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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
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