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Abstract: Farmer perspectives are relevant for understanding agricultural issues and formulating
policies. In this study, we conducted a cross-sectional survey on 70 Filipino farmers (i.e., 35 organic
and 35 biotech) to understand farmers’ perspectives regarding coexisting farming methods. Internal
response variables were tested to verify the type of decision-making processes being undertaken
by biotech and organic farmers. Our results showed that a non-linear decision-making process,
similar to the Stimulus–Organism–Response Model, was present for both farmer groups. The study
also found that biotech farmers were more influenced by internal factors (e.g., consumer resources)
than organic farmers, who rely more on external influences (e.g., culture and social interactions), in
connection to their coexistence perspective. The presence of “maverick executives” within the organic
farmers gives traction to the notion that coexistence can help empower farmers in choosing what
farming method is most suitable to their needs. Our data can also provide insights to policymakers
in terms of surveying farmer perspectives to balance farmer needs, primarily in yield and income
security, with the national agricultural agenda centered on environmental conservation. Thus, farmer
perspectives should be considered alongside ongoing studies and debates on coexistence.

Keywords: coexistence; organic farming; biotech farming; farmer decision-making; sustainable agri-
culture

1. Introduction

The United Nations (UN) predicts that the global population will continue to increase
to 9.7 billion by 2050 from 7.7 billion in 2019, which will pose many threats to sustain-
able development [1]. In addition to persistent problems associated with the booming
population, the world is facing other simultaneous challenges related to climate change,
land degradation, and food insecurity. Furthermore, the COVID-19 pandemic may add
between 83 and 132 million more individuals to the total number of undernourished people
worldwide, which is currently around 690 million or 8.9% of the global population [2].
Therefore, the agriculture sector must continuously come up with effective solutions to
meet the world’s food needs, while considering other food-related problems, such as im-
proper diet and food waste, which are more critical in developing countries where food
production must be doubled to meet future food demands [3]. The coexistence of different
production systems—such as organic, conventional, and genetically engineered (GE) or
biotech crops—has been identified as a workable solution to support the agricultural sector
in meeting the world’s food demands and addressing climate change challenges [4–7].

In the Philippines, different production systems, particularly organic farming and
biotech farming, are viewed as separate systems and have been perceived as dichotomizing
issues for many years. However, both technologies are highly supported in various regions
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of the country. The Philippines currently ranks 12th worldwide in the list of biotech mega-
countries, with 0.9 million ha of biotech corn [8]. It was also the first country in Southeast
Asia to adopt a biotech crop when biotech corn was approved for feed production and
commercialization in 2002. Previous studies have demonstrated that resulting reductions
in insecticide use have led to yield and income gains [9–11]. Meanwhile, as of 2019,
there are 12,037 Filipino organic farmers planting in 168,352 ha of organic agricultural
land [12]. In 2020, the Philippine Organic Agriculture Act of 2010 or Republic Act (RA)
10,068 was amended with RA 11511, which was recognized as a very significant milestone
by organic agriculture organizations worldwide. The amendment officially recognizes
the Participatory Guarantee System (PGS)—a locally focused quality assurance system
for organic agriculture verification, together with third-party certification—which places
the Philippines among the world’s leading countries implementing the PGS, with more
than 15 years of PGS implementation history. It was also proven that organic farming has
provided socio-economic, energy use, and environmental benefits to Filipino farmers [13].

While some facets of organic farming are ideal and have manifested positive contribu-
tions in addressing climate change challenges, the industry still has many limitations and
remains impractical on a large-scale basis [14]. In line with this, the European Commis-
sion’s Farm to Fork (F2F) Strategy—which aims to increase EU’s organic agricultural land
from 7.5% to at least 25% by 2030—may induce various unintended land-use implications,
such as higher yield reductions, increased greenhouse gas emissions due to additional
land conversions and organic manure applications, and threats to natural biodiversity as a
result of increases in global land requirements [15]. However, biotechnological breeding
innovations can complement classic breeding methods and supplement the limitations and
challenges being faced by organic agriculture. When combined, modern biotechnology and
organic farming can produce important synergies and help address Sustainable Develop-
ment Goals 2 (Zero Hunger), 13 (Climate Action), and 15 (Life on Land). Coexistence can be
taken as either spatial or temporal in nature. Spatial coexistence, or the contiguous planting
of GE and non-GE crops, has been established in previous studies [16–18], such as by
setting the buffer distance and scheduling the flowering time of crops. On the other hand,
temporal coexistence, which is the type of coexistence referred to in this study, combines
agricultural methods (e.g., biotech and organic farming).

Associated with the use of any technology is how people employ decision-making
judgments, which are greatly rooted on how information is processed, learned, stored,
and applied in social situations. This is encapsulated in the information processing theory,
which highlights how humans can encode and retrieve information from the three facets of
memory, namely sensory, working/short-term, and long-term [19]. The theory also explains
how humans accept or reject new views, relative to their previous perspectives [20,21].
On the other hand, social cognitive theory considers the interaction of an individual’s
cognitive, biological, and emotional determinants in connection with behavioral patterns
and environmental events [22]. This theory also shows how humans adapt and change
based on the prevailing social system. These theories, which focus on the internal and
external aspects of decision-making, have served as foundations in analyzing farmer
decision-making.

Numerous studies have explored and modeled farmer decision-making and factors
affecting their decisions [23–25]. Some comparative studies have also been conducted
in the context of farmer decision-making, comparing either internal or external concepts
and events. In a study that compared decision-making between farmers in Thailand and
Vietnam, it was found that livelihood platforms, weather shock expectation and experience,
and physical–economic conditions of living localities determine farmers’ land-use decision-
making [26]. In a similar study conducted in Switzerland and the United States, in relation
to policy schemes, it was found that Swiss farmers rate ecological aspects higher than
Illinois farmers, who assign more value to land use responsibility [27]. Another study
compared the decision-making of cotton and vegetable farmers in Kenya and India and
found that trained farmers exhibit more confidence in their decision-making and pest
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management strategies than untrained farmers [28]. Based on these previous studies,
future decision-making studies should be considered and analyzed on a case-by-case
basis, since each population exhibits inter- and intra-specific variation [29]. Furthermore,
studies of decision-making remain complex undertakings since the process cannot be
easily represented by linear flow charts with yes/no alternative routes [28]. Despite
these difficulties, farmer decision-making remains a crucial aspect in understanding and
developing agricultural policies and technologies.

While the merging of biotech and organic seeds is not yet viable due to its impacts
on ecology and plant genetics, combining farming methods (temporal coexistence) has
been mentioned in several studies on agricultural sustainability [6,15,30]. Furthermore,
even if the applicability of coexistence has been broadly explored in previous studies [4–7],
there has still been limited research focusing on farmer perspectives regarding this issue.
However, since farmers are the future technology adopters/consumers, considering their
perspectives is crucial in the diffusion of any kind of farming technology. Hence, farmer
perspectives should be considered alongside current studies and debates on coexistence.

In this study, we hypothesized that farmers exhibit either a linear or non-linear
decision-making process and may be affected by either internal or external factors. We,
therefore, aimed to contribute to the understanding of farmer decision-making regarding
coexistence and factors affecting their decision-making. In this study, farmers are treated
as consumers/adopters, and the specific technologies considered are organic farming
and biotech farming. Other studies may consider farmers as producers, but since the
authors of this research aimed to determine farmers’ decision-making regarding technology
adoption, decision-making models that focus on consumer behavior were selected. Lastly,
the authors of this study did not measure actual behavior, instead focusing on analytical
aspects, primarily the decision-making process of farmers.

Theoretical Framework

In the study of decision-making, there are various cognitive models that can be
used. These models can be classified as either analytical or prescriptive, with the former
focusing more on key elements of decision-making and the latter focusing more on the
behavioral aspect. The authors of this study concentrated on the analytical perspective
and did not measure actual behavior. There are two common approaches in analyzing
decision-making, which are linear and non-linear models. For the former, the Consumer
Decision Model (CDM) is among the widely used and cited models [31]; for the latter, the
Stimulus–Organism–Response (S–O–R) model is commonly used [32].

The CDM was first developed in 1968 and has undergone various revisions since then.
The model assumes that when a consumer is exposed to a stimulus that is deemed relevant
to his/her needs and wants, the decision-making process is activated. The CDM has a
seven-point decision process, namely: (1) the need recognition stage, where a problem is
recognized or a difference is seen between the alternative and actual state of an individual;
(2) the search for information stage, where a person seeks relevant information for solutions
to the problem, whether internally or externally; (3) the pre-purchase evaluation of alterna-
tives, where a person weighs and judges the two states being compared using his/her own
evaluative criteria; (4) purchase and (5) consumption/adoption, where a person chooses
which state to adhere to; (6) post-consumption/adoption evaluation, where a consumer
decides if he/she is satisfied with the chosen state; and (7) divestment, where a person
can choose to dispose, recycle, or remarket the chosen state. The model assumes that each
stage is influenced by individual differences and environmental influences.
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The developers of the CDM stated that the model replicates the phenomena it is
designed to present and that it shows the interrelationship of building blocks (variables)
of the decision-making process [33]. One of the model’s key strengths is its evolutionary
development through the years, which has improved its explanatory power while incorpo-
rating updates in the field of decision-making. The model also provides a clear depiction
of the decision process, making it easy to apply in decision-making studies [34]. On the
other hand, major critiques of the model are in its linearity and mechanistic perspective,
which makes it difficult to incorporate the complexity of consumer decision situations [35].
The vagueness of the model’s environmental and individual variables makes it difficult
to explain and quantify their effects on the decision-making stages [36]. Lastly, the model
has been criticized for its inability to explain non-conscious behaviors that may not be
well-modeled using a rational information processing approach [37,38]. Hence, other
decision-making models are depicted in a circular fashion, such as the Wheel of Consumer
Analysis and the revised S–O–R Model, which is another analytical model that can guide
decision-making analysis [32,35].

The S–O–R model shows a temporally bound, non-linear decision-making process [32]
through three overlapping Venn diagrams, which are divided into three main sectors
(S–O–R). First is the Stimulus sector, where Sector 1 (Encountered Environment) is lo-
cated, comprising all the stimuli that people are exposed to (e.g., ads, logos, products, and
word-of-mouth communication). Next is the Organism sector, where Sector 3 (Experien-
tial Storehouse) or memory is located, comprising all the influential factors affecting an
individual’s decision-making; this is generally referred to as “long-term memory” since it
contains all the emotive and cognitive systems of an individual (e.g., knowledge, beliefs,
values, and motives). In between Sectors 1 and 3 is Sector 2 (Automatic Processing), where
the subconscious processing of information takes place (as research has shown that mere
exposure to stimulus sometimes lead to subconscious processing) [39]. This is also where
implicit learning or “learning without awareness” takes place. In the middle part of the
Venn diagram is Sector 4 (Consciousness), where the conscious processing of information
or the “awareness of being aware” occurs [40]. Next is the Response sector, where Sector
7 (External Responses) is located, encompassing all externally detectable responses of an
individual (e.g., pupil dilations, smiling, and usage of a product or idea). In the middle
of Sectors 3 and 7 is Sector 6 (Internal Responses), which comprises outcomes of Sector 4
that are not directly visible to an outsider. This sector contains an individual’s changes in
beliefs, judgments (e.g., on risk or quality of products), learning, intentions, satisfaction, etc.
The outputs of Sector 6 often shift towards Sector 3, thereby adding up to an individual’s
long-term memory [32]. Lastly, in the middle of Sectors 1 and 7 is Sector 5 (Nontrace
Stimulus–Response Events), which explains an individual’s reflex behavior or any kind of
behavior that does not leave a psychological trace of occurrence (e.g., loosening one’s tie
when it is hot).

In contrast to linear decision-making models, circular or non-linear models can be
more applied to complex decision-making studies because they are not strictly bound to
follow linear paths and can account for temporal dimensions. They also provide more co-
herent ways of looking at internal response variables, especially when non-linear decision-
making is detected. In this study, the S–O–R Model aided in concentrating on the main
internal response variable being analyzed, which was the coexistence perspective of farm-
ers. Therefore, all influential factors fall under Sector 3, and the coexistence perspective
can be classified under Sector 6 (Figure 1a). Furthermore, since internal response variables
in the S–O–R Model can also be taken as the stages of the CDM, we contextualized these
decision-making stages as farmer-specific internal response variables (Figure 1b).
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2. Materials and Methods
2.1. Research Design and Sampling Sites

The biotech and organic farmers’ coexistence perspectives and factors affecting their
decision-making were determined by employing a cross-sectional survey. Respondent-
driven sampling—a specialized form of snowball sampling—was used to track down and
interview a total of 70 farmers (i.e., 35 biotech and 35 organic).
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The study was conducted in two provinces of Luzon Island, Philippines—particularly
the province of Pampanga, where biotech farming was first introduced in 2003, and the
province of Laguna, where organic farming has been highly supported for several decades
(Figure 2). Pampanga is a first class, highly urbanized city that is located in the Central
Luzon region. This province is divided into two cities comprising 19 municipalities and
505 barangays. As of 2018, the province had a rural population of 875,943 and a total
farmland area of 64,959 ha [41]. Most lowland areas in Pampanga are devoted to rice,
with corn being the second major crop during the dry season. The Office of the Provincial
Agriculturist (OPAG) stated that two of the top biotech corn-producing municipalities
in the province are Arayat and Magalang; hence, these two municipalities were chosen
as the sampling sites for biotech farmers in this study. On the other hand, the province
of Laguna is located in the Calabarzon region and comprises six cities, 24 municipalities,
and 681 barangays. As of 2018, it had a rural population of 751,470 and a total farmland
area of 62,555 ha, with rice and corn as the top agricultural crops [42]. The municipality
of Los Baños highly supports organic farming, and some farmers in this study reported
that they had already been adopting organic farming for more than three decades. Top
international institutions focusing on agricultural research are also located in Los Baños,
such as the University of the Philippines Los Baños (UPLB), which recently launched
an organic agriculture facility called The Organic Agriculture Research, Development,
and Extension Center (OARDEC). The government and agricultural institutions in this
municipality are working together to support organic farmers in the area via the provision
of seeds and free agricultural seminars, among other methods. For these reasons, Los
Baños was chosen as the sampling site for organic farmers in the study.

Agriculture 2021, 11, x FOR PEER REVIEW 6 of 20 
 

 

in the Central Luzon region. This province is divided into two cities comprising 19 
municipalities and 505 barangays. As of 2018, the province had a rural population of 
875,943 and a total farmland area of 64,959 ha [41]. Most lowland areas in Pampanga are 
devoted to rice, with corn being the second major crop during the dry season. The Office 
of the Provincial Agriculturist (OPAG) stated that two of the top biotech corn-producing 
municipalities in the province are Arayat and Magalang; hence, these two municipalities 
were chosen as the sampling sites for biotech farmers in this study. On the other hand, the 
province of Laguna is located in the Calabarzon region and comprises six cities, 24 
municipalities, and 681 barangays. As of 2018, it had a rural population of 751,470 and a 
total farmland area of 62,555 ha, with rice and corn as the top agricultural crops [42]. The 
municipality of Los Baños highly supports organic farming, and some farmers in this 
study reported that they had already been adopting organic farming for more than three 
decades. Top international institutions focusing on agricultural research are also located 
in Los Baños, such as the University of the Philippines Los Baños (UPLB), which recently 
launched an organic agriculture facility called The Organic Agriculture Research, 
Development, and Extension Center (OARDEC). The government and agricultural 
institutions in this municipality are working together to support organic farmers in the 
area via the provision of seeds and free agricultural seminars, among other methods. For 
these reasons, Los Baños was chosen as the sampling site for organic farmers in the study. 

A standardized questionnaire was administered through face-to-face interviews to 
elicit and capture the answers and explanations of the farmers. All the respondents gave 
their informed consent to participate in the study, and the survey was done in accordance 
with the rules of the Research Ethics Committee of Hiroshima University. The selected 
internal response variables were framed as successive questions to mimic the CDM 
process. Influential factors, socio-demographic measures, and farm-related characteristics 
were also gathered. Each of the internal response variables had a corresponding rating 
scale to measure farmers’ response, while the coexistence perspective was in binary form 
(i.e., 0 = coexistence is not possible and 1 = coexistence is possible). In terms of the 
influential factors, the farmers were asked how influential each variable was to their 
industrial practice. Each farmer ranked the influential factors on a 5-point rating scale (i.e., 
1 = not at all influential, 2 = slightly influential, 3 = somewhat influential, 4 = very 
influential, and 5 = extremely influential). Accompanying explanations were requested for 
all given answers and were utilized for subsequent thematic analyses. 

 
Figure 2. Sampling sites of the study. Figure 2. Sampling sites of the study.

A standardized questionnaire was administered through face-to-face interviews to
elicit and capture the answers and explanations of the farmers. All the respondents gave
their informed consent to participate in the study, and the survey was done in accordance
with the rules of the Research Ethics Committee of Hiroshima University. The selected
internal response variables were framed as successive questions to mimic the CDM process.
Influential factors, socio-demographic measures, and farm-related characteristics were
also gathered. Each of the internal response variables had a corresponding rating scale
to measure farmers’ response, while the coexistence perspective was in binary form (i.e.,
0 = coexistence is not possible and 1 = coexistence is possible). In terms of the influential
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factors, the farmers were asked how influential each variable was to their industrial
practice. Each farmer ranked the influential factors on a 5-point rating scale (i.e., 1 = not at
all influential, 2 = slightly influential, 3 = somewhat influential, 4 = very influential, and
5 = extremely influential). Accompanying explanations were requested for all given
answers and were utilized for subsequent thematic analyses.

2.2. Testing Decision-Making Models to Understand Farmers’ Perspectives on Coexistence

To determine whether a linear (CDM) or circular (S–O–R Model) approach is appropri-
ate in understanding how farmers undergo decision-making when considering coexistence
and factors affecting it, the internal response variables were contextualized into the stages of
the CDM (Table 1). A directed acyclic graph analysis (DAG) using a chi-square test in SPSS
v.27 (IBM, NY, USA) was then employed to verify the relationship between connected CDM
stages. We further tested this approach on a larger dataset of biotech corn farmers from
Gonzalvo et al. (2020) [23], who utilized the CDM as their main conceptual framework.

Table 1. Contextualized internal response variables and influential factors used in the study based on the Consumer
Decision Model.

Consumer Decision Model (CDM) Variables Contextualized Variables Used in the Study
Decision-making stages Internal response variables
Need recognition stage Desirability to implement biotech and organic farming (i.e., coexistence)

Search stage Familiarity and knowledge of biotech and organic crops

Pre-purchase evaluation of alternatives stage Level of benefit derived from current farming method

Purchase stage Likelihood to keep buying seeds for current farming method

Consumption/adoption stage Coexistence perspective

Post-consumption/adoption evaluation and divestment stage Likelihood to sell and promote current farming method
Individual differences Internal influential factors relative to current farming method

Consumer resources

Time

Capital

Sources of information

Knowledge

Knowledge about current farming method

Knowledge about planting practices

Knowledge about planting requirements

Knowledge about news

Attitudes

Attitude towards planting method

Attitude towards environmental effects

Attitude towards health effects

Motivation and involvement
Benefit

Satisfaction

Personality, Values, and Lifestyle
Personal experiences

Usage of income
Environmental influences External influential factors relative to current farming method

Culture
Beliefs on acceptability

Acceptability in barangay

Social interactions Experiences of co-farmers

Personal influences Personal opinion

Family
Support of family

Perception/opinion of family

Situation

Situation of co-farmers

Market situation

Situation after planting
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2.3. Inferential Analyses

Differences between biotech and organic farmers were determined using the Mann–
Whitney U test for continuous socio-demographic and farm-related variables, and Jonckheere–
Terpstra Test for Ordered Alternatives for categorical variables (i.e., influential factors
and internal response variables). The effects of influential factors were determined using
stepwise regression in SPSS v.27. Model fit, collinearity diagnostics, and R2 values for
regression models were also obtained using SPSS v.27.

3. Results
3.1. Internal Response Variables of Biotech and Organic Farmers

In terms of each group’s internal responses, both groups exhibited positive desirability
to implement biotech and organic farming (i.e., coexistence) (Table 2). A difference could be seen
in terms of the familiarity and knowledge of biotech and organic crops, where biotech farmers
answered with higher familiarity. High positive attributions were also given to benefit level
and likelihood to buy seeds based on current farming method. These similarities in distribution
show a similar pattern of decision-making in the context of their current farming methods.
However, a difference was seen regarding the main internal response variable coexistence
perspective, as almost all organic farmers (88.6%) but only about two-thirds of biotech
farmers (62.9%) answered that coexistence is possible. A similar pattern in distributions
was also observed for farmers’ likelihood to sell and promote current farming method, as most
of both groups gave highly positive responses.

Table 2. Internal response variables a of biotech and organic farmers.

Internal Response
Variables

Biotech Farmers Organic Farmers

Frequency
(n = 35)

Percentage
(%)

Frequency
(n = 35)

Percentage
(%)

Desirability to implement biotech and organic farming (i.e., coexistence)

Very desirable 13 37.1 9 25.7

Desirable 15 42.9 20 57.1

Neutral 4 11.4 4 11.4

Undesirable 2 5.7 2 5.7

Very undesirable 1 2.9 0 0.0

TOTAL 35 100.0 35 100.0

Familiarity and knowledge of biotech and organic crops

Extremely familiar 8 22.9 4 11.4

Moderately familiar 12 34.3 8 22.9

Somewhat familiar 9 25.7 6 17.1

Slightly familiar 1 2.9 8 22.9

Not at all familiar 5 14.3 9 25.7

TOTAL 35 100.0 35 100.0

Level of benefit derived from current farming method

Extremely beneficial 13 37.1 16 45.7

Moderately beneficial 12 34.3 13 37.1

Somewhat beneficial 7 20.0 5 14.3

Slightly beneficial 3 8.6 1 2.9

Not at all beneficial 0 0.0 0 0.0

TOTAL 35 100.0 35 100.0
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Table 2. Cont.

Internal Response
Variables

Biotech Farmers Organic Farmers

Frequency
(n = 35)

Percentage
(%)

Frequency
(n = 35)

Percentage
(%)

Likelihood to buy seeds based on current farming method

Extremely likely 16 45.7 9 25.7

Likely 12 34.3 16 45.7

Neutral 5 14.3 8 22.9

Unlikely 2 5.7 1 2.9

Extremely unlikely 0 0.0 1 2.9

TOTAL 35 100.0 35 100.0

Coexistence perspective

Coexistence is possible 22 62.9 31 88.6

Coexistence is not
possible 13 37.1 4 11.4

TOTAL 35 100.0 35 100.0

Likelihood to sell and promote current farming method

Extremely likely 19 54.3 9 25.7

Likely 11 31.4 19 54.3

Neutral 3 8.6 7 20.0

Unlikely 2 5.7 0 0.0

Extremely unlikely 0 0.0 0 0.0

TOTAL 35 100.0 35 100.0
a Decision-making stages which are present in one sector (i.e., internal responses) in the S–O–R Model.

3.2. Inferential Analysis for Group Comparison

To determine the feasibility of coexistence between biotech and organic farming, dif-
ferences between socio-demographic measures and farm-related characteristics of biotech
and organic farmers were obtained (Supplemental Table S1) and compared using the Mann–
Whitney U Test (Table 3). Significant differences (p < 0.01) were detected between groups
for land area allotted for current farming method, estimated expenses, and profit, such that the
mean rank values were higher for biotech farmers than for organic farmers regarding these
three variables.

Table 3. Between-group comparison a of biotech farmers and organic farmers in terms of various socio-demographic and
farm-related factors.

Category Mean Rank
(Biotech Farmers)

Mean Rank
(Organic Farmers) Significance b

Age 33.10 37.90 0.324

Family size 33.77 37.23 0.472

Number of years farming 31.86 39.14 0.133

Number of years farming using current
farming method 35.59 35.41 0.972

Land area 41.41 29.59 0.014

Land area used for current farming method 43.50 27.50 0.001 **

Estimated expenses 49.77 21.23 0.000 **

Profit 42.60 28.40 0.003 **
a Mann–Whitney U Test. b Asymptotic significance. ** Significant at p < 0.01.
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In addition to socio-demographic and farm-related characteristics, differences in
farmers’ internal response variables and influential factors (internal and external) were
detected using the Jonckheere–Terpstra Test for Ordered Alternatives (Table 4). In terms of
the internal response variables for each group, significant differences were detected for the
familiarity and knowledge of biotech and organic crops, coexistence perspective, and likelihood to
sell and promote current farming method. For the familiarity and knowledge of biotech and organic
crops, a higher median was observed for biotech farmers (4), relative to organic farmers
(3), with the latter exhibiting a wider dispersion of answers from 1 to 5. Between-group
response for the coexistence perspective was also found to be significantly different, as 89%
and 63% of organic and biotech farmers, respectively, gave positive responses. At the
last stage (likelihood to sell and promote current farming method), a higher median value was
observed for biotech farmers (5) relative to organic farmers (4), although the latter had less
diversity in terms of range.

Table 4. Between-group comparison a of biotech farmers and organic farmers in terms of internal response variables b and
influential factors relative to current farming method.

Category Significance c

Internal response variables
Desirability to implement biotech and organic farming (i.e., coexistence) 0.565

Familiarity and knowledge of biotech and organic crops 0.021 *

Level of benefit derived from current farming method 0.284

Likelihood to buy seeds based on current farming method 0.120

Coexistence perspective 0.011 *

Likelihood to sell and promote current farming method 0.043 *
Influential factors relative to current farming method

Time 0.711

Capital 0.688

Sources of information 0.178

Knowledge about current farming method 0.170

Knowledge about planting practices 0.489

Knowledge about planting requirements 0.246

Knowledge about news 0.962

Attitude towards planting method 0.173

Attitude towards environmental effects 0.229

Attitude towards health effects 0.046 *

Benefit 0.774

Satisfaction 0.241

Personal experiences 0.820

Beliefs on acceptability 0.443

Usage of income 0.336

Acceptability in barangay 0.010 **

Experiences of co-farmers 0.170

Personal opinion 0.829

Support of family 0.126

Perception/opinion of family 0.082

Situation of co-farmers 0.051

Market situation 0.640

Situation after planting 0.195
a Independent Sample Jonckheere–Terpstra Test for Ordered Alternatives. b Decision-making stages grouped together in one sector (i.e.,
internal responses) in the S-O-R Model. c Asymptotic significance. * Significant at p < 0.05; ** significant at p < 0.01.
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Significant differences were also observed for influential factors, namely attitude
towards health effects and acceptability in barangay. The same median value was detected for
attitude towards health effects (4) for both groups, with the organic farmer group having a
positive skewness. Meanwhile, in terms of response to acceptability in barangay, the biotech
farmer group exhibited a positive skewness (

∼
x = 4) relative to the organic farmer group.

3.3. Directed Acyclic Graph (DAG) Analysis

The stepwise order of the stages in the canonical Consumer Decision Model [31]
assumes an accumulative linear path from the stimulus that leads to the post-adoption
evaluation and divestment stages (Figure 3a). To test whether this canonical causal path
exists in our current dataset, a chi-square-aided directed acyclic graph analysis was carried
out in DAGitty [43] (Supplemental Table S2).
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For the biotech farmer group, only the level of benefit derived from current farming method
and likelihood to buy seeds based on current farming method were found to have a significant
relationship (Figure 3b). The organic farmer group, similar with the biotech farmer group,
did not show significant relationships between any linked pairs of decision-making stages
(Figure 3c).

To verify whether this lack of linear relationship between connected stages in the Con-
sumer Decision Model—revealed using the DAG analysis—was robust and representative
of the group to which the farmers belonged, the same analysis was done using a previously
collected dataset from 111 biotech corn farmers sampled within similar sampling sites
as the current study [23]. Results from this reanalysis revealed that there was no signifi-
cant relationship at the initial stages of the model from the need recognition stage up to
pre-purchase evaluation of alternatives stage, showing similar profiles to that shown in
Figure 3b, although significant relationships were detected at later stages, namely between
the pre-purchase evaluation of alternatives and purchase stages, between the purchase and
adoption stages, and between the adoption and post-adoption evaluation and divestment
stages. This reanalysis indicates that our representative sample was sufficient to capture
underlying relationships between internal response variables. A previous dataset for
organic farmers studied in the same context that could be used as a test dataset was not
readily available.

3.4. Effect of Influential Factors on Coexistence Perspective

The effect of specific influential factors on the biotech and organic farmers’ coexistence
perspective was next determined using stepwise regression (Table 5). Here, sources of
information and time were found to have contrasting effects on the coexistence perspective of
biotech farmers. Specifically, sources of information were found to have an enhancing effect,
with a regression coefficient of 0.221 (CI: 0.097, 0.344), whereas the increasing influence of
time was found to have a negative effect, with a regression coefficient of −0.184 (CI: −0.314,
−0.054) (Figure 4).
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Table 5. Stepwise regression estimates of influential factors on the coexistence perspective within biotech farmers (BF;
n = 35) and organic farmers (OF; n = 35).

Regression Estimates a

Group β SE R2
95% CI Collinearity

Lower Upper T VIF

Biotech farmers b

Sources of information 0.221 ** 0.061 0.174 0.097 0.344 0.915 1.093

Time −0.184 ** 0.064 0.170 −0.314 −0.054 0.915 1.093

Organic farmers c

Acceptability in barangay −0.135 ** 0.046 0.356 −0.230 −0.041 0.888 1.126

Experiences of co-farmers 0.129 ** 0.045 0.136 0.036 0.221 0.879 1.138

Beliefs on acceptability −0.121 ** 0.058 0.090 −0.240 −0.002 0.955 1.047
a Criteria: Probability of F to enter ≤ 0.050, probability of F to remove ≥ 0.100. b Final Model: constant + time + sources of information:
Fchange of 8.312 and SigFchange of 0.007. Regression and Residuals ANOVA: F: 8.405, Sig.: 0.001. c Final Model: constant + acceptability
in barangay + experiences of co-farmers + beliefs on acceptability: Fchange of 4.306 and SigFchange of 0.046. Regression and Residuals
ANOVA: F: 5.636, Sig.: 0.003. ** significant at p < 0.01.

Within organic farmers, acceptability in barangay, experiences of co-farmers, and beliefs
on acceptability (arranged in decreasing R2 values) were found to significantly affect the
coexistence perspective. Though the experiences of co-farmers were found to enhance their
coexistence perspective, with a regression coefficient of 0.129 (CI: 0.036, 0.221), beliefs on
acceptability and acceptability in barangay were found to have negative effects, with regression
coefficients of −0.121 (CI: −0.240, −0.002) and −0.135 (CI: −0.230, −0.041), respectively
(Figure 4).

4. Discussion

Agricultural coexistence in the current generation can be interpreted as either spatial
or temporal coexistence. The former describes how farms with biotech crops should be
designed to coexist with neighboring non-biotech farms, while the latter describes the
fusion of agricultural farming methodologies (e.g., using organic farming methods on
biotech crops and vice versa). In the 2015 USDA Coexistence Factsheet, five production
methodologies were clearly defined, namely certified organic, conventional, biotechnology,
identity preservation, and specialty crops [44]. Though it was clearly highlighted in that
document that previous studies showed no fundamental differences in terms of animal
safety, human safety, and nutritional content between these production methodologies,
they are taken as discrete entities and are not allowed to mix with each other. This is partic-
ularly evident for certified organic farms, which are required to meet stringent product
specifications that have barred the use of biotech crops. Though this may seem logical, it
has led to contradictions with production goals—especially in developing countries where
annual production usually fails to meet domestic demands, thus leading to a heavy reliance
on importation.

In discussions involving temporal agricultural coexistence, the voice of the actual
stakeholders who are central to the entire sustainable production movement are scarcely
heard or utilized in policy framing. In the Philippines, even though organic and biotech
farming are highly supported, both are perceived as polarizing issues and discrete farming
methods; hence, the authors of this study gathered information to understand the decision-
making processes of organic and biotech farmers regarding the concept of coexistence, as
well as to investigate which internal and external influential factors have the most effect on
their coexistence perspectives.

Using the organic and biotech farmers’ socio-demographic and farm-related informa-
tion, we found no significant differences between groups in terms of age, family size, and
number of years farming; this was expected because representative samples were obtained
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from communities where farming is the main livelihood. Meanwhile, biotech farmers were
found to have significantly higher profits and estimated expenses than organic farmers.
The uncertainty of where to sell their organic products and the inefficiency of organic
pesticides/herbicides were the main difficulties reported by the organic farmers affecting
their profit. On the other hand, the existence of traders within the biotech corn farming
community—who loan capital; supply biotech seeds, fertilizers, pesticides, and other
necessary inputs, and eventually serve as harvest buyers—is the main reason reported by
biotech farmers for their high estimated expenses. However, since the farmers can stock
seeds until selling price becomes favorable, their profit is secured.

Each groups’ score on internal response variables (i.e., desirability to implement
biotech and organic farming (coexistence), familiarity and knowledge of biotech and
organic crops, level of benefit derived from current farming method, likelihood to buy
seeds based on current farming method, coexistence perspective, and likelihood to sell and
promote current farming method) were also compared to gain understanding regarding
how each group internally processes their decision-making. Interestingly, it was shown
that there was no significant difference in terms of both groups’ responses regarding their
desirability to implement biotech and organic farming (i.e., coexistence). The choice of
farming inputs is left for biotech farmers to make [44], so alternative farming methods (e.g.,
by using organic inputs) may have been perceived as a risk-free suggestion, as clearly seen
in the testimonial of Respondent 12: “I know of some farmers here who are storing fecal
matter and using it as fertilizer. This is rare nowadays”. For organic farmers, however, the
use of biotech crops is tantamount to being denied their certified organic label. In addition,
the sampled organic farmers are continuous adopters [45] of organic farming, primarily
due to the implementation of Republic Act 10068 [46]. Roughly 83% (29/35) of the organic
farmers found it desirable to use biotech seeds. This internal response can be interpreted
that of “maverick executives” (described in Ray et al. (1996), or innovators among their
own group [47]. Furthermore, the work of Ram and Jung (1991) states that such individuals
who pursue product trial and repetitive use significantly reduce innovation resistance
and allow for a positive post-adoption evaluation (satisfaction and attitude) within their
group [48]. Organic farmers are aware that their yield is comparatively low compared
to biotech farmers [49,50], and based on their narratives, they are interested in adopting
biotech crops due to stable yields and resistance to pest and diseases. This was highlighted
in testimonials by interviewed organic farmers such as by Respondent 38, who stated, “I
want to test it. Because there are seasons when our crops get diseases”; Respondent 68,
who stated, “I want my crops to be disease resistant. I am also interested about biotech
crops’ insect and herbicide tolerance”; Respondent 39, who stated, “Since I want my crops
to have good yield, I think biotech crops are worth trying.” This was also supported by
the findings that profit and organic farmers’ attitudes and opinions towards their farming
method have a significant positive relationship (Supplemental Tables S3–S6).

Gonzalvo et al. (2020) showed that biotech corn farmers perceive themselves as highly
familiar with their crop choice based on the high influence of knowledge factors in their
adoption decision [23]. A similar result was also observed in this study, as shown by the
significantly higher median value of familiarity and knowledge of biotech and organic crops
among biotech farmers relative to organic farmers. Some biotech farmers mentioned that
they have previously experimented using different farm inputs such as organic fertilizers
and pesticides. On the other hand, since organic farming methods are mainly obtained from
the training offered by barangays or municipalities that are implementing Republic Act
10068, information regarding biotech crops may not have been conveyed to the interviewed
organic farmers.

In terms of the coexistence perspective, more organic farmers (89%; 31/35) were found
to have a positive view than biotech farmers (63%; 22/35), which further supports the
presence of maverick executive-like individuals within organic farmers. Most testimonials
indicated a perceived harmony between organic and biotech farming when asked about
coexistence, e.g., Respondent 60 (organic farmer), who stated, “That is what I want to
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happen. Since the biotech crop is already good, using organic farming will further improve
this”; Respondent 45 (organic farmer), who stated, “When you combine these two, then
the harvest will be even better. In organic farming, the fertilizer is good, and in biotech
farming, the crops are insect and disease resistant”; and Respondent 3 (biotech farmer),
who stated, “If we use biotech corn and apply organic farming, it means it would be
more environmentally safe. I think organic farming can meet the requirements of biotech
corn planting.”

If the linear path of the canonical Consumer Decision Model [31] was presumed to
hold true for both groups, then this pattern for the coexistence perspective could mainly
be attributed to the cumulative responses of each group from the desirability to implement
biotech and organic farming (coexistence), familiarity and knowledge of biotech and organic crops,
level of benefit derived from current farming method, and likelihood to buy seeds based on current
farming method, as shown in Figure 3. To test this, each pair of internal response variables
that were directly connected in the CDM was checked for independence using the chi-
square test of independence. As shown in Figure 3b,c, no relationship was established
for all pairs of internal response variables for organic farmers, and only one pair—level of
benefit derived from current farming method and likelihood to buy seeds based on current farming
method—was found to be dependent on each other for the biotech farmers. This means
that these internal response variables may be behaving as discrete packets that may be
influenced by either internal or external factors (as shown in the S–O–R Model) rather
than as stepwise or progressive stages [32]. This model was, therefore, used to guide the
identification of key factors affecting the coexistence perspective among farmers.

Using 23 influential factors to model the coexistence perspective of biotech and organic
farmers led to a set of predictors emerging for each group. Among biotech farmers, time
and sources of information act in opposing directions relative to their coexistence perspective.
The concept of time was found to be different among organic and biotech farmers. Most, if
not all, of the biotech farmers that were interviewed stated that they value the decreased
labor time necessary to take care of their biotech crops due to decreased pesticide use [51].
Meanwhile, for organic farmers, the amount of work and time they put in making organic
inputs directly translates to a sense of achievement and pride through the stimulation
of learning and the open exchange of experiences [52–54]. Thus, the negative effect of
increasing influence from time towards biotech farmers’ coexistence perspective may be
attributed to the potential increase in labor time necessary to generate organic inputs. This
was confirmed by testimonials such as those of Respondent 4, who stated, “If organic
farming is used, then our yield will be low and field labor might be increased”, and
Respondent 30, who stated, “I don’t like to do the nuances of organic farming”. Gonzalvo
et al. (2020) showed that information and knowledge play key roles in the adoption decision
of biotech corn farmers [23]. This trend also emerged in this study, which revealed that
increasing influences from sources of information also increase the biotech farmers’ coexistence
perspective. In the multiple answer component of the questionnaire, the farmers were asked
to identify which sources of information are available to them. This revealed that ~91%
(32/35) of the biotech farmers relied on agricultural technicians as their main source of
information. This may thus serve as a viable entry point for the introduction of coexistence
among biotech farmers.

Within the organic farmer group, it was shown that acceptability in barangay had the
highest R2 value, explaining roughly 35.6% of the variability in their coexistence perspective
responses. Increasing influence from acceptability in barangay was found to decrease the
coexistence perspective score of organic farmers. Indeed, due to the implementation of
Republic Act 10068, farmers are not allowed to utilize biotech seeds, as this would mean
the cessation of the provision of free organic fertilizer bags by the barangay/municipality.
Stemming from a similar explanation, beliefs on acceptability were also found to negatively
affect the coexistence perspective score of organic farmers. Roughly 77% (27/35) of the organic
farmers reported relying on agricultural technicians for information regarding proper
farming techniques and organic input production. Since these agricultural technicians
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follow Republic Act 10068, biotech crops may not have been mentioned in trainings and
instruction materials. Opposing the effects of both acceptability in barangay and beliefs on
acceptability, experiences of co-farmers were found to enhance the coexistence perspective score
of organic farmers. Social ties have been proven to be crucial in agricultural knowledge
exchange [55]. In Enugu State, Nigeria, co-farmers were noted to be one of the major
sources of information among farmers [56]. Similarly, it was noted that 66% (23/35)
of the organic farmers interviewed in this study rely on co-farmers as their source of
information. Farmer testimonials reporting of poor income within their organic farming
peers—such as by Respondent 48, who said, “Some are buried deep in their debts. I think
that it is not a good idea to loan because their income is used to pay off their debts” and
Respondent 63, who said, “Most of the organic farmers here suffered losses because their
plants have diseases” could have led to the enhancing effect of experiences of co-farmers
towards coexistence perspective. This was further supported by the results of the Spearman
correlation between estimated expenses and experiences of co-farmers, which showed a highly
significant positive relationship (Supplemental Tables S3–S6).

Regarding the identified factors that significantly affect each group’s coexistence per-
spective, it was revealed that biotech farmers primarily rely on internal factors (i.e., sources of
information and time) and organic farmers predominantly rely on their external environment,
with all three factors being external community factors (i.e., acceptability in barangay, beliefs
on acceptability, and experiences of co-farmers). This might underlie a fundamental differ-
ence between how biotech and organic farmers undergo decision-making, as described
in the elaboration likelihood model, with the former focusing more on the scrutiny of
product characteristics [57,58] and the latter being more influenced by sources with high
credibility [59].

Lastly, Figure 5 shows how the coexistence perspective and influential factors are
contextualized in the study, showing a non-linear decision-making (i.e., the S–O–R Model).
All the influential factors were found to be located on Sector 3 or memory, while the main
internal response variable that was analyzed in the study was found to be located on Sector
6. By following a non-linear decision-making model, each internal response variable—
which are normally presumed to be connected and follow a linear path in the CDM—could
be treated as discrete packets and individually analyzed, which allowed for the further
understanding of the main objective of this study (i.e., the coexistence perspective).
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5. Conclusions

Though each farmer has a myriad of considerations, foremost among them are income
and yield because they support both livelihood and family needs [23]. Therefore, farmer
choice in terms of crop and farming methods should be seriously considered by policymak-
ers to ensure that the national agenda (e.g., reduction in environmental footprint) aligns
with farmer needs. In the current agricultural setting, the mixing of farming methods has
not been fully explored, and this can be seen in how policies for organic farming have
been framed. Organic certifications provide higher selling premiums at the cost of strictly
prohibiting the use of biotech crops and methods. On the other hand, regulations for
biotech farmers are more lenient in terms of what methods can be used. Thus, the impact
of reduced yield weighs more heavily on organic farmers. Indeed, the biotech farmers in
this study reported higher yields and profits than organic farmers. Meanwhile, various
studies have established that there is no fundamental difference in terms of the nutritional
content and safety of organic and biotech products [44].

Broadly, coexistence gives farmers freedom to optimize production systems to suit
their own goals [5,6]. We therefore explored how farmers view the concept of coexistence
to understand their underlying decision-making process and what influential factors affect
this process. Previous studies have shown that individuals are considered to be rational
thinkers [60], an idea that may lead to the assumption that a linear decision-making process
is appropriate. However, results from our analyses highlighted the inadequacy of linear
decision-making models such as the CDM in addressing complex analytical problems.
In this regard, we found that farmers employ a non-linear decision-making process, as
demonstrated in the Stimulus–Organism–Response Model. Our approach has the added
benefit of simplifying analysis complexity by removing the need to account for relationships
between connected stages if a linear model is assumed, thus allowing us to focus on the
specific variable of interest, which was the coexistence perspective in this study.

After understanding the decision-making process being undertaken by biotech and
organic farmers relative to the coexistence perspective, we identified influential factors
affecting this internal response. It was found that external factors influence the coexistence
perspective of organic farmers, whereas biotech farmers rely more on internal factors. The
presence of “maverick executives” within organic farmers warrants further scrutiny since
they may no longer enjoy the selling premium offered by the current legislation for organic
farming. Currently, Philippine legislation on organic farming has been ratified to promote
environmental sustainability at the cost of hindering farmer choice regarding crop yield,
therefore limiting income potential. In theory, if biotech crops are allowed to be organically
grown and sold at certain premium prices (that may be lower than those for certified
organic produce), then a balance between yield, income, and national agenda could be
achieved. This would also provide more choices for farmers to suit their specific production
and farm needs and capabilities. Meanwhile, our data suggest that both biotech farmers
and organic farmers (who have more to lose regarding income) are open to the coexistence
of farming methodologies. Thus, if the concept of temporal coexistence takes hold in
future agricultural policies, it could empower farmers, address production limitations and
challenges, and contribute to achieving sustainable development goals. If the coexistence
movement moves forward, our data could also provide insights regarding how farmers
will react to such policies and determine their acceptability within the farming community.

This study also addresses one of the common critiques of decision-making models [36]
by providing a measurement of relationships between influential factors and internal
response variables. Our approach allowed us to identify which factors are the most critical
in influencing farmer decision-making, as well as how different farmer groups vary in
terms of the internal and external factors influencing them, which can also be applied in
future decision-making studies.

This study was undertaken to highlight the need to focus on stakeholder perspective
regarding agricultural policies. Due to the burden placed on farmers to meet not only
the national agricultural agenda but also internal family needs, they should be at the



Agriculture 2021, 11, 857 18 of 20

forefront of discourse regarding coexistence and agricultural policies in general. While
the sample size used in this study may have been moderate to serve as a basis for actual
policy changes, the results are sufficient to warrant further investigations using more robust
sample sizes. In this paper, we have shown how farmers think and feel about coexistence,
and we have provided information regarding its acceptability prior to any implementation
measures (due to the analytical approach used in the study design), which may support
policy framing. The benefit of this approach can potentially extend to other agricultural
issues, such as when new farming technologies are introduced to farmers and how they
will react to new policies being implemented in their communities.
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demographic and farm-related factors on influential factors relative to current farming method;
Table S5: Spearman correlation coefficients for biotech farmers’ socio-demographic and farm-related
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