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China is establishing a Food Traceability System (FTS), but the policy implementation is 
behind most developed countries. The lack of FTS awareness may be a factor contributing 
to farming practices that are not consistent with FTS policies. Furthermore, the structure 
of an agri-food supply chain is a factor influencing farms’ compliance with FTS. The pres-
ent study focuses on pesticide residue control and traceability issues in one of the largest 
tea production areas in China. It aims to examine the effect of FTS awareness and related 
policies on tea farms’ operations as well as the influences of supply chain structure on the 
effects of policy awareness.
In this study the data were collected from Fujian province, which is a traditional, ma-
jor tea-growing region in China with 18% of national production. Farms were recruited 
through a Stratified Sampling procedure that included 428 participating farms from the 
four largest tea-producing counties in Fujian. The participating farms answered questions 
regarding their awareness of FTS and related policies as well as the supply chain structure. 
The participants also reported their agricultural record-keeping practices related to pesti-
cide residue control, including pesticide use, pesticide residue test, and sales record.
The results reveal that farm owners’ or operators’ FTS awareness has a positive effect on 
pesticide use and sales record-keeping practice, and the supply chain structure importantly 
moderates the effects of policy awareness on operations related to pesticide residue control. 
Compared to independent growers, tea farms within an integrated supply chain were more 
likely to take pesticide residue tests or keep sales records. The results suggest that increasing 
FTS awareness among tea growers would be crucial to establish a safe and traceable system. 
Furthermore, governments need to take the supply chain structure into account.

1. Introduction

1

Tea is one of the most consumed drinks worldwide. 
As China is the largest tea producing country (Chang, 
2015), a safe and traceable tea production system in 
China would significantly contribute to the health 
and wellbeing of the global population. In recent 
years, there are frequent reports of excessive and in-
appropriate pesticide use on tea crops in China and 

the world market (Liu and Guo, 2019; Wang et al., 
2017; Wei et al., 2012). As pesticides may remain on 
or in food after applied to crops, food safety incidents 
may occur through the consumption of treated crops 
(Lam et al., 2013). Therefore, it is crucial to establish 
a Food Traceability System (FTS) to improve tea safe-
ty and quality. A Food Traceability System consists of 
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regulatory, technical, logistic, and business systems to 
reduce and control food safety risks with the ability 
to follow food ingredients and products across the 
processes of farming, processing, and distribution 
(Olsen and Borit, 2018). To establish an effective FTS, 
governments must implement policies to ensure that 
all players along the agri-food supply chain comply 
with the related regulations (Aung and Chang, 2014; 
Regattieri et al., 2007). As farms widely use pesticides 
for agricultural pest management (Carvalho, 2006; 
Cooper and Dobson, 2007), an FTS must regulate ag-
ricultural operations to control the pesticide residue 
level and minimise the impact.

China is actively establishing regulatory frameworks 
for an FTS (Jia and Jukes, 2013; Lam et al., 2013), but 
the progress of policy implementation is still behind 
most developed countries. The lack of FTS aware-
ness among farmers may be one crucial factor con-
tributing to farming practices that are not consistent 
with FTS policies (Charlebois et al., 2014; Tang et al., 
2015; Wu et al., 2018). Furthermore, the structure of 
an agri-food supply chain in which a farm operates is 
another critical factor influencing the degree of com-
pliance to FTS (Roth et al., 2008). Chinese farms are 
operating in diversified structures of agri-food supply 
chain. Being part of a consolidated supply chain, some 
tea farms supply products to large business organisa-
tions through formal contractual agreements (Zhang, 
2012). Other tea farms, often smallholder farms, sell 
products to consumers through direct channels, such 
as farmers’ markets. Since a consolidated food sup-
ply chain may offer farms with technical, financial, 
and other competitive advantages (Aung and Chang, 
2014), the FTS policymaking process needs to take the 
diversified structures of the China tea supply chain 
into account. The present study focuses on the pes-
ticide residue control and traceability issues in one of 
the largest tea production areas in China, Fujian prov-
ince, and aims to examine the effect of FTS awareness 
and related policies on tea farm operations as well as 
the influences of supply chain structure on the effects 
of policy awareness.

1.1 Pesticide residue control and traceability

The use of agrochemicals contributes significantly to 
feed the growing world population. However, driven 
by health and environmental concerns, many coun-
tries have been tightening the regulations on pesticide 

use and lowering the maximum permitted concentra-
tion of pesticide residue in food (Carvalho, 2006). In 
order to reduce the health risks, it is vital to regulate 
the use of agrochemicals in farming practices, select 
appropriate types of pesticides, control the amounts 
of application, and allow sufficient intervals between 
pesticide applications and harvest. Beyond pesticide 
application control, the principles of traceability fur-
ther require a transparent information collection 
and sharing system along the agri-food supply chain 
(Hobbs, 2004). As an essential part of this system, 
farms need to collect and store accurate information 
regarding pest management operations (Aung and 
Chang, 2014). This information would help improve 
food safety and quality and facilitate traceback op-
erations in food safety incidents (Golan et al., 2004; 
Opara, 2003). 

This study focuses on tea farms’ information collec-
tion and keeping practices that are critical to con-
trolling the hazards of pesticide residue, namely, 
pesticide application record-keeping, residue level 
testing, and sales record-keeping. (1) Pesticide appli-
cation records include the time of applications, the 
formulation and manufacturer/supplier of the pes-
ticide, as well as applied amount and concentration. 
This information is necessary for an FTS to track and 
control the potential hazards brought by pesticides 
(Aung and Chang, 2014; Peets et al., 2009). (2) Before 
the tea product enters the market, it is important to 
test the pesticide residue and compare the results to 
the legal maximum allowed level. The tests help not 
only to ensure chemical residue levels are tolerable 
and safe for consumption but also to provide useful 
data for optimal pesticide and FTS policies (Skevas et 
al., 2013). (3) Sales records document the time of the 
transaction, buyers’ information, and the amount and 
specific product sold. Such transactional information 
is a critical resource to control potential hazards in a 
timely and appropriate manner. 

1.2 Awareness of FTS and pesticide management 
policies

The Chinese government enacted the Agri-food 
Quality and Safety Law, specifically dedicated to food 
quality and safety control in 2006, which first men-
tioned the concept of a food traceability system. Since 
then, China has been progressively building and re-
vising the regulation, inspection, and enforcement 
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system aiming at a national wide FTS (Jia and Jukes, 
2013). The Food Safety Law of China was first enacted 
in 2009 and was revised in 2015, in which a detailed 
FTS policy implementation structure was specified. 
The current Food Safety Law of China is a result of 
a progressive process of revision and improvement. 
This policymaking and implementation process has 
distinctive characteristics of experimentalism govern-
ance (Heilmann, 2008). That is, policies usually start 
from pilot projects or policy experiments at the mu-
nicipal or provincial level and are eventually adopt-
ed by the upper-level legislation or regulatory bodies 
(Zhu and Zhao, 2018). This process takes the advan-
tages of evidence-based policymaking, but policy 
awareness can sometimes not keep up with the speed 
of policy revision. Facing such a rapidly changing reg-
ulatory environment, food producers, distributors, re-
tailers, and even local governments often experience 
some difficulties and uncertainty while keeping their 
standards of business/administrative conduct up-to-
date. The lack of awareness may seriously influence 
farms’ operations related to controlling the pesticide 
residue level. 

Empirical evidence from both developed and devel-
oping countries has shown that the awareness and 
attitudes toward the financial, environmental and 
social benefits of the program may influence farms’ 
participation in programs and compliances to poli-
cies (Atari et al., 2009; Liao et al., 2011; Mattevi and 
Jones, 2016; Winter and May, 2001). FTS contributes 
to public health and provides logistic, technological, 
and marketing support to farms (Monteiro and Cas-
well, 2009; Parreño-Marchante et al., 2014; Saltini and 
Akkerman, 2012). The awareness of FTS may be able 
to leverage farms to adopt certain agricultural opera-
tion practices consistent with the principles of a safe 
and traceable agri-food system (Liao et al., 2011; Mat-
tevi and Jones, 2016). Therefore, this study hypothe-
sises that:

H1: Tea producers’ awareness of FTS and its related 
policies is positively associated with the likelihood of 
information collection and keeping practices related 
to pesticide use.

1.3 Supply chain structure

The tea industry in China adopts diversified struc-
tures of the supply chain to organise the physical 

products and information flow moving from farm to 
end-consumer, and tea farms differ in the degree to 
which they integrate into a consolidated supply chain 
(Guo et al., 2007). On the one hand, many Chinese 
tea farms, usually smallholders, operate in a rela-
tively independent manner; they sell most of their 
products directly to end-consumers through less in-
dustrialised distribution channels, such as farmers’ 
markets and tea gardens. On the other hand, supply 
chain integration influences the tea industry’s opera-
tions and brings benefits and competitive advantages 
to many tea farms within the chain. From a vertical 
chain integration perspective, some farms are an in-
tegral part of Tea Industry Bases, usually located in 
large-scale tea production areas. Often with the fi-
nancial and policy support from local and regional 
governments, a typical industry base consolidates the 
operations of farms, manufacturers, and distributors 
by providing agricultural material supply, production 
and processing technology, product quality and safe-
ty control, innovation incubator, personnel training, 
as well as marketing and information services. From 
a horizontal integration perspective, some tea farms 
form strategic partnerships (e.g., through family ties) 
or cooperatives to gain competitive advantages; they 
usually negotiate and supply most of their products 
to large-scale manufacturers or distributors through 
long-term contractual arrangements (Ito et al., 2012).
 
Even with the awareness of FTS and its related regu-
lation/policy, agricultural businesses are not necessar-
ily willing or able to operate in accordance with FTS, 
which often needs to overcome cost and technique 
barriers. The integrated supply chain usually has a 
contractual structure to specify the rights and obliga-
tions of farms, which may include operational guide-
lines or requirements for food safety and traceability 
(Gale and Hu, 2011). As such, this study hypothesises 
that supply chain integration has a direct effect on the 
farming operation:

H2: Tea producers within an integrated supply chain 
are more likely to collect and keep information related 
to pesticide use than independent tea farms.

An integrated supply chain may offer farms with fi-
nancial or informational support, including under-
standing the policy and principles of traceability, 
learning and adopting new technology, as well as 
purchasing equipment and information technology 
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systems. The agricultural industry bases and cooper-
atives have long been recognised as one of the most 
influential organisations that positively contribute to 
food safety-sensitive operations. The membership of a 
relatively integrated or consolidated supply chain, be 
it vertical (Banterle and Stranieri, 2008) or horizon-
tal integration (Fischer and Qaim, 2012; Francesconi 
and Heerink, 2010; Verhofstadt and Maertens, 2014), 
within an agri-food supply chain is generally associ-
ated with greater willingness and better supporting 
resources to adopt improved agricultural practices or 
programs aiming at a higher standard of food quality 
and safety. This study aims to test the hypothesis that 
being part of an integrated supply chain moderates 
the effect of FTS policy awareness.

H3: The effect of FTS and policy awareness on infor-
mation collection and keeping practices related to 
pesticide use is stronger for farms within an integrated 
supply chain than for that of independent farms.

1.4 Tea farms in Fujian 

The present study collected data from Fujian prov-
ince, a traditional and prominent tea-growing region 
in China with 18% of national production in volume 
contributing over 90 billion RMB (14 billion USD) 
in GDP. The Fujian tea industry hires over 3 million 
employees working for 16,000 tea-producing/trad-
ing business entities. Among them, are 1,500 grower 
cooperatives, and many more independent growers. 
Some farms are integrated into one of the 26 regis-
tered tea industry bases or have contractual selling 
arrangement with the 62 government-recognised 
leading (“dragon head”) tea-producing/trading enter-
prises. Alternatively, a large number of growers oper-
ate outside of such integrated value chain structures 
and mainly sell products directly to end-consumers. 
In 2012, the Fujian provincial government enacted a 
regulatory document (Fujian People’s Congress, 2012) 
devoted to a strategic development plan for the tea in-
dustry, which is the first of its kind in China. In 2015, 
the provincial “agri-food quality and safety action 
plan” further stipulated critical measures to control 
the pesticide residue of tea products, including the 
development and implementation of a tea-traceabil-
ity information platform, pesticide use monitoring 
system, and market entry permission-based tests and 
record-keeping mechanism (Fujian Provincial Gov-

ernment, 2015). Facing diversified types of tea farms, 
governments heavily emphasise the function of con-
solidated value chain structure captained by tea in-
dustry bases and leading enterprises on building FTS. 
It is of practical importance to gather information re-
garding farms’ policy awareness and examine the di-
rect and indirect influence of value chain structure on 
tea growers’ pesticide use control practice.

2. Materials and Methods

2.1 Data collection

Sampling: This survey study recruited tea-producing 
farms in Fujian province. The Tea Division of Fujian 
Provincial Agricultural Department provided a regis-
tration list of tea-producing farms in the four largest 
tea-producing counties (Anxi, Duding, Wuyishan, 
and Fuan) within the province. Based on the regis-
tered addresses, the study selected the sample through 
a stratified sampling procedure. From each of the four 
counties, the study identified two to four of the larg-
est tea-producing towns. The number of towns select-
ed is proportional to the production share in volume 
within the province. For each of the 12 selected towns, 
the study randomly selected 40 farms from the regis-
tration list. Researchers first contacted the farms and 
then had a face-to-face interview with the owner of 
each consenting farm. Four hundred and eighty farm 
owners agreed to participate in this study. Among 
them, 428 farm owners completed the interviews with 
valid answers to the questionnaire. 

Measurements: Researchers and trained research as-
sistants conducted the interviews. For each farm, the 
participant was the owner of the farm, head of the fam-
ily, or someone primarily responsible for the tea farm’s 
operation. As most of the participants were expected 
to have a high school education or less, this study took 
a face-to-face interview based on a questionnaire. 
To further simplify the interview, the questionnaire 
mainly consisted of yes or no (Y/N) questions. Lay-
person language was adopted in interviews as much as 
possible, and researchers and research assistants pro-
vided an explanation when participants were not clear 
with the questions. 

The questionnaire included questions regarding 
tea-producing farms’ FTS related operations, partic-
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ipants’ awareness of FTS related policies, and the dis-
tribution channel as an indicator of the membership 
of a consolidated value chain structure. Participants 
also reported some questions regarding the character-
istics of their farms. The interview also included three 
Y/N questions regarding FTS related operations in the 
year of this investigation. The questions asked, “Have 
you done (or have you been doing) the following for 
your tea farm in the past 12 months?” For operations 
during tea growing, whether they keep records (paper 
or digital) of pesticide use in their tea farm; for op-
erations after harvest, whether test pesticide residue 
before selling the product; for operations after sales, 
whether records of sales are kept (product sold, date, 
buyer, quantity etc.). 

There were pesticide controlling and monitoring pol-
icies built into the Fujian province FTS framework 
(Fujian Provincial Government, 2015). (1) Register 
the purchase of agricultural supplies: to buy pesti-
cides or other agricultural supplies from designated 
agricultural materials suppliers, farms must obtain 
an agricultural supply purchase card, which links 
to the farm’s business identity. By showing this card 
when purchasing restricted pesticide, the transaction 
information, including buyer and supplier’s identity, 
product types and trade name, and the quantity is reg-
istered in a record system. (2) Pesticide Residue Test-
ing (PRT) mechanism in the local tea market. It is re-
quired that tea products to be sold in Fujian province 
shall be tested for pesticide residue and compared to 
the maximum allowed level set by the policy. The par-
ticipants indicated whether they were aware of the fol-
lowing policies (in two separate Y/N questions): The 
Agricultural Material Purchase Registration policy 
and the Maximum Pesticide Residue Levels allowed 
for tea products sold in the market. Participants also 
reported whether they knew the Food Traceability 
System (Y/N). The questions read: “Have you ever 
heard of xxx (xxx represents the name of each policy 
mentioned above or Food Traceability System)?” 

For the supply chain structure, the interviewer asked 
participants, “Have you sold your tea products to in-
dustrial organisations such as tea industrial bases/
centres or “big” companies last year? (Y/N). If the 
answer to this question was “No,” this study assumes 
farms sold all products directly to individual consum-
ers and were independent growers. In contrast, those 

who answered “Yes” were counted as growers within 
an integrated value chain. The interview also included 
some questions regarding owners’ demographic and 
tea farm characteristics (See Table 1 for details of the 
sample). 

2.2 Statistical model

This study examined three types of farms’ FTS related 
operations, namely record-keeping of pesticide use, 
pesticide residue test, and sales record-keeping. In a 
multivariate probit model, the three types of opera-
tion were specified as outcomes. These were explained 
by the awareness of FTS and FTS-related policies, the 
distribution channel, as well as the two-way interac-
tions between distribution channel and awareness. 
The model also controlled farms’ and participants’ 
characteristics. As compared to three independent 
conventional binary probit models, the multivariate 
probit model can simultaneously capture the factors 
that influence three outcome variables in one single 
model and allows for the correlations between the 
equations (Greene, 2008; Hausman et al., 1978; Chib 
et al., 1998). The model was specified as follows: 

Through probit link functions, y*hi represents the 
probability of the binary outcomes of pesticides re-
cords-keeping (y1), pesticide residue test (y2), and 
sales record-keeping (y3). The x and β vectors are 
predictors and their coefficients. To capture the cor-
relation between three outcome variables, the mod-
el specified that the error terms follow a multivariate 
normal distribution Ø(0,∑) with a zero mean and a 
variance-covariance matrix ∑ as indicated in function 
(2) (Maddala, 1983). Where, ρhk, are the correlation 
between each pair of outcomes. The model was esti-
mated using the maximum likelihood method.
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3. Results and discussion

Table 2 presents the estimated coefficients. After ac-
counting for all the predictors and control variables, 
the pesticide use record-keeping and sales record are 
positively correlated (ρ = 0.20, p = 0.03). In contrast, 
no other correlation between outcome variables was 
found significant. Participants older than 44 were less 
likely to keep pesticide use and test pesticide residue 
(ps < 0.02). An education level higher than high school 
contributed to a decreased probability of pesticide use 
record-keeping (p = 0.02). Farms larger than 1 hec-
tare were more likely to keep records of pesticide use 
and test the pesticide residue after harvest (ps = 0.01). 
If tea sales contributed to more than 70% of a farm’s 
total income, the farm was more likely to take pesti-
cide residue tests (p=0.01). The following sections will 
discuss the key predictors and their influences on the 
three outcome variables.
3.1 Pesticide use record-keeping

In support of H1, FTS and policy awareness influenced 

whether or not a farm kept pesticide use records. Spe-
cifically, the awareness of FTS had a significant posi-
tive influence on the likelihood of keeping pesticide 
use records (z=3.60, p<0.01), and participants who 
were aware of the policy of Maximum Pesticide Res-
idue Levels were more likely to keep recording pes-
ticide use (marginal significant, z=1.70, p=0.09). H2, 
which expects a direct effect of the supply chain on 
pesticide use record-keeping, was not supported. As 
indicated by the farmer’s adopted distribution chan-
nel (direct selling to consumers vs selling to organi-
sations), the supply chain structure (independent vs 
integrated) was not a significant predictor of the odds 
of farmers’ pesticide use record-keeping. 

In terms of H3, the moderating effect of supply chain 
structure was found significant (p=0.05), as indicat-
ed by the interaction of distribution channel by the 
awareness of the Agricultural Material Purchase Reg-
istration policy (registration policy hereafter). Specif-
ically, for farmers within an integrated supply chain, 
those with registration policy awareness were more 

Interview Questions Percentage 
(n=482)

FTS-related Operations
Keep Pesticides Use Record

Test Pesticide Residue 

Keep Sales Record

57%
75%
69%

Supply Chain Structure (Distribution channel) 
Farms within an integrated supply chain 

(Sold product to industrial organizations)

52%

Awareness of FTS and related Policies
FTS Awareness 43%

Agricultural Material Purchase Registration 

Maximum Pesticide Residue Levels

49%
39%

Owner’s Demographic and Farm Characteristics
Age > 44

Tea Producing Experience > 17 years

Education > high school

Farm Scale in > 1 ha

Percent of household income from Tea> 70%

39%
42%
27%
15%
44%

Table 1: Descriptive Statistics of Key Questions
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likely to keep pesticide use records than those not 
aware of the policy (see Table 3). Whereas, the effect 
of the registration policy awareness was not as salient 
for independent farms.

3.2 Pesticide residue tests

As for the results regarding the pesticide residue tests 
(PRTs), the awareness of policies had significant posi-
tive influences on the odds of taking pesticide residue 
tests after harvest (supporting H1). Specifically, the ef-
fects of awareness of both registration policy (z=2.22, 
p=0.03) and the Maximum Pesticide Residue Levels 
(MRLs) policy (z=4.25, p<0.01) were significant. In 
terms of H2, farms who were an integral part of a sup-
ply chain had a positive influence (z=3.54, p<0.01) on 
the odds of taking pesticide residue tests (PRTs). 

Significant interactions between supply chain struc-
ture and policy awareness indicated that the supply 

chain structure moderated the effects of policy aware-
ness on PRTs. However, the direction of moderating 
effects was opposite to the H3. In terms of the effect 
of registration policy awareness among the independ-
ent growers (see Table 3), those who were aware of 
the registration policy were more likely to take PRTs 
than those who were not aware of it. For farms with-
in an integrated supply chain, the awareness of the 
registration policy was surprisingly associated with a 
decreased odds of taking PRTs. A similar pattern was 
found for MRL policy awareness. Independent grow-
ers who were aware of the MRL policy were more like-
ly to test the pesticide residue than those who did not 
have the awareness. Among farms within an integrat-
ed supply chain, the awareness of MRL policy had a 
negative impact on the likelihood of taking PRTs. 

3.3 Sales record-keeping

In terms of the results regarding the record-keeping 

Table 2: The Estimated Coefficients of the Multivariate Probit Model

Outcomes: Farming Operations Before harvest: Y1

Pesticide Use Record

After harvest: Y2

Pesticide Residue Test

Before Sales: Y3

Sales Record

Coefficients: β z p β z p β z p
Intercept -0.40 -1.74 0.08 -0.20 -0.88 0.38 0.20 0.89 0.37

Supply Chain Structure (SCS) 0.17 0.65 0.51 0.93 3.54 <0.01 0.51 1.98 0.05
FTS awareness (FTS) 1.00 3.60 <0.01 0.25 0.89 0.37 0.90 3.03 <0.01

MRLs Policy awareness (MRL) 0.38 1.70 0.09 1.15 4.25 <0.01 0.37 1.65 0.10
Registration Policy awareness (REG) 0.13 0.57 0.57 0.51 2.22 0.03 -0.46 -2.11 0.04

FTS X MRL -0.44 -1.49 0.14 -0.62 -1.88 0.06 -0.26 -0.80 0.42
FTS X REG -0.47 -1.66 0.10 -0.08 -0.27 0.78 -0.76 -2.49 0.01
FTS X SCS 0.03 0.10 0.92 0.35 1.15 0.25 0.03 0.10 0.92

MRL X SCS 0.24 0.85 0.39 -0.99 -3.09 <0.01 0.30 0.95 0.34
REG. X SCS 0.54 1.93 0.05 -1.10 -3.77 <0.01 0.47 1.56 0.12

Age -0.56 -3.68 <0.01 -0.39 -2.40 0.02 0.05 0.30 0.76
Tea Farming Experience 0.25 1.76 0.08 0.04 0.25 0.80 -0.08 -0.54 0.59

Education -0.36 -2.27 0.02 0.10 0.57 0.57 -0.27 -1.63 0.10
Farm Size 0.50 2.53 0.01 0.65 2.51 0.01 0.32 1.49 0.14

Tea Sales Income 0.04 0.28 0.78 0.39 2.56 0.01 -0.16 -1.05 0.29

Correlations between Outcomes:      ρ            z            p

Between Y1 and Y2: ρ12 0.11 1.24 0.22
Between Y1 and Y3: ρ13 0.20 2.23 0.03
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of sales information (product sold, date, buyer, quan-
tity, etc.), FTS awareness was a significant predictor 
(z=3.03, p<0.01). Consistent with the expectation of 
H1, participants with FTS awareness were more likely 
to keep the sales record than those who did not know 
about FTS. The awareness of registration policy, how-
ever, was a significant negative predictor of the likeli-
hood of sales record-keeping (z=-2.11, p=0.04); farms 
with policy awareness were less likely to keep the re-
cord than those without awareness. In support of H2, 
the supply chain structure was a significant predictor 
of the likelihood of taking sales records (p=0.05). Spe-
cifically, the farms within an integrated supply chain 
were more likely to keep records of sales than inde-
pendent tea growers. No interaction between policy 
awareness and supply chain structure was found to be 
significant.

3.4 Discussion and implications

This study investigated Fujian tea farms’ agricultural 
operation practices that related to pesticide residue 
control. The results reveal that farm owners’ or op-
erators’ FTS awareness has a positive effect on pes-
ticide use as well as in sales record-keeping practice. 
This finding is consistent to the literature (Liao et al., 
2011; Mattevi and Jones, 2016) showing that, with the 

knowledge of logistic, marketing, and social benefits 
that an FTS may bring to the farm, growers may have 
a stronger willingness to operate following the princi-
ples of a traceable system for food safety and quality. 
Given that only 43% of tea farms in our sample were 
aware of FTS, this result highlights the importance of 
FTS awareness in establishing a safe and high-quality 
food system. 

For specific policies related to pesticide residue con-
trol, the results indicate that the awareness of these 
policies is an essential factor influencing farms’ oper-
ation. The awareness of policy for maximum pesticide 
residue level was positively associated with all three 
practices measured in this study, and such awareness 
was particularly salient in predicting a farm’s likeli-
hood of conducting pesticide residue tests after har-
vest. As only 39% of participants reported they were 
aware of this policy, it indicates that an awareness pro-
gram would greatly improve the farms’ operations for 
an effective food traceability system. 

The awareness of the Agricultural Material Purchase 
Registration policy, however, had mixed effects on 
farms’ operations. The registration policy awareness 
demonstrated a positive effect on farms’ likelihood of 
taking pesticide residue tests, but such awareness had 

Table 3: Observed percentages (%) of participating farms who reported “yes” for FTS related farming

   
            and selling practices

Policy Awareness Registration Policy MRLs Policy FTS Awareness
No Yes No Yes No Yes

Number of Participating farms in each group (n)
Independent Growers 78 127 142 63 134 71

Integrated Supply Chain 140 83 120 103 109 114
Observed percentages of FTS practices (%) within each group
Pesticide Use Record

Independent Growers 44.9% 44.1% 43.0% 47.6% 35.1% 62.0%
Integrated Supply Chain 63.6% 78.3% 64.2% 74.8% 56.0% 81.6%

Pesticide Residue Test
Independent Growers 56.4% 77.2% 60.6% 88.9% 67.2% 73.2%

Integrated Supply Chain 85.7% 68.7% 82.5% 75.7% 71.6% 86.8%
Sales record-Keeping

Independent Growers 66.7% 42.5% 49.3% 57.1% 47.8% 59.2%
Integrated Supply Chain 88.6% 80.7% 80.0% 92.2% 81.7% 89.5%
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a negative effect on sales record-keeping. The regis-
tration policy regulates the supply of pesticide, and 
suppliers are required to check the identity of pesti-
cide buyers, control the supplied pesticide type and 
volume, and record the transactions. This policy ef-
fectively encourages agricultural material suppliers 
to provide farmers with more information regarding 
pesticide residue hazards and how to reduce or con-
trol the risks. As such, it is no surprise to observe 
that tea farms were more likely to test the residue if 
they knew this policy. The study also found a nega-
tive effect of registration policy on sales record-keep-
ing. One possible explanation is that the registration 
policy highlights the hazard of pesticide use as well 
as the potential legal and financial consequences of 
food safety incidents. To avoid taking responsibility in 
case a food safety incident happens, tea growers may 
choose not to keep the sales record.

The results also reveal the supply chain integration 
as an important factor influencing pesticide control 
practices. Compared to independent growers, tea 
farms in an integrated supply chain were generally 
more likely to take pesticide residue tests or to keep 
sales records. The reality of China’s agriculture sector 
is that most farmers are smallholders with low educa-
tion levels (Qiao et al., 2016). As food traceability is 
a relatively a new concept in agricultural communi-
ties, time is needed to communicate with farmers the 
benefits of a food traceability system, and more so to 
leverage meaningful changes in their operations. An 
integrated supply chain is usually led by larger organ-
isations, such as agricultural cooperatives, processors, 
distributors, or retailers, which generally have better 
policy awareness, technical support, and financial 
resources. Within a consolidated business structure, 
these advantages of larger and more formal organ-
isations may have a direct effect on the operations 
of smallholder farms through the contractual agree-
ments, which may specifically require tea growers to 
test the pesticide residue and keep sales records. 

The results also reveal that the supply chain structure 
importantly moderates the effects of policy awareness 
on operations related to pesticide residue control. 
Previous literature argues that an integrated supply 
chain would provide the necessary support to help 
growers operate by the principles of an FTS (Gale 
and Hu, 2011; Ito et al., 2012). The results regarding 

the record-keeping practice are consistent with these 
findings. With an awareness of the registration policy, 
farms within an integrated supply chain were more 
likely to keep tracking pesticide use. Conversely, this 
effect of policy awareness was not observed for inde-
pendent growers. However, in terms of pesticide resi-
due tests, the direction of the supply chain structure’s 
moderating effect is the opposite of the hypothesis. 
For independent tea growers, the awareness of regis-
tration policy and maximum residue level was associ-
ated with an increased likelihood of taking pesticide 
residue tests. Among the farms within an integrated 
supply chain, those who were aware of the registration 
or MRL policies were less likely to test the pesticide 
residue than those who did not know the policies. An 
explanation to these unexpected results may be that 
knowing the policy, some farms within a consolidated 
business operation may assume testing pesticide res-
idue is the responsibility of the channel captain. This 
responsibility shift may be the cause for the low rates 
of testing. In contrast, independent growers have no 
other organisations to rely on and must test the resi-
due on their own, if they will. 

The food traceability program was initiated in Chi-
na in 2006. However, this study finds that many tea 
growers in Fujian province are still not operating as 
per the policy requirements of an effective food trace-
ability system. The results of the study suggest that to 
increase FTS awareness among tea growers would be 
crucial to establish a safe and traceable system. How-
ever, policymakers need to take a closer look at some 
of the negative effects of policy awareness identified 
in this study. The results reveal potential challenges 
for policy implementation. A mere increase in policy 
awareness would not necessarily improve primary ag-
ricultural operation.

Furthermore, governments need to take the supply 
chain structure into account. An integrated supply 
chain would influence how farms operate, and this 
study finds that the influences may not always be pos-
itive. Opposite to the widely accepted notion that a 
consolidated supply chain would improve the food 
quality and safety, this study observed that among 
farms with policy awareness, independent tea growers 
are more likely than farms within an integrated supply 
chain to test pesticide residue after harvest. The pat-
tern of the results points that when designing the reg-
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ulatory system for food safety, the government needs 
to take a holistic view of all the links in a food supply 
chain instead of examining the players along the sup-
ply chain separately. 

3.5 Study limitations

The results need to be interpreted with the study’s lim-
itations. The study sample was from one province of 
China. As different areas of China differ in the imple-
mentation of food safety and traceability regulations, 
further investigation comparing various areas of Chi-
na may discover valuable insights for effective policy. 
This research reveals the relationships between policy 
awareness, supply chain structure, and agricultural 
operations, but the study took very simplified dichot-
omous measurements on these key concepts. Future 
studies would benefit from measurements with more 
extensive details, multiple items, and a more accurate 
description of the reality. This was a cross-section-
al study depicting the current situation of the food 
traceability system in China. While China is actively 
developing the system, it is of theoretical and practical 
interests to conduct longitudinal research to study the 
long-term effects of policy changes. Finally, the study 
only investigated the operations of tea growers. While 
the results demonstrated the complicated influences 
of supply chain structure, it calls for future studies to 
include the interactions between tea farms and larger 
organisations in the supply chain. 

4. Conclusion

This paper presents an empirical study investigating 
agricultural operations related to the food traceability 
system in China. There were less than half of the tea 
growers in our study that reported they were aware of 
FTS and related policies. The results indicate that to 
grow the awareness of FTS and policies may positively 
contribute to food safety and quality. The results also 
emphasise the importance of supply chain structure, 
implying that the policy implementation must be con-
sidered in the context of local and regional markets. 
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