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Why is China’s Blue Revolution so “Blue”?
The determinants of conservation tillage
in China

J. Wang, J. Huang, L. Zhang, S. Rozelle, and H.F. Farnsworth

Abstract: In response to problems associated with traditional tillage, over the past two
decades, conservation agriculture (CA) has gradually emerged, and its adoption is becoming
so widespread and benefits so great that it is being called the technology behind a new Blue
Revolution. Somewhat surprisingly, given China’s relatively strong track record in produc-
ing and spreading new cropping technologies, there is little information in the literature on
the adoption of CA in China.The overall goal of this paper is to increase our understanding
of the adoption of CA technology (or more precisely, the reduced tillage/residue retention
part of the CA technology package, conservation tillage [CT]) and the constraints that exist
to adoption in northern China. The objectives of this study include (1) obtaining valid data
and providing a profile of CT adoption, (2) documenting both the extent and path of the
adoption, and (3) measuring the determinants of CT adoption and trying to understand why
it has emerged in some villages (and on some farms) but not in others. The data used in this
paper come from our field survey of 292 households from four provinces in northern China.
Based on the field survey, we have classified CT technology into Full CT technology (or
Real CT technology—that is, those households that adopt both reduced tillage and residue
retention together) and Partial CT technology (or Nominal CT technology—that is, those
households that only adopt one of the components of Full CT technology, either reduced
tillage or residue retention). Our results show that the adoption rates of CT technology
(either for Full or Partial CT technology) are still low. Especially in the case of Full CT,
adoption is almost zero. Despite relatively low rates of adoption, there are factors that are
found to systematically encourage CT adoption. Our econometric results show that policies
that ban burning crop residues, extension work that promotes CT technology, oft-farm labor
opportunities (which raise the opportunity cost of labor), and large farm size lead to higher
adoption of CT technology.
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Although China has been a leader in the
developing world in the extension of
many new agricultural technologies—
from early Green Revolution semidwarf
rice and wheat varieties, to hybrid rice, to
genetically modified cotton (Huang and
Rozelle 1996; Huang et al. 2002)—con-
servation agriculture (CA) technology
has had a relatively low profile. Inside
China, a large number of government-sup-
ported reports and scholarly articles have
been published in the field of agronomy
and agricultural mechanization (e.g., Huang
1988; Liu et al. 1989; Shi et al. 1990; Ding et
al. 1994; Ji et al. 1998; Kang et al. 2001; Xie
et al. 2007). However, in all of these articles
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and reports, there is little research about CA
technology. The Ministry of Agriculture did
not even mention CA technology in its dif-
fusion material until the early 1990s (Yang
and Song 2007). Today there are few statis-
tics on the level of adoption of CA at the
national level; most reports of CA technology
are anecdotal. One government report (Gu
2008) claims that CA technology was being
used by farmers on 2 million ha (5 million
ac) of farmland in 2007.This source does not
appear to be relying on the same source of
adoption information as China’s traditional
system that records the area planted and
major varieties on an annual basis. While this
number is not zero, land-efticient CA is still

only used on about 1.5% of cultivated land.
It is important to note that the government
report is not clear as to the definition of CA
that is being used. It could be that the area
which is claimed to be using CA technol-
ogy may, in fact, be counting practices that
do not meet international standards for true
CA technologies. Hence, although China’s
adoption of CA technology might be able to
be called significant in recent years, it is hard
to call it “revolutionary.”

So, why is the level of CA technology
adoption so low? Given China’s proven ability
to borrow, adapt, and extend new agricul-
tural technologies from international sources,
this is unclear. In addition, some of China’s
most important crops—wheat, maize, and
soybeans—contain similar genetic material
as those used in nations that are the largest
adopters of CA technology. Many of China’s
climatic and soils conditions also are similar.
A large share of China’s grain production is
concentrated in its northern regions, which
receive relatively low rainfall. Soils there are
often fragile. Hence, it would appear that
CA technology would be a good candidate
for adoption. However, despite the potential
benefits, the relative difficulty of accessibility
has contributed to the fact that the adoption
of CA, especially conservation tillage (CT),
by China’s farmers is still low.

One explanation for the low adoption may
simply be an absence of information about
CA technology inside China. Surprisingly,
despite the increasing importance of CA in
the world and the interest that many lab- and
field-based academics have had in CA tech-
nology, there is little, solid empirical research
that documents the extent of CA technol-
ogy across China. Also, while there have been
many prescriptive reports written on how
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CA technology should be applied, there is
little in the literature that objectively decribes
how it has actually evolved and spread. For
example, since farmers do not have the
necessary equipment, Shi et al. (2006) sug-
gested that the government should support
the research and production of no-tillage
machinery to promote the development of
CA in China.Yang and Song (2007) reported
that since farmers do not have the necessary
information on CA, most farmers in China
do not understand the implications of CA
technology. In particular, most farmers are
unaware of the potential benefits of CA
adoption. Therefore, in order to promote
CA technology in China, more demonstra-
tion projects are needed. Other research (e.g.,
Dou 2007; Ma et al. 2006; Kang et al. 2001;
Li 1999; Zhao et al. 1998; Zhang et al. 1995;
Liu et al. 1994) also reports that, according to
their experimental trials (although not in the
fields of farmers), the adoption of CA tech-
nology can have a negative effect on yields.
As a result, researchers suggest more research
needs to be done on how to improve crop
yields in the short term to provide a greater
incentive for farmers to adopt CA technol-
ogy. All of this literature is useful and helps
improve our understanding of the challenges
of promoting the adoption of CA in China.
However, in no case has previous research
been based on widespread, survey-based
information collected from farmers in the
field in China.

Because of this gap in the literature, there
are many unanswered questions, including
the following: What kinds of CA-related
technology are farmers in China using?
‘What is the extent of the adoption and time
path of adoption of the technology? Why
is CA practiced in some villages but not in
others? Why do some farmers adopt CA
but not others? More importantly, is CA an
appropriate technology, given the nature of
China’s socioeconomic and natural endow-
ments? Is its use appropriate today or will it
be appropriate in the future?

The overall goal of our paper is to answer
some of these questions in order to provide a
better understanding of the adoption of CA
technology and to identify constraints that
might be limiting its diffusion. Our paper
focuses on two specific objectives. First, we
seek to provide a profile of CA adoption and
identify the characteristics of CA technology
that we find being used in the field. Second,
we identify determinants of CA adoption
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and diffusion in order to measure those fac-
tors that can influence farmer’s options when
choosing the tillage practices.

Because this is such a broad topic, we nec-
essarily must limit its scope. First, we only
study northern China. Although there are
many applications of CA technology that
could be used in the climatic regions in south
China, the technology’s ability to improve
the environment and conserve soil and water
resources appear to be more appropriate for
northern parts of the country. Furthermore,
we focus on areas dominated by dryland
agriculture. Although our sample covers a
wide range of areas, we have focused on areas
in which the government extension system
and several key universities have targets for
research on CA technology. Therefore, the
estimates of the rates of adoption in China
should be treated as an upper bound.

Why is northern China a place that
is appropriate for the extension of CT?
Northern China 16 provinces
and contains 45% of China’s population
(National Statistic Bureau of China 2007).
Although occupying 64% of the nation’s
cultivated land, northern China only has
29% of its water resources (Ministry of Water
Resources 2007). Due to the shortage of
water resources, northern China is domi-
nated by dryland farming, which makes its
soil resources more vulnerable to natural

covers

forces, such as wind and heavy rainfall (Zhai
and Deng 2000). The major crops in north-
ern China are wheat, maize, cotton, soybean,
and several crops (e.g., peanuts) that can
be used to produce edible oil. The climatic
conditions also are severe. For example, on
average, rainfall is less than 750 mm y™' (30
in yr''). In some regions, it is even lower than
200 mm y' (8 in yr''). In addition, farmers
in northern China also have to deal with low
winter temperatures, short frost-free periods
(<150 days), and high rates of evaporation
(>1,500 mm y' [>59 in yr']). Perhaps most
importantly, when farmers use conventional
tillage systems, some researchers believe that
the structure of soils will be easily degraded
and fertility will decline. These conditions
may, in part, explain the low levels of water
use efficiency and relatively low crop yields
(Liu et al. 2004). According to the statistics
of the Ministry of Water Resources (Ministry
of Environmental Protection 2008), in China
37.1% of the land is suffering from some
degree of “relatively serious” soil erosion. Of
this amount, more than 70% of the eroded

area is located in northern China. In addi-
tion, based on review of the literature, Jiao et
al. (2008) found that estimates of actual soil
loss rates and tolerable soil loss rates vary sig-
nificantly across studies. Generally, however,
in north China, the estimated actual soil loss
rates are typically higher than tolerable soil
loss rates. Therefore, considering the potential
environmental benefits of CA or one subset
of the technologies, CT in particular, as well
as the nature of the technology (that is, it is
an efficient use of land and it saves water),
it is fair to say that CA or CT technology
may be a more appropriate technology for
extension in northern China than elsewhere
in China.

We also need to limit the scope of our
analysis in terms of the specific type of CA
technology that we are studying. In the sec-
ond part of our Background section, we
describe the relationship between two types
of technologies, CA (which is built on three
principles—minimal soil disturbance, perma-
nent soil cover, and crop rotations) and CT
(which is built on two principles—minimal
soil disturbance and permanent soil cover).
Although international literature has mostly
examined CA, because China’s effort to
promote this technology has not included
an emphasis on crop rotations, our analysis
focused on CT.

A “Blue” in the World.
Conventional agriculture is increasingly
being criticized for its adverse environmental
effects (Faulkner 1943; Ronald and Shirley
1984; CIMMYT 1993; Huszar et al. 1999;
FAO 2001a; Ministry of Agriculture 2005;
Geraghty 2007; Sthiannopkao et al. 2006;
Pierret et al. 2008). Over the past 50 years,
agriculture has become increasingly reliant
on soil tillage and has become dependent
on tractor-based capital and energy (FAO
2001a). The original theory was that plants
were more productive in soils that had
been plowed, disked, and harrowed since
uniform, granular soil was thought to pro-
mote growth. While there may be positive
returns to tillage in the short run, there are
also costs—especially environmental costs
that will be suftered in the long run. It also
is clear that in at least some cases, costs may
outweigh the benefits.

Recent research indicates that soil till-
age using equipment such as ploughs, disks,
harrows and rotary cultivators not only add
to the cost of production of farmers, but
repeated use over time can have detrimental

Revolution
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effects on soil structure (e.g., the forma-
tion of a crust and/or compaction). This soil
structural degradation can have several addi-
tional consequences. Some soils become
more susceptible to erosion from wind and
water (FAO 2001a; He et al. 2004; Ministry
of Agriculture 2005; Gao 20006). More often
it is the consequence of long-term soil ero-
sion (loss of topsoil). While some soils may
become more susceptible to soil erosion, in
many cases, many soils already are susceptible
to soil erosion because of the characteristics
of the landscape and soil (Department for
Environment, Food and Rural Affairs 2005).
Clearly, both the government (e.g., Cai
2002; Li et al. 2008) and farmers (ACIAR
2005; Cao et al. 2008) understand erosion in
China is a serious issue. As the awareness of
the seriousness of soil erosion has emerged
since the 1980s, the government has begun
large-scale watershed management and eco-
logical reconstruction programs in some
of China’s most soil erosion—prone regions
(Yang et al. 2002). There have been a number
of different efforts. For example, the govern-
ment has organized farmers and workers to
increase vegetation cover by tree planting
and pasture cultivation. Officials have also
tried to promote engineering measures, such
as constructing terrace fields and building
check-dam systems. Third, the government
has also promoted agricultural-based mea-
sures, including CT. In fact, as reported by
the Ministry of Water Resources, due to
adoption of these control measures, the
area affected by soil erosion has decreased,
and the annual sediment load flowing into
China’s rivers (such as the Yellow River) has
also decreased (Suo 2004). Although there
has been considerable progress, soil erosion
is still one of the most serious environmen-
tal issues in China. In other soils, water—in
the form of rain or irrigation—has a more
difficult time infiltrating into the soil. In
some cases, increased runoff can carry topsoil
and nutrients away with it. As noted by den
Biggelaar et al. (2003), while most researchers
agree that erosion is a serious problem, there
is less agreement with regard to its on-site
effects on agricultural production and soil
productivity. Some research suggests that soil
erosion has reduced crop yields significantly
in the past and will continue to do so in the
future. Other research suggests that yield
losses have been small relative to historic
yield growth resulting from increased input
use and improvements in technology and
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that farmers have sufficient incentive in most
cases to avoid erosion-induced yield losses.
Because of the high cost of tillage, there is a
new awareness about the overall benefit of
technologies that can reduce these problems
(FAO 2001b, 2001¢c; CIMMYT 1993).

Over the past two decades, CA has gradu-
ally emerged as a response to the realization
that traditional tillage can lead to higher
costs—for production and the environment.
The benefits of CA are such that it is being
called the technology behind a new Blue
Revolution (FAO 2001a; Geraghty 2007).
In its most basic form, instead of plowing
and using other tillage operations, which
require the use of capital (tractors), energy,
and labor, farmers drill their seed directly
into the soil. Since the soil, in general, is less
disturbed, the plant cover on the top layer
of the soil is kept intact. Herbicides are
often used instead of plow-based weeding
regimes. While there are cost savings from
less labor and machinery, there are generally
higher costs from greater chemical use. Many
soils under CA have higher propensities to
allow for improved water infiltration. When
water infiltration improves, surface runoft
decreases, which can reduce soil erosion and
lessen the impact of short-term droughts.
Without artificially disturbing the land on
an annual (or seasonal) basis, biological pro-
cesses in the soil are triggered, which may
enhance the productivity of the agricultural
production system. Managed properly, when
farmers adhere to the strictest forms of CA,
it is possible that their fields can create sinks
for CO,, which can contribute to controlling
air pollution and global warming—as well as
lead to opportunities for selling carbon ser-
vices—(Lal et al. 1999; ECCP 2003; Barker
et al. 2007). In summary, CA can be a win-
win technology, enhancing both profitability
and sustainability. As Knowler and Bradshaw
(2007) summarize, “Fortunately for the pro-
ponents of conservation tillage,its net financial
impact at the individual farm scale appears
positive as well. Since the seminal work of
Crosson (1981), numerous financial analyses
of conservation tillage adoption, whether in
a developed world (e.g., Stonehouse 1997)
or developing world (e.g., Sorrenson 1997;
Sorrenson et al. 1998) context, have shown
that it generally produces higher net returns
relative to conventional tillage. This is largely
true because of reduced costs for machinery,
fuel, and labor, combined with unchanged or
improved yields over time.”

A new technology, however, can only be
counted as a “Revolution” if it becomes
widely adopted over a fairly short time
period. According to this criterion, it would
seem safe to say that the record of CA tech-
nology, globally, more than qualifies CA.
The earliest record of CA technology was
in the early 1970s when about 10 coun-
tries reported the earliest phases of adoption
(FAO 2001a). In 1974, the total area in the
world that was using CA technology was
less than 3 million ha (7.4 million ac), about
0.2% of global cultivated area.Ten years later,
in 1984, the total area under CA increased to
more than 6 million ha (15 million ac). Since
the 1980s, adoption rates accelerated in many
countries. Between the early 1980s and 2000,
CA area rose nearly 10 fold. By 2005, CA had
been adopted by a large number of farmers
covering nearly 100 million ha (247 million
ac) in more than 20 countries, including the
United States, Canada, Australia, Brazil, and
Argentina (FAO 2000).

Definition of Conservation Tillage. As
pointed out by Uri (1998), CT is defined as
any tillage system that leaves enough crop
residues on the field after harvest to protect
the soil from erosion. Conservation till-
age evolved from practices that range from
reducing the number of trips over the field to
raising crops without any primary or second-
ary tillage. A current emphasis internationally
is on leaving crop residue on the surface of
the field after planting (Lithourgidis et al.
2009). In general, tillage that leaves a residue
cover of at least 30% on the soil surface is
deemed CT (CTIC 2002). Residue cover is
allowed to vary, however, according to soil
type (soil texture), slope, crop cover, and
other factors. Conservation tillage, as defined
by the Conservation Technology Information
Center (2002), includes four types of CT sys-
tems: no tillage, mulch tillage, ridge tillage,
and reduced or minimum tillage. Strip-till is
included among CT practices, as well. This is
a form of noninversion tillage and subsoil-
ing. From the above discussion, it is clear that
there are two important fundamental com-
ponents for the CT: minimal soil disturbance
and permanent soil cover.

So what is the relationship between CT
and CA? In the early 2000s, the Food and
Agriculture Organization (FAO) created a
new way of thinking about these technolo-
gies by making CT a part (albeit an important
part) of CA (FAO 2001a). The difference, in
fact, is fairly clear. According to the FAO, CA
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aims to achieve sustainable and profitable
agriculture through the application of three
principles: minimal soil disturbance, perma-
nent soil cover, and careful crop rotation.
The first two, minimal soil disturbance and
permanent soil cover, are the basic building
blocks of CT; CA is then equal to CT plus
an emphasis on crop rotation.

So what is the nature of CA/CT tech-
nology in China? In 2007, the Ministry of
Agriculture in China issued two important
policy documents to promote the devel-
opment of CA in China: “Suggestions
on the Development of Conservation
Agriculture” (Ministry of Agriculture 2008a)
and “Technical Points of Conservation
Agriculture Implementation” (Ministry of
Agriculture 2008b). Based on these two
documents, it can be seen that CA includes
four components: no tillage or reduced till-
age, the use of residue (or straw) to cover the
soil (or residue retention), the adoption of no
tillage or reduced tillage machinery, and the
use of herbicides for the control of weeds in
the field.

In addition, there is another consideration.
For whatever reason (discussed in depth
below), few of China’s farmers have adopted
what can be considered the full package of
CT technology. At most, farmers adopt a set
of components that ends up in only a par-
tial adoption of CT technology. It is for this
reason that we also have classified CT tech-
nology into two categories. The first type can
be called Full CT technology; the second
type can be called Partial CT technology. If
farmers adopt both no tillage (or reduced
tillage) and residue retention technologies
at the same time, we call such practices Full
CT technology. If farmers adopt only no till-
age or reduced tillage technology or only
residue retention technology, we call such
practices Partial CT technology. It should
be noted that Full CT technology is basi-
cally consistent with what is being called
CT technology in the literature. Partial CT
technology is not consistent with what most
researchers consider CT technology. In fact,
there is some evidence in the literature that
suggest that when farmers adopt Partial CT
technology, the impact on the environment
could be even worse than if they had used
more conventional agricultural approaches
(Bolliger et al. 2006; Baudron et al. 2007;
Kaumbuhto and Kienzle 2007). However,
it also is possible that partial adoption is the
first step towards full adoption. According
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to Giller et al. (2009), “In practice farmers
have been found to not adopt all compo-
nents of CT due to various reasons such as
limited access to inputs (herbicides, cover
crop seeds), labor constraints, or insufficient
resources to grow cash crops continuously.”
As noted by Byerlee and Polanco (1986),
such adoption behavior has been referred to
as sequential adoption. Because of this possi-
bility, we have decided to study both Full and
Partial CT technologies. Of course, it could
be that this assumption is not right. It could
be that the adoption of Partial CT technol-
ogy is not the first step towards adopting Full
CT technology. If our assumption is wrong
and the adoption of Partial CT will not lead
to the adoption of Full CT, then the discus-
sion in this paper about Partial CT should be
ignored in the rest of the paper.

Understanding the Levels of Conservation
Tillage Adoption. Why are China’s rates of
adoption of CT technology—especially the
adoption of Full CT technology—so low?
The first step in understanding the low lev-
els of adoption—especially relative to some
of the countries that are known for high
levels of CT technology, for example the
United States, Canada, and Brazil, etc.—is to
examine the nature of China’s agricultural
production practices, in general. The single,
overwhelmingly defining characteristic of
China’s agriculture is that it is labor inten-
sive. In 2005, according to China’s National
Development and Reform Commission cost
of production database (NDRC 2006), the
typical wheat (maize) farmer in China used
119 days (143 days) of labor in producing 1
ha (2.5 ac) of their crops. According to the
cost of production database notes, one day is
equal to eight hours.

While this is much lower than in the
1980s and the early 1990s (indeed labor use
per hectare in agriculture fell by nearly 50%
between 1990 and 2005 [Brauw et al. 2008]),
the use of labor on a per hectare basis is still
far above that of producers in some of the
largest CT—technology adopting countries.
For example, in the United States, in order
to produce 1 ha (2.5 ac) of wheat or maize,
farmers only used seven days of labor for
wheat and eight days for maize (USDA ERS
2008). In Brazil, the typical farmer used 13
days of labor to produce 1 ha of maize.

While China’s farmers use much more
labor in crop production than their counter-
parts in the United States, Canada, and Brazil,
the opposite is true in the case of machinery

and fuel use. For example, in China, wheat
farmers paid $114 ha™' ($282 ac™') for their
machinery, while maize farmers paid $60
ha™ ($148 ac™") (NDRC 2006). While in the
United States, the wheat farmer expended
$157 ha' ($388 ac™') on machinery, while
a maize farmer expended $200 ha™ ($494
ac!) (USDA ERS 2008). In addition, in
order to produce 1 ha (2.5 ac) of crop, the
farmer in China only needed to spend $0.86
(for wheat) or $0.69 (for maize) on fuel
directly. While in the United States, farmers
expended $44 for wheat ($71 for maize) for
fuel for producing 1 ha (2.5 ac) (USDA ERS
2008). In Canada and Brazil, machinery and
fuels costs were also much higher (Zentner
et al. 2002). For example, the typical soybean
farmer in Brazil expended $168 ha™ ($415
ac™') for machinery and fuel.

The reason for these large discrepancies
in production practices between China and
other CT—technology adopting countries,
of course, is related to the sharp differences
in the relative level of factor prices. The
unskilled wage in China is only $2 day™'
(NDRC 2006). In contrast, it is about $80 in
the United States, $76 in Canada, and nearly
$40 in Brazil (USDA ERS 2008). In addi-
tion, the farm size in China is much smaller
than that in other countries. For example, the
average farm size in China is about 0.5 ha
(1.2 ac), while it is 186 ha (459 ac) in the
United States, 73 ha (180 ac) in Brazil, and
270 ha (667 ac) in Canada. The various land
sizes between countries results in the dif-
ferences on the opportunity cost of land. In
China, the pure rental rate is more than $500
ha ' ($1,235ac™") (NDR C 2006), substantially
higher than that in the United States, Canada,
and Brazil. For example, in the United States,
the rental rate is about $100 for 1 ha (2.5
ac) of wheat land; it is about $225 for maize
land (USDA ERS 2008). In Brazil, 1 ha of
prime soybean land can be rented for about
$25 (Assuncio 2005). In Canada, the rental
rate for spring wheat is $17 (Wharton and
Howes 2008).

Because of the high wage rate and land
rental cost, it can be seen why farmers in the
United States, Canada, and Brazil want to do
everything they can to save on labor expenses
and thus why they are willing to use more
fuel and machinery. Research in the United
States indicates that CT technology can save
a farmer 50% to 60% of his labor (FAO
2001b). In addition, farmers can lower their
machinery and fuel costs (Crosson 1981;
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Table 1

Chinain 2005.

Share of sown area adopting conservation tillage (CT) technology and nature of labor and machinery input using CT and conventional agriculture in

Partial CT technology

Full CT technology

Reduced Residue Reduced till and Conventional
till retention residue retention agriculture
Share of sown area adopting CT 6 27 3 —
technology (%)
Labor input (days ha*)
Wheat — — 45 120
Maize - — 135 240
Machinery input (US dollars hat)
Wheat — — 26 101
Maize - — 22 46
Note: — = no data.

Mueller et al. 1985; Uri 2000; FAO 2001b;
Mitchell et al. 2006). Clearly, when wages are
so high, and machinery/fuel costs are such a
large share of the cost of production (as they
are in the United States, Canada, and Brazil),
it is easy to see why farmers in these coun-
tries have made the Blue Revolution a true
revolution.

It is important to note that we are not
saying that there are not labor and machin-
ery/fuel savings in China. In fact, there are.
For example, based on a set of CT experi-
ments in the Yellow River Basin, after
adopting CT, farmers were able to save more
than 30% of their labor input (Yuan 2008;
Zheng and Yao 2008; Wang 2008; Liu 2008;
Yan 2008). Other studies have found that CT
technology can also reduce machinery costs
in China by 10% to 20% or more (Zhao and
Shi 2006; Ma et al. 2006).

Our own data support the findings of
research elsewhere in China. Specifically, we
see that there are savings in both labor and
machinery costs when farmers adopt CT
technology (table 1). In the case of wheat, for
example, when farmers adopt the Full CT
technology package, labor input per hectare
falls by nearly 60% (from 120 to 45 days).
In the case of maize farmers, the reduction
in labor is more than 40%. Our survey also
demonstrates that adopting the Full CT
technology package can save machinery
costs. For example, when comparing the
use of machinery on the Full CT technol-
ogy package with that used for conventional
agriculture, there is a measured reduction
of 75% in the case of wheat and 52% for
maize production.

So why have farmers in China not
swarmed to CT technology as they have in
certain other parts of the world? One of the
reasons most certainly is the nature of their
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agricultural production practices. Agriculture
in China is conducted by individual house-
holds, a practice that has been in place since
the early 1980s. Specifically, farmers have
long-term use rights to the land; they make
all decisions on their own (that is, they have
full control rights), and they keep all prof-
its and suffer all losses (that is, they have full
income rights). Therefore, it is fair to assume
that farmers seek to maximize profit and
make all decisions, including the decision to
adopt new technologies on their own. While
farmers in China certainly would be happy
to save labor and machinery costs, their labor
costs per unit of input are so low (espe-
cially in the past) and their machinery costs
account for a relatively low share of produc-
tion costs so there is less of an incentive to do
so. Given a choice, however, it is conceivable
that China’s farmers would be much more
interested in technologies that saved on their
scarcest factor—land.

So what is the relative benefit of CT
technology in producing an efficient use of
land (or higher yields) compared to con-
ventional technologies? This may provide
us the answer. A large body of international
literature demonstrates that the adoption of
CT technology mainly obtains yield ben-
efits in the long run (Li et al. 2007; Wang
et al. 2006; Choudhary and Baker 1994). It
may take up to 10 years to realize any yield
benefits. In the short term, the effects of CT
technology on crop yield are variable, and
most effects are neutral or negative (Giller
et al. 2008; FAO 2006; Olson et al. 2004;
FAO 2001a; Mbagwu 1990; Gill and Aulakh
1990). However, in the case of developing
countries (including China), the short-term
benefits are extremely important since they
will determine the extent to which the CT
will attract the farmers—who often are

more interested in present earnings than in
future earnings (as is the case of most farmers
from poor developing countries) (Giller et
al. 2008).

In the agronomy literature in China, the
results of the research on effects of CT tech-
nology are mostly negative (at least in the
short run). For example, according to one
set of experiments in the Yellow River Basin
from 2005 to 2008, in nearly a quarter of the
trials, CT technology produced lower yields
than conventional agriculture (Yuan 2008;
Zheng and Yao 2008; Wang 2008; Liu 2008;
Yan 2008).There are also many other cases in
which agronomic research teams report that
the adoption of CT technology would have
a negative yield effect (at least in the short
term) in at least some of their trials (Dou
2007; Ma et al. 2006; Kang et al. 2001; Li
1999; Zhao et al. 1998; Zhang et al. 1995; Liu
et al. 1994). Hence, one reason that China’s
farmers are reluctant to adopt CT technology
is that they—like their counterparts in other
poor developing countries—are unwilling
to adopt a technology that provides lower
yields (that is, a technology that does not save
on the scarcest resource—land) even if this
is true only in the short run (Reardon and
Vosti 1997; Shiferaw and Holden 2000; Field
2001). The yield benefits from CT are also
possibly related with the management of the
production system.

So in summary, from this analysis, we see
that when farmers adopt CT technology, like
their counterparts in Brazil and the United
States, they do save on labor and machinery
costs. However, since the unskilled wage is so
low and since the share of costs contributed
by fuel (machinery) is so small, the overall
cost savings from the adoption of CT tech-
nology is relatively low in China. With land
being so scarce, farmers want to maximize
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Figure 1
Location of four sample provinces in China.
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the output and so they are more reluctant to
adopt CT technology since there is no guar-
antee that there is not a yield penalty. There
are two major reasons for China’s land scar-
city. First, the nation’s population is large, and
its arable land is limited. This makes China’s
land per capita levels low. Second, as China
has industrialized and urbanized, cultivated
land is decreasing. It is for these many reasons
that there may be less interest in CT technol-
ogy in China.

Past Behavior; Future Demands. While it
may have been true that in the past China’s
farmers have not been very interested in
technologies that save labor and minimize
fuel/machinery consumption, this does not
mean that in the future it will be so. There
is a lot of evidence that factor prices will
be changing in the coming years—in some
cases radically so. For example, it is becom-
ing increasingly clear that the unskilled wage
rate is rising in China (Park et al. 2008).
Between 2005 and 2006, for example, it is
documented that unskilled wages rose by
almost 10%. Given the demands for labor in a
rapidly developing country and the relatively
slow rate of growth of China’s labor force
(because of the one child policy and other
factors associated with the demographic
transition), wages are expected to continue
to rise in the coming years. Therefore, it is
almost certain that China’s farmers will begin
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to become more eager to search out tech-
nologies that save on increasingly expensive
labor. This will be equally true if the technol-
ogy also saves on machinery and fuel, since
as wages rise and labor moves out of agri-
culture, machinery and fuel will become an
increasingly important part of China’s pro-
duction practices.

Therefore, despite the relatively low lev-
els of adoption of CT technology now, it is
still of interest to know why it is that some
farmers (villages) adopt CT technology and
others do not. Certainly, the low rates of
adoption must have something to do with
not only the characteristics of the CT tech-
nology but also with the nature of farming
(and the characteristics of farmers) in China.
Since there are differences in rates of adop-
tion across our sample areas, it is possible
that even now (with adoption rates relatively
low) we may determine factors that promote
(constrain) CT technology adoption. In the
following section, based on our survey data,
we will use both descriptive and multivariate
analyses to examine the factors that affect the
adoption of CT technology (both Full and

Partial technologies).

Materials and Methods

Data. The analysis in this paper is based on
a dataset that was collected from farmers and
village leaders in northern China. Village

leaders are the persons in each community
that have been elected to run the govern-
mental body (called the village management
committee). This committee—in most
villages—is in charge of all relevant manage-
ment issues in the villages. The field survey
and associated data work were organized by
the Center for Chinese Agricultural Policy
(CCAP) Chinese Academy of Sciences
(CAS) in 2005 and 2006. The response rate
for the survey was 100%. We conducted the
survey ourselves. All of the enumerators were
PhD students from our institute (and other
agricultural universities in China). We pro-
vided rigorous in the classroom and in the
field training before they went to the field for
the survey. In order to ensure the survey data
quality, we required the survey team leader to
check the survey tables every night. Because
of the care taken during the preparation for
and execution of the enumeration, we were
able to obtain a response rate of 100%, and
we believe the data quality is high. The sur-
vey covered 49 villages and 292 households
from eight counties in four provinces in
northern China (figure 1). The four study
provinces are all located in the Yellow River
Basin. Two provinces—Ningxia and Inner
Mongolia—are from the upper reaches of
the Yellow River Basin. The other two prov-
inces—Henan and Shandong—are from the
lower reaches of the basin.

Within  each province, we selected
two counties that had CT projects that
were funded by the Challenge Program
of the Consultant Group of International
Agricultural Research and jointly run by
project participants and members of the
local extension station. Within each county,
we then randomly (according
to a stratified approach) a set of villages
and households (Des Raj 1998). Stratified
random sampling is just partitioning the
population into smaller groups, treating each
section as a new population, then selecting
a sample from each group independently
of the other groups. One set of villages was
drawn from villages that were being targeted
for the extension of CT projects. The list of
these villages was provided to the authors by
the agricultural department of each county.
The other set of villages was drawn from
the other villages in the county (i.e., those
with no known participation in a formal CT
extension project—though in some cases
there were local extension agents promot-
ing different variants of CT technology).

selected
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Table 2
Descriptive statistics of variables in both village and household models.

Mean Standard deviation Minimum Maximum
Variables used in the village-level analysis
If adopt Full CT technology (1 = yes; O = no) 0.08 0.28 0 1
If adopt Partial CT technology (1 = yes; O = no) 0.38 0.49 0 1
If does not adopt CT technology (1 = yes; O = no) 0.54 0.5 0 1
Subsidy for machinery (1 = yes; O = no) 0.06 0.24 0 1
Forbid burning residue (1 = yes; O = no) 0.48 0.5 0 1
Has CT project (1 = yes; O = no) 0.18 0.39 0 1
Share of nonagricultural labor force 0.28 0.22 0 95
Share of irrigated land area 0.13 0.22 0 1
Per capita cultivated land area (ha) 0.29 0.25 0.02 0.98
Distance to township (km) 2.71 4.4 0 24
Variables used in the household-level analysis
If adopt Full CT technology (1 = yes; O = no) 0.06 0.5 0 1
If adopt Partial CT technology (1 = yes; O = no) 0.43 0.5 0 1
If does not adopt CT technology (1 = yes; O = no) 0.51 0.5 0 1
Forbid burning residue (1 = yes; O = no) 0.25 0.43 0 1
Participating in CT project (1 = yes; O = no) 0.22 0.42 0 1
Share of nonagricultural labor force 0.24 0.28 0 1
Per capita cultivated land areas (ha) 0.41 0.57 0.02 4.44
Share of irrigated plots 0.27 0.31 0 1
Has draft animals (1 = yes; O = no) 0.36 0.48 0 1
Value of house (log) 9.37 1.41 4.61 12.74
Age of household head (years) 48 10 25 75
Education of household head (years) 7 3 0 18
Share of loam plots 0.25 0.42 0 1
Share of clay plots 0.46 0.46 0 1
Note: CT = conservation tillage.

The CT demonstration projects/extension
efforts were almost all funded either by the
central or regional (provincial/prefectural/
county) government or international orga-
nizations (such as the Consultant Group of’
International Agricultural Research) and
were carried out by agronomists from the
local agricultural extension system (as well as
by professors from the local agricultural col-
lege/university system). Although our sample
villages cannot be counted as a national rep-
resentative set of villages, they are randomly
selected in parts of China where many key
informants (including agronomists and other
agricultural scientists) believe that CT tech-
nology has the best chances of being adopted
in the future. Finally, within the sample vil-
lages, a minimum of five households were
randomly selected and surveyed. In the vil-
lages that had CT projects, we sampled from
one strata of those farmers that were part of
the project and from the other strata of farm-
ers that were not part of the project.

Within each sample village, two surveys
were carried out. The first was a village-level
survey with key village leader informants.
The village survey obtained general infor-
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mation about the village (e.g., demographics,
per capita income, infrastructure, land use,
the main cropping rotations, crop produc-
tivity, and major village income sources).
The enumerators also asked about specific
information related to the adoption (or lack
thereof) of CT technology. Questions were
asked about machinery utilization and avail-
ability, the importance of livestock, residue
use, soil information, and government sub-
sidies. Detailed information was recorded
about the nature of the CT technology
extension program (if one was present).
The second part of the survey was targeted
at sample households in the sample villages.
The household survey enumerators obtained
detailed information on each household’s
demographic structure, employment history,
and asset base, as well as other information
on the income stream from family members.
Descriptive statistics of the main village-level
and household-level variables are shown in
table 2.

Indicators Measuring the Level of
Conservation Tillage Adoption. To under-
stand the adoption of CT technology in
China, we use two sets of measures derived

from our survey data. First, we use a village-
level measure. According to this measure, a
village is considered to have adopted a CT
technology (either Full or Partial CT tech-
nology) if at least one plot of one farm
household in the village uses the CT tech-
nology. While this does not mean that all, or
even most, farmers in a village are using a
given technology, information on how many
villages have at least one farmer using a tech-
nology provides an understanding of how
spatially pervasive a practice has become.The
second measure, the percentage of sown area
on which a new technology is being used, is
a measure of the actual extent of adoption at
the farm level.

In order to have a better understanding
of the determinants of the adoption of CT
technology, we conducted multivatiate anal-
yses to separate the influence of each factor.
Not only village level was examined; we also
conducted household level analyses. There
are a number of reasons to conduct the anal-
ysis at both the village and household levels.
First, if we run the analysis at both levels and
the results are similar, it will build confidence
in the results (due to the fact that the results
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Figure 2

Share of villages adopting conservation tillage (CT) technology from 1980 to 2005.
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are robust). Second, since the adoption of CT
technology is still a relative rare event, this is a
way to gauge its spread across space without
resorting to a much larger sample of house-
holds. Such a strategy is often used in data
collection efforts (e.g., polling hospitals for
incidences of rare disease and polling schools
for incidences of rare student types). It is for
this reason that we do the analysis at both the
village and household levels.

At the village level, we constructed
the following multinomial logit model to
explain the determinants of the adoption
of CT technology measured (Greene 1997,
CIMMYT 1993; Clay 2002; Bekele 2003):

Yie :f(Sik’ Pw Izw Dik)' M

In the model, y, represents the adoption
of CT technology in village k in year i. If
the village adopts Full CT technology, y, =
1;if it adopts Partial CT technology, y, = 2.
Otherwise, for nonadopting villages, y, = 3.
The rest of the variables are those variables
that explain the adoption of CT technology.
The vector of S, represents a set of socioeco-
nomic variables, measured by the share of the
family’s labor that is working off the farm,
per capita cultivated land area, the share of
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cultivated land that is irrigated, and the dis-
tance of the household to township.

We also included two policy variables
(P,). The first variable measures whether
or not there is subsidy policy in the village
that encourages the purchase of machinery
(which is equal to one when farmers in the
village can get a subsidy and is zero other-
wise). The other policy variable measures if
there is a regulation in the locality that bans
the burning of crop residue (which is mea-
sured as one if village leaders know there is
such a policy and is zero otherwise).

In addition, we included a variable to mea-
sure the extent of the government’s effort
to promote CT technology. Specifically,
the variable (I)) measures the influence of
whether or not there was a CT technology
extension project in the village. This variable
is measured as a dummy variable. If there was
an extension project in the village at some
time in the past (or currently), the variable is
set equal to one; otherwise, it is zero. Finally,
we also included county dummies (D,) to
control the unobserved county effects.

In order to understand why some house-
holds adopt CT technology and others do
not, we also constructed the following multi-
nomial logit model at the household level:

L

ik?

1=,

ik’

D,). @

In this model, T, represents the adop-
tion of CT technology by household j. In
our analysis, this is set equal to one if the
household adopts Full CT technology; if
the household adopts Partial CT technology,
7;, = 2. Otherwise, for nonadopting house-
holds, T/ = 3. The rest of the variables are
those variables that explain the adoption of
CT technology at the household level (and
in many cases are similar to those used in
equation 1). The vector, H, represents the
socioeconomic characteristics of the house-
hold that affect adoption. Most importantly,
we included two household variables that
measure the family’s labor (share of family
members in the oft-farm sector) and land
endowments (per capita cultivated land
holdings). We also included other variables as
controls (e.g., the age and education of the
household head). A wealth variable (which is
measured as the value of the family’s housing
assets) is included as a control for whether
or not the household was facing a liquidity
constraint. In addition, we also control the
possible influence of soil type on the adop-
tion of CT, measured by the share of plots
that are made up of loam soil and share of
plots that are made up of clay soil.

In addition to household-specific variables,
we included a number of policy and exten-
sion variables. These variables are measured
at the houschold level, and the implications
are similar to that in the village-level mod-
els. For the policy variable (P,), we only
included one variable that measures whether
not the household knows that there is a resi-
due burning ban.

Results and Discussion

Adoption  of  Conservation Tillage
Technology. According to our survey, when
using the village-level measure of adop-
tion, CT technology has expanded in recent
years, especially since the late 1990s and
early 2000s. In the 1980s, the adoption rates
of reduced tillage and residue retention (by
themselves) were both low (figure 2). On
average, only 2% of villages had any farm-
ers that practiced reduced tillage, and only
4% of villages adopted some form of resi-
due retention technology. The adoption of
residue retention, while initially growing
slowly in the early 1990s, accelerated after
the mid-1990s. Although the adoption rates
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of reduced tillage started more slowly, farm-
ers began to adopt it in the late 1990s, and
its adoption rate has been growing rapidly
thereafter. By the last year of our data col-
lection, there was at least one farmer using
residue retention in 41% of our sample vil-
lages, and there were more than 28% of the
sample villages in which at least one farmer
was practicing reduced tillage.

The adoption path of Full CT technol-
ogy follows a similar trend as that of residue
retention but with somewhat lower adop-
tion rates (figure 2). In fact, from the early
1980s to the late 1990s, there was not even
one farmer in any of the villages that had
adopted the Full CT technology package.
In the late 1990s, the percent of villages rose
slightly (to 2% of the villages). After 2001,
however, the adoption of the Full CT tech-
nology rose gradually. From 2000 to 2005,
the share of villages adopting Full CT tech-
nology increased to 18%.

When using household-level measures of
the adoption of CT technology and the share
of sown areas adopting CT, the most striking
findings of our adoption analysis are revealed.
Results show that while Full CT technology
adoption level was low (3%), the Partial CT
technology adoption reached 33% in 2005
(table 1). It should be noted that this level of
adoption needs to be kept in context. That is,
this level of technology adoption occurred
in areas where the government is actively
promoting the technology. We believe if one
were to do a wider, fully random sample of
villages, the levels of adoption of Full CT
technology would almost certainly be lower.

Differences Across Provinces. Although
adoption levels using village-level measures
are fairly low across our whole sample (at
least until the most recent years of our study
period), we do observe differences among
provinces in the adoption pathways of CT
technology (table 3). For example, in 92%
of the sample villages in Henan Province,
at least one farmer used residue retention
technology in 2005 (that is, one type of
partial CT technology) (table 4). In con-
trast, farmers in only 17% of villages in our
Ningxia Province sample villages used this
technology. Adoption of residue retention
in Shandong and Inner Mongolia provinces
were in between.

There are also variations among provinces
in the adoption levels of reduced tillage in
2005 (table 4). In 62% of the sample villages
in Inner Mongolia, at least one household
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Table 3

Adoption rates of the Full and Partial conservation tillage (CT) technology by sown area in China

in 2005.

Share of sown areas adopting CT technology (%)

Inner
Ningxia Moﬁgolia Henan Shandong Average
Partial CT technology
Reduced till 1 6 7 0 6
Residue retention <1 10 44 35 27
Full CT technology
Reduced till and residue retention <1 4 0 1 3

Table 4

Adoption rates of the full and partial conservation tillage (CT) technology by village in China

in 2005.

Share of villages adopting CT technology (%)

Inner
Ningxia Moﬁgolia Henan Shandong Average
Partial CT technology
Reduced till 8 62 42 0 28
Residue retention 17 23 92 33 41
Full CT technology
Reduced till and residue retention 0 39 16 17 18

adopted reduced tillage technology. During
the same period, reduced tillage could only be
found in 8% of villages in Ningxia Province.
This technology could not be found in any
of the Shandong villages.

In the case of the adoption of Full CT
technology using the village-level measures,
there also are differences across our sample
provinces (table 4). In 39% of the sample vil-
lages in Inner Mongolia, at least one farmer
adopted the Full CT technology. The levels
were lower in Henan (16%) and Shandong
(17%). Strikingly, there were no villages in
our sample villages in Ningxia Province
that adopted Full CT technology—despite
the efforts of the government to promote
the technology.

Factors Influencing the Adoption of
Conservation Tillage Technology. In the
following section, we will first look at cross
tabulations between measures of CT tech-
nology adoption and a set of socioeconomic
factors that define the nature of China’s vil-
lages and the farmers in the villages. We also
will examine if policy and extension/research
projects that have attempted to provide
information to producers about the benefits
of CT technology are correlated with rates
of adoption.

Descriptive Statistics Results. Some of
the most distinguishing characteristics of

those producers that adopt CT technology
and those that do not are seen by comparing
access to household labor and land resources.
Results show that for those villages adopting
the Full or Partial CT technology, the share
of the labor force that is working off the farm
(30% to 50%) is higher than in those villages
without Full or Partial CT technology (24%)
(table 5). Therefore, according to our data, if
farmers have better off-farm opportunities,
they appear to be more interested in adopt-
ing CT technology. This, of course, accords
with the discussion in the preceding sec-
tion explaining the differences in adoption
among countries (e.g., between China and
the United States, Canada, and Brazil). Even
within China, if the villages that have more
of their labor force in the off-farm sector
have a higher opportunity cost for labor, our
descriptive data suggest that these villages
may be more interested in the labor-saving
benefits of CT technology (either Full or
Partial CT technology).

Likewise, our survey data also indicate that
farmers in those villages that have more land
area are more likley to adopt Full CT tech-
nology (table 5).This, too, is consistent with
the discussion of cross country compari-
sons of adoption. When land is more scarce,
such as about 0.25 ha per capita (0.62 ac per
capita), our data suggest that farmers are rela-
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Table
Village-lsevel and household-level factors influencing the adoption of conservation tillage (CT) technology in China in 2005.
Full CT Partial CT No adoption t-testt t-testt
Village-level analysis
Socioeconomic factors
Share of off-farm labor (%) 50 30 24 2.69%* 1.21
Per capita cultivated land area (ha) 0.38 0.22 0.25 6.45%** B.AT7***
Share of irrigated land area (%) 22 16 9 1.86 3.33% %%
Government policies
Villages that have subsidies for machinery (%) 13 11 2 1 1.36
Villages aware of policy that bans burning residue (%) 88 54 38 2.05* 1.3
CT-relevant extension projects
Villages that have CT project (%) 63 27 6 1.43 2.74%%*
Household-level analysis
Socioeconomic factors
Share of off-farm labor (%) 30 31 17 1.99% 5.04***
Per capita cultivated land areas (ha) 1.19 0.35 0.37 0.41 1.4
Share of irrigated plots (%) 23 33 23 0.85 2.65%**
Households that have draft animals (%) 24 14 57 1.29 9.03***
House value of household (US dollars) 1,933 5,373 2,532 0.1 4.53%**
Government policies
Households that know about policy that bans burning residue (%) 53 28 19 1.73 1.41
CT-relevant extension projects
Households participating in CT project (%) 76 34 6 2.75%* 5.78%**
Notes: Full CT implies that villages/farmers adopted both reduced till and residue retention together. Partial CT implies that villages/farmers only
adopted one of the components of Full CT technology—either reduced tillage or residue retention.
T t-test was to test the mean difference between Full CT and no adoption.
I t-test was to test the mean difference between Partial CT and no adoption.
* significant at 10% ** significant at 5% *** significant at 1%

tively more interested in adopting Full CT
technology, even though there may be a yield
penalty (or at least there is no yield gain) in
the short run. While yields may go down,
reducing crop revenue, cost savings may be
greater, improving profits overall. It will be
situation dependent. Compared to the case of
Full CT technology, the adoption of partial
CT appears to be less affected by the relative
quantity of the land resource (table 5).
Beyond factor endowments, access to pol-
icy support may also influence the adoption
of CT technology (CIMMYT 1993; FAO
2001b). Before investing in any soil or water
conservation practice (or any new technolo-
gies), farmers will have to be convinced that
the benefits will be greater than the costs
(assuming risk neutrality); farmers often have
to overcome some type of constraint (Ervin
and Ervin 1982; Reardon and Vosti 1995;
Clay et al. 2002). Because these uncertainties
and constraints may mean that farmers do
not see immediate gain from the technology,
government support policies (for financial
aid and infrastructure construction) are often
associated with successful adoption of CT
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technology (Reardon and Vosti 1997; Malla
1999; Sanders and Cahill 1999; Bekele 2003).
Specifically, when the government provides
subsidies or loans to encourage adoption, we
would expect to see more adoption.

The data from our study sites, in fact, do
show that policy support possibly influences
the adoption of CT. When examining the
data about the village-level measures of adop-
tion, we see that if the government provides
subsidies for machinery that can be used
for developing CT technology, the prob-
ability of a farmer in a village adopting CT
technology (13% or 11% for those villages
adopting either full or partial CT technol-
ogy) is higher than in nonadopting villages
(2%) (table 5).The result also implies that if’
the cost of replacing an existing machine is
relatively low, it may be easier to extend CT
technology in the field.

Policies can also create barriers. For exam-
ple, because of concerns about air pollution,
many localities in China (and elsewhere in
the world) are taking steps to prohibit the
burning of agricultural residue. If farmers
cannot burn the residue, they have to incur

costs to haul the residue away and dispose of
it. In this case, the benefits of technologies
that do not require the removal of residues
would be higher. In fact, our data show that
in villages in which the government does not
allow farmers to burn the crop residue in the
field, the adoption of CT technology occurs
at a higher rate (table 5).

Finally, having access to information about
the attributes of the technology and the ways
that the new technology should be used in
the field should also improve the likelihood
of adoption. Therefore, we should expect
areas with access to extension agents (who are
promoting CT technology in their villages/
townships) to adopt the technology at higher
rates. According to our data, for the villages
in which farmers were using CT technol-
ogy, there was a relatively good opportunity
for farmers to access information about the
cost and benefits of CT technology through
a CT technology extension project (in 63%
of the villages adopting Full CT technology
and 27% of the villages adopting Partial CT
technology) (table 5). In contrast, for those
villages that did not adopt any kinds of CT
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Table 6
Regression analysis of the determinants of the adoption of conservation tillage (CT) at the village level (multinomial logit).
Adoption of CT technology
Specification 1 Specification 2 Specification 3
Full CT Partial CT Full CT Partial CT Full CT Partial CT
Policy intervention
Subsidy for machinery 0.0373¢t 0.2452
(1 =yes; 0 =no) (0.99) (1.31)
Ban against burning residue 0.2296 0.0007
(1 =yes; 0 =no) (1.79)* (1.75)*
Extension project implementation
Has CT project 0.0891 0.2372
(1 =yes; 0 =no) (2.49)** (2.38)**
Village characteristics
Share of off-farm labor 0.0027 0.0026 0.0039 0.0014 0.0021 0.0034
(2.93)*** (1.80)** (2.37)** (1.66)* (2.86)** (2.09)**
Per capita cultivated land area (ha) -0.0075 -0.0481 -0.0131 -0.0490 0.0038 -0.0314
(0.73) (1.44) (0.54) (1.60) (0.00) (0.80)
Share of irrigated land area 0.0016 0.0022 0.0011 0.0022 0.0009 0.0022
(1.89)** (1.41) (1.52) (1.31) (1.65)* (1.26)
Distance to township (km) 0.0049 -0.0126 0.0022 -0.0126 0.0060 -0.0090
(0.63) (0.71) (0.13) (0.83) (1.26) (0.4)
Not Not Not Not Not Not
County dummy reporting reporting reporting reporting reporting reporting
the results the results the results the results the results the results
Constant -1.7852 0.8724 -5.7104 1.0528 -6.3037 -0.8109
(0.57) (0.54) (0.54) (0.67) (1.40) (0.44)
Observations 98 98 98
Pseudo R? 0.28 0.33 0.32
Probability > Chi? 0.0018 0.0001 0.0002
Notes: In specification 1, only the variable “subsidy for machinery” was included in the regression. In specification 2, only the variable “forbid burning
residue” was included. In specification 3, only the variable “having CT project” was included. Full CT implies that villages/farmers adopt both reduced
till and residue retention together. Partial CT implies that villages/farmers that only adopt one of the components of Full CT technology—either
reduced tillage or residue retention. The absolute value of Z statistics is in parentheses. Coefficients here are marginal effect: share of off-farm
labor increases by 0.01, per capita cultivated land increased by 0.1, and share of irrigated land area increases by 0.01.
1 Indicates that in these villages have a conservation tillage project implemented by other programs or organizations.
* significant at 10% ** significant at 5% *** significant at 1%

technology, only 6% of them had had any
opportunity to participate in a CT technol-
ogy extension project.

Conservation tillage technology exten-
sion projects took on a number of forms. In
some cases, an extension meeting was held.
During the meetings, agronomists from the
project provided lectures on the theory and
practice of CT technology. There were also
segments of the training sessions that pre-
sented some of the key technical issues on
how farmers may be able to successfully
adopt CT technology in their fields. In other
cases (perhaps in the case of the CT project
that most important form of extension activ-
ity), project agronomists established a series
of demonstration pilot sites. These were put
in both the experiment station and in the
villages. The purpose was to show farmers
the potential benefits (as well as spell out the
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costs) of CT technology adoption. Finally,
the project also was engaged in capacity
building. Specialists from Beijing and other
universities trained local extension personnel
on the benefits and costs (and other training
issues) of CT technology.

Similar results were found when looking
at the household-level measures of technol-
ogy adoption. For example, if the household
has more family members working oft the
farm, the probability that the household
will adopt some type of CT technology is
higher (30% or 31% for those households
adopting the full or partial CT technology
versus 17% for nonadopted households)
(table 5). Those households with more land
also seem relatively more willing to adopt
Full CT technology (table 5). Similar to the
village-level data, however, it does not appear
that the adoption of Partial CT technology

is constrained by the land resource endow-
ment (table 5). In our household descriptive
statistics, in the same way as is seen in the
village-level descriptive statistics, there is evi-
dence that the scarcity of factor endowments
plays an important role in encouraging
technology adoption—and this effect is
particularly pronounced in the case of Full
CT technology. Interestingly, Lin (1992) in a
paper on hybrid rice adoption, found similar
results in his sample of Hunan farmers.

Our household-level data also suggest
that policy and extension can play a role in
encouraging adoption. First, from our house-
hold-level data, we see that those households
with less wealth adopt less of the Partial CT
technology (table 5). There could be a wealth
constraint since CT technology involves
some potential yield loss and the investment
into new machinery. Therefore, it is not sur-
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Table 7
Regression analysis of the determinants of the adoption of conservation tillage (CT) technology at household level (multinomial logit).
Adoption of CT technology
Specification 1 Specification 3
Full CT Partial CT Full CT Partial CT
Policy intervention
Ban against burning residue 0.0603 0.0289
(1 =yes; 0 =no) (2.15)** (1.44)
Extension project implementation
Participated in CT projectt 0.0579 0.2615
(1 =yes; 0 =no) (1.80)* (3.11)***
Household characteristics
Share of off-farm labor 0.0007 0.0012 0.0006 0.0012
(2.45)** (2.18)** (2.23)** (2.23)**
Per capita cultivated land area (ha) 0.0030 0.0003 0.0033 0.0017
(1.67)* (0.57) (1.92)* (0.90)
Share of irrigated plots -0.0008 0.0015 -0.0007 0.0011
(0.89) (1.30) (0.88) (0.85)
Owns draft animals -0.0163 -0.1109 0.0059 -0.0977
(1 =yes; 0 =no) (1.10) (2.16)** (0.48) (1.77)*
Value of house (yuan) (log) -0.0014 0.0396 -0.0045 0.0424
(0.71) (2.01)** (0.49) (2.06)**
Age of household head (years) 0.0108 -0.0449 0.0048 -0.0424
(0.11) (2.43)** (0.38) (2.67)**
Age of household head, squared -0.0001 0.0005 -0.0001 0.0005
(0.12) (2.43)** (0.34) (2.67)**
Education of household head (years) -0.0036 -0.0085 -0.0046 -0.0004
(1.21) (1.43) (1.51) (1.58)
Share of loam plots 0.0007 -0.0011 0.0747 -0.0993
(0.85) (0.64) (0.64) (0.56)
Share of clay plots -0.0525 -0.0617 -0.0487 -0.0596
(2.31)** (1.31) (2.11)** (1.27)
Not Not Not Not
County dummy reporting reporting reporting reporting
the results the results the results the results
Constant -2.2567 6.1892 2.4283 5.5909
(0.20) (1.84)* (0.25) (1.67)
Observations 288 288
Pseudo R? 0.46 0.47
Probability > Chi? 0.0000 0.0000
Notes: In specification 1, only the variable “subsidy for machinery” was included in the regression. In specification 3, only the variable “having CT
project” was included. Full CT implies that villages/farmers adopt both reduced till and residue retention together. Partial CT implies that villages/
farmers that only adopt one of the components of Full CT technology—either reduced tillage or residue retention. The absolute value of Z statistics is
in parentheses. Coefficients here are marginal effect: share of off-farm labor increases by 0.01, per capita cultivated land increased by 0.1, and share
of irrigated land area increased by 0.01.
T Indicates that in these villages have conservation tillage project implemented by other programs or organizations.
* significant at 10% ** significant at 5% *** significant at 1%

prising that the results of our village-level
descriptive statistic found that government
subsidy policies helped encouage CT tech-
nology adoption. Compared with Partial CT
technology, however, the adoption of Full CT
technology appears to be less constrained by
wealth (table 5).

In addition, even though rates of adoption
are relatively low, there are still differences
between farmers in regions where they are

MARCH/APRIL 2010—VOL. 65, NO. 2

affected by different government regula-
tions and when they have differential access
to government extension programs. For
example, in the case of those households
that adopted CT technology, 53% of Full
CT technology adopters and 28% of Partial
CT adopters stated that they lived in villages
in which the government does not allow
them to burn the residue of their crops; only
19% of nonadopters lived in such localities

(table 5). The importance of extension efforts
is also seen by noting that 76% of households
that had adopted some type of CT technol-
ogy (34% in the case of Partial technology)
had at some point in the past participated
in an extension training program on CT
technology; it was only 6% in the case of
nonadopting households.

Multivariate Analysis Results. During
the estimation using a commercial package
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Table 8
Regression analysis of the determinants of adoption of conservation agriculture technology at
village level (multinomial logit).
Adoption of CT technology
Full CT Partial CT
Policy intervention
Interaction term of ban against 0.121071 0.0866
burning residue policy and has (2.27)** (1.22)
CT project
Village characteristics
Share of off-farm labor 0.0026 0.0032
(2.85)*** (2.04)**
Per capita cultivated land area (ha) -0.0070 -0.0503
(0.64) (1.52)
Share of irrigated land area 0.0010 0.0022
(1.56) (1.27)
Distance to township (km) 0.0055 -0.0099
(0.92) (0.50)
County dummy Not reporting Not reporting
the results the results
Constant -2.9724 0.7286
(0.69) (0.46)
Observations 98
Pseudo R? 0.2978
Probability > Chi? 0.0006
Notes: Full CT implies that villages/farmers adopt both reduced till and residue retention to-
gether. Partial CT implies that villages/farmers that only adopt one of the components of Full CT
technology—either reduced tillage or residue retention.
1 The absolute value of Z statistics is in parentheses. Coefficients here are marginal effect:
share of off-farm labor increases by 0.01, per capita cultivated land increased by 0.1, and share
of irrigated land area increased by 0.01.
* significant at 10% ** significant at 5% *** significant at 1%

Stata, we tried several different specifica-
tions for both the village-level (equation 1)
and houschold-level models (equation 2).
It is possible that there is multicollinearity
between several of our key policy variables.
For example, it could be that in places in
which the government banned the burning
of crop residue, they also gave subsidies to
farmers for purchasing the machinery. When
farm machinery is subsidized, the price that
the famers paid for the machinery would
be lower than the price if it were purchased
on the market. The same is true in areas that
have promoted CT technology (they might
also be the areas that provide machinery
subsidies or ban residue burning). In other
words, it i1s possible that policies come in
packages, which would make identifying
individual effects difficult. In our analysis, we
deal with this by including the policy vari-
ables separately.

Based on the above discussion, we use
three alternative model specifications for the
village-level analysis (table 6). In specification
1, we only included the variable “subsidy for
machinery” in the regression. In specifica-
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tion 2, we only included the variable “forbid
burning residue.” In specification 3, we only
included the variable “having CT project.”
For the household level analysis, we use
two alternative specifications (table 7). The
two specifications for the household level
analysis are similar to specification 1 and 3
in the village-level analysis. For both the vil-
lage-level and household-level analyses, we
also included an interaction term between
the “residue burning ban” policy and exten-
sion activity. The results do not change much
when comparing them with the model spec-
ifications in tables 4 and 5 (tables 8 and 9).

In using the multinomial logit approach to
estimate the different specifications of equa-
tion 1, it appears that the models perform
relatively well. The goodness of fit measures,
the Pseudo R? statistics, range from 0.28 to
0.33 for the village-level models (table 6).
These levels of measures mean that the fit
is relatively good for this type of an analysis.
The household-level model also performed
well. The Pseudo R? statistics (from 0.46 to
0.47) also suggest that the model fits well
(table 7).

Many of the coefficients of the control
variables in the equations are statistically sig-
nificant. For example, when examining the
household-level model, those farmers that
cultivate land which is dominated by clay
soils rarely adopt Full CT technology (table
7). When the share of plots that are made up
of clay soil increases by 1%, the likelihood of
adopting the full CT is reduced about 5%.
Hence, it appears that farmers are rationale
in their decision to adopt CT technologies.
When soils are made of clay, there is less
of an imperative to adopt soil-conserving
technologies. In fact, extension agents do
not encourage those farmers that are cul-
tivating crops on clay soils to use Full CT
technology since the penetration of water
and germination is poorer in such soils if
Full CT technology is used. Having draft
animals will constrain the adoption of Partial
CT technology. The adoption of Partial CT
technology also is correlated with the age of
the household head.

More importantly, we find in the mul-
tivariate analysis that the adoption of CT
technology is affected by the factor endow-
ments that characterize villages and farm
households. Specifically, the coefficient of the
variable measuring the opportunity cost of
the farm household (the share of labor force
of the village/family that is in the oft-farm
sector) is positive and statistically significant
in both the village- and household-level
models for both the adoption of Full and
Partial CT technology (tables 6 and 7). If the
share of the labor force that works off the
farm increases by the 1%, according to the
results, the propensity of farmers to adopt
Full CT technology will increase by 0.1%
to 0.4%. This finding also is consistent with
the fact that CT technology is labor saving.
When families have more members in the
off-farm labor market, they are looking for
ways to save labor and thus adopt CT tech-
nology more often. However, it is interesting
that the magnitude of the coefficient is rela-
tively small. In the household-level model, the
coefficient on the land variable is positive and
significant in the Full CT adoption model. In
other words, the results suggest that farmers
with less labor and/or more land adopt Full
and Partial CT technology more frequently
(table 7). Hence, factor endowments appear
to be one of important determinants of CT
technology adoption.

We also see evidence in our multivariate
analysis that switching technologies may be
expensive. From our household-based analy-
sis, the coefficient on the wealth variable
(which is positive and significant) suggests that
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rich farmers are more likely to adopt Partial
CT technology than poor ones (table 7). In
addition, the coefficients on the variables
that measure the presence of a local policy to
subsidize machinery (which could help alle-
viate the wealth constraint) is positive in the
village level model (table 6). Together, these
results suggest that—after keeping constant
the other variables—a policy that seeks to
assist farmers in financing their initial adop-
tion indeed appears to promote the adoption
of CT technology.

Our results—also as seen in the descrip-
tive statistics—demonstrate the importance
of other policy efforts, including government
initiatives to run extension projects. The suc-
cess of these policies appears to be mainly
due to the strong administrative management
system of central and local governments. For
example, in order to implement the policy
that bans the burning of residue in the field
(and also in order to teach farmers that they
are not allowed to burn the residue), the local
government (at the direction of upper-level
governments) organized several different
types of activities. First, they held extension
meetings. In addition, they assigned local
officials to monitor the burning activities
in the field. According to the joint regula-
tion between Ministry of Environmental
Protection and Ministry of Agriculture, if
local officials discover that farmers are burn-
ing residue, farmers will be fined (Ministry
of Environmental Protection and Ministry of
Agriculture 2008). In the CT demonstration
project sites, the central and local government
agencies have established monitoring stations
as well as a network of extension agents.

When policies that ban the burning of
residues are actively promoted (and perhaps
effectively enforced), the village- and house-
hold-level regressions show that the adoption
rates of CT technology (either Full or Partial
technology) rise (table 6). For example, when
implementing the policy of banning residue
burning, the likelihood for households to
adopt the Full CT technology will increase
by 6%. Moreover, when villages host exten-
sion projects featuring CT technology (also
either Full or Partial CT technology), the
positive and significant coefficients on the
variables measuring these extension efforts
also are positive and statistically significant
(table 6). So, likewise, when there is a local
program to extend the adoption of the Full
CT technology, the propensity of farmers to
adopt the technology increases by 9%. Taken
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Table 9
Regression analysis of the determinants of adoption of conservation agriculture technology at
household level (multinomial logit).
If adopt CT technology
Full CT Partial CT
Policy intervention
Interaction term of ban against burning 0.1170 0.1841
residue and participating in CT project (3.34)*** (2.52)**
Household characteristics
Share of off-farm labor 0.0007 0.0012
(2.53)** (2.21)**
Per capita cultivated land area (ha) 0.0029 0.0017
(1.70)* (0.81)
Share of irrigated plots -0.0010 0.0016
(1.18) (1.28)
Has draft animals (1 = yes; O = no) -0.0159 -0.1202
(1.24) (2.33)**
Value of house (yuan) (log) -0.0039 0.0376
(1.23) (2.13)**
Age of household head (years) 0.0205 -0.0513
(0.64) (2.40)**
Age of household head, (squared) -0.0002 0.0005
(0.61) (2.45)**
Education of household head (years) -0.0023 -0.0086
(0.97) (1.34)
Share of loam plots 0.0007 -0.0012
(0.68) (0.79)
Share of clay plots -0.0554 -0.0806
(2.71)*** (1.58)
County dummy Not reporting Not reporting
the results the results
Constant -11.0943 5.4507
(0.86) (1.59)
Observations 288
Pseudo R? 0.4791
Prob > Chi? 0.0000
Notes: Full CT implies that villages/farmers adopt both reduced till and residue retention to-
gether. Partial CT implies that villages/farmers that only adopt one of the components of Full CT
technology—either reduced tillage or residue retention. The absolute value of Z statistics is in
parentheses. Coefficients here are marginal effect: share of off-farm labor increases by 0.01, per
capita cultivated land increased by 0.1, and share of irrigated land area increased by 0.01.
* significant at 10% ** significant at 5% *** significant at 1%

together, it can be seen that two of the most
important policies can increase the adoption
by 15%, not a small amount. Therefore, the
government clearly appears to have a role in
the future extension of CT technology.

Summary and Conclusions

Despite the widespread adoption of CT
technology in other countries (such as in the
United States, Canada, and Brazil), adoption
of CT technology in China is relatively low.
Our paper shows that this is particularly true
for adoption of Full CT technology. Few
farmers in China have chosen to adopt a
package of technology that includes both no
tillage or reduced tillage and residue retention

together. In other words, in the mid-2000s,
the adoption rates of the Full CT technology
package was only around 1%. Although our
data show that the adoption of Partial CT
technology (either no tillage or reduced till-
age or residue retention) in China is higher
and is rising steadily, overall, it has not spread
enough to become a true technological force
(and it is not clear if the adoption of Partial
CT technology is truly the first step to the
adoption of Full CT technology). It is in this
sense that we can say in China that the state
of CT technology adoption is lagging.
However, that does not mean the Blue
Revolution will not occur in China in the
future. In fact, we believe that the answer
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to the question regarding when the Blue
Revolution will begin to gain strength
begins with the question: Why is it that—so
far—farmers in China have not enthusiasti-
cally adopted CT technology as they have in
certain other regions of the world? According
to our analysis, one of the most apparent rea-
sons is that—at least in the past—the nature
of China’s agricultural production practices
did not really provide a close fit for the ben-
efits of CT technology. Traditionally, labor
costs per unit of input for farmers in China
have been low, and the share of all produc-
tion costs accounted for by machinery/fuel
costs are also low. Therefore, while farmers
in China certainly would be happy to save
labor and machinery costs, they have little
incentive to embrace CT technology. This is
particularly true since at least in the first years
of adoption, it is not clear if CT technology
can result in higher yields, a trait that is most
prized by farmers where land is scarce, such
as China.

What is the future of China’s Blue
Revolution? If it is true—in the way that our
descriptive and multivariate results show—
that the policy environment is right, more
farmers will likely adopt CT technology. For
example, if subsidies were expanded, if regu-
lations that banned residue burning were set,
or if there was a greater effort in pro-CT
technology extension initiatives, the adoption
of CT technology by China’s farmers would
be expected to rise. However, most likely it
is going to be shifts in the value of factor
endowments that will ultimately give the
biggest boost to the revolution. When wage
rates rise—as they have been doing in recent
years—and as the demand for machinery
and fuel increases (as capital replaces labor
in China’s fields), we believe the demand
for labor-saving and machinery/fuel-saving
technologies will rise.
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