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ABSTRACT

Farmers’ adoption of green agricultural technologies (GATs) could reduce the
negative environmental impacts of traditional agriculture in China. Despite the
benefits of GATs, their adoption rate has not been high. While previous studies
have examined the information and communication technologies that influence
the adoption of GATs, most have selected only one of the GATs and have not
distinguished between public and private channels of knowledge acquisition. In
this paper, based on a sample of 732 rural households from Hubei Province, we
used a negative binomial model to examine the role of knowledge acquisition
channels on GATs adoption. Overall, we found that radio and the government
(through its face-to-face channels) are positively associated with farmers’ adoption
of GATs; however, farmers adopted more GATs when they had acquired
knowledge from the government than from radio. A possible explanation and a
policy implication is that direct communication with farmers and practical
demonstration of the benefits of GATs are preferred to passive reception of
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1. Introduction

The dominance of conventional farming since the
1960s has brought about not only yield increases
but generated also multiple problems. For example,
the overuse of chemical fertilizers and pesticides has
caused a soil productivity decline and large emissions
of greenhouse gases which led to climate change,
especially in developing countries (Hansen, Alrge, &
Kristensen, 2001; Antle & Diagana, 2003; FAO,
2017).! This also holds true for China in the “boosting”
stage of the country’s agricultural sector in the 1970s
- 1990s, characterized by high yields and efficiency,
mechanization and chemicalization, and serious
environmental pollution (Liu, 2023). The conse-
quences persist to date as documented, for

example, by the National Soil Pollution Status
Survey Bulletin released in 2014, according to which
the quality of arable soil in China is worrying -
16.1% of arable soil spots exceed the Chinese pol-
lution standard, mainly due to excessive use of chemi-
cal fertilizers and pesticides (Xie et al, 2019).
Therefore, under limited natural resources, the
traditional production methods are not conducive to
the long-term sustainable development of agriculture
in China.

To help solve this problem, China’s 14th Five-Year
Plan has emphasized the need to strengthen agricul-
tural environmental management and promote green
agricultural development. The main objectives of the
latter include more economical and efficient use of
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resources, cleaner production, more stable ecosys-
tems, and significantly improved green supply
capacity. Green production is the core of green
transformation in agriculture. Given the limited
carrying capacity of soil, promoting green production
in agriculture is expected to help China promote
sustainable development of agricultural systems and
achieve greenhouse gas emission reduction targets
in the sector (Zhang, Bai, Sun, Xu, & He, 2021).

The requirements of the China’s government for
green production in agriculture target water control,
land quality conservation and improvement, fertilizer
and pesticide reduction and efficiency enhancement,
non-point source pollution control, and the use of
waste (He et al., 2021). These have led to the develop-
ment of green agricultural technologies (GATs), that
is, technologies that could reduce pollution and
prevent resource destruction in agriculture (Barbosa
et al., 2015; Huisingh et al., 2015). Examples of avail-
able GATs in China include scientific use of pesticides,
straw returning, planting green manure, and livestock
and poultry manure resource use. Among them, straw
returning yields a double dividend, as it reduces air
pollution by not emitting CO, emissions from
burning the straw and increases the soil fertility of
the farmland. Green manure is designed to replace
chemical fertilizers, which can contribute to achieving
the goals of resource conservation (reduction in the
use of fertilizers) and environmental protection (elim-
ination of soil pollution) (Li et al., 2020).

Promoting GATs among farmers and enhancing
their adoption is also essential in achieving green
agricultural production. Information and knowledge
about GATs are generally diffused through
information and communication technologies (ICTs)
or face-to-face interaction. At present, there are
three main sources of face-to-face interactions that
raise awareness of GATs in China: government-
related organizations, enterprises, and individual
households. As there are different sources of
information about GATs, it might be difficult for
farmers to judge the effectiveness of implementing
individual GATs, especially when quantifiable
short-term benefits might not be obvious. This
could ultimately lead to low participation of
farmers in adopting GATs.

The objective of our study is, therefore, to
investigate the extent to which selected channels of
knowledge acquisition determine the number of
adopted GATs. More specifically, using the infor-
mation from a survey consisting of 732 households

carried out in Hubei province, China in 2021, we deter-
mine which GATs have been adopted most and what
spectrum of information channels the farmers used in
making their decision about adopting GATs. Knowing
which information factor(s) are most associated with
GATs' adoption can aid policymakers in promoting
information campaigns targeted at accelerating
green agricultural development.

A few studies have looked into whether every ICT
affects farmers’ GATs adoption (Coromaldi et al,
2015; Vasudevan, 2022; Zhao et al., 2021). Neverthe-
less, how ICTs affect the number of adopted GATs
by farmers remains to be verified. Our contribution
to the existing literature lies in investigating the
strength of the link between different channels
through which farmers learn about GATs and their
adoption. This approach also differs from the previous
studies that looked at how household or soil charac-
teristics determine whether or not a GAT will be
adopted. In addition, we study if the means of infor-
mation communication technologies are more
effective in affecting technology adoption than per-
sonal communication.

2. Literature review and conceptual
framework

2.1. Adoption of GATs

GATs aim to alleviate pollution, reduce resource input,
and improve agricultural productivity of farmers
(Dong, Yang, Yu, & Feng, 2018; Liu, Chen, & Li, 2019;
Li, Wang, Zhao, Chen, & Wu, 2020). They can be
adopted throughout the entire production process
(e.g. organic fertilizers, biological control of plant dis-
eases and pests), including preproduction (e.g. a new
plant variety), and postproduction stages (e.g. straw
recycling technology) (Wang, Wang, Liu, & Wu,
2020). The diffusion of these technologies provides
the foundation and guarantee of green agriculture
development (Bukchin & Kerret, 2018).

In recent vyears, developing countries have
attached great importance to the development of
GATs, which has promoted the creation of a green
environment (Rupani et al,, 2019). As a result of the
numerous sustainable benefits of green agriculture
technologies, many governments and organizations
have taken measures to promote their diffusion and
adoption. For instance, the World Vegetable Centre
has promoted various green technologies in Tanzania
through Africa RISING? and other initiatives (Ochieng



INTERNATIONAL JOURNAL OF AGRICULTURAL SUSTAINABILITY e 3

et al., 2021). African governments and donors have
developed policies and programmes related to input
subsidies, government-provided services, and the
establishment of input and commodity marketing
parastatals (Nin-Pratt & McBride, 2014).3

Even if measures related to promoting GATs adop-
tion are useful, there are different factors that deter-
mine their effectiveness (Chen et al., 2020). Scholars
have conducted many studies from different perspec-
tives to research the diffusion and adoption of GATs.
First, the impact of farmers’ individual characteristics
on green agriculture technology adoption has been
studied. For example, better-educated and more
experienced farmers tend to adopt knowledge-inten-
sive technologies faster in traditional cultivation prac-
tice (Kabunga, Dubois, & Qaim, 2012). Second, with
regard to the impact of household resource endow-
ment on the adoption of GATs, Wainaina et al.
(2016) found that soil condition matters a lot in the
adoption of natural resource management technol-
ogies, and Feder et al. (1985) found that distance to
markets influenced technology adoption. Third,
regarding the impact of psychological factors on the
adoption of GATs, Zeng et al. (2020) incorporated
external incentives and social norms into the norm-
activation model and explored how environmental
conscience, external incentives, and social norms
influence the GATs adoption behaviour of rice
farmers.

Unlike the studies reviewed above, we focus on the
link between the channels of knowledge acquisition
and the adoption of GATs. One of these channels is
information communication technology.

2.2. Information and communication
technology

The rapid spread of ICTs in developing countries offers
a unique opportunity to transfer knowledge via
private  and public  information systems.
Ndiwalana, Scott, Batchelor, and Sumner (2010) con-
cluded that radio and face-to-face communication
are the dominant means of obtaining information in
Uganda. However, growing evidence suggests that
not all ICTs extension approaches are equally
effective in desirable outcomes, such as enhancing
farmers’ knowledge, increasing technology adoption
rates, or improving crop and livestock yields
(Olumese et al., 2018; Tambo et al., 2019; Voss et al.,
2021). There is also increasing evidence that ICTs
extension approaches are not equally effective for

all farmers (Spielman, Lecoutere, Makhija, & van Cam-
penhout, 2021). As a result, governments and organ-
izations attempt to find ways to deliver agricultural
technology information efficiently to farmers (Ander-
son & Feder, 2007).

The ways through which local governments and
organizations in China promote GATs can be
grouped into traditional and new (Yin, Luo, Li, &
Huang, 2018). The traditional way relies on face-to-
face interaction with people (e.g. in-the-field gui-
dance and technological training) and mass media
publicity (e.g. newspaper, radio, and television)
(Huang et al., 2008; Gao, Zhao, Yu, & Yang, 2020).*

A new GATSs extension mode releases GATs-related
information and solves farmers’ technical problems
through new media (e.g. WeChat, Weibo), which are
mainly based on “internet+” technology (Li et al.,
2018). Mapiye, Makombe, Molotsi, Dzama, and
Mapiye (2021) also found that mobile and web-
based technologies led to a surge in agricultural
extension services in sub-Saharan Africa.

2.3. A conceptual framework

To develop a conceptual framework for farmers’
adoption of GATs, we mainly built on behavioural
theory: Rogers et al. (2014)'s theory of diffusion of
information. Information is disseminated through
both informal and formal sources. In developing
countries, agricultural extension workers, public
sector officers, progressive farmers, television, radio,
newspapers, private agents, and mobile phones are
the information sources most used by farmers
(Mwombe, Mugivane, Adolwa, & Nderitu, 2014;
Nikam, Kumar, Kingsly, & Roy, 2020). Azumah et al.
(2018) also found that demonstration, farmer-to-
farmer communication, and household extension
methods were perceived as the most effective agricul-
tural technology information extension methods. In
this paper, channels of knowledge acquisition inte-
grate all the ways through which farmers can obtain
information about a new production practice. This
can be done either indirectly (e.g. TV, radio, the inter-
net, newspapers) (with limited to no possibility to
interact with the source of information) or directly
(e.g. through governmental channels, cooperatives,
enterprises, or relatives), in which case experts or pro-
fessional staff are typically called to disseminate infor-
mation about one or several types of GATs to farmers
by field demonstrations or face-to-face training and
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provide paper manuals. Through direct channels,
farmers seem to get amounts of targeted information.

Additionally, we drew from the broad range of
existing literature and empirical findings on economic
and behavioural factors influencing farmers’ adoption
of GATs above. We concluded that farmers’ decision-
making with respect to the adoption of GATs is deter-
mined by four main factors: channels of knowledge
acquisition, household characteristics, individual
characteristics, and other external factors.

The focus here is on the role of channels of
knowledge acquisition in GATs adoption. The decision
by farmers to adopt GATs depends on their
knowledge of the practice (Segura, Barrera, Morales,
& Nazar, 2004). The relevant information on GATs
should lead to their adoption: the more relevant it
is, the more likely it will occur (Tey et al, 2014).
Based on the above literature and analysis, we know
that although different channels of knowledge acqui-
sition deliver information to farmers, there are still
gaps in diffusion effectiveness among them. Conse-
quently, we analyzed whether and how different
channels of knowledge acquisition affect the
number of GATs adopted by farmers. Our conceptual
framework is shown in Figure 1. Channels of knowl-
edge acquisition diffuse the information about GATs
to farmers. The information farmers receive, together
with household and individual characteristics, deter-
mines the number of adopted GATs.

3. Data and methodology
3.1. Questionnaire design and data collection

3.1.1. Questionnaire design
A questionnaire was used to collect data and was first
designed to include the basic status of villages,

personal and family information, migrant work situ-
ation, agricultural production, revenues and expendi-
tures, improvement of the living environment,
household waste classification, the degree of informa-
tization, energy, cognition, and social life. The draft
questionnaire was then reviewed by four experts
who mainly focus on agricultural resources and
environmental economics. A second version was
created based on the received comments, and then
a pilot survey was conducted with 20 farmers in
Hubei province. A further revision was made accord-
ing to the feedback received from the pilot study.
The final version of the questionnaire contained the
basic status of villages, personal and family basic
information, agricultural production, and the reven-
ues and expenditures situation. The basic status of vil-
lages part includes the villages' basic information,
such as the village terrain type and whether the
village has professional farmers’ cooperatives. The
personal and family basic information part reflects
the farmers’ personal and family basic information,
including personal characteristics (e.g. gender, age,
and educational attainment) and family character-
istics (e.g. number of family members). The agricul-
tural production part provides farmers’ production
conditions (e.g. soil fertility and irrigation conditions).
The revenues and expenditures situation part pro-
vides farmers’ different revenues and expenditures
in 2019 and 2020 (e.g. total household income).

3.1.2. Data collection

Hubei province is one of the major agricultural pro-
vinces in China, whose main crop is paddy rice and
its output accounted for over 4% of China’s total
grain production in 2020.°> The survey was carried
out from July to August 2021 by trained

Determinants of green agricultural adoption

Channels of knowledge
acqusition

Household characteristics
Individual characteristics
Other factors

Information about
GATs

Information
diffusion

Figure 1. Conceptual Framework.

Farmers in Hubei
Province

The number of GATs
adopted
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postgraduates in rural areas of Hubei province
through face-to-face interviews. To ensure the validity
of the collected data, the investigators were profes-
sionally trained before conducting the survey.

First, we selected six cities (Wuhan City, Xiangyang
City, Qianjiang City, Honghu City, Jingshan City, Zhong-
xiang City) and one county (Yangxin County). Their
total grain production accounted for more than 50%
of Hubei’s grain output in 2020. The six cities and the
county cover all terrain types in Hubei province, includ-
ing mountains, plains, and hills. Furthermore, in each
district, we contacted the Agricultural and Rural
Bureau and asked the staff to tell us about the actual
development of the local rural areas. Then, we selected
one to three towns that had implemented practices
related to the questionnaire content from each of the
six cities and the county randomly. To acquire a
certain number of samples in each village, we selected
one or two large-scale villages in each town, and finally,
in each village, we chose the respondents randomly. In
total, a sample of 811 questionnaires was collected.
Due to missing values or logical errors in the responses,
79 questionnaires had to be removed. As a result, we
obtained 732 valid surveys for our empirical analysis.

3.2. Basic characteristics of the sample

The proportion of men (58.2%) in our sample is seven
percentage points higher than that of Hubei province
(Table 1). We also calculated the average annual total
household income in the sample to be 18,305 yuans,
which is 12.3% higher than rural households in Hubei
province in 2020 (16,306 yuans). In addition, 50.3%
of the respondents’ educational attainment is six
years or less, followed by seven to nine years
(36.2%), and only 13.5% of respondents had more
than nine years of education. However, in Hubei pro-
vince, only about one-third of the population received
six years or fewer of education and 32.9% of the popu-
lation received more than nine years of education,

Table 1. Basic sample characteristics (N =732).

which indicates that our respondents were generally
less educated than the overall population of Hubei
province. The age of the sample farmers is dominated
by 15- to 64-year-olds (68.0%), which is close to the
situation in Hubei province (69.1%). However, 32%
of the respondents were above 65 years of age,
which is more than double that of Hubei province.
Hence, the sampled farmers are older and have
received less education when compared to Hubei pro-
vince. We did not investigate any respondents below
15 years of age because these children are required to
have compulsory education in China. As a result, they
were not in our sample.

3.3. Methodology

3.3.1. Negative binomial model

The dependent variable Y in this paper, “the number
of adopted green agriculture technologies”, which in
the questionnaire included new crop varieties, less
tillage and no tillage, deep soil loosening, green
manure planting, water-saving irrigation, green pre-
vention and control, straw returning, livestock and
poultry manure use, and recycling agricultural film,
is a count variable that ranges from zero to nine. Its
data structure belongs to a discrete distribution.
Therefore, a Poisson model or negative binomial
model is considered for parameter estimation.) For
farmer i, Y; is the total number of GATs available,
and y; is the number of GATs adopted by farmers.
Assuming that the probability of Y; = y; is determined
by the Poisson distribution with parameter A;,

—\i yi
= fory;=0,1,2 ....,N (1)

p(Yi = yilxi) i
where A; is the Poisson arrival rate, which indicates
the average number of GATs adopted, and x;
denotes the independent variables, such as personal
or household characteristics. The expected value
and variance of the Poisson distribution are equal

Categories Count Sample Hubei Province (in 2020)
Average annual total household income - 732 18,305.1 yuans 16,305.9 yuans
Gender Male 426 58.2% 51.4%

Female 306 41.8% 48.6%
Educational attainment < 6 years 368 50.3% 32.8%

7-9 years 265 36.2% 34.3%

> 9 years 99 13.5% 32.9%
Age < 15 years 0 0 16.3%

15-64 years 498 68.0% 69.1%

> 64 years 234 32.0% 14.6%
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to )\,‘I
E(Yilx;) = Var(Yilx;) = A;. (2

The equivalence of the conditional mean function
and the variance function is usually considered the
main drawback of the Poisson model, and the nega-
tive binomial model is the most common alternative
(Goto, Fujita, & Sueyoshi, 2020). For a negative bino-
mial regression (Coleman, 1964), the logarithmic
expression for the conditional expectation function
is.

In A =x.B+ ¢, (3)

where x; denotes the row vector of the independent
variables, B is a column vector of the effect par-
ameters, and g; denotes the error term.

Expression (3) can be rewritten as:

A= exp (x:B) exp () = uyv;, (4)

where u; = exp (x;B8) is a deterministic function of
X;; vi =exp(e) >0 is a random variable. Given x;
and v;, y; still obeys the Poisson distribution as follows:

e~ (b))
yil

=012...,N. (5)

p(Yi = yilxi, vi) = for y;

Based on (5), we calculated the conditional variation
and conditional expectation of the negative binomial
model and found that the former is larger, while in the
Poisson model, the two values are equal. The mean of
the dependent variable is 1.51, and its variance is 2.77;
that is, the variable Y is over-diversified. Therefore, we

Table 2. The mean of five statements of value perception (N =732).

Item

Number Content Mean

D38 Green and low-carbon recycling agricultural 3.72
production can improve soil fertility and
ensure food security.

D39 Green and low-carbon agricultural production ~ 3.73
can sustain future generations.

D42 It is cost-effective to invest in improving 3.23
agricultural production conditions and
green agricultural production.

D43 If you produce your own green low-carbon 343
and recycling ecological agricultural
products, you may be able to sell them at a
higher price.

D44 For food matters that may be risky (such as 3.39

green recycling ecological agricultural
production), | will not try them for the time
being.

chose the negative binomial model to conduct the
parameter estimation.

3.3.2. Entropy method

There is a variable “value perception” that corre-
sponds to five statements in the questionnaire:
(D38) Green and low-carbon recycling agricultural
production can improve soil fertility and ensure
food security; (D39) Green and low-carbon agricul-
tural production can sustain future generations;
(D42) It is cost-effective to invest in improving agricul-
tural production conditions and green agricultural
production; (D43) If you produce your own green
low-carbon and recycling ecological agricultural pro-
ducts, you may be able to sell them at a higher
price; (D44) For food matters that may be risky (such
as green recycling ecological agricultural production),
I will not try them for the time being. We asked the
respondents to what extent they agreed with those
statements on an integer scale from 1 (strongly dis-
agree) to 5 (strongly agree). Table 2 shows the mean
score of each of five statements.

We needed to integrate the information from these
five questions into one variable. The entropy method
is a comprehensive evaluation and decision-making
method for multiple indicators and multiple objects
that excludes expert opinions and other components
that could easily be affected by subjective factors. It
establishes an evaluation matrix about the evaluation
objects and evaluation indexes. Then it determines
the weight of each evaluation index (Zhang et al.,
2021). It consists of three steps. First, calculate the
weight p;; of evaluation object i under the indicator j:

=1 i=1,2 ..
2. X
i=1

.omj=1,2,...,n. (6)

Then, the entropy value E; of the indicator j is

Table 3. Description of GATs (N =732).

Number of farmers  Adoption
Technologies that adopted it rate (%)
New crop varieties 228 31.1
Less tillage and no tillage 64 8.7
Deep soil loosening 166 22.7
Green manure planting 12 1.6
Water-saving irrigation 51 7.0
Green prevention and control 63 8.6
Straw returning 387 529
Livestock and poultry manure use 105 14.3
Recycling agricultural film 12 1.6

Note: A farmer can adopt several technologies.
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Table 4. Description of the research variables (N =732).

Variables Description Mean S.D.
Dependent variable

The number of GATs adopted 1.51 1.66
Channels of knowledge acquisition 1 if a respondent chose the channel, 0 otherwise

v 030 046
Radio 0.07 0.26
Internet 0.11 0.31
Newspaper 0.01 0.09
Government 043 0.50
Cooperatives 0.03 0.18
Enterprises 0.01 0.06
Relatives 0.10 0.29
Others 0.04 0.21
Control variables

Value perception Calculated by using entropy method 345 0.63
Soil fertility 1 (very bad) to 5 (very good) 3.13 1.26
Drainage and irrigation conditions 1 (very bad) to 5 (very good) 3.20 1.31
Total number of household members 4.28 1.78
Total household income The total household income in 2020 7.83 2345
Children under 16 years 1 if there are any children under 16 years of age, 0 otherwise 046  0.50

Political identity 1 if there are any Communist Party members in the family, 0 otherwise 0.21 0.41
Gender 1 if male, 0 if female 0.58 0.49
Age The age of the respondent in years 61.12 7134
Health degree 1 (very unhealthy) to 5 (very healthy) 3.64 1.01
Educational attainment Years of schooling 6.62 3.94
Farming seniority Years of farming 36.03 16.59
Terrain type (The reference group is mountain.) 1 if the terrain type is plain, 0 otherwise 046  0.50

1 if the terrain type is hill, 0 otherwise 0.53  0.50

Note: S.D. indicates standard deviation.

calculated:

1

m
Ej:—ﬁ;p,‘jlnp,‘j,j:LZ,m,n. (7)

Finally, the weight w; of the indicator j is calculated:

1-§

VVj: ,j:1,2,...,n. (8)

M=

(1-E)

j=1
After obtaining the weight of each indicator, the
scores of each object i were calculated. Thus, we

used this method to obtain the final scores of each
farmer’s “value perception”.

3.4. Selected variables

The dependent variable in our model is the number of
GATs adopted by farmers. As it is shown above, it con-
tains at most nine technologies. Table 3 shows the
adoption rate for each of the nine GATs. The highest
adoption rate was 52.9% (straw returning), the
lowest adoption rate was 1.6% (green manure plant-
ing and recycling agricultural film), and the adoption
rate of six GATs is lower than 20%.

The core explanatory variables are nine channels of
knowledge acquisition: TV, radio, the internet (includ-
ing computers and smartphones), newspapers, the
government, cooperatives, enterprises, relatives, and
others. By the government, cooperatives, and enter-
prises, we mean experts or professional staff these
institutions send to pass on information about GATSs.
They mainly disseminate information through field
demonstrations or face-to-face training. We asked
the respondents what the main channels were for
them to acquire knowledge about green, low-
carbon and recycling ecological agriculture. If the
farmers chose some of them, then each of these chan-
nels took the value of 1, and 0 otherwise.

The remaining variables were used as controls. As
is shown in the subsection “Entropy Method”, we
measured value perception by a composite indicator
that consisted of respondents’ views of the five state-
ments about green agricultural production. Following
Mao et al. (2021) and Pham et al. (2021) other control
variables selected in our study included individual
characteristics, family characteristics, and other
characteristics of the respondents (Table 4).

Using a number of controls minimizes the endo-
geneity problem due to omitted variable (although
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Figure 2. Distribution of farmers’ GATs adoption (N = 732).

it is practically impossible to exclude its existence).
Measurement error could be a source of endogeneity
in our analysis, especially if the respondents could not
recall exactly which (and how many) channels of
knowledge acquisition they had used. Given the char-
acter of our dependent variable, the effect of the
number of adopted GATs on the channels of knowl-
edge acquisition (i.e. the simultaneity problem) is unli-
kely. Therefore, we interpret our estimation results as
association, not as causality.

4, Results and discussion

4.1. Distribution of GATs adoption and
knowledge acquisition

Figure 2 shows the distribution of farmers’ GATs adop-
tion. As many as 270 farmers had never adopted GATs
before, accounting for 36.8% of the total sample.
Nearly two-thirds of the total sample have adopted
at least one type of GATs. In addition, Figure 2

TV .,  29.9%

Radio N 7.0%

The Internct NG 10.5%

Newspaper B 0.8%

The government

Cooperatives M 3.1%

Enterprises 1 0.4%

Relatives NN 9.6%

Others I 4.4%

0% 5% 10%  15%

20%

I mmmm—— 43.2%

25%  30%  35% 40% 45%  50%

Figure 3. Distribution of knowledge acquisition in different channels (N =732).
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shows that the farmers in the sample have adopted at
most eight GATs.

As Figure 3 shows, farmers’ access to knowledge
comes mainly from the government, TV, and the inter-
net, which account for 43.2%, 29.9%, and 10.5% of the
sample, respectively. However, a few farmers get the
relevant information about green, low-carbon and
recycling ecological agriculture through newspapers
and enterprises. This is in line with the reality that
paper newspapers are currently in decline. The main
body of technical information dissemination is the
government, indicating that farmers are either more
exposed to this information channel or they might
trust it more. The government has always played an
essential role in Chinese agriculture development
(Song et al., 2021). Over the last three decades, the
government has invested a lot of resources in devel-
oping and deploying agricultural information dissemi-
nation systems nationwide. The system normally
follows a top-down approach (Zhang et al., 2016).
The central department gives instructions, and the
local departments will take flexible approaches to
help farmers obtain agricultural information. Hence,
a lot of useful technical knowledge has been widely

Table 5. Estimation Results of the Negative Binomial Model.

disseminated. As a result, enterprises that belong to
the private sector have a competitive disadvantage
in gaining farmers’ trust and delivering information
to them.

4.2. Estimation results

The estimation results for the whole sample (N=732)
are summarized in Table 5. Model (1) contains only
the independent variable and channels of knowledge
acquisition, while Model (2) also contains other vari-
ables presented in Table 4. As shown in Table 5, the
chi-squared test statistics of the two models were sig-
nificant at the 1% level, which implies the joint signifi-
cance of those models. As the results of both models
are robust, we will concentrate on Model (2).

The results in Table 5 indicate that the radio and
the government positively affect farmers’ GATs adop-
tion, at the 5% and 1% significance level, respectively.
The estimated marginal effect of the radio indicates
that if farmers obtain knowledge from the radio, the
associated increase in the adoption of GATs is 0.436.
However, if farmers get knowledge from the govern-
ment, the associated increase is higher, namely,

Model (1) Marginal Effect Model (2) Marginal Effect

Coefficient Coefficient Coefficient Coefficient
Channels of knowledge acquisition
v 0.106 0.160 0.032 0.048
Radio 0.353%** 0.535%** 0.288** 0.436%*
Internet 0.309** 0.468** 0.173 0.262
Newspaper 0.520 0.788 0.396 0.600
Government 0.684*** 1.036%** 0.4671%** 0.698***
Cooperatives 0.221 0.336 0.075 0.113
Enterprises 0.417 0.633 0.057 0.086
Relatives 0.3471%** 0.517*** 0.138 0.210
Others 0.066 0.099 —0.167 —0.253
Value perception 0.217%** 0.329%**
Soil fertility 0.212%** 0.320%**
Drainage and irrigation conditions 0.076* 0.116*
Total household population 0.016 0.025
Total household income 0.002 0.003
Children under 16 years old 0.025 0.038
Political identity —0.263%** —0.398%**
Gender 0.153* 0.232*%
Age —0.014** —0.021**
Health degree 0.2171%** 0.320%**
Educational attainment 0.004 0.006
Farming seniority 0.022%** 0.033***
Plain 0.397 0.602
Hills 0.489 0.741
Constant —0.095 - —3.084%** -
Log pseudo-likelihood —1186.432%** - —1099.525%** -
Pseudo R? 0.036 - 0.106 -
Observations 732 732 732 732

Notes: ***, ** and * indicate the significance at the 1%, 5%, and 10% levels, respectively.
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0.698 GATSs. A reason for this may be that the channel
of government includes village cadres and grassroots
organizations, and they usually organize field demon-
strations or face-to-face training by providing paper
manuals to promote the use of GATs, which makes
it easier for farmers to learn about these technologies.
The radio only disseminates information verbally. In
addition, farmers in China generally have more trust
in the government than the agricultural channels on
the radio (Ma et al., 2022), so they are more likely to
adopt more GATs through the governmental
channels.

However, TV and the internet, which more farmers
use than radio in our sample, are insignificant. Many
people have left rural China for work to earn more
money (Kan & Chen, 2021), resulting in the remaining
farmers being generally older. Combined with their
lower education level, this makes them less receptive
to new things. Therefore, these farmers do not
actively use the internet and obtain information
through TV. Furthermore, when farmers get infor-
mation from TV or the internet, there is much more
other information available that is not related to
green agricultural development (Uzuegbu, 2016).

The reason for the insignificant influence of news-
papers can be explained by the gradual decline in tra-
ditional paper media in China (Liu et al., 2017). As a
result, very few farmers (1% in Table 4) use newspaper
as a channel of knowledge acquisition. This leads to
an insignificant association between newspaper and
the adoption of GATs. We also found an insignificant
influence of enterprises, cooperatives, and relatives
(although this channel has been used be nearly 10%
of the farmers in our sample). Compared with the gov-
ernment, which means authority for farmers, knowl-
edge exchange between relatives is informal (Xu
et al,, 2021). It would not leave a lasting impression
in farmers’ minds, while the government tends to
use personal demonstrations to transfer green agri-
culture-related knowledge, which represents an
easier way for imitation to farmers and has a very
direct link to their degree of green technologies adop-
tion. This might explain why knowledge gained from
relatives does not significantly affect farmers’ adop-
tion degree of GATSs.

5. Conclusions and policy implications

In this paper, we analyzed survey data from 732 farmers
in Hubei, China, to gain a preliminary understanding of
the channels of knowledge acquisition and adoption of

GATs in this province. We found that a large number of
farmers adopted some of the GATs, and some even
adopted several in combination (e.g. 11% of the
farmers in the sample adopted three GATs).

Television and government channels were the
most commonly reported sources of information on
GATSs for farmers. However, television is not a decisive
factor in determining the number of GATs adopted.
From this perspective, the ratio and government
channels are the most important sources of knowl-
edge acquisition.

Although our results are based on a sample from a
specific province in China, they may indicate the
difference between private and public channels of
knowledge acquisition, since TV, Internet, coopera-
tives, enterprises, or relatives were not significant
factors associated with the number of adopted
GATs, unlike radio and government channels. A
second conclusion is that among the significant
factors, the one that uses direct communication
with farmers (i.e. government channels) and allows
practical demonstration of the benefits of GATs is
associated with a higher rate of GAT adoption than
radio, which can only transmit passive information.

A practical policy recommendation that follows
from our findings is that the government should
first broadcast GATs information campaigns over the
radio to reach as many farmers as possible, and
then, in the second phase, complement them with
outreach professionals who would visit farmers,
demonstrate the new technologies, and answer any
questions farmers may have.

It should be noted that although the Internet was
not a significant factor associated with the number
of GATs adopted in our sample, it is possible that
this channel will become a significant factor in the
future, as digitalization progresses and education
levels improve in rural China.

Our conclusions are subject to several limitations,
at least three of which are worth mentioning. First,
the sample size and coverage of villages (although
random) make the results and conclusions context-
specific and therefore difficult to generalize. This
was underscored by comparing the descriptive stat-
istics of our sample with those of Hubei province.
Second, the nonexperimental nature of our data
makes it difficult to draw causal inferences. Third,
our results are static (i.e. based on cross-sectional
data). From a policy perspective, it would be interest-
ing to see how long farmers stick to the GATs they
initially adopted.
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Although this paper lists possible reasons for the
heterogeneity in the different knowledge acquisition
channels, these reasons should be further explored in
the future. Furthermore, although it was not the focus
of this paper, we found a positive correlation between
value perceptions and the number of GATs adopted
by farmers. Considering the literature on farmers’ per-
ceptions and behaviour change, investigating the
effect of value perception on the relationship
between knowledge acquisition channels and farmers’
adoption of GATs may be another interesting topic.

Notes

1. Conventional farming in developing countries exhibits
largescale intensified agriculture, which causes serious
local, regional, and global environmental consequences
(Matson, Parton, Power, & Swift, 1997).

2. The Africa Research in Sustainable Intensification for the
Next Generation (Africa RISING) program, which is sup-
ported by the United States Agency.

3. Parastatals are public organizations that are separate
from the government, but whose activities serve the
state.

4. The magnitude of the effect of different mass media (e.g.,
TV and radio) on the adoption of agricultural technology
differs (e.g., Awuni, Azumah, & Donkoh, 2018).

5. According to China Statistical Yearbook (2021), whichis a
collection of some of China’s statistical indicators in 2020.
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