical literature on the adoption of agricultural innovations and the impact of policy interventions to promote technology adoption, Feder and Umali [62] found that the agroclimatic environment is the most significant determinant of locational differences in adoption rates. Therefore, public agricultural extension services and the agroclimatic environment are used in this study to measure the policy and natural environments, respectively.



Information can shape awareness and attitudes to issues and has been shown to be an important factor in shaping farmers’ outlooks and expectations regarding resource issues and technology choices [63]; hence, policies to improve the information and knowledge base are likely to have important implications for technology adoption. Agricultural extension is a mechanism for conveying information to farmers about new technologies, more efficient management options, and better farming practices [64]. Effective agricultural extension services can eliminate or reduce the divergence between farmers’ perceived attributes of technology and its objective attributes [62]. In addition, access to public agricultural extension services can reduce the constraints on the availability of agricultural technology information caused by inefficiencies in the agricultural technology information market [65] and can facilitate the effective use of available technologies by improving the expertise and managerial capacity of the adopter [66]. As SIPs are knowledge-based innovations, extension services play an active role in their adoption [53]. Consequently, we propose the following hypothesis:



Hypothesis 6 (H6a).

Public agricultural extension services will have a positive impact on SIACS adoption intention.





Hypothesis 6 (H6b).

Public agricultural extension services will have a positive impact on SIACS adoption decision.





The important role of agroecological factors in influencing the adoption of SIPs has been widely documented in the recent literature [67]. Lee [54] noted that SIPs tend to be site-specific and that the heterogeneity in the agroclimatic environment, the underlying natural resource base, and other aspects implies that SIPs are often not widely replicated. Asymmetries in agroecological endowments will alter the likelihood of SIP adoption by decision makers [68], and heterogeneity in natural resources will affect performance and subsequent adoption decisions [69]. If technology is not compatible with the regional agroclimatic environment, the adoption rate may be low [70]. Thus, we propose the following hypothesis:



Hypothesis 7 (H7a).

Agroecological endowments will positively influence SIACS adoption intention.





Hypothesis 7 (H7b).

Agroecological endowments will positively influence SIACS adoption decision.






3.4. Adoption Intention


Intentions indicate the strength of willingness to perform or continue a behavior, and when intentions are formed, farmers are expected to implement them when opportunities arise. According to the rational action theory [71], intentions are the direct antecedents of behavior, and the stronger the intention, the more likely the behavior will be performed [22]. Previous research has shown that intention has a strong direct effect on future behavior [72]. Accordingly, we propose the following hypothesis:



Hypothesis 8.

SIACS adoption intentions will positively influence SIACS adoption decisions.







4. Materials and Methods


4.1. Measurement of Variables


4.1.1. Dependent Variable


The impact of complementarities among SIPs on adoption cannot be ignored [25]. Therefore, we extracted three interrelated SIPs (i.e., dwarf anvil intensive cultivation, combination of fertilizer-water integration and manure spreading, and drip irrigation system) from three key production aspects of the SIACS, namely, cultivation pattern selection, nutrient management, and irrigation. Then, we used the joint adoption of these three technologies to measure SIACS adoption. The measurement standards are presented in Table 1. For the cultivation pattern, dwarf anvil intensive cultivation is the basis of the SIACS; it is effective in increasing yields per unit area and thus in improving land use efficiency [50]. In terms of nutrient management, optimal yields are achieved when nutrients are derived from a mix of mineral fertilizers and natural sources [73]. Using a combination of fertilizer–water integration and manure spreading, taking advantage of the shallow root system and the well-developed capillary roots of dwarf anvil trees to make full use of nutrients is possible [73], while avoiding ground-water and soil contamination due to nutrient loss. Therefore, the combination of integrated fertilizer–water, shallow tillage, and spreading of organic fertilizer is the best fertilization practice for the SIACS. In terms of irrigation management, Fallahi et al. [74] suggested the use of a drip irrigation system in modern apple orchards, based on effective experiments on apple orchard irrigation systems. The drip irrigation system is not only effective in increasing water access to trees compared to other irrigation methods and thus producing significant water savings, but also improves yield and fruit quality. Without a drip irrigation system, precision application of fertilizer according to the needs of trees will be difficult. After manure spreading, and if dripping is not timely, it will be difficult to deliver fertilizer into the roots of the tree, and the fertilization effect will be greatly reduced. Hence, the drip system is also the basis for ensuring that water–fertilizer integration and manure spreading achieve the best results.




4.1.2. Independent Variable


As mentioned previously, only a few studies have focused on the adoption of SIPs at the organizational level. Therefore, the direct use of measurement metrics from previous studies in selecting the measurement factors for the constructs in our model is not feasible. While we used as many previously tested measurement factors as possible, we also ensured full reliability and validity by changing some of the measurement scales based on expert opinions (four experts with more than 10 years of SIACS experience and expertise), the SIACS-related literature, and technical reports. A brief description of the explanatory variables used in the model is presented in Table 1.



The relative advantage of the SIACS was measured in terms of labor cost savings and productivity improvement with reference to Davis’s [33] measurement scale. Perceived barriers were measured in terms of complexity and perceived risk, with the complexity measure adapted from Davis [33] and Wang et al. [18] and the perceived risk measure factor adapted from Im et al. [75].



The measures of Zhu et al. [76] and Jera et al. [23] were used for organizational size. Common managerial factors include those related to human capital: gender, age, education level, experience, the number of skilled workers and technical experts in the organization, and others [40,56]. Referring to Tey et al. [45] and Lee [54], we measured the management capacity in terms of both the level of formal education of the leader and the technical specialization of the employees. Agricultural shocks in China mainly include natural and price shocks [77]. Compared with grain crops, apple is a highly commercialized and marketable cash crop. Therefore, market demand is crucial to the value realization of apple products, and whether they can be sold smoothly at a reasonable price directly affects farmers’ production decisions and input levels. Based on this, we used the ability to respond to changes in market demand as an indicator to measure the ability to cope with price risk. Natural disasters, such as strong wind, hail, and frost occur frequently in apple-producing areas, thus rendering technological measures of decreasing disaster and agricultural risk avoidance measures crucial in coping with natural disasters and ensuring farmers’ incomes [78]. Therefore, we used agricultural insurance as a measure of the ability to cope with natural disasters.



For the agroclimatic environment, the temperature and precipitation data of each examined apple orchard were extracted by its GPS location, and the ecological suitability score of each subject was measured according to the apple climate suitability zoning criteria [79] (Table 2). An average of 10 years of observations from 2010 to 2019 was computed for the survey counties (see Section 4.2) and their surrounding adjacent stations. Then, these observations were spatially interpolated to obtain temperature and precipitation data for each survey county. Apple trees under dwarf anvil intensive cultivation have a shallow root system and are more sensitive to water, requiring timely irrigation during the dry season. Therefore, agroecological endowments were evaluated in terms of both their ecological suitability scores and irrigation water stability. The public agricultural extension service uses Wossen et al.’s [80] measurement criteria.



As part of a field survey, respondents were asked to rate the relative advantage, complexity, perceived risk, government extension efforts, and effectiveness of technical training using a Likert scale (where 1 D—strongly disagree and 5 D—strongly agree). Actual measured values were used for the area and number of employees. Technician employment, formal education, market risk response, natural risk response, and stability of irrigation water were assigned categorical values. Agroecological suitability was measured according to Table 2.





4.2. Data Collection


The data used in this study were obtained from a field survey of six apple-producing counties in the main apple-producing areas in the Loess Plateau from May to September 2019, which used a multi-stage sampling method. The main apple-producing areas in the Loess Plateau were the earliest regions in China to promote the SIACS, and the development of the SIACS in these areas is relatively mature [81]. Therefore, based on a comprehensive consideration of geographical distribution, the development of NABEs engaged in apple cultivation, and the promotion of the SIACS, we selected six survey counties from the main apple-producing areas in the Loess Plateau: Qianxian County, Qianyang County, Baishui County, Fengxiang County, Luochuan County, and Huanglong County. Qianxian County is located in the Guanzhong Plain, Qianyang and Fengxiang County are located in the dry plateau hilly ravine area of the Weibei Arid Highland, Baishui County is located in the transition zone between the Guanzhong Plain and the Loess Plateau, and Luochuan and Huanglong County are located in the Loess Plateau area. Finally, because NABEs are still in the development stage, relatively few mature NABEs are available, and even fewer are engaged in apple cultivation. Therefore, to ensure an appropriate sample size, we took a census of the NABEs engaged in apple cultivation in each case county.



We distributed 215 formal questionnaires through face-to-face interviews and collected 206 valid responses. The interviewees represented the leaders of the NABEs, such as the owner of a family farm, chairman or vice chairman of a cooperative, or general manager or technical manager of an agricultural enterprise. The list of NABEs engaged in apple cultivation in each survey county was obtained from the local agricultural bureau, which contained the location information of NABES to the village level. The NABEs are geographically dispersed, which made the research relatively difficult. During the preliminary field research, we found that remote sensing images of the SIACS and the traditional planting pattern were significantly different in texture (Figure 2). Thus, we could locate each NABE using remote sensing images combined with village-level location information from the local government; this enabled the planning of a reasonable research route to improve research efficiency.



The temperature and precipitation data in the text are from the Resource and Environment Data Cloud Platform of the Chinese Academy of Sciences (http://www.resdc.cn (accessed on 4 August 2020)).




4.3. Methods


We used a structural equation model (SEM) with observed and latent variables to test the conceptual model and assess the strength of the research hypotheses, namely the effects of technical, organizational and environmental factors on SIP adoption intentions and decisions. As the data analysis involves observed variables, endogenous latent variables (adoption intentions and adoption decisions), and exogenous latent variables (influencing factors), the variance explained by the model is higher than when other methods (e.g., regression analysis), are used. Schumacker and Lomax [82] found that most SEM studies had a sample size between 200 and 500. Furthermore, studies have been conducted to evaluate the effect of sample size on the results of SEMs [83,84]. These investigations have shown that a minimum of 100 cases should be used in the latent variable analysis. Having fewer than 100 observations results in the estimates of the population parameters becoming unreliable. The sample size of this study is 206, which meets the requirements of the SEM method. Partial least squares (PLS) was used to estimate the model. PLS is more suitable for small samples [85], as in the case of the current research; although the sample size of 206 is adequate, it is nevertheless relatively small.





5. Data Analysis and Results


The validity of the SEM is assessed in a two-step procedure, which aims to assess the reliability and validity of the measurement model before its use in the structural model.



5.1. Reliability and Validity of the Measurement Model


Confirmatory factor analysis (CFA) was applied to assess the reliability and validity of the measurement model. For a measurement model to have a sufficiently good model fit, the x2 value normalized by degrees of freedom (x2/df) should not exceed 3, and the non-normed fit index (NNFI) and comparative fit index (CFI) should exceed 0.9 [86]. For the current CFA model, x2/df was 1.629 (x2 = 188.924; df = 116), NNFI was 0.908, and CFI was 0.961, suggesting adequate model fit. Additionally, construct reliability measures the degree to which an item is free from random error and therefore yields consistent results. In this study, composite reliability (CR) coefficients were used for measurement. The results in Table 3 indicate that the CR values for all constructs were above the threshold of 0.70, indicating that the measurement model had a strong construct reliability [86].



Validity includes convergent validity and discriminant validity. Convergent validity assesses the consistency of multiple operationalizations. The average variance extracted (AVE) reflects the proportion of the variance in each indicator that is explained by variation in the latent variable. When the AVE is greater than 0.5, the latent variables demonstrate good convergent validity [87]. Table 3 shows that the standardized path loadings were all significant (p < 0.01) and had acceptable magnitudes. The AVE scores for all constructs were greater than 0.5, indicating a good convergent validity. Discriminant validity evaluates the degree of divergence between different constructs. We used Fornell and Larcker’s [87] criterion: the square root of AVE should be greater than the correlation between the interconstructs. As presented in Table 4, the square root of AVE for all variables was greater than the correlations among the latent variables; hence, the latter had a strong discriminative validity. The reliability, convergent validity, and discriminant validity of the latent variables were all satisfactory, indicating that these variables can be used to test the conceptual model.




5.2. Hypothesis Test of the Structural Equation Model


The theoretical model and its hypotheses were validated using AMOS 21.0 software. Table 5 shows the structural equation model’s analysis results. Technical, organizational, and environmental context accounted for 36.4% of the variance in adoption intention. Moreover, together with adoption intention explained 87.1% of the variance in adoption decision. It is possible that a model can explain a significant proportion of the variance in endogenous variables without fitting the data well; hence, we performed a goodness-of-fit test to judge how well the model fits. The model fit indices were within acceptable thresholds: the ratio of x2 to degrees of freedom was 1.868 (x2 = 229.805; df = 123), CFI = 0.897, GFI = 0.915, AGFI = 0.861, and RMSEA = 0.065 (Table 5).



The results of the hypotheses are presented in Table 6. Eleven of the 15 hypotheses have p-values less than 0.05, and the remaining 4 are not significant at the 0.05 level. In the technical context, perceived barriers negatively affect adoption intention and decision; relative advantage has a positive effect on both. Therefore, H1a, H2a, H1b, and H2b are supported. In the organizational context, management capacity and risk response capacity positively influence the adoption decision. Therefore, H3b and H5b are supported. However, unlike H3a, H4a, H5a, and H4b, these two factors have no significant effect on adoption intention, and organization size has no significant effect on adoption intention and decision. In the environmental context, agroecological endowments and public agricultural extension services are shown to have a significant positive effect on adoption intention and decision. Thus, H6a, H7a, H6b, and H7b are supported. Finally, adoption intention positively and significantly affects the adoption decision, and thus H8 is supported. A comparison result of the path coefficients of the factors that have a statistically significant effect on adoption intention at the 5% level indicates that agroecological endowment has the largest effect on adoption intention. Meanwhile, a comparison of the path coefficients of the influences that render the adoption decision statistically significant at the 5% level yields the same conclusion. This shows that the introduction or design of agricultural technologies that are compatible with regional agroecological endowments is essential to achieve their effective diffusion.





6. Discussion


6.1. Technological Context


The results show that relative advantage makes a significant contribution to adoption intention (standardized coefficient of 0.285). This is similar to the findings of Zeweld et al. [21] that respondents with positive attitudes are more willing to adopt SIPs. Relative advantage shows a significant facilitation effect on the adoption decision (standardized coefficient of 0.409). This finding is consistent with the argument below that perceived benefits are closely related to the acceptance and use of technology by potential users [88]. The large scale of NABEs requires the employment of labor, and the loss of labor and the ageing population in China’s rural areas has led to difficulties in finding labor and rising labor costs in daily operations. The SIACS can replace manual labor with machinery, which can greatly reduce labor costs and help NABEs to solve this dilemma. In addition, SIACS has significantly increased yields while improving product quality compared to traditional models. These may be important reasons why the perceived advantages significantly influence adoption intentions and adoption decisions.



Perceived barriers to SIACS adoption intention and adoption decisions show a significant inhibitory effect: when adopters perceive the SIACS as complex and risky, their intention to adopt it and the probability of them making a decision to do so will be significantly reduced by 0.344 and 0.382, respectively. This conclusion is supported by several studies [88,89], which suggest that the relative complexity and relative risk of technologies have a significant impact on adoption and that potential adopters hesitate to adopt complex and risky technologies. SIACS is a completely new model and the experience of the traditional model is not at all applicable to it, which invariably makes it more difficult for producers to master this new set of technologies. In addition, SIACS has high input costs, and both the complexity and high inputs increase the risk associated with SIACS. There is also the fact that agricultural production is often exposed to a high natural disaster risk and market risk, and China’s current agricultural insurance system is not very well developed, which results in NABEs being less resilient to risk. The combination of these factors may be the reason why perceived barriers significantly inhibit adoption intentions and adoption decisions.



Both relative advantage and perceived barriers have stronger effects on adoption decisions than on adoption intentions. Arts et al.’s [32] results support our findings that relative advantage and complexity are significantly stronger in relation to adoption decisions than to adoption intention. We also found that the role of perceived barriers is greater than that of relative advantage in the stage of adoption intention and the role of relative advantage is greater than that of perceived barriers in the stage of adoption decision. Possible reasons for this are that relative advantage represents experience qualities that rely heavily on the assessment of the consequences of the innovation, which are difficult to determine before adoption [90], and that producers place more emphasis on the features of the new technology, which increase its complexity before rather than after its adoption [91].




6.2. Organizational Context


In general, larger farms have greater economies of scale [92], and farm size is positively correlated with adoption rates; surprisingly, we find no significant effect of organizational size on either adoption intention or decision. Size has been shown to have a significant effect in many other technology adoption studies [88,93,94]; however, there are also studies that show no significant effect of size [69,95]. Feder et al. [61] noted that farm size has different effects on the likelihood of adoption, depending on the characteristics of the technology and institutional environment. Our study did not find a correlation between size and SIACS adoption, possibly due to the problem of moderate scale management in apple cultivation [96]. Basically, as the scale of management increases, the cost of production tends to decrease; once a critical point is reached, the cost of production increases. This study found that the production process of NABEs mainly depends on hired labor, and effective supervision of hired labor is difficult in an oversized planting area, leading to a sharp rise in labor costs [96]. Moreover, as a labor-intensive industry, labor accounts for the highest proportion of the total cost in apple production.



The results show that risk response capacity has no effect on SIACS adoption intention. Risk response refers to the preventive measures to avoid, bear, reduce, or share risks that are designated by decision makers on the basis of risk perception, according to the nature of the risks and their own risk tolerance. At the stage of forming the intention to adopt the SIACS, intention may depend more on producers’ perception of the risk of adopting the new technology and their own risk tolerance. Before making the decision to adopt the SIACS, the producer may not consider taking preventive measures to cope with the associated risks. Furthermore, we find that risk response capability has a significant positive impact on SIACS adoption decisions. This implies that a better understanding of potential risks and having ways to manage them may help adopters assess the costs and benefits of new technologies more effectively and thus know how to incorporate them into their production [88]). Dercon and Christiaensen [60] used a risk-based selection model to examine the impact of consumption risk on fertilizer input adoption. They found that the potential increase in fertilizer use from consumption smoothing is higher for farmers who have greater difficulty in maintaining consumption smoothing in dry years or who face larger rainfall variation. This illustrates the importance of improving adopters’ risk-responsiveness to production inputs.



A person’s decision to engage in a behavior depends partially on their ability to perform that behavior, which refers to resources such as the capital, human resources, knowledge, and technology required to perform the technique [97]. Daxini et al. [22] found that a farmer’s perception that he/she possesses or has access to the necessary resources and technical infrastructure is significantly and positively related to his/her intention to adopt nutrient management practices. Daxini et al. [97] also found that perceived control (the ability to perceive implementation behavior) was the most important driver of farmers’ intentions to follow nutrient management plans. However, our research found that management capabilities (the knowledge and technical resources required to implement the technology) have no effect on SIACS adoption intention. A possible reason is that adopters at the stage of forming adoption intention are more concerned with the technology itself and with the environment that influences technology adoption. It is also possible that management capabilities have an indirect effect on SIACS adoption intention, which should be a focus of future research. Zeweld et al. [21] found that perceived control also had a positive and significant effect on the intention to adopt minimum tillage, while it did not reach statistical significance for farmers’ intentions to adopt row cropping.



The results further show that management capabilities significantly and positively influence SIACS adoption decisions. According to our survey, 20.17% of the respondents were willing or very willing to adopt the SIACS, but had not done so. Reasons for their non-adoption include decision makers’ perception that they have limited knowledge to adapt the SIACS, that they do not have extra land to implement the SIACS, and that they do not have extra money to invest in building SIACS plantations. This shows the importance of the resources required for organizational implementation of technology in the adoption decision stage. A further possible explanation for this result is that the SIACS is a technical management practice that requires specialized knowledge, skills, and attention to detail. Workers’ education and technical knowledge are important for the adopter’s ability to make appropriate investment decisions; higher levels of education and access to technical knowledge can improve the ability of the adopter to evaluate information and enhance their understanding and adaptability to new technologies [98].




6.3. Environmental Context


Agroecological endowment is the most important influential factor in shaping SIACS adoption intention (0.361) and in making adoption decisions (0.699). This indicates that regional differences in the agroclimatic environment are the most critical factors influencing SIACS adoption. This finding confirms those of previous studies, including Tey [68], who investigated the relative importance of a range of multidimensional factors in the Malaysian vegetable production sector. The authors found that the most influential factor on the adoption of SAPs was the asymmetric distribution of resources across geographic regions. Their analysis of the final stages of the Green Revolution technology diffusion cycle also found that the agroclimatic environment is the most important factor in determining regional differences in adoption rates. Although ecological endowments have an important influence on both SIACS adoption intentions and adoption decisions, the effect on adoption decisions is much larger. Time-construction theory [99] may explain this result more reasonably—adoption decisions reflect behaviors that are more temporally proximate for adopters than adoption-intent responses, and behaviors that are more temporally proximate are more likely to receive context-specific and context-dependent influences.



Previous studies have shown that access to agricultural extension services is an important determinant of the adoption of SAPs [53,100]. The results of this study also confirm the important influence of access to agricultural extension services on SIACS adoption intentions and decisions. This implies that organizations with greater access to agricultural extension services are more likely to adopt the SIACS. These services can help business owners implement management practices by providing knowledge and technical expertise, which can help explain our results.




6.4. Adoption Intention


Our results show that adoption intention and decision exhibit a significant positive correlation, but this correlation is only 0.363. While intentions are often used as a proxy measure of adoption decisions [21,22], some previous studies [101,102] have shown that intentions are a far from perfect predictor of decision-making behaviors. Possible reasons are that intentions can change over time, and the more time passes, the greater the likelihood that unforeseen events will generate changes in intentions [103]. Furthermore, adoption decisions depend not only on producers’ intentions but also on organizations’ ability and resources for implementing the intention [103]. This view is confirmed by findings that managerial and risk coping capabilities have no effect on adoption intentions, while they have a significant positive effect on adoption decisions. Furthermore, this result confirms the findings of Arts et al. [32] that producers use different criteria in adoption intentions and adoption decisions.





7. Conclusions and Implications


This study aimed to identify the factors influencing adoption intention and adoption decision of the SIACS in NABEs and to confirm the differences in the factors influencing the two stages of adoption intention and decision. The results show that regional differences in agroecological conditions had the strongest influence on adoption intention and decision. This finding implies that agricultural experts, when they are developing or introducing new technologies, must pay great attention to the ecological suitability of new technologies in the regions where they are promoted. Emphasis must also be placed on raising producers’ awareness of the natural resource conditions required to implement the SIACS. For example, the ecological suitability of the SIACS in a particular locality can be demonstrated to producers by establishing demonstration plantations or by supporting the development of standard SIACS plantations.



Relative advantage, perceived barriers, and agricultural extension services have a significant impact on both adoption intention and decision and play a smaller role in the intention stage than in the decision stage. The agricultural extension sector can take advantage of emerging technologies, such as information and communication technologies, to provide more effective and efficient services—thereby increasing producers’ awareness of technological attributes. This difference suggests that extensionists can divide producers into two groups: those who have not formed an intention to adopt and those who have already formed this intention. Extension service resources can be skewed somewhat toward those who have already formed an intention to adopt, thus facilitating the shift from adoption intention to decision.



Neither management capacity nor risk response capacity has an effect on adoption intention, while both have a significant positive effect on adoption decision. This illustrates the importance of implementing SIACS competencies in the decision-making phase. Overcoming the challenges posed by adverse market conditions to SIACS implementation is a key to improving organizational risk response capacity, such as improving farmers’ price incentives and access to agricultural market information. Furthermore, this difference implies that, in enhancing producers’ capacity to implement the SIACS, managers can spend more of their resources on groups that have developed adoption intentions.



Organizational size is not significantly related to either adoption intentions or decisions. This implies that managers should avoid focusing on largescale operators while ignoring small- or medium-sized operators when implementing preferences related to SIACS adoption. The correlation between adoption intention and decision is 0.363, and the reason for the large gap between intention and decision is the limitation of the producers’ ability to implement the SIACS. A key policy implication of this result is that SIACS adoption would increase substantially if managers focused more on improving producers’ ability to implement the SIACS, such as through gardening subsidies and credit support.



In summary, the contributions of this study are fourfold. First, our study demonstrates the usefulness of integrating the DOI and TOE frameworks to understand organization-level SIP adoption behavior. The integration of the two frameworks provides an effective method to comprehensively analyze the determinants of SIP adoption at the organizational level and to distinguish their influences at different stages of adoption. Second, the results reveal the influence of technical, organizational, and environmental factors on NABEs’ intentions and decision to adopt SIACS, and confirm their varying influence between the two stages. This study provides a basis for technology promoters to categorize potential adopters by stage of technology adoption; it also provides targeted strategies to stimulate technology demand at different stages of adoption. Third, the agroecological conditions of the respondents were accurately quantified using GIS and remote sensing. The results demonstrate the importance of agroecological conditions in the adoption of SIPs at the organizational level, indicating that the ecological suitability of SIPs for a region is a prerequisite for their widespread adoption. Fourth, in the field of SIP adoption research, this study provides the first empirical evidence that adoption intentions can only partially explain adoption decisions, and finds that the organization’s technology adoption capabilities are an important influence in facilitating the shift from adoption intentions to adoption decisions.




8. Limitations and Future Research Directions


Although this study makes an important contribution to SIACS adoption, there are some limitations. First, the factors that influence the adoption of SIPs change over time [69]; this study used cross-sectional data to analyze the factors that influence SIACS and failed to consider time-related variables. In addition, regional differences in socioeconomic conditions can impact the probability of adoption of sustainable intensification technologies in different regions. However, when this study examines environmental contextual factors for SIACS adoption, only regional differences in agroecological conditions and policy factors are considered, and differences in other socioeconomic conditions are overlooked. Subsequently, we will explore ways to quantify the socio-economic conditions between regions and will then focus on the impact of these factors on the adoption of sustainable intensification technologies. Finally, new business owners are headed by rural elites, business leaders, or technicians. Leaders play the combined role of managers and major shareholders, and leader attitude has a crucial role in technology adoption [18]. The impact of leader attitude on SIACS adoption was not considered in our study. As attitude is an important factor in explaining technology adoption behaviors [21,22], further research is required to confirm the impact of leader attitude on SIACS adoption; this will facilitate the promotion of SIACS adoption by new business owners.
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Figure 1. Sustainable intensive apple culture system (SIACS) adoption model. 
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Figure 2. Comparison of remote sensing images of sustainable intensive apple culture systems and traditional apple cultivation models. 
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Table 1. Definitions and summary statistics of the variables used in the analysis by types of new business entities.
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Latent Variables

	
Two Order Latent Variable

	

	
Observed Variables

	
Description

	
Average Value

	
Standard Deviation






	
SIACS adoption

	
Adoption intention

	
AI1

	
Adoption Attitudes

	
We are willing to adopt SIACS: Likert scale (1 D strongly disagree; 5 D strongly agree)

	
3.54

	
1.13




	
AI2

	
Promotion intention

	
I would recommend SIACS to others: Likert scale (1 D strongly disagree; 5 D strongly agree)

	
3.07

	
1.33




	
Adoption intensity

	
AIE1

	
Cultivation pattern

	
Has the dwarf anvil intensification model been adopted? categorical (yes = 1, no = 0)

	
0.47

	
0.50




	
AIE2

	
Nutrient management

	
Burying chemical fertilizer = 1, burying organic fertilizer = 2, burying of chemical and organic fertilizers = 3, burying of chemical fertilizers and spreading of organic fertilizers = 3, water fertilization and buried organic fertilizer = 4, water fertilization = 4, spreading of organic fertilizer = 4, water fertilization and spreading of organic fertilizer = 5

	
1.89

	
1.52




	
AII3

	
Irrigation

	
Large flood = 1, furrow = 2, pit = 3, sprinkler = 4, drip = 5

	
1.65

	
1.44




	
Technology

	
Relative advantage

	
RA1

	
Labor saving

	
I think SIACS technology is easy to mechanize and saves labor compared to traditional techniques: Likert scale (1 D strongly disagree; 5 D strongly agree)

	
3.28

	
1.41




	
RA2

	
Increased production

	
I think the advantage of SIACS is that its high-density planting can dramatically increase average acre yields: Likert scale (1 D strongly disagree; 5 D strongly agree)

	
2.67

	
1.38




	
Perceived barriers

	
PB1

	
Complexity

	
I find the SIACS technique easy to grasp and manipulate: Likert scale (1 D strongly disagree; 5 D strongly agree)

	
3.19

	
1.22




	
PB2

	
Perceived risk

	
SIACS is likely to fall short of expectations and disappoint me: Likert scale (1 D strongly disagree; 5 D strongly agree)

	
2.95

	
1.16




	
Organization

	
Organization size

	
OS1

	
Area

	
Acreage of apples: Continuous (hectares)

	
11.83

	
28.72




	
OS2

	
Number of employees

	
Number of permanent employees: Continuous (ren)

	
10.54

	
25.29




	
Management capacity

	
MC1

	
Formal education

	
Literacy of decision makers: categorical (no education = 1, primary = 2, middle school = 3, high school = 4, college and above = 5)

	
3.54

	
0.94




	
MC2

	
Technical specialization

	
Whether to hire a technician specializing in SIACS management: categorical (yes = 1, no = 0)

	
0.26

	
0.44




	
Risk response capacity

	
RRC1

	
Market risk response

	
If the market price for apples is low, would you choose to sell them cheaply or store them in cold storage until the price is right: categorical (store = 1, sell = 0)

	
0.65

	
0.48




	
RRC3

	
Natural risk response

	
Whether agricultural insurance has been purchased: categorical (yes = 1, no = 0)

	
0.47

	
0.50




	
Environment

	
Public agricultural extension services

	
PAES1

	
Government extension efforts

	
Strong government support for SIACS adoption: Likert scale (1 D strongly disagree; 5 D strongly agree)

	
4.17

	
1.22




	
PAES2

	
Extension training

	
Participation in SIACS-related technical training events organized by the government has been very helpful to organizations: Likert scale (1 D strongly disagree; 5 D strongly agree)

	
3.76

	
1.20




	
Agroecological endowments

	
AE1

	
Ecological suitability

	
Based on apple climate suitability zoning criteria: apple climate suitability zoning table (1 point for each condition)

	
3.06

	
1.65




	
AE2

	
Stability of irrigation water

	
Orchards can be irrigated promptly when water is scarce: Likert scale (1 D strongly disagree; 5 D strongly agree)

	
2.94

	
1.63
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Table 2. Criteria for climate suitability zoning of apples.
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	Annual Average Temperature (°C)
	Annual Precipitation (mm)
	Average Temperature in Mid-January (°C)
	Annual Extreme Lowest Temperature (°C)
	Average Temperature in June–August (°C)
	Number of Days >35 °C
	Average Minimum Temperature in Summer (°C)





	The most suitable area
	9–11
	560–750
	>−14
	>−27
	19–23
	<6
	15–18
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Table 3. Construct reliability and convergent validity.
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	Range of Standardized

Path Loadings
	Convergent Validity

(p-Value)
	Composite Reliability
	Average Variance

Extracted





	PB
	0.805–0.866
	All < 0.01
	0.765
	0.699



	RA
	0.826–0.862
	All < 0.01
	0.779
	0.713



	MC
	0.861–0.893
	All < 0.01
	0.837
	0.769



	OS
	0.531–0.894
	All < 0.01
	0.853
	0.541



	RRC
	0.778–0.889
	All < 0.01
	0.763
	0.698



	AE
	0.811–0.949
	All < 0.01
	0.846
	0.779



	PAES
	0.701–0.995
	All < 0.01
	0.809
	0.741



	AI
	0.775–0.897
	All < 0.01
	0.769
	0.703



	AIE
	0.786–0.820
	All < 0.01
	0.693
	0.569
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Table 4. Measurement models’ discriminant validity test results.
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	PB
	RA
	MC
	OS
	RRC
	AE
	PAES
	WTA
	SIACSA





	PB
	0.836
	
	
	
	
	
	
	
	



	RA
	−0.359
	0.844
	
	
	
	
	
	
	



	MC
	−0.52
	0.395
	0.877
	
	
	
	
	
	



	OS
	−0.403
	0.294
	0.600
	0.735
	
	
	
	
	



	RRC
	−0.413
	0.196
	0.482
	0.303
	0.835
	
	
	
	



	AE
	−0.418
	0.465
	0.458
	0.379
	0.253
	0.883
	
	
	



	PAES
	−0.28
	0.464
	0.264
	0.278
	0.302
	0.344
	0.861
	
	



	AI
	−0.511
	0.524
	0.376
	0.311
	0.192
	0.542
	0.344
	0.838
	



	AIE
	−0.631
	0.672
	0.655
	0.482
	0.552
	0.688
	0.55
	0.458
	0.754
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Table 5. Model fit indices for the structural model.
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	Index
	x2
	df
	x2/df
	CFI
	GFI
	AGFI
	RMSEA





	Fitted values
	229.805
	123
	1.868
	0.897
	0.943
	0.842
	0.065



	Recommended values
	The smaller the better
	The bigger the better
	<3
	>0.8
	>0.9
	>0.8
	<0.08
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Table 6. Results of the estimation structural model.
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Hypothesis

	
Path From

	
Path to

	
R2

	
Standard Error S.E.

	
Critical Ratio C.R.

	
p

	
Path Coefficient

	
Supported






	
H1a

	
Perceived barriers

	
SIACS adoption intention

	
0.364

	
0.066

	
−4.041

	
***

	
−0.344

	
Yes




	
H2a

	
Relative advantage

	
0.047

	
3.484

	
***

	
0.285

	
Yes




	
H3a

	
Management capacity

	
0.219

	
0.253

	
0.800

	
0.026

	
No




	
H4a

	
Organizational size

	
0.006

	
0.403

	
0.687

	
0.038

	
No




	
H5a

	
Risk response capacity

	
0.172

	
−0.826

	
0.409

	
0.071

	
No




	
H6a

	
Agroecological endowments

	
0.043

	
4.456

	
***

	
0.361

	
Yes




	
H7a

	
Public agricultural extension services

	
0.058

	
2.235

	
0.025

	
0.173

	
Yes




	
H1b

	
Perceived barriers

	
SIACS adoption decision

	
0.871

	
0.068

	
−3.795

	
***

	
−0.382

	
Yes




	
H2b

	
Relative advantage

	
0.052

	
3.895

	
***

	
0.409

	
Yes




	
H3b

	
Management capacity

	
0.194

	
2.257

	
0.024

	
0.242

	
Yes




	
H4b

	
Organizational size

	
0.005

	
0.631

	
0.528

	
0.058

	
No




	
H5b

	
Risk response capabilities

	
0.159

	
3.011

	
0.003

	
0.278

	
Yes




	
H6b

	
Agroecological endowments

	
0.056

	
5.696

	
***

	
0.699

	
Yes




	
H7b

	
Public agricultural extension services

	
0.059

	
3.545

	
***

	
0.324

	
Yes




	
H8

	
Adoption intention

	
0.099

	
−3.164

	
0.002

	
0.363

	
Yes








Note: The C.R. value is a quotient of the non-standardized factor loading divided by the standard error. When |C.R.| > 1.96, the test result is significant at a level of 5%. When |C.R.| > 2.58, the test result is significant at a level of 1%. If the probability of the significance value is <0.001 then the p-value is indicated by “***”.
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