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In this article, we develop a dynamic model to show how membership in agricultural cooperatives influ-

ences smallholder farmers’ decisions to invest in organic soil amendments and chemical fertilizer. The

model considers management decisions of heterogonous producers within an intertemporal framework,

with the decision to join the cooperative assumed to be endogenous. Farm-level data of apple farmers

from three provinces in China are used to estimate the impact of cooperative membership on investment

in organic soil amendments and chemical fertilizer. A recursive bivariate probit model that accounts for

potential endogeneity of cooperative membership and selection bias is employed in the empirical analy-

sis. The empirical results show that cooperative membership exerts a positive and statistically significant

impact on the likelihood of investing in organic soil amendments. The findings also reveal that tenure se-

curity, human capital, farm size, and access to credit positively and significantly influence the probability

of a farmer joining a cooperative and the likelihood of investing in soil quality measures.

Key words: Agricultural cooperative, Investment, Soil quality, Dynamic optimization, Impact

assessment.

JEL codes: C83, F61, J54, P52, Q01.

In many developing countries, agricultural
cooperatives constitute a major vehicle that
can be used to improve smallholder agricul-
tural performance, particularly through serv-
ices that enhance the adoption of new
agricultural technologies, sustainable farm
practices, and output marketing. A number of
studies have highlighted the positive and sig-
nificant impacts of cooperative membership
on outcomes such as farm income and profits,
producer prices and output market participa-
tion (e.g., Hellin et al. 2009; Ito et al. 2012;
Vandeplas et al. 2013; Chagwiza et al. 2016;
Mojo et al. 2017; Wossen et al. 2017).

However, little effort has gone into investi-
gating how cooperative organizations influ-
ence the adoption of agricultural
technologies by smallholder farmers.
Although land degradation due to soil ero-
sion and loss of soil quality has been identi-
fied as one of the most serious ecological
and economic problems facing farmers in de-
veloping countries (Rozelle et al. 1997;
Pender et al. 2001; Antle and Diagana 2003),
the role of agricultural cooperative in facili-
tating investment in sustainable land man-
agement practices has been overlooked.

Land degradation does not only contribute
to a reduction in crop yields, but also
increases crop production costs in the long
run ( Rozelle et al. 1997; Barbier 2000). Thus,
from a sustainable agriculture perspective, in-
vestment in soil-improving measures is an in-
evitable choice for smallholder farmers
facing land degradation problems. Empirical
evidence using microlevel data indicates that
investment in soil-improving measures helps
increase farm productivity (Ersado et al.
2004; Holden et al. 2009).

Few studies have analyzed the impact of
cooperative membership on investment in
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static inputs such as pesticides and chemical
fertilizers (Abebaw and Haile 2013;
Verhofstadt and Maertens 2014). In their in-
vestigation of the impact of cooperative
membership on adoption of agricultural tech-
nologies in Ethiopia, Abebaw and Haile
(2013) found that agricultural cooperatives
have a positive and significant impact on ap-
plication of chemical fertilizers. The study by
Verhofstadt and Maertens (2014) on Rwanda
also found a positive and significant relation-
ship between agricultural cooperatives and
adoption of chemical fertilizer. Although
crop yields normally increase with higher
rates of application of chemical fertilizer,
yields may decline over time due to soil deg-
radation, if no organic material is added to
the soil. It is generally known that organic
material adds to the soil quality, while chemi-
cal fertilizer does not (Gaur 1992).1 Given
the importance of investing in organic inputs
that build up the soil structure and naturally
replenish nutrients in the soil, examining the
impact of cooperative membership on invest-
ment in organic soil amendments would pro-
vide significant information for agricultural
policy design.2

To the extent that cooperative member-
ship is not randomly distributed, the studies
mentioned above have employed propensity
score matching (PSM) model to address the
issue of selection bias (Abebaw and Haile
2013; Verhofstadt and Maertens 2014). A
well-known shortcoming of the PSM ap-
proach is that it addresses the issue of selec-
tion bias by controlling for only observable
factors, without accounting for unobserv-
able factors like innate abilities and motiva-
tions to improve soil quality. Further, the
studies mentioned above did not attempt to
develop a coherent conceptual framework
that links cooperative membership to invest-
ment in soil quality and yield-enhancing
measures.

This study contributes to the literature by
developing a dynamic model that relates
farmers’ cooperative membership to their
decisions to invest in organic soil amend-
ments and chemical fertilizer. In particular,

the study develops a theoretical framework
that considers management decisions of het-
erogonous producers within an intertemporal
framework, with the decision to join the co-
operative assumed to be endogenous.
Specifically, we identify conditions under
which cooperative membership helps in re-
ducing costs and enhancing investments in or-
ganic soil amendments and chemical
fertilizer. The existing theoretical literature
on cooperatives and heterogeneity tends to
focus on the analysis of market power, verti-
cal coordination or organizational structure
(e.g., Fulton and Giannakas 2013; Saitone
and Sexton 2010). The present study focuses
on heterogeneity of producers, input choice,
and management of the soil.

To the extent that farmers self-select into
joining or not joining a cooperative, we use a
recursive bivariate probit model to account
for potential endogeneity and selectivity bias.
To complement the theoretical analysis, we
employ farm-level data of 481 households
from three major apple-producing provinces
in China to examine the factors that influence
farmers’ decisions to join cooperatives, and
the impact of membership on investment in
organic soil amendments and chemical
fertilizer.

Soil erosion and desertification are consid-
ered to be two of the most serious environ-
mental degradation problems in China, which
impact adversely on environmental sustain-
ability and yields in apple production. In par-
ticular, soil erosion is cited as the source of
severe land degradation in the China’s Loess
Plateau region, which includes Gansu and
Shaanxi, two popular apple producing
regions (Rozelle et al. 1997; Hou et al. 2014).
Although China is the largest apple produc-
ing country in the world, it is still struggling
to produce high-value apples that meet the
phytosanitary requirements of international
markets. For example, only 0.25% of apples
produced in China were exported to the US
markets in 2016, which is less than 2% of the
US apple imports (Wheat 2017). Hence, it is
quite significant to enhance investments in
soil quality measures among smallholder ap-
ple farmers, in order to achieve the multiple
goals of high productivity, high value apples,
and environmental sustainability, which
would allow Chinese farmers to reap the
benefits from exporting to international mar-
kets like Europe, Canada, and the United
States.

1 Besides anthropogenic activities, soil evolution generally
depends on climate, topography, organisms, parent material, and
aging (Gaur 1992).

2 Organic soil amendments refer to organic fertilizer that
farmers can purchase in the market and/or farmyard manure that
is produced either from the family yard or bought from livestock
farms.
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Theoretical Framework

The theoretical framework presented in this
article analyzes the link between the decision
to join an existing agricultural, open-
membership cooperative and to invest in or-
ganic soil amendments and chemical fertil-
izer. In line with previous studies, we
consider that the choice of joining a coopera-
tive is endogenous and producers are hetero-
geneous (Karantininis and Zago 2001; Fulton
and Giannakas 2013; Mérel et al. 2015).

Let n denote the outcome of the decision
to join a cooperative or not, where n ¼ 1 indi-
cates the farmer joining, and n ¼ 0 not join-
ing. Given that current investment decisions
tend to affect the evolution of soil quality
over time, we analyze the decision problem
of an individual farmer within a dynamic con-
text. In the empirical literature, household
and farm-level characteristics are normally
assumed to be specific for each farmer and
tend to include variables like age, education,
household size, farm size, asset ownership,
and soil types. Following the concept of the
so-called location or address models (Fulton
and Giannakas 2013), we consider that
household and farm-level characteristics,
which form the basis of an index, denoted by
h, are specific for each farmer. Let the index
be scaled such that it is distributed over the
interval ½0; 1�, with h ¼ 0 indicating the char-
acteristics with the lowest, and h ¼ 1 having
the highest effect on the net returns from
production.3

We assume that the farmer cultivates a unit
of land and combines investment in measures
such as organic soil amendments OðtÞ, and
chemical fertilizer MðtÞ, where t indicates cal-
endar time. To simplify the analysis, we also
assume that farmers do not change their
membership status from the initial period to
the end of the planning horizon T .

The quality of the agricultural product is a
distinctive characteristic and influences the
price P that farmers can obtain for their prod-
ucts. However, the production of high quality
is more costly, as it requires employing more
inputs and following a more stringent produc-
tion protocol. To focus on the fundamental

characteristics of the driving forces, we con-
sider only high and low qualities as character-
istics of the products. Let the high-quality
product be indicated by H and the low qual-
ity by L, with the associated prices by PH and
PL, respectively. The agricultural production
function per unit of land, Yjð�Þ; j ¼ L;H can
be specified as a function of organic soil
amendments OðtÞ, chemical fertilizer MðtÞ,
soil quality SðtÞ, and the household and
farm-level characteristics h . This is given as
YjðOðtÞ; MðtÞ; SðtÞ; hÞ; j ¼ L;H. To sim-
plify notation, we suppress the information
j ¼ L;H for the remaining part of the text.
We assume that the function Yjð�Þ is strictly
concave in the arguments O;M; S and addi-
tive separable in O and M, because these two
inputs are in the short-run nearly perfect sub-
stitutes with respect to production.
Consequently, the cross derivative with re-
spect to these variables is equal to zero. The
cost of production for nonmembers is
denoted by the function CjðOðtÞ; MðtÞ; hÞ.
Given a higher productivity index, the same
amount of output can be produced with less
organic soil amendments. Thus, we assume
that the production costs and net-returns in-
dex are negatively related, that is, C

j
hð�; hÞ

< 0 and C
j
hhð�; hÞ > 0.4 The evolution of the

returns and costs as a function of h is pre-
sented in figure 1 for high- and low-quality
producing nonmembers. We base our graphi-
cal analysis on the cost function given by

ð1Þ Cj ¼ ðaj � bjhÞðOðtÞ þMðtÞÞ with

a; b > 0 and aj � bjh > 0:5

The specification shows that the cost func-
tions are linear in OðtÞ and MðtÞ, so that C

j
O;

and C
j
M depend exclusively on h. In figure 1,

we show the level of household and farm-
level characteristics required for a nonmem-
ber to break even. It shows that low-quality
farmers with characteristics h <

�
hL do not

break even, and thus production of low
quality is only profitable for nonmembers if
h �

�
hL. Similarly, figure 1 shows that

3 Let the lowest and the highest values of the unscaled index
be denoted by l and h, respectively. Hence, the lowest and high-
est values of the scaled index h are given by ðl � lÞ=ðh� lÞ ¼ 0
and ðh� lÞ=ðh� lÞ ¼ 1, respectively. Any in between value i of
the unscaled index is transformed by the equation
ði� lÞ=ðh� lÞ 2 ð0; 1Þto the scaled index.

4 Throughout the text, the subindex of a function by a variable
indicates the partial derivative of the function with respect to the
variable.

5 The choice of nonlinear functions would complicate the
analysis but does not offer any additional insights, because the in-
tersection between the return and cost function is relevant and
not the curvature of the cost function.
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high-quality producing nonmembers only
make profits if their individual characteristics
are at least as high as

�
hH .

Widespread empirical evidence shows that
members of agricultural cooperatives may
have a relative advantage over nonmembers
with respect to production efficiency, as well
as input and output market operations
(Hendrikse and Bijman 2002; Abebaw and
Haile 2013; Vandeplas et al. 2013). These
benefits may include lower search costs for
input and output markets, a better bargaining
position for lower input and higher output
prices, screening of market partners in the
presence of asymmetric information with re-
spect to quality of the inputs, and better ac-
cess to credit and management information.
In particular, a number of studies have shown
that agricultural cooperatives play a signifi-
cant role in supplying markets with high qual-
ity products (e.g., Moustier et al. 2010; Naziri
et al. 2014). We therefore assume that farm-
ers with cooperative membership have lower
productions costs over a wide range of h. Let
us denote the cost function of members of the
cooperative by COjð�; hÞ . The difference be-
tween the cost functions, Cjð�; hÞ � COjð�; hÞ,
represents the individual share of the cooper-
ative benefits that members of the coopera-
tive with characteristics h can realize
exclusively as members. Without loss of gen-
erality, we only consider cooperative benefits
resulting from cost savings, and not from pre-
mium sale prices. It is significant to note that
a different formulation of the theoretical
model would not alter the results of the

analysis, since the magnitude of the coopera-
tive benefits is the determining factor for the
farmer’s participation decision, and not the
source of the cooperative benefits.

As indicated previously, being a member
of a cooperative does not only bring along
advantages but also a number of obligations.
These may include paying an annual fixed
fee, following a stricter and more expensive
production protocol, as well as being subject
to frequent contacts/controls in order to en-
sure that members meet the quality standards
laid down by the cooperative.6 The popula-
tion of farmers is heterogeneous and the
farmer’s household and farm-level character-
istics, h, follow a distribution function CðhÞ.
We consider that farmers whose value of h is
below a threshold �h

j
incur lower production

costs, if they are members of the cooperative.
Beyond this limit value, we assume that the
potential of the farmer’s net returns is so high
that being a member of a cooperative does not
lead to any reduction in the production

costs, that is, for h < �h
j

we have COjð�; hÞ
< Cjð�; hÞ; and for h > �h

j
we have

COjð�; hÞ > Cjð�; hÞ. Based on the introduced
notation, the net returns function for low- and

Figure 1. Returns and cost for nonmembers of type h

6 The obligations of cooperative members in developing coun-
tries including China may be different from that in Western
countries. For instance, in the United States, cooperative mem-
bers are expected to contribute equity or risk capital in propor-
tion to their patronage and are recipients of the surplus, or
residual claims in proportion to their patronage, and they must
meet specific qualifications that are stated in the cooperatives’
bylaws (Gijselincks et al. 2014).
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high-quality production for members and non-
members is given by:

ð2Þ PjYjð�; hÞ � nCOjð�; hÞ � ð1� nÞCjð�; hÞ

As an extension of the analysis in figure 1,
we present in figure 2 the evolution of the
returns and cost functions, PjYjð�; hÞ, Cjð�; hÞ
and COHð�; hÞ as a function of h. Without
loss of generality, we focus our analysis on
the production of high-quality products. It is
assumed that the qualitative properties of the
cost functions of the members, COj, are iden-
tical to those of nonmembers, Cj, such that
C

j
O;CO

j
O and C

j
M;CO

j
M depend exclusively

on h. Although the cost functions have the
same mathematical structure, the value COjð�Þ
may be greater or lower than Cjð�Þ as specified
above. Consequently, figure 2 reflects the cost
function of high-quality producing cooperative
members, COHð�; hÞ and the cost functions of
low- and high-quality producing nonmembers,
CLð�; hÞ and CHð�; hÞ, respectively. The analy-
sis of the cases of low-quality producing coop-
erative members, or of qualities in between
low and high, is identical to the discussed case
of high quality.

For cooperative members, figure 2 demon-
strates that they make profits, if their character-

istics are at least as high as
�
hH

C
. However, if

their characteristics are higher than �h
H

C , they

will still be making profits but less than non-
members. It would therefore be optimal for
farmers producing high quality to join the co-
operative if their characteristics fall within the

range of ½
�
hH

C
; �h

H

C �. Within this range, the net

returns of members are higher than those of
nonmembers. The dotted area in figure 2 indi-
cates the share of the cooperative net returns
that accrue to its members with characteristics

h 2 ½
�
hH

C
; �h

H

C �, while the striped area shows the

net returns that are realized by all farmers, irre-
spective of cooperative membership. Without
the specification of the density function, C0ðhÞ,
the number of farmers with h 2 ½

�
hH

C
; �h

H

C � is not

known, and therefore, the dotted area in
figure 2 can only be interpreted as the indi-
vidual share but not as aggregate coopera-
tive benefits.7

Drawing the returns and cost functions dif-
ferently would yield distinct results.
Depending on the location of the values

�
hL;

�
hH ;

�
hH

C
; �h

H

C , situations could emerge where

it is beneficial for none of the farmers, or for

Figure 2. Returns and cost for nonmembers and members of type h

7 If the total number of farmers was given by N, every farmer
had a different h, and if the density function was given by 1=N,
the dotted area in figure 1 would correspond approximately to
the total aggregate cooperative benefits. However, since the
specification of the distribution function does not provide any ad-
ditional insights we do not pursue this issue any further.

506 March 2018 Amer. J. Agr. Econ.

Downloaded from https://academic.oup.com/ajae/article-abstract/100/2/502/4670688
by Adam Ellsworth, Adam Ellsworth
on 22 February 2018

Deleted Text:  
Deleted Text:  
Deleted Text:  
Deleted Text:  
Deleted Text:  
Deleted Text: ,
Deleted Text: ,
Deleted Text: F


all the farmers to join a cooperative. Thus,
figure 2 presents an intermediate case and is
consistent with our empirical analysis, where
we observe segmentation with respect to the
decision to join or not to join.

After analyzing the decision to join or not to
join an existing cooperative, we now examine
how cooperative membership impacts on in-
vestment in organic soil amendments and
chemical fertilizer. For this purpose, it is signifi-
cant to note that the continuous application of
organic soil amendments improves the soil
quality over time, while the application of
chemical fertilizer, considered as a static input,
does not influence soil quality directly but indi-
rectly through the withdrawal of nutrients
through crop harvest. Thus, we assume that the
application of organic soil amendments
improves soil quality by the factor aO, while
harvesting reduces soil quality by the factor aY ,
with aO; aY > 0. Hence, the evolution of the
soil quality over time can be represented by

ð3Þ _S ¼ aOOðtÞ � aYYðOðtÞ;MðtÞ;

SðtÞ; hÞ;with Sð0Þ ¼ S0;

where a dot over a variable denotes the oper-
ator d=dt and S0 is the given soil quality at
time 0. To avoid additional notation, we as-
sume that the soil quality is initially identical
for all farmers. The parameter aY represents
the decrease in soil quality in proportion to
the harvested output resulting from soil deg-
radation in the absence of any investment in
organic soil amendments.

We assume that farmers maximize their
farm net returns over the planning horizon T,
and that the present value of the soil quality
at the end of the planning horizon is given by
SðT; hÞe�dðTÞ, where d represents the value of
the intertemporal discount rate. The farmer’s
decision problem with characteristics h is
then given by:

J� ¼ max
O; M; n

ðT

0

ð4Þ

PHYðOðtÞ; MðtÞ; SðtÞ; hÞ � nCOHðOðtÞ; MðtÞ; hÞ

�ð1� nÞCHðOðtÞ; MðtÞ; hÞ þ nl0 � nl1

8>><
>>:

9>>=
>>;

e�dtdt þ SðT; hÞe�dT

subject to

ð5Þ O;M > 0; n 2 ½0; 1�; and

_S ¼ aOO� aYYð�; hÞ;

with Sð0; hÞ ¼ S0;

where the Lagrange multipliers l0 and l1 are
associated with the lower and upper limits of
the decision variable n, while aO and aY are
as defined earlier. To simplify notation, we
suppress the argument t of the variables O,
M, S, unless necessary for an unambiguous
notation. Equation (4) indicates that farmers
maximize the discounted farm net returns
over the planning horizon.

The definition of the current value
Hamiltonian ðHÞ of the farmer’s decision
problem yields:

ð6Þ H ¼ PHYðO;M; S; hÞ � nCOHðO;M; hÞ

� ð1� nÞCHðO;M; hÞ þ nl0 � nl1

þkðaOO� aYYðO;M; S; hÞÞ:

The first-order conditions for an interior
solution with respect to O; M and an interior

and boundary solution with respect to n are
given by:

ð7Þ HO ¼ PHYO � nCOH
O � ð1� nÞCH

O

þ kðaO � aYYOÞ ¼ 0

ð8Þ HM ¼ PHYM � nCOH
M � ð1� nÞCH

M

� kaYYM ¼ 0

ð9Þ Hn ¼ �COH þ CH þ l0 � l1 ¼ 0 :

The first-order conditions related to the dy-
namics of the soil and their respective analy-
sis can be found in the supplementary online
appendix.

The variable n is defined as a continuous
variable in the interval ½0; 1�, but since the
Hamiltonian is linear in n, the optimal value
is given at the boundary of the domain of n. If
the farm net returns are strictly positive, the
maximization of H requires choosing n ¼ 1,
otherwise n ¼ 0 . Hence, the possible solution
is either to join or not to join a cooperative.

As mentioned above, the initial soil quality
Sð0Þ ¼ S0 is identical for all farmers. Let the
steady state value of the soil quality be
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denoted by S1. Given that soil quality is
likely to evolve over time, we further assume
that the soil quality SðtÞ at a specific time t is
not identical for the two groups of farmers,
due to different optimal investment behaviors
in the long run. We assume that the organic
soil amendment O and chemical fertilizer M
are substitutes with respect to S, that is,
YMS < 0, YOS < 0 . Thus, an increase in S
decreases the marginal productivity of O and
M. Given these assumptions, we illustrate in
figure 3 the farmers’ short-run and long-run
investment behavior, which is determined by
the first-order condition in equation (7).

As shown in figure 3 (continuous lines), the
solution to equation (7) demonstrates that
the efficient level of organic soil amendments
OCO applied by cooperative members will be
higher than the efficient level by nonmem-
bers, ONC. With respect to the optimal invest-
ment behavior of farmers in the long-run, we
analyze it for the cases where S0 < S1 and
S0 > S1, where S1 denotes the value of the
steady state equilibrium of soil quality. For
the case of S0 < S1, it is optimal for farm-
ers to build up soil quality over time, so that
SðtÞ > S0 . However, for S0 > S1, it would
be optimal to reduce soil quality so that SðtÞ
< S0 holds. Given the situation that farmers
build up soil quality, SðtÞ > S0, an increase in
SðtÞ decreases the marginal productivity
YOðtÞ. Thus, the curve PHYO þ kðaO � aYYOÞ
shifts to the left as indicated by the discontinu-
ous line in figure 3. Therefore, it is optimal for
farmers to reduce the level of organic soil

amendments over time, so that OCO ! ~O
CO

and ONC ! ~O
NC

. For the case where it is op-
timal to reduce SðtÞ, that is, SðtÞ < S0, a de-
crease in SðtÞ will decrease the marginal
productivity, YOðtÞ. In this case, it would be
optimal for both cooperative members and
nonmembers to increase the level of organic
soil amendments.8

Similar to equation (7) and figure 3, the so-
lution to equation (8) can be analyzed graphi-
cally. The analysis of equation (8) and the
corresponding graphical illustration can be
found in the supplementary online appendix.
It shows that members apply more chemical
fertilizer than nonmembers. The economic
intuition for the different behavior of mem-
bers and nonmembers resides in the fact that
cooperatives help their members adopt cost
reducing strategies, which then enable them
increase the level of investments in organic
soil amendments and chemical fertilizer.

Thus, farmers whose household and
farm-level characteristics fall within the

range of ½
�
hH

C
; �h

H

C � are better off joining the

cooperative and investing in organic soil
amendments than those, whose characteristics
do not fall within this specified range. In other
words, farmers may self-select into coopera-
tives, depending on their characteristics.

Our analytical results are consistent with
the empirical results reported by Verhofstadt
and Maertens (2014) who found a positive
impact of cooperative membership on the use

Figure 3. The optimal level of organic soil amendments applied by farmers with and without
cooperative membership, given the farm and household characteristics h and different level of
soil quality

8 This case is not shown in figure 2 in order to make the figure
more tractable.
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of chemical fertilizer. However, the extent to
which this positive impact is due to changes
in the household and farm-level characteris-
tics h, and the extent to which this is
explained by cooperative membership, has
received little attention in the previous litera-
ture. A change in the household and
farm-level characteristics can be interpreted
in different ways. One way would be to inter-
pret them as invariable, so that an analysis of
a change in h explains behavioral changes be-
tween farmers with different hs. However, we
do not follow this line of argument but rather
consider the household and farm-level char-
acteristics to be variable and interdependent
to a certain degree. Obviously, some charac-
teristics like level of education or farm size
will not vary with the outcome of the farmer’s
decision to join a cooperative, while other
characteristics like access to expertise or net-
working skills are likely to improve through
cooperative membership. Thus, it is possible
to interpret changes in the farmer’s charac-
teristics with changes in the farmer’s input
and investment decisions.

Figures 3 and A1 in the supplementary on-
line appendix have shown the impact of coop-
erative membership on the production
intensity. We now show how changes in the
household and farm-level characteristics in-
fluence cooperative membership. In order to
disentangle the effects of the two underlying
forces on the farmer’s investment behavior,
we conduct a comparative static analysis. We
consider the soil quality as given, in order to
focus on the effect of an increase in h on the
optimal amounts of organic soil amendments
O�ðhÞ and chemical fertilizer M�ðhÞ of the
members of a cooperative. As detailed in the
supplementary online appendix, the analysis
reveals that an improvement in the house-
hold and farm-level characteristics may in-
crease, moderate or even reverse the
intensification of the production intensity
resulting from joining the cooperative. The
precise results depend on the signs and mag-
nitude of the changes in the marginal produc-
tivity and marginal costs in relation to the
cooperative benefits. The signs of YMh and
YOh and their magnitudes cannot be deter-
mined on theoretical grounds. The index h
encompasses a wide range of factors, and
depending on the particular situation of each
farmer, different factors may be most influen-
tial for the determination of the value of h.
Thus, if for some farmers, education or the
farm size is most influential for the

determination of h, one can imagine that YIh;
I ¼M;O is strictly positive, that is, M and O
are complements with respect to h. On the
other hand, if the soil quality is the most im-
portant factor for the calculation of the index,
it seems reasonable to assume that M and O
are substitutes with respect to h, that is,
YIh < 0; I ¼M;O.

Despite the indeterminacy with respect to
the magnitudes of YIh and CIh, as well as the
sign of YIh, the analysis in the supplementary
online appendix allows the identification of
three situations that govern the farmer’s be-
havior with respect to the production inten-
sity, and relate them to the cooperative
membership effect. However, the relative sig-
nificance of each of these three situations is
important for policy analysis and can only be
evaluated empirically, given a specific popu-
lation of farmers located in a given region.
The empirical part of the study addresses this
issue.

Empirical Specification

We demonstrated in the theoretical model
how farmers’ characteristics influence their
choice of cooperative membership, and how
these choices tend to influence their invest-
ment decisions in organic soil amendments
and chemical fertilizer. We assumed in equa-
tion (4) that the decision problem of the
farmer with characteristics h is to maximize
the expected farm net returns J� , subject to
some restrictions. However, the expected
farm net returns is unobservable, since it is
subjective. What is observed in the data is the
cooperative membership status and invest-
ment decision of the farmer. To operational-
ize the decision problem, let R�ik represent the
unobserved or latent variable. In this case,
the observed variable Rik can be used to repre-
sent a farmer’s decision to invest in organic
soil amendments ðRik ¼ 1Þ, or not to invest
ðRik ¼ 0Þ. Following the maximization problem
outlined in equation (4), the unobserved vari-
able would be positive, if the conditions @J�=@
O and @J�=@M are both positive. Moreover,
equations (7) and (8) imply that the farmer’s
decision to invest in organic soil amendments
and chemical fertilizer is influenced by the
choice of cooperative membership, as well as
household and farm-level characteristics.

Given that the primary goal of the empiri-
cal analysis is to examine how household and
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farm-level characteristics hi influence a farm-
er’s decision to join a cooperative ni, as well
as to analyze the impact of the characteristics
and cooperative membership on the invest-
ment decision, we express the farmer’s invest-
ment decision as a latent variable function9:

ð10Þ R�ik ¼ xni þ chi þ lik;

Rik ¼ 1 if R�ik > 0;

where Rik is a binary indicator variable which
equals 1 if the household i chooses to invest
in organic soil amendments ðk ¼ 1Þ and
chemical fertilizer ðk ¼ 2Þ, if the expected
farm net returns ðR�ikÞ from investment is pos-
itive, and 0 otherwise; ni is a dummy variable
for the choice of cooperative membership; x
and c are parameters to be estimated; and lik

is an error term assumed to be normally
distributed.

In line with our theoretical model, a house-
hold chooses to belong to a cooperative, if
the expected farm net returns derived from
cooperative membership ðn�i1Þ is greater than
that from non-membership ðn�i0Þ. Households
are then assumed to choose to join coopera-
tives if the difference in farm net returns is
positive, that is, n�i ¼ n�i1 � n�i0 > 0. However,
n�i cannot be directly observed but can be
expressed as a function of observed elements
in the following latent variable function:

ð11Þ n�i ¼ bZi þ ei; ni ¼ 1 if n�i > 0;

where ni equals 1, if a household is a member
of a cooperative, and 0 otherwise; Zi repre-
sents a vector of factors that influence a farm-
er’s decision to belong to a cooperative; b is a
vector of parameters to be estimated, and ei

is the error term assumed to be normally
distributed.

If the same unobservable factors (e.g.,
farmers’ innate ability and motivation to im-
prove soil quality by virtue of cooperative or-
ganization) influence both the error term ðeiÞ
in the cooperative membership choice equa-
tion and the one ðlikÞ in the investment equa-
tion, selection bias occurs, resulting in a
correlation of the two error terms in the two
specifications, such that corrðei; liÞ ¼ qel . In
this case, any standard regression technique

such as probit or logit model applied to esti-
mate equation (10) produces biased results
when qel 6¼ 0. Thus, rigorous assessment of
the effect of cooperative membership on in-
vestment decisions of farmers should take
into account the endogeneity of the coopera-
tive membership variable.

The endogenous switching probit (ESP)
model suggested by Lokshin and Sajaia
(2011) could be used to estimate the average
treatment effects of cooperative membership
on the probabilities of investing in organic
soil amendments and chemical fertilizer, ac-
counting for both observable and unobserv-
able heterogeneities. However, this approach
does not estimate the marginal effects of co-
operative membership and the other explana-
tory variables. Given our interest in
estimating both the marginal effects and av-
erage treatment effects of cooperative mem-
bership on investment in soil-improving and
productivity-enhancing measures, this study
employs a recursive bivariate probit (RBP)
model in the empirical analysis (Vall Castello
2012; Lanfranchi and Pekovic 2014; Thuo
et al. 2014). The RBP model estimates the co-
operative membership choice equation and
the investment equation simultaneously, us-
ing full information maximum likelihood
(FIML) approach.

In estimating the RBP model, the variables
in the vector hi in equation (10) and Zi in
equation (11) are allowed to overlap.
However, identification of the bivariate
probit model requires a valid instrument that
explains the probability of choosing to belong
to a cooperative, but that is not correlated
with the outcome variable. In this study, the
presence of a cooperative in a farmer’s village
of residence is used as an identifying instru-
ment.10 As noted by Deng et al. (2010), one
of the primary reasons for low cooperative
membership rate in China is due to the ab-
sence of agricultural cooperatives in many
villages. Thus, the presence of a cooperative
in a village is related to the choice of cooper-
ative membership but should not influence
the farmer’s decision to invest in soil quality
measures.

9 It is significant to note that hi , which is used to denote house-
hold and farm-level characteristics, is an index in the theoretical
section, but a vector in the empirical specification.

10 In China, a farmer can choose to either join a cooperative
in the village of residence, or join a cooperative in a different vil-
lage, town or county. In this study, the randomly selected mem-
bers either have the membership in village cooperatives or
cooperatives in other towns or counties. We expect that farmers
living in villages with cooperative will be more likely to join
cooperatives.
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We also estimate the average treatment
effects on the treated (ATT), using the
method proposed by Chiburis et al. (2011) to
provide a better understanding of the causal
effects of cooperative membership on the
likelihood of investing in organic soil amend-
ments and chemical fertilizer. The ATT is
calculated using the following expression:

ð12Þ ATT ¼ 1

Nn

XNn

i¼1
PrðYik ¼ 1Þf jni ¼ 1Þ

� PrðYik ¼ 0jni ¼ 1Þg

where Nn denotes the total sample for the
treated; PrðYik ¼ 1Þjni ¼ 1Þ represents the
predicted investment probability for coopera-
tive members in an observed context, while
PrðYik ¼ 0Þjni ¼ 1Þ represents the predicted
probability that a farmer belonging to a coop-
erative (in a counterfactual context) will not
invest.

Data and Descriptive Statistics

The data used in the analysis are from a
household survey of apple farmers conducted
in Gansu, Shaanxi and Shandong provinces in
China between September and December
2013. In China, the majority of apple
orchards are primarily in the Bohai Gulf re-
gion (Shandong, Liaoning, and Hubei provin-
ces) and Northwest Loess Plateau region
(Shaanxi, Shanxi, Henan, and Gansu provin-
ces). In particular, more than half of the
country’s apple orchards are located in
Gansu (12.72%), Shaanxi (28.92%) and
Shandong (12.53%) (CRSY 2013). Apple
production plays an important role in deter-
mining smallholder farmers’ livelihoods in
the surveyed regions.

Considering our interests in analyzing the
impact of cooperative membership on apple
farmers’ investment decisions, we focus on
cooperatives specialized in apple production
and marketing in this study. These coopera-
tives are located either in the farmers’ vil-
lages of residence or in other towns or
counties, but they share similar attributes in
helping members across different provinces.
The cooperatives’ behaviors are regulated by
the national law on Farmers’ Professional
Cooperatives. In the surveyed regions, farm-
ers are intensively producing apples on their
cultivated land. Among other things, the

cooperatives assist members in orchard man-
agement approaches (e.g., pruning, branch
drawing), efficient use of both organic and
chemical fertilizers for sustainable soil man-
agement, efficient use of pesticides for pest
management and apple quality control and
collectively purchasing inputs at reasonable
prices. They also provide members with mar-
keting information (e.g., prices, channels),
with the aim of enhancing members’ partici-
pation in output markets.11

A multistage sampling procedure was used
to select 208 cooperative members and 273
nonmembers. First, Gansu, Shaanxi, and
Shandong provinces were purposively se-
lected due to the intensive apple production
in these provinces. Second, we selected repre-
sentative districts with significant apple out-
put in each province. In particular, Jingning
county in Gansu, Luochuan county in
Shaanxi, and Qixia and Laiyang cities in
Shandong were selected. Third, six agricul-
tural cooperatives were randomly selected
from these districts. Fourth, three villages af-
filiated to each cooperative in the selected
district were randomly selected. Finally,
around 25–30 households including both co-
operative members and nonmembers in each
village were randomly selected. A structured
questionnaire was used to collect information
from households with and without coopera-
tive membership. The questionnaire covered
a range of topics including socioeconomic
and farm-level factors (e.g., age, education,
household size, and farm size), soil character-
istics, access to credit, as well as asset owner-
ship (e.g., manual sprayer and rotary
cultivator).

The dependent variable used in the analy-
sis refers to the farmer’s choice of coopera-
tive membership, which takes the value of
one for cooperative members and zero for
nonmembers. The questionnaire also includes

11 Agricultural cooperatives in China usually provide mem-
bers with both production and marketing services, although they
do not fully supply inputs to members, or purchase members’
farm produce due to loose management structures. Moreover,
they provide very little help with respect to credit facilities to its
members (Deng et al. 2010). In comparison, cooperatives in the
United States have various responsibilities and functions such as
marketing, supply, processing, bargaining and service
(Gijselincks et al. 2014). For instance, US agricultural service
cooperatives provide farmers with a wide variety of services in-
cluding credit, utilities, insurance, irrigation and others, while ag-
ricultural marketing cooperatives emphasize the marketing of
farm products supplied by their members. With respect to food
production and marketing, members in the US transact with a co-
operative by buying materials and inputs, or selling raw materials
(Gijselincks et al. 2014).
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dichotomous dummy variables that indicate
whether farmers apply any of the soil-
improving and yield-enhancing measures
such as organic soil amendments and chemi-
cal fertilizer. We draw on the existing litera-
ture on cooperative membership to identify
explanatory variables (e.g., Bernard and
Spielman 2009; Marenya and Barrett 2009;
Ito et al. 2012; Abebaw and Haile 2013;
Chagwiza et al. 2016; Mojo et al. 2017). Table
1 presents descriptive statistics for the se-
lected variables.

Age and education are two important
proxies for human capital. As noted by
Schultz (1982), human capital increases peo-
ple’s abilities to perceive, interpret, and re-
spond to new events. Previous studies have
reported positive impacts of age and educa-
tion on farmers’ decisions to choose coopera-
tive membership (Bernard and Spielman
2009; Chagwiza et al. 2016). Moreover, our
theoretical analysis reveals that farmers with
specific characteristics tend to be more likely
to join agricultural cooperatives. We include
age and age squared terms, as well as educa-
tion and education squared terms in the spec-
ification to examine potential nonlinearities
between these variables and cooperative
membership, as well as investment decisions.
Consistent with previous studies, household
size and farm size are expected to have posi-
tive impacts on cooperative membership
(Abebaw and Haile 2013; Mojo et al. 2017).

With regards to physical assets, transporta-
tion costs and household wealth, previous
studies have shown that ownership of radio,
ox, cattle, and farm equipment exerts positive
impacts on the probability of joining a coop-
erative (Bernard et al. 2008; Abebaw and
Haile 2013). In this study, we use ownership
of manual sprayer and rotary cultivator, own-
ership of livestock as proxy variables for own-
ership of physical assets, and we expect
positive impacts of these variables on choice
of cooperative membership.

To the extent that farmers may channel
higher investments into more fertile soils, we
include soil quality dummies in the analysis to
account for soil conditions. A number of stud-
ies have shown that land tenure security influ-
ences farmers’ decisions to invest in soil-
improving measures (e.g., Ma et al. 2013;
Abdulai and Goetz 2014; Rao et al. 2016). Ma
et al. (2013) indicate that although different
land laws introduced since 1998 have contrib-
uted to an improvement in the land tenure se-
curity, household perceptions of tenure security

has not changed in many parts of China. Wang
et al. (2011) have argued that land reallocation
may occur in the future due to changes in the
population and emerging land inequality. We
therefore include a variable representing farm-
ers’ perceived land tenure security in the analy-
sis. As indicated by Abdulai and Goetz (2014),
land tenure security may be influenced by in-
vestment decisions, resulting in potential endo-
geneity of land tenure security variable in the
investment specification. We therefore employ
a two-stage control function approach sug-
gested by Wooldridge (2015) to address the po-
tential endogeneity of the tenure security
variable.12 Finally, a set of location dummies
are included to account for unobserved agro-
climatic and socioeconomic heterogeneities
among the sample districts.

It can be observed from table 1 that 43%
of farmers had cooperative membership.
Mean use rate for organic soil amendments is
87%, while the mean use rate for chemical
fertilizer variable is 93%. The average age of
household head is almost 48.63 years,
whereas the mean number of years of school-
ing is about 7.6 years. Farmers in the sample
are smallholders with an average farm size of
5.07 mu. We also present a comparison of the
mean characteristics between cooperative
members and nonmembers in the supplemen-
tary online appendix. The figures suggest that
cooperative members are more likely to in-
vest in organic soil amendments but less
likely to invest in chemical fertilizer than
nonmembers. Members obtain higher farm
net returns than their counterparts without
membership. However, since cooperative
membership was not randomly assigned to
farmers, a rigorous assessment of the impact
of cooperative membership on investment in
organic soil amendments and chemical fertil-
izer needs to account for possible selection
bias that may arise from unobserved factors
(e.g., Vall Castello 2012; Thuo et al. 2014).

Results and Discussion

Before presenting the results for the recursive
bivariate probit (RBP) model, we first

12 In the first stage, tenure security variable is specified as a
function of all other explanatory variables and an instrumental
variable (distance to orchards in the present study). In the second
stage, the residual predicted from the first-stage estimation is in-
cluded as an additional regressor in the soil investment equation.
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present estimates from a seemingly unrelated
bivariate probit (SUBP) model and the
goodness-of-fit test to justify the use of the
RBP model.

Results for SUBP Estimates and Goodness-
of-fit Test

The main reason for estimating the SUBP
model is to ascertain whether the decision to
choose cooperative membership is correlated
with the outcome variables through unob-
served heterogeneities, and whether these
two decisions are substitutes or complements
(Thuo et al. 2014). The SUBP model estima-
tion requires that cooperative membership
variable is dropped from the investment

equation. The estimates for the two model
specifications can be found in the supplemen-
tary online appendix. The P-values for the
null hypothesis that q0el in the two specifica-
tions are both significantly different from
zero, indicating that the unobserved hetero-
geneities of both decisions are correlated.
These findings suggest that the probability
that a farmer chooses to belong to a cooper-
ative is related to the probability of inves-
ting in organic soil amendments and
chemical fertilizer through unobserved
effects captured in the model’s error terms.
Moreover, the sign for q0el is positive in
model 1, suggesting that cooperative mem-
bership and investment in organic soil
amendments are complementary decisions

Table 1. Definition of Variables and Descriptive Statistics

Variable Definition Mean (SD)

Dependent variables
Membership 1 if farmer is a cooperative member, 0 otherwise 0.43 (0.50)
Organic soil amendments 1 if farmer applies organic fertilizer and/or farmyard

manure, 0 otherwise
0.87 (0.34)

Chemical fertilizer 1 if farmer applies chemical fertilizer, 0 otherwise 0.93 (0.26)
Organic fertilizer 1 if farmer applies organic fertilizer, 0 otherwise 0.84 (0.37)
Farmyard manure 1 if farmer applies farmyard manure, 0 otherwise 0.28 (0.45)
Organic soil amendment

expenditure
Expenditure on organic soil amendments (100 yuan/mu)a 5.62 (4.70)

Chemical fertilizer
expenditure

Expenditure on chemical fertilizer (100 yuan/mu) 9.36 (5.81)

Net returns Apple gross revenue minus variable costs (1,000 yuan/mu) 7.54 (3.91)
Independent variables
Age Age of farmer (years) 48.63 (10.25)
Education Years of formal education of farmer 7.60 (2.87)
Household size Total number of household members 4.33 (1.44)
Farm size Total farm size of apple orchard (mu) 5.07 (3.24)
Manual sprayer 1 farmer owns manual sprayer, 0 otherwise 0.72 (0.45)
Rotary cultivator 1 if farmer owns rotary cultivator, 0 otherwise 0.53 (0.50)
Access to credit 1 If farmer is not liquidity constrained, 0 otherwise 0.53 (0.50)
Sandy soil 1 if land has sandy soil, 0 otherwise 0.38 (0.49)
Clay soil 1 if land has clay soil, 0 otherwise 0.45 (0.50)
Loam soil 1 if land has loam soil, 0 otherwise 0.17 (0.37)
Irrigation 1 if farmer has access to irrigation facilities, 0 otherwise 0.61 (0.49)
Road condition 1 if farmer reports that road condition from orchards to

village/market is good, 0 otherwise
0.60 (0.49)

Livestock 1 if farmer owns livestock, 0 otherwise 0.23 (0.42)
Tenure security 1 if farmer perceives that land will not be readjusted

within five years, 0 otherwise
0.48 (0.50)

Shandong 1 if farmer resides in Shandong province, 0 otherwise 0.43 (0.50)
Gansu 1 if farmer resides in Gansu province, 0 otherwise 0.17 (0.37)
Shaanxi 1 if farmer resides in Shaanxi province, 0 otherwise 0.40 (0.49)
Distance to orchards Farmers’ self-reported distance between orchards and

home (1 ¼ far; 2 ¼ fair; 3 ¼ close)
2.32 (0.66)

Village cooperative 1 if there is a cooperative in farmer’s residing village, 0
otherwise

0.09 (0.28)

Note: a 1 mu¼ 1/15 hectare; 1$¼6.14 yuan.
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(Huth and Allee 2002; Thuo et al. 2014). By
contrast, the negative sign for q0el in model 2
indicates that cooperative membership and
investment in chemical fertilizer are substi-
tutes in terms of decisions (Thuo et al. 2014).

Note that maximizing the joint density of
the observed dependent variables in RBP
model does not guarantee a good fit
(Chiburis et al. 2012). We therefore run both
Murphy’s (2007) score test and Hosmer-
Lemeshow’s (1980) test, using the methods
proposed by Chiburis et al. (2011) to check
misspecification of the RBP model. In partic-
ular, the null hypothesis of the Murphy’s
score test is that the error terms in equations
(10) and (11) are bivariate standard joint nor-
mal, and the null hypothesis of the Hosmer-
Lemeshow test is that the sample frequencies
of the dependent variables and the fitted
probabilities of the observation subgroup are
identical. The results can be found in the sup-
plementary online appendix. The P-values
are all not significantly different from zero at
the 10% level in the three model specifica-
tions, indicating that the null hypothesis of
normality cannot be rejected, confirming the
validity of the RBP model.

Results for RBP Estimates

The estimates of the determinants of cooper-
ative membership and its impacts on organic
soil amendments and chemical fertilizer, us-
ing the RBP model are presented in table 2.
As indicated previously, the FIML approach
jointly estimates the cooperative membership
choice equation and two soil investment
equations.13 The results presented in the
lower part of table 2 show that all estimated
correlation coefficients qel in models 1–2 are
significantly different from zero, indicating
the presence of selection bias arising from
unobserved factors. In particular, the nega-
tive correlation coefficients qel indicate nega-
tive selection bias, suggesting that farmers
having lower probabilities of investing in or-
ganic soil amendments and chemical fertilizer

are more likely to choose to belong to coop-
eratives. Moreover, the results of the Wald
tests for qel ¼ 0 in models 1–2 are signifi-
cantly different from zero, indicating that the
null hypothesis that the cooperative member-
ship variable is exogenous can be rejected.
That is, farmers’ decisions to belong to a co-
operative and to invest in organic soil amend-
ments and chemical fertilizer are made
jointly. The coefficients of the tenure residual
variable are not statistically significant in all
specifications, suggesting that the coefficients
of the tenure security variable have been con-
sistently estimated (Wooldridge 2015).

Determinants of Cooperative Membership
and Investment Decisions

The results from the first-stage estimates of
the RBP model, which show the determinants
of farmers’ decisions to choose cooperative
membership, are presented in the second and
fourth columns in table 2. Given that the vari-
ables having the same names show similar
signs and significance levels in the two model
specifications, we have chosen to discuss the
results from the cooperative membership
choice equations in models 1–2 together. In
the two specifications, the coefficients of the
education variable are positive and signifi-
cant, while the coefficients for the squared
terms are negative and significant, suggesting
that an increase in education increases the
probability of choosing cooperative member-
ship, with the maximum effect occurring at
appropriately nine years of schooling. The
low probability of the membership choice for
farmers with more than nine years’ education
is probably due to the fact that these farmers
have better skills that enable them to diver-
sify their income sources from farming to off-
farm activities.

The household size variable is positively
and significantly associated with the choice of
cooperative membership in the two specifica-
tions, indicating that larger households with
more labor endowments are more likely to
choose to belong to a cooperative. Consistent
with the findings from Ito et al. (2012) and
Mojo et al. (2017), farm size tends to increase
the probability of being a cooperative mem-
ber. Ownership of manual sprayer and access
to convenient roads appear to increase the
probability of joining cooperatives. The
results also show that farmers’ decisions to
choose cooperative membership are related
to soil quality.

13 We estimated a SUBP model to test whether farmers’ deci-
sions to investment in organic soil amendments and chemical fer-
tilizer are correlated through unobserved factors. The results,
which are presented in the supplementary online appendix show
that the correction coefficients (qOC) of the error terms in the
two model specifications and the Wald test for qOC ¼ 0 are not
statistically significant. The findings confirm that it is more effi-
cient to estimate the impact of cooperative membership on in-
vestment in organic soil amendments and chemical fertilizer
separately, using the RBP model.
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The results regarding the impacts of coop-
erative membership on investment in organic
soil amendments are presented in the third
column in table 2. The estimates show that
cooperative membership exerts a positive
and statistically significant impact on the
probability of investing in organic soil
amendments.14 The other coefficient esti-
mates in the third column in the table reveal
that investment in organic soil amendments
tends to be influenced by other factors. In
particular, the coefficient of the household
size variable is negative and significantly dif-
ferent from zero, suggesting that larger

households are less likely to invest in organic
soil amendments. Although larger household
size normally have higher labor endowments,
the increased financial burden sometimes put
financial constraints on such households,
resulting in reduced financial resources for in-
vestment in agricultural technology.

The coefficient of the variable for access to
credit is positive and significantly different
from zero, suggesting that farmers who do
not face liquidity constraints are more likely
to invest in organic soil amendments.
Sufficient liquidity enables farmers to pur-
chase organic soil amendments such as or-
ganic fertilizer from the markets and
farmyard manure from livestock farms.
Ownership of rotary cultivator and access to
irrigation facilities tend to have significant
and positive effects on investment in organic
soil amendments, indicating wealth effects.
The positive and significant coefficient of ten-
ure security variable suggests that farmers

Table 2. The RBP Model Estimates for the Impact of Cooperative Membership on
Investment in Organic Soil Amendments and Chemical Fertilizer

Model 1 Model 2

Membership Organic soil
amendments

Membership Chemical fertilizer

Membership 1.672 (0.328)*** 0.514 (0.458)
Age 0.047 (0.048) �0.041 (0.046) 0.045 (0.050) 0.056 (0.056)
Age squared �0.000 (0.001) 0.000 (0.000) �0.000 (0.001) �0.001 (0.001)
Education 0.166 (0.079)** �0.003 (0.077) 0.189 (0.085)** �0.228 (0.096)**
Education squared �0.009 (0.005)* 0.004 (0.006) �0.010 (0.006)* 0.014 (0.007)*
Household size 0.117 (0.049)** �0.157 (0.061)** 0.125 (0.052)** �0.001 (0.079)
Farm size 0.096 (0.027)*** �0.041 (0.030) 0.091 (0.027)*** 0.088 (0.047)*
Manual sprayer 0.730 (0.161)*** �0.304 (0.201) 0.768 (0.164)*** �0.339 (0.218)
Rotary cultivator 0.197 (0.134) 0.378 (0.196)* 0.219 (0.134) 0.054 (0.205)
Access to credit 0.128 (0.128) 0.411 (0.169)** 0.161 (0.131) �0.014 (0.186)
Sandy soil 1.459 (0.357)*** �0.103 (0.472) 1.739 (0.406)*** 0.209 (0.491)
Loam soil 0.421 (0.188)** 0.384 (0.289) 0.466 (0.191)** 0.307 (0.320)
Irrigation 0.261 (0.144)* 0.416 (0.218)* 0.233 (0.144) 0.422 (0.208)**
Road condition 0.455 (0.159)*** �0.057 (0.189) 0.452 (0.163)*** 0.169 (0.268)
Livestock �0.011 (0.216) 0.008 (0.249) 0.122 (0.195) �0.606 (0.223)***
Tenure security �0.444 (0.143)*** 0.917 (0.354)*** �0.483 (0.143)*** 0.681 (0.400)*
Shandong 0.057 (0.395) �0.238 (0.434) �0.235 (0.438) �0.423 (0.503)
Gansu 0.389 (0.279) 0.362 (0.335) 0.333 (0.272) �0.234 (0.351)
Tenure residual �0.178 (0.168) �0.150 (0.180)
Village cooperative 1.033 (0.232)*** 0.988 (0.247)***
Constant �4.767 (1.156)*** 1.187 (1.167) �5.048 (1.217)*** 0.831 (1.342)
qel �0.839 (0.158)*** �0.784 (0.171)***
Log�likelihood �395.592 �349.571
Wald test of qel¼0 5.181**, with Prob ¼ 0.023 5.632**, Prob ¼ 0.018
ATT 0.510 (0.227)** 0.120 (0.141)
Sample size 481 481

Note: *, **, and *** denote significance at 10%, 5%, and 1% levels, respectively. Robust standard errors are in parentheses. The reference region is Shaanxi

and the reference soil type is clay soil. ATT refers to average treatment effects on the treated.

14 Given that organic soil amendments variable is merged by
organic fertilizer and farmyard manure variables, we also esti-
mate the impact of cooperative membership on investment in or-
ganic fertilizer and farmyard manure to provide a better
understanding. The results, which can be found in the supple-
mentary online appendix, show that cooperative membership has
a positive and significant impact on the probability of investing in
organic fertilizer and farmyard manure.
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with tenure security are more likely to invest
in organic soil amendments. This finding is in
line with Jacoby et al. (2002) for China, who
found that farmers living in villages where ex-
propriation risk is higher tend to invest less in
organic fertilizer.

The estimates of the impact of cooperative
membership on investment in chemical fertil-
izer are presented in the last column of table 2.
The results show that cooperative membership
has a positive but statistically insignificant im-
pact on the probability of investing in chemical
fertilizer. Among other factors that influence
chemical fertilizer investment, the coefficient of
education is negative and significant, while that
of education squared is positive and statistically
significant, suggesting a nonlinear relationship
between education and the probability of inves-
ting in chemical fertilizer. The coefficients of
the variables for farm size and irrigation facili-
ties are positive and statistically significant, sug-
gesting that farmers having larger farms and
access to irrigation are more likely to invest in
chemical fertilizer. The negative coefficient of
livestock variable suggests that farmers raising
livestock are less likely to invest in chemical
fertilizer. Tenure security also appears to in-
crease the probability of farmers investing in
chemical fertilizer, again supporting the notion
that farmers cultivating land with more secured
land rights are more likely to invest in yield-
enhancing measures.

Given the high application rates of both or-
ganic soil amendments and chemical fertilizer,
we also analyzed the impact of cooperative
membership on expenditures on organic soil
amendments and chemical fertilizer using a
Tobit model. The potential endogeneity of co-
operative membership variable is addressed
using the two-stage control function approach
(Wooldridge 2015). The results, which can be
found in the supplementary online appendix,
show that cooperative membership does not
significantly influence expenditures on organic
soil amendments and chemical fertilizer. This
finding clearly indicates that cooperatives
could be important in influencing farmers’
decisions to use soil-improving inputs but not
the extent to which they use it, since this prob-
ably depends more on other factors such as li-
quidity constraints.

Marginal Effects and Average Treatment
Effects

Given that the estimated coefficients of the
explanatory variables in table 2 cannot be

directly interpreted, we also compute the
marginal effects to provide a better under-
standing about the impacts of the variables
on investment. We are particularly interested
in the marginal effects of variables that influ-
ence farmers’ soil investment decisions, so
the marginal effects from the first-stage esti-
mation of the RBP model are not presented
in the article for the sake of brevity. The
results presented in table 3 reveal that coop-
erative membership increases the probabili-
ties of investing in organic soil amendments
and chemical fertilizer by 30.7% and 5.9%,
respectively. Among other variables, farmers
with larger farms tend to be 0.8% less likely
to invest in organic soil amendments but
1.1% more likely to invest in chemical fertil-
izer. Farmers who have access to credit are
8.3% more likely to invest in organic soil
amendments, compared to their counterparts
facing liquidity constraints.

With respect to soil quality variables, the
results show that farmers cultivating land
with sandy soils are 2.1% less likely to invest
in organic soil amendments, while 2.4% are
more likely to invest in chemical fertilizer,
relative to farmers cultivating clayey soils.
Farmers cultivating land with loamy soils are
6.5% and 3.1% more likely to invest in or-
ganic soil amendments and chemical fertil-
izer, respectively. Thus, more fertile lands
tend to attract higher investments for organic
amendments, probably due to the expected
higher returns from fertile land (Jacoby and
Mansuri 2008). Access to irrigation increases
the probabilities of investing in organic soil
amendments and chemical fertilizer by 8.7%
and 5.4%, respectively. It is significant to
note that the marginal effects discussed
above represent average values of the
h discussed in the theoretical section. Thus,
the empirical results are consistent with the
theoretical findings that cooperative member-
ship tends to favor investment in organic soil
amendments and chemical fertilizer.

To the extent that marginal effects only es-
timate the partial effects of cooperative mem-
bership on investment in organic soil
amendments and chemical fertilizer in the
case of changing cooperative membership
variable from zero to one, we also employed
the approach suggested by Chiburis et al.
(2011) to estimate the average treatment
effects (ATT) to provide a better and more
comprehensive understanding of the effects of
cooperative membership on investment deci-
sions of smallholder farmers. We used
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bootstrap replications to reduce sampling
noise (Chiburis et al. 2011). Unlike the mean
differences presented in the supplementary
online appendix, these ATT estimates account
for selection bias arising from the fact that
members and nonmembers are systematically
different in terms of both observed and unob-
served characteristics. The results are pre-
sented in the lower part of table 2. Our
findings show that cooperative membership
significantly increases the probability of inves-
ting in organic soil amendments by 51%.
However, no statistically significant impact
was found for the impact of cooperative mem-
bership on investment in chemical fertilizer.
Although the RBP model estimation reveals
some differences in the magnitude of the mar-
ginal effects and average treatment effects of
cooperative membership, both reveal highly
positive and statistically significant impacts.
As pointed out by Lanfranchi and Pekovic
(2014), these differences are expected, since
they are calculated based on two different
evaluation parameters. In particular, the mar-
ginal effect shows how the probability of
investing in a particular soil quality measure
changes as the cooperative membership vari-
able changes from zero to one, while the ATT

measures the causal effect of cooperative
membership on the probability of investing in
soil quality measures.

Conclusion

This article examined the impact of coopera-
tive membership on investment in organic
soil amendments and chemical fertilizer in ru-
ral China. Specifically, we developed a dy-
namic model to show how cooperative
membership and household and farm-level
characteristics influence farmers’ decisions to
invest in organic soil amendments and chemi-
cal fertilizer. We used the model to analyze
the decisions of heterogeneous producers to
join agricultural cooperatives and the inten-
sity of production. To complement the theo-
retical analysis, we used survey data from
apple producing households in Gansu,
Shaanxi, and Shandong provinces in China
to examine the impact of cooperative mem-
bership and household and farm-level
characteristics on investment in organic soil
amendments and chemical fertilizer. A recur-
sive bivariate probit model was employed
to address potential selectivity bias that
arises from both observed and unobserved
heterogeneities.

The theoretical analysis showed that there
is a limited range of household- and farm
level characteristics where farmers find it op-
timal to join a cooperative. It also identified
two situations where farmers with coopera-
tive membership are more likely to invest in
organic soil amendments and chemical fertil-
izers than those without membership. The
econometric estimates revealed that a num-
ber of factors tend to drive farmers’ decisions
to join agricultural cooperatives, including
education, household size, farm size, and as-
set ownership. With respect to the investment
decisions, our findings showed that coopera-
tive membership tends to positively influence
investment in organic soil amendments and
chemical fertilizers, although the positive in-
fluence on chemical fertilizer was not statisti-
cally significant. Furthermore, farmers’ access
to credit and irrigation facilities, as well as
perceived tenure security were found to in-
crease the propensity to invest in organic soil
amendments. The findings also revealed that
cooperative membership does not have any
statistically significant impact on

Table 3. Marginal Effects of RBP Model
Estimation on the Marginal Probability of
Investing in Organic Soil Amendments and
Chemical Fertilizer (in %)

Variables Organic Soil
Amendments

Chemical
Fertilizer

Membership 0.307 0.059
Age �0.008 0.007
Age squared 0.000 �0.000
Education �0.001 �0.027
Education squared 0.001 0.002
Household size �0.031 �0.000
Farm size �0.008 0.011
Manual sprayer �0.056 �0.036
Rotary cultivator 0.077 0.006
Access to credit 0.083 �0.002
Sandy soil �0.021 0.024
Loam soil 0.065 0.031
Irrigation 0.087 0.054
Road condition �0.011 0.021
Livestock 0.002 �0.093
Tenure security 0.182 0.082
Shandong �0.048 �0.053
Gansu 0.062 �0.031
Tenure residual �0.035 �0.018
Sample size 481 481
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expenditures on organic soil amendments
and chemical fertilizer.

Our findings generally confirm the signifi-
cant role of agricultural cooperatives in facili-
tating the adoption of soil quality measures
among smallholder farmers, which actually
enhance environmental sustainability and ag-
ricultural productivity. This suggests that the
government should intensify its efforts to en-
courage smallholder farmers to join coopera-
tives. A crucial finding of the study is that
agricultural cooperatives significantly influ-
ence farmers’ decisions to invest in organic
soil amendments but not the extent to which
they use it. Thus, it is of significance to en-
hance cooperatives’ ability to supply their
members with production inputs at reason-
able prices, which in turn could help increase
the level of investments in organic soil
amendments. The finding of a positive and
significant impact of tenure security suggests
that improving land tenure security, or land
rights would help enhance investment in or-
ganic soil amendments and sustainable
agriculture.

Moreover, given the roles of access to
credit and irrigation facilities in facilitating in-
vestment in soil quality measures, it is appar-
ent that policies that enhance farmers’ access
to credit and accelerate the development of
rural infrastructure such as irrigation facilities
would help in increasing investment in soil
quality measures that could contribute to sus-
tainable agriculture. Despite the interesting
theoretical and empirical findings, the study
still has some limitations that could be consid-
ered in future research in the area. While we
found that agricultural cooperatives increase
the probabilities of investing in organic soil
amendments, little appears to be known about
the cost and profit efficiency of cooperative
members compared to nonmembers in the
adoption of agricultural technologies.

Supplementary Material

Supplementary material are available at
American Journal of Agricultural Economics
online.
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