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Abstract

:

Sustainable agriculture (SA) has emerged as an alternative to feeding an increasing global population. Several frameworks have been used in SA research. This study proposes understanding SA under five components: environment, economy, society, resilience, and persistence. The decision-making process for adopting SA is determined by several factors, such as knowledge and attitudes. Both constructs play a decisive role in SA’s development, a field where university students are called to be leaders and decision-makers. Despite the increase in the body of SA literature, little is known about SA in Latin America. This research aimed to analyze university students’ attitudes and knowledge of SA and the relationship between both constructs. A completely structured questionnaire was designed and distributed online. A Likert-type scale was used for attitude and multiple-choice questions for knowledge. It was found that, among participants (n = 374), the majority had a high level of attitude (71.9%) and a moderate level of knowledge (62.1%) of SA. Participants’ attitudes towards SA were positive, regardless of gender (p = 0.17) and perceived knowledge does not predict measured knowledge (R2 = 0.074; p < 0.001). Moreover, a low positive relationship was found between attitude and knowledge (rs = 0.252; p = 0.000). Further research should focus on analyzing other factors that could affect attitude and knowledge of SA.
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1. Introduction


A growing global population has led to environmental depletion [1]. On the other hand, people worldwide depend on agriculture as an essential source of basic needs for human survival [2]. The increase in agricultural productivity within the last 50 years has depended on fertilizers, irrigation, machinery, pesticides, and land use [3]. However, expecting these relationships to remain linear in the future might be too optimistic [3]. For example, the indiscriminate use of synthetic fertilizers intends to supply enough food, but instead, it negatively impacts the environment and living beings that inhabit it [1,4,5,6].



The damaging impact of agriculture on the environment has been documented extensively in several ways, e.g., soil use change, greenhouse gas emissions, excessive water use, and biodiversity disturbance affectation [7,8,9]. Some authors suggest increases between 60 and 100% in production to satisfy food demand for 2050 [10,11]. However, some projections overestimate yield growth due to misinterpreting the underlying assets projections and ignoring recent productivity improvements [12]. Additionally, these are commonly simplified into a single goal of doubling production, which implies an urgent need for research, policies, and industry [11,13,14,15]. This simplification of objectives could aggravate the environmental challenges by promoting agrochemical use [12]. Therefore, it is critical to seek new effective strategies to increase food production in the future [16,17]. Furthermore, there is a growing pressure to produce more food, so it is essential to do it sustainably [9,12,18]. Weiner highlights that SA is one of humanity’s biggest challenges [19].



Sustainability has become overused and a buzzword, often misused, to promote specific interests [19]. Thus, it is necessary to seek new approaches that: (1) involve biological and ecological processes in the food chain; (2) minimize the use of non-renewable inputs; (3) make productive use of farmer’s knowledge; and (4) take advantage of people’s collective capacities to work together in resolving agricultural and environmental challenges related to pests, watersheds, and forests [3]. Nevertheless, the lack of urgency and quantitative objectives related to SA has resulted in an imbalance between conservation and production [12].



Sustainable agriculture is a complex and challenging term to define [20,21,22] because each agricultural impact occurs differently, and the synergy between its constituents is unclear [18]. Interest in the sustainability of farming and production systems began its development around the 1950s, even though there are records of its principles dating back to ancient Chinese, Greek, and Roman writings [3]. Now the interest is more focused on the need for developing agricultural technologies and practices that (1) do not have undesired effects on the environment; (2) are accessible and efficient for farmers; (3) improve food productivity; and (4) have positive effects on environmental goods and services. Additionally, sustainability in agricultural systems involves concepts of resilience (i.e., a system’s capacity to buffer impacts and stresses) and persistence (i.e., a system’s capability to continue over long periods), and also considers the effects on the economic, social, and environmental domains [3,23]. The study of each component is part of different research fields, each with its ideology and vocabulary [23].



Adopting SA has several long and short-term benefits [24]. However, the decision-making process of adopting SA is swayed by various factors, including knowledge [24] and attitudes [25]. That is why people’s knowledge and attitudes play a decisive role in SA [26,27]. Understanding the relationship between different aspects of sustainability can be helpful in two ways: to help farmers understand the limitations in implementation, as well as the potential for win–win solutions, and to balance efficiency and quality when developing or applying sustainability evaluation methodologies [18].



Knowledge is defined as the understanding of information and the cognizant perception of significance [28]. Knowledge can contribute to this process by providing learning opportunities [21]. Moreover, knowledge and education are considered to be factors that help reduce other perceived barriers regarding SA [24]. Throughout the literature, knowledge is measured differently and often assessed as perceived knowledge. Self-perceived knowledge is susceptible to psychological factors, and results are likely to be skewed [29]. Although different constructs, both are crucial for adopting practices. There is an existing gap in SA research and the difference between perceived and actual knowledge. Improving farmers’ knowledge and changing their beliefs about SA may change their attitudes [30].



Attitude is the willingness to answer favorably or unfavorably to an object, person, institution, or event [31,32]. It is based on cognitive beliefs toward an attitude object [26,31]. To form a positive attitude, farmers need enough knowledge and experience because this would allow them to understand concepts and change their attitudes [33]. Attitude and beliefs are expected to be the defining key in the management decisions that will be taken [8]. Furthermore, studies in alternative agricultural practices have explored gender-differentiated relationships on psychosocial constructs such as attitudes [26,34,35].



If we expect the scientific community to develop sustainable agricultural systems, this process must require the participation of researchers and farmers [8]. More studies that use a common framework to quantify the multifaceted impacts could help identify other possible solutions for each situation across different circumstances [23]. Additional investigations have attempted to quantify attitudes and knowledge of SA in various regions and target populations, with farmers as the majority. Nevertheless, this has been based on several reference frameworks for SA [8,9,18,19,20,21,22,24,26,28,30,33,36,37,38,39,40,41,42,43,44]. In the future, agricultural students may influence farmers’ adoption of SA practices [45].



It Is necessary to reorganize agriculture education to equip agronomists with competencies that prepare them to advocate SA effectively [35]. Attitudes and knowledge are critical components of behavior change in SA practices [28]. In line with previous studies, this one focused on university students because they will become leaders and decision-makers in the future [46,47]. Therefore, students’ attitudes and knowledge of SA are of keen interest. However, there is little research regarding education in SA [48] and determining students’ understandings [45]. Moreover, there is a gap in SA education in Latin America. This study intends to contribute to this research stream via an instrument adjusted to the region’s particularities.



The research question proposed was: is there a relationship between the attitude and knowledge of sustainable agriculture among Latin American students? In this context, the research objectives were: (1) to analyze students’ attitudes towards SA and its association with gender; (2) to evaluate students’ knowledge of SA and its relationship with perceived knowledge; and (3) to determine the relationship between knowledge of and attitude towards SA.




2. Materials and Methods


2.1. Study Population, Design and Sampling


This quantitative, non-experimental, and correlational study gathered data from 551 students from 21 countries at a Honduran agricultural university. The topic of SA is intentionally woven into students’ coursework across academic disciplines throughout the university. Students are exposed to the principles of SA repeatedly over the course of their academic study. Participants’ attitudes and knowledge were evaluated via a completely structured questionnaire that included seven demographic questions, 15 5-level Likert-type attitude statements, and 15 multiple-choice questions for knowledge. The sampling was non-probabilistic, with quotas calculated based on the number of students in each department and year. For that, a considerable percentage of participants was surveyed according to those demographics to represent the target population better. It is worth saying that we do not intend to generalize the results to the whole population of students with this sampling. Yamane’s formula was used to calculate the sample size:


n = N/(1 + N × e2),



(1)







N: population size



e: precision level



n: sample size



The instrument was built based on the existing literature on SA and its five components: environmental, social, economic, resilience, and persistence [23]. Hence, two sections of 15 questions were grouped according to these components. The first section measured the participants’ attitudes toward SA, and the second assessed their knowledge.



The research hypothesis was that a positive relationship exists between university students’ knowledge and attitude toward SA. For this study, attitude was the dependent variable, and knowledge was the independent one. First, the instrument was validated by a panel of experts. Then, a pilot test with 40 participants was conducted to ensure the instruments’ reliability. Once the instrument was tested, it was distributed and completed online in July 2020.




2.2. Statistical Analysis


After data cleaning, 374 responses were considered for the analysis. SPSS version 25 was used to analyze the data. First, a Cronbach’s alpha test (α = 0.75) showed the acceptable interitem consistency for the attitude section [49], which had ordinal scale statements. Next, descriptive statistics were used to show participants’ demographic characteristics, attitudes, and knowledge of SA. The significance level used for all inferential analyses was α = 0.05. Since the sample was not normally distributed, the tests were non-parametric. For objective one, a Mann–Whitney test was used to determine the association between attitude towards SA and gender. For objective two, a simple linear regression was used to measure the level of prediction of the measured knowledge from the perceived knowledge of SA. A scatterplot of perceived knowledge predicting assessed knowledge was prepared. Visual inspection indicated a linear relationship between the variables. Residuals were independent, as assessed by the Durbin–Watson statistic of 1.447. There was homoscedasticity, as assessed by visual inspection of a plot of standardized residuals versus standardized predicted values. Residuals were normally distributed as evaluated by visual inspection of a normal probability.



For objective three, individual scores were added to determine each component’s score, and the negative statement’s values were reversed. Attitude and knowledge totals were categorized into high, moderate, and low [46]. Next, a Chi-square test (linear-by-linear) was conducted to determine if the responses followed a theoretically expected distribution. A Spearman correlation test was then used to establish the association between attitude and knowledge of SA.





3. Results


3.1. Demographics


Most participants were men (54.3%), similar to the student population. Moreover, most of them were undergraduate students (96.5%). The mean age for undergraduates was 23 years (mean, median, and mode), and 29 for master students (mean 29, median 29, and mode 30).




3.2. Attitude towards Sustainable Agriculture


The first section aimed to measure students’ attitudes toward sustainable agriculture. They were asked about their level of agreement with 15 statements via a 5-level Likert-type scale: strongly disagree (TD), disagree (D), neither agree nor disagree (N), agree (A), and strongly agree (TA) [46,50]. Negative statements were intentionally designed with two purposes: to verify participants’ sincerity and to measure their level of agreement. The values for these items were reversed for further analysis. Table 1 shows the frequency and percentage for each item regarding attitude.



The results reveal that students who participated tend to have a positive attitude towards sustainable agriculture. Nine of the fifteen items showed more than 75% acceptance, and five received over 90%. Statements A5, A10, and A14 received the highest levels of agreement. Most participants agreed with the general well-being of field workers (96.0%), crop rotation benefits (93.8%), and product diversification to avoid monoculture dependence (92.0%).



Attitude toward crop rotation aligns with Sydorovych and Wossink’s findings, where respondents’ level of acceptance was 80% [22], but higher than Comer et al.’s study with 47.6% [38]. Crop rotation is an ancient agricultural practice with well-documented benefits for productivity and stability in agrarian settings [40]. Comer et al.’s research showed 42.9% acceptance of diversification in production [38]. It is worth mentioning that these investigations were performed in the United States and Uruguay, respectively.



On the other hand, without re-coding, the statements with higher levels of disagreement were A9 and A13. In A9, 13.6% of the participants felt that sustainable agriculture should focus only on subsistence rather than profitability. According to statement A13, 13.4% of the participants considered that sustainable agriculture does not have less risk of the impacts caused by natural phenomena. Although these statements presented higher levels of disagreement, these were not above 15% of the participants.



Finally, the items with higher levels of uncertainty were A7, A3, and A9. In a significant proportion (36.6%), participants were undecided about whether more agrochemicals should be used to increase farm yield. Moreover, about a fourth of the participants (23.8%) showed indecision regarding whether or not manure should be used because synthetic fertilizers are more efficient than organic. This resembles Hasan et al.’s report, where participants showed uncertainty about whether organic manure can be economically comparable to chemical fertilizers [42].



Nevertheless, 86.2% of the participants considered that agrochemical use should be decreased due to its harm to human beings’ health. Although attitudes towards agriculture, the environment, and society are associated with agrochemicals, other factors influence their use [30]. Beus and Dunlap’s study found that agrochemical use was a controversial agricultural practice and still remains so [37]. Some participants (20.3%) were undecided about the economic role of sustainable agriculture and whether it should be to subsist or generate profits. This aligns with Comer et al.’s results, where only 8.6% considered it profitable [38]. According to Petrzelka et al.’s results, information availability regarding conventional agriculture is significantly related to the higher use of agrochemicals [30].



Each statement regarding attitude towards sustainable agriculture received a value between 1 (TD) and 5 (TA). Consequently, the value range is from 15 to 75. Results show a minimum of 35 (n = 1; 0.3%), and a maximum of 75 (n = 9; 2.4%). The mean for attitude was 62.73 (SD = 6.39; median and mode = 63). This is similar to Hameed and Sawicka’s findings, whose mean was 68.32 (SD = 5.44) [41]. Finally, individual scores for attitude towards sustainable agriculture were classified by percentage as follows:



	(a)

	
Low attitude: values less than 60%;




	(b)

	
Moderate attitude: values within 60% and 80%;




	(c)

	
High attitude: values above 80%.







Table 2 shows the level of attitude towards sustainable agriculture among participants. The majority of them fall into the category of high attitude (n = 269; 71.9%), followed by moderate (n = 100; 26.8%), and low (n = 5; 1.3%). These results are similar to Liaghati et al.’s, whose percentages were 74.7%, 22.3%, and 3.0%, respectively [51].



The Mann–Whitney test showed that attitude has no statistical association with gender (p = 0.17). It is possible that a positive attitude towards SA could be a characteristic that the university in the study has been seeking via the selection process for accepting students of both genders. These results contrast Karami and Mansoorabadi regarding the significant difference between farmers’ attitudes towards SA, highlighting that women were more positive [26]. It is worth saying that this study was conducted with farmers in Iran.




3.3. Knowledge of Sustainable Agriculture


Participants’ knowledge of SA was assessed via 15 questions. Table 3 describes the frequency and percentage for each of them. Each component (environmental, social, economic, resilience, and persistence) had three items. The results show that, in general, the participants know about sustainable agriculture, as most of them answered 13 out of 15 questions correctly. Seven received more than 80% of correct answers and four more than 90%. In addition, most participants were correct in K5, K1, and K12.



The human well-being beyond their income question (K5) had the highest correct answer (97.1%). Farmers’ well-being, quality of life, equity, and participation are essential social criteria for sustainable agriculture [52]. The second highest correct answer was that an environmentally sustainable crop implies producing an amount that the environment can handle without generating a negative impact (96.0%). One of the primary purposes of sustainable agriculture is to create agricultural systems that mitigate or delete environmental threats associated with industrial agriculture [53]. Finally, soil quality depletion will affect food production capacity in the future (93.6%). In the research by Dogliotti et al. in Uruguay, farmers and scientists identified the loss of soil quality as a significant cause of unsustainability [40].



Many participants do not consider resilience as the capacity of the systems to buffer impacts and disturbances (67.6%), which is its definition according to Garibaldi et al. [23]. The resilience concept has evolved; nowadays, its definitions are diverse, which can be confusing [54]. Nevertheless, none are close to the most common answer among participants: “the system’s capacity to return to the conditions previous to the impact” (n = 170; 45.5%). Moreover, 11% chose “the system capacity to recover from the impact,” and 11.2% did not know. This reflects a misinterpretation of the current definition of resilience, suggesting that education regarding this concept should be addressed and reinforced in all years.



The majority was wrong about whether an economically sustainable crop is profitable (50.8%). According to Rezaei-Moghaddam and Karami’s analysis, sustainable agriculture is not economically viable unless it is profitable, productive, and reduces unemployment [52]. It is not convenient that students ignore the importance of profitability for a system to be sustainable.



Each correct answer regarding knowledge of sustainable agriculture received a value of 1 and 0 for each incorrect answer. Therefore, the value range is 0 to 15. Results show a minimum of 3 (n = 1; 0.8%) and a maximum of 15 (n = 4; 1.1%). The mean for knowledge was 10.95 (SD = 2.13; median = 11 and mode = 12). Finally, individual scores for knowledge of sustainable agriculture were classified by percentage as follows:



	(a)

	
Low knowledge: values less than 60%;




	(b)

	
Moderate knowledge: values within 60% and 80%;




	(c)

	
High knowledge: values above 80%.







As shown in Table 4, the majority of students possess moderate knowledge of SA (n = 232; 62.1%), followed by high (n = 91; 24.3%), and low (n = 51; 13,6%). This contrasts with Asadi et al., where the results of knowledge were 71.2%, 26.2%, and 2.5% for high, moderate, and low, respectively [2]. However, their study measured perceived knowledge instead of assessed knowledge.



An additional question about perceived knowledge of SA was asked, with values between 0 and 10. The minimum was 0 (n = 3; 0.8%) and the maximum 10 (n = 17; 4.5%). The mean was 6 (SD = 2.067), the median was 6, and the mode was 5. A simple linear regression was run to predict the assessed knowledge from the perceived one (β = 0.271, t(372) = 5.429, p < 0.001; (F(1, 372) = 29.473), p < 0.001, with an R2 of 0.074; adj R2= 0.071) Although significant, assessed knowledge only explains 7.4% of the variation in perceived knowledge. It is erroneous to assume that perceived knowledge of SA represents measured knowledge.




3.4. Relationship between Attitude towards and Knowledge of Sustainable Agriculture


The independence Chi-square test (linear-by-linear) was run to determine the relationship between knowledge and attitude toward sustainable agriculture (Table 5). It shows that participants with a moderate level of knowledge tend to have a high attitude (χ2 = 25.568; df = 1; p = 0.000). Moreover, the p-value reflects a significant relationship (p < 0.05). Previous research has found a positive relationship between knowledge and attitude towards SA [33,38].



In the study by Evans and Durant, a significant positive correlation was found between knowledge and attitude [55]. Nevertheless, the authors suggest that it varies considerably depending on the components involved. A Spearman correlation was run between attitude and knowledge, and a low positive relationship was found (rs = 0.252; p = 0.000). This is congruent with Azman et al.‘s results, where a low positive relationship was found between knowledge of and attitude towards SA (r = 0.215) [33].



Recent literature on SA has contributed to the importance of psychosocial constructs in adopting or implementing its practice. A study conducted in Bangladesh found a positive relationship and interconnections between social, environmental, and economic indicators [56]. Another study in Kentucky, USA, found that lack of knowledge is a major and significant barrier to adopting SA practices and that adoption intensity is higher among farmers with higher education degrees [24]. Moreover, a study from Thailand concluded that attitudes toward SA and education are significant factors that influence sustainable farming practices [28]. On the other hand, a study with Vietnamese farmers found that attitude does not significantly influence the intention to adopt sustainable agricultural practices [25]. Nonetheless, the latter focused mainly on the environmental component of SA regarding climate change adaptation. Even though the body of literature on SA and the influence of psychosocial constructs continues to increase, studies usually focus on farmers.





4. Conclusions


SA research is broad among disciplines but usually focuses on farmers when considering psychosocial constructs (attitudes and knowledge). Nevertheless, it has been found that education is an essential factor in adopting SA practices. Although research on university students’ attitudes and knowledge is not new, the focus on SA in the Latin American region is scant.



The key findings indicate that most students have a positive attitude towards SA, regardless of gender, and a moderate level of knowledge of SA. It was also found that perceived knowledge did not predict measured knowledge of SA. Finally, the relationship between attitude and knowledge of SA was found to be positive but low.



Improving university students’ attitudes towards and knowledge of SA requires it to become a cross-cutting component in agricultural education. For instance, profitability, risk reduction, and resilience could be enhanced by including them in the curriculum and complementing them with action learning. More importantly, future research should address other factors that could influence the attitude and knowledge of SA (i.e., teachers’ knowledge and attitude towards SA, environmental behavior, and educational approaches).



This study also has limitations. For instance, the results are not generalizable. Moreover, other unmeasured variables may affect how participants responded to the questions. The statistical analyses were chosen to answer the research objectives. However, due to the complexity of SA, more could be inferred from the data if further post-hoc analyses were considered. For instance, models that explain the interaction among constructs and components. Since data were collected during the COVID-19 pandemic, it could be something that influenced participants’ responses. Nevertheless, they offer insight into university students’ attitudes and knowledge of SA in Latin America. Moreover, it provides a guide for future research to use the questionnaire in different settings for validating the instrument application elsewhere and in a larger sample for generalizable results.







Author Contributions


Data curation, formal analysis, software, and writing—original draft, C.D.G.; conceptualization, investigation, project administration, and supervision, C.D.G. and B.T.; methodology and validation, C.D.G., B.T. and P.L.J.; resources, visualization, and writing—review and editing, C.D.G., B.T., P.L.J. and A.B.-A. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki, and approved by the Texas Tech University - Institutional Review Board of Human Research Protection Program (Approval Code: IRB2020-92 and Approval Date: 20 October 2022).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Mahanty, T.; Bhattacharjee, S.; Goswami, M.; Bhattacharyya, P.; Das, B.; Ghosh, A.; Tribedi, P. Biofertilizers: A Potential Approach for Sustainable Agriculture Development. Environ. Sci. Pollut. Res. 2016, 24, 3315–3335. [Google Scholar] [CrossRef] [PubMed]

	



Asadi, A.; Akbari, M.; Fami, H.S.; Iravani, H.; Rostami, F.; Sadati, A. Poverty Alleviation and Sustainable Development: The Role of Social Capital. J. Soc. Sci. 2008, 4, 202–215. [Google Scholar] [CrossRef]

	



Pretty, J. Agricultural Sustainability: Concepts, Principles and Evidence. Philos. Trans. R. Soc. B Biol. Sci. 2007, 363, 447–465. [Google Scholar] [CrossRef] [PubMed]

	



Carvalho, F.P. Pesticides, Environment, and Food Safety. Food Energy Secur. 2017, 6, 48–60. [Google Scholar] [CrossRef]

	



Pimentel, D.; Acquay, H.; Biltonen, M.; Rice, P.; Silva, M.; Nelson, J.; Lipner, V.; Giordano, S.; Horowitz, A.; D’Amore, M. Environmental and Economic Costs of Pesticide Use. Bioscience 1992, 42, 750–760. [Google Scholar] [CrossRef]

	



Salazar, C.; Rand, J. Pesticide Use, Production Risk and Shocks. The Case of Rice Producers in Vietnam. J. Environ. Manag. 2020, 253, 109705. [Google Scholar] [CrossRef]

	



Campbell, B.M.; Beare, D.J.; Bennett, E.M.; Hall-Spencer, J.M.; I Ingram, J.S.; Jaramillo, F.; Ortiz, R.; Ramankutty, N.; Sayer, J.A.; Shindell, D. Agriculture Production as a Major Driver of the Earth System Exceeding Planetary Boundaries. Ecol. Soc. 2017, 22, 8. [Google Scholar] [CrossRef]

	



Dicks, L.V.; Bardgett, R.D.; Bell, J.; Benton, T.G.; Booth, A.; Bouwman, J.; Brown, C.; Bruce, A.; Burgess, P.J.; Butler, S.J.; et al. What Do We Need to Know to Enhance the Environmental Sustainability of Agricultural Production? A Prioritisation of Knowledge Needs for the UK Food System. Sustainability 2013, 5, 3095–3115. [Google Scholar] [CrossRef]

	



Meijer, S.S.; Catacutan, D.; Ajayi, O.C.; Sileshi, G.W.; Nieuwenhuis, M. The Role of Knowledge, Attitudes and Perceptions in the Uptake of Agricultural and Agroforestry Innovations among Smallholder Farmers in Sub-Saharan Africa. Int. J. Agric. Sustain. 2014, 13, 40–54. [Google Scholar] [CrossRef]

	



Alexandratos, N.; Bruinsma, J. Agrifood Economics|Food and Agriculture Organization of the United Nations. Available online: https://www.fao.org/agrifood-economics/en/ (accessed on 24 April 2022).

	



Tilman, D.; Balzer, C.; Hill, J.; Befort, B.L. Global Food Demand and the Sustainable Intensification of Agriculture. Proc. Natl. Acad. Sci. USA 2011, 108, 20260–20264. [Google Scholar] [CrossRef]

	



Hunter, M.C.; Smith, R.G.; Schipanski, M.E.; Atwood, L.W.; Mortensen, D.A. Agriculture in 2050: Recalibrating Targets for Sustainable Intensification. Bioscience 2017, 67, 386–391. [Google Scholar] [CrossRef]

	



Foley, J.A.; Ramankutty, N.; Brauman, K.A.; Cassidy, E.S.; Gerber, J.S.; Johnston, M.; Mueller, N.D.; O’Connell, C.; Ray, D.K.; West, P.C.; et al. Solutions for a Cultivated Planet. Nature 2011, 478, 337–342. [Google Scholar] [CrossRef] [PubMed]

	



Long, S.P.; Marshall-Colon, A.; Zhu, X.G. Meeting the Global Food Demand of the Future by Engineering Crop Photosynthesis and Yield Potential. Cell 2015, 161, 56–66. [Google Scholar] [CrossRef] [PubMed]

	



Ray, D.K.; Mueller, N.D.; West, P.C.; Foley, J.A. Yield Trends Are Insufficient to Double Global Crop Production by 2050. PLoS ONE 2013, 8, e66428. [Google Scholar] [CrossRef]

	



Erb, K.H.; Lauk, C.; Kastner, T.; Mayer, A.; Theurl, M.C.; Haberl, H. Exploring the Biophysical Option Space for Feeding the World without Deforestation. Nat. Commun. 2016, 7, 11382. [Google Scholar] [CrossRef]

	



Wu, W.; Yu, Q.; You, L.; Chen, K.; Tang, H.; Liu, J. Global Cropping Intensity Gaps: Increasing Food Production without Cropland Expansion. Land Use Policy 2018, 76, 515–525. [Google Scholar] [CrossRef]

	



German, R.N.; Thompson, C.E.; Benton, T.G. Relationships among Multiple Aspects of Agriculture’s Environmental Impact and Productivity: A Meta-Analysis to Guide Sustainable Agriculture. Biol. Rev. 2017, 92, 716–738. [Google Scholar] [CrossRef]

	



Weiner, J. Applying Plant Ecological Knowledge to Increase Agricultural Sustainability. J. Ecol. 2017, 105, 865–870. [Google Scholar] [CrossRef]

	



Hayati, D.; Ranjbar, Z.; Karami, E. Measuring Agricultural Sustainability. In Biodiversity, Biofuels, Agroforestry and Conservation Agriculture; Lichtfouse, E., Ed.; Springer: Dordrecht, Germany, 2010; pp. 73–100. ISBN 978-90-481-9513-8. [Google Scholar]

	



Hoffman, M.; Lubell, M.; Hillis, V. Linking Knowledge and Action through Mental Models of Sustainable Agriculture. Proc. Natl. Acad. Sci. USA 2014, 111, 13016–13021. [Google Scholar] [CrossRef]

	



Sydorovych, O.; Wossink, A. The Meaning of Agricultural Sustainability: Evidence from a Conjoint Choice Survey. Agric. Syst. 2008, 98, 10–20. [Google Scholar] [CrossRef]

	



Garibaldi, L.A.; Gemmill-Herren, B.; D’Annolfo, R.; Graeub, B.E.; Cunningham, S.A.; Breeze, T.D. Farming Approaches for Greater Biodiversity, Livelihoods, and Food Security. Trends Ecol. Evol. 2017, 32, 68–80. [Google Scholar] [CrossRef] [PubMed]

	



Mishra, B.; Gyawali, B.R.; Paudel, K.P.; Poudyal, N.C.; Simon, M.F.; Dasgupta, S.; Antonious, G. Adoption of Sustainable Agriculture Practices among Farmers in Kentucky, USA. Environ. Manag. 2018, 62, 1060–1072. [Google Scholar] [CrossRef] [PubMed]

	



Nguyen, N.; Drakou, E.G. Farmers Intention to Adopt Sustainable Agriculture Hinges on Climate Awareness: The Case of Vietnamese Coffee. J. Clean Prod. 2021, 303, 126828. [Google Scholar] [CrossRef]

	



Karami, E.; Mansoorabadi, A. Sustainable Agricultural Attitudes and Behaviors: A Gender Analysis of Iranian Farmers. Environ. Dev. Sustain. 2008, 10, 883–898. [Google Scholar] [CrossRef]

	



World Bank. Agriculture Investment Sourcebook; World Bank: Washington, DC, USA, 2005; Volume 1, ISBN 978-0-8213-6085-9. [Google Scholar]

	



Liao, X.; Nguyen, T.P.L.; Sasaki, N. Use of the Knowledge, Attitude, and Practice (KAP) Model to Examine Sustainable Agriculture in Thailand. Reg. Sustain. 2022, 3, 41–52. [Google Scholar] [CrossRef]

	



Yang, X.; Wei, L.; Su, Q. How Is Climate Change Knowledge Distributed among the Population in Singapore? A Demographic Analysis of Actual Knowledge and Illusory Knowledge. Sustainability 2020, 12, 3782. [Google Scholar] [CrossRef]

	



Petrzelka, P.; Korsching, P.F.; Malia, J.E. Farmers’ Attitudes and Behavior toward Sustainable Agriculture. J. Environ. Educ. 1996, 28, 38–44. [Google Scholar] [CrossRef]

	



Bergevoet, R.H.M.; Ondersteijn, C.J.M.; Saatkamp, H.W.; van Woerkum, C.M.J.; Huirne, R.B.M. Entrepreneurial Behaviour of Dutch Dairy Farmers under a Milk Quota System: Goals, Objectives and Attitudes. Agric. Syst. 2004, 80, 1–21. [Google Scholar] [CrossRef]

	



Kim, M.-S.; Hunter, J.E. Attitude–Behavior Relations: A Meta-Analysis of Attitudinal Relevance and Topic. J. Commun. 1993, 43, 101–142. [Google Scholar] [CrossRef]

	



Azman, A.; D’Silva, J.L.; Samah, B.A.; Man, N.; Shaffril, H.A.M. Relationship between Attitude, Knowledge, and Support towards the Acceptance of Sustainable Agriculture among Contract Farmers in Malaysia. Asian Soc. Sci. 2013, 9, 99–105. [Google Scholar] [CrossRef]

	



Khoza, S.; de Beer, L.T.; van Niekerk, D.; Nemakonde, L. A Gender-Differentiated Analysis of Climate-Smart Agriculture Adoption by Smallholder Farmers: Application of the Extended Technology Acceptance Model. Gend. Technol. Dev. 2020, 25, 1–21. [Google Scholar] [CrossRef]

	



Charatsari, C.; Lioutas, E.D. Is Current Agronomy Ready to Promote Sustainable Agriculture? Identifying Key Skills and Competencies Needed. Int. J. Sustain. Dev. World Ecol. 2018, 26, 232–241. [Google Scholar] [CrossRef]

	



Ansari, S.A.; Tabassum, S. A New Perspective on the Adoption of Sustainable Agricultural Practices: A Review. Curr. Agric. Res. J. 2018, 6, 157–165. [Google Scholar] [CrossRef]

	



Beus, C.E.; Dunlap, R.E. Agricultural Paradigms and the Practice of Agriculture. Rural. Sociol. 1994, 59, 620–635. [Google Scholar] [CrossRef]

	



Comer, S.; Ekanem, E.; Muhammad, S.; Singh, S.P.; Tegegne, F. Sustainable and Conventional Farmers: A Comparison of Socio-Economic Characteristics, Attitude, and Beliefs. J. Sustain. Agric. 1999, 15, 29–45. [Google Scholar] [CrossRef]

	



DeLonge, M.S.; Miles, A.; Carlisle, L. Investing in the Transition to Sustainable Agriculture. Environ. Sci. Policy 2016, 55, 266–273. [Google Scholar] [CrossRef]

	



Dogliotti, S.; García, M.C.; Peluffo, S.; Dieste, J.P.; Pedemonte, A.J.; Bacigalupe, G.F.; Scarlato, M.; Alliaume, F.; Alvarez, J.; Chiappe, M.; et al. Co-Innovation of Family Farm Systems: A Systems Approach to Sustainable Agriculture. Agric. Syst. 2014, 126, 76–86. [Google Scholar] [CrossRef]

	



Hameed, T.S.; Sawicka, B. Farmers’ Attitudes towards Sustainable Agriculture Practices in Lublin Province. Adv. Sci. Eng. 2017, 9, 1–6. [Google Scholar]

	



Hasan, S.S.; Turin, M.Z.; Sultana, S. Bangladeshi Extension Workers Attitude towards Sustainable Agriculture. Acad. J. Agric. Res. 2015, 3, 312–320. [Google Scholar] [CrossRef]

	



Onduru, D.D.; du Preez, C.C.C. Farmers’ Knowledge and Perceptions in Assessing Tropical Dryland Agricultural Sustainability: Experiences from Mbeere District, Eastern Kenya. Int. J. Sustain. Dev. World Ecol. 2010, 15, 145–152. [Google Scholar] [CrossRef]

	



Šūmane, S.; Kunda, I.; Knickel, K.; Strauss, A.; Tisenkopfs, T.; des Ios Rios, I.; Rivera, M.; Chebach, T.; Ashkenazy, A. Local and Farmers’ Knowledge Matters! How Integrating Informal and Formal Knowledge Enhances Sustainable and Resilient Agriculture. J. Rural Stud. 2018, 59, 232–241. [Google Scholar] [CrossRef]

	



Ankamah, J.; Kodua, T.T.; Addae, M. Structural Equation Modelling of Perception for Sustainable Agriculture as Climate Change Mitigation Strategy in Ghana. Environ. Syst. Res. 2021, 10, 26. [Google Scholar] [CrossRef]

	



Ahamad, N.R.; Ariffin, M. Assessment of Knowledge, Attitude and Practice towards Sustainable Consumption among University Students in Selangor, Malaysia. Sustain. Prod. Consum. 2018, 16, 88–98. [Google Scholar] [CrossRef]

	



Moore, J. Seven Recommendations for Creating Sustainability Education at the University Level: A Guide for Change Agents. Int. J. Sustain. High. Educ. 2005, 6, 326–339. [Google Scholar] [CrossRef]

	



Parr, D.M.; Trexler, C.J.; Parr, D.M. Students’ Experiential Learning and Use of Student Farms in Sustainable Agriculture Education. J. Nat. Resour. Life Sci. Educ. 2011, 40, 172–180. [Google Scholar] [CrossRef]

	



Rubin, A.; Babbie, E. Essential Research Methods for Social Work; Cengage Learning: Boston, MA, USA, 2016; ISBN 9781305101685. [Google Scholar]

	



Lovelace, M.; Brickman, P. Best Practices for Measuring Students’ Attitudes toward Learning Science. CBE Life Sci. Educ. 2013, 12, 606–617. [Google Scholar] [CrossRef]

	



Liaghati, H.; Veisi, H.; Ahmadzadeh, F. Assessing the Student’s Attitudes Towards Sustainable Agriculture Functional Agrobiodiversity in Agroecology View Project Molecular Phylogeny of the Persian Gulf and the Gulf of Oman Oyster Species View Project. Am.—Eurasian J. Agric. Environm. Sci. 2008, 3, 227–232. [Google Scholar]

	



Rezaei-Moghaddam, K.; Karami, E. A Multiple Criteria Evaluation of Sustainable Agricultural Development Models Using AHP. Environ. Dev. Sustain. 2008, 10, 407–426. [Google Scholar] [CrossRef]

	



Horrigan, L.; Lawrence, R.S.; Walker, P. How Sustainable Agriculture Can Address the Environmental and Human Health Harms of Industrial Agriculture. Environ. Health Perspect. 2002, 110, 445. [Google Scholar] [CrossRef]

	



Walker, B.; Holling, C.S.; Carpenter, S.R.; Kinzig, A. Resilience, Adaptability and Transformability in Social-Ecological Systems. Ecol. Soc. 2004, 9, 5. [Google Scholar] [CrossRef]

	



Evans, G.; Durant, J. The Relationship between Knowledge and Attitudes in the Public Understanding of Science in Britain. Public Underst. Sci. 1995, 4, 57–74. [Google Scholar] [CrossRef]

	



Sarkar, A.; Azim, J.A.; Al Asif, A.; Qian, L.; Peau, A.K. Structural Equation Modeling for Indicators of Sustainable Agriculture: Prospective of a Developing Country’s Agriculture. Land Use Policy 2021, 109, 105638. [Google Scholar] [CrossRef]








[image: Table] 





Table 1. Frequency and percentage of attitude towards sustainable agriculture items (n = 374).






Table 1. Frequency and percentage of attitude towards sustainable agriculture items (n = 374).





	
Category/Statement

	
TD + D

	
N

	
A + TA




	
n

	
%

	
n

	
%

	
n

	
%






	
 Environmental

	

	

	

	

	

	




	
A1. Soil and water are the source of all life and should be used efficiently

	
36

	
(9.6)

	
1

	
(0.3)

	
337

	
(90.1)




	
A2. Biological control should be used because it is the best way to reduce pest and weed damage.

	
29

	
(7.7)

	
57

	
(15.2)

	
288

	
(77.1)




	
A3. Green manure should not be used because chemical fertilizers are more efficient.

	
259

	
(69.2)

	
89

	
(23.8)

	
26

	
(7.0)




	
 Social

	

	

	

	

	

	




	
A4. The indiscriminate use of agrochemicals should be reduced because it is harmful to human health

	
18

	
(4.8)

	
33

	
(8.8)

	
323

	
(86.4)




	
A5. Field workers’ welfare should be considered, not just wages.

	
6

	
(1.6)

	
9

	
(2.4)

	
359

	
(96.0)




	
A6. There should be no difference between a worker’s salary based on gender.

	
14

	
(3.7)

	
21

	
(5.6)

	
339

	
(90.7)




	
 Economical

	

	

	

	

	

	




	
A7. More agrochemicals should be used to increase farm productivity. a

	
207

	
(55.4)

	
137

	
(36.6)

	
30

	
(8.0)




	
A8. Crop energy efficiency should be pursued to reduce production costs.

	
7

	
(1.9)

	
34

	
(9.1)

	
333

	
(89.0)




	
A9. The profitability of the agricultural system should not be sought, but only subsistence. a

	
247

	
(66.1)

	
76

	
(20.3)

	
51

	
(13.6)




	
 Persistence

	

	

	

	

	

	




	
A10. Crop rotation should be used to reduce pests and maintain long-term soil health.

	
10

	
(2.7)

	
13

	
(3.5)

	
351

	
(93.8)




	
A11. Future generations should not be prioritized because current food demand is more important.a

	
36

	
(9.6)

	
58

	
(15.5)

	
280

	
(74.9)




	
A12. Monoculture should be avoided because its production is more vulnerable over time.

	
31

	
(8.3)

	
66

	
(17.6)

	
277

	
(74.1)




	
 Resilience

	

	

	

	

	

	




	
A13. Sustainable production should have less risk to the impacts of natural phenomena.

	
50

	
(13.4)

	
71

	
(19.0)

	
253

	
(67.6)




	
A14. Production should be diversified to avoid dependence on a single crop.

	
9

	
(2.4)

	
21

	
(5.6)

	
344

	
(92.0)




	
A15. Agricultural systems should have crop associations to adapt to climate change.

	
8

	
(2.1)

	
44

	
(11.8)

	
322

	
(86.1)








a Negative statement re-coded afterward.
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Table 2. Level of attitude toward sustainable griculture (n = 374).
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	Level
	Frequency
	Percent





	Attitude
	High
	269
	71.9



	
	Moderate
	100
	26.8



	
	Low
	5
	1.3
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Table 3. Frequency and percentage of knowledge of sustainable agriculture items (n = 374).
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Category/Statement

	
Correct

	
Incorrect




	
n

	
%

	
n

	
%






	
 Environmental

	

	

	

	




	
K1. An environmentally sustainable crop implies producing the amount the environment can support without negatively impacting the environment.

	
359

	
(96.0)

	
15

	
(4.0)




	
K2. A “crop” functions as an ecosystem.

	
254

	
(67.9)

	
120

	
(32.1)




	
K3. Conventional production affects soil biodiversity.

	
33

	
(88.5)

	
43

	
(11.5)




	
 Social

	

	

	

	




	
K4. A socially sustainable crop implies paying its workers a fair wage per their job responsibilities.

	
323

	
(86.4)

	
51

	
(13.6)




	
K5. People’s well-being goes beyond economic income.

	
363

	
(97.1)

	
11

	
(2.9)




	
K6. Conventional agriculture does not allow small farmers to achieve food security.

	
201

	
(53.7)

	
173

	
(46.3)




	
 Economical

	

	

	

	




	
K7. An economically sustainable crop implies running a profitable business.

	
184

	
(49.2)

	
190

	
(50.8)




	
K8. Generally, the conventional farming system is more productive in a production cycle.

	
212

	
(56.7)

	
162

	
(43.3)




	
K9. Conventional production is more costly when externalities are taken into account.

	
229

	
(61.2)

	
145

	
(38.8)




	
 Persistence

	

	

	

	




	
K10. The key to future agriculture development lies in learning to mimic natural ecosystems and farm in harmony with nature.

	
342

	
(91.4)

	
32

	
(8.6)




	
K11. A sustainable agricultural system is more productive over time.

	
261

	
(69.8)

	
113

	
(30.2)




	
K12. The erosion of soil quality will affect the ability to produce food in the future.

	
350

	
(93.6)

	
24

	
(6.4)




	
 Resilience

	

	

	

	




	
K13. Resilience is the capacity of systems to withstand shocks and disturbances.

	
121

	
(32.4)

	
253

	
(67.6)




	
K14. Sustainable cultivation tends to be less impacted by an extreme natural event

	
309

	
(82.6)

	
65

	
(17.4)




	
K15. Sustainable cultivation better buffers the effects of climate change.

	
257

	
(68.7)

	
117

	
(31.3)
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Table 4. Level of knowledge of sustainable agriculture (n = 374).
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	Level
	Frequency
	Percent





	Knowledge
	High
	91
	24.3



	
	Moderate
	232
	62.1



	
	Low
	51
	13.6
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Table 5. Chi-square test for independence between attitude and knowledge of sustainable agriculture (n = 374).
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Level

	
Knowledge

	
p-Value




	
High

	
Moderate

	
Low

	
Total






	
Attitude

	
High

	
80

	
163

	
26

	
269

	
< 0.001




	
Moderate

	
11

	
67

	
22

	
100




	
Low

	
0

	
2

	
3

	
5




	
Total

	
91

	
232

	
51

	
374
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