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Abstract
Purpose – Based on the survey data of 650 kiwi growers from Shaanxi and Sichuan provinces, this paper
used multiple endogenous transformation regression models to explore the effect of the joint adoption of green
production technology on farmer’s welfare. The purpose of the study is to analyze the influence of green
production technology on the yield, household income and socioeconomic characteristics of Kiwi fruit growers.
Design/methodology/approach – In the context of the study, multiple endogenous transformation
model (MESR) are adopted, but self-actualization tactics were adopted to deal with the instrumental variables.
The empirical data has been collected via a combined hierarchical sampling and random sampling, whereas a
well-structured Likert scale questionnaire was adopted as well. The empirical data has been processed with
the help of STATA 15.1 version.
Findings – The study found a positive impact of adopting green production technology. Moreover, the joint
adoption of green production technology by kiwi growers has significantly increased the yield, economic values
of Kiwi and household income of kiwi farmers. The households with higher asset value, better land quality,
weaker credit constraints, more technical training and stronger government promotion and support from local
governments are themost likely to adopt pest control technology and soil management technology jointly.
Originality/value – The prime innovation of the paper is to measure the impact of technology
combination adoption on farmer’s welfare is evaluated, rather than the impact of single sub technology on
farmer’s’welfare.
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1. Introduction
Green production technology is the fundamental driving force to promote the high-
quality and modern development of agriculture and plays a vital role in promoting the
quality and efficiency of agricultural products and improving the agricultural
production environment (Adnan et al., 2019). However, practically, most farmers still
rely excessively on the input of traditional chemicals such as pesticides and fertilizers
to increase output to cut the input of agricultural resources and gain short-term
benefits (Wang et al., 2018), indicating that farmers are not enthusiastic about
adopting green production technology. Undoubtedly, due to the problems of low
technological developments, weaker economic conditions and insufficient risk
response capabilities of some small farmers (Feder and Umali, 1993; Joffre et al., 2019),
there are significant disparities in the capability of different farmers to adopt the
technology. Farmers have an adverse technological selection (Duflo et al., 2011),
which has increased the difficulty in promoting green production technology and
cause a reduction in the efficiency of adopting green production technology.
Therefore, further exploration of the incentives that affect the adoption of green
production technology is of considerable significance to improve the farmer’s
adoption of green production technology, breaking the constraints and obstacles that
restrict the adoption of green production technology by small landholders, promoting
the advancement of agricultural technology in China and promoting the green
transformation of China’s agricultural development.

Existing literature shows that the adoption of agricultural technology can improve
farmer’s agricultural production methods, increase agricultural output, increase
farmer’s household income, and thus may improve the overall farmer’s family welfare
(Anang et al., 2020; Wossen et al., 2019; Kumar et al., 2020; Chang and Tsai, 2015).
However, the adoption of agricultural technology also faces high utilization costs
(G�omez et al., 2014). For small-scale farmers with decentralized operations, lack
economic incentives for technology adoption, so they often face cost pressures and have
to give up technology adoption (Mariano et al., 2012). However, some scholars believe
that adopting agricultural technology is the leading way to increase farmer’s income
and improve farmer’s livelihood (Schiopu, 2015; Wossen et al., 2017). Some scholars
believe that the impact of technology adoption on increasing farmer’s income and their
welfare is not significant. Under the dual pressure of the factor and product market, the
adoption of technology must promote the increase of farmer’s income through multiple
mechanisms. However, in reality, it is not easy to coordinate among the various
mechanisms, resulting in the effect of increasing farmer’s income is not significant
enough (Das et al., 2020). It can be seen that the output and welfare effects of adopting
agricultural technology are still controversial in some extents.

Farmer’s adoption of green production technology in agriculture is not a one-time
and straightforward decision, but a dynamic decision process is involved in which they
continuously learn, improve or give up over time (Bunclark et al., 2018). At the same
time, some scholars pointed out that agricultural technology consists of a combination
of complementary or alternative sub-technology. The applicability of technology and
cost constraints determine that they may mainly adopt multiple technology
combinations when farmers choose to take green production technology decisions
(Moyo and Veeman, 2004). However, the existing research focuses on analyzing the
impact of single agricultural production technology on farmers and may ignore the
economic information brought by farmers adopting multiple agricultural technologies.
Although some studies have begun to focus on the correlation effect of multiple
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technologies among farmers (Rahelizatovo and Gillespie, 2004), less attention has been
paid to the welfare effect of multiple technologies adopted by farmers.

In general, to assess the welfare effect of farmer’s adoption of agricultural technology, it
is necessary to consider the “self-selection” and endogenous problems that may exist in the
process of agricultural technology adoption by farmers. This paper takes the two major
types of green production technologies, i.e. pest control technology and soil management
technology as the research objective, and the study takes the field survey data of 650 kiwi
growers in the main Kiwi producing areas of Shaanxi and Sichuan provinces and used
multiple endogenous conversion models (MESR). Based on correcting observable and
unobservable selection biases, we construct a “counterfactual” framework to explore the
impact of the adoption of multiple agricultural green production technologies on the welfare
of kiwi growers, intending to promote farmer’s green production efficiency of technology
adoption.

The rest of the paper is as follows. Based on the above analysis, Section 2 of this
paper defines the connotation of green production technology of Kiwi and makes a
literature review on the influencing factors and welfare effects of farmer’s
technology adoption. Section 3 introduces data sources, research methods, variable
sources and descriptive statistical analysis of variables. Section 4, based on the data
of kiwi growers in Shaanxi and Sichuan provinces in 2018, empirically analyzes the
impact of the joint adoption of green production technology on the welfare of
growers. The discussion and observation are given in Section 5. Finally, depending
on the empirical research results, this paper puts forward countermeasures and
suggestions in Section 6.

2. Definition of connotation and literature review
2.1 Definition of the connotation of green production technology
According to the “Guidelines for Agricultural Green Development Technology (2018–
2030)” issued by the Ministry of Agriculture and Rural Affairs of China, agricultural
green production technologies mainly include: “Cultivated land quality improvement
and conservation technology, agricultural water control and rain-fed dry farming
technology, reduction in the application of fertilizer and pesticide and efficiency
improvement technology, green and efficient production technologies for livestock and
grass, etc. There are three main types of pest control technologies: physical control
technologies, which includes the use of insecticidal lamps, insecticidal plates and insect
nets; biological control technologies, which includes parasitic and predatory natural
enemies mainly through the protection or artificial release of natural enemies for the
effective control of pests; scientific drug application technology, which includes the use
of low-toxicity, low-residue, environment-friendly pesticide technology and their
alternative, precise and safe use technology of pesticides. There are two main types of
soil management technology during kiwi planting: application of organic fertilizer
refers to organic compound fertilizers formed by accumulation and fermentation of
organic materials such as animal and plant residues or human and animal excretion as
well as includes commercial organic and farm fertilizers; and soil testing formula
technology is an agricultural science and technology household project initiated by the
country in response to agricultural non-point source pollution and the deterioration of
the ecological environment. It is a precision fertilization technology that reduces
chemical fertilizer input and improves chemical fertilizer utilization efficiency (Rogers
et al., 2014).
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2.2 Research on the factors influencing farmer’s technology adoption
As the main body and executor of technology adoption, the influence factors of farmer’s
technology adoption have always been the concern of scholars. Research on influencing
factors of technology adoption focuses on four aspects. First, the perspective of risk
preference, Barham et al. (2015) believed that farmers would fully consider the risks
they faced and their ability to resist risks when adopting technologies. Smith and Ulu
(2017) pointed out that due to the co-existence of net income uncertainty and risk of
improper technology application, risk aversion has a negative effect on the adoption of
green prevention and control technology by farmers. However, in terms of the actual
situation, some scholars also found that farmer’s risk preference had not received an
active response in technology adoption (Aklin et al., 2018). Second, the perspective of
policy support, Omotilewa et al. (2019) indicated that the government significantly
promoted the adoption of biocontrol technology by farmers through scientific
demonstration, technical training and financial subsidies. The third is the social
network perspective, as a large number of studies have shown that trust relationship
and information transmission in social networks have increased the adoption of new
technologies by farmers (Bandiera and Rasul, 2006). Further studies have found that
social networks at different stages have different impacts on agricultural technology
adoption (Maertens and Barrett, 2013). Fourth, the perspective of farmer’s endowment
of resources; farmer technology adoption usually matches household resource
endowments (Uddin et al., 2014). Land resources, household’s financial status,
household’s age, household size and education all affect farmers’ green production
technology adoption (Phibbs, 2002; Ricker-Gilbert and Jones, 2015).

2.3 Research on the impact of technology adoption on farmer’s welfare
The influence of technology adoption on the welfare of farmers has gradually attracted
the attention of scholars. The relevant research studies have been carried out from three
aspects:

First, the relationship between technology adoption and agricultural output; some
scholars believe that technology adoption has increased the agricultural production
(Anang et al., 2020); while some scholars hold the opposite view that technology
adoption requires excessively high physical capital investment and cannot
significantly increase the output of agricultural products (Das et al., 2020). Compared
with the pest control technology, the scholars have concluded the effect of soil testing
formula technology on crop yield and the growth was relatively consistent, and they all
believed that the soil testing formula technology had a significant stimulating effect on
crop yield (Liu et al., 2019).

Second, the relationship between technology adoption and household income; Chang and
Tsai (2015) believed that the adoption of green production technology could significantly
increase the farm income. However, some scholars also found that technology adoption
could not uphold the increase in farm income. Specifically, most agricultural products are
inelastic products. While technology adoption led to the increase of output, it led to the
oversupply of agricultural products and ultimately decline in market prices, which
ultimately had a weak effect on the improvement of farmer’s income (Fernandez-Cornejo,
1998).

Third, the relationship between technology adoption and agricultural production costs;
as the main body of agricultural production, farmers have the desire to improve technology
and increase income. However, the excessively small investment scale and high-risk failure
make it unable to bear the cost of technology adoption (Mariano et al., 2012) and will
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increase the additional labour input. The income-increasing effect of technology adoption is
less than the unit input cost of supporting factors, which will eventually reduce the interest
of farmers for technology adoption.

It can be seen from the literature review that the existing literature still has the following
deficiencies. In the research on the factors influencing farmer’s technology adoption, though
attention has been paid to the impact of various factors on technology adoption, the factors
affecting the adoption of multiple technology combinations have not been paid enough
attention. Few studies have explored the effects and heterogeneity of multiple technologies
on farmer welfare. The research on the relationship between the adoption of specific cash
crop grower’s technology and the welfare effect of growers is not sufficient. Besides, some
existing models do not take bias effects into account in the estimated results caused by the
sample selectivity problem.

3. Data sources, research methods and variable selection
3.1 Data sources
The data of this study came from the field survey conducted by the research group “Chinese
Kiwi Industrial Technology System” from kiwi growers in the main Kiwi producing areas of
Shaanxi and Sichuan provinces from September to October 2018. The research team used a
combination of hierarchical sampling and random sampling techniques to select samples.
The specific sampling process is as follows: 4–5 townships were randomly selected in each
county (city), and then three villages were randomly selected in each township, and finally
8–10 kiwi growers were randomly selected in each village. A total of 702 questionnaires
were distributed to farmers in this survey. After data screening and elimination of the
questionnaires with missing data of crucial variables, 650 valid questionnaires were used for
final econometric analysis. The data was collected through face-to-face interview, and the
questionnaire mainly includes household demographic structure, income and expenditure,
characteristics of agricultural production and adoption of agricultural technologies. The
village questionnaire survey is mainly for the village cadres who know the situation of the
village, involving the population structure and economic development of the village. In
the study areas, the income from kiwi fruit accounted for an average of 85.27% of the total
agricultural income of farmers. Although the government carried out agricultural
technology training and strengthened the guidance of agricultural technicians to promote
the adoption of agricultural technology, increase production and increase household’s
income; nonetheless, kiwi growers still suffer from the low output and low net income.

3.2 Research methods
The main objective of the current study focuses on the impact of the joint adoption of green
production technology on the welfare of farmers. For feeding the research objectives, we
have adopted multiple endogenous transformation model (MESR), whereas we adopted self-
actualization tactics to deals with the instrumental variables. The model is set as follows:

Yi ¼ aXi þ hDi þ « i (1)

Whereas,
Yirepresents the welfare level of farmer i,
Diis the adoption of green production technology of farmer i (Di= 1, means PCT0SMT0;
Di= 2, means PCT1SMT0;
Di= 3, means PCT0SMT1;
Di= 4, means PCT1SMT1),
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Xi = control variable (including the characteristics of the head of household, the
characteristics of family management, and the regional conditions that affect the
welfare level of the grower),aand

h = parameters to be estimated, and
« i = random error term subject to independent and identical distribution.

In equation (1), whether a grower adopts green production technology is often a “self-
selection” decision made by growers based on their personal characteristics and expected
benefits. It will be affected by some unobservable factors (such as management ability,
physical strength and risk preference, etc.) and observable factors (such as resource
endowment, education and training, etc.). These factors will also affect the adoption of green
production technology and the welfare level of farmers. PSM is the most commonly used
method to deal with selection bias, but PSM only considers the influence of observable
factors. In this paper, we need to consider the selection bias caused by both observable and
non-observable factors. Therefore, this paper uses multiple endogenous transformation
model (MESR) for estimation (Narayanan, 2014). The MESR model usually contains a
multivariate selection equation and multiple result equations. The selection equation and
result equations are estimated by using the full information maximum likelihood method.
The estimation idea is as: in the first stage, multiple logit regression is used to estimate the
selection equation; in the second stage, the inverse Mills ratio calculated in the first stage is
brought into the result equations, and a consistent estimate of the model is obtained.
According to the estimation results, the “counterfactual” framework is constructed to
analyze the expected value of welfare under different green production technologies adopted
by kiwi growers and to estimate the average treatment effect (ATT) of the treatment group;
that is, the difference between the observable welfare and counterfactual welfare under
different green production technologies adopted by growers.

For MESR model, it is assuming that the grower is risk-neutral, whether the grower
adopts a certain green production technology often depends on the difference
D*
i (D

*
i ¼ D*

f � D*
n) between the expected net income D*

f and the current net income level
D*
nof adopting the green production technology. When the expected net income of adopting

the technology is higher than the net income of not adopting it, the grower will choose to
adopt it, at this time D*

i > 0. Nevertheless,D*
i is an unobservable variable and can be

expressed as follows:

D*
i¼gZi þ m i (2)

Di ¼
1;D*

i > maxm 6¼1 D*
m

..

.

J ;D*
i > maxm 6¼j D*

m

ðj ¼ 1; 2; . . . ; JÞ

8>>>><
>>>>:

(3)

(3)

Where
D*
i is the latent variable of the categorical variableDi ,

Ziis a group of variables that influence the farmers’ decision-making, and the
explanatory variables inZiare allowed to overlap withinXi . However, to ensure that the
equation can be identified, there is at least one variable inZi (Identification variable) not
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included withinXi . This variable should directly affect the adoption of green production
technology by growers, but not directly affect the welfare level of growers. Whereas, g is the
parameter to be estimated, and m i is the random error term subject to independent and
identical distribution. In equation (3),j j ¼ 1; 2; . . . ; Jð Þ is the adoption of the j-th green
production technology:

j ¼ 1means PCT0SMT0,
j ¼ 2means PCT1SMT0,
j ¼ 3means PCT0SMT1 and
j ¼ 4means PCT1SMT1.

If the grower adopts the j-th green production technology, then D*
i > max

m 6¼j
D*
m. The welfare

equation of growers adopting the j-th green production technology can be expressed as:

y1i ¼ b 1x1i þ s 1l̂ 1i þ m 1i;Di ¼ 1

..

.

yji ¼ b jxji þ s jl̂ ji þ m ji;Di ¼ J

j ¼ 1; 2; 3; 4

8>>>><
>>>>:

(4)

Where,
xjiis a series of explanatory variables, and
m jiis a random error term subject to independent and identical distribution. Whereas,

l̂ jiis the inverse Mills ratio calculated by equation (2), which is introduced into the resulting
equation to solve the sample selection bias. Moreover, s j ¼ cov m i; « ið Þrepresent the
covariance of the error term between the selection equation and the result equation. If
thes jis statistically significant, it indicates that the adoption of green production technology
by farmers is related to their welfare, and it is necessary to correct the selection deviation.
The corrected result can reflect the impact of technology adoption on its welfare.

For the estimated ATT, the estimation results of the MESR model has been utilized,
whereas, the conditional expectations of the farmer’s welfare under the adoption of different
agricultural technologies can be calculated. By constructing a “counterfactual” framework,
the ATT of the technology adopters can be calculated. Based on the estimation result of
equation (4), the expectation of the welfare conditions adopted by the farmers’ green
production technology can be expressed as equation (5), and the conditional expectation of
the farmers’welfare under the “counterfactual” scenario is expressed as equation (6):

E yjijD ¼ j; xji; l̂ ji

� �
¼ b jxji þ s jl̂ ji (5)

E y1ijD ¼ j; xji; l̂ ji

� �
¼ b 1xji þ s 1l̂ ji (6)

Using the difference between equations (5) and (6) as the ATT) of the ‘grower’s selection
technique j, the expression is as follows:

ATT ¼ E yjijD ¼ j; xji; l̂ ji

� �
� E y1ijD ¼ j; xji; l̂ ji

� �
¼ b j � b 1

� �
xji þ s j � s 1ð Þl̂ ji

(7)

Where b j � b 1
� �

xji represents the expected change in the average outcome variable, while
s j � s 1ð Þl̂ jicorrects the selective bias for the difference in unobserved variables.
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3.3 Variable selection
The current study focuses on the welfare of kiwi growers. For the measurement of the
welfare indicators of farmers, many scholars measured it from different angles, mainly
using indicators such as household income, consumption expenditure and productive
expenditure of farmers. While combining the available data and field research, this study
focuses on whether the adoption of green production technology can increase kiwi
production and income of kiwi growers. Specifically, this study selects the kiwi yield,
income from kiwi fruit and the household income to measure the welfare status of farmers.

This study mainly evaluates two types of agricultural green production technologies,
including pest control technology and soil management technology. For the pest control
technology, because it is limited to the study area and the research problem, this study only
focuses on the physical control and biological control technology. The grower may adopt
any of these two technologies, that is, the grower adopts the pest control technology. For the
soil management technology, the farmer adopts any one of the applications of organic
fertilizer technology and the soil testing formula and fertilization technology, that is, the
farmer adopts the soil management technology.

Based on selecting core explanatory variables and identification variables, to further
control the impact of other variables on the welfare of farmers, this paper refers to the
research of related scholars (Keesstra et al., 2016; Kumar et al., 2020; Mariano et al., 2012;
Moyo and Veeman, 2004) and select the characteristics of the head of household, household
demographic structure, characteristics of cultivated land resources and characteristics of
family production and management as control variables. The descriptive statistics of
variables are shown in Table 1. The results in Table 1 show that 42% of the sample growers
have adopted pest control technology, and 38% of the sample growers have adopted soil
management technology. From the point of joint technology adoption, 17% of the farmers
adopt both the pest control technology and the soil management technology, 25% of the
sample farmers only adopt the pest control technology, 21% of the sample farmers only
adopt the soil management technology. While 37% of growers neither adopt pest control
technology nor soil management technology, the adoption of green production technology
by farmers is still not high.

4. Estimated results and analysis
4.1 Analysis of the influencing factors of green production technology joint adoption
Tables 2 and 3 are the regression analysis estimates of the first and second stages of the
MESR model, respectively. In Table 2, the estimates of the marginal effects of the factors
influencing the adoption of green production technology by farmers are presented.
Specifically, in this paper, the reference group of “none of them are adopted” is used to
estimate with the order logit model.

Table 2 shows that the gender of the head of the household has a negative impact on the
farmers’ adoption of PCT0SMT1 and is statistically significant at 10%. That is, households
headed by women are more likely to adopt PCT0SMT1 and vice versa. The age of the head of
household has a significant and negative impact on the farmer’s adoption of PCT0SMT1,
whereas, the younger the head of household, the more inclined to adopt only soil
management techniques. The education level of head of the household has a positive impact
on the farmer’s adoption of PCT0SMT1 and significant at the statistical level of 10%. This
indicates that the higher the education levels of the head of the household, the higher the
possibility that the farmers only adopt the soil management technology. The asset value has
a positive effect on the adoption of PCT1SMT1 by growers and is statistically significant at
5%, indicating that growers with high fixed asset values are more likely to achieve joint
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technology adoption. The migrant work has a positive impact on farmers’ adoption of
PCT1SMT0 and is statistically significant at 1%, that is, the higher the migrant workers, the
more likely the farmers to adopt pest control technologies. Whether or not to join the
cooperative has a positive impact on the farmers’ adoption of PCT1SMT0 and is significant
at the significance level of 1%, that is, the farmers who join the cooperative prefer to adopt
PCT1SMT0. Land fragmentation has a significant positive effect on farmer’s adoption of
PCT1SMT0, indicating that growers with a high degree of land fragmentation are more
likely to use pest control technology. The land quality has a positive impact on the farmer’s’
adoption of PCT0SMT1 and PCT1SMT1, which are statistically significant at 5% and 1%
levels respectively. It shows that the better the land quality, the farmers tend to adopt soil
management technology or even joint technology and the probability of joint technology
adoption is higher than the probability of adopting soil management technology alone. The
annual watering frequency has a significant negative impact on the farmers’ adoption of
PCT1SMT0, but it has a positive effect on the farmer’s adoption of PCT0SMT1 indicating
that farmers with high annual watering frequency are more likely to adopt soil management

Table 1.
Variable definitions

and statistical
descriptions

Variable Variable definition Mean SD

1.outcome variables
Kiwi yield The yield of kiwi per mu (tons/mu) 1.49 1.09
Kiwi income The income of kiwi per mu (ten thousand yuan/mu) 1.00 0.57
Household income Per capita household income (ten thousand yuan/person) 3.87 3.33

2.Treatment variables
PCT1SMT0 Whether to adopt pest control technology (PCT): 1 = yes; 0 =

no
0.25 0.43

PCT0SMT1 Whether to adopt soil management technology (SMT): 1 =
yes; 0 = no

0.21 0.41

PCT1SMT1 Adopt both pest control technology and soil management
technology (Joint adoption): 1 = yes; 0 = no

0.17 0.38

PCT0SMT0 Neither adopt pest control technology nor adopt soil
management technology (Non adoption): 1 = yes; 0 = no

0.37 0.48

3.Explanatory variables
Gender 1 = male; 0 = female 0.96 0.21
Age Age of head of household in 2018 (years) 58.27 9.78
Education Education level of householder: 1 = below primary school; 2 =

primary school; 3 = junior high school; 4 = high school; 5 =
tertiary school and above

2.84 0.79

Asset value Value of household fixed assets (ten thousand yuan) 30.80 19.06
Household size Total family population (person) 3.19 1.41
Migrant work Proportion of migrant workers (%) 32.37 33.42
Cooperative Whether to join the cooperative: 1 = yes; 0 = no 0.10 0.30
Kiwi scale Actual cultivated kiwi area (mu) 5.99 4.23
Land fragmentation Number of kiwi plots (blocks) 4.10 3.07
Land quality Soil quality of the largest kiwi planting site: 1 = very poor; 2

= relatively poor; 3 = general; 4 = relatively good; very
good= 5

3.39 0.97

Annual watering Annual watering frequency of Kiwi (times) 5.33 4.06
Credit constraints Difficulty of borrowing: 1 = very easy; 2 = relatively easy;

3 = general; 4 = relatively difficult; 5 = very difficult
2.86 1.16

Notes:mu is the unit of land area in China; where, one mu is equal to 0.667 ha
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technology. Credit constraints have a significant positive impact on farmers’ adoption of
PCT1SMT0, but a significant negative impact on the adoption of PCT1SMT1.

Besides, for the explanatory variables in the MESR model, the selection equation
contains not only explanatory variables but also at least one identification variable which
appears in the selection equation but not in the result equation, the selected five
identification variables in this study (i.e. Information accessibility, township distances,
technical training, technical guidance and government promotion) affect the adoption of
green production technology by farmers to varying degrees.

Table 3 portrays the second stage of MESR of adopting green production technology on
Kiwi’s yield. The second-stage regression estimates the adoption of green production
technology on Kiwi’s income and household’s income are not discussed due to space
limitation, but they are presented in the Appendix (Tables A1–A2) .

As shown in Table 3, the family size has a positive effect on the kiwi yield for farmers
who adopt PCT1SMT0 and those who only adopt PCT0SMT1, which are statistically
significant at 10% and 5%, respectively. Compared with adopting PCT1SMT0, the size of
the ‘farmer’s family that only adopted PCT0SMT1 had a more significant impact on the kiwi
yield. The kiwi scale has a positive impact on the kiwi yield of farmers who adopt
PCT0SMT0 and PCT1SMT0 both are significant at 5% level. The effect on the kiwi yield of
farmers who did not adopt technologies was higher than those who only adopted the pest
control technology. Land fragmentation has a negative impact on the kiwi yield of farmers
who adopt PCT0SMT0 and who adopt PCT0SMT1, which are statistically significant at 1%
and 10% respectively. For farmers who do not adopt technologies, the degree of land
fragmentation has a more substantial restriction on the kiwi yield. The results of the

Table 2.
Regression results of
the first stage of the
MESR model

Variables PCT1SMT0 PCT0SMT1 PCT1SMT1

Gender �0.074 (0.074) �0.132* (0.068) �0.001 (0.064)
Age 0.023 (0.100) �0.177* (0.085) �0.055 (0.071)
Education 0.019 (0.070) 0.125* (0.072) �0.029 (0.064)
Asset value �0.027 (0.023) �0.015 (0.022) 0.042** (0.019)
Household size �0.086 (0.054) 0.042 (0.048) 0.022 (0.040)
Migrant work 0.031*** (0.009) �0.012 (0.008) 0.006 (0.007)
Cooperative 0.261*** (0.072) �0.003 (0.051) 0.053 (0.035)
Kiwi scale �0.039 (0.039) �0.049 (0.032) 0.035 (0.025)
Land fragmentation 0.010* (0.006) �0.007 (0.006) 0.005 (0.004)
Land quality �0.005 (0.016) 0.038** (0.016) 0.090*** (0.015)
Annual watering �0.064*** (0.021) 0.090*** (0.023) �0.011 (0.018)
Credit constraints 0.028* (0.015) 0.002 (0.013) �0.027** (0.012)
Information accessibility �0.009 (0.014) 0.031** (0.013) 0.011 (0.011)
Township distance �0.012 (0.028) �0.053** (0.027) 0.038 (0.025)
Technical training �0.071*** (0.026) �0.019 (0.021) 0.099*** (0.018)
Technical guidance �0.011 (0.036) 0.214*** (0.026) 0.022 (0.025)
Government promotion �0.025* (0.014) �0.012 (0.013) 0.059*** (0.014)
The joint significance value of instrumental variablesx 2 129.220***
The joint significance value of control variablesx 2 157.640***
Wald valuex 2 268.950***
Number of samples 650

Notes: *p< 0.1; **p< 0.05; ***p< 0.01. Robust standard errors are in parentheses
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cultivated land fragmentation denote the increase in the labour force, input time and energy
input of the planters. Due to negligence in the management of some scattered land, the
output level of agricultural products has declined. The annual watering frequency has a
positive impact on the kiwi yield of farmers who adopt PCT0SMT0, PCT1SMT0 and
PCT0SMT1, all of which are statistically significant at 1%. Compared with the farmers who
did not adopt the two technologies and only adopted the pest control technology, the farmers
who only adopted the soil management technology had a greater impact on the kiwi yield.

In the second stage of estimation, the effective identification variables are the township
distance, technical training, technology guidance and government promotion. The township
distance has a negative impact on the kiwi yield of farmers who adopt PCT0SMT0 and
PCT0SMT1, and both are statistically significant at 1% level. The technical training has a
positive effect on the kiwi yield adopted by the joint technology adopters, which is
statistically significant at 10%. Whether technology guidance has a significant positive
effect on the kiwi yield of farmers who adopt PCT0SMT1, is statistically significant at 5%.
While government promotion has a positive impact on the kiwi yield who adopt PCT0SMT0
and is significant at 1%. Based on the above results, it is shown that the identification
variable selection is adequate.

4.2 Analysis of the treatment effect of green production technology joint adoption on the
family welfare of growers
By employing equations 5–7, to further calculate the ATT and heterogeneous ATT of
the impact of green production technology joint adoption on the household welfare of

Table 3.
Regression results of
the second stage of
the MESR model

Variables PCT0SMT0 PCT1SMT0 PCT0SMT1 PCT1SMT1

Gender 0.058 (0.237) 0.128 (0.285) 0.336 (0.311) �0.723 (0.740)
Age �0.104 (0.250) 0.015 (0.279) �0.440 (0.386) 0.734 (0.577)
Education �0.028 (0.151) 0.109 (0.311) 0.133 (0.327) 0.729 (0.487)
Asset value 0.015 (0.054) �0.044 (0.086) �0.110 (0.099) 0.016 (0.156)
Household size 0.051 (0.123) 0.266* (0.161) 0.456** (0.207) 0.172 (0.214)
Migrant work �0.015 (0.037) �0.006 (0.043) �0.043 (0.046) 0.050 (0.057)
Cooperative �0.352 (0.435) �0.314 (0.269) �0.407 (0.317) 0.308 (0.240)
Kiwi scale 0.268** (0.109) 0.209** (0.103) 0.112 (0.195) 0.187 (0.188)
Land fragmentation �0.064*** (0.017) �0.029 (0.018) �0.074* (0.039) 0.024 (0.035)
Land quality �0.020 (0.062) �0.104 (0.089) 0.082 (0.112) 0.229 (0.158)
Annual watering 0.241*** (0.069) 0.293*** (0.081) 0.501*** (0.182) 0.071 (0.144)
Credit constraints �0.014 (0.037) 0.015 (0.052) �0.037 (0.066) �0.149 (0.106)
Township distance �0.197*** (0.062) �0.354*** (0.105)
Technical training 0.151 (0.102) 0.320* (0.193)
Technical guidance 0.588** (0.269)
Government promotion 0.108*** (0.031) 0.071 (0.046)
Constant 6.297*** (1.363) 6.209*** (1.828) 7.954*** (2.169) 1.645 (3.685)
s 2 0.358 (0.445) 0.301 (0.272) 0.790 (1.118) 1.470 (2.289)
l 1 0.277 (0.498) 0.832 (0.751) �0.219 (0.653)
l 2 �0.394 (0.675) �0.845 (0.744) 0.918 (0.812)
l 3 �0.691 (0.581) �0.246 (0.530) �0.923** (0.378)
l 4 0.932* (0.548) �0.042 (0.711) �0.415 (0.385)
Number of samples 242 162 135 111

Notes: *p < 0.1; **p < 0.05; ***p < 0.01. Robust standard errors obtained by repeating Bootstrap 100
times are in parentheses
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the growers (kiwi yield, kiwi income, household income). Due to space limitations, this
paper does not discuss the positive ATT and the heterogeneous effect of adopting green
production technology on the welfare of farmers, but it is listed in the Appendix
(Tables A3–A4).

Regarding the treatment effect of the combined adoption of green production technology
to increase the kiwi yield, the results in Table 4 show that under the construction of the
“counterfactual” framework, ATT is positive in all three technology adoption combinations.
It shows that for kiwi farmers who adopt green production technology if they adopt
PCT0SMT0, the kiwi yield will be significantly reduced. Moreover, it also implies that the
kiwi growers adopt the combination of green production technology, and the kiwi yield is
higher than those who adopt PCT0SMT0. If the farmers who adopted PCT1SMT1 did not
adopt any technologies, their kiwi yield decreased by 53.81%. The adoption of PCT1SMT0,
PCT0SMT1 and PCT1SMT1 had a significant positive effect on the yield. The farmers who
adopted PCT1SMT1 had the highest yield gain of kiwi yield (1159 Kg/mu), followed by
adopted PCT0SMT1 (284 Kg/mu) and PCT1SMT0 (230 Kg/mu). Growers adopting
jPCT1SMT1 has a higher effect on yield increase than adopting any single technology,
indicating that there is a technical synergy between pest control technology and soil
management technology. The kernel density function is used to predict the kernel density
distribution of the kiwi yield of the technology adopters, and further analyze the effect of
adopting green production technology on the kiwi yield (Figure 1). As shown in the figure,
the kernel density function of the kiwi yield of the PCT1SMT1 adopters is located to the right
of the other technology adopting combinations (PCT0SMT0, PCT0SMT1, PCT1SMT0), which

Table 4.
the ATT and ATU of
the Joint adoption of
green production
technology on the
welfare

Adoption status
Adopted
(j = 2, 3, 4)

Not adopted
(j = 1)

Treatment
effect

Technology
adoption (j) (1) (2) (3) = (1) – (2)

Kiwi yield PCT1SMT0(ATT) 1140 (34) 911 (28) 230*** (19)
PCT0SMT1(ATT) 1493 (50) 1209 (33) 284*** (38)
PCT1SMT1(ATT) 2154 (93) 995 (32) 1159*** (92)

Kiwi
income

PCT1SMT0(ATT) 7567 (114) 6767 (130) 800*** (111)
PCT0SMT1(ATT) 11786 (263) 9380 (236) 2405*** (218)
PCT1SMT1(ATT) 15629 (408) 10115 (276) 5513*** (395)

Household
income

PCT1SMT0(ATT) 28708 (1158) 25372 (683) 3336*** (780)
PCT0SMT1(ATT) 48185 (933) 29875 (903) 18310*** (856)
PCT1SMT1(ATT) 53420 (2310) 39711 (1312) 13709*** (2010)

Kiwi yield PCT1SMT0(ATU) 1252 (24) 962 (19) 291*** (19)
PCT0SMT1(ATU) 1045 (23) 962 (19) 83*** (16)
PCT1SMT1(ATU) 1378 (32) 962 (19) 417*** (36)

Kiwi
income

PCT1SMT0(ATU) 7675 (71) 6339 (84) 1336*** (78)
PCT0SMT1(ATU) 7569 (115) 6339 (84) 1231*** (95)
PCT1SMT1(ATU) 10795 (207) 6339 (84) 4456*** (177)

Household
income

PCT1SMT0(ATU) 26099 (613) 22328 (387) 3771*** (534)
PCT0SMT1(ATU) 46855 (652) 22328 (387) 24527*** (670)
PCT1SMT1(ATU) 27060 (797) 22328 (387) 4732*** (794)

Notes: *p < 0.1; **p < 0.05; ***p < 0.01. standard errors are in parentheses. ATT and ATU indicate the
average treatment effect corresponding to the joint adoption of green production technology by growers
and non-adopted growers
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indicates that the grower adopting PCT1SMT1 has a higher increase in the yield than
adopting any single technology or not adopting any technologies.

In terms of the joint adoption of green production technology to increase the treatment
effect of increasing the kiwi income and the household income, the results in Column (3) of
Table 4 show that under the framework of “counterfactual”, for growers who adopt
PCT1SMT1, if they do not adopt the green production technology, whether it is kiwi income
or the household income will be significantly reduced by 35.27% and 25.66%, respectively.
It means that the adoption of green production technology by kiwi growers can significantly
increase the kiwi income as well as household income. Specifically, growers who adopt
PCT0SMT1 and PCT1SMT1 have higher income advantages than those who adopt
PCT1SMT0. The kiwi income for growers who adopt PCT1SMT0 is the lowest (800 Yuan/
mu), and the household income is also the lowest (3336 Yuan). Similarly, the nuclear density
function graph can also reflect the income effect of kiwi farmers adopted by different green
production technologies (Figures 2 and 3). As shown in Figures 2 and 3, the kernel density
function of kiwi income and the household income of the farmers adopting PCT1SMT1 is
located to the right of the kernel density function of the farmers adopting other technologies.
It shows that kiwi income and household income of adopting joint technology are higher
than that of adopting any single technology or not adopting any technology.

5. Discussion and observation
In this paper, based on full consideration of the selective bias caused by observable factors
and unobservable factors, using the survey data of 650 kiwi growers in 6 counties (cities) in
Shaanxi and Sichuan provinces, multiple endogenous conversion regression models, and
“counterfactual” framework is used to analyze the effect of the joint adoption of green
production technology on the welfare of growers. The main observations are as follows:

� First, statistical analysis shows that the adoption rate of kiwi growers for pest
control technology and soil management technology is 42% and 38%, respectively.

� Second, the adoption of pest control technology and soil management technology by
kiwi growers significantly increased the kiwi yield, increased the average kiwi
income and the household income, indicating that the joint adoption of green

Figure 1.
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production technology has a significant yield increase effect and income gain effect,
which is also identical to the result of Ricker-Gilbert and Jones (2015) and Kpadonou
et al. (2017).

� Third, under the “counterfactual” assumption, if the farmers who adopted the joint
technology did not adopt the pest control technology and soil management
technology, their kiwi yield, kiwi income and household income decreased by
53.81%, 35.27% and 25.66%, respectively. If the farmers who have not adopted the
pest control technology and the soil management technology adopt the green
production technology, their kiwi yield, kiwi income and household income
increased by 43.35%, 70.29% and 21.19%, respectively. The study of Thirtle et al.
(2003), Awotide et al. (2016) also support these findings.

Figure 3.
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� Fourth, the gender, age, education level, asset value, migrant work, cooperative,
land fragmentation, cultivated land quality, annual watering and credit constraints
all have significantly affected the adoption of green production technology by kiwi
growers. For decision-making, growers with a high asset value in their homes, good
land quality, weak credit constraints, more training and greater local government
promotion tend to adopt both pest control technology and soil management
technology. These findings also gain light with the findings of Singha and Baruah
(2011), Diiro (2012) and Tiffin and Balcombe (2011).

6. Conclusion and enlightenment
This paper aims to explore the influencing factors of farmer’s joint adoption of green
production technology and analyze the impact of joint adoption technology on Farmers”
welfare effect. The relationship between the adoption behaviour of combined green
production technology and the welfare of farmers can be regarded as an essential
supplementary research content of planned behaviour theory and welfare economics theory.
On this basis, the study of farmer’s joint adoption of green production technology rather
than unique technology is helpful to deeply understand the practice of agricultural
technology adoption of Chinese farmers and the impact path of Influencing Farmer’s joint
adoption of technology. It can provide feasible support and reference for local governments
to promote green production technology, and also for the government to formulate green
technology promotion policies and systems degree provides theoretical reference. Based on
the above conclusions, the following policy implications could be suggested:

� First, the government and agricultural technology promotion department need to
facilitate and provide continuous support for availing improve agricultural
technology, promoting innovative methods and strengthen the training facilities to
promote green production technology. Improved and innovative technical training
methods and content should be facilitated based on the actual need of growers.
They have to guide and encourage growers to participate in green production
technology training actively. Moreover, initiatives should be taken to reduce the
technical knowledge threshold and information barriers of kiwi growers and try to
change the traditional technology application conceptions of kiwi growers for
removing the “shortboard” of kiwi growers. Along with those, governments and the
related authorities should highlight and promote the adoption of green production
technology to availing a substantial increase in output and income as well.

� Second, more focusses should be given on the technical synergy among kiwi
grower’s green production technologies and promote the overall application of kiwi
grower’s green production technologies. The government should actively build an
open technology platform and optimize the technology promotion environment,
make full use of the synergy among technologies, promote the joint adoption of
green production technology, effectively reduce the cost and the difficulty of
technology promotion and enhance the kiwi farmers’ initiative to adopt green
production technology.

� Third, the design of green production technology policies and the crackdown on
technical bottlenecks should be optimized. The government should encourage kiwi
growers to adopt green production technology through financial subsidies; alleviate
kiwi grower’s financial, technical and information constraints in the application of
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technology, focus on guiding growers with higher physical capital, human capital
and financial capital to adopt green production technologies.

� Finally, the adoption of covered green production technology should be realized,
and the efficiency of green production technology adoption of kiwi growers in the
whole region should be improved as well.

We noticed that there are some limitations also associated with our current study. First, this
study takes kiwi fruit growers in Shaanxi and Sichuan as examples, whereas we covered
only small areas and small peasant groups, which cannot represent the technology adoption
behaviour of all farmers in China. We believe and hope that to make the research results
more meaningful and representative, future research studies will expand the research scope
by including more research objects and coving up broad area. Second, for the measurement
of farmer’s welfare effect, the researcher’s selected three variables: annual income, kiwi fruit
yield and income. However, welfare is a multi-dimensional comprehensive index. There is no
doubt that there is a particular bias to consider only from these three perspectives. We
expect to evaluate it in future research. Finally, at present, the adoption of green agricultural
production technology not only includes pest control technology and soil management
technology, but there have strong involvements of complex technology packages including
the replacement of organic fertilizer chemical fertilizer, healthy breeding, soil testing and
formula fertilization and integrated pest control and management. Therefore, not including
all the technologies in the research may lead to errors in the research results. The above
limitation and possible extension should be considered as essential research directions for
future researchers.
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Appendix

Table A1.
Marginal effect of
joint adoption of
green production

technologies on kiwi
income (MESR)

Variables PCT0SMT0 PCT1SMT0 PCT0SMT1 PCT1SMT1

Gender 0.034 (0.262) 0.043 (0.165) 0.120 (0.225) 0.009 (0.206)
Age �0.065 (0.276) 0.051 (0.213) �0.038 (0.248) 0.196 (0.294)
Education 0.106 (0.144) 0.118 (0.153) �0.062 (0.189) 0.268 (0.192)
Asset value 0.063 (0.048) 0.024 (0.055) 0.009 (0.055) �0.087 (0.096)
Household size 0.331** (0.146) 0.127 (0.140) 0.307** (0.120) �0.017 (0.115)
Migrant work �0.055 (0.034) �0.017 (0.032) �0.049 (0.032) 0.023 (0.033)
Cooperative �0.284 (0.392) �0.002 (0.201) �0.002 (0.192) 0.179 (0.123)
Kiwi scale �0.060 (0.115) 0.118 (0.091) 0.026 (0.087) 0.009 (0.105)
Land fragmentation �0.023 (0.015) �0.024 (0.014) �0.004 (0.018) 0.016 (0.015)
Land quality 0.079 (0.072) �0.063 (0.067) �0.075 (0.080) �0.022 (0.091)
Annual watering 0.113** (0.057) 0.057 (0.065) 0.126 (0.096) 0.186** (0.077)
Credit constraints �0.051* (0.037) 0.003 (0.032) 0.032 (0.037) �0.064 (0.055)
Information accessibility 0.077** (0.037) 0.082** (0.035) 0.090** (0.039)
Township distance
Technical training 0.020 (0.095)
Technical guidance 0.391** (0.186) 0.194 (0.222)
Government promotion 0.057* (0.031)
Ancillary
s 2 0.320 (0.683) 0.206 (0.154) 1.219** (0.569) 0.254 (0.404)
l 1 0.436 (0.516) 1.182** (0.480) �0.817 (0.526)
l 2 �0.769 (0.682) �0.848 (0.590) 0.892 (0.744)
l 3 0.826 (0.681) �0.208 (0.508) 0.198 (0.545)
l 4 �0.246 (0.537) �0.376 (0.622) �0.355 (0.322)
Number of observations 242 162 135 111

Notes: *p< 0.1, **p< 0.05, ***p< 0.01. Robust standard errors are in parentheses
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Table A2.
Marginal effect of
joint adoption of
green production
technologies on
household income
(MESR)

Variables PCT0SMT0 PCT1SMT0 PCT0SMT1 PCT1SMT1

Gender �0.221 (0.261) �0.347 (0.242) 0.084 (0.200) 0.084 (0.421)
Age �0.244 (0.303) 0.041 (0.262) �0.146 (0.227) �0.482 (0.512)
Education 0.096 (0.159) 0.273 (0.166) �0.153 (0.263) 0.314 (0.438)
Asset value 0.119* (0.064) 0.069 (0.079) 0.063 (0.055) 0.022 (0.122)
Household size �0.263 (0.173) 0.111 (0.163) �0.427*** (0.150) �0.430** (0.211)
Migrant work 0.071* (0.042) 0.033 (0.040) 0.031 (0.037) �0.018 (0.048)
Cooperative �0.172 (0.448) �0.268 (0.260) 0.259 (0.237) 0.150 (0.212)
Kiwi scale 0.080 (0.108) 0.549*** (0.136) 0.181 (0.149) 0.410** (0.162)
Land fragmentation �0.009 (0.019) �0.018 (0.016) 0.021 (0.028) �0.007 (0.034)
Land quality 0.071 (0.076) 0.102 (0.079) �0.008 (0.097) 0.014 (0.133)
Annual watering 0.129* (0.078) 0.118 (0.078) �0.169* (0.087) �0.004 (0.139)
Credit constraints �0.018 (0.038) �0.039 (0.045) 0.047 (0.052) �0.094 (0.087)
Information accessibility 0.083* (0.045) 0.083** (0.042)
Township distance �0.168** (0.069) �0.283* (0.159)
Technical training 0.122 (0.099)
Technical guidance 0.409** (0.201) �0.044 (0.329)
Government promotion 0.056 (0.037) 0.021 (0.046) 0.246*** (0.086)
Ancillary
s 2 0.672 (0.742) 0.287 (0.237) 0.539 (0.704) 0.982 (1.476)
l 1 0.270 (0.536) �0.531 (0.622) 0.106 (0.670)
l 2 �0.340 (0.653) 1.062** (0.497) 0.814 (0.808)
l 3 1.231** (0.554) 0.378 (0.386) �0.976 (0.695)
l 4 �0.884* (0.476) �0.722 (0.518) �0.493 (0.389)
Number of observations 242 162 135 111

Notes: *p< 0.1, **p< 0.05, ***p< 0.01. Robust standard errors are in parentheses

Table A3.
Unconditional
average treatment
effect of the joint
adoption of green
production
technology on the
welfare

Adoption status
Adopted
(j = 2, 3, 4)

Not adopted
(j = 1) Treatment effect

Technology adoption (j) (1) (2) (3) = (1)� (2)

Kiwi yield PCT1SMT0 1285 (16) 1006 (14) 279*** (13)
PCT0SMT1 1204 (20) 1006 (14) 198*** (14)
PCT1SMT1 1659 (33) 1006 (14) 653*** (32)

Kiwi income PCT1SMT0 8167 (62) 7722 (102) 445*** (73)
PCT0SMT1 9697 (131) 7722 (102) 1975*** (95)
PCT1SMT1 12174 (159) 7722 (102) 4451*** (126)

Household income PCT1SMT0 33477 (701) 27622 (439) 5855*** (487)
PCT0SMT1 49845 (527) 27622 (439) 22222*** (466)
PCT1SMT1 37107 (937) 27622 (439) 9484*** (812)

Notes: *p< 0.1, **p< 0.05, ***p< 0.01. Robust standard errors are in parentheses
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Table A4.
The average

treatment
heterogeneity effect
of the joint adoption
of green production
technology on the

welfare

Adoption status
Adopted
(j = 2, 3, 4)

Not adopted
(j = 1) Treatment effect

Technology adoption (j) (1) (2) (3) = (1)� (2)

Kiwi yield E(4j2) vs E(3j2) 1418 (59) 1044 (31) 374*** (57)
E(4j3) vs E(2j3) 2046 (87) 1450 (39) 596*** (88)
E(3j4) vs E(2j4) 1434 (59) 1370 (36) 64 (43)

Kiwi income E(4j2) vs E(3j2) 10862 (280) 9335 (237) 1528*** (325)
E(4j3) vs E(2j3) 13377 (319) 8961 (139) 4416*** (246)
E(3j4) vs E(2j4) 12323 (321) 9148 (164) 3174*** (281)

Household income E(4j2) vs E(3j2) 30565 (1588) 48229 (1060) �17664*** (1446)
E(4j3) vs E(2j3) 49553 (2579) 38259 (1416) 11294*** (2314)
E(3j4) vs E(2j4) 60740 (1594) 50708 (2235) 10032*** (2141)

Notes: *p< 0.1, **p<0.05, ***p< 0.01. Robust standard errors are in parentheses
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