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ABSTRACT
In the context of emerging digital advisory services that can make a potential
difference in sustainable farming practices, this article analyzes the connection
between on-farm human interaction and digital advice. Based on an experimental
case from China’s largest ever national research initiative on reducing
agrochemical use in agricultural production, this study found that introducing
university facilitators to promote ICT-based advisory services is conducive to site-
specific fertilizer use. Through interactions with farmers, the facilitator
complemented digital advisory services to achieve optimal N-fertilizer use in maize
production. Digital service providers favoured large farms and usually would not
service smallholder farmers, thus limiting the potential of digital advisory services.
A main theoretical implication is that digital technology should not be completely
relied upon because it may only give part of the answer. A human facilitator still
plays an important role in integrating new technologies in interaction with
farmers. Human advisory services can interpret or translate data to improve
farmers’ decision-making, going beyond the advisory capacity of ICT technology.
This is an important policy implication for China regarding its national research
policies on agricultural sustainability and digital advisory services, and also calls for
further research on interactions between digital and human advisory services.
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1. Introduction

In the process of agricultural modernization, techno-
logical development seeks to achieve maximum
output and enhanced control. Rotations became
shorter and monoculture replaced crop diversifica-
tion, resulting in crop susceptibility to drought,
insects, pathogens, disease outbreaks and market
vagaries (Lamine et al., 2012). Productivist approaches
to agricultural intensification have posed vast chal-
lenges globally and locally, also in China. According
to the first Chinese National Soil Pollution Situation

Survey covering the period April 2005 to February
2013, 16% of soil in the surveyed sites was affected
by pollution and degradation (OECD, 2018). In paral-
lel, pollution and eutrophication of surface water
and groundwater due to livestock production and
the use of fertilizers and pesticides have caused
great concern not only with respect to production
but also in food safety (Buckley & Piao, 2016). The
intensity of nitrogen and phosphate fertilizer con-
sumption on cultivated land in China is 2.5 and 1.9
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times the world average, respectively (Zhao et al.,
2008); while in Europe, the rates have been constantly
declining (OECD, 2018). While fertilizers have played
an important role in achieving China’s food security,
its excessive use has caused severe environmental
problems (Cui et al., 2014; Powlson et al., 2014; Zhu
& Chen, 2002).

To improve nutrient management and achieve
sustainable farm management, information and
advisory services (also referred to as extension)
have important roles to play (Klerkx & Jansen, 2010;
Vrain & Lovett, 2016). Increasingly, such information
and advisory services are provided digitally (Fabre-
gas et al., 2019; Fielke et al., 2020; Klerkx, 2020;
Munthali et al., 2018; Oyinbo et al., 2020; Steinke
et al., 2021), as part of the recent technological
wave in agriculture (e.g. precision farming equip-
ment, robotics, and blockchain) under the influence
of digitalization (Klerkx et al., 2019). The information
is provided through devices such as smartphones,
via applications (apps) or short message services
(SMS), and possibly in both forms of generic infor-
mation and advice tailored to farmers’ specific situ-
ation (Agyekumhene et al., 2020; Baumüller, 2016,
2017; Eichler Inwood & Dale, 2019; Munthali et al.,
2018). Also, information is exchanged via social
media (Chowdhury & Hambly Odame, 2013;
Kaushik et al., 2018).

Researchers analyzing agricultural digitalization
have raised critical questions about how to integrate
the established models of knowing and decision-
making in sustainable agriculture (Klerkx et al.,
2019). Despite the asserted substitution of human
planning and action by automated decision-making
process (Budaev et al., 2018; Nedelkoska & Quintini,
2018), human interpretive skills for sustainable farm
management are still important (Eastwood et al.,
2019; Walter et al., 2017). Disruptive entrants such as
tech startups and traditional ICT technology suppliers
often cannot provide adequate on-farm support due
to their lack of farm system expertise or knowledge
networks (Eastwood et al., 2016). Even though
digital advice has great value, concerns about the
access to digital services are raised due to some
issues on digital communication and advice plat-
forms, such as connectivity (Cowie et al., 2020;
Mehrabi et al., 2021; Pant & Hambly Odame, 2017;
Rose et al., 2021; Salemink et al., 2017) and user-
friendliness (Munthali et al., 2018; Ortiz-Crespo et al.,
2021: Steinke et al., 2021). It thus has been argued
that ‘human advisors’ (or ’analogue advisors’) can

play an important role in complementing digital
advice, curating and interpreting digital information
(Eastwood et al., 2019; Ingram & Maye, 2020). Such a
digital and human interaction can reinforce each
other (Materia et al., 2015). Despite the conceptual
development of combined digital and human advi-
sory services in sustainable farming (Berthet et al.,
2018; Eastwood et al., 2019; Ingram & Maye, 2020),
corresponding purposeful experiments and rigorous
examination remain scarce.

This paper aims to address this gap, by examining
the combined digital and human advisory services in
the context of China’s ‘Zero-Growth Action Plan for
Chemical Fertilizers and Pesticides’. This Plan aims
to limit the annual increase in China’s use of chemi-
cal fertilizers and pesticides to less than 1% between
2015 and 2019 and to achieve a zero-growth by
2020 for major agricultural crops, compared with
the average annual increase of 3.9% in nitrogen
fertilizer consumption between 2000 and 2013.1

Over the period of 2016 and 2018, a total of 49
National Key Programs were approved and funded
as the national endeavours to support research
and technology development in the area.2 Among
the first tranche of the projects in 2016, one
project (hereafter, the Project) focuses on digital
advisory services.

The present study, independent from the Project,
aims to explore the development and application of
digital advisory services and solutions to excessive
fertilizer use in China’s agricultural production, by
assessing the impact of SMS-based messages. The
main research questions included: (1) how does the
provision of digital advisory service impact on sus-
tainable N fertilizer use, and (2) what are the pro-
cesses of information flow and conversion in the
combined digital and human advisory services? An
experimental intervention was designed, that is to
station a university facilitator in the field to foster a
hybrid decision-making process informed by exper-
tise, institutional learning and farm-level adap-
tations. The results of this research contribute to
the literature on digital extension and advisory ser-
vices, and can inform how to involve smallholder
farmers in partnerships with research institutions
and private bodies for sustainable development
through ICTs (Steinke et al., 2021). The remainder
of the paper is organized as follows: first, literature
on digital advisory services is examined, followed
by presenting the results, and finally, the discussion
and conclusion are provided.

2 J. DING ET AL.



2. Literature review

2.1 Impacts of digital advisory services on
technology and practice adoption: a mixed
picture

The impacts of digital advisory services on adoption of
sustainable farming technology are mixed. Exper-
imental studies have found that mobile phone-
based services increased farmer knowledge and self-
reported adoption of recommended practices (Fu &
Akter, 2016; Larochelle et al., 2019). For example, Lar-
ochelle et al. (2019) found that mobile phone SMS-
based messages can increase farmers’ adoption of
integrated pest management (IPM) practices in pota-
toes. Such effect varies with farmers’ education level
(Carrión-Yaguana et al., 2020). In rural Viet Nam, Inter-
net access increased rice production by 6.8% and the
increase was associated with the improved efficiency
of fertilizer use, such as the adoption of variable rate
of fertilizer application by timing and location (Kaila
& Tarp, 2019). In India, mobile phone-based agricul-
tural advisory services significantly influenced
farmers’ fertilizer-related decisions, and treated
farmers were more likely to adopt the recommended
fertilizer practices than the control group (Cole & Fer-
nando, 2021). In Tanzania, radio and mobile SMS-
based channels were found to have great potential
to increase the adoption of the sustainable agricul-
tural intensification (SAI) practices (Kansiime et al.,
2021; Silvestri et al., 2021). A meta-analysis of several
studies revealed that digital advisory services could
moderately increase yields by 4%, and the returns to
the investment could be increased by the improved
programme design, such as customization to local
conditions and video-based interventions (Fabregas
et al., 2019). Nonetheless, it has been argued that
acquiring knowledge via digital advisory services
could result in overestimation of the impacts of self-
reported data and unverified behaviour change (Fab-
regas et al., 2019).

Previous studies often have a methodological
limitation, that is, the binary construction of ICT-
based service delivery and use (i.e. ‘yes’ or ‘no’)
without reasoning more deeply about how the
decision-making process evolves and the role of
human interaction in this process. This may explain
the relatively low use. For example, Fafchamps and
Minten (2012) declared that only 59% of farmers
who had been offered a SMS-based subscription actu-
ally used it. Similarly, among the farmers who were

offered free mobile phone-based extension services,
only 65% listened to the delivered content (Cole &
Fernando, 2012).

The access to digital agricultural advisory services
and the impacts of such services vary considerably
by farm size, income and farmers’ social standing
(Mehrabi et al., 2021). Although current data are
inconclusive, anecdotal studies have reported sugges-
tive evidence of exclusion of disadvantaged farmers
(Aker, 2011). Globally, agricultural extension agencies
have been found to favour their own social networks
and neglect the vulnerable farmers, causing account-
ability problems (Bandiera et al., 2018; Cunguara &
Moder, 2011). As digital agricultural advisory services
currently reach only a small portion of farmers in
the world (Tsan et al., 2019), the concern of excluding
smallholder farmers in data-driven agriculture is pro-
minent, as warned by Mehrabi et al. (2021).

2.2 The role of humans in complementing
digital advisory services

Researchers have asserted that digital advisory ser-
vices alone are not enough to stimulate agricultural
decisions without considering the socio-technical
system (Fielke et al., 2020; Jakku & Thorburn, 2010;
Steinke et al., 2021). In increasingly data-driven agri-
cultural production, cyber-physical systems enable
autonomous information sharing, analysis and
decision-making (Lioutas et al., 2019; Rose & Chilvers,
2018). But the systems need to include a social
element, such as relational and face-to-face inter-
actions that promote trust and agreement (King
et al., 2019; Lioutas et al., 2019; Rijswijk et al., 2021).
As Eastwood et al. (2019) argued, human advisors
provide sensemaking and interpretation of infor-
mation provided from digital channels. Increasing
capacity associated with digital technologies thus
requires new platforms for agricultural stakeholders
to combine different sources of information, both
digital and ‘analogue’, for decision-making (Fielke
et al., 2020; Ingram & Maye, 2020).

The role of human advisors in complementing
digital advice can be understood from the perspective
of the integrated process of knowledge management
proposed by Nonaka and Takeuchi (1995). In line with
the perspective, a pyramid model is often used to
capture how different data, information, and knowl-
edge are combined and converted (Figure 1). At the
bottom of the pyramid is voluminous unstructured
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unexpressed information, defined as data, i.e.
‘symbols that represent properties of objects, events
and their environments’ (Ackoff, 1989, p. 3). Infor-
mation, inferred from data, represents a logically con-
structed relationship of data; it is relevant, usable,
meaningful, and to some extent processed (Rowley,
2007). Data per se have no value until they are trans-
formed into a relevant form, and the difference
between data and information is the latter is ‘not
(only) structural but functional’ (Ackoff, 1989, p. 2).
After being generated, stored, retrieved, processed
or augmented by additional items, a subset of the
data becomes information because of inferred rel-
evance. Knowledge is a collection of propositional
‘know-that’ and behavioural ‘know-how’ (Snowdon,
2003). In complex decision-making process (such as
farm management), not all knowledge is articulated
and codified into digitalized components, and
plenty of knowledge is difficult to make explicit
(Polanyi, 1966). Such tacit knowledge is personalized
and embedded as experience, expertise or practical
skills, and are not easy (or costly) to be acquired and
transmitted through conventional communication
tools and agent-based management (Gonsalves
et al., 2005; Langeveld & Proost, 2004; Röling &
Jiggins, 1998).

3. Research design and methods

3.1. Combining digital advice and a human
innovation facilitator

The present study was piloted in Binzhou, a prefecture
in north Shandong province, China, where scientists

of the National Key Program had previously studied
soil management. The local climate is warm temper-
ate. Winter wheat and summer maize are planted in
rotation, and summer maize is routinely planted
throughout June to September.

Previous studies identified excessive nitrogen ferti-
lizer use and knowledge gaps in the region. For
example, farmers used too much N-fertilizer at the
pre-planting stage of maize when the young crops
have no extensive root system to store nitrogen,
resulting in reduced efficiency and productivity (Jia
et al., 2013). Scientists proposed variable rates of N-
fertilizer application to reduce nitrogen loss to the
environment, and to increase yield (Matson et al.,
1998; Tilman et al., 2002). Despite robust scientific evi-
dence and bold policy advocacy, inappropriate
farming practices continued; the agricultural exten-
sion system was dysfunctional in addressing the chal-
lenges. Only 28% of farmers were able to read the
nutrient information on the fertilizer package and
44% wrongly believed ‘the more the fertilizer, the
better the production’ (Jia et al., 2015).

Through the National Key Program, a variety of sta-
keholders were engaged to reconfigure the knowl-
edge system. A group of soil scientists and
agronomists of multiple disciplines from the National
Agricultural Research System (NARS) took soil and fer-
tilizer samples in the project area for laboratory analy-
sis. The scientists also conducted field experiments to
synchronize soil N availability and N-fertilizer use with
nutrient needs. Based on the field diagnosis, the
scientists further calibrated their model and drew up
a set of guidelines on low carbon practices. Partnering
with an entrepreneurial venture (an agritech startup)

Figure 1. The pyramid model of knowledge management (based on Ackoff, 1989; Nonaka and Takeuchi, 1995).
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that provided digital services, the guidelines were
delivered to local extension agents and individual
farmers in the form of SMS-based messages.

The digital advisory service of the Project was
assisted by a variety of ICT applications. For
example, to synchronize seed population and the N-
fertilizer use with crop N needs, the Project used
hand-held chlorophyll meters, a SPAD-based leaf
nitrogen estimation tool, as an assistant tool at the
tiller forming stage and when the first stem node
was visible, and tested the uppermost fully expanded
leaf (visible collar) until the ear leaf was identifiable.
The chlorophyll meter approaches – earlier developed
by scientists to estimate grain N status and determine
the need for additional N fertilizer (Follett et al., 1992)
– have been combined with intelligence tools
installed on smart phones and sensing technologies
(Mohan & Gupta, 2019). The results of the field diag-
nosis were delivered to individual farmers in the
form of SMS-based messages; this prevents the poss-
ible exclusion of farmers who do not use smart
phones or are not familiar with the installed
applications.

The scientific knowledge was converted into loca-
lized recommendations of nitrogen management on
‘as needed’ basis. A total of five field advice messages
were sent during the growing season of maize by the
startup. The advice was site specific and calibrated
according to soil testing and field diagnosis. To
ensure the localization of farming practice guidelines,
the scientists appointed a local extension technician
as the contact person for local knowledge. The rec-
ommended total N-fertilizer use in the region was
135–240 kg per hectare (convert into purification).
To synchronize N-fertilizer use with crop N needs,
based on previous research in the region, farmers
were advised to break the N-fertilizer application
into two, namely 50–80 kg/ha before planting, and
80–160 kg/ha at the 10-leaf stage. The variable rates
of N-fertilizer application accounted for the complex

soil context, N storage in the soil, weather-driven
factors that affect the availability of soil N, and crop-
specific attributes.

A university facilitator, a full-time master candidate
trained in agricultural science and environmental sus-
tainability, was stationed in the villages throughout
the growth stage of maize. The facilitator supported
farmers to read the delivered information and
explained results of the field diagnoses. To further
demonstrate the operation and results of advised N-
reducing technologies, the facilitator farmed several
small demonstration plots in the village. As an inte-
grated part of the Project, the facilitator constantly
communicated with the scientists and the partnering
ICT startup, and returned feedback from field work for
further development.

3.2. Survey and data collection

The research design yielded a comparative construct
between treatment and control. There were two
types of treatment groups. First, the general treat-
ment group included farmers who were provided
with digital services, such as results of field diagnosis
and advice of site-specific N-fertilizer use. The startup
selected 125 farmers whose size were relatively large
in the study area and advised them on sustainable
farming practices via SMS-based messages. Second,
the intensive treatment group of 37 farmers was
selected by the university facilitator who resided in
two adjacent villages based on observed needs and
established trust. The involvement of the facilitator
could potentially enhance the internalization and
socialization of knowledge. Besides, this study ran-
domly selected two farmers per village who did not
receive any services associated with the Project as
the control group. Meanwhile, two maize plots from
each farmer were randomly selected for the study.

The design of two-stage dataset at farm and plot
level allows for before-after analysis and a control
for time-invariable factors. The baseline survey that
consists of face-to-face interviews was conducted in
mid-November in 2016 shortly after the maize
harvest. The survey collected detailed information
on farm management and N-fertilizer use on two
sample plots of each household throughout the
maize growing season. A follow-up survey was con-
ducted in the same period in the next calendar year.
While most of the survey questions were identical to
those in the baseline survey, farmers were asked
about their awareness and perception of the ICT-

Table 1. Description of sample and research design of ICT-based
climate-smart nitrogen management services in Shandong, China.

Total

Resident
innovation
facilitator

Advice sent to
farmers via
SMS-based
messages

Farms not
included in
the advisory

service

Village 25 2 23 25
Farmer 150 30 71 49
Plot 574 116 268 190

Source: Author’s survey.
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based services and their communication with other
actors, such as the local extension technicians.

Based on the two surveys, a longitudinal dataset at
the household and plot level was constructed. The
attrition rate between the two surveys was approxi-
mately 30% mainly because some questionnaires
were not completed and/or some interviewees were
away as migrant workers. Therefore, the dataset
includes a total of 150 maize growers in 25 villages
and contains detailed information concerning the
farmers’ production management including N-fertili-
zer use and yield, and their perceptions of and
access to ICT-based agroecological services in the
maize growing season (Table 1).

4. Analytical results

The service provider tended to provide digital advice
of sustainable practices to large farms. Table 2 sum-
marizes the characteristics of both treated and

control farmers prior to the experiment intervention
of SMS-based advisory services. The average size of
the farms who received SMS-based messages was
2.6 hectares, nearly four times larger than that in the
control group. This indicates a selection bias of the
private entity in providing digital services. Interest-
ingly, the average farm size of the farm treated by
the university facilitator is not significantly different
from that of the control group. Unlike the service pro-
vider, the facilitator was seeking targeted services for
smallholder farmers.

The take-up rate of digital advice messages was
surprisingly low. Over the growing season of maize
in 2017, a total of 505 messages were sent to the inter-
viewed farmers. During the field survey, the inter-
viewers tracked the source dataset from the digital
service provider and checked the message receipt at
the farm level. The high non-delivery rate was due
to several reasons (Table 3). A few messages had
been blocked by telecommunication providers, and

Table 2. Characteristics of farms receiving (or not) different advisory services, 2016.

Farms in
villages with
resident
facilitator

Farms receiving
advice by SMS-
based messages

Farms not
included in the

advisory
service (Non-

service)

(N = 30) (N = 71) (N = 49)

Mean S.D. Mean S.D. Mean S.D.

Farm size (ha) 0.7 0.6 2.6*** 5.3 0.7 0.7
Age (year) † 56.5 7.6 54.1 9.4 56.0 8.5
Education level (in years) † 7.0 3.9 6.5 3.5 7.3 3.0
Off-farm experience in the past 5 years (%)† 43.3 0.5 49.3 0.5 42.9 0.5
Installing messaging and communicating applications on smart phone (%)† 10.0 31.5 29.6 46.0 22.4 42.2

Source: Author’s Survey.
Notes: † Individual characteristics are those of the main farmer. Two-sample t-tests were used to estimate the difference in means of farm
characteristics between the treated and control groups. ‘Non-service’ group was chosen as the reference. The lack of any stars (*) indicate
non significance.*, **, *** indicate statistical significance at the 10%, 5%, and 1% level, respectively.

Table 3. Farmers’ awareness of SMS-based messages from the agroecological service startup and feedback.

Total

Farmers in villages
with a resident
innovation
facilitator

Only received
advice by SMS-
based messages

(N = 101) (N = 30) (N = 71)

Mean S.D. Mean S.D. Mean S.D.

Total number of SMS-based messages sent 505 – 150 – 355 –
Farmer’s awareness and feedback (1 = Yes; 0 = No)
Did not receive the message because of blocking by
telecommunication providers or by the anti-spam system

0.376 0.485 0.367 0.484 0.380 0.486

Received but did not read the message 0.327 0.469 0.233 0.424 0.366 0.482
Read the message and followed the advice 0.297 0.457 0.400 0.492 0.254 0.436
Sent back additional inquiry 0.073 0.262 0.167 0.376 0.011 0.105

Source: Author’s Survey
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most by the anti-spam system installed on the smart-
phones. Only 29.7% of farmers received the message
and followed the advice, and the rate was significantly
higher in the villages with a resident university facili-
tator than in those without such a facilitator. As a con-
sequence, 16.7% of farmers asked for additional
information from the facilitator when digital services
were combined with human facilitation, whereas the
rate was only 1.1% when farmers received only
digital services.

To further examine the role of the university facil-
itator, a multivariate analysis was conducted in
which other covariates (e.g. climatic, economic and
social factors) were controlled for. Table 4 shows
that the estimated coefficient is significant and posi-
tive. This demonstrates that the university facilitator
raised farmers’ awareness of ICT-based advisory ser-
vices, such as by helping older farmers use smart
phones and guiding them through technical pro-
blems. Farmers’ awareness was also closely associated
with some farm and household characteristics. For
example, off-farm experience and farm size signifi-
cantly increased and decreased the awareness,
respectively.

The suggested N-fertilizer management was only
partially followed. The reduction in N-fertilizer was
only observed at the 10-leaf stage, though excessive

N-fertilizer needed to be reduced at various stages
(Table 5). Combined with field facilitation, the digital
advisory services effectively reduced N-fertilizer use
by 63.2 kg per hectare in maize production. But the
reduction was only significant at the 10-leaf stage
(74.1%); the overall compliance with the guidance
was far from optimal.

Combined digital and human advisory services
were conducive to technology adoption but their
effect on immediate N-fertilizer reduction was
limited. Given that this study could not control for
every factor that potentially influences farmers’ N-fer-
tilizer use, a multivariate model was used to estimate
the impacts of site-specific services on farmers’ N-fer-
tilizer use. The longitudinal structure of our data
allowed fixed effect estimations to control for time-
invariant unobserved factors. The estimate coefficient
of field facilitator, -0.04, negative but not significant,
implying a downward effect of human facilitation in
reducing N-fertilizer use compared with receiving
only digital advisory services (Table 6, column 1).
The coefficients of farms not receiving service are all
positive, suggesting that digital services in general
resulted in N-fertilizer reduction, ceteris paribus.

5. Discussion

This paper aimed to assess impacts of and interactions
within combined digital and human advisory services.
The main research questions that guided the enquiry
were: (1) what were the effects of digital advisory
service provisioning on sustainable N fertilizer use
and (2) what processes of information flow and con-
version took place in the combined digital and
human advisory services? We will now discuss the
findings and reflect them against extant knowledge
to elucidate theoretical, policy and practical
implications.

5.1 Adoption of sustainable agricultural
practices and digital advisory services

The study confirmed that the impact of digital ser-
vices on reduction of N-fertilizer use is heterogonous
and limited. Going beyond previous studies that only
focused on digital service access’ impact on the
overall reduction of fertilizer use or expenditure (Ma
& Zheng, 2021; Yuan et al., 2021), the present study
investigated the impacts of digital services on N-ferti-
lizer use at different and specific growth stages (e.g.
the basal and 10-leaf stage). The findings are in line

Table 4. Estimations of farmers’ reactions to SMS-based messages
based advisory services in 2017, Logit model.

Alerting to the
message

(1 = Yes; 0 = No)

Innovation promoter (1 = Yes; 0 = No) 0.24***
(0.061)

Site-specific and non-communicative
information (1 = Yes; 0 = No)

0.00
(0.043)

Had soil tested (1 = Yes; 0 = No) 0.32***
(0.066)

Household control variables
Farm size (in hectares) −0.01***

(0.004)
Age (in years) −0.01***

(0.003)
Education level (in years) 0.02***

(0.006)
Off-farm experience in the past 5 years of (1
= Yes; 0 = No)

0.23***
(0.069)

Messaging and communicating applications
were installed on the farmers’ smart phone (1
= Yes; 0 = No)

0.03
(0.048)

Pseudo R2 0.27***
(0.000)

Notes: Robust standard errors in parentheses. *, **, *** indicate stat-
istical significance at the 10%, 5%, and 1% level, respectively. The
total number of observations was 505.
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with the results of Ma and Zheng (2021), who noted
that in China, smartphone-based information inter-
vention has a negative but insignificant impact on fer-
tilizer expenditures at the 40th quantile, but
significantly decreases pesticide expenditure at the
60th and 80th quantiles, for wheat farmers in China.
It is also in line with Yuan et al. (2021) who reported
that Internet use increased farmers’ human capital
and then reduced chemical fertilizer use.

Our findings showed that the impacts of digital
advisory services on N-fertilizer use in China’s grain
production varied with farm size. This agrees with pre-
vious findings that SMS-based messages have hetero-
geneous effects determined by farm size, though
farmers with large or small farms both found SMS
valuable (Camacho & Conover, 2019). But it is in con-
trast to the findings of Fafchamps and Minten (2012)
who estimated the benefit market and weather infor-
mation delivered by SMS-based messages and found
no evidence of heterogeneous effects by farm size.

As a key addition to previous works, the present
study found that the combined digital and human
advisory services increased the rates of advice accep-
tance and feedback. The university facilitator had a

Table 5. N-fertilizer use according to the maize growth stage and climate-smart fertilizer management services in Shandong (China), 2016-
2017.

Farmers in villages with a
resident innovation

facilitator

Farmers who only received
advice by SMS-based

messages

Farms not included in the
advisory service (Non-

service)

(N = 116) (N = 268) (N = 190)

Mean S.D. Mean S.D. Mean S.D.

Total N-fertilizer (kg/ha)
2016 279.8 125.3 226.4*** 108.4 290.0 111.2
2017 241.2 113.9 190.8*** 109.5 265.1 130.5
△ −38.7 131.9 −35.6 123.7 −24.9 111.2
Pre-planting N-fertilizer (kg/ha)
2016 85.8 33.1 90.7 49.6 92.5 56.8
2017 110.3 56.0 99.7 49.7 104.1 52.5
△ 24.5 67.4 8.9 61.4 11.7 79.8
N-fertilizer at 10-leaf stage (kg/ha)
2016 194.0 101.6 135.7*** 107.9 197.5 87.5
2017 130.8** 101.4 91.1*** 90.0 161.0 111.0
△ −63.2** 91.1 −44.5 110.9 −36.5 101.7
Farmers who reduced N-fertilizer use (%)
Total 62.1 48.7 56.0 49.7 53.7 50.0
Pre-planting 36.2 48.3 38.1 48.6 40.0 49.1
At 10-leaf stage 74.1*** 44.0 56.7 49.6 57.9 49.5
Yield (ton/ha)
2016 8.2 1.3 8.5*** 1.2 8.1 1.7
2017 7.5* 1.6 7.8 1.2 7.8 1.2
△ −0.7* 1.9 −0.6** 1.4 −0.3 1.7

Source: Author’s survey.
Notes: Two-sample t-tests were used to estimate the difference in means between the treated and control groups. ‘Non-service’ group was
chosen as the reference. The lack of any stars (*) indicate non significance.*, **, *** indicate statistical significance at the 10%, 5%, and 1%
level, respectively.

Table 6. Estimations of farmers’ use of N-fertilizer for maize
production in Shandong (China) using fixed-effect models, 2016-
2017.

N-fertilizer (kg/ha)

Total (1)

Pre-
planting

(2)
At 10-leaf
stage (3)

Presence of innovation
promoter (1 = Yes; 0 =
No)

−0.04
(0.00)

16.95
(1.57)

−16.99
(1.04)

Non-service farms (1 = Yes;
0 = No)

12.16
(0.74)

3.12
(0.34)

9.04
(0.65)

Control variables
Farm size (in hectares) −1.42

(0.31)
2.93
(1.13)

−4.34
(1.11)

Off-farm experience in the
past 5 years of (1 = Yes; 0
= No)

34.48
(1.49)

−25.95**
(2.00)

60.42***
(3.09)

Messaging and
communicating
applications installed on
farmers’ smart phone (1
= Yes; 0 = No)

32.72
(1.17)

39.13**
(2.48)

−6.42
(0.27)

Dummy year 2016 (1 = Yes;
0 = No)

36.18***
(3.43)

−7.77
(1.31)

43.95***
(4.93)

Constant 200.40***
(11.46)

96.73***
(9.85)

103.67***
(7.00)

Notes: Absolute values of t-ratio in parentheses. *, **, *** indicate
statistical significance at the 10%, 5%, and 1% level, respectively.
The total number of observations was 574.
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positive effect on reducing N-fertilize use, though the
effect is not significant compared with only receiving
the digital advisory service. In theory, farmers who
have interpersonal communication with the facilitator
would develop stronger ‘trust’ in extension agents
and learn more (Buck & Alwang, 2011), and hence,
they are more likely to reduce fertilizer application
than those without such communication, which
shows the ‘trust’ is crucial to fully benefit from the
digital advice. According to Aker et al. (2016),
whether the information is provided via a trustworthy
source will affect how the information is interpreted,
accepted, and acted upon. It has been noted that
digital advisory services have been suffering from a
lack of feedback mechanisms, insufficient trust in
information sources, and a mismatch with farmers’
needs (Steinke et al., 2021). In this regard, the added
value of a human or ‘analogue’ source of advice
becomes apparent (also echoing McCampbell et al.,
2021).

5.2 Challenges of enacting digital advisory
services

The experimental assessment of ICT-based advisory
services on technology adoption of sustainable
farming and its impacts (as discussed in section 5.1)
resonate with ongoing debates on challenges and
opportunities associated with digital advisory services
in agriculture (e.g. Fielke et al., 2020; Ingram & Maye,
2020; Klerkx, 2021; Steinke et al., 2021). The entrepre-
neurial venture of digital services in the Project selec-
tively targeted large farms who used N-fertilizer more
efficiently than smallholders. As Khan et al. (2020)
indicated, the limited access to ICT by small farmers
has inhibited their adoption of agricultural technol-
ogies, negatively affecting the farm productivity and
wellbeing. This supports earlier exclusion concerns
and suggests that policy efforts should ensure the
coverage and general affordability of providing rural
subsidies, avoiding heterogeneous impacts and the
exacerbation of a ‘digital divide’ (Aker et al., 2016;
Wyche & Steinfield, 2016).

The present study also provides some practical
guidelines for designing digital services in sustainable
agriculture, which emphasize ‘user-friendliness’
(Steinke et al., 2021) and take into account ‘user-readi-
ness’ of digital services (McCampbell et al., 2021). In
this study, each SMS-based messages that delivered
field diagnosis to individual farmers was no more
than 400 words and can be read within one minute.

Moreover, the SMS-based messages were sent five
days prior to the fertilizer application, not only as an
information provider but also as a task reminder.
Such a knowledge-building effect was also observed
in Ecuador, where mobile phone SMS-based mess-
ages improved the adoption of sustainable agricul-
tural practices as such messages increased farmers’
knowledge and reduced inattention (Larochelle
et al., 2019). The case of Ecuador also demonstrated
the importance of a well-timed messaging strategy.

The present study points to a cautious understand-
ing of the potentially overstated role of digital services
in sustainable agriculture. The insignificant effects of
digital services (see section 5.1) may be due to
Chinese farmers’ deep-rooted cognition and experi-
ence about the benefits of fertilizers. Early studies
found that almost half of grain growers wrongly
believe that increasing fertilizer can promote pro-
duction without limit (Huang et al., 2008; Jia et al.,
2015). Although farmers have learned through
digital advisory service that there is no need to
overuse fertilizer to increase production, it takes
time to change their fertilizer application behaviours
in the long term. The downward effect on N-fertilizer
use is a good start but not nearly enough, which also
indicates that digital advice on a particular element in
farming is only one element of the overall transition
towards sustainable agriculture.

5.3 The role and the impact of the human
facilitator

The university facilitator increased farmers’ awareness
of attending digital advice messages and following
the advice (see Section 4). In the Project, following
the concept of the knowledge pyramid, externaliza-
tion referred to retrieving and transmitting data
from an implicit and unknown situation (e.g. soil ferti-
lizer testing and leaf nutrient diagnosis). The externa-
lized data were bundled into information shared
between scientists and local digital service providers,
and were further combined and modelled for struc-
tured information in the explicit form of SMS-based
guidelines of N-fertilizer use. As the external infor-
mation needed to be further validated and evaluated
by the end-users (i.e. farmers), internalization occurred
when the end-users combined the external infor-
mation with their tacit knowledge, and then their
decision-making process may be deviating from the
external knowledge and present as a socialized
behaviour. The field facilitators become important in
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the decision-making process unknown to others
because they can further externalize farmers’ ‘tacit
knowledge’ for agricultural advisory service providers,
scientists or policy-makers and inform the socialized
and complex process of behaviour changes.

Our results suggest that farmers still need human
advisory support to benefit from digital tools, a
finding that echoes the result of Eastwood et al.
(2019), who highlighted the important role of advisors
in enhancing the value of digital advisory tools by
combining their knowledge of farm systems with an
understanding of such tools. Reaching farmers with
one-way SMS-based messages may limit the amount
of information that can be conveyed (Fabregas
et al., 2019). Hence, the technology should not be
completely relied upon because it may only give
part of the ‘answer’, and the facilitator still plays an
important role in integrating new technologies into
their interaction with farmers (echoing Eastwood
et al., 2016). Human advisory services can interpret
or ‘translate’ data to improve farmers’ decision-
making that goes beyond the advisory capacity of
ICT technology. Such human facilitation can be
partly digital when interactive media are used
(Aguilar-Gallegos et al., 2022; Klerkx, 2021; Steinke
et al., 2021).

6. Conclusions

Excessive dependence on agrochemicals has been a
major obstacle to achieving agricultural sustainability
in China. This study experimented with a redesigned
farming system that included a university facilitator
in the framework of China’s National Key Program of
reducing chemical fertilizer use through digital advi-
sory intervention. The findings showed that the
impacts of digital advisory services on reducing N-fer-
tilizer use in China’s grain production varied with farm
size. Compared with large farms, smallholder farms
were less responsive to digital advice on low-carbon
farming. The university facilitator played a significant
role in facilitating the learning process before
farmers’ behavioural changes eventually took place.
The study found a high non-delivery rate of SMS-
based advisory services and a low level of feedback,
in the absence of human facilitation and combined
digital and human interaction. Lastly, private provi-
ders of digital services biased towards large farms
and the digital exclusion concern is not unwarranted.

The research findings may inform China’s endea-
vours to transform the national agricultural advisory

systems. In recent years, there have been a few inno-
vative practices in China, such as the Science and
Technology Backyard (STB) platform, a university-
based extension programme advancing technology
transfer by stationing scientists in rural villages (Mar-
tindale, 2021; Zhang et al., 2016). While both STB
and the studied pilot project have demonstrated posi-
tive environmental effects of the presence of scien-
tists in the farming system, questions remain
unanswered about the institutions and associated
governance of advisory services (e.g. finance, incen-
tives and institutions of field facilitators). It is still not
clear whether field facilitation is a type of farm advi-
sory services or profession aspired for, especially for
the next generation of tech-savvy rural youth that
may want to focus on developing digital advisory
applications (see also Yoon et al., 2021).

While the empirical work focused on the context of
China, as shown in section 5, such a discussion is not
limited to China but is emerging globally in rural advi-
sory services and agricultural extension (Fu & Akter,
2016; Klerkx, 2021; Steinke et al., 2021). Future
research also is needed in other countries to investi-
gate how such hybrids between digital and human
advice develop, what the optimal combination
between the two is, and what impact such combined
advice has.

Notes

1. Information source: http://www.moa.gov.cn/govpublic/
ZZYGLS/201503/t20150318_4444765.htm

2. During 2016 and 2018, a total of 363.6 million USD was
approved and used on these projects. The number of
projects are 13, 21 and 15 in each of the three years.
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