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Emergence of minor pests becoming major pests
in GE cotton in China

What are the reasons? What are the alternative practices to
this change of status?
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A recent study in China by Lu et al." shows that populations of
an occasional cotton pest, mirid bugs (Heteroptera: Miridae),
increased following the introduction of genetically engineered
(GE) cotton plants. The GE cotton produces a delta-endotoxin
from the bacteria Bacillus thuringiensis (Bt) to control the cotton
bollworm. Before the introduction of Bt cotton in China, mirid
bugs were usually controlled by broad-spectrum pesticide
sprays targeted against the cotton bollworm, Helicoverpa
armigera Hibner (Lepidoptera: Noctuidae), the mostimportant
pest of cotton in China. The effectiveness of the control of
H. armigera by Bt cotton cultivation has resulted in a decrease
in the amount of insecticides used on Bt cotton compared to
conventional cotton. This has led to a lack of control of mirids on
Bt cotton due to the reduction in broad-spectrum insecticide
use and consequently to a transformation of a minor pest to a
main one. We discuss the scientific evidence available in the
literature of this phenomenon. We examine the reasons of the
emergence of minor pests to become major pests in Bt cotton
in China and possible solutions to this change of status.

The cotton crop has numerous invertebrate pests and more
than one thousand species are found on cotton but only ten or
a dozen of them are significant potential pests.? The heliothine
lepidopteran species complex (Heliothis virescens, Helicoverpa
armigera, Helicoverpa zea) is considered as the most dangerous,
attacking numerous other cultivated plants which are often asso-
ciated with cotton in a range of cropping systems to this change
of status. In China, the major pests of cotton include heliothine
as cotton bollworm (Helicoverpa armigera), aphids (Aphis gossy-
pii, A. atrata, A. medicaginis and Acyrthosiphon gossypii), the pink
bollworm (Pectinophora gossypiella), spider mites (Tetranychus
cinnabarinus, T. truncates, T. turkestani and T. dunhuangen-
sis), thrips (Frankliniella intonsa, Thrips tabaci and T. flavus),
mirids (Adelphocoris suturalis, A. lineolatus, A. fasciaticollis,

*Correspondence to: Agnes Evelyne Ricroch; Email: agnes.ricroch@u-psud.fr
Submitted: 06/18/10; Revised: 08/26/10; Accepted: 08/26/10

Previously published online:
www.landesbioscience.com/journals/gmcrops/article/13421

DOI: 10.4161/gmcr.1.4.13421

214

GM Crops

Lygus lucorum and L. pratensis), whiteflies (Bemisia argentifolii and
B. tabaci), the Asian corn borer (Ostrinia furnacalis), the beet
armyworm (Spodoptera exigua), spiny bollworms (Earias cupreo-
viridis, E. fabil and E. insulana), the cotton looper (Anomis flava)
and leathoppers (Empoasca biguttula and E. flavescens).® The dis-
tribution of these species varies across regions. In China, the pink
bollworm is mainly found in the Changjiang River region and
aphids (A. atrata, A. medicaginis and Acyrthosiphon gossypii) cause
damage only in northwestern China.?

Certain pest species of cotton have few deleterious effects on
production. These species are called ‘minor’ or ‘secondary’ spe-
cies. The status and the relative economic importance of these
different pests vary depending on the agro-ecosystem considered
and changes in response to selection pressure to which they are
subject. The often spectacular impact of the range of early-season
pests, as thrips, cutworms, leafminers and aphids, has frequently
no significant effect on the potential yield, because of the strong
capacity for growth compensation of cotton during its vegetative
growth stage provided by agronomic conditions.? In addition to
mirid species, aphids and thrips are also mentioned as second-
ary pests of cotton in China.* The status of minor or major pest
depends on climatic conditions, thus aphids (4. atrata, A. medi-
caginis and Acyrthosiphon gossypii) cause damage only in north-
western China.

Improving the use of biotechnological and classical plant
resistance for herbivore pest control with less reliance on chemi-
cals critically depends on predictable interactions with second-
ary pests. The status of the minor pest can evolve according to
the agricultural practices used by farmers, as exemplified for
mirids on Bt cotton in the study conducted over 10 years in
northern China.' Before the introduction of Bt cotton, mirid
bugs caused little damage as insecticide treatments against pri-
mary pests such as Lepidoptera (H. armigera, etc.) also limited
mirid populations (Lygus spp., etc.). It can be noted that this
phenomenon is not new since the same authors have already doc-
umented it previously’ and these authors proposed a ranking of
four species of Lygus as among the most devastating pests on Bt
cotton. The emergence of secondary pests is not a phenomenon
associated with Bt crops, it is as old as crop protection itself. Pest
resurgence and replacement are usually ascribed to alterations
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in pest management regimes.® In crop protection, when the
primary pest is targeted, other species are likely to rise in its
ecological place and multiply. For example, cotton aphid (Aphis
gossypii) evolved as a primary pest of cotton in the mid-1970s
because of intensive insecticide use for H. armigera control.” The
boll weevil (Anthonomus grandis Boheman) was once the main
worldwide threat to cotton. As farmers sprayed pesticides against
the weevils, bollworms developed resistance and rose to become
the primary pest. Similarly, stink bugs have replaced bollworms
as the primary pest in the southeastern US since Bt cotton was
introduced.®

The change in status of herbivory has been observed for a
long time as soon as insecticide use is reduced. The best example
concerns the campaigns for the eradication of the boll weevil in
the US. This program enabled cotton farmers to reduce their
use of pesticide by between 40 and 100% and to increase their
yields by at least 10% since its inception in the 1970s. With
the progress in eradication of the boll weevil and the adoption
of transgenic insecticidal cottons for control of lepidopter-
ous pests, the tarnished plant bug (Lygus lineolaris Palisot de
Beauvois) has also become a key pest of cotton in the Mid-
South.’ The tarnished plant bug has taken on added importance
as a pest of cotton in the Cotton Belt after successful eradication
efforts against the boll weevil.'* Historically during the flow-
ering and boll maturation periods, tarnished plant bugs were
inadvertently controlled by organochlorine, organophosphate,
carbamate and pyrethroid insecticides targeting boll weevil and
heliothines. The success of the boll weevil eradication programs
and wide-scale adoption of Bt cotton eliminated many of those
applications. In addition, the use of more selective insecticides
that target Lepidopteran pests (i.e., spinosad, indoxacarb and
emamectin benzoate) increased survival of tarnished plant bugs.
Finally, tarnished plant bug resistance to a variety of insecticides
(organophosphates, carbamates, pyrethroids) in the mid-south
US has contributed to the elevated status of this insect pest.!
Even if eradication programs were successful, the emergence of
secondary pests previously controlled by spray programs target-
ing boll weevil may occur. For example, European corn borer
(Ostrinia nubilalis), soybean looper (Pseudoplusia includens) and
stink bugs (Euchistus servus and Acrosternum hilare) became
more prevalent in the southeastern US during the time of the
full-scale eradication programs.'?

The modification status on Bt cotton is not only associated
with a decrease in insecticide use, it is also associated with the inef-
fectiveness of Bt cotton against these secondary pests. Bt cotton
plants are genetically engineered to produce insecticidal toxins
from the Bacillus thuringiensis Berliner (Bacillales: Bacillaceae) a
gram-positive bacteria. Cry toxins have specific activities against
insects of different orders—Lepidoptera (moths and butterflies),
Diptera (flies and mosquitoes), Coleoptera (beetles), hymenop-
tera (wasps, bees, ants and sawflies) and invertebrates such as
nematodes.” Cry toxins are ineffective against insects such as
sap sucking and piercing insects [leaf bugs (Lygus lucorum and
Adelphocoris suturalis), cotton spider mites (Tetranychus cinnaba-
rinus), cotton aphids and whiteflies (Bemisia tabaci)] and against
root-dwelling pests."
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REVIEW

The change of status of the pest was highlighted in numerous
studies that were published before the study in China by Lu et al.!

In China, in the Province of Anhui, Lygus pratensis causes
severe damage on Bt cotton in the same way as Prodenia litura
and Thrips tabaci.” This study measures the patterns of insec-
ticide use based on farm-level from 1999 to 2006. The analysis
demonstrates a rise in insecticide use to control mirids between
2001 and 2004, secondary insect infestations is largely related
to the rise of mirids, but this rising did not continue in more
than half of sample villages studied in 2004-2006. Moreover,
the increase in insecticide use for the control of secondary insects
is far smaller than the reduction in total insecticide use due to Bt
cotton adoption. Further econometric analyses show that rise and
fall of mirids are largely related to local temperature and rainfall.

In the coastal agricultural region of Jiangsu Province, piercing-
sucking insect populations (Mirids: Lygus lucorum, Adelphocoris
suturalis; Acarians: Tetranychus cinnabarinu; Aphids: Aphis gos-
sypii; Bemisia tabaci) are more important in Bt cotton fields than
in conventional fields.'® In this study the insect community struc-
ture in the Bt fields differed sharply from that in the conventional
fields during 2004-2005. The populations of the lepidopterous
pests, such as cotton bollworm, corn borer, diamond bollworm
(Earias cupreoviridis) and cotton leaf caterpillar Spodoptera,
decreased significantly in the Bt fields, while the populations of
non-target pests with piercing-sucking mouthparts, such as leaf
bugs (Lygus lucorum and Adelphocoris suturalis), cotton spider
mites (Zetranychus cinnabarinus), cotton aphids (Aphis gossypii)
and whiteflies (Bemisia tabaci), significantly increased. Many
more predators, such as spiders, ladybirds and less parasitoids of
Helicoverpa armigera were observed in the Bt fields.

In the Province of Hebei, Lygus lucorum has become an
important pest in Bt cotton, to the point that trials were set up to
determine the best methods of pest management."” The authors
show that four peak periods of L. lucorum adults and three peak
periods of L. lucorum nymphs occurred during the whole Bz cot-
ton growth season. During the whole Bt cotton growth season
the average number of adults and nymphs in the Bt cotton fields
were higher than those in the integrated and chemical control
fields. There was no significant difference in the integrated and
chemical control fields.

In the US as well, the introduction of Bt cotton in agricultural
fields caused a strong decrease in insecticide treatments against
Lepidoptera, which consequently caused a resurgence of mirids
and mirid damage as well as other sucking pests (Pentatomidae)
in the mid-south and southeast states of the cotton belt.? In this
study sucking pests are progressively coming to displace the veg-
etative and fruit feeding caterpillars as key pests of Bt cotton.
Taking into account the spatio-temporal dimension of natural
population regulatory factors has led to changes in agricultural
practices and production systems. In cotton production systems
maintaining permanent ground cover are having increasing suc-
cess. Intercropping and trap cropping have been favorable to the
maintenance of beneficial arthropod complexes and unfavorable
to the growth of pest populations.

Problems in pest management due to this change of status
arose very fast after the adoption of Bt cotton in Mississipi from
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1992 to 1995. It was shown the susceptibility of Bt cotton to mir-
ids.”® In this study Bt cotton cultivars were tested in small plot
and larger plot on-farm studies to determine efficacy against cot-
ton pests. Bt cotton provided excellent control of bollworm and
tobacco budworm (Heliothis virescens). Bt cotton was highly effec-
tive for control of cabbage looper (Trichoplusia ni) and showed
significant suppression of beet armyworm (Spodoptera exigua). Bt
cotton cultivars tested showed no greater attractancy for or more
susceptibility to tarnished plant bug or cotton aphid (Aphis gos-
sypiz) than other comparable cultivars. Bt cotton showed, in some
cases, greater square set than other adapted varieties protected
with insecticides. Similar results were observed in Mississipi from
1995 to 1997. Bt cotton fields may be at greater risk to attack by
tarnished plant bugs and boll weevils presumably due to the reduc-
tion of insecticidal inputs. However, attempts to prophylactically
control plant bugs in this study did not have a significant benefit.

In the US, numerous other publications highlighted the prob-
lem of the change of the status of secondary pests.?’ In field stud-
ies in Minnesota, comparison of Bt and nectariless cottons with
non-Bt commercial varieties showed no significant differences in
the number of beneficials, bollworm and tobacco budworm eggs,
fruiting sites per plant and percentage square set. Significantly
more tarnished plant bugs and percentage of ‘crazy cotton’ (fruit-
less plant) were observed in Bt variety compared with other
varieties, suggesting no effect of Bt gene insertion in cotton on
the number of tarnished plant bugs. Bt cotton had significantly
fewer bollworms and budworms, cabbage loopers and percentage
of damaged squares than the other varieties, 75% as many beet
armyworms and had no effect on fall armyworm. Boll weevil and
tarnished plant bug cause economic damage when fewer or no
sprays are used for bollworm and budworm in cotton.

In other major cotton-producing countries, such as India, the
same questions were brought up. In 2000, it was noticed that
one of the problems due to the cultivation of Bt cotton is the
resurgence of sucking insects.”’ Development of resistance to Bt
cotton, resurgence of sap sucking insects and cotton stainers and
poor activity on Spodoptera are the problems associated with Bt
cotton in this study. The lepidopteron specific Bt gene, crylAc,
offers protection against all the major species of Indian boll-
worms. These bollworms, especially Helicoverpa armigera, have
been responsible for heavy yield losses and frustrating the cotton
growers for more than three decades.

In 2006, it was shown that mirids become pests damaging Bt
cotton in India.?? A similar occurrence was also shown with the
pest, the tobacco caterpillar (Spodoptera litura), which is known
to survive CrylAc.** In this study at least three spray applications
meant for bollworm control were saved due to the Bz technology.
Secondary insect pests such as mirid bugs (Creontides biseratence)
were found to increase to damaging numbers in unsprayed cot-
ton fields. The tobacco caterpillar was also found to stage a come
back as an economic pest of Bt-cotton. The Bt cotton currently
released in India is only moderately toxic to the caterpillar. It
is known that the use of synthetic pyrethroids has significant
negative impacts on the populations of Spodoptera and several
other miscellaneous bugs such as the mired bugs, Creontiodes
biseratence. The authors suggest that reduction of pyrethroids
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and several conventional insecticides on Bz-cotton is expected to
result in the increase of several non-target species.

In China in 2002, it was shown that mirids become pri-
mary pests as a consequence of successful trials of stacked genes
(including Bt gene and protease inhibitor gene) in transgenic cot-
ton.” In this study mirid damage on unsprayed Bt cotton was
significantly higher due to a reduced number of insecticide sprays
against H. armigera compared with the number of sprays in the
conventional cotton. The authors suggest that the mirids have
become key insect pests in Bt cotton fields and that their dam-
age to cotton could increase further with the expansion of the
area planted to Bt cotton if no additional control measures are
adopted.

While it is true that sucking pests have become a more signifi-
cant part of the pest complex in Bt crops in some countries.”***
Furthermore, the Figure S1 from the supporting online material
in the recent Chinese publication' indicates also that the amount
of insecticides used to treat secondary pests are less than the
amount of pesticides saved by the use of cotton. In Australia, on
average 60% reduction in sprays applied against Helicoverpa was
accompanied by no change in sprays for mirids, aphids, mites
and thrips.” But the cultivation of Bz cotton is not soley respon-
sible: change in mirid bug status of secondary pests could also
be due to other modifications in agricultural practices: develop-
ment of insecticide resistance in tarnished plant bug and boll
weevil eradication and the development and availability of more
target-specific foliar-applied insecticides.? In this study although
tarnished plant bug can damage cotton throughout most of the
growing season in many states of the USA, economic damage is
most likely to occur during the period from first square through
early bloom due to feeding on small squares and subsequent
abscission of these squares. During this period, excessive damage
by high tarnished plant bug populations may result in reduced
yields or delayed maturity. However, current research suggests
that cotton can tolerate low levels of tarnished plant bug damage
without sustaining yield loss.

Numerous analyses were made at the local level. But very rap-
idly an analysis at the regional level, at an agro-landscape level,
or even at a higher level, appeared imperative, because Bt cotton
became the dominant culture in certain regions as well as in cer-
tain countries. While there are numerous studies which assessed
the impact of this situation on pests not-targeted by Br cotton at
a field level, there is little data concerning the impact of Bt cotton
on non-target pests at the regional level. In the 1990s in the US,
a large-scale inventory of these mirids pest species was made.?”

In India, it was shown that the presence of mirids is not simi-
lar in all states and this is probably due to the cultivated area
of Bt cotton.?® A roving survey was undertaken during cropping
period in different Bz cotton-growing Karnataka districts to
determine the incidence of mirid bug (Creontiades biseratense).
The incidence of mirid bug was high in Haveri district prob-
ably due to higher area under Bt cotton. In other districts, the
mirid bug incidence was low to moderate. The peak incidence
was observed during the October and November months. The
maximum incidence was noticed in Haveri during the second
fortnight of November.

Volume 1 Issue 4



In the recent Chinese publication, a relatively exhaustive and
geographically vast analysis of this question was also carried out
in China. It should be mentioned that these results are not con-
firmed by all other publications.! It was shown that even though
an increase of mirids was observed between 2001 and 2004, that
increase was not observed between 2004 and 2006.% Both stud-
ies agree that the amount of insecticides used to treat second-
ary pests which have changed status is significantly lower than
the amounts of insecticides saved by the cultivation of Bt cotton.
However, the necessity of increasing the number of insecticides
applications targeting mirids is not correlated to the extension
of the cultivated area of Bt cotton but rather to climatic condi-
tions.” In another study, between 2002 and 2004 in Xinjiang
Province, no difference in densities of mirid populations (Lygus
pratensis and Adelphocoris lineolatus) was observed in GE cotton
fields (with either a Cry gene alone or with stacking a Cry gene
and a cowpea trypsin inhibitor Cp77 gene) versus conventional
cotton fields.*

In Australia, 20% less insecticide treatments are applied on
conventional cotton than on Bt cotton to fight against the mirids,
which exercise more pest pressure on Bt cotton than on conven-
tional cotton.®® In this study comparing pesticide applications,
the number of sprays on conventional crops across all valleys
was 9.9 while Bt cotton was sprayed 4.6 times on average. The
average number of sprays to control Heliothis in conventional
cotton was 9 applications. Heliothis in Bt cotton were sprayed
just over 3 times throughout the season. Mirids and mites were
sprayed more frequently in Bt fields. A large reduction in sprays
was observed during each stage of crop growth, the largest reduc-
tion recorded between squaring and first flower.

Since no pesticide treatment was applied against primary pests
on Bt cotton as Bt produced an insecticide protein, secondary
pests occupy an ecological niche without primary pests and, as
a consequence, with little substantial pesticide application, they
can develop and cause important damage. Therefore environ-
mentally sound and sustainable management alternatives are
urgently needed. Pesticide treatment is envisaged as a solution
to combat only those secondary pests becoming primary pests in
Bt cotton fields. Currently, insecticide use is the sole pest man-
agement option available for most Chinese cotton farmers. Since
1997 in the US pesticide treatment was proposed to combat mir-
ids in Br cotton.*>* Approximately half of Mississippi’s area of
cotton was planted with Bt varieties in 1998.% Bt fields sustained
significantly less boll damage induced by lepidopteran larvae
and received significantly fewer foliar insecticide treatments for
control of bollworm and tobacco budworm. However, Bt fields
sustained significantly more boll damage due to tarnished plant
bug and received significantly more treatments for control of boll
weevils. Although the Bz variety received significantly more foliar
sprays to control bollworm, it also sustained significantly more
larval boll damage than the average for all other Bt varieties.

In China bioassays of susceptibility to insecticides were
assessed to set up this practice®® which is implemented in certain
situations.®

Other alternate solutions are envisaged, such as the implemen-
tation of Bt cotton in a strategy of integrated pest management
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(IPM)*** or possibly of biological control.***> Planting refuge
concurrent with Bt adoption provides for the sustainable devel-
opment of Bt technology. The pesticide required to maintain the
refuge will reduce the threat of the secondary pest before they
proliferate to a damage concentration. The profits lost on the ref-
uge could be compensated by substantial savings on pesticides
that otherwise would be used to combat outbreaks of the second-
ary pest in the future.

These solutions could decrease mirid damage until the devel-
opment of transgenic resistant varieties. Already in 1998, the
USDA considered the development of transgenic cotton variet-
ies resistant to mirids a crucial task.*> Two traits that have been
shown to be of great help in reducing Lygus populations are nec-
tarilessness and earliness. Numerous studies showed that nectari-
less cotton reduces Lygus by an average of 49%. Nectariless has
no known deleterious effects on yield or fibre properties. Under
heavy Lygus pressure it has consistently produced higher and
earlier yields than nectaried cultivars. Earliness is valuable in
producing a crop quickly, thus escaping late season insect build-
ups and weather losses. It would be advantageous to the cotton
grower if nectarilessness, earliness, some forms of smoothleaf and
Bt were combined in a modern conventional-transgenic breeding
program.

This solution of the development of transgenic insect-resistant
cotton varieties was also recommended in India (2006).% The
stacked genes are expected to increase the spectrum of toxicity to
awide range of lepidopteran insects to include Spodoptera litura.

The development of transgenic insect-resistant cotton variet-
ies was also suggested in Australia to provide a foundation for
more sustainable, economically acceptable IPM with the integra-
tion of a range of non-chemical tactics and much less reliance on
pesticides.* IPM must be founded on a thorough understanding
of the ecology of pest and beneficial species and their interaction
with the crop and will provide a range of tactics which must be
integrated by the producer to achieve economic and environmen-
tal sustainability.

For example in China some transgenic cotton varieties
expressing both Bt and CpTT genes effectively control mirids if
cotton flelds are located away from fruit orchards (which shelter
mirids).” In this study L. lucorum was effectively controlled in
cotton fields far from orchard fields with uneven plant spacing
and under rational chemical control. Plantations of transgenic
Bt plus CpTT cotton reduced L. lucorum, but had no effect on
native predators. Intercropping with sunflower increased native
predator number and reduced L. fucorum in cotton fields. The
results suggested that planting transgenic Bt plus Cp7T cotton
in field far from orchard at rational density and uneven spacing
with rational chemical control can effectively control L. lucorum
in transgenic cotton fields.

On the other hand, biological control methods could help to
fight against the damage of secondary pests on Bt plants.® To
determine the compatibility of biological control and insect-resis-
tant transgenic crop trait within IPM programs, it needs to under-
stand the bi-trophic and prey/host-mediated ecological pathways
through which natural enemies interact within cropland com-
munities and how transgenic crops alter the agroecosystems in
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which natural enemies live. Insect-resistant crops can affect the
quantity and quality of non-prey foods for natural enemies, as
well as the availability and quality of both target and non-tar-
get pests that serve as prey/hosts. This vegetational diversity is
fundamental to biological control when it serves as a source of
habitat and nutritional resources. Some inherent qualities of both
biological control and GE crops provide opportunities to improve
upon sustainable IPM systems. For example, biological control
agents may delay the evolution of pest resistance to transgenic
crops and suppress outbreaks of secondary pests not targeted by
transgenic plants.

In the eastern and western United States the tarnished plant
bug and the western tarnished plant bug are important pests of
many crops respectively, several parasitoids and predators are can-
didates for use in augmentative biological control, as a component
of area wide IPM for Lygus spp. management.?’ These include
the parasitoids Anaphes iole Girault, Peristenus stygicus Loan and
Leiophron uniformis (Gahan) and the predators Geocoris punctipes
(Say), Orius insidiosus (Say) and possibly even Chrysoperla spp.
To be useful, these natural enemies must be available in large
numbers and thus arises the need for mass rearing techniques.
Currently, even for those species that are available from commer-
cial sources, rearing systems do not have the capacity to produce
these insects in sufficient numbers to support biological control
of Lygus spp. in cotton.

Management of secondary pests in cotton can also be envis-
aged by cultural methods to help in the management of Lygus
populations.” The use of transgenic or nectariless cotton culti-
vars that are resistant to Lygus could be easily implemented if
they were available. Other kinds of cultural controls, such as
management of alternate hosts, may not be adopted on a large
scale unless they are part of an area-wide management program
or until additional evidence of cost efficiency is demonstrated.
Adoption of cultural approaches will be largely influenced by
the availability and efficacy of alternative management practices,
including insecticides and other socioeconomic factors. Cultural
approaches are best suited in systems with low use of disruptive
insecticides, where natural enemies are relied upon most heavily
to maintain cotton pests below economically damaging levels.

Management of secondary pests in cotton can also be envis-
aged by a sustainable and cost-effective IPM method combining
trap cropping, biological control and minor chemical use, which
is currently being tested in China.*

In conclusion reductions in insecticide use associated with
Bt cotton create an environment conducive to conserving the
function of resident and immigrant natural enemies. Indeed the
publications we discussed in this review show that damage of
secondary pests such as mirid on unsprayed Br cotton was sig-
nificantly higher due to a reduced number of insecticide sprays
against cotton bollworm compared with the number of sprays
in the non-Bt cotton. Mirid bugs have filled the gap created
by killing other pests of cotton. The mirids have become key
insect pests in Bt cotton fields, and that their damage to cotton
could increase further with the expansion of the area planted to
Bt cotton if no additional control measures are adopted at an
agro-landscape level. The emergence of secondary pests could be
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exacerbated in GE crops if the efficiency of the pest control leads
farmers to neglect other measures of good farming practice, such
as crop rotation, which help to prevent and limit pest pressure
naturally.

Interactions between biological control agents (insect pred-
ators, parasitoids and pathogens) and transgenic crops exceed
simple toxicological relationships, a priority for assessing risk
of transgenic crops to non-target organisms. Genetically engi-
neered systems provide opportunities for integrating biological
control with IPM as no insect-resistant transgenic crop pro-
duced to date is immune to all herbivores. There is a contin-
ued need to have an effective complex of natural enemies in
place to help manage pests that are not targeted by the insecti-
cidal transgenes. The extent to which biological control would
be affected in an insect-resistant transgenic crop will likely
depend on (1) the relative contributions of generalist and spe-
cialist enemies to pest management in the system (if general-
ist enemies are important, then little or no change might be
expected), (2) the degree to which pest stages targeted by the
transgene products function as an important host/prey base
for the enemy complex, (3) the relative abundance, acceptabil-
ity and suitability of non-target hosts/prey for enemies in the
system and (4) the importance of the crop fields relative to
extra-field habitats as food/host sources for enemies.*® There
are few studies of natural enemy efficacy in transgenic crops,
but the few examples available indicate that biological control
of non-target stages or species in insecticidal transgenic crops
is unaffected relative to that occurring in conventional variet-
ies not treated with insecticides.”” Similarly, in two studies pre-
dation of several non-target prey species was comparable in Bt
and non-Bt cotton.’*! In a review of eight studies that assessed
biological control in Bt cotton, maize and tobacco none indi-
cated any consistent effect of the transgenic crop on biological
control function.”

In cotton production, biological control by introduction and
acclimation of beneficial arthropods has not been notably suc-
cessful because of the difficulty of developing a suite of benefi-
cial organisms capable of responding effectively to the diversity
of pests in the system, the annual nature of the crop, and the
disrupting effects of chemical control measures directed against
the remaining pests.? Only inundative biological control has had
significant success and then in particular cases where the pressure
of chemical insecticides has been reduced. More benefit is to be
obtained from the active conservation of the indigenous fauna of
beneficial organisms.

Therefore, it is important to develop pest control using a
broad spectrum of practices. These include crop rotation, till-
age, high biological diversity in the farming system and pro-
motion of the pests’ natural antagonists. Taking into account
the spatio-temporal dimension of natural population regula-
tory factors has led to changes in agricultural practices and
production systems.? In cotton, production systems maintain-
ing permanent ground cover are having increasing success.
Intercropping and trap cropping have been favorable to the
maintenance of beneficial arthropod complexes and unfa-
vorable to the growth of pest populations. This new design
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context for crop protection in general and for cotton in partic-
ular, in applying the principles of agroecology, moves towards

the concept of a sustainable pest management characterized

by a movement from a paradigm of pest control field-by-field,

through farm-by-farm and agroecosystem-by-agroecosystem,
to a landscape.? The pest control must keep sight of the whole
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