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Environmental safety evaluation and risk management of GM crops in China

WU Kong-ming

State Key Laboratory for Biology of Plant Diseases and Insect Pests ,Institute of Plant Protection ,

Chinese Academy of Agricultural Sciences ,Beijing 100193,China

Genetic engineering is one of the most powerful 21st-century technologies,and its use is driving the
new “green revolution” in agriculture. In global terms, the use of genetically modified (GM) crops has
increased rapidly and steadily since the first commercialization in the United States in 1996. Although
there are great potential benefits from the use of GM crops,the potential risks to the environment have
been the subject of concern and debate. GM crop safety has become one of the major issues faced by gov-
ernments in many countries.

With over 20 years of nationwide oversight of agricultural biotechnology, China has developed a
comprehensive regulatory framework for regulating environmental safety of GMOs and related products.
Taking insect-resistant Bt crops as an example, the regulatory framework typically includes considera-
tions of environmental and agronomic benefits, potential for evolution of resistance to insecticidal genes
in target pests,effects on non-target organisms and other potential environmental impacts.

To facilitate regulatory decision-making and guarantee the safety of GM events before commercial-
ization, biosafety regulation from laboratory research to approval for use of a novel GM plant event is di-
vided into five stages,namely:1) laboratory research,2) pilot testing,during which small-scale biosafety
tests are conducted within a contained system or under controlled condition, 3) environmental release
field testing,during which medium-scale biosafety tests are conducted under natural conditions with ap-
propriate safety control measures,4) pre-production testing,during which large-scale biosafety tests are
conducted prior to application for a GMO biosafety certificate,and 5) application for biosafety certifi-
cates.

During the stage of laboratory research on GMOs, appropriate measures have to be adopted for
guaranteeing safety under the supervision of an agricultural GMO safety leading group affiliated to the
institute or university. When the laboratory research has been completed and a GM plant event is ready
to enter the risk assessment period,the developers have to apply for a permit from the Ministry of Agri-
culture (MOA) for moving to the next stage. When applying for a permit to move risk assessments from

one developmental stage to the next,the applicants have to submit required data to the MOA. When all
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the required safety tests after pre-production testing are finished, the developers can apply for a biosafety
certificate to the GM event from the MOA. However,only insect-resistant Bt cotton and virus-resistant
papaya have been widely grown in China to date.

Since 1997 when transgenic Bt cotton was approved for commercial production in China, the area
planted with Bt cotton has dramatically increased. In 2012, the total area planted with Bt cotton reached
3. 59 million hectares,representing 80% of the total cotton area. The growing of Bt cotton in China for
17 years has brought great benefits to farmers and the environment. Many insect pests,especially cotton
bollworms,can cause serious economic damage to cotton. Before the introduction of Bt cotton, Chinese
cotton farmers applied large quantities of chemical insecticides for cotton bollworm control, causing seri-
ous ecological problems of insecticide resistance, pest resurgence, and environmental pollution. LLong-
term field surveys showed that with the increasing adoption of Bt cotton,cotton bollworm populations
have not only been effectively suppressed in cotton, but also greatly reduced in other non-Bt host crops
such as maize,soybean and peanut in the same planting area. The Bt proteins expressed by GM cotton
are very specific to the target pest,and has no direct toxicity to non-target organisms,such as the natural
enemies of insect pests. Thus,due to the dramatic decrease of insecticide applications on cotton,the pop-
ulation abundances of generalist predators such as ladybirds,lacewings and spiders in cotton fields have
gradually increased, providing better natural control for non-target pests such as aphids. In addition, gen-
eralist predators usually have great dispersal ability,and increased predator abundance in Bt cotton ulti-
mately promoted biological control services in the whole agroecosystem. However,with the reduction of
insecticide application on Bt crops, populations of secondary pests that are not sensitive to Bt proteins
may increase. For example, following the start of production of Bt cotton in China, mirid bugs that had
been regarded as secondary pests on cotton during last century have progressively increased their popula-
tion levels and acquired pest status in cotton. This outcome demonstrates that it is not possible to solve
all insect pest control problems by using insect-resistant GM crops,but such crops can be involved in an
integrated pest management strategy for insect pest management. From an economic perspective,it is es-
timated that on average at the farm level, Bt cotton increases yield by 10% ,reduces insecticide use by
60% ,with positive implications for both the environment and the farmer’s health.

Papaya is an important fruit crop that is widely consumed as fresh fruit in China. However,it is se-
verely affected by the disease caused by papaya ringspot virus (PRSV). To control this disease and pro-
tect papaya industry, PRSV-resistant GM papaya was produced in 1990s in the USA, and it was first
commercialized in Hawaii in 1998. In China,a PRSV-resistant GM papaya that was developed by South
China Agricultural University was first approved for commercial planting in Guangdong Province in
2006. The percentage adoption of GM papaya in Guangdong increased from 70% in 2007 when it was
first commercially planted to 95% in 2012. In addition, GM papaya was grown for the first time on Hain-
an Island, where 40% of 5 000 hectares of papaya grown was GM. Thus, the total area of GM papaya
grown in China reached 6 275 hectares in the whole country. The planting of disease-resistant papaya has
provided efficient protection against papaya ringspot virus. As a consequence,chemical application to this
crop has been significantly reduced, with the results that the farmer’s income has been enhanced and the

environment has been improved.
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Genetic engineering is one of the most powerful
21"-century technologies, and its use is driving the new
“green revolution” in agriculture. In global terms, the
use of genetically modified (GM) crops has increased
rapidly and steadily since the first commercialization
in the United States in 1996. Although there are great
potential benefits from the use of GM crops, the
potential risks to the environment have been the subject
of concern and debate. GM crop safety has become
one of the major issues faced by governments in many
countries.

With over 20 years of nationwide oversight of
agricultural biotechnology, China has developed a
comprehensive regulatory framework for regulating
environmental safety of GMOs and related products.
Taking insect-resistant Bt crops as an example, the
regulatory framework typically includes considerations
of environmental and agronomic benefits, potential
for evolution of resistance to insecticidal genes in
target pests, effects on non-target organisms and other
potential environmental impacts.

To facilitate regulatory decision-making
and guarantee the safety of GM events before
commercialization, biosafety regulation from laboratory
research to approval for use of a novel GM plant
event is divided into five stages, namely: 1) laboratory
research, 2) pilot testing, during which small-scale
biosafety tests are conducted within a contained system
or under controlled condition, 3) environmental release
field testing, during which medium-scale biosafety tests
are conducted under natural conditions with appropriate
safety control measures, 4) pre-production testing,
during which large-scale biosafety tests are conducted
prior to application for a GMO biosafety certificate,
and 5) application for biosafety certificates.

During the stage of laboratory research on
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GMOs, appropriate measures have to be adopted
for guaranteeing safety under the supervision of an
agricultural GMO safety leading group affiliated to the
institute or university. When the laboratory research
has been completed and a GM plant event is ready to
enter the risk assessment period, the developers have
to apply for a permit from the Ministry of Agriculture
(MOA) for moving to the next stage. When applying
for a permit to move risk assessments from one
developmental stage to the next, the applicants have to
submit required data to the MOA. When all the required
safety tests after pre-production testing are finished,
the developers can apply for a biosafety certificate to
the GM event from the MOA. However, only insect-
resistant Bt cotton and virus-resistant papaya have been
widely grown in China to date.

Since 1997 when transgenic Bt cotton was approved
for commercial production in China, the area planted
with Bt cotton has dramatically increased. In 2012, the
total area planted with Bt cotton reached 3.59 million
hectares, representing 80% of the total cotton area.
The growing of Bt cotton in China for 17 years has
brought great benefits to farmers and the environment.
Many insect pests, especially cotton bollworms, can
cause serious economic damage to cotton. Before
the introduction of Bt cotton, Chinese cotton farmers
applied large quantities of chemical insecticides for
cotton bollworm control, causing serious ecological
problems of insecticide resistance, pest resurgence,
and environmental pollution. Long-term field surveys
showed that with the increasing adoption of Bt cotton,
cotton bollworm populations have not only been
effectively suppressed in cotton, but also greatly
reduced in other non-Bt host crops such as maize,
soybean and peanut in the same planting area. The
Bt proteins expressed by GM cotton are very specific
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to the target pest, and has no direct toxicity to non-
target organisms, such as the natural enemies of insect
pests. Thus, due to the dramatic decrease of insecticide
applications on cotton, the population abundances
of generalist predators such as ladybirds, lacewings
and spiders in cotton fields have gradually increased,
providing better natural control for non-target pests
such as aphids. In addition, generalist predators usually
have great dispersal ability, and increased predator
abundance in Bt cotton ultimately promoted biological
control services in the whole agroecosystem. However,
with the reduction of insecticide application on Bt
crops, populations of secondary pests that are not
sensitive to Bt proteins may increase. For example,
following the start of production of Bt cotton in China,
mirid bugs that had been regarded as secondary pests
on cotton during last century have progressively
increased their population levels and acquired pest
status in cotton. This outcome demonstrates that it is
not possible to solve all insect pest control problems
by using insect-resistant GM crops, but such crops can
be involved in an integrated pest management strategy
for insect pest management. From an economic
perspective, it is estimated that on average at the
farm level, Bt cotton increases yield by 10%, reduces

insecticide use by 60%, with positive implications for
both the environment and the farmer’s health.

Papaya is an important fruit crop that is widely
consumed as fresh fruit in China. However, it is
severely affected by the disease caused by papaya
ringspot virus (PRSV). To control this disease and
protect papaya industry, PRSV-resistant GM papaya
was produced in 1990s in the USA, and it was first
commercialized in Hawaii in 1998. In China, a PRSV-
resistant GM papaya that was developed by South
China Agricultural University was first approved
for commercial planting in Guangdong Province in
2006. The percentage adoption of GM papaya in
Guangdong increased from 70% in 2007 when it was
first commercially planted to 95% in 2012. In addition,
GM papaya was grown for the first time on Hainan
Island, where 40% of 5 000 hectares of papaya grown
was GM. Thus, the total area of GM papaya grown in
China reached 6 275 hectares in the whole country.
The planting of disease-resistant papaya has provided
efficient protection against papaya ringspot virus. As a
consequence, chemical application to this crop has been
significantly reduced, with the results that the farmer’s
income has been enhanced and the environment has
been improved.
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