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ABSTRACT

China is one of the largest producers of cotton in the world. Insect pests such as cotton
bollworm, cotton aphid, and mirids are the major factors that contribute to a decrease in
cotton production. Transgenic cotton that expresses a gene derived from the bacterium Bacil-
lus thuringiensis (Bt) has been deployed for combating cotton bollworm since 1997 in China,
and expanded rapidly to 3.7 million of the total cotton acreage of 5.3 million ha in 2004. Field
monitoring on the change of pest status derived from Bt cotton commercialization in a large
scale were conducted during 1998-2004 in Hebei Province. The results indicated that Bt cot-
ton efficiently controls cotton bollworms, while the decrease of pesticide applications allows
the build up of high populations of predators, such as lady beetles Coccinella septempunctata,
lacewings Chrysopa sinica, spiders and others in mid-season. Furthermore, planting Bt cot-
ton efficiently prevented the resurgence of cotton aphids caused by insecticide use for control
of cotton bollworm. However, the investigation of the seasonal dynamics of mixed popula-
tions of mirids showed that mirid density increased drastically, probably due to a reduction
in the number of foliar insecticide applications in Bt cotton fields.

INTRODUCTION

Cotton bollworm, Helicoverpa amigera (Hübner) (Lepidopetra: Noctuidae) is a serious pest
of cotton, Gossypium hirsutum L. in China. To combat the unprecedented H. armigera pest
pressure in the early 1990s, cotton farmers in China had to apply synthetic pyrethroids, en-
dosulfan and organophosphate insecticides at 2~3 day intervals during critical periods, re-
sulting in more than 20 sprays during the season (Wu and Guo, 2005). In recent years, control
of this pest has relied heavily upon commercial cultivation of Bt cotton that expresses a gene
encoding an insecticidal protein from the bacterium Bacillus thuringiensis Berliner, which has
been expanded rapidly to 3.7 million of the total cotton acreage of 5.3 million ha in 2004
(James, 2004).
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There are numerous arthropods in cotton fields. While the Bt protein is toxic to only a
narrow spectrum of lepidopteran species, the dynamics of other species may be indirectly
affected. Effects on non-target species may be positive due to the removal of disruptive pesti-
cides, or negative due to the effective removal of prey (Fitt, 1994). Because a total insect con-
trol strategy in cotton involves both lepidopterous and non-lepidopterous pests, it is neces-
sary to understand the population dynamics of insect predators and insect pests after Bt cot-
ton deployment (Pilcher et al., 1997; Riggin-Bucci and Gould, 1997; Wilson et al., 1992). The
influences of Bt cotton on cotton bollworm, cotton aphid, and mirids have been evaluated in
field trials (Wu and Guo, 2003; Wu et al., 2002; Wu et al., 2003). However, previous studies
do not provide an insight in the population changes of predators and secondary pests derived
from Bt cotton commercialization in the long term or on a large scale. Here we report the
monitoring results on the chance in abundance of insect predators and insect pests associated
with Bt cotton planting in northern China.

MATERIALS AND METHODS

COTTON VARIETIES

A transgenic cotton variety expressing the Cry1Ac gene (NuCOTN33B), a transgenic cotton
variety (SGK321) expressing Cry1Ac and CpTI genes and its parental line (Shiyuan321) sup-
plied by Monsanto Co. (St. Louis, MO) and Shijiazhuang Academy of Agricultural Sciences
(Shijiazhuang, Hebei Province), respectively, were used in the experiments.

EXPERIMENTAL DESIGN

Experiments were conducted from 1998 to 2004 at Langfang Experimental Station of the
Chinese Academy of Agricultural Sciences, located in Hebei Province. Experiments consisted
of three treatments (two transgenic cotton varieties and one conventional cotton). The field
was layed out as a randomized complete block replicated three times. Each plot was about
0.033 hectare and was seeded at the rate expected to produce 45000 plants per planted hectare.
No insecticide was sprayed in Bt cotton plots and its control plots (normal variety). Cotton
was maintained with standard agronomic practices for northern China.

SAMPLING FOR INSECT PESTS AND PREDATORS

Each treatment was sampled every 3-4 d from middle-June to early-September, and each
sample consisted of 5 sites with a total number of 100 cotton plants. Field counts consisted of
eggs and larvae of cotton bollworm, immature and adult Lygus pratensis Linnaeus, Lygus
lucorum Meyer-Dür, Adelphocoris suturalis Jak., Adelphocoris fasciaticollis Reuter and
Adelphocoris lineolatus (Goeze), and predators, such as lady beetles [Coccinella septempunctata
Linnaeus, Leis axyridis (Pallas), Propylaea japonica (Thunberg)], lacewings (Chrysopa sinica
Tjeder, Chrysopa septempunctata Wesmael, Chrysopa shansiensis Kawa and Chrysopa formosa
Brauer), spiders (Erigonidium graminicolum and Misumenopos tricuspidata) and Orius similis.
Three leaves per plant from upper, middle and lower parts of cotton plant were sampled to
estimate densities of cotton aphid, Aphis gossypii Glover.
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STATISTICAL ANALYSES

Population densities of insects were analyzed using analysis of variance (ANOVA) and means
were separated using the protected least significant difference (LSD) test (SAS Institute 1988).

RESULTS
PREDATORS

Transgenic Bt cotton may affect natural enemies indirectly through the removal of eggs, lar-
vae, and pupae of lepidopteran insects that serve as food sources for predatory arthropods.
Considerable reduction in the number of insecticide applications is another important factor
that regulates the population dynamics of natural enemies. The field surveys showed that the
populations of lacewings (Fig. 1), lady beetles (Fig. 2), spiders and Orius similis remained at
high densities in Bt cotton and conventional cotton through the season. This was likely due to
the reduced application of insecticides.

Figure 2. Population dynamics of lady beetles
in NuCOTN 33B (Cry1Ac cotton),
SGK321 (Cry1A + CpTI) and
conventional cotton fields (2004,
Hebei Province). Values shown are
means ± standard error.

Figure 1. Population dynamics of lacewings in
NuCOTN 33B (Cry1Ac cotton),
SGK321 (Cry1A + CpTI) and
conventional cotton fields (2004,
Hebei Province). Values shown are
means ± standard error.
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COTTON BOLLWORM

The field evaluations from 1998 to 2004 indicated that Bt cotton provided good control of the
cotton bollworm. Data for 2004 illustrate this trend (Fig. 3). In this year, the bollworm oc-
curred slightly, and the larval densities on July 8 and August 10 in conventional cotton fields
were significantly higher than those on Bt cotton (P < 0.05). Historically, potentially damag-
ing bollworm larval densities have developed in transgenic cotton under severe egg densities
in some years. However, in recent years, the regional occurrence of cotton bollworm in north-
ern China has decreased drastically and this is likely due to the large-scale deployment of Bt
cotton

MIRIDS

Investigations on the seasonal population dynamics of a species-complex of mirids in Bt cot-
ton fields indicated that mirid density on Bt cotton increased drastically, probably due to the
reduced number of insecticide sprays (Fig. 4). This suggests that mirids have become key
insect pests in Bt cotton fields, and their damage to cotton could increase further with the
expansion of the Bt cotton growing area if no additional control measures are adopted.

Figure 3. Density curves of H. armigera larvae in NuCOTN
33B (Cry1Ac cotton), SGK321 (Cry1A + CpTI) and
conventional cotton fields (2004, Hebei Province).
Values shown are means ± standard error.

Figure 4. Mirid population dynamics in
NuCOTN 33B (Cry1Ac cotton),
SGK321 (Cry1A + CpTI) and
conventional cotton fields (2004,
Hebei Province). Values shown are
means ± standard error.
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APHIDS

Cotton aphid is one of the most important insect pests after cotton bollworm in cotton pro-
duction in China. Historically, the period during which the cotton aphid caused yield loss
was restricted to the seedling stage of cotton plants. Before the 1970s, aphids could easily be
controlled by seed treatment with insecticide. In the mid 1970s, aphids became an important
insect pest of cotton due to insecticide-induced resurgence in mid and late season. Since the
1980s, its damage to cotton has become more serious and frequent because insecticide sprays
directed against H. armigera killed most natural enemies, such as ladybeetle and lacewing that
are major predators of cotton aphids. Field experiments on the population dynamics of cot-
ton aphids in Bt cotton fields indicated that cotton aphid populations were effectively con-
trolled at a low level, probably due to high densities of ladybeetle and lacewing populations
(Fig. 5). This suggests that Bt cotton planting could effectively prevent resurgence of cotton
aphids caused by insecticide use for control of cotton bollworm.

Figure 5. Population dynamics of cotton aphid in NuCOTN 33B (Cry1Ac cotton), SGK321 (Cry1A +
CpTI) and conventional cotton fields (2004, Hebei Province). Values shown are means ±
standard error.

DISCUSSION

Transgenic cotton, containing Bt genes, offers great potential to dramatically reduce pesticide
use for control of major lepidopteran pests (Wu and Guo 2005). The greatest threat to the
continued efficacy of Bt cotton against H. armigera is the evolution of resistance (Gould
1998). In addition to current resistance management theory of non-transgenic refuges for the
preservation of susceptible alleles, it is also important to consider the prudent use of insecti-
cides, especially late in the season, to reduce overall larval densities in transgenic fields. If late-
season survivors in Bt fields (under direct selection by the toxin) are reduced by foliar insec-
ticides, the total number of resistance alleles in a region could be reduced. Therefore, it is
important that late-season larval density on Bt cotton plants be carefully monitored and con-
trolled with effective insecticides.
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In addition to the control of Lepidoptera, a control strategy for mirids needs to be de-
veloped. In contrast to the greater dispersal ability of the cotton aphid and cotton bollworm,
mirids can only fly short distances to adjacent fields. Weeds near cotton fields are their major
host plants before moving to cotton, and any action to destroy the weed may decrease the
likelihood that the pests will occur and damage the crop. In addition, an alfalfa / cotton sys-
tem can result in major outbreaks of the mirids in cotton fields. It is thus important to avoid
Bt cotton planting in fields adjacent to alfalfa and other host plants that mirids prefer (Zhang
et al. 1986).
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