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ABSTRACT
The invasion of fall armyworm poses a serious threat to global food security, necessitating the 
urgent promotion of environmentally friendly pest control technologies. As a key strategy in green 
pest control, the effectiveness of genetically modified (GM) insect-resistant crops largely depends 
on the extent of farmer acceptance. Based on survey data from 426 GM maize pilot farmers in 
Yunnan Province, this study employs an ordered Logit model to analyze the key factors influencing 
farmers’ adoption intentions from a behavioral decision-making perspective. The results indicate 
that (1) cognition, value orientation, and social trust are the primary drivers of farmers’ willingness 
to adopt GM maize; (2) the impact of risk perception is context-dependent, exerting a significant 
positive moderating effect on planting decisions among farmers with higher levels of social trust; 
(3) planting experience reinforces the effects of cognition and social trust and amplifies the role of 
value orientation. This study provides policy-relevant insights for the industrial promotion of GM 
crops and the green control of fall armyworms, with important implications for safeguarding 
national food security.
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1. Introduction

The invasion of fall armyworm (Spodoptera frugi
perda) poses a severe threat to global food security. 
As a long-distance migratory pest, fall armyworm 
is native to tropical and subtropical regions of the 
Americas and has spread to over 70 countries 
across Africa, Asia, and Oceania since 2016,1,2 

causing significant damage to crops such as 
maize.3 Statistics show that in African countries, 
fall armyworm leads to an annual maize yield loss 
of 8.3 to 20.6 million tons,4 while in parts of Asia, it 
has affected 2 million hectares of maize, resulting 
in yield reductions exceeding 10%.3 Since its inva
sion of Yunnan Province, China, in January 2019, 
fall armyworm has rapidly spread northward, 
reaching 27 provinces, municipalities, and autono
mous regions, with an affected area of nearly 
1.2 million hectares.5 It has become a major pest 
of maize production,6 with potential annual eco
nomic losses estimated at $5.4 billion to 

$47 billion,7 posing a severe threat to China’s 
food security. In summary, effective control of fall 
armyworm is critical to ensuring maize production 
and safeguarding food security.

Chemical control remains the primary short-term 
measure to combat fall armyworm. Due to their rapid 
and effective action, chemical pesticides continue to 
be the main method for field control of fall 
armyworm.5,8 Among them, organophosphates and 
carbamates, as traditional insecticides, were the first 
chemicals used to manage fall armyworm.9 In recent 
years, insecticides such as Spinetoram, Emamectin 
Benzoate, and Chlorantraniliprole, which show sig
nificant efficacy against fall armyworm larvae and 
eggs,10 have been widely adopted for its control.11 

However, long-term reliance on chemical pesticides 
not only increases pesticide input costs12 but also 
degrades soil quality and disrupts biodiversity,13,14 

thereby endangering agricultural production, the 
ecological environment, and human health.15 
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Consequently, as the spread and outbreaks of fall 
armyworm persist, there is an urgent need to pro
mote the development of green pest control technol
ogies to achieve sustainable management.16

Cultivating genetically modified insect-resistant 
varieties is one of the key strategies for the green 
control of fall armyworm (S. frugiperda). Since 
2000, countries have gradually shifted to using BT 
insect-resistant maize for managing fall army
worm. For example, the insect-resistant maize vari
ety Mp708 developed in the United States delays 
fall armyworm larval development by damaging 
the peritrophic membrane of the larvae.17 To 
date, China has successfully developed single-gene 
Cry1Ab maize, double-gene Cry1Ab + Cry2Aj 
maize, and double-gene Cry1Ab + Vip3Aa maize 
lines.18 These varieties have demonstrated excellent 
control efficacy against fall armyworm19 and repre
sent a green pest control technology that could 
gradually replace chemical control.20

Meanwhile, GM crops have become a topic of 
debate among consumers, farmers, scientists, non- 
governmental organizations, and the biotechnol
ogy industry.21 Among these stakeholders, farmers 
are the primary suppliers of GM crops, and their 
willingness to pay for such crops directly affects the 
promotion of GM insect-resistant varieties and the 
effectiveness of fall armyworm control. In fact, 
addressing the issue of farmers’ willingness to cul
tivate GM crops is essential to transforming the 
demand for GM insect-resistant varieties into 
a practical market reality.22 Therefore, farmers’ 
attitudes toward planting GM insect-resistant vari
eties are crucial for the commercialization of GM 
crops. Understanding farmers’ acceptance and 
willingness to pay is essential for assessing the 
role of GM technology in safeguarding national 
agricultural production and food security.

Currently, differences in the perception and 
acceptance of genetically modified crops across 
countries add complexity to national decision- 
making processes.23 In recent years, researchers 
have primarily analyzed farmers’ acceptance and 
willingness to pay for GM crops from the following 
perspectives: the influence of farmers’ own endow
ment characteristics, such as age and education 
level, on planting behavior;24 the impact of farmers’ 
perceptions of GM crops on their acceptance 
levels;25,26 and the factors influencing farmers’ 

perceptions of GM crops.27–29 However, research 
on Chinese farmers’ perceptions of GM crops and 
their influence on adoption willingness remains 
insufficient. Some studies have focused on farmers 
who have not actually planted GM crops, leading to 
biased results in willingness-to-pay estimates.30–32 

Other studies have rarely included farmers’ percep
tions of environmental risks as factors influencing 
technology adoption.22,33 Additionally, existing stu
dies often demonstrate a relatively shallow under
standing of GM technology.34 Even when 
addressing deeper cognitive levels, they generally 
explore only the correlations between variables 
without examining their underlying mechanisms.35 

Specifically, there is a notable lack of research on the 
interaction mechanisms between farmers’ percep
tions of GM technology, social trust, and willingness 
to adopt GM crops.22

This study focuses on maize farmers in Pu’er City, 
key pilot areas for genetically modified crops in 
China, to analyze the direct effects of cognitive 
level, risk perception, and value orientation on farm
ers’ adoption of GM technology. Furthermore, it 
explores whether social trust can enhance the posi
tive impact of these factors on the adoption of GM 
technology. This research not only provides a novel 
perspective for addressing the issue of low technol
ogy adoption rates caused by insufficient farmer 
awareness but also holds practical significance for 
the development of green prevention and control 
technologies against the fall armyworm. By offering 
insights into revitalizing China’s maize industry 
from an alternative angle, this study contributes to 
addressing global food security challenges.

2. Theoretical Framework and Research 
Hypotheses

2.1. Theoretical Farmwork

According to the rational agent hypothesis, farm
ers’ production decisions are guided by the princi
ple of profit maximization.36 This implies that 
farmers are likely to adopt genetically modified 
crops if they reduce input costs or increase 
yields.37 However, a purely economic perspective 
often overlooks the complex psychological factors 
influencing decision-making. In reality, human 
rationality lies between full rationality and 
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irrationality, and decision-making is susceptible to 
perceptual biases during problem identification 
and resolution.38 Behavioral Decision Theory 
(BDT) offers a novel approach to address the lim
itations of the full rationality assumption in com
plex decision-making scenarios. BDT posits that in 
real-world contexts characterized by high uncer
tainty and complexity, individuals face constraints 
in cognitive capacity, information processing, and 
computational ability, making it challenging to 
achieve optimal decisions as predicted by full 
rationality. When applied to agricultural research, 
farmers’ decisions to adopt GM crops are not solely 
driven by cost-benefit analyses but are significantly 
influenced by psychological factors such as cogni
tion, perception, and value orientations,34 follow
ing a specific “cognition-intention-behavior” 
decision-making framework.

Traditional BDT, due to its relatively narrow 
focus, struggles to explain complex decision- 
making behaviors fully. Consequently, numerous 
scholars have expanded the theory by incorporat
ing psychological constructs such as attitudes and 
perceptions. Extensive research has confirmed that 
multiple factors drive farmers’ technology adop
tion behaviors. For instance, Yuriev et al.39 demon
strated that prior experience, risk perception, and 
value orientations play critical roles in farmers’ 
decisions to adopt new agricultural technologies. 
Additionally, social trust has been identified as 
a significant determinant of behavioral 
decisions.40,41 From a psychological perspective, 
diverse value orientations – such as egoism, altru
ism, and biospheric values42—influence indivi
duals’ attitudes and intentions, leading to 
significant behavioral variations.43

Given these, the study adopts the “cognition- 
intention-behavior” framework of BDT as its core 
theoretical basis while incorporating relevant 
extended constructs from the theory. A series of 
hypotheses regarding factors influencing farmers’ 
willingness to adopt insect-resistant GM maize are 
proposed, and a theoretical analytical framework is 
constructed accordingly (Figure 1).

2.2. Research Hypotheses

Farmers’ cognition about genetically modified 
technology directly influences their acceptance 
and willingness to adopt GM crops).22,44,45 

Farmers often face considerable risks when 
deciding to adopt new technologies. 
Consequently, unless they have a thorough 
understanding of the new technology, most 
farmers are unlikely to adopt it, highlighting 
the critical role of cognition in the adoption 
process.46–48 For example, several early studies 
conducted in Europe found that farmers’ per
ception that planting GM crops could reduce 
production costs was a major factor influencing 
their willingness to adopt such crops.49–51 In 
Argentina, the perceived cost-reduction benefit 
of herbicide-resistant soybeans was identified as 
a key determinant of farmers’ willingness to 
plant them.52 Similarly, a study in Pakistan 
revealed that farmers’ acceptance of GM crops 
increased as their understanding deepened.53 In 
addition, prior research in China reached the 
same conclusion, showing that farmers’ cogni
tion of GM rice had a significant positive impact 
on their willingness to plant GM rice.32 Based 
on this, the following hypothesis is proposed: 

Figure 1. Theoretical analytical framework.
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H1. The higher the level of knowledge, the greater 
the farmers’ willingness to adopt insect-resistant 
GM maize.

Risk perception is a primary factor influencing farm
ers’ attitudes toward and willingness to adopt geneti
cally modified technology.54–56 Generally, two main 
types of risk perception can be identified: unknown 
risk and fear risk,55 which have been evaluated in 
existing research. Unknown risk factors increase 
farmers’ uncertainty and hesitation toward adopting 
GM technologies. Fear risk factors amplify the per
ception of GM technology as frightening, dangerous, 
and potentially harmful to future generations.57 For 
instance, Balzekiene et al.58 revealed that people’s 
perception of unknown risks related to GM technol
ogy leads to delays in adopting the technology. 
Another study found that farmers’ risk perception 
of GM technology is heightened due to the unknown 
consequences of its use.59 Over time, this can lead to 
a rejection of GM crop cultivation. For example, 
farmers perceive GM crops as potentially damaging 
the soil environment by disrupting biodiversity, 
increasing ecological risks.60 Siegrist et al.61 found 
that farmers’ high-risk perception of GM crops 
indirectly affects their attitudes toward GM technol
ogy. In conclusion, farmers’ risk perception influ
ences their beliefs about and willingness to adopt 
new technologies. Therefore, the following hypoth
esis is proposed:

H2. The higher the level of risk perception, the 
lower the farmers’ willingness to adopt insect- 
resistant GM maize.

Value orientation plays a critical role in explain
ing specific beliefs and behaviors and serves as 
a primary predictor of these outcomes.62,63 In 
environmental psychology and social issue 
research, numerous studies have analyzed the 
relationship between values, beliefs, and actions 
that are significant for environmental and social 
development.64,65 Additionally, in social 
dilemma research, various scholars have 
explored the important role of value orientation 
in explaining behavior,66–68 noting that indivi
duals with a social value orientation are more 
focused on optimizing outcomes for others, 
while those with a self-value orientation are 

more focused on optimizing outcomes for them
selves. Currently, there remains considerable 
ethical controversy surrounding the cultivation 
of genetically modified crops,37 with some 
expressing concerns that GM crops could cause 
damage to ecosystems.60 However, the ethical 
egoism argument posits that all human actions 
are self-interested,69 and previous studies have 
emphasized that self-efficacy is an important 
factor influencing the adoption of new 
technologies.70–72 Therefore, the following 
hypothesis is proposed:

H3. The stronger the self-oriented value orienta
tion, the greater the farmers’ willingness to adopt 
insect-resistant GM maize.

Social trust is a critical factor influencing farmers’ 
technology adoption.41 Since the 1950s, trust 
research has developed along three major theore
tical paths: the “interpersonal trust” approach in 
psychology, the “rational calculation” approach in 
economics, and the “social trust” approach in 
sociology.73 Based on the assumption of the 
rational economic actor, distrust is considered the 
default state. Individuals choose to trust only when 
it is necessary to gain benefits while ensuring their 
existing interests are not harmed.74 In the context 
of agricultural technology dissemination, the 
degree of trust significantly influences public 
acceptance of genetically modified technology.75 

For instance, Feng et al.76 employed regression 
analysis and found a significant positive correlation 
between farmers’ trust in expert systems, such as 
scientists, and their willingness to plant GM crops. 
Furthermore, due to the significant uncertainty in 
the GM agricultural product market, severe “mar
ket failures” often occur.32 Therefore, government 
intervention and regulation are necessary to pro
mote the industrialization of GM crops actively.77 

For example, Dai and Wang,78 demonstrated that 
the level of government support significantly 
impacts farmers’ willingness to cultivate GM crop 
varieties. Based on the above, the following hypoth
esis is proposed:

H4. The higher the level of social trust, the 
greater the farmers’ willingness to adopt insect- 
resistant GM maize.
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3. Data and Methods

3.1. Data Source and Sample Description

This study is based on household survey data 
collected by the research team in County A and 
District B of Pu’er City in Yunnan Province, 
China, in March 2023 (Figure 2). Pu’er city is 
located in Yunnan Province in southwest China, 
the region where the fall armyworm was first 
detected in the country in 2019, posing a severe 
threat to the local maize industry. Both counties 
served as pilot areas for promoting insect- 
resistant GM maize varieties from 2022 to 
2023, with an average altitude of 1,300–1,400 
meters. Local agricultural production primarily 
involves growing crops such as maize and rice 
on small, fragmented plots owned by individual 
smallholder farmers, who make independent 
production decisions.79 

To ensure methodological robustness, this sur
vey employs a tripartite sampling approach com
bining multistage, stratified, and random 
techniques to ensure sample representativeness. 
In the first stage, County A and District B in 
Yunnan Province were selected as sample sites, 
considering the status of the 2022 genetically mod
ified maize pilot project, geographical location, and 
maize farming patterns. In the second stage, 13 

sample villages were chosen using stratified sam
pling based on factors such as the pilot project 
implementation, geographical location, economic 
development, and maize planting area. Specifically, 
three townships were selected from each sample 
county, and 2–3 villages were randomly selected 
from each sampled township. In the third stage, 
household lists provided by village leaders were 
used to number all households, and 36 households 
were randomly selected from each sampled 
village.

The data collection process was conducted in 
several phases. First, we conducted systematic 
surveyor training covering questionnaire com
prehension, data recording standards, quality 
control essentials, strategies for handling unex
pected situations, and simulated “surveyor vs. 
farmer” exercises. Second, prior to formal data 
collection, a pre-survey was conducted with 
a representative small sample of farmers to eval
uate the stability of data collection tools, the 
rationality of operational procedures, and the 
reliability of data quality. This allowed for the 
timely identification and correction of potential 
issues. Third, face-to-face household interviews 
were employed during the formal data collection 
phase. One surveyor communicated with a 
farmer one-on-one completed the questionnaire 

Figure 2. Research area.
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on-site and verified critical data in real-time to 
ensure accuracy and completeness. Additionally, 
at the end of each day’s data collection, sur
veyors immediately conducted questionnaire 
reviews, collectively discussing common issues 
identified during the process to ensure proper 
resolution.

The survey questionnaire covered various aspects, 
including household demographics (e.g., gender, 
age, education level), agricultural production (e.g., 
land use, planting, fertilization, irrigation, harvest
ing, and sales), income and expenditure, risk and 
preferences, household decision-making power, 
information sources, planting and consumption 
intentions, cognition and perception, value orienta
tion, food consumption, health (both mental and 
physical), as well as training and management 
related to crop cultivation. The survey was con
ducted through one-on-one interviews between 
farmers and trained undergraduate students and 
teachers. A total of 468 paper questionnaires were 
distributed. After excluding invalid samples with 
missing key information or outliers, 426 valid 
responses were obtained, resulting in an effective 
response rate of 91.0% (as shown in Table 1).

3.2. Variable Selection

Dependent variable. The dependent variable of this 
study is farmers’ willingness to adopt genetically 
modified insect-resistant maize varieties. This was 
measured by asking farmers whether they were 
willing to plant GM insect-resistant maize varieties 
in 2023. Specifically, a five-point Likert scale (1–5) 
was used: 1 = absolutely unwilling; 2 = relatively 
unwilling; 3 = neutral; 4 = relatively willing; 
5 = very willing. Generally, a five-point Likert 
scale can more accurately reflect farmers’ true will
ingness to adopt GM technology compared to 
a binary variable.80

Key explanatory variables. This study con
structed four key explanatory variables using 
Principal Component Analysis (PCA) (Table 2). 
First, drawing on contemporary mainstream 
research, the GM cognition index includes farmers’ 
perceptions of GM crop quality (e.g., kernel 
plumpness, absence of mold), perceptions of GM 
crop yields, and perceptions of GM crop inputs 
(e.g., pesticide and labor inputs).22,81 Additionally, 
the index incorporates farmers’ perceptions of the 
relationship between consuming GM foods and 
human health, feeding GM feed to livestock and 
livestock health, and planting GM crops and bio
diversity. Second, the GM perception index 
encompasses farmers’ risk expectations across five 
dimensions: climate change, pest outbreaks, soil 
conditions, ecological environment, and the maize 

Table 1. Sample size description.
County Town Village Households

County A 3 7 230
District B 3 6 196
Samples (N) 6 13 426

Table 2. Variable measurement and indicator results.

Variables Definitions Values
Cronbach’s 

Alpha KMO

Cognition You think GM crops are of better quality 1=Yes 
0=No

0.763 0.737
You think GM crops have higher yields
You think GM crops require less pesticide input
You think GM crops require less labor input
The relationship between eating GM food and human health 1=Harmful 

2=Neutral 
3=Beneficial

The relationship between feeding GM feed and livestock health
The relationship between growing GM crops and the balance of nature

Risk perception Do you think the climate conditions will get worse in the future 1=Yes 
0=No

0.789 0.735
Do you think pests will be more serious in the future?
Do you think soil conditions will deteriorate in the future?
Do you think the ecological environment will deteriorate in the future?
Do you think the maize market environment will deteriorate in the future?

Value-oriented When planting GM crops, I will prioritize my own interests. 1=Yes 
0=No

0.757 0.661
When planting GM crops, I don’t worry about fall armyworms damaging other people’s farmland.
When planting GM crops, I don’t consider the country’s strategic needs.
When planting GM crops, I don’t consider the impact on nature.

Social trust I believe in the GMO technology promoted by the government. 1=Yes 
0=No

0.836 0.828
If a relative suggests growing GM crops, I am willing to try.
If a neighbor suggests growing GM crops, I am willing to try.
If a village official suggests growing GM crops, I am willing to try.
If agricultural extension worker recommends planting GM crops, I am willing to try it.
If a seed company recommends growing GM crops, I am willing to try.
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market. Third, the value orientation index is based 
on social value research82 and is measured by ask
ing farmers whether they prioritize self-interest 
(egoistic), others’ interests (altruistic), national 
development strategies (pro-national), or environ
mental protection (pro-ecological) when deciding 
to plant GM crops. Finally, the social trust index is 
constructed based on the diffusion of innovation 
theory and social network theory commonly used 
in agricultural technology adoption studies.40,83 It 
is measured by asking farmers whether they are 
willing to try GM insect-resistant maize varieties 
recommended by government officials, relatives, 
neighbors, village cadres, agricultural extension 
agents, or seed companies.

Additionally, drawing on previous studies,22,40,44 

this study also controls for variables such as house
hold head’s age, household head’s education level, 
cultivated land area, training participation, and 
information sources. Training participation is mea
sured by asking, “How many training sessions on 
genetically modified topics have you attended in 
the past year?” Information sources refer to the 
aggregated channels through which the household 
acquires information about genetically modified 
technologies.

3.3. Model Settings

Since the dependent variable is an ordered multi- 
classification variable, this research constructs an 
ordered Logit model to explore the impact of cog
nition, risk perception, value orientation and social 
trust on farmers’ adoption of genetically modified 
insect-resistant maize varieties: 

logit½PðY � ijXÞ ¼ ln� ½
PðY � ijXÞ

1 � PðY � ijXÞ
�

¼ β0i þ β1X1 þ β2X2 þ . . .þ βmXm (1) 

Where Y represents farmers’ willingness to 
adopt insect-resistant GM maize varieties 
(Dependent Variable); Xi denotes the explanatory 
variables, including knowledge, risk perception, 
value orientation, social trust, and other control 
variables. PðY � ijXÞ indicates the cumulative 
probability that Y falls into category i or lower 
given the independent variables X; ln P=1 � Pð Þ

represents the log-odds; β0i is the model intercept 

term; and βm is the regression coefficient of the 
independent variables, indicating the change in 
farmers’ adoption willingness for each unit 
increase in X, which in turn affects the category 
probabilities.

From the above, we can see that the probability 
of Y taking 1 is: 

P1 ¼ PðY � 1jXÞ

¼
1

1þ exp � β01 þ β1X1 þ β2X2 þ . . .þ βmXm
� �� �

(2) 

Then, the probability of Y being 2 to 5 is: 

P2 ¼ PðY � 2jXÞ

¼
1

1þ exp � β02 þ β1X1 þ β2X2 þ . . .þ βmXm
� �� �

�
1

1þ exp � β01 þ β1X1 þ β2X2 þ . . .þ βmXm
� �� �

(3) 

P3 ¼ PðY � 3jXÞ

¼
1

1þ exp � β03 þ β1X1 þ β2X2 þ . . .þ βmXm
� �� �

�
1

1þ exp � β02 þ β1X1 þ β2X2 þ . . .þ βmXm
� �� �

(4) 

P4 ¼ PðY � 4jX

¼
1

1þ exp � β04 þ β1X1 þ β2X2 þ . . .þ βmXm
� �� �

�
1

1þ exp � β03 þ β1X1 þ β2X2 þ . . .þ βmXm
� �� � (5) 

P5 ¼ PðY � 5jXÞ

¼
1

1þ exp � β05 þ β1X1 þ β2X2 þ . . .þ βmXm
� �� �

�
1

1þ exp � β04 þ β1X1 þ β2X2 þ . . .þ βmXm
� �� � (6) 

In addition, in order to improve the reliability of 
the research results, this study also uses binary 
dependent variables and binary logit models for 
robustness testing.22 Specifically, when the area of 
GM crops planted by farmers in 2023 is greater 
than 0, the value is assigned to 1, indicating that 
the farmers are willing to adopt GM insect- 
resistant maize varieties, and vice versa. The speci
fic model is as follows: 
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logit Pð Þ ¼ ln
P

1 � P

� �

¼ β0 þ β1X1 þ β2X2 þ . . .þ βmXm (7) 

Among them, P represents the probability 
that farmers are willing to adopt genetically 
modified insect-resistant maize varieties; 1 � P 
represents the probability that farmers are 
unwilling to adopt genetically modified insect- 
resistant maize varieties; the meanings of β0, βm 
and Xi are the same as in model (1).

3.4. Data Analysis

This paper draws on the scale development and 
validity testing research in technology adoption84 

and employs Stata 17.0 to conduct exploratory 
factor analysis (EFA) on the variables related to 
farmer cognition, risk perception, value orienta
tion, and social trust, calculating the KMO value 
(Table 2).a Additionally, Stata 17.0 was used to 
conduct principal component analysis to extract 
common factors of variables, followed by validity 
testsb and multicollinearity tests.c Furthermore, 
based on the results of the ordered Logit regression, 
marginal effects analysis (MEA) was employed to 

assess the degree of influence of each variable. 
Subgroup analyses were also conducted based on 
whether farmers participated in the 2022 GM pilot 
project (1 = Yes; 0 = No).

4. Results

4.1. Ordered Logit Model Regression

Table 3 presents the estimation results of the base
line ordered Logit model (Model 1) and the 
extended ordered Logit model (Model 2), examin
ing the impact of farmers’ knowledge, risk percep
tion, value orientation, and social trust on their 
willingness to adopt insect-resistant genetically 
modified maize varieties. The entire dataset was 
used to evaluate the influence of farmers’ knowl
edge and other factors on the adoption willingness 
of GM technology, with regression coefficients and 
Odds Ratio (OR) values reported for each explana
tory variable.

Farmers’ cognition significantly enhances their 
willingness to adopt insect-resistant genetically 
modified maize. The results in columns (1) and (2) 
of Table 3 show that the regression coefficient for 
farmers’ cognition is positive and significant at the 

Table 3. Regression results of ordered logit model (N = 426).

Variables

Model 1: Baseline model Model 2: Extended Model

(1) Coefficient (2) OR (3) Coefficient (4) OR

Cognition 0.716*** 
(0.165)

2.047*** 
(0.339)

0.696*** 
(0.166)

2.006*** 
(0.333)

Risk perception 0.018 
(0.145)

1.018 
(0.148)

−0.264 
(0.195)

0.768 
(0.150)

Value-oriented 0.257*** 
(0.133)

1.293** 
(0.172)

0.267** 
(0.133)

1.307** 
(0.174)

Social trust 0.484*** 
(0.126)

1.617*** 
(0.078)

1.349*** 
(0.416)

1.260*** 
(0.108)

Age of household head 0.015* 
(0.009)

1.015* 
(0.009)

0.016* 
(0.009)

1.017* 
(0.009)

Education level of household head 0.011 
(0.022)

1.012 
(0.022)

0.012 
(0.022)

1.012 
(0.022)

Area of cultivated land −0.003 
(0.006)

0.997 
(0.006)

−0.003 
(0.006)

0.997 
(0.006)

Training status 0.209** 
(0.086)

1.232** 
(0.107)

0.191** 
(0.087)

1.211 
(0.105)

Information source 0.112** 
(0.055)

1.119** 
(0.061)

0.124** 
(0.055)

1.132 
(0.062)

Risk perception× 
Social trust

/ / 0.469 ** 
(0.213)

1.599** 
(0.340)

*p < .1; **p < .05; ***p < .01; The numbers in parentheses indicate standard errors.

a.The Kaiser-Meyer-Olkin (KMO) values for farmers’ knowledge, risk percep
tion, value orientation, and social trust are 0.737, 0.735, 0.661, and 0.828, 
respectively, indicating that these variables are suitable for exploratory 
factor analysis.

b.The Cronbach’s Alpha value for each variable exceeds 0.7, indicating high 
reliability of the scale.

c.The condition number using scaled variables is less than 30, indicating no 
multicollinearity issues among the explanatory variables.87
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1% level, indicating a significant positive relation
ship between cognition and the willingness to adopt 
GM technology, thus validating Hypothesis 1. 
Compared to other farmers, those with more posi
tive views and deeper cognition of GM crops are 
likelier to adopt insect-resistant GM maize varieties. 
Additionally, an OR of 2.047 suggests that for each 
unit of increased cognition, the willingness to adopt 
increases by 2.05. This finding confirms that cogni
tion is central to farmers’ adoption intentions.

Farmers’ risk perception influences their willing
ness to cultivate GM insect-resistant maize varieties 
only under specific conditions. As shown in column 
(1) of Table 3, the estimated coefficient of risk per
ception is statistically insignificant, indicating that 
risk perception alone does not significantly affect 
farmers’ willingness to adopt GM insect-resistant 
maize. The absence of a direct effect suggests that 
risk perception alone is not a significant barrier to 
adoption, partially challenging Hypothesis 2. 
However, the results in column (3) of Table 3 reveal 
that the interaction term risk perception × social 
trust has a positive and statistically significant coef
ficient at the 5% level (β = 0.47), suggesting that the 
effect of risk perception is context-dependent and 
becomes salient only when interacting with other 
factors. Specifically, farmers with higher trust in the 
government, acquaintances, and agricultural exten
sion agencies show a more substantial positive influ
ence of pest and disease risk perception on their 
willingness to adopt GM insect-resistant maize com
pared to those with lower social trust. Notably, 
a one-unit increase in risk perception leads to 
a 59.9% increase in adoption willingness, partially 
supporting Hypothesis 2. This moderating effect 
underscores the buffering role of social trust in 
promoting agricultural technologies.

Egoistically oriented farmers are more inclined 
to adopt GM maize. As indicated by the regression 
results in Table 3, when holding other control 
variables constant, the estimated coefficient for 
value orientation is positive and statistically signif
icant at the 1% level (β = 0.26), suggesting that 
value orientation has a positive influence on farm
ers’ willingness to adopt GM insect-resistant maize, 
thereby supporting Hypothesis 3. Specifically, 
a one-unit increase in farmers’ prioritization of 
personal interests is associated with a 29.3% 
increase in their willingness to cultivate GM maize.

Social trust significantly promotes farmers’ will
ingness to adopt insect-resistant GM maize. As 
shown in column (1) of Table 3, social trust sig
nificantly impacts farmers’ willingness to adopt 
insect-resistant GM maize varieties, with 
a positive regression coefficient (β = 0.48). This 
indicates that enhancing farmers’ trust in society 
increases the likelihood of adopting GM crops, 
supporting Hypothesis 4. Furthermore, column 
(2) results demonstrate that a 1% increase in social 
trust level raises the probability of adopting GM 
crops by 61.7%. This finding underscores the cri
tical role of building social trust in agricultural 
extension efforts to promote technology adoption.

Farmers’ socio-economic characteristics signifi
cantly influence their cultivation decisions toward 
GM maize. As shown in column (1) of Table 3, the 
estimated coefficient for household head age is 
positive and statistically significant (β = 0.02), indi
cating that older household heads are more likely 
to adopt GM insect-resistant maize. Furthermore, 
farmers’ participation in training is positively asso
ciated with their willingness to adopt; specifically, 
holding other explanatory variables constant, each 
additional training session increases the probability 
of adoption by 20.9%. The coefficient for informa
tion sources is also positive and significant at the 
5% level, suggesting that more information chan
nels related to GM crops increase the likelihood of 
adoption. In contrast, the household head’s educa
tion level and the cultivated land area show no 
statistically significant effect on adoption 
intentions.

4.2. Marginal Effect Analysis

Cognition factors significantly influence farmers’ 
willingness to adopt GM maize, followed by social 
trust and value orientation. According to the 
results in column (5) of Table 4, a one-unit increase 
in cognition significantly raises the probability of 
expressing a strong willingness to adopt GM crops 
by 11.0 percentage points (β = 0.11, p < .05), indi
cating that cognition is a key determinant of adop
tion decisions. Similarly, each one-unit increase in 
social trust significantly increases the probability of 
adoption by 7.4 percentage points (β = 0.074, 
p < .05), confirming the critical role of social capital 
in the diffusion of agricultural technologies. In 
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addition, a one-unit increase in value orientation – 
favoring personal benefits – leads to a statistically 
significant increase of 3.9 percentage points in 
adoption probability (β = 0.04, p < .05), suggesting 
that egoistic value judgments strongly reinforce 
farmers’ adoption intentions. In contrast, risk per
ception does not statistically affect adoption will
ingness (p > .1), indicating its limited influence in 
this context.

Social trust can buffer the adverse effects of 
risk perception. As shown in Table 5, with the 
increase in the level of willingness to adopt GM 

maize (Y), the estimated coefficient for the 
interaction term risk perception × social trust 
shifts from significantly negative (β =  − 0.04, 
p < .05) to significantly positive (β = 0.07, 
p < .05), indicating an apparent heterogeneity 
in the moderating effect of social trust across 
different levels of adoption willingness. 
Specifically, among farmers with low willingness 
to adopt (Y ≤ 2), social trust amplifies the effect 
of risk perception, while among those with high 
willingness (Y ≥ 4), it plays a compensatory role, 
mitigating the perceived risks.

Table 4. Marginal effects of the baseline model (Model 1).

Variables
(1) 

None Y=1
(2) 

Slightly Y=2
(3) 

Moderate Y=3
(4) 

Strong Y=4
(5) 

Extreme Y=5

Cognition −0.051*** 
(0.014)

−0.088*** 
(0.020)

−0.018*** 
(0.005)

0.047*** 
(0.013)

0.110*** 
(0.025)

Risk perception −0.001 
(0.010)

−0.002 
(0.018)

−0.000 
(0.004)

0.001 
(0.010)

0.003 
(0.022)

Value-oriented −0.018** 
(0.010)

−0.032** 
(0.016)

−0.006** 
(0.004)

0.017** 
(0.009)

0.039** 
(0.020)

Social trust −0.035*** 
(0.010)

−0.059*** 
(0.015)

0.012*** 
(0.004)

0.032*** 
(0.009)

0.074*** 
(0.019)

Controls YES YES YES YES YES
N 426

*p < .1; **p < .05; ***p < .01; The numbers in parentheses indicate standard errors; Controls refers to other control variables such as the 
age of the household head.

Table 5. Marginal effects of the extended model (Model 2).

Variables
(1) 

None Y=1
(2) 

Slightly Y=2
(3) 

Moderate Y=3
(4) 

Strong Y=4
(5) 

Extreme Y=5

Cognition −0.050*** 
(0.138)

−0.085*** 
(0.020)

−0.017*** 
(0.005)

0.045*** 
(0.013)

0.106*** (0.025)

Risk perception 0.019 
(0.014)

0.032 
(0.024)

0.006 
(0.005)

−0.017 
(0.013)

−0.040 
(0.030)

Value-oriented −0.019* 
(0.010)

−0.032** 
(0.016)

−0.007* 
(0.003)

0.017** 
(0.009)

0.041** 
(0.020)

Social trust −0.097*** 
(0.033)

−0.164*** 
(0.050)

0.033*** 
(0.012)

0.088*** 
(0.029)

0.205*** 
(0.064)

Risk perception× 
Social trust

−0.034** 
(0.016)

−0.057** 
(0.026)

−0.011** 
(0.006)

0.031** 
(0.014)

0.071** 
(0.032)

Controls YES YES YES YES YES
N 426

*p < .1; **p < .05; ***p < .01; The numbers in parentheses indicate standard errors; Controls refers to other control variables such as the age 
of the household head.

Table 6. Group differences in the impact of farmers’ cognition on their willingness to plant GM crops.

Variables

Participation Group Control Group

SUEST(1) Coefficient (2) OR (3) Coefficient (4) OR

Cognition 0.910***(0.263) 2.484***(0.654) 0.541**(0.218) 1.718**(0.375) 0.99[0.032]
Risk perception −0.048(0.233) 0.953(0.222) 0.058(0.192) 1.059(0.203) 0.13[0.723]
Value-oriented 0.422**(0.187) 1.526**(0.285) 0.106(0.200) 1.112(0.222) 1.03[0.310]
Social trust 0.345*(0.200) 1.708*(0.142) 0.572***(0.167) 1.565***(0.094) 0.61[0.043]
Controls YES YES YES YES /
N 196 230 /

The participant group refers to the sample farmers who participated in the 2022 GM pilot project; the control group refers to the sample farmers who 
did not participate in the 2022 GM pilot project; Controls refers to other control variables such as the age of the head of household; *p < .1; **p < .05; 
***p < .01; The numbers in parentheses indicate standard errors.
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4.3. Heterogeneity Analysis

Experience with planting GM crops amplifies the 
impact of farmers’ cognition on the adoption of 
GM technology. As shown in columns (1) and (3) 
of Table 6, the estimated coefficients for farmers’ 
cognition are significantly positive at the 1% and 
5% levels, indicating that farmers’ cognition posi
tively influences their willingness to plant GM 
insect-resistant maize varieties, regardless of 
whether they participated in the 2022 GM pilot 
project. Specifically, the inter-group difference in 
coefficients is significant (p < .05), suggesting that 
the impact of cognition on planting willingness is 
stronger for farmers in the participation group 
(0.91 > 0.54) compared to those in the nonpartici
pation group. In other words, experience with 
planting GM crops strengthens the influence of 
cognitive levels on the intention to plant GM 
maize varieties.

Value orientation has a more significant impact 
on the planting willingness of farmers with GM 
crop planting experience. As shown in the results 
of column (1) in Table 6, the estimated coefficient 
for value orientation is significantly positive (β =  
0.42), meaning that, when other variables are held 
constant, for each unit increase in self-oriented 
value orientation, the impact on farmers’ willing
ness to plant GM insect-resistant maize increases 
by 52.6%. However, as indicated by the estimated 
results in column (3), the coefficient for value 
orientation is not statistically significant, meaning 
that value orientation does not affect the planting 
willingness of farmers who did not participate in 
the 2022 GM pilot project.

The experience of planting genetically modified 
crops reduces the impact of social trust on farmers’ 
adoption of GM technology. As shown in columns 
(1) and (3) of Table 6, the estimated coefficients for 
social trust are significantly positive, indicating that 
social trust positively influences farmers’ willingness 
to plant GM insect-resistant maize varieties, regard
less of whether they participated in the 2022 GM 
pilot project. Additionally, the difference in coeffi
cients between the participation and nonparticipa
tion groups is significant (p < .05), suggesting that 
social trust has a greater influence on the planting 
intention of farmers in the nonparticipation group 
(0.57) compared to those in the participation group 

(0.35). In other words, experience with planting GM 
crops reduces the role of social trust in influencing 
the intention to plant GM maize varieties.

Moreover, the model estimation results indicate 
that risk perception does not have a significant 
impact on the willingness to plant GM crops, 
regardless of whether farmers participated in the 
2022 GM pilot project.

4.4. Robustness Test

Table 7 presents the results of the robustness check 
for the alternative dependent variable and model. 
The results show that farmers’ cognition positively 
influences the willingness to plant GM insect- 
resistant maize varieties at a 1% significance level. 
Specifically, when other explanatory variables 
remain constant, each one-unit increase in farmers’ 
cognition level corresponds to a 0.14-unit increase 
in the likelihood of adopting GM crops. The esti
mated coefficient for value orientation is positive at 
a 5% significance level (β = 0.31), indicating that 
farmers’ value orientation is positively correlated 
with their willingness to adopt GM technology. In 
other words, the stronger the self-directed value 
orientation, the higher the likelihood of adopting 
GM crops. The regression coefficient for social 
trust is positive, suggesting that social trust signifi
cantly positively influences farmers’ intention to 
plant GM insect-resistant maize. Specifically, for 
each unit increase in social trust, the likelihood of 
planting GM crops increases by 9.0%. The esti
mated coefficient for risk perception is not statisti
cally significant. Additionally, the significance and 
direction of other control variables are consistent 
with those in the baseline regression model.

In conclusion, the results from the binary Logit 
model estimation are consistent with those from 

Table 7. Robustness test results.
(1) Logit (2) Marginal Effect

Cognition 0.618***(0.192) 0.136***(0.040)
Risk perception −0.025(0.169) −0.006(0.037)
Value-oriented 0.305**(0.151) 0.067**(0.033)
Social trust 0.406***(0.140) 0.090***(0.030)
Controls YES YES
N 426 

230

*p < .1; **p < .05; ***p < .01; The numbers in parentheses indicate standard 
errors; Controls represents other control variables such as the age of the 
household head.
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the baseline regression model, confirming that the 
baseline model’s results are robust and further 
supporting the research hypotheses (H1–H4) in 
this paper.

5. Discussion

In the context of the severe threat posed by the fall 
armyworm to China’s maize industry, planting 
genetically modified insect-resistant maize varieties 
has become one of the key strategies for the green 
control of the pest. However, the differences in 
research on the cognition and acceptance of GM 
crops can have complex implications for national 
decision-making. The baseline regression model of 
this study confirms that farmers with more positive 
cognition toward GM crops are more likely to 
adopt GM insect-resistant maize varieties. This 
finding is consistent with the conclusions of pre
vious studies by Ghasemi et al.,47 Rabbanee et al.,48 

Ali et al. (2016), and Zhang.32 When farmers 
believe that planting GM crops can reduce produc
tion costs or increase food yield, they are more 
likely to choose GM varieties.37,85 In practice, due 
to the widespread infestation of fall armyworms in 
Southwest China,79 farmers with a higher level of 
cognition regarding the insect-resistant traits of 
GM crops tend to adopt such varieties to mitigate 
pest-related losses.

This study finds a significant positive correlation 
between farmers’ level of social trust and their will
ingness to adopt GM maize, which aligns closely 
with earlier findings by Zhou,75 Feng et al.,76 and 
Dai and Wang.78 A deeper examination of the 
underlying mechanism reveals that, in the context 
of agricultural production in Southwest China, GM 
technology – an emerging agricultural innovation – 
often encounters challenges related to limited 
farmer awareness and a lack of trust during the 
early stages of dissemination.74 Against this back
drop, farmers’ decisions regarding adopting GM 
crops are primarily shaped by the structure of 
social networks and the channels through which 
information is disseminated.83 Government agen
cies serve as key nodes in rural social networks as 
policymakers and promoters, family members as 
sources of emotional and experiential support, and 
agricultural extension agents as providers of tech
nical guidance. These actors convey information 

about GM technology through routine interactions 
and training programs and influence farmers’ atti
tudes and acceptance through demonstration 
effects and word-of-mouth communication.

Social interactions based on social trust also play 
a significant role in adopting GM insect-resistant 
maize. Prior research has indicated that the adop
tion of GM technology among farmers often occurs 
through neighborly communication, observation, 
and imitation.40 This diffusion model, rooted in 
social networks, fundamentally depends on 
a foundation of interpersonal trust among farmers. 
Therefore, the greater the trust farmers place in key 
actors – such as government authorities, relatives, 
and agricultural extension agents – the more acces
sible the channels they receive information on GM 
technology. In turn, this enhances their under
standing of the potential benefits and risks of the 
technology and increases the likelihood of adopting 
GM insect-resistant maize varieties.

Moreover, the effect of risk perception on plant
ing preferences varies significantly among farmer 
groups with different levels of social trust. Among 
farmers with a higher degree of social trust, risk 
perception plays a positive moderating role in their 
adoption decisions. This finding is consistent with 
the results of Ghasemi et al.,55 Kim,56 and Angulo 
and Gil,54 all of which confirmed that risk percep
tion can positively influence farmers’ attitudes 
toward GM technology, thereby enhancing their 
willingness to adopt. This is mainly because when 
such farmers develop a strong awareness of agri
cultural risks – such as fall armyworm infestations – 
they tend to view GM insect-resistant maize as an 
effective risk mitigation strategy, supported by 
their trust in government agricultural policies, 
technical guidance from extension agents, and suc
cessful planting experiences of relatives and peers. 
In contrast, farmers with lower levels of social trust, 
even when perceiving the threat of pests and dis
eases, often remain skeptical about the safety and 
reliability of GM technology due to a lack of trust 
in external actors. As a result, their perceived risk 
fails to translate into actual adoption behavior. 
Furthermore, some studies have confirmed that 
risk perception can directly reduce the acceptance 
of GM technology.58,59,61 This is primarily because 
some farmers are concerned that GM crop cultiva
tion may damage the ecological environment60 and 

392 Y. HUANG ET AL.



threaten intergenerational sustainability,57 thus 
diminishing their willingness to adopt.

This study also finds that farmers with egoistic 
value orientations are more inclined to adopt GM 
insect-resistant maize. This result aligns with our 
research expectations, suggesting that self-oriented 
values are a key factor influencing farmers’ adop
tion of GM technology.70–72 One possible explana
tion is rooted in the notion that all human behavior 
is inherently self-interested.69 However, this find
ing stands in contrast to the ethical decision- 
making perspective that emphasizes the public 
good,86 which argues that farmers who prioritize 
public interest and ecological ethics tend to reject 
GM crops, primarily due to their concerns for 
collective welfare and adherence to moral norms.

Finally, this study reveals significant group het
erogeneity in the factors influencing farmers’ will
ingness to adopt GM crops. The results indicate 
that prior GM planting experience significantly 
strengthens the positive effect of cognition on tech
nology adoption, which may be attributed to the 
knowledge dissemination and technical support 
provided as part of the 2022 government pilot 
program.79 The heterogeneity analysis further 
shows that egoistic value orientation has a more 
pronounced effect on adoption willingness among 
experienced farmers. This is primarily because, 
under the threat of severe maize yield losses caused 
by fall armyworms in Southwest China, the pri
mary motivation for participating in the pilot pro
gram was to mitigate economic losses through 
pest-resistant GM technology. Moreover, as plant
ing experience accumulates, cognition’s influence 
becomes increasingly prominent, while social 
trust’s role diminishes. This suggests a dynamic 
substitution effect between cognition and trust, 
wherein direct production experience gradually 
reduces farmers’ reliance on external information 
sources.

6. Conclusion

As one of the key provinces in Southwest China’s 
maize production belt, Yunnan serves as a critical 
frontline in combating the invasion of the fall 
armyworm, offering significant potential for the 
application of genetically modified technology. 
Based on household survey data collected in 2023 

from Pu’er city in Yunnan Province, this study 
investigates the factors influencing farmers’ will
ingness to adopt GM insect-resistant maize in 
pilot areas. The results of the econometric model 
indicate that farmers’ cognition, risk perception, 
value orientation, and social trust are the primary 
drivers of GM crop adoption decisions. 
Heterogeneity analysis, conducted based on farm
ers’ participation in the pilot projects, reveals that 
GM crop planting experience moderates the influ
ence of cognition and social trust on the adoption 
of GM technology, while value orientation plays 
a more pronounced role among farmers with 
prior GM crop planting experience.

Based on the findings above, the following 
recommendations are proposed: First, strengthen 
knowledge dissemination on GM technology to 
enhance farmers’ scientific literacy. Positive percep
tions of GM insect-resistant maize can increase 
farmers’ willingness to adopt it, underscoring the 
importance of knowledge. Education and training 
are critical avenues for knowledge dissemination, 
and relevant educational resources and media plat
forms should be fully utilized to provide training on 
GM technology, increasing farmers’ understanding 
and improving their cognition of GM crops. Second, 
build institutional trust and facilitate effective multi- 
stakeholder communication mechanisms. Social 
forces should be mobilized to actively participate 
in building institutional trust. The government 
should encourage experienced farmers to adopt 
GM maize to alleviate concerns among other farm
ers and enhance trust in government efforts. Experts 
should address farmers’ questions using simple and 
accessible language, enabling them to trust expert 
systems and make informed production decisions 
based on expert advice. The media should ensure 
fair, accurate, and objective reporting, allowing 
farmers to independently make value judgments. 
Third, provide risk management training to farmers 
to foster accurate risk perception. Necessary risk 
management training should be provided to guide 
farmers in correctly perceiving risks, helping them 
make informed decisions and adopt GM technology 
more confidently.

This study, grounded in the context of the fall 
armyworm invasion, examines farmers’ willingness 
to adopt GM insect-resistant maize in Southwest 
China. It enriches the theoretical understanding of 
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agricultural technology adoption by demonstrating 
the relevance of the threat perception – technolo
gical response behavioral mechanism to the pro
motion of GM crops. It also broadens the 
application of value orientation theory by high
lighting the strengthening effect of egoistic motiva
tion on technology adoption under crisis 
conditions. The findings provide empirical evi
dence to support governmental agencies’ develop
ment of differentiated promotion strategies for GM 
technology. However, several limitations remain. 
First, the study relies exclusively on data from 
Yunnan Province, which may not adequately 
represent other major maize-producing regions in 
China. The external validity of the findings should 
be further tested across different scales of farming 
operations (e.g., cooperatives, family farms), 
diverse agroecological zones (e.g., Northeast 
China, Huang-Huai-Hai region), and multiple 
years (longitudinal tracking). Second, although 
the study incorporates measurements of cognition, 
risk perception, social trust, and value orientation, 
the comprehensiveness and precision of certain 
indicators warrant further exploration and refine
ment in future research.

Acknowledgments

We sincerely thank all participants for their valuable time 
spent on this study and also thank the researchers and stu
dents who worked hard to collect data.

Author contributions

CRediT: Yanfang Huang: Conceptualization, Data curation, 
Formal analysis, Methodology, Software, Writing – original 
draft, Writing – review & editing; Minglong Zhang: Data 
curation, Formal analysis, Methodology, Writing – original 
draft, Writing – review & editing; Xiangping Jia: 
Conceptualization, Data curation, Funding acquisition, 
Project administration, Supervision, Writing – review & edit
ing; Fengying Nie: Conceptualization, Methodology, 
Resources, Supervision, Validation; Xianming Yang: 
Conceptualization, Data curation, Resources, Supervision; 
Kongming Wu: Conceptualization, Data curation, Funding 
acquisition, Project administration, Resources, Supervision, 
Validation, Writing – review & editing.

Disclosure Statement

No potential conflict of interest was reported by the author(s).

Funding

This work was supported by the National Key R&D Program 
of China under Grant [2023YFE0105000]. The funders had no 
role in the study design; in the collection, analyses, or inter
pretation of data; in the writing of the manuscript; or in the 
decision to publish the results.

Data Availability Statement

If justified, readers can access the data via: huangyanfang01@
caas.cn.

References

1. Prasanna BM, Huesing JE, Eddy R, Peschke VM, Eds. 
Fall armyworm in Africa: a guide for integrated pest 
management. El Batán, Mexico: CIMMYT; 2018.

2. Rwomushana I. Spodoptera frugiperda (fall army
worm). Invasive Species Compendium [Internet]. 
Wallingford, UK: CABI International. 2019. doi: 10. 
1079/cabicompendium.29810  .

3. Fan ZC. Impacts of the invasion of the grass-craving 
nightshade moth on the occurrence and control of 
maize pests in the border areas of Southwest China 
[Doctoral dissertation]. Chinese Academy of 
Agricultural Sciences]; 2022.

4. FAO & CABI. Community-based fall armyworm 
(Spodoptera frugiperda) monitoring, early warning 
and management: training of trainers manual. 1st ed. 
FAO, CABI; 2019. https://www.cabi.org/wp-content 
/uploads/ToT-manual.pdf .

5. Guo JF, Zhang YJ, Wang ZY. Major advances in 
China’s response to the invasion of the grassland night
shade moth. Plant Protect. 2022;48(4): 79–87.

6. Sun XX, Hu CX, Jia HR, Wu QL, Shen XJ, Zhao SY, 
Jiang YY, Wu KM. Case study on the first immigration 
of fall armyworm, Spodoptera frugiperda, invading into 
China. J Intgr Agric. 2021;20(3):664–72. doi: 10.1016/ 
S2095-3119(19)62839-X  .

7. Qin YJ, Yang DC, Kang DL, Zhao ZH, Yang PY, Li ZH. 
Potential economic loss assessment of maize industry 
caused by fall armyworm (Spodoptera frugiperda) in 
China. Plant Protect. 2020;46(1):69–73.

8. Okuma DM, Bernardi D, Horikoshi RJ, Bernardi O, 
Silva AP, Omoto C. Inheritance and fitness costs of 
Spodoptera frugiperda (Lepidoptera: Noctuidae) resis
tance to spinosad in Brazil. Pest Manag Sci. 2018;74 
(6):1441–48. doi: 10.1002/ps.4829  .

9. Liu B, Li ZH, Guo SK. An overview of the invasion 
mechanism of the grassland noctuid moth. J Plant Prot 
Res. 2022;49(5):1313–28. doi: 10.13802/j.cnki.zwbhxb. 
2022.2022840  .

10. Chen HL, Zhang XL, Xu X, Yu SW, Wang XG. Field 
efficacy tests of several insecticides for the control of the 

394 Y. HUANG ET AL.

https://doi.org/10.1079/cabicompendium.29810
https://doi.org/10.1079/cabicompendium.29810
https://www.cabi.org/wp-content/uploads/ToT-manual.pdf
https://www.cabi.org/wp-content/uploads/ToT-manual.pdf
https://doi.org/10.1016/S2095-3119(19)62839-X
https://doi.org/10.1016/S2095-3119(19)62839-X
https://doi.org/10.1002/ps.4829
https://doi.org/10.13802/j.cnki.zwbhxb.2022.2022840
https://doi.org/10.13802/j.cnki.zwbhxb.2022.2022840


grass moth, Phytophthora nocturnalis. Sichuan Agric 
Sci Technol. 2024;1:42–45.

11. Zhang ZW, Cheng W, Chang WC, Chen X. Current 
status of registration and application of pesticides for 
controlling Spodoptera frugiperda in the United States 
(I): conventional pesticides. World Pestic. 2021;43 
(7):18–24, 37.

12. Deshmukh SS, Kalleshwaraswamy CM, Prasanna BM, 
Sannathimmappa HG, Kavyashree BA, Sharath KN, 
Patil KKR. Economic analysis of pesticide expenditure 
for managing the invasive fall armyworm. Spodoptera 
frugiperda (J. E. Smith), by maize farmers in Karnataka, 
India. Current Science. 2021;121(11):1483–87. doi: 10. 
18520/cs/v121/i11/1487-1492  .

13. Fan ZZ, Song YF, Zhao SY, Wu KM. Invasion of fall 
armyworm led to the succession of maize pests in 
Southwest China. J Intgr Agric. 2024;23(4):1300–14. 
doi: 10.1016/j.jia.2023.09.016  .

14. Van J, Du Plessis H, Reisig D. Chemical control and 
insecticide resistance in Spodoptera frugiperda 
(Lepidoptera: Noctuidae). J Econ Entomol. 2022;115 
(6):1761–71. doi: 10.1093/jee/toac108  .

15. Jia WZ. Resistance of Bt-transgenic rice and maize to 
the noctuid moth [Doctoral dissertation]. Sichuan 
Agricultural University]; 2023.

16. Wu KM. Prevention and control strategies of the grass
land noctuid moth in China. Plant Protect. 2022;10:1–8.

17. Pechan T, Jiang B, Steckler D, Wolf C. Characterization 
of three distinct cDNA clones encoding cysteine protei
nases from maize (Zea mays L.) callus. Plant Mol Biol. 
1999;40(1):111–19. doi: 10.1023/A:1026494813936  .

18. Zhang DD, Wu KM. Determination of resistance of 
domestic bt-Cry1Ab and bt-(Cry1Ab+Vip3Aa) maize 
to the meadow vitex moth. Plant Protect. 2020;45 
(4):54–60.

19. Tabashnik BE, Fabrick JA, Carrière Y, Wu Y. Global 
patterns of insect resistance to transgenic bt crops: the 
first 25 years. J Econ Entomol. 2023;116(2):297–309. 
doi: 10.1093/jee/toac183  .

20. Lamsal S, Sibi S, Yadav S. Fall armyworm in South Asia: 
threats and management. Asian J Adv Agric Res. 
2020;13(3):21–34. doi: 10.9734/ajaar/2020/v13i330106  .

21. Xu R, Wu Y, Luan J. Analysis of farmers’ willingness to 
adopt genetically modified insect-resistant rice in 
China. China Agric Econ Rev. 2016;8(3):368–82. doi:  
10.1108/CAER-08-2015-0102  .

22. Lu Q, Sun J. A study on the impact of farmers’ percep
tions about genetically modified crops on planting 
intentions. J China Agric Univ. 2014;19(3):34–42. doi:  
10.11841/j.issn.1007-4333.2014.03.05  .

23. Xin M. Consumers’ awareness level and willingness to 
accept genetically modified food: a case study of Henan 
Province. China Soft Sci. 2017;9:9–17. doi: 10.3969/j. 
issn.1002-9753.2017.09.007  .

24. Chianu JN, Tsujii H. Determinants of farmers’ decision 
to adopt or not adopt inorganic fertilizer in the 

savannas of northern Nigeria. Nutrient Cycling 
Agroecosyt. 2004;70:293–301. doi: 10.1007/s10705- 
005-0715-7  .

25. Wang YQ, Xue DY. Survey and analysis of consumers’ 
attitudes towards genetically modified foods. Environ 
Protect. 2005;3:46–51.

26. Zhao S, Yang X, Yang X, Song Y, Wang W, Wu K. Field 
control effects of 8 pesticides on Spodoptera frugiperda. 
Plant Protect. 2019;45(4):74–78.

27. Finucane ML, Holup JL. Psychosocial and cultural fac
tors affecting the perceived risk of genetically modified 
food: an overview of the literature. Soc Sci Med. 2005;60 
(7):1603–12. doi: 10.1016/j.socscimed.2004.08.007  .

28. Goyal P, Gurtoo S. Factors influencing public percep
tion: genetically modified organisms. GMO Biosaf Res. 
2011;2(1):1–11. doi: 10.5376/gmo.2011.02.0001  .

29. Lai Y, Hong Z, Zhu Y. Impact of government informa
tion dissemination on consumers’ perception of geneti
cally modified foods and countermeasures. Taiwan 
Agric Exploration. 2012;2:74–78.

30. Qi ZH, Zhou H. An empirical analysis of consumers’ 
perception of genetically modified foods: the case of 
Wuhan. China Rural Monit. 2010;6:35–42.

31. Tang YJ. Cognition, evaluation, attitude, willingness 
survey, and scientific popularization of genetically 
modified crops. Anhui Agric Sci. 2015;43(14):388–92.

32. Zhang H. Effects of trust in government and cognition 
on farmers’ willingness to plant transgenic rice. J Anhui 
Agric Sci. 2015;43(24):300–1, 314. doi: 10.13989/j.cnki. 
0517-6611.2015.24.246  .

33. Li Y, Sun J. An empirical study of farmers’ awareness of 
genetically modified rice and its influencing factors in 
Wuhan. Tianjin Agric Sci. 2013;19(6):7–12. doi: 10. 
3969/j.issn.1006-6500.2013.06.008  .

34. Xu JP, Yan ZY. Farmers’ perception of genetically mod
ified technology and potential willingness to produce 
genetically modified staple grains: an analysis of grain 
farmers in Hubei. China Sci Technol Forum. 
2010;11:142–48.

35. Zhu SY. Study on rice farmers’ knowledge, planting 
intention, and influencing factors of genetically mod
ified rice: an empirical analysis based on rice farmers in 
Huai’an City, Jiangsu Province. Sci Technology 
Management Research. 2011;21:211–14.

36. Mill JS. Essays on some unsettled questions of political 
economy. ProQuest Ebook Central; 2011. https://ebook 
central.proquest.com .

37. Wang CW, Wang ST, Wang YD. An empirical analysis 
of the impact of farmers’ willingness to purchase geneti
cally modified food on their willingness to plant geneti
cally modified agricultural products. J Educ Chang 
Guangxi University Of Finance And Economics. 
2021;34(3):13–22.

38. Slovic P, Fischhoff B, Lichtenstein S. Behavioral deci
sion theory. Ann Rev Psychol Psychology. 1977;28 
(1):1–39. doi: 10.1146/annurev.ps.28.020177.000245  .

GM CROPS & FOOD 395

https://doi.org/10.18520/cs/v121/i11/1487-1492
https://doi.org/10.18520/cs/v121/i11/1487-1492
https://doi.org/10.1016/j.jia.2023.09.016
https://doi.org/10.1093/jee/toac108
https://doi.org/10.1023/A:1026494813936
https://doi.org/10.1093/jee/toac183
https://doi.org/10.9734/ajaar/2020/v13i330106
https://doi.org/10.1108/CAER-08-2015-0102
https://doi.org/10.1108/CAER-08-2015-0102
https://doi.org/10.11841/j.issn.1007-4333.2014.03.05
https://doi.org/10.11841/j.issn.1007-4333.2014.03.05
https://doi.org/10.3969/j.issn.1002-9753.2017.09.007
https://doi.org/10.3969/j.issn.1002-9753.2017.09.007
https://doi.org/10.1007/s10705-005-0715-7
https://doi.org/10.1007/s10705-005-0715-7
https://doi.org/10.1016/j.socscimed.2004.08.007
https://doi.org/10.5376/gmo.2011.02.0001
https://doi.org/10.13989/j.cnki.0517-6611.2015.24.246
https://doi.org/10.13989/j.cnki.0517-6611.2015.24.246
https://doi.org/10.3969/j.issn.1006-6500.2013.06.008
https://doi.org/10.3969/j.issn.1006-6500.2013.06.008
https://ebookcentral.proquest.com
https://ebookcentral.proquest.com
https://doi.org/10.1146/annurev.ps.28.020177.000245


39. Yuriev A, Dahmen M, Paillé P, Boiral O, Guillaumie L. 
Pro-environmental behaviors through the lens of the 
theory of planned behavior: a scoping review. Resour 
Conserv Recy. 2020;155:104660. doi: 10.1016/j.rescon 
rec.2019.104660  .

40. Chu CB, Li P. An empirical study on farmers’ percep
tion and adoption behavior of GMO technology: taking 
planting GM bt insect-resistant cotton as an example. 
Caijing Lunshu. 2013;29(1):83–87.

41. Zhang M, Huang Y, Zhang Y, Nie F, Jia X. Farmers’ 
adoption of agricultural nature-based solutions in 
Northeast China: an extended theory of planned beha
vior approach. Agric. 2024;14(9):1650. doi: 10.3390/ 
agriculture14091650  .

42. De Groot JI, Steg L. Mean or green: which values can 
promote stable pro-environmental behavior? Conserv 
Lett. 2009;2(2):61–66. doi: 10.1111/j.1755-263X.2009. 
00048.x  .

43. Vermeir I, Verbeke W. Sustainable food consumption 
among young adults in Belgium: theory of planned 
behaviour and the role of confidence and values. Ecol 
Econ. 2008;64(3):542–53. doi: 10.1016/j.ecolecon.2007. 
03.007  .

44. Läpple D, Kelley H. Understanding the uptake of 
organic farming: accounting for heterogeneities 
among Irish farmers. Ecol Econ. 2013;88:11–19. doi:  
10.1016/j.ecolecon.2012.12.025  .

45. Warner KE. The need for some innovative concepts of 
innovation: an examination of research on the diffusion 
of innovations. Policy Sci. 1974;5(4):433–51. doi: 10. 
1007/BF00147229  .

46. Ghanian M, Ghoochani OM, Kitterlin M, 
Jahangiry S, Zarafshani K, Van Passel S, Azadi H. 
Attitudes of agricultural experts toward genetically 
modified crops: a case study in southwest Iran. Sci 
Eng Ethics. 2016;22(2):509–24. doi: 10.1007/s11948- 
015-9653-1  .

47. Ghasemi S, Karami E, Azadi H. Knowledge, attitudes, 
and behavioral intentions of agricultural professionals 
toward genetically modified (GM) foods: a case study in 
southwest Iran. Sci Eng Ethics. 2013;19(3):1201–27. 
doi: 10.1007/s11948-012-9383-6  .

48. Rabbanee FK, Roy R, Spence MT. Factors affecting 
consumer engagement on online social networks: 
self-congruity, brand attachment, and self-extension 
tendency. Eur J Mark. 2020;54(6):1407–31. doi: 10. 
1108/EJM-03-2018-0221  .

49. Areal FJ, Riesgo L, Rodríguez-Cerezo E. Attitudes of 
European farmers towards GM crop adoption. Plant 
Biotechnol J. 2011;9(9):945–57. doi: 10.1111/j.1467- 
7652.2011.00651.x  .

50. Consmüller N, Beckmann V, Petrick M. An econo
metric analysis of regional adoption patterns of bt 
maize in Germany. Agric Econ. 2010;41(3–4):275–84. 
doi: 10.1111/j.1574-0862.2010.00439.x  .

51. Hall C. Identifying farmer attitudes towards genetically 
modified (GM) crops in Scotland: are they pro- or 

anti-GM? Geoforum. 2008;39(1):204–12. doi: 10.1016/ 
j.geoforum.2007.06.003  .

52. Finger R, Hartmann M, Feitknecht M. Adoption pat
terns of herbicide-tolerant soybeans in Argentina. 
AgBioforum. 2009;12(3–4):404–11. doi: 10.3929/ethz- 
b-000159378  .

53. Ali A, Rahut DB, Imtiaz M. Acceptability of GM foods 
among Pakistani consumers. GM Crops & Food. 2016;7 
(2):117–24. doi: 10.1080/21645698.2016.1211216  .

54. Angulo AM, Gil JM. Spanish consumers’ attitudes and 
acceptability towards GM food products. Agric Econ 
Review. 2007;8(1):50–63. doi: 10.22004/ag.econ.42142  .

55. Ghasemi S, Ahmadvand M, Karami E, Karami A. Social 
risk perceptions of genetically modified foods of engi
neers in training: application of a comprehensive risk 
model. Sci Eng Ethics. 2020;26(2):641–65. doi: 10.1007/ 
s11948-019-00110-6  .

56. Kim RB. Consumer attitude of risk and benefits toward 
genetically modified (GM) foods in South Korea: impli
cations for food policy. Eng Econ. 2012;23(2):189–99. 
doi: 10.5755/j01.ee.23.2.1548  .

57. Hall C. Genetically modified foods and risks: percep
tions of risks [Doctoral dissertation]. The University of 
Edinburgh]; 2010.

58. Balzekiene A, Telesiene A, Butkeviciene E. Food risk 
perceptions and purchasing behaviour in Lithuania: 
towards a culture of fear? CJSSP. 2014;5(1):61–88. doi:  
10.14267/cjssp.2014.01.03  .

59. Poortinga W, Pidgeon N. Public perceptions of risk, 
science and governance: main findings of a British sur
vey on five risk cases. Technical report. Centre for 
Environmental Risk; 2003. http://www.psych.cf.ac.uk/ 
understandingrisk/docs/survey2002.pdf .

60. Song XJ, Research on farmers’ willingness, benefits and 
risks of planting genetically modified soybean [Doctoral 
dissertation]. Northeast Agricultural University]; 2016. 
doi: 10.27162/d.cnki.gdnbu.2016.103481  .

61. Siegrist M, Keller C, Kiers H. Lay people’s perception of 
food hazards: comparing aggregated data and indivi
dual data. Appetite. 2006;47(3):324–32. doi: 10.1016/j. 
appet.2006.05.012  .

62. Stern PC. New environmental theories: toward 
a coherent theory of environmentally significant 
behavior. J Soc Issues. 2000;56(3):407–24. doi: 10. 
1111/0022-4537.00175  .

63. Stern PC, Dietz T. The value basis of environmental 
concern. J Soc Issues. 1994;50(3):65–84. doi: 10.1111/j. 
1540-4560.1994.tb02420.x  .

64. Gärling T, Fujii S, Gärling A, Jakobsson C. Moderating 
effects of social value orientation on determinants of 
pro-environmental behavior intention. J Environ 
Psychol. 2003;23(1):1–9. doi: 10.1016/S0272-4944(02) 
00081-6  .

65. Joireman JA, Lasane TP, Bennett J, Richards D, 
Solaimani S. Integrating social value orientation and 
the consideration of future consequences within the 
extended norm activation model of pro-environmental 

396 Y. HUANG ET AL.

https://doi.org/10.1016/j.resconrec.2019.104660
https://doi.org/10.1016/j.resconrec.2019.104660
https://doi.org/10.3390/agriculture14091650
https://doi.org/10.3390/agriculture14091650
https://doi.org/10.1111/j.1755-263X.2009.00048.x
https://doi.org/10.1111/j.1755-263X.2009.00048.x
https://doi.org/10.1016/j.ecolecon.2007.03.007
https://doi.org/10.1016/j.ecolecon.2007.03.007
https://doi.org/10.1016/j.ecolecon.2012.12.025
https://doi.org/10.1016/j.ecolecon.2012.12.025
https://doi.org/10.1007/BF00147229
https://doi.org/10.1007/BF00147229
https://doi.org/10.1007/s11948-015-9653-1
https://doi.org/10.1007/s11948-015-9653-1
https://doi.org/10.1007/s11948-012-9383-6
https://doi.org/10.1108/EJM-03-2018-0221
https://doi.org/10.1108/EJM-03-2018-0221
https://doi.org/10.1111/j.1467-7652.2011.00651.x
https://doi.org/10.1111/j.1467-7652.2011.00651.x
https://doi.org/10.1111/j.1574-0862.2010.00439.x
https://doi.org/10.1016/j.geoforum.2007.06.003
https://doi.org/10.1016/j.geoforum.2007.06.003
https://doi.org/10.3929/ethz-b-000159378
https://doi.org/10.3929/ethz-b-000159378
https://doi.org/10.1080/21645698.2016.1211216
https://doi.org/10.22004/ag.econ.42142
https://doi.org/10.1007/s11948-019-00110-6
https://doi.org/10.1007/s11948-019-00110-6
https://doi.org/10.5755/j01.ee.23.2.1548
https://doi.org/10.14267/cjssp.2014.01.03
https://doi.org/10.14267/cjssp.2014.01.03
http://www.psych.cf.ac.uk/understandingrisk/docs/survey2002.pdf
http://www.psych.cf.ac.uk/understandingrisk/docs/survey2002.pdf
https://doi.org/10.27162/d.cnki.gdnbu.2016.103481
https://doi.org/10.1016/j.appet.2006.05.012
https://doi.org/10.1016/j.appet.2006.05.012
https://doi.org/10.1111/0022-4537.00175
https://doi.org/10.1111/0022-4537.00175
https://doi.org/10.1111/j.1540-4560.1994.tb02420.x
https://doi.org/10.1111/j.1540-4560.1994.tb02420.x
https://doi.org/10.1016/S0272-4944(02)00081-6
https://doi.org/10.1016/S0272-4944(02)00081-6


behaviour. Br J Soc Psychol. 2001;40(1):133–55. doi: 10. 
1348/014466601164731  .

66. Kramer RM, McClintock CG, Messick DM. Social 
values and cooperative response to a simulated resource 
conservation crisis. J Personality. 1986;54(3):576–82. 
doi: 10.1111/j.1467-6494.1986.tb00413.x  .

67. Liebrand WB. The effect of social motives, communi
cation and group size on behaviour in an N-person 
multi-stage mixed-motive game. Eur J Soc Psychol. 
1984;14(3):239–64. doi: 10.1002/ejsp.2420140302  .

68. Parks CD. The predictive ability of social values in 
resource dilemmas and public goods games. Pers Soc 
Psychol Bull. 1994;20(4):431–38. doi: 10.1177/ 
0146167294204010  .

69. Feinberg J. Psychological egoism. In: LaFollette H, edi
tor. Ethical theory: an anthology. Hoboken (NJ): 
Blackwell Publishing; 2007. p. 167–77.

70. Marakas G, Johnson R, Clay PF. The evolving nature of 
the computer self-efficacy construct: an empirical 
investigation of measurement construction, validity, 
reliability and stability over time. J Assoc Inf Syst. 
2007;8(1):15–46. doi: 10.17705/1jais.00112  .

71. McGinty MM, Swisher ME, Alavalapati J. Agroforestry 
adoption and maintenance: self-efficacy, attitudes and 
socio-economic factors. Agrofor Syst. 2008;73 
(1):99–108. doi: 10.1007/s10457-008-9114-9  .

72. Sharifzadeh MS, Damalas CA, Abdollahzadeh G, 
Ahmadi-Gorgi H. Predicting adoption of biological 
control among Iranian rice farmers: an application of 
the extended technology acceptance model (TAM2). 
Crop Prot. 2017;96:88–96. doi: 10.1016/j.cropro.2017. 
01.014  .

73. Mayer RC, Davis JH, Schoorman FD. An integrative 
model of organizational trust. Acad Manage Rev. 
1995;20(3):709–34. doi: 10.2307/258792  .

74. Fang LJ. The formation process of institutional trust: 
taking the new rural cooperative medical system as an 
example. Sociol Res. 2009;2:130–48.

75. Zhou H. Study on public perception of genetically 
modified foods [master’s thesis]. Huazhong 
Agricultural University; 2012. doi: 10.27157/d.cnki. 
ghznu.2012.000003  .

76. Feng LX, Qi ZH, Zhou H, Liang FL. An empirical study 
on consumers’ purchase intention of genetically mod
ified foods: taking Chongqing Municipality as an exam
ple. J Appl Psychol Huazhong Agricultural University: 
Social Science Edition. 2012;2:6–12.

77. Ma SZ, Huang ZH. Farmers, government, and geneti
cally modified agricultural products: an analysis of 

farmers’ intention to plant genetically modified crops 
in China. China Rural Economy. 2003;4:34–40.

78. Dai YY, Wang K. Study on pear farmers’ willingness to 
plant pollution-free duck pears and their influencing 
factors: an empirical analysis based on pear farmers in 
Botou City, Hebei Province. J Appl Psychol Huazhong 
Agricultural University: Social Science Edition. 
2008;6:47–51.

79. Yang X, Wyckhuys KA, Jia X, Nie F, Wu K. Fall 
armyworm invasion heightens pesticide expenditure 
among Chinese smallholder farmers. J Environ 
Manag. 2021;282:111949. doi: 10.1016/j.jenvman. 
2021.111949  .

80. Joshi A, Kale S, Chandel S, Pal DK. Likert scale: 
explored and explained. Br J Appl Sci Technol. 2015;7 
(4):396–403. doi: 10.9734/BJAST/2015/14975  .

81. Chen MY, Ke XX, Jin Q, Li Z, Wang H. Willingness of 
rice farmers to plant genetically modified rice and the 
factors affecting it: a study based on Suizhou City, 
Hubei Province. China Food Nutr. 2013;19:22–26.

82. De Groot JIM, Steg L. Value orientations to explain 
beliefs related to environmentally significant behavior: 
how to measure egoistic, altruistic, and biospheric value 
orientations. Environ Behav. 2008;40(3):330–54. doi:  
10.1177/0013916506297831  .

83. Genius M, Koundouri P, Nauges C, Tzouvelekas V. 
Information transmission in irrigation technology 
adoption and diffusion: social learning, extension ser
vices, and spatial effects. Am J Agric Econ. 2014;96 
(1):328–44. doi: 10.1093/ajae/aat054  .

84. Ren Y, Feng H, Gao T. Risk cognition, social learning, 
and farmers’ adoption of conservation agriculture tech
nology. Agriculture. 2023;13(8):1644. doi: 10.3390/agri 
culture13081644  .

85. Mustapa MAC, Batcha MFN, Amin L, Arham AF, 
Mahadi Z, Yusoff NAM, Hussain WHW, Omar NA, 
Hussain WHW. Farmers’ attitudes towards GM crops 
and their predictors. J Sci Food Agric. 2021;101 
(13):5457–68. doi: 10.1002/jsfa.11194  .

86. Wang CW, Wang ST, Wang YD. An empirical ana
lysis of the impact of farmers’ willingness to pur
chase genetically modified food on their willingness 
to plant genetically modified agricultural products. J 
Educ Chang Guangxi Univ of Finance and Econ. 
2021;34(3):13–22.

87. Yang H, Lin ZJ, Peng MW. Behind acquisitions of 
alliance partners: exploratory learning and network 
embeddedness. Acad Manage J. 2011;54(5):1069–89. 
doi: 10.5465/amj.2007.0767.

GM CROPS & FOOD 397

https://doi.org/10.1348/014466601164731
https://doi.org/10.1348/014466601164731
https://doi.org/10.1111/j.1467-6494.1986.tb00413.x
https://doi.org/10.1002/ejsp.2420140302
https://doi.org/10.1177/0146167294204010
https://doi.org/10.1177/0146167294204010
https://doi.org/10.17705/1jais.00112
https://doi.org/10.1007/s10457-008-9114-9
https://doi.org/10.1016/j.cropro.2017.01.014
https://doi.org/10.1016/j.cropro.2017.01.014
https://doi.org/10.2307/258792
https://doi.org/10.27157/d.cnki.ghznu.2012.000003
https://doi.org/10.27157/d.cnki.ghznu.2012.000003
https://doi.org/10.1016/j.jenvman.2021.111949
https://doi.org/10.1016/j.jenvman.2021.111949
https://doi.org/10.9734/BJAST/2015/14975
https://doi.org/10.1177/0013916506297831
https://doi.org/10.1177/0013916506297831
https://doi.org/10.1093/ajae/aat054
https://doi.org/10.3390/agriculture13081644
https://doi.org/10.3390/agriculture13081644
https://doi.org/10.1002/jsfa.11194
https://doi.org/10.5465/amj.2007.0767

	Abstract
	1. Introduction
	2. Theoretical Framework and Research Hypotheses
	2.1. Theoretical Farmwork
	2.2. Research Hypotheses

	3. Data and Methods
	3.1. Data Source and Sample Description
	3.2. Variable Selection
	3.3. Model Settings
	3.4. Data Analysis

	4. Results
	4.1. Ordered Logit Model Regression
	4.2. Marginal Effect Analysis
	4.3. Heterogeneity Analysis
	4.4. Robustness Test

	5. Discussion
	6. Conclusion
	Acknowledgments
	Author contributions
	Disclosure Statement
	Funding
	Data Availability Statement
	References

