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Abstract

China is characterized as ‘a large country with many smallholder farmers’ whose participation in modern agriculture is
key to the country’s modern agriculture development. Promoting smallholder farmers’ adoption of modern agricultural
production technology is one effective way to improve the capabilities of smallholder farmers. This paper aims to
explore the impact of Internet use on the adoption of agricultural production technology by smallholder farmers based
on a survey of 1449 smallholders across 14 provinces in China. The results suggest that Internet use can significantly
promote technology adoption, with the probability of adopting new crop varieties, water-saving irrigation technology and
straw-returning technology increasing by 0.200, 0.157 and 0.155, respectively. Furthermore, the effect of Internet use is
found to be heterogeneous with a greater effect on smallholder farmers having low education levels, limited training, and
high incomes. To increase agricultural production technology adoption by smallholders, rural Internet infrastructure and
Internet use promotion should be the focus for the Chinese government.

Keywords: Internet use, smallholder farmers, agricultural technology adoption

organization of smallholder farmers and agricultural
socialized services, and implementing specific models
such as land trusteeship, land stock cooperatives and
‘new agricultural business entities+smallholder farmers’
(He and Wu 2019; Ye and Zhang 2020). However,
existing literatures primarily focus on external drivers,
that is, they pay more attention to providing services
to smallholder farmers than building the capabilities
of smallholder farmers. The adoption of advanced
agricultural technology is an important means to build
smallholder farmers’ capacity. On the one hand,
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doi: 10.1016/S2095-3119(21)63750-4 Wossen et al. 2019). On the other hand, advanced

1. Introduction

Building the connection between smallholder farmers
and modern agriculture is key to rural revitalization and
an important component of agricultural modernization.
Numerous studies have examined approaches that
promote the connection, such as improving the
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production technologies contribute to achieving the goal
of green agricultural development by reducing water use
or improving soil quality (Asfaw et al. 2012). Moreover,
the adoption of agricultural production technology can
create more market opportunities and increase income,
thereby breaking the poverty trap and promoting
economic growth (Asfaw et al. 2010; Wossen et al. 2015,
2017). Schultz (1964) pointed out in Transformation
of Traditional Agriculture that the key to transforming
traditional agriculture is to introduce modern production
technologies.

To effectively promote smallholder farmers’ adoption
of advanced agricultural technologies, it is necessary to
identify the key barriers of the adoption. Limited access
to information is considered as the main obstacle. The
probability of adopting new technology decreases
significantly if farmers lack information about the benefits
or how to correctly use the technology (Jack 2013). Aker
(2010) believed that information supply and technology
supply are equally important in the process of promoting
agricultural technology. Therefore, how to enable farmers
to obtain technical information conveniently and reduce
information asymmetry becomes an important research
question (Qiu et al. 2016). The Internet, as an important
means for smallholder farmers to obtain information,
has a profound impact on the behavior and thinking
of smallholder farmers. First, the Internet can reduce
farmers’ information search cost, enabling them to obtain
technical information in a timely and convenient manner.
The Internet also enhances farmers’ understanding of
the ‘risk-benefit aspects’ of agricultural technology, and
breaks the traditional impression of production technology
(Genius 2006). Second, Internet use can increase the
bargaining power of smallholder farmers, expand the
agricultural sales market, improve agricultural production
performance, and in turn encourage farmers to adopt
new technologies (Aker and Ksoll 2016; Donovan 2017).
Third, Internet use can improve the management and
learning capabilities of smallholder farmers, enhance
their skilled human capital, and increase their income
(Gao 2018; Leng et al. 2020). In addition, the Internet
has established an effective platform for sharing and
disseminating environmental protection concepts, policies
and knowledge, which has increased farmers’ awareness
of environment protection literacy. Farmers with different
levels of knowledge can equitably obtain and exchange
environmental knowledge through the Internet, and post
their comments on current environmental issues (Peng
et al. 2019; Gong et al. 2020).

Exploring the use of the Internet has important
theoretical and policy implications for technology adoption
by smallholder farmers. Studying the role of Internet

use in promoting technology adoption by smallholder
farmers both enriches the smallholder production theory
and expands the boundaries of the Information and
Communication Technology (ICT) research. According
to the Third National Agricultural Census in 2016, the
number of smallholder farmers in China accounted for
more than 98% of the total rural households, and the area
of arable land operated by smallholder farmers accounted
for 70% of the total arable land. Therefore, investigating
agricultural technology adoption by smallholder farmers
is of great significance to agricultural modernization in
China. This paper is innovative in a number of ways.
First, it focuses on how to achieve the connection
between Internet use and agricultural technology
choice through capacity building of smallholder farmers
rather than through merely providing external supports.
Second, different from other studies, this study examines
agricultural technology adoption before, during and after
production, respectively, as well as the heterogeneous
effect of Internet use on technology adoption. Third, the
study uses a unique survey data collected by the National
Agricultural and Rural Development Research Institute,
China Agricultural University. The sample size is large
(N=1449) and representative, covering 14 provinces/
autonomous regions of China.

2. Theoretical framework

This paper draws on the theoretical framework of
Yoav and Shchori-Bachrach (1973), and incorporates
‘information’ as an input factor into the production function
of farmers. The function is given as follows:

YE(KIF(L, Ny) (1)
where Y, is the output in period ¢, L is land input, and N,
is other input in period t, such as new crop varieties, soil,
fertilizer, etc., K; is the accumulated information during
t, g and F are concave functions. Assuming F(-) has a
constant return to scale, the function is defined as follows:

yEg(Ky)-f(n,) (2)
where y=Y/L; n=n/L; =F(1:n,)/L. Assuming that f(s) has
good production function characteristics. The hypothesis
of Kislev and Shchori-Bachrach (1973) is applicable to the
knowledge function g(-), which is the marginal contribution
of knowledge is positive and shows a decreasing
trend. As knowledge grows, the knowledge function
converges to an upper limit g, which means that with the
accumulation of knowledge, the marginal productivity
of information increment tends to reach zero. When
knowledge is 0, the value of g(-) is very low or even 0.

When defining the cumulative information K; and its
acquisition, it is assumed that farmers obtain it through
passive and active learning, and active information



284 ZHENG Yang-yang et al. | Journal of Integrative Agriculture 2022, 21(1): 282-292

collection involves costs such as time or money. It is
assumed that the marginal costs of information obtained
at any given time are increasing.

The knowledge state (K) at time t is defined as follows:

K=Kiq+Athy 3)
where h, describes the information acquired passively
during this period of time. h, may increase over time. The
variable A, indicates the degree of purposeful knowledge
acquisition, and the information cost C, is expressed as
follows:

C=C(A) C>0,C >0 (4)

The profit function 1 of the farmer households with a
scale of L is expressed as follows:

m=L[g(Ky)-fin)—p-n }-C(A) (5)

Let p denote the price of n, combine egs. (3) and
(5), and obtain the first-order derivation of n and A,
respectively:

m=L-[9(K) f-p]<0  ni,=0 (6)

m,=L-g"f(n)-c<0 Am,=0 (7)
where m, and m, represent the partial derivatives of
profit with regard to n and A, respectively. Assuming
that m,=0, then dn/dk=—(gf/gf"")>0; it means that the
more information farmers obtain, the more likely they
are to adopt new technologies. Once a new technology
is adopted, as long as the marginal productivity of
information (g°) is positive, farmers with a higher level
of information accumulation will adopt more new
technologies. Considering two farmers with the same
scale of operation, the framer acquiring more information
will adopt new technologies faster than the other.
Assuming that the threshold information level K* when
g(K)=g, K=K* is within the range of K value, the number
of farmers adopting new technologies will increase until K,
exceeds K*.

3. Data and models

3.1. Data

This study utilized the Survey of Returning Home from
January to February 2019 by the National Agricultural
and Rural Development Research Institute of China
Agricultural University. The enumerators included

undergraduate, master and doctoral students among
various majors of China Agricultural University'. Before
data collection, the enumerators were provided trainings to
explain the aims, question structures, and key challenges
of the questionnaire.? A number of researchers were
responsible for sending and receiving questionnaires and
answering questions encountered during data collection,
while returned questionnaires were reviewed by research
leaders. The survey questionnaire included two levels,
farmer questionnaire and village-level questionnaire. In
each village, 15-20 households were randomly selected.
The survey obtained 1952 grain grower questionnaires
in total. Since this paper mainly focuses on smallholder
farmers, the samples of non-smallholders with land of
30 mu (1 ha=15 mu) and above were excluded, according
to the World Bank’s classification standards for smallholder
farmers®. Inconsistent and incomplete questionnaires
were also dropped, resulting in a dataset of 1449 samples
from 144 villages in 119 counties/districts of 14 provinces/
autonomous regions sparsely located in eastern, central,
western and northeastern China (i.e., Inner Mongolia,
Jilin, Sichuan, Anhui, Shandong, Jiangsu, Jiangxi, Hebei,
Henan, Hubei, Hunan, Gansu, Liaoning and Heilongjiang),
demonstrating a good regional representativeness
(Table 1). Heilongjiang and Liaoning, as major agricultural
production provinces, have relatively few samples. The
main reason is that there are more large-scale farmers in
Northeast China than in other regions.*

3.2. Variable selection

The dependent variables of this study are smallholder
farmers’ agricultural technology adoption of three
technologies: new crop varieties, water-saving irrigation
technology and straw-returning technology. New crop
varieties refer to those with stronger disease resistance or
more obvious yield-increasing effects than general crop
varieties, but the price is relatively high. Water-saving
irrigation technologies refer to production technologies
that can effectively save water, such as sprinkler irrigation,
micro-sprinkler irrigation, subsurface irrigation and drip
irrigation. Straw-returning technology refers to measures
to increase fertility and increase production, which

' The questionnaire mainly focuses on the national grain production survey. First, the research team determined the number of
samples in each province, region, and city based on the grain production area. Secondly, according to the surveyed counties (cities)
corresponding to the corresponding household registration students; the students conduct surveys on the township where the
household registration is located, and select about 1-2 villages, about 15 households.

2 Since all majors of China Agricultural University are related to agriculture, the recruited enumerators have a high level of awareness of

agriculture and therefore data collection is of high quality.

® The World Bank classifies rural households with an average arable land area of less than 2 hectares (30 mu) as smallholder farmers.
* The sample in Heilongjiang is smaller than that in Inner Mongolia. The possible reason is that there are more students participating in
the Inner Mongolia survey, and the survey sample may be relatively high.
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Table 1 Distribution of samples by province/autonomous region

Province/Autonomous o Percentage
region Sample size of sample (%)
Inner Mongolia 87 6.00
Jilin 72 4.97
Sichuan 171 11.80
Anhui 38 2.62
Shandong 268 18.50
Jiangsu 130 8.97
Jiangxi 75 5.18
Hebei, 146 10.08
Henan 200 13.80
Hubei 112 7.73
Hunan 61 4.21
Gansu 16 1.10
Liaoning 41 2.83
Heilongjiang 32 2.21
Total 1449 100.00

"The authors count the samples according to the survey.

improve traditional incineration methods and avoid air
pollution caused by incineration, including straw crushing
and pressing, returning to the field with straw mulching,
returning to the field by piles, returning to the field by
burning, and returning to the field. Each new technology
was assigned a value of 1 if the farmer adopted it, and 0
otherwise.

Internet use is the key independent variable. It is
considered that even farmers have smart phones or
Internet skills, they may not obtain agricultural information
through the Internet. If smallholder farmers were asked
directly whether they have smart phones or use the
Internet, it may cause measurement errors (Ma and Zhu
2020; Nie et al. 2020). The survey directly asked whether
farmers use the Internet to obtain agricultural information
in order to accurately measure information access through
the Internet®.

This study chose the control variables from three
categories: personal characteristics of farmers
including age, education level, health status, and
training experience (Gao et al. 2018; Ma 2020); family
characteristics including number of laborers, the
proportion of non-agricultural income, quality of cultivated
land, farm size, number of plots, household income,
and subsidies (Boz 2016; Gao et al. 2018); and village
characteristics including poverty, economic development
level, water source guarantee, and distance to the nearest
trunk road (Tathdil et al. 2009).

As shown in Table 2, farmers adopting water-saving
irrigation technology, new crop varieties and straw-

returning technology accounted for 28.36, 63.15 and
63.35% of the total sample, respectively. Those who used
the Internet to obtain agricultural production information
accounted for 14.5% of the total sample. Those who
received training accounted for 20.8% of the total sample.
The average age of smallholder farmers was 54 years, the
average number of family agricultural labor was 2.2, the
average farm size was 5.7 mu, and the average annual
household income was 56 000 CNY (6.5491 CNY=1 USD,
according to the latest exchange rate on December 9,
2020). The poverty-stricken villages and villages with
guaranteed water sources accounted for 23.4 and 76.1%
of the total sample, respectively.

As shown in Table 3, among the smallholder farmers
who used the Internet, 76.67% adopted new crop
varieties, 43.33% adopted water-saving irrigation
technologies, and 73.81% adopted straw-returning
technology. Among the smallholder farmers who did not
use the Internet, 60.86% adopted new crop varieties,
25.83% adopted water-saving irrigation technologies, and
61.58% adopted straw-returning technology.

3.3. Model selection

Binary probit regression model Since adoption of
agricultural technology is a binary choice, the binary probit
regression model was used to analyze the influencing
factors for smallholder farmers’ technology adoption. The
model is defined as follows:
P=F(Technology=1|X)=1/1+e™ (8)
Technology=PB.+BInternet+zy+regiono+e; 9)
where Technology; indicates whether a farmer adopts the
agricultural technology; P is the probability of adoption,
Internet; is Internet use, B, is the coefficient of Internet
use; z; is a vector of control variables. y is a vector of the
coefficient of the control variables, region; is a vector of
dummy variables for different regions in China, and d is a
vector of coefficients of regional dummy variables.
Endogenous switching model Internet use does not
satisfy random sampling, that is, there are systemic
differences in the initial conditions before Internet use,
and there is a problem of ‘self-selection’ in Internet use by
smallholder farmers. Internet use decision-making is the
result of a combination of many factors, and some factors
are unobservable, such as farmers’ cognition of the
Internet. Taking into account the selection bias caused
by observable and unobservable factors and being
inspired by Abdulai and Huffman (2014) and Ma et al.
(2018), this study adopted the Endogenous Switching

® The questionnaire asked “did you use the Internet to obtain agricultural service information?”.
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Table 2 Descriptive statistics of variables

Variables Description Mean Star)d:.ard
deviation
Dependent variables New crop varieties 1 if smallholder farmers adopted it, 0 otherwise 0.631 0.483
Water-saving irrigation 1 if smallholder farmers adopted it, O otherwise 0.284 0.451
technology
Straw-returning technology 1 if smallholder farmers adopted it, 0 otherwise 0.634 0.482
Independent variable Internet use 1 if smallholder farmers used the Internet to 0.145 0.352
obtain agricultural information, 0 otherwise.
Control variables Age Age of household head, in years 54.176 11.483
Education Junior high school and above=1; 0.572 0.495
primary school and below=0
Health status Better=1; worse=0 0.947 0.224
Training 1 if smallholder farmers received training, 0.208 0.406
0 otherwise
Household labor Number of family agricultural labor 2177 1.081
Non-agricultural income The proportion of household non-agricultural 0.700 0.312
Proportion income in total household income
Quality of cultivated land Moderate and above=1; Moderately lower=0 0.788 0.409
Farm size Logarithm of farm size (mu)" 1.838 0.671
Number of plots Number of plots 4.021 3.624
Household income Logarithm of total household income 10.473 1.025
Subsidies Logarithm of subsidies in total: agricultural 5.438 2.198
machinery subsidies, subsidies for large grain
farmers, production technology subsidies,
agricultural insurance premium subsidies, loan
discounts, etc. (CNY)
Whether it is a poor village 1 if it was a poor village, 0 otherwise 0.234 0.423
Economic development level Moderate and above=1; Moderately lower=0 0.685 0.465
Water source guarantee 1 if water source was guaranteed, 0 otherwise 0.761 0.427
Distance or road trunk Logarithm of the distance (km) to the nearest 1.593 1.218

trunk road

"1 ha=15 mu.

Table 3 Internet use and agricultural technology adoption

New crop varieties

Water-saving irrigation

technologies Straw-returning technology

Sample size Perc(iz/:)t age Sample size Percziz/:)t age Sample size Per(ZE/:)t age
Internet use and technology adoption 161 76.67 91 43.33 155 73.81
Internet use but no technology adoption 49 23.33 119 56.67 55 26.19
No Internet use but technology adoption 754 60.86 320 25.83 763 61.58
No Internet use and no technology adoption 485 39.14 919 7417 476 38.42

Model to empirically analyze the impact of Internet use
on the adoption of agricultural production technology by
smallholder farmers.

In the first stage, the probit model was used to estimate
the probability of smallholder farmers’ Internet use:
1, if Internet; >0
0, if Internet;so
where Internet is an unobservable latent variable. When
Internet>0, Internet=1, that is, farmers use the Internet.
S; is the control variable. In addition to including the
variables in Z, it also includes the variable ‘proportion of
households using a computer’. a and 8 are parameters to
be estimated, and y; is a random disturbance term.

Internet,-* =a+fS;i+y;, Internet;= { (10)

The second stage estimated the impact of Internet use
on technology adoption by smallholder farmers,
When Technology=1

Technology: Sty Zyiteq;,

1, if Technology, >0

Technology, ,={ (11

0, if Technology; =<0
When Technology=0
Technology, =ao*+VyZoi*oi

1, if Technology, >0 (12)

Technology, .= .
o {0, if Technology,<0

where Technology,; and Technology,; respectively
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represent the adoption of agricultural production
technology by small farmers who use the Internet and
those who do not use the Internet. a,, ay, Vi, Yo represent
parameters to be estimated, and ¢,,, &, represent random
disturbance items.

Based on the eqgs. (11) and (12), the agricultural
production technology adoption of small farmers using the
Internet can be written as eq. (13), and the counterfactual
model can be expressed as eq. (14).

E(Technology,|Technology=1)=a,+y,Z;+€,; (13)

E(Technology,| Technology=1)=aytVyy:1ZyitEoi (14)

The average treatment effect on the treated (ATT) of
the agricultural production technology adopted by small
farmers using the Internet can be expressed as the
difference between eq. (13) and eq. (14).

ATT=E(Technology,| Technology=1)—

E(Technology,| Technology=1) (15)

4. Results and discussion

Firstly, using a probit model, this paper estimated the
baseline impact of Internet use on the adoption of
agricultural production technology of smallholder farmers.
Secondly, based on farmers’ education level, training and
income, the heterogeneous influence of Internet use on
farmers’ agricultural production technology adoption was
estimated. Finally, the Endogenous Switching Model was
used to address the self-selection problems of Internet
use.

4.1. Baseline regression

As shown in Table 4, multi-collinearity check was
conducted to obtain a variance inflation factor of 1.28,
indicating that there is no serious multi-collinearity among
the independent variables. The regression coefficients
showed that Internet use increased the probability of
adopting new crop varieties, water-saving irrigation
technology and straw-returning technology by 0.200,
0.157 and 0.155, respectively. As an important means
for information acquisition, Internet use can help farmers
obtain more market information, technical information
and policy information. In neoclassical economics, the
market is perfect and fully competitive. However, in
reality, farmers face information asymmetry and market
price fluctuations as sellers. Farmers must consider
where the agricultural products are sold, how they are
sold, and to whom they sell in order to maximize profit.
According to Transaction Cost Theory, information
search cost is an important part of transaction costs, and
reducing information search costs can increase sales in
farmers’ markets performance, promoting the adoption of

agricultural technology for smallholder farmers (Tadesse
and Bahiigwa 2015). For example, smallholder farmers
can obtain price information timely through the Internet
and make judgments on future price trends, which
reduces information asymmetry and market risk, and
consequently the risk of agricultural technology adoption.
Similarly, through the Internet, smallholder farmers can
timely and accurately understand the potential risks and
benefits of new technologies, and master the application
and operation of new technologies, thereby reducing the
risks and uncertainties of new technologies. In addition,
smallholder farmers can obtain more agricultural policy
information through the Internet. Especially under the
background of Rural Vitalization Strategy, Internet use
can enhance farmers’ policy awareness and explore
market opportunities based on the latest agricultural
policies, thus stimulating smallholder farmers’ agricultural
technology adoption. In addition, Internet use had a
greater effect on the adoption of new crop varieties than
on that of the other two technologies, which may be due
to the more obvious effect of new crop varieties on crop
yield and income. Specifically, compared with the other
two technologies, smallholder farmers pay more attention
to the relevant information about new crop varieties and
can obtain more information on new crop varieties by
using the Internet. For control variables at the individual
level, the effect of age on the adoption of water-saving
irrigation technology was significantly negative. This may
be due to the fact that older people are more reluctant
to accept new information and adopt new technology
than their younger counterparts. The effect of education
on the adoption of water-saving irrigation technology
was significantly negative, which may be due to the
fact that farmers with higher education levels are more
engaged in non-agricultural employment, and thus show
less willingness to invest in agricultural productions.
Training had a significant and positive impact on the
adoption of water-saving irrigation technology and straw-
returning technology. This is expected as training can
increase farmers’ understanding of agricultural production
technologies and increase their capacity of implementing
these technologies (Jia et al. 2013).

Regarding the household-level controls, the more labor
a household had, the greater the probability of it adopting
straw-returning technology. One possible reason is that
a certain amount of labor is needed to implement the
technology. The proportion of non-agricultural income
had a significantly negative impact on the adoption of new
crop varieties and straw-returning technology. The reason
may be that the higher the proportion of non-agricultural
income, the less time, labor and capital smallholder
farmers spend on agriculture. This is contrary to the
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Table 4 Regression results: The impact of Internet use on the of agricultural technology choice”

New crop varieties

Water-saving irrigation technologies

Straw-returning technology

dyldx dyldx dyldx
Internet use 0.200™ 0.157™ 0.155™
(0.038) (0.032) (0.035)
Age 0.0004 —-0.004™ 0.002
(0.001) (0.001) (0.001)
Education level 0.041 —-0.074™ —-0.030
(0.027) (0.025) (0.025)
Health status -0.025 -0.032 0.012
(0.056) (0.051) (0.049)
Training 0.005 0.064" 0.074"
(0.031) (0.028) (0.029)
Household labor -0.019 0.002 0.025"
(0.012) (0.011) (0.011)
Non-agricultural income -0.100° —0.043 -0.165™
proportion (0.0513) (0.047) (0.047)
Quality of cultivated land 0.170™ 0.067" 0.051"
(0.029) (0.029) (0.027)
Farm size -0.067" 0.061™ -0.010
(0.023) (0.021) (0.021)
Number of plots 0.016™ —0.0006 -0.009™
(0.004) (0.004) (0.003)
Household income 0.006 -0.027 0.035"
(0.015) (0.014) (0.014)
Subsidies —-0.0007 —-0.029™ 0.011"
(0.006) (0.005) (0.005)
Poor village -0.020 0.038 -0.128™
(0.0330) (0.0302) (0.030)
Economic development level 0.039 0.061" 0.184™
(0.030) (0.028) (0.025)
Water source —-0.034 0.118™ 0.083™
(0.030) (0.029) (0.027)
Road trunk distance 0.062"™ 0.047™ -0.053™
(0.011) (0.009) (0.009)
Eastern reference group
Middle region —-0.098™ -0.032 0.002
(0.030) (0.028) (0.027)
Western region -0.033 0.048 -0.253™
(0.037) (0.036) (0.036)
Northeast region -0.087" -0.191™ -0.240™
(0.047) (0.032) (0.045)
" dyldx means marginal effects. )
Standard errors are shown in brackets. , and are significant at 1, 5 and 10% levels, respectively.

finding of Issahaku and Rahaman (2019) that farmers’
increased income through non-agricultural employment
can promote their adoption of sustainable production
measures. It is also a common expectation that the more
high-quality cultivated land the households have, the
more likely they are to adopt new technologies. However,
this study found that larger farm size would reduce the
probability of adopting new crop varieties and water-saving
irrigation technology. This is in line with Hu ef al. (2019)
that higher cost and risk associated with larger land may
reduce farmers’ willingness of adopting new technologies.
A few family-level controls had mixed influences on the

adoption of new technologies. For example, the number
of plots had a positive impact on the adoption of new crop
varieties while having a significantly negative effect on
the adoption of straw-returning technology. The possible
reason is that the more scattered the number of land
parcels, the lower the land income; therefore, smallholder
farmers with a large number of plots are more likely to
adopt new crop varieties to improve land productivity.
Meanwhile, the more dispersed the land, the higher the
cost of straw returning. Similarly, household income
had a significantly negative effect on the adoption of
water-saving irrigation technology but a positive effect
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on the adoption of straw-returning technology. It is
assumed that high family income is largely due to off-farm
employment. This means that high income families have
less labor and time to be spent on agriculture, and thus
are lacking the amount of labor required by water-saving
irrigation technology. However, higher income promotes
the adoption of straw-returning technology because it
improves the risk resilience of smallholder farmers (Carter
et al. 2016). The impact of subsidy on the adoption
of water-saving irrigation technology was significantly
negative, while that on the adoption of straw-returning
technology was positive. The possible reason is that the
water-saving irrigation technology requires sufficient funds
while the straw-returning technology does not.

Regarding the village-level controls, living in a poor
village had a significantly negative impact on the adoption
of straw-returning technology, which may be due to their
financial constraints. It was also found that the higher the
level of economic development, the higher the probability
of adopting water-saving irrigation technology and straw-
returning technology. It is intuitive that farmers living in
villages with better economic conditions have a higher
level of awareness of new technologies than those in
villages with worse economic conditions. Compared
with smallholders in the eastern region, the probability
of adopting new crop varieties in the middle region was
reduced by 0.098, the probability of adopting straw-
returning technology in the western region was reduced by
0.253, and the probability of adopting new crop varieties,
water-saving irrigation technology and straw-returning
technology in the northeastern region was decreased
by 0.087, 0.191, and 0.240, respectively. The possible
reason is that the eastern region has higher income,

more advanced production concepts, and more inclined
to adopt production technology than other regions. The
land output in the western region is relatively low. In
order to reduce production costs, farmers are unwilling
to adopt the technology of straw-returning technology.
Smallholders may plant corn, wheat or rice at the same
time, which makes it difficult to distinguish them by crop
type. Therefore, this paper does not divide samples by
crop types.

4.2. Heterogeneity analysis

The heterogeneous impact of Internet use on adoption of
agricultural production technology was investigated from
three aspects: smallholder farmers’ education, training
and income (Tables 5-7). In terms of education, this
paper classified primary schooling and below as a low
education level, and junior high schooling and above as
a high education level. The marginal effects of Internet
use for the low education group were significantly higher
than that of the high education group. This indicated that
farmers with low education level had limited access to
information and lacked agricultural production technology
information. The use of the Internet can significantly enrich
farmers’ information resources and promote the adoption
of modern production technology. As Hojo (2002) put
forward, agricultural production technology adoption varied
across education levels. Farmers with an average or low
education level had a higher probability of technology
adoption than those with a higher education level.

In terms of training, the marginal effects of Internet use
among the trained smallholder farmers were significantly
higher than that of the untrained ones. One explanation

Table 5 Heterogeneity analysis on farmers’ education characteristics

New crop varieties

Water-saving irrigation technologies

Straw-returning technology

High education Low education

High education

Low education High education Low education

level level level level level
Internet use 0.173™ 0.227" 0.121™ 0.150™ 0.140™ 0171
(0.045) (0.068) (0.037) (0.056) (0.042) (0.061)
Control variables Yes Yes Yes Yes Yes
N 828 621 621 828 621

Standard errors are shown in brackets. ", significant at 1% level.

Table 6 Heterogeneity analysis on farmers’ training characteristics

New crop varieties

Water-saving irrigation technologies

Straw-returning technology

Training No training Training No training Training No training
Internet use 0.185 0.126™ 0.181" 0.143™ 0.273™ 0.117™
(0.079) (0.044) (0.072) (0.037) (0.068) (0.039)
Control variables Yes Yes Yes Yes Yes Yes
N 302 1147 302 1147 302 1147

Standard errors are shown in brackets. " and " are significant at 1 and 5% levels, respectively.
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may be that the trained smallholder farmers can have
higher agricultural production skills and obtain more
information through Internet use, which promotes the
adoption of agricultural production technology. This
is consistent with the conclusion of Jia et al. (2013)
who found that training could reduce farmers’ fertilizer
consumption to a certain extent.

Regarding the income level, smallholder farmers with
less than the average income were grouped as low-
income farmers, and the rest were grouped as high-
income farmers. The marginal effects of Internet use for
high-income farmers were significantly higher than that
for the low-income group. This may be due to the fact
that the high-income group can obtain more information
about agricultural production technology through the
Internet, and are more familiar with the risks and benefits
of agricultural production technology; while high-income
smallholder farmers have more capital to invest in
agriculture and bear the risks of agricultural production
technology.

4.3. Robustness test

This paper used endogenous switching model (ESM)
method to address endogenous problem, and the results
are shown in Table 8. The robustness of results showed
that Internet use had a significant positive impact on
agricultural production technology adoption. First, Internet
use could significantly promote smallholder farmers’
adoption of new crop varieties by 27.6% (ATT is 0.276,
t-value is 16.08). Second, Internet use could significantly
promote the adoption of water-saving irrigation technology
by 38.4% (ATT is 0.384, t-value is 20.17). Third, Internet
use could significantly promote the adoption of straw-
returning technology by 9.4% (ATT is 0.094, t-value is

Table 7 Heterogeneity analysis on farmers’ income levels

5.40). These results combine to show that Internet use
had different effects on the adoption of technologies
by smallholder farmers. Specifically, Internet use had
a greater effect on the adoption of new crop varieties
(27.6%) and water-saving irrigation technologies (38.4%)
than on the adoption of straw-returning technology (9.4%).

5. Conclusion and policy recommendations

5.1. Conclusion

Using data of 1449 farmers from 14 provinces/
autonomous regions collected by National Agricultural
and Rural Development Research Institute of China
Agricultural University, from January to February 2019,
and employing probit model, 1V-probit model and PSM
method, this paper explored the impact of Internet use on
smallholder farmers’ adoption of agricultural production
technologies. The results showed that Internet use
could significantly promote the adoption of agricultural
production technologies by smallholder farmers,
increasing the probability of adopting new crop varieties,
water-saving irrigation technology and straw-returning
technology by 0.200, 0.157 and 0.155, respectively.
Heterogeneity analysis showed that the impact of Internet
use on smallholder farmers’ technology adoption had a
greater impact on the farmers with low education level,
training experience and high income. After addressing the
self-selection and endogenous problems of Internet use,
the conclusion was still robust. This study nevertheless
has some limitations. First, surveyed households were
not randomly selected and were more based on the social
relationship of the investigators rather than the strict
random sampling approach; Second, there were more
students participating in the survey in some provinces

New crop varieties

Water-saving irrigation technologies

Straw-returning technology

High income Low income High income Low income High income Low income
Internet use 0.230™ 0.141™ 0.153™ 0.141™ 0.163™ 0.110"
(0.057) (0.051) (0.044) (0.046) (0.046) (0.048)
Control variables Yes Yes Yes Yes Yes
N 508 941 941 508 941

Standard errors are shown in brackets. ~ and " are significant at 1 and 5% levels, respectively.

Table 8 The average treatment effect of the impact of Internet use on the adoption of agricultural production technologies

Samples ATT"Y Standard deviation t-value
New crop varieties 210 0.276™ 0.249 16.08
Water-saving irrigation technology 210 0.384™ 0.276 20.17
Straw-returning technology 210 0.094™ 0.252 5.40

"ATT, average treatment effect on the treated.
, significant at 1% level.
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than in other provinces, which may also lead to more
samples being recovered in certain provinces. Third, the
usage of dichotomous dependent variables may not be
optimal, missing some important variations such as the
degree and time of technology adoption.

5.2. Policy recommendations

This paper puts forward three policy recommendations.
First, it is necessary to strengthen the construction of
rural Internet infrastructure. At present, the infrastructure
has not fully met the Internet use needs of smallholder
farmers, primarily because of the problems of high
network cost and slow network speed in many rural
areas. Itis in urgent need to strengthen the construction
of agricultural information, disseminate the information
to villages and households, and encourage the digital
transformation of agricultural production. Second, it
is important to provide training to smallholder farmers,
assisting them in acquiring or improving Internet use
skills. By December 2018, there were 222 million Internet
users in rural areas of China, accounting for 26.7% of total
Chinese internet users, and a 12.91 million increase from
2017. The rural Internet popularization rate was 38.4% in
2018, 0.3 percentage point higher than that at the end of
2017 (China Internet Network Information Center 2019).
More attention should be paid to the training of Internet
use skills for smallholder farmers. Taking into account the
awareness and acceptance of smallholder farmers, the
training content and training methods about smallholder
farmers should be different from those for large-scale
farmers. Finally, policy formulation should take into
consideration the heterogeneity of smallholder farmers.
The effectiveness of Internet use varies significantly by
characteristics of farmer individuals and households.
Therefore, the government should formulate targeted
policies according to the needs of different smallholder
farmers and provide tailored agricultural production
methods to farmers of different knowledge, skill and
income levels.
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