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Keywords
Chemical packaging waste from pesticides in agricultural lands may environmental awareness;
cause chronic environmental pollution and health issues if disposed of learning behavior;
inappropriately. Using data collected from 632 banana farmers in sustainable agriculture;
China through stratified random sampling, we employed the chemical waste disposal;
endogenous switching probit model to estimate the relationship pesticide use; pollution
between learning behavior and farmers’ environmental awareness, and prevention;
the treatment effect model to examine the association between environmental protection;
environmental awareness and farmers’ chemical packaging waste social networks

disposal behavior. The results show that farmers who participated (vs.
did not participate) in self-learning and social learning had greater
awareness of environmental protection. Additionally, farmers with
greater (vs. less) environmental awareness tended to dispose of
chemical waste at appropriate trash sites, underscoring the positive role
of environmental awareness in the management of pesticide packaging
waste for promoting sustainable agriculture. Implications of the
findings are discussed.

Article Highlights

e Both social learning and self-learning were found to improve farmers’ environmental
awareness and agricultural practices.

e Better environmental awareness increased the likelihood of farmers disposing of pesticide
chemical packaging appropriately.

e Farmers’ learning and environmental awareness were found to be heterogeneous, resulting
from their different socioeconomic characteristics.

The annual global production of solid waste, such as chemical packaging and grass clippings, was estimated
at 3 billion tons in 2018, with 468 million tons of this total originating in East Asia (Kaza et al., 2018), and
70% of the amount produced by East Asian countries coming from China. By 2025, it is estimated that
China will lead the world in packaging waste production, at 1.4 million tons per day (Adeyanju et al., 2021).
These predictions are worrying as waste disposal is expected to rise with economic development and
population growth (Kaza et al., 2018); hence, developing countries—especially South Asia and Sub-Saharan
Africa, where the total waste produced by chemical packaging is expected to triple by 2050, making up 35%
of the world’s total—are likely to experience the greatest growth in chemical packaging.
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The increasing environmental pollution is attributable to human behavior (Price & Leviston, 2014). Farmers
from developing countries have limited knowledge of appropriate disposal of pesticide chemical packaging,
which causes chronic environmental pollution (Sharafi et al., 2018), and they also have limited resources
and a lack of facilities for adequate agricultural waste disposal. Chemical packaging waste can change the
physical and chemical properties of the environment, causing adverse effects to ecosystems (Kabir & Rainis,
2015). This waste is made from nonbiodegradable products and can prevent crops from absorbing moisture
and nutrients, which inhibits crop growth and reduces yields (Ncube et al., 2020). For example, 550,800
tons of chemical residues accumulated in cropland soil was found to reduce crop yield by 6-10% in polluted
sites (Zhang et al., 2020).

Previous studies have reported possible solutions to reduce the adverse effects of packaging wastes (Matter
et al., 2015), but barriers remain because farmers keep disposing of pesticide packaging inappropriately
after use, which increases the waste residues in croplands (Zhou et al., 2018). Learning may improve
farmers’ environmental awareness: According to Alotaibi et al. (2020), positive change in farmers’
awareness and behavior is useful in promoting environmental protection.

Farmers’ learning behavior is defined as an effective method that can change their awareness, resulting in a
positive change to their behavior; it includes two components: self-learning and social learning (Tran &
Rodela, 2019). Some scholars believe that self-learning is an important channel for the adoption of new
technologies. Self-learning, as defined by Mohr and Kiihl (2021), refers to garnering information and
processing and retaining it without the help of another individual. Farmers who engage in self-learning are
more likely to use new technologies, including smartphones and computers (Yang et al., 2021), increasing
their knowledge without the help of other human resources. Self-learning may change farmers’ awareness of
environmental degradation; hence, they may decrease their environmental damage (Wu & Mweemba,
2010). Similarly, self-learning strategies have been found to be significantly associated with farmers’
achievement by increasing their skills (e.g., following instructions, that is, procedural skills) and knowledge
(e.g., adoption of new technologies) and by applying new methods to solve environmental problems
(Hasibuan et al., 2018).

Social learning is defined as knowledge that is obtained largely due to training, imitation, and other social
interactions, enabling farmers to increase their environmental awareness and adoption of innovations
(Heyes, 2012). It includes informal social networks and agricultural training as a formal channel of social
learning. Social networks can facilitate knowledge sharing for sustainable agriculture and the adoption of
new technologies (Gars & Ward, 2019). D’Souza and Mishra (2018) argued that social networks positively
affect farmers’ adoption of resource-saving production systems. Similarly, farmers’ interaction may
contribute to the diffusion of new knowledge and technologies, such as adjustment of their agricultural
inputs aligning with those of their successful neighbors and increasing their awareness of environmental
protection and sustainable agriculture (Alotaibi et al., 2020; Shikuku et al., 2019). Furthermore, training
may increase farmers’ awareness and help them change their behavior around disposal of chemical
packaging wastes. Indeed, training enables farmers to adopt new practices by strengthening their capability
for innovation and increasing their awareness of environmental problems (Wossen et al.,, 2017).
Environmental awareness has been recognized as an important factor in farm waste management that
improves farmers’ knowledge of waste recycling and proper disposal methods (Grodzinska-Jurczak et al.,
2006). Farmers with greater awareness may manage the waste of chemical packaging and take action to
solve environmental problems.

The first objective of this study was to assess the link between learning behavior and farmers’ environmental
awareness. Learning is important for the adoption of new agricultural practices. In developing countries,
farmers are unaware of the impact of chemical packaging waste; hence, they continue to discard this
packaging improperly (Zhou et al., 2018). Governments are uninformed of how chemical packaging waste
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progressively causes degradation to croplands. Consequently, they are not implementing sufficient
techniques to reduce chemical waste. The positive relationship between farmers’ learning and their
awareness of environmental pollution caused by chemical packaging waste has not been discussed in detail
in previous studies.

Our second objective was to investigate the relationship between farmers’ environmental awareness and
their disposal of chemical packaging. Improvement of farmers’ awareness and behavior is an effective way to
sustain agriculture and protect the environment (Farani et al., 2019). If farmers are made aware of the
chronic pollution caused by chemical packaging, they will be less likely to dispose of these items
inappropriately (Alotaibi et al., 2020). Understanding the effectiveness of environmental awareness in
adopting sustainable agriculture may help governments develop an appropriate method to encourage
farmers to manage chemical packaging waste in an environmentally friendly manner. However, little is
known about the association between farmers’ awareness and the disposal of chemical packaging waste.
This study, therefore, attempted to fill this gap.

Method
Participants and Procedure

A multistage sampling procedure was applied from July to November 2019 to select the participants, and 14
counties—comprising Gaozhou, Leizhou, Lianjiang, Suixi, and Xuwen (Guangdong Province); Changjiang,
Chengmai, and Lingao (Hainan Province); and Jiangcheng, Jinghong, Dehong Dai and Jingpo Autonomous
Prefecture, Lincang, Baoshan, and Wenshan (Yunnan Province)—were selected because they are leading
banana-producing regions in China (see Figure 1). Then, two towns were randomly selected from each
county. Last, 15—25 households were randomly selected from each town. Participants were informed that
the collected data would be used only for educational research purposes, and gave verbal consent to take
part in the study.
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Study Area

China

Figure 1. Location of Study Sites

Finally, we obtained 632 valid participant banana farmers. Among them, 525 (83%) were men and 107
(17%) were women, the average age was 48 years (SD = 9.94, range = 17—79), the average length of farming
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experience was 24 years (SD = 11.97, range = 2—68), and the mean length of schooling was 8 years (SD =
3.16, range = 0—19). Farming was the primary occupation (90%), and the remaining 10% of participants
were involved in off-farm work. Additionally, 24% used social networks to solve their problems in
agricultural practices, 30% participated in training to learn how to use pesticides, and 30% used self-
learning (see Table 1).

Table 1. Definition of Variables and Descriptive Statistics

Variables Definition M (SD)
Age Age (years) 4830  (9.94)
Gender 1 = Male; 0 = Female 0.83  (0.38)
Education Years of schooling 8.04 (3.16)
Experience Years of farming experience 25.18 (11.79)
Political participation 1 = Communist Party member or part of a village cadre; 0 = Neither of these 041  (0.49)
Off-farm 1 = Participates in off-farm work activities; 0 = Involved in on-farm work only 0.10  (0.30)
Income Total annual household income (units of CNY 1,000%) 268.15 (749.42)
Labor Number of family members engaged in agriculture 223 (0.94)
Farm size Banana planting area in mu® 29.17 (72.61)
Insurance 1 = Has banana insurance; 0 = Does not have banana insurance 0.15  (0.36)
Internet use 1 = Household uses computer/smartphone to access the Internet;

0 = No Internet access 0.78  (0.42)
Social networks Uses social networks to solve problems in planting practices: 1 = Yes, 0 = No 024  (0.42)
Training Participates in training for pesticide use: 1 = Yes; 0 = No 0.30  (0.45)
Self-learning Uses self-learning to solve problems in agriculture: 1 = Yes, 0 = No 030  (0.45)
Environment awareness Aware that pesticide packaging waste has a negative impact on the environment:

1 =Yes; 0=No 0.68  (0.47)
Packaging disposal Discards pesticide packaging by littering, burning, or burying: 1 = Yes; 0 = No 0.73  (0.45)

Disposes of pesticide packages at an appropriate trash sites after use: 1 = Yes; 0 = No 022 (041

Technical support Has access to technical help with the farm’s drip fertigation system: 1 = Yes; 0 = No 0.54  (0.50)
Method of finding work Main method of looking for work: 1 = Ask social network for help;

0 = Find unassisted 0.39  (0.49)
Reads pesticide instructions ~ Reads the instructions on the label when buying pesticides: 1 = Yes; 0 = No 0.69  (0.46)
Knowledge of fertilizer Thinks the increase in fertilizer use is relevant to the bananas the farm harvests:

1 =Yes; 0=No 0.72  (0.62)

Note.  CNY 1,000 = ~USD 157. ® 1 mu = 1/15 hectare.

Measures

The survey we designed consisted of 21 items to measure participants’ demographic characteristics (see
Table 1): family endowment, environmental awareness, agricultural waste management behavior, and
learning behavior, where learning behavior was measured according to the two components of social
learning (training and social networks, and self-learning).

Self-learning was measured with a binary variable designed by Gillespie (2003), where yes reflects farmers’
willingness to rely on knowledge from self-learning to solve problems, and no reflects farmers’ preference
for solving problems using knowledge from other sources.

Social learning included knowledge gained from training and social networks. Thus, following Gillespie
(2003), farmers who participated in social networks and training responded yes, meaning that they relied
on skills acquired from their social networks and training to solve problems in planting practices, whereas
no reflects farmers’ willingness to solve agricultural problems using knowledge from other sources (e.g., web
searches).
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Pesticide packaging disposal behavior was measured using the concept of Farmer et al. (2003), which
consists of two subdimensions: (a) Discards pesticide packaging by littering, burning, or burying it after use;
(b) Disposes of pesticide packaging in an appropriate trash site after use. For the first subdimension, a
response of yes indicated farmers who discard pesticide packaging by littering, burning, or burying it after
use, whereas no indicated otherwise. For the second subdimension, yes represented farmers who disposed
of pesticide packaging in an appropriate trash site after use, whereas no indicated otherwise.

Environmental awareness was measured using the concept of Lee et al. (2016), where yes indicated the
farmer was aware of the negative impact on the environment of chemical packaging waste, and no indicated
otherwise.

Data Analysis

The endogenous switching probit (ESP) model and the treatment effect model (TEM) were employed in the
analyses. The ESP model was used to explore the factors that influenced farmers’ decision to participate in
self-learning or social learning and the determinants of environmental awareness for learning participants
and nonparticipants. ESP model estimation was also used to assess the extent to which farmers’ learning
behavior affected their environmental awareness. To identify the effect of participation in self-learning or
social learning on environmental awareness, we calculated the average treatment effect on those who did
and did not participate in agricultural learning (Lokshin & Sajaia, 2011). Moreover, the TEM was employed
to examine the relationship between farmers’ environmental awareness and their packaging waste disposal
behavior.

Results

Determinants of Farmers’ Learning Behavior and Environmental Awareness

The determinants of self-learning, social networks, and training were estimated from the first stage of the
ESP model (columns 2, 4, and 6 of Table 2, respectively), and the determinants of farmers’ environmental
awareness and nonawareness are presented in columns 3, 5, and 7 of Table 2. In columns 2 and 4 of Table 2,
the results show that off-farm work and older age predicted a lower probability of farmers using self-
learning and social networks. Additionally, education was positively and significantly correlated with
farmers’ self-learning and training, whereas insurance was positively and significantly associated with
farmers’ training and social networks. The coefficients of farm size and access to the Internet for distance
training and learning new approaches to agriculture development (see, e.g., Chhachhar et al., 2014) had a
significant positive correlation with farmers’ self-learning. Therefore, access to the Internet and greater
experience positively influenced farmers’ participation in training and social networks.

On the other hand, the results from columns 3 and 5 of Table 2 show there was a negative relationship of
farmers’ age and environmental awareness with self-learning, social networks, and training, whereas farm
size was significantly and positively correlated with farmers’ environmental awareness attained through self-
learning. Furthermore, experience was an important determinant of farmers’ environmental awareness of
social networks.

Table 2 shows the results of maximum likelihood estimation of the ESP model. The overall goodness of fit of
the model as indicated by Wald’s chi square (x*) was 52.96, 65.63, and 58.76 for self-learning, social
network, and training (ps < .001). Therefore, the null hypothesis that all the estimated coefficients in each
equation would be jointly equal to zero was not supported. The likelihood ratio test statistics did not support
the null hypothesis that there would be no correlation between the unobserved error terms across all the
equations. This authenticates the existence of interdependency among the components of learning on
environmental awareness. Hence, the use of the ESP model was appropriate.
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Table 2. Determinants of Farmers’ Learning Behavior and Environmental Awareness (Endogenous
Switching Probit Model Results)

Variables Ist stage of ESP 2nd stage of ESP 1st stage of ESP 2nd stage of ESP Ist stage of ESP 2nd stage of ESP
(Column 1) (Column 2) (Column 3) (Column 4) (Column 5) (Column 6) (Column 7)
Self-learning Envi 1 Nonenvi al Social network Environmental ~ Nonenvironmental Training Envir al Nonenvir

awareness awareness awareness awareness awareness awareness

Age =0.02 (0.01)* =0.01 (0.01) =0.04 (0.01)*** =0.04 (0.01)"** =0.07 (0.02)*** 0.01 (0.01) 0.01 (0.01) =0.04 (0.01)"** =0.03 (0.01)***

Gender 0.47 (0.16) -025(0.22) 0.04 (0.14) 0.21 (0.16) 0.01 (0.39) 0.15 (0.14) ~0.01 (0.16) 0.38 (0.21)° 0.26 (0.16)°

Education 0.06 (0.02)™ 0.04 (0.02) 0.01 (0.02) =0.02 (0.02) 0.09 (0.09) 0.03 (0.02) 0.07 (0.02)"** 0.11 (0.03)"* 0.02 (0.03)

Experience 0.08 (0.07) 0.05 (0.01)* 0.02 (0.01)"** 0.02 (0.01)** 0.05 (0.22)** —0.01 (0.01) 0.01 (0.01) 0.01 (0.01) 0.01 (0.01)

Off-farm work —0.37 (0.21)" 0.08 (0.26) 0.18 (0.18) —0.52 (0.21)™ —0.86 (0.43)™ 0.16 (0.17) =0.11 (0.20) —0.08 (0.28) =0.10 (0.19)

Political participation 0.15 (0.11) —0.18 (0.16) 0.01 (0.11) —=0.02 (0.12) —0.04 (0.29) 0.01 (0.11) 0.03 (0.12) 0.26 (0.19) 0.01(0.13)

Income =0.01 (0.01) 0.01 (0.01) 0.01(0.01) 0.01 (0.01) 0.01 (0.01) —0.01 (0.01) 0.01 (0.01) =0.01 (0.01) 0.02 (0.01)

Labor 0.14 (0.05) =0.02 (0.07) 0.01 (0.06) —0.09 (0.06) 0.10 (0.05)° 0.10 (0.05) 0.11 (0.06) =0.06 (0.09) 0.05 (0.07)

Insurance 0.22 (0.16) =0.10 (0.23) 0.05 (0.17) 0.28 (0.17) =0.06 (0.16) —0.06 (0.16) 0.66 (0.15) =0.05 (0.23) —0.18 (0.32)

Farm size 0.01 (0.01)"* 0.01 (0.01) —0.01 (0.02) ~0.01 (0.01) 0.01 (0.01) 0.01 (0.01) ~0.01 (0.02) 0.01 (0.01)° —0.01 (0.01)

Internet use 0.35 (0.15)" 0.17 (0.19) —0.26 (0.13) —0.23 (0.15) 0.20 (0.13) 0.20 (0.13) 0.31 (0.15)" 0.74 (0.25)"* 0.02 (0.17)

Technical support —0.21 (0.44)*

Method of finding work 0.29 (0.10)**

Reads pesticide instructions 0.42 (0.12)*

Constant —2.13 (0.44)"* 1.18 (0.64)™" 1.49 (0.42)" 1.37 (0.44)" 0.66 (1.05) —0.99 (0.42)" —2.68 (0.48)"" 4.69 (0.79)"* 0.94 (0.45)"

pl 1.00 (0.57) .56 (0.83) —.10 (0. 01)

PO —.97(0.05) —.98 (0.05) —.55(0.44)

Log likelihood =716.74 —677.85 =704.11

Likelihood ratio test of 7(2) =671, Prob > »* = 0.03 1(2)=6.71, Prob > »* = 0.03 #(2)=6.71, Prob > ¢ = 0.03

independent equations. (pl = p0)

Note. Standard errors are presented in parentheses.
*p<.10. ** p <.05. *** p <.01.

Relationship Between Learning Behavior and Farmers’ Environmental Awareness

We then used the estimated coefficients from the ESP model to calculate the average treatment effects (did
and did not participate in agricultural learning) of learning behavior on farmers’ environmental awareness
(see Table 3). Participation and nonparticipation in agricultural learning estimates accounted for selection
bias arising from both observable and unobservable factors. The participation in agricultural learning
results show that self-learning, training, and social networks significantly increased the probability of
farmers’ environmental awareness by 24%, 31%, and 12%, respectively. Moreover, the nonparticipation in
agricultural learning estimates were also statistically significant, which suggests that farmers without self-
learning, training, and social networks would have been 23%, 29%, and 10%, respectively, more likely to
increase their awareness if they had participated in learning behavior.

Table 3. Average Treatment Effects of Learning Behavior on Farmers’ Environmental Awareness

Variables Agricultural training participant SE Agricultural training nonparticipant SE
Self-learning 0.24*** 0.03 023" 0.03
Training 0.31 0.03 0.29™ 0.03
Social networks 0.12% 0.02 0.10 0.02

Note. * p < .10. ** p < .05. *** p < .01.

Farmers’ Environmental Awareness and Chemical Packaging Waste Disposal Behavior

The TEM was used to estimate the relationship between farmers’ environmental awareness and chemical
packaging waste disposal (see Table 4). Experience and labor had a significant correlation with farmers’
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awareness, while age showed a negative relationship with farmers’ environmental awareness (Columns 2

and 4 of Table 4).

Table 4. Impact of Environmental Awareness on Farmers’ Chemical Packaging Waste Disposal

Behavior
Variables First stage Second stage First stage Second stage
Column 1 Column 2: Column 3: Column 4: Column 5:
Environmental Litter, burn, or bury Environmental Dispose of at
awareness awareness appropriate trash site
Environmental awareness —0.16 (0.14) 0.23 (0.12)*
Age —0.04 (0.01)™* —0.04 (0.03) —0.04 (0.01)™ 0.01 (0.01)
Gender 0.20 (0.14) 0.03 (0.05) 0.21 (0.14) —0.07 (0.04)
Education 0.02 (0.02) —=0.01 (0.01) 0.02 (0.02) 0.02 (0.06)
Experience 0.02 (0.01)* 0.01 (0.01) 0.01 (0.01)™ 0.01 (0.02)
Political participation 0.02 (0.12) —0.07 (0.04) 0.02 (0.12) 0.03 (0.03)
Insurance 0.14 (0.18) —0.02 (0.05) 0.12 (0.18) —0.02 (0.05)
Off-farm work —0.26 (0.18) 0.05 (0.06) —0.26 (0.18) —0.08 (0.05)
Income —0.01 (0.01) 0.01 (0.01) —0.01 (0.01) —0.02 (0.01)
Labor 0.11 (0.06)" —0.04 (0.02) 0.12 (0.06)* 0.04 (0.02)™
Farm size 0.01 (0.02) —0.01 (0.01) 0.01 (0.01) —0.01 (0.01)
Internet use —=0.09 (0.11) —0.06 (0.04) —-0.09 (0.12) 0.06 (0.03)
Knowledge of proper disposal 0.58 (0.12)* 0.58 (0.12)™
methods for chemical
waste packaging
Constant 1.02 (0.38)*** 0.94 (0.18)*** 1.03 (0.38)*** 0.14 (0.16)
P 0.17 (0.19) —0.23 (0.17)
Log-likelihood —=730.26 —683.44

Note. Standard errors are presented in parentheses.
*p <.10.* p<.05. ** p <.01.

Discussion

The increasing environmental pollution caused by chemical packaging waste is largely attributed to human
behavior (Price & Leviston, 2014), particularly in developing regions, where smallholder farmers do not
have sufficient knowledge about the appropriate methods for disposal of pesticide packaging used in
agricultural production. Previous studies have reported possible solutions to reduce the adverse effects of
packaging waste (Matter et al., 2015); however, barriers remain because farmers continue to discard these
by littering after use, which increases the waste residues in croplands (Zhou et al., 2018). Our findings
underscore that farmers’ learning can increase their environmental awareness. We considered learning
behavior in both social learning (i.e., learning from training and social networks) and self-learning contexts.
The greater environmental awareness observed in farmers who engaged in self-learning could be attributed
to their education attainment (see Table 3). Farmers with more (vs. less) education more easily adopt new
technologies and have greater environmental awareness. Our findings are consistent with the results of
Adem (2017).

The study findings highlight the role of social networks in improving farmers’ environmental awareness. To
some extent, the social network is the information transmission medium for farmers in rural areas. We
found that farmers who use social networks to solve agricultural problems have a high level of
environmental awareness (see Table 3). Farmers with strong social networks may learn and adopt new
practices and change their behavior. Similarly, farmers who use social networks can address environmental
problems by expanding through information sharing the number of farmers using beneficial land
management practices (Martinez-Baron et al., 2018).
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Participating in training was found to increase farmers’ awareness (see Table 3). Trained farmers are aware
of the negative effects on the croplands of improper disposal of pesticide packaging. Hence, farmers who
participate in training are exposed to in-depth knowledge on how to protect the environment in different
ways, including management of package waste. According to Oliver et al. (2020), training farmers with the
necessary skills and knowledge changes their behaviors; as a result, training may reduce the incident of
careless disposal of chemical packaging waste.

Another important finding is that environmental awareness was positively correlated with farmers’ behavior
toward the disposal of chemical wastes. Farmers with greater awareness put the chemical packaging waste
at an appropriate trash site (see Table 4). This implies that greater environmental awareness induces a
positive change in farmers’ behavior. Our results are consistent with those of Du et al. (2018). Moreover,
labor positively affected farmers’ behavior and increased their awareness of the proper procedure for
disposing of chemical wastes (see Table 4). This implies that through their interactions, the members of a
large labor force may positively influence one another, increasing awareness and change of behavior; hence,
they will reduce their environmental pollution by disposing of packaging waste appropriately (Du et al.,
2018).

Conclusion, Study Limitations, and Directions for Future Research

Improper disposal of chemical packaging waste by farmers in developing countries leads to environmental
problems. Therefore, improving farmers’ awareness may help to reduce pollution of croplands. We
considered learning behavior in both self-learning and social learning contexts, including knowledge
acquired from training and social networks. Our study revealed that learning behavior was an effective way
to improve farmers’ environmental awareness. The empirical results revealed that the environmental
awareness of farmers with training, self-learning, and social networks was higher than that of their
counterparts. Additionally, farmers’ environmental awareness could positively change their behavior and
help them to appropriately manage their agricultural wastes. Last, key factors such as education and the
Internet had a positive influence on farmers’ self-learning and training. Moreover, farm size and experience
had a positive relationship with farmers’ self-learning and social networks, respectively, and farmers’ older
age and off-farm work had a negative correlation with social networks and self-learning. Altogether, the
determinants of environmental awareness, experience, farm size, education, Internet access, and labor each
had a positive correlation with farmers’ awareness of the proper procedure for disposing of chemical waste.

Several policy implications can be derived from the study results: First, the government should support
education and provide farmers with training related to environmental protection. Second, learning behavior
should be encouraged to improve farmers’ awareness to ensure the appropriate management of chemical
packaging for environmental protection.

This study also has limitations. First, we measured two aspects of learning behavior. However, future work
could detect mediating factors for farmers’ learning behavior, such as trust in agricultural training and the
dissemination of knowledge. Farmers’ trust towards other farmers and agricultural technicians may affect
their learning results and management practice for chemical packaging disposal. Second, instead of
conducting a cross-sectional data analysis, future researchers could use longitudinal data or experimental
studies that allow for evaluation of the effectiveness of farmers’ learning on their awareness over time, and
could assess the association with farmers’ awareness and environmental protection practices.
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