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A B S T R A C T

The Chinese government faces a great challenge to safeguard the safety of the food supply chain
due to the significant fragmentation of producers and weak institutional resources to monitor and
enforce safety standards. Food safety in China has received escalating attention since the 2008
milk scandal. Mainly due to safety concerns, Chinese farmers adopt two separate production
systems for the market and self-consumption, and thus, the so-called “One Farm Household, Two
Production Systems” (OFH-TPS) has gained popularity in the recent years.

This study provides a theoretical framework to examine how product inspections and certi-
fications affect the OFH-TPS adoption by mitigating information asymmetry of product quality. It
also shows that both food safety concerns and cost savings are important factors for famers'
decision on the adoption. The empirical analysis finds that product inspections conducted by
firms, agricultural cooperatives, and farmers curb the OFH-TPS adoption, whereas government
inspections have no statistically significant effect. Farmers who grow “Green Food” are less likely
but organic farmers are more likely to adopt the OFH-TPS. We also find that pesticide use training
curbs the OFH-TPS adoption, and the perceived adverse effects of pesticide use to the environ-
ment and human health have no statistical effect. Farmers who use highly toxic or banned
pesticides and/or who perceive food safety at the local markets is poor are more likely to adopt
the OFH-TPS. This study provides rich policy implications. To safeguard food safety, it is critical
to engage the private sector for co-regulation, improve the efficacy of government inspections,
and promote education on pesticide use to both farmers as well as retailers of pesticides.

1. Introduction

Food supply chain and food safety becomes an important public health issue in China along with the unprecedented fast economic
growth (Lam, Remais, Fung, Xu, & Sun, 2013). Concerns about food safety reached a climax during the 2008 milk scandal.1 In 2011,
food safety was ranked first among the top five safety concerns in China, followed by public safety, traffic, health, and the en-
vironment (Lam et al., 2013). The extensive use of chemicals in production imposes a challenge to food safety. The annual fertilizer
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1 The 2008 milk scandal in China involved an intentional contamination of dairy products by melamine to artificially boost the protein reading. Tainted milk
products have significant adverse health impacts, especially for infants and children. By November 2008, The Chinese Ministry of Health reported an estimated
300,000 ill children, with six infants dying from kidney diseases. It was referred by the World Health Organization as “one of the largest [food safety events] in recent
years.”
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applied per hectare of land amounted to 300 kg per crop in Northern China, 50% more than what is perceived as high usage in Europe
(Ju, Kou, Christie, Dou, & Zhang, 2007). China is the world's leading producer and consumer of pesticides. In 2011,> 2.6 mil-
lion tons were produced and 1.8 million tons were used (Li, Zeng, & You, 2014). The amount of pesticides applied annually was 15 kg
per hectare, higher than Japan (12 kg/ha), the Republic of Korea (6.6 kg/ha), and India (0.5 kg/ha) (Jin, Wang, Shao, & Jin, 2010). It
is common for Chinese farmers to apply highly toxic or even banned pesticides (Yang et al., 2014). A significantly high level of
pesticide residue is often found in fruits and vegetables (Qin et al., 2016). Given the food safety crisis, Chinese consumers are willing
to pay price premium for safe food (Ortega, Wang, Wu, &Hong, 2015; Wu, Wang, Zhu, Hu, &Wang, 2015).

In the recent years, a new phenomenon in food production has emerged – farmers engage in the dual production systems in
separate land parcels or in distant locations within the same land parcel, one for self-consumption and the other for the market.
Farmers, in general, likely apply less pesticides and fertilizer as well as other chemical inputs for self-consumption to ensure food
safety. We name this dual production practice as “One Farm Household, Two Production Systems” (OFH-TPS). About 66% out of the
654 farmer households sampled adopted the OFH-TPS (Ni, Zheng, & Yu, 2014). However, this study classifies the respondents into the
OFH-TPS farm households or not based on their answer whether they eat vegetables they produce for the market. It is likely that the
OFH-TPS ratio is overestimated. Xu, Zhou, and Pan (2013) find that the main driving force for adopting OFH-TPS is to ensure the food
quality for self-consumption. They find that 56.67% of the 60 households surveyed apply less pesticides and chemicals or use non-
synthetic pesticides and fertilizers to produce foods for their own consumption, but apply more chemicals and pesticides, including
banned ones, for market-oriented production.

Previous OFH-TPS studies either used indirect survey questions to classify the OFH-TPS farm households or limit to a small sample
size. Research using direct measures and large sample size is needed to have a better estimation of the OFH-TPS adoption.
Furthermore, except for descriptive analyses (Ni, Yu, & Zheng, 2014; Ni et al., 2014; Xu & Zhou, 2014; Xu et al., 2013), the literature
is sparse in understanding the economic and policy aspects of the OFH-TPS adoption. As OFH-TPS farmers were reported to use
pesticides intensively for commercial agri-foods, the studies on farmers' pesticide application are also related to the OFH-TPS analysis
(Wang, Wang, Huo, & Zhu, 2015; Zilberman &Millock, 1997). Monitoring chemical inputs in agriculture is quite challenging in
China. One reason is that Chinese agriculture is highly fragmented because the Household Responsibility System (HRS) launched in
1978 transformed a highly controlled collective system into an individual household farming system (Jia, Huang, & Xu, 2012; Lin,
1992). Furthermore, the enforcement of food safety in rural China's agricultural production system is weak, largely because of a
limited fiscal budget and a lack of well-trained personnel (Holtkamp, Liu, &McGuire, 2014).

Like many food safety concerns, the OFH-TPS arose due to the credence attributes of food quality (e.g., chemical and pesticide
residue). In the US, contract farming, either through agri-enterprises or cooperatives, is suggested as a way to help farmers avoid
price risk and control product quality (Goodhue, 2000; Hueth & Ligon, 1999). However, a national investigation shows that farmer
cooperatives in China seldom specify food safety standards (Jia et al., 2012). Diverting from the literature on food quality that focuses
on product differentiation, price premium, and market competitiveness, one of the main reasons Chinese farmers adopt the dual
production system is to ensure food quality for their own consumption. On the other hand, food certifications such as Green Foods
and Organic Foods impose quality requirements and signal different quality perspectives. The question that naturally arises is how
the OFH-TPS adoption varies between farmers with different food certifications and farmers without any food certification.

This study aims to explore the factors affecting the OFH-TPS adoption among Chinese farmers in the aspects of asymmetric
information and quality signals. It offers the following contribution to the literature. First, it extends non-separable household
production modeling to address food quality concerns. Becker (1965) incorporated food consumption and time use in the household
utility function that provides a fundamental modeling framework. Based on Becker's work, Singh, Squire, and Strauss (1986) in-
troduced a non-separable model where the economic agent is both a producer and a consumer. The non-separable models are also
commonly employed to study the market participation of rural households (De Janvry & Sadoulet, 2006; Key, Sadoulet, & De Janvry,
2000). We use the non-separable model for the agri-food safety crisis. Second, this study is the first to provide empirical evidences of
the OFH-TPS adoption based on the theoretical modeling focusing on information asymmetry and quality signals. Specifically, we
formally model and empirical test how the quality signaling mechanisms such as product inspection and certification can be used to
reduce information asymmetry and, therefore affecting the OFH-TPS adoption. For product certification, both qualify signaling and
cost components are considered when deciding on the OFH-TPS adoption.

This rest of this paper proceeds as follows. Section 2 presents a conceptual framework to explain how information asymmetry,
product inspections, and product certifications affect the OFH-TPS adoption. Section 3 discusses the household survey and provides
data summary statistics. Section 4 presents the empirical results based on the instrumental variables approach. Section 5 concludes
the paper and offers policy implications.

2. Conceptual framework

A non-separable model is commonly employed to study market participation of economic agents who are both producer and
consumer of their own products (De Janvry & Sadoulet, 2006; Key et al., 2000; Singh et al., 1986). We denote product quantity by qk
and product quality by sk for the market (k = 1) or self-consumption (k = 2). Product quality is expected to differ if the OFH-TPS is
adopted. Production costs can be affected by both quantity and quality: C(sk,qk). A quality improvement requires an extra cost such
that >∂

∂ 0C s q
s

( , )k k
k

. We further assume that better quality results in a price premium such that >∂
∂ 0P s

s
( )k
k

if quality information is
publicly available and/or searchable; otherwise quality has no effect on product price.

Following Auriol and Schilizzi (2015)'s framework, we assume that an individual utility consists of two components. The first
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component is the net income from the market-oriented production that is expressed as w=P(s1)q1−C(q1,s1). The second component
is the difference between the utility gained from consuming one's own products and the corresponding production cost: u2=u
(q2,s2)−C(q2,s2). We further assume a constant production cost with respect to quantity: C(qk,sk)=qkc(sk) for k= 1, 2. For model
simplification, we assume the utility is monetarized. Thus, the overall utility of an individual household is

= + = − + −U w u P s q c s q u q s c s q{ ( ) ( ) } { ( ) ( ) }2 1 1 1 1 2, 2 2 2 (1)

The expectation and standard of product quality can be dramatically different between the society, the individual consumers, and
the producers. We denote the society's minimum quality standard by s

_
and the minimum acceptable quality for self-consumption for

household i by sia such that ≥s sia
_
for some households. Assuming that s1∗ and s2∗ are the optimal quality that maximize Eq. (1), and

thus we have the following conditions satisfied:

= ′ − ′ =dU
ds

q P s c s( ( ) ( )) 0
1

1 1 1 (2a)

= − ′ =dU
ds

du q s
ds

q c s
( )

( ) 0
2

2, 2

2
2 2 (2b)

If s1∗= s2∗, there is no need to adopt the OFTS from the quality perspective. The following two scenarios have the potential for the
OFH-TPS adoption. First, if ≤ <∗ ∗s s s

_
1 2 , farmers will supply lower quality products to the market and produce high-quality products

for their own consumption. This scenario is more likely to occur in the presence of information asymmetry of product quality. With
information asymmetry, farmers lack the incentives to supply high-quality products, as they incur a high production cost, and the
market is not able to differentiate their products from those with low quality. In the case that the minimum socially acceptable quality
cannot be enforced, it is likely that farmers will product substandard quality that is even lower than s

_
, which results in a significant

concern for food safety. Second, if > ≥ ≥∗ ∗s s s sia1 2
_
, farmers will supply low-quality products for self-consumption and high-quality

products for the market. For example, farmers may grow organic produce to gain a significant price premium; however, they prefer
low but still satisfactory quality for their own consumption to avoid the higher production cost if the produced quality is at least as
high as their minimum acceptable level. In both scenarios, farmers will adopt the OFH-TPS, but with different purposes. Various
factors can affect product quality levels, s1∗, s2∗, sia and s; and thus, affecting the OFTS adoption. The discussion below focuses on
information asymmetry and measures that used to reduce asymmetry, such as product inspections and certifications.

2.1. Information asymmetry of product quality

Information asymmetry arises between two parties when the information is only available to one party, and the other party could
be potentially better if he/she had the information. Stiglitz (2002) highlights two types of information where asymmetry is parti-
cularly important: information on quality and information of intent (e.g., effort). In the case of product quality, the literature has
addressed different product attributes and how each attribute type is related to information asymmetry. Nelson (1970) and Darby and
Karni (1973) classify product attributes into search, experience, and credence.

Credence attributions are those for which consumers cannot assess quality attributes either before purchasing and/or consuming
the product such as search attributes or after purchasing and/or consuming the product such as experience attributes. In the context
of food safety, pesticide and chemical residue is a credence attribute as consumers are less likely to find out the residue level before
and after purchasing and/or consuming the products. Because consumers are not fully aware of product quality before their purchase,
it is less likely that product price will be affected by quality, and thus we assume that P′(s1)=0. As a result, the first order condition in
Eq. (2a) becomes = ′ − ′ = − ′ <q P s c s q c s( ( ) ( )) ( ) 0dU

ds 1 1 1 1 11
since c′(s1) > 0. The quality deterioration due to asymmetric information is

what Ackelof (1970) has suggested. The minimum quality standard could be a possible equilibrium if the society's minimum quality
standard is enforced by product inspections and/or a significant monetary penalty for non-compliance (Leland, 1979). In this case,
the quality at the equilibrium could be a corner solution such that =∗s s1

_
. When the enforcement of food quality is rather weak, s1∗

can be even lower than s
_
, that is so called the Lemons by Ackelof (1970). For example, farmers use illegal pesticides to produce fresh

produce and a high level of chemical residue is found (Qin et al., 2016; Yang et al., 2014). Such fresh produce is likely to have
substandard quality and food safety is a legitimate concern. On the other hand, the optimal product quality for self-consumption is s2∗

such that − ′ =
= ∗{ }q c s( ) 0

du q s
ds

s s

( )
2 2

{ }

2, 2

2
2 2

and s2∗≥ sia. Thus, when the market faces information asymmetry of product quality,

farmers will adopt the OFH-TPS if the optimal quality for self-consumption does not equal the minimum quality.

2.2. Product inspections

One way to mitigate the adverse consequences of quality asymmetry and ensure the minimum quality is to conduct product
inspections (Starbird, 2005). Various parties can conduct inspections, including the government sector, industrial organizations,
agricultural cooperatives, and farmers. Following the model proposed by Starbird (2005), we assume farmers choose to produce
either high or low quality products: skH for high quality and skL for low quality. We denote the likelihood of passing inspections by
θHand θL and the production cost by cH and cL, respectively for high- and low-quality products. We also assume that high-quality
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products have a higher probability to pass inspections (θH > θL) and they need a higher cost to produce (cH > cL).
The parties who conduct inspections often develop sampling strategies. Assume a random draw of n samples from batch size N

such that N≫n. Assume that the whole batch will be accepted for sale at price p if no more than d samples fail to pass the inspection.
Otherwise, the farmers would face an economic loss denoted by F per unit, which can be a penalty and/or disposal cost. Given that
the probability for a sample unit to pass the inspection θ, the probability that an entire batch will be accepted for sale is

∑= −
=

−π θ
A
t

θ θ( )
!

(1 )
t

d
n
t

t n t

0 (3)

where t represents the number of sample units that failed to meet the quality standard and An
t is the permutation of t out of n. Eq. (3)

suggests that the probability for the entire batch to pass inspections depends on the sample size (n), the maximum number of samples
that can fail the inspection (d), and the probability for a sample unit to pass the inspection (θ). The incentive compatibility condition
under which an individual farmer is more profitable to produce high-quality products is given below:

− − − ≥ − − −π θ pq π θ Fq c q π θ pq π θ Fq c q( ) (1 ( )) ( ) (1 ( )) .H H H L L L
1 1 1 1 1 1 (4)

As shown in Eq. (4), we assume that consumers are not able to distinguish quality difference as long as the products pass the
inspection. Therefore, the price for the high- and low-quality products is assumed to be the same. The right-hand expression of Eq. (4)
is the expected profit that the farmer could have if producing low-quality products and the left-hand expression for the expected
profit associated with high-quality products. Rearranging eq. (4) yields:

− ≥ −
+

π θ π θ c c
p F

( ) ( )H L
H L

(5)

Eq. (5) shows that farmers are more likely to produce high-quality products if the difference in the probability to pass inspections
is significantly high, and/or the cost difference between high- and low-quality products is significantly low. Consumers will directly
affect the producer's quality choice through their offering price p. An increase in consumers' offering price improves the likelihood
that the producers will produce high-quality products. A higher penalty for non-compliance also increases the likelihood of producing
high-quality products. If farmers are more likely to produce high-quality products, they are less likely to adopt the OFH-TPS to ensure
safety of their own consumption. Product inspections conducted by different parties not only have a different choice of n, d, and F, but
also face different technical and institutional constraints to detect quality failure (1-θ). We expect that inspections conducted by
different parties will affect the choice of product quality and the OFH-TPS adoption, which results in the following hypothesis:

Hypothesis 1. Product inspections affect the choice of product quality and the OFH-TPS adoption. The inspection effect varies by
who conducts the inspections.

2.3. Signaling product quality by certification

Quality signals are commonly used to reduce uncertainty under information asymmetry (Connelly, Certo, Ireland, & Reutzel,
2011; Starbird, 2005). Certifications provided by an independent third-party likely signal product quality pertaining to credence
attributes (Auriol & Schilizzi, 2015). As food safety and environmental concerns are increasing in severity, the Chinese government
has undertaken a range of certification projects, including Harmless Agricultural Product (HAP), Green Food, and Organic Food (see
Yin, Wu, Du, & Chen, 2010 for details). The HAP certification, funded in December 2002 and formally launched in March 2003, is
managed by the Center of Agri-Food Quality and Safety under the Ministry of Agriculture (MoA). The Green Food certification was
funded and launched in 1992 under the MoA and is managed by the China Green Food Development Center. The Green Food
certification requires testing for chemical residues and conducting field inspections. The certification of Organic Food is mainly
coordinated by three authorities: a) the General Administration of Quality Supervision, Inspection and Quarantine (AQSIQ) which
established national standards for organic products in 2004; b) the China Organic Food Certification Center which was launched in
2003 and has been in charge of the certification and management of organic food; and c) the China Organic Food Development Center
which was founded in 1994 and is the only organic certifier in China accredited by International Federation of Organic Agriculture
Movement (Yin et al., 2010). Yu, Gao, and Zeng (2014) provide a summary of standards and requirements for these three certifi-
cations. HAP is less stringent and allows certified products to contain a reasonable level of pesticide residues that comply with the
standard set up by the government as long as that food is still safe for consumers. Green Food is more stringent and more widely
accepted than HAP. Organic Food, as the most stringent certification in China, limits the use of pesticides, fertilizers, and other
chemical inputs. According to the report by the China Certification and Accreditation Administration2, these three certifications were
ranked in the top three based on the number or certificates issued in 2013 among all different types of food certifications (CCAA,
2013). As shown in Fig. 1, the total number of products certified as HAP outweighed those for Green Food and Organic Food
combined. The number of Organic Food certificates issued had the fastest growth from 2008 to 2013.

Certifications help to differentiate products and gain price premium. For example, the average price of organic vegetables in
China is usually three to five times higher than that of uncertified vegetables.3 On the other hand, production costs would be

2 http://www.cnca.gov.cn/ywzl/rz/spncp/tzgg/index.shtm
3 http://news.cnfol.com/xiaofei/20140714/18385300.shtml
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significantly higher for certified products and vary between different certifications. The production cost of Organic Food is about four
times higher than HAP.3 The price and cost differences associated with different certifications are expected to affect the OFH-TPS
adoption. We assume that product quality s is a continuous variable, when certification can partially signal food quality. The decision
to certify their products can be summarized below:

⎧

⎨

⎪⎪

⎩
⎪
⎪

≤ <

≤ <
≤ <
≤

∗

∗

∗

∗

no certification if s s s

HAP if s s s
Green Food if s s s
Organic Food if s s

HAP

HAP GF

GF OF

OF

1

1

1

1 (7)

where sHAP , sGF , sOF represent the minimum quality requirement for HAP, Green Food, and Organic Food, respectively. If
≤ <∗s s sHAP

_
1 and max{sHAP, sia} < s2∗ are satisfied, households choose not to certify their products for the market and produce

high-quality products for their own consumption. In another scenario where sHAP≤ s1∗ < sGF and max{sGF, sia} < s2∗ are satisfied,
households will sell the HAP-certified products; however, products for their own consumption are of higher quality and are not
certified. Under both scenarios households adopt the OFH-TPS. On the other hand, if sOF≤ s1∗ is satisfied, households prefer to
produce organic products. However, it may not be optimal to consume Organic Foods by themselves, due to the higher production
cost. Furthermore, the choice of product quality for self-consumption satisfies the condition written in Eq. (2b), and the optimal
quality for self-consumption is likely to be significantly less than the quality of organic products. As a result, the farmer will adopt the
OFH-TPS: producing Organic Food for the market and products with relatively lower but satisfactory quality for their own con-
sumption. Similar scenarios can also occur, such as producing Green Food or HAP for the market and products with relative lower
quality for their own consumption. In these scenarios, farmers adopt the OFH-TPS and provide high-quality products for the market
when the price premium can offset the cost difference, but choose to produce uncertified products with low but still acceptable
quality for self-consumption. The aforementioned discussion leads to hypothesis 2 below.

Hypothesis 2. Certifications affect the OFH-TPS adoption, but the impacts vary by certification type.

3. Data

This study uses a household survey of fruit and vegetable farmers in Shandong province from February to March in 2015. We
choose the fresh produce industry due to the following reasons. First, China is one of the largest producers and exporters of fruits and
vegetables (Goetz & Grethe, 2010; Weinberger & Lumpkin, 2007). In 2012, China exported 6.58 million tons of vegetables (0.75
billion dollars) (Li, 2014). To some countries, China is an important importer for fruits and vegetables: in 2004, China supplied about
three-quarters of vegetable imports to the Republic of Korea and 37% of vegetable imports to Japan (S. W. Huang & Gale, 2006).
Second, pesticides are applied more intensively for horticulture than cereal crops in China. Huang, Qiao, Zhang, and Rozelle (2000)
show that the pesticide cost per hectare for fruits (apples and oranges) and vegetables (tomatoes and cucumbers) is approximately 4
to 8 times higher than that for rice. It is common to find fresh produce with significant pesticide residue or contaminated by
chemicals (Chen et al., 2011; Wang et al., 2015), which leads to an important food safety concern.

Shandong province was selected for this study, due to its position in China's horticulture production and food safety concerns
deriving from the intensive pesticide application. The cultivated area for fruits and vegetables in Shandong ranked sixth and first,
respectively, among all provinces in China (CRSY, 2015). Shandong province is the top one producer of fresh produce in China,
accounting for about 13% of the total national production (CRSY, 2015). The vegetable export from Shandong accounts for 28% of
the national vegetable export in 2012 (CEH, 2013). On the other hand, farmers in the Eastern and Southern China including
Shandong apply more pesticide per hectare of cultivated land, as shown in Fig. 2. Shandong was ranked 9th by the pesticide
application dosage: 20.75 kg per hectare, which exceeds the national average by one quarter (16.70 kg per hectare) (CRSY, 2015).
The extensive pesticide applications have resulted in a significant food safety concern.
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Fig. 1. Number of certificates issued for HAP, Green Food and Organic food.
Data source: China Certification and Accreditation Administration.
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The National Development Plan for Vegetable Production of 2009–2015 selected approximately 550 counties as national vege-
table production bases in China, including 70 counties in Shandong. We randomly selected 241 villages in 47 national vegetable
production bases in Shandong (see Fig. 3). Excluding 90 incomplete surveys, 747 surveys are used for this study. The survey
questionnaires collect information on household socio-demographics, vegetable and fruit production, household income, pesticide
application, food safety issues, and unique features of production and sales.

Table 1 provides summary statistics of the survey data. Half of the sample households are in the more economically developed
region on the east coast of Shandong, namely Qingdao, Yantai, Weifang, Rizhao, and Weihai. The production of fresh produce is
highly specialized: approximately 58% of the farmers specialize in only vegetables, 28% are solely fruit farmers, and only 14%
cultivate both fruits and vegetables. Most farmers in our survey specialize in less than two varieties of fruits and vegetables. This high
level of production specialization is largely attributed to either government policies such as “Vegetable Basket Program” in 1980 and
“One Village One Product” in 2007 as well as the development and growth of food supply chain and supermarkets (Rozelle, Park,
Huang, & Jin, 2000).

The head and/or decision-maker of an average household is likely to be a male (77%) who is married (95%), 50 years old, and has
completed the middle school education. The average amount of farmland owned per household is about 5.53mu (equivalent to 0.91
acres), and the average land rented from others is 3.33 mu (equivalent to 0.55 acres) per household. Approximately 35% of these
households have one or two family members who have migrated to the city for non-agricultural jobs. Household annual income per
capita is ¥20,630 (equivalent to US$3165), which exceeds the value for rural households in Shandong (¥11,882) and in the nation
(¥9892). Few households (11%) have joined agricultural cooperatives or have contracts with agricultural companies to sell their fresh
produce.

The questionnaire has multiple questions on pesticide applications. Only one-third of the households receive training on pesticide
applications and nearly two-thirds use standard containers for pesticide application. Although the majority of the farmers perceive
adverse effects of pesticides on human health (92%) and to the environment (81%), they still use pesticides extensively, including the
banned ones.4 About 18% of the households use highly toxic and banned pesticides, and 13% report they have easy access to
purchasing such pesticides. Only 76% of farmers think the fresh produce sold in their local market has an acceptable safety level. The
easy access to pesticides, the use of toxic/banned pesticides, and the perceived food safety concern may induce adoption of the OFH-
TPS.

Fig. 2. Distribution of pesticide application dosage in China (2013).
Data source: China Rural Statistical Yearbook 2015.

4 The survey respondents were presented a list of 12 different pesticides, including banned ones. They were not told whether any of these 12 pesticides were banned
to use. Based on their selection of the pesticides, we classify whether a farmer used banned pesticides.
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Hypotheses 1 and 2 suggest that product inspections and certifications can be employed to reduce information asymmetry and
improve product quality, which can affect the OFH-TPS adoption. As shown in Table 1, the majority of households do not receive any
product inspections (83.94%) or certify their fresh produce (70.91%). Product inspection5 is mainly done by private parties (agri-
cultural cooperatives, downstream firms, and/or farmers). Only 18.23% of the farmers certify their products as HAP, followed by
Green Food (8.39%), and Organic Food (2.75%). Furthermore, as shown in Table 2, compared with the farmers who do not adopt the
OFH-TPS, a larger proportion of the OFH-TPS farmers receive no product inspections (83.94% vs. 89.29%) and do not certify their
products (70.91% vs. 76.79%).

4. Empirical analysis

An individual farmer i in region r can either adopt the OFH-TPS (Yir = 1) or not (Yir = 0). We expect that a set of factors in Xir

affect the OFH-TPS adoption, such as socio-demographic factors, household endowments of labor and land, pesticide applications and
perception of adverse impacts of pesticides on food safety and to the environment, product inspections and certifications, and the
perception of food safety for fresh produce sold in the local market. The normal distribution assumption gives rise to the Probit
model:

∫= = ∅= −∞
Prob Y φ t dt β X( ) ( ) ( )ir

β X
r ir1

r ir

(8)

where φ(∙) and ∅(∙) are the standard normal density and distribution functions, respectively. The set of parameters ′β sr are to be
estimated. The marginal effect of X on the probability of adopting the OFH-TPS can be expressed as

∂
∂

=E Y
X

β φ β X( ) ( )ir

ir
r r ir (9)

We expect whether an individual farmer uses the highly toxic or banned pesticides can be potentially endogenous. As the outcome

Table 1
Descriptive statistics of variables.

Variable Mean Standard deviation Variable Mean Standard deviation

Male (1 = male) 0.77 0.42 Receive no product inspection 0.84 0.36
Age (year) 49.52 8.81 Inspections by the government 0.08 0.28
Education Attainment (year) 8.67 2.58 by firms 0.08 0.27
Married 0.95 0.22 by other agents 0.03 0.17
Rural cadre household 0.10 0.31 Receive no product certificate 0.71 0.45
Having religion 0.04 0.19 Harmless Agricultural Product 0.18 0.39
Self-owned land (mu) 5.53 4.69 Green Food 0.08 0.27
Rent-in land (mu) 3.33 7.68 Organic Food 0.03 0.16
No. of agricultural labor 2.05 0.72 Other certifications 0.02 0.13
No. of migration labor 0.48 0.73 Using banned pesticides 0.18 0.38
Income per capita (1000 yuan) 20.63 23.82 Accessible to toxic pesticides 0.13 0.34
No. of cash crops 1.63 0.81 Pesticide training 0.34 0.47
Distance to the county center (km) 20.52 11.35 Use standard containers for pesticide use 0.69 0.46
Being a COOP member 0.11 0.32 Perceive satisfactory food safety of the local market 0.76 0.42
Farmer types (base = vegetable only) Perceive adverse pesticide effect
Fruit only 0.28 0.45 onhumanhealth 0.92 0.28
Vegetable and fruit 0.14 0.35 totheenvironment 0.81 0.39
East regions (Qingdao, Yantai, Weifang, Rizhao, and Weihai) 0.50 0.50

Table 2
Percentage of farmers adopting or non-adopting OFH-TPS.

Product inspections OFH-TPS farmers
(N = 56)

Non OFH-TPS famers
(N = 691)

Product certifications OFH-TPS farmers
(N = 56)

Non OFH-TPS farmers
(N = 691)

No inspection 89.29% 83.94% No certification 76.79% 70.91%
Inspected by Government 1.79% 8.97% Certified as

HAP
16.07% 18.23%

Firms 8.93% 7.81% Green 3.57% 8.39%
Others 0.00% 3.33% Organic 1.79% 2.75%

Others 1.79% 1.74%

5 Product inspection discussed in this study is for chemical residue as our focus is on food safety. The detailed survey question on product inspection is given below:
“Do you receive any inspection for chemical residue by any party (government, downstream companies who buy fresh produce from farmers, farm coops, and farmers
themselves) for your fresh product?”
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Yir and the endogenous variable denoted by Rir are both binary choice, the IV probit model and bivariate probit model (Biprobit) are
proposed to deal with endogeneity (Nichols, 2011). The IVprobit can be written as

=
= + + >
= + + ≤

∗

∗{Y
if y γR βX ν
if y γR βX ν

1,
0,

0
0ir

ir ir ir ir

ir ir ir ir (10a)

= + +R A X ελ λir ir ir ir1 2 (10b)

where yir∗ and rir∗ are latent variables; Xir is vector of exogenous variables; β, γ, λ1 and λ2 are vectors of parameters to be estimated;
and νir and εir are the error terms.

The bivariate probit model can be written as

=
= + + >
= + + ≤

∗

∗{Y
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1 2
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The first stage of IVprobit is linear regression, while it is probit regression for the Biprobit in the first-stage regression. For the

Biprobit model, the error terms are assumed to be identically distributed as bivariate normal: ⎡⎣ ⎤⎦ ⎡
⎣

⎤
⎦( )( ) IIDN~ ,ν

ε ρ
ρ0

0
1

1
ir
ir

, where ρ
represents the correlation between unobservable error terms of these two equations (Fabbri, Monfardini, & Radice, 2004). The ideal
instrumental variable denoted by Air is expected to affect the probability of using the highly toxic and banned pesticides, but has no
direct influence on the probability of adopting the OFH-TPS (Yir). We use the availability of highly toxic and banned pesticides in the
local market as an instrumental variable. All analyses are conducted by STATA.14.

As shown in Table 3, the Wald test rejects the null hypothesis of no correlation between νir and εir at the 1% significant level (P-
value = 0.001) for both IVprobit and Biprobit regression. The result indicates that Rir is related with νir and therefore endogenous.

Table 3
Marginal effects of the independent variables on the adoption of the OFH-TPS.

Variable Probit IVprobit Biprobit Variable Probit IVprobit Biprobit

Male 0.005 0.045 0.007 Use standard containers for pesticide use −0.015⁎⁎⁎ −0.133⁎⁎ −0.018⁎⁎⁎

(0.013) (0.099) (0.015) (0.003) (0.067) (0.006)
Age 0.000 0.002⁎⁎⁎ 0.000 Perceive adverse pesticide effects on human

health
−0.017 −0.149 −0.02

(0.000) (0.001) (0.000) (0.033) (0.171) (0.030)
Education Attainment −0.001 −0.015 −0.002 Perceive adverse pesticide effects to the

environment
0.017 0.127 0.02

(0.004) (0.036) (0.005) (0.033) (0.313) (0.044)
Married 0.019⁎⁎⁎ 0.151⁎ 0.024⁎⁎⁎ Inspections by firms −0.006⁎⁎⁎ 0.032⁎⁎⁎ −0.003⁎⁎⁎

(0.001) (0.078) (0.007) (0.001) (0.009) (0.000)
Rural cadre household 0.015 0.119 0.017 Inspections by the government −0.031⁎⁎⁎ −0.305 −0.047

(0.049) (0.345) (0.049) (0.011) (0.301) (0.033)
Having religion 0.022 0.138 0.021 Inspections by other agents 0 0.000 −0.533⁎⁎⁎

(0.037) (0.196) (0.030) (.) (.) (0.025)
Self-owned Land 0.003⁎⁎ 0.029⁎⁎ 0.004⁎⁎ Harmless Agricultural Product −0.006 −0.085 −0.008

(0.001) (0.014) (0.002) (0.038) (0.357) (0.048)
Rent-in Land 0.001 0.010 0.001 Green Food −0.042⁎⁎⁎ −0.599⁎⁎ −0.08⁎

(0.002) (0.017) (0.002) (0.010) (0.285) (0.042)
No. of agri. labor −0.003 0.014 −0.001 Organic Food 0.042⁎⁎⁎ 0.346⁎⁎⁎ 0.041⁎⁎⁎

(0.023) (0.169) (0.025) (0.002) (0.061) (0.006)
No. of migration labor −0.002 −0.028 −0.003 Other certifications 0.023 0.303 0.032

(0.005) (0.051) (0.007) (0.086) (0.575) (0.072)
Income per capital −0.002⁎⁎⁎ −0.017⁎⁎⁎ −0.002⁎⁎⁎ Perceive satisfactory food safety of the local

market
−0.052⁎⁎⁎ −0.296⁎⁎⁎ −0.048⁎⁎⁎

(0.000) (0.004) (0.000) (0.007) (0.020) (0.001)
No. of cash crops 0.006 0.015 0.005 Vegetable & fruit farmer −0.006 −0.077 −0.009

(0.012) (0.101) (0.014) (0.012) (0.094) (0.013)
Distance to the county

center
−0.002 −0.017⁎ −0.002 Fruit farmer 0.041⁎⁎⁎ 0.269⁎⁎⁎ 0.04⁎⁎⁎

(0.002) (0.010) (0.002) (0.014) (0.029) (0.006)
Being a COOP member 0.056 0.378⁎⁎⁎ 0.052⁎⁎ Using banned pesticides 0.082⁎⁎ 1.449⁎⁎⁎ 0.119⁎⁎⁎

(0.038) (0.064) (0.021) (0.042) (0.179) (0.017)
Pesticide training −0.034⁎⁎⁎ −0.247⁎⁎⁎ −0.04⁎⁎⁎ No. of OBSs (No. of Clusters) 724 (2) 724 (2) 747 (2)

(0.013) (0.085) (0.013) Pseudo R2 0.141
Correct prediction 92.27% 92.13% 92.50%

Test for endogeneity Test statistics for the Wald test for the IVprobit model: 41.60⁎⁎⁎ (P value = 0.000)
Test statistics for the Wald test for the IVREG model (H0: variable is exogenous): 1892⁎⁎ (P value = 0.015)
Test statistics for the Wald test for the Biprobit model (H0: ρ= 0): 11.619⁎⁎⁎ (P value = 0.001)

Test for weak instruments F statistics in the first stage estimation of the IVprobit model = 1420

Values in parentheses are standard deviations. Asterisks, ⁎⁎⁎, ⁎⁎, and ⁎, represent the 1%, 5%, and 10% significance level, respectively.
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We thus conclude that the IVprobit and Biprobit model can potentially outperform the probit model. The F statistics in the first-stage
estimation of the IVprobit model is 14206; significantly exceeding the threshold value of 10 based on the rule of thumb, indicating the
selected instrumental variable is not weak (Stock, Wright, & Yogo, 2012). Eq. (9) shows that the marginal effects differ from the
estimated coefficients in the probit model. We thus report the regression results of the Probit, IVprobit, and Biprobit models in the
Appendix and the marginal effects in Table 3.7 The empirical results are discussed below based on the marginal effects. Overall, the
ratio of correct prediction of the OFH-TPS adoption for the three models are all above 92%. These three regression models show
similar estimation results of the independent variables, which indicates the regression results are consistent and robust across dif-
ferent models. The only discrepancy is that product inspection conducted by downstream companies and farm coops is negatively
associated with the OFH-TPS adoption in the Probit and Biprobit regressions, but the IVprobit model suggests a positive association.

4.1. Production certifications

Hypothesis 2 expects that different certificates reflect and/or signal the quality difference and affect the OFH-TPS adoption
differently. As shown in Table 3, the likelihood of adopting the OFH-TPS is not statistically different among farmers who sell un-
certified fresh produce and those who sell HAP-certified fresh produce. However, compared with farmers who do not certify their
products, farmers who grow Green Food are statistically less likely to adopt the OFH-TPS, and organic farmers are statically more
likely to adopt the OFH-TPS. The findings can be explained below. The quality of Organic Food is perceived to be superior to Green
Food and HAP food, and the quality of non-certified food is perceived to be relatively poor. To most Chinese consumers, the quality of
Green Food is likely to be sufficient. Green food farmers are less likely to have concern about food safety for their own consumption
and, thus, are less likely to adopt the OFH-TPS. Organic Food can be attractive to the niche market, but the cultivation process
standards are more stringent (Ni et al., 2014) and it requires an extra cost to produce. Therefore, organic farmers may want to adopt
the OFH-TPS to produce non-organic fresh produce with satisfactory quality for their own consumption in order to save costs.

4.2. Food safety and pesticide applications

Farmers using banned pesticide are more likely to adopt OFH-TPS, which depicted food safety concerns towards OFH-TPS.
Furthermore, farmers' banning pesticide application is influenced by their access to toxic pesticide. This finding suggests that the
safeguard pesticide sales may reduce the incentive to adopt the dual system. We also find that famers who perceive poor food safety
in the local market and those who apply highly-toxic and banned pesticides are more likely to adopt the OFH-TPS. The results show
that farmers who receive training on pesticide use, which is an effective way to educate them on how to apply pesticides more
appropriately and effectively (Huizhen Li et al., 2014; Zhou & Jin, 2009), and use standard containers for pesticide application are
less likely to adopt the OFH-TPS. The finding can be explained by Zhou and Jin (2009) who find that vegetable farmers who receive
training on pesticide application have a smaller probability of applying highly toxic pesticides, thereby improving food safety and
reducing the need to adopt the OFH-TPS for their own consumption. However, the perceived adverse effect of pesticide application to
food safety and the environment has no statistically significant effect on the OFH-TPS adoption. One possible reason could be that,
unlike the findings of Zilberman and Millock (1997) who show that farmers' perception on negative externalities of pesticide ap-
plication reduces pesticide overuse or misuse, Chinese farmers are less concerned about the negative externalities of pesticide ap-
plication. The findings suggest that intervention programs aiming to improve food quality and safety should focus on training on
pesticide/chemical use; however, they are less effective in the short run if focusing on educating farmers about negative externalities.

4.3. Household characteristics and endowments

We find that farmers who are married are more likely to adopt the OFH-TPS. It could be that married farmers, especially those
with children, may prefer higher quality for their own consumption. Large-size farmers are more likely to adopt the OFH-TPS as they
have abundant land resources. Farmers who are members of agricultural cooperatives or who work for agricultural companies are
more likely adopt the OFH-TPS. We also find that fruit farmers are more likely to adopt the OFH-TPS than vegetable farmers. It can be
explained by the fact that fruits are highly valued cash commodities on which more chemicals and pesticides are used.8 Different from
our expectation, household annual income per capita is found to be negatively and significantly associated with the OFH-TPS
adoption. Given that fruit and vegetable production is highly specialized in the study areas, we expect that farmers who specialize in
limited varieties are more likely to adopt the OFH-TPS. Yet, the number of varieties is not statistically significant.

5. Conclusion

A new phenomenon termed as OFH-TPS has gained popularity in rural China and received increasing attention in the recent years.
Aiming to understand this phenomenon, this study accomplishes the following two tasks: (a) providing a theoretical framework to

6 We estimated the F statistics in the first-stage using the ivregress code in STATA. 13, because the ivprobit code cannot report the F statistics in the first-stage in the
presence of vce(cluster) code. We use vce(cluster) code to allow for dependence in the error terms of farmers in the same region, but independent standard errors for
farmers in the different regions in all the three regression models.
7 Due to limited sample, variable Inspection by other agents is dropped, and therefore 23 observations are not used in the Probit and IVprobit model.
8 http://www.theepochtimes.com/n3/2022766-strawberries-contain-the-most-pesticide-residue-of-50-produce-items/
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examine how information asymmetry and measures to reduce asymmetry, such as product inspections and certifications, affect the
OFH-TPS adoption; and (b) identifying the determinants of the OFH-TPS adoption among fruit and vegetable farmers in Shandong
province by employing the instrumental variable approach.

Specific findings and the corresponding policy implications are summarized below. First, product inspections conducted by en-
terprises, agricultural cooperatives, or farmers curb the OFH-TPS adoption, whereas government inspections have no statistically
significant effect. If the goal of production inspections is to ensure food safety and enforce safety standards, we shall expect that
inspections decrease the OFH-TPS adoption. The findings provide indirect evidence for improving the efficacy of product inspections
conducted by the government and for engaging the private sector to improve food safety. Second, farmers who sell Green Food are
less likely to adopt the OFH-TPS, but organic farmers are more likely to adopt the OFH-TPS. In general, it is less productive to have
separate production systems for the same crop due to economics of scale. Promoting Green Food certification can improve both
product quality and profitability. Third, we find that pesticide use training and appropriately applied pesticides reduce the OFH-TPS
adoption, but the perceived potential adverse effects of pesticide use to human health and the environment have no statistical effects.
Furthermore, farmers who use highly toxic and banned pesticides and/or who perceive poor food safety in the local markets are more
likely to adopt the OFH-TPS. These findings suggest that education programs should focus on how to apply pesticides/chemicals
appropriately and efficiently, and those focusing on the negative externality of pesticide applications is less effective in the short-run.
The findings also pin down an important role that pesticide retailers can play because they are the first-hand educators/practitioners
on how to apply pesticides appropriately.

This study shows that product inspections and certifications might be effective methods to improve product quality and food
safety in China, but the prevalence of food inspections and certifications are still low. More research should be done to investigate the
motivations for and constraints on food certification, the procedure and efficacy of inspections and certifications by different parties,
and the Chinese consumers' acceptance and willingness to pay for products with different certificates.
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Appendix A

Table A.1
Regression results.

Variable Probit IVprobit Biprobit Variable Probit IVprobit Biprobit

Using banned
pesticides

0.595⁎⁎ 1.449⁎⁎⁎ 0.950⁎⁎⁎ Pesticide training −0.368⁎⁎⁎ −0.247⁎⁎⁎ −0.322⁎⁎⁎

(0.283) (0.179) (0.193) (0.093) (0.085) (0.086)
Male 0.056 0.045 0.054 Use standard containers for

pesticide use
−0.145⁎⁎⁎ −0.133⁎⁎ −0.142⁎⁎

(0.132) (0.099) (0.119) (0.045) (0.067) (0.056)
Age 0.000 0.002⁎⁎⁎ 0.001 Perceive adverse pesticide effect

on human health
−0.154 −0.149 −0.159

(0.001) (0.001) (0.001) (0.287) (0.171) (0.247)
Education

Attainment
−0.013 −0.015 −0.014 Perceive adverse pesticide effect

to the environment
0.181 0.127 0.160

(0.035) (0.036) (0.037) (0.368) (0.313) (0.344)
Married 0.225⁎⁎⁎ 0.151⁎ 0.189⁎⁎⁎ Inspections by firms −0.064⁎⁎⁎ 0.032⁎⁎⁎ −0.027⁎⁎⁎

(0.059) (0.078) (0.068) (0.007) (0.009) (0.003)
Rural cadre

household
0.140 0.119 0.133 Inspections by the government −0.406 −0.305 −0.371
(0.421) (0.345) (0.396) (0.271) (0.301) (0.284)

Having religion 0.192 0.138 0.166 Inspections by other agents 0.000 0.000 −4.246⁎⁎⁎

(0.258) (0.196) (0.230) (.) (.) (0.382)
Self-owned Land 0.031⁎ 0.029⁎⁎ 0.031⁎ Harmless Agricultural Product −0.057 −0.085 −0.066

(0.017) (0.014) (0.017) (0.407) (0.357) (0.389)
Rent-in Land 0.008 0.010 0.009 Green Food −0.647 −0.599⁎⁎ −0.638⁎

(0.016) (0.017) (0.017) (0.422) (0.285) (0.373)
No. of agri. Labor −0.032 0.014 −0.011 Organic Food 0.324⁎⁎⁎ 0.346⁎⁎⁎ 0.327⁎⁎⁎

(0.224) (0.169) (0.198) (0.043) (0.061) (0.063)
No. of migration

labor
−0.016 −0.028 −0.022 Other certifications 0.192 0.303 0.256
(0.049) (0.051) (0.054) (0.656) (0.575) (0.587)

Income per capital −0.018⁎⁎⁎ −0.017⁎⁎⁎ −0.018⁎⁎⁎ Perceive satisfactory food safety
of the local market

−0.427⁎⁎⁎ −0.296⁎⁎⁎ −0.379⁎⁎⁎

(0.003) (0.004) (0.004) (0.001) (0.020) (0.010)
No. of cash crops 0.056 0.015 0.037 Vegetable & fruit farmer −0.060 −0.077 −0.074

(0.114) (0.101) (0.107) (0.120) (0.094) (0.103)
Distance to the

county center
−0.017 −0.017⁎ −0.017 Fruit farmer 0.358⁎⁎⁎ 0.269⁎⁎⁎ 0.321⁎⁎⁎

(0.013) (0.010) (0.012) (0.063) (0.029) (0.026)
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Being a COOP
member

0.424⁎⁎ 0.378⁎⁎⁎ 0.416⁎⁎⁎ Constant −0.954⁎⁎⁎ −1.122⁎⁎⁎ −1.024⁎⁎⁎

(0.188) (0.064) (0.142) (0.320) (0.374) (0.323)

Figures in parentheses are standard deviations. Asterisks, ***, **, and *, represent the 1%, 5%, and 10% significance level, respectively.
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