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1. ABSTRACT 2. INTRODUCTION

With the expansion of the planted area of To control the pest Helicoverpa armigera
transgenic Bt+CpTI cotton, the effects of this crop on non- (Hiibner), the commercial planting of transgenic pest-
target organisms in soil, including earthworms, are resistant cotton was officially authorized by the Chinese
becoming the most important aspect of their ecological risk government in 1997. These transgenic lines effectively
assessment. Laboratory toxicity studies were conducted to control cotton bollworm and other Lepidoptera, but an
determine the effects of transgenic Bt+CpTI cotton leaves, increasing number of studies have shown that transgenic
containing high concentrations of the Bt toxin and cowpea cotton lines had caused many detrimental environmental
trypsin inhibitor, on the earthworm FEisenia foetida. In effects (1, 2). For example, significant changes have been
comparison with the non-transgenic cotton line Zhong?23, observed in the structure and function of the eco-systems of
transgenic Bt+CpTI cotton Zhong41l had no significant fields planted with transgenic pest-resistant cotton in
acute toxicity on E. foetida. Moreover, the leaves of comparison to those planted with non-transgenic cotton.
transgenic Bt+CpTI cotton were more suitable than the Overall in transgenic cotton fields, the number of harmful
non-transgenic cotton Zhong23 for E. foetida growth and Lepidoptera insects and some parasitoids decreased
reproduction (time of reproduction, the number of cocoons sharply, while insect pests with piercing-sucking
and newly incubated offspring). mouthparts became the main harmful
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Table 1. Basic biochemical parameters of cotton leaves
(Unit: g'kg'Dry Weight)

Parameters Zhong23 Zhong41
Total content of | 216.0+27 323.3£19.1
protein

Soluble sugar 54.6+9.8 118.2+15.7
Total carbon 731.7+56.9 731.7+48.7
Total nitrogen 7.83+0.82 15.6£1.2
Total phosphorus 2.32+0.74 7.85+0.57
Total potassium 4.84+0.86 13.49+1.52

Table 2. Basic parameters of the soil used in this

experiment
Parameter Parameter Parameter Parameter
Name Value (g/kg) | Name Value
Organic matter 46.62 available N 247.70 ppm
Total N 2.49 available K 486.67 ppm
Total C 27.04 available P 223.83 ppm
Total P 7.08 Sand (2-0.5mm) 68.56%
Total K 18.33 pH 7.07
Hygroscopic 38.22
water

insects (3, 4, 5). Moreover, with the large-scale planting
transgenic cotton over such a long time period, the risk of the
resistance of H. armigera to transgenic cotton is increasing (6,
7).

During the growing period of transgenic cotton, the
residues from the cotton plants (mainly the senescent leaves
and pollen) enter the soil and turn into food for soil organisms
by means of natural abscission, damnification or senescence.
Cotton seeds could also be processed into cake-fertilizer and
enter the soil as well (8, 9, 10). In addition, cotton root
exudates have been proven to contain the transgene proteins,
which may be harmful to soil creatures (11, 12, 13, 14, 15). As
the main large invertebrate in soil, earthworms accelerate the
degradation of animal and plant residues and accelerate the
decomposition and mineralization of organic substances. In
comparison with other soil creatures, earthworms are more
sensitive to some pollutants. Among many earthworm species,
E. foetida has been chosen to be the standard model organism
for testing the ecological toxicity of industrial pollutants and
synthesized pesticides (16, 17).

Many scientists have studied the effects on
earthworms caused by transgenic plants containing a single
transgene (14, 18, 19). However, there were few studies about
the effects of transgenic plants with the two transgenes,
Bt+CpT1, on soil earthworm. In order to offer evidence for the
environmental safety of this cotton line, here we report the
effects of the leaves of transgenic Bt+CpTI cotton on the
growth and reproduction of E. foetida.

3. MATERIALS AND METHODS

3.1. Plant material

The cotton variety Zhong4l is a transgenic
insect-resistant cotton variety that expresses the Bt (Cryl1Ac)
toxin and CpTI proteins. The cotton variety, Zhong23, is the
parent of Zhong41, and is a non-transgenic conventional cotton
variety. The seeds of these two varieties were provided by the
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Cotton Research Institute, Chinese Academy of Agricultural
Sciences, Henan Province. Both varieties were grown in fields
where no chemical pesticides were applied during the entire
growing period. The senescent yellow leaves from the lower
parts of the cotton plant were collected. After washing with
distilled water, cotton leaves were cut into pieces (0.5%0.5cm)
and then stored in a refrigerator at -20°C. The basic biochemical
parameters of the cotton leaves are listed in Table 1.

3.2. Earthworm

Colonies of the earthworm E. foetida Daping No.
2, were provided by the Nanjing Earthworm Farm, and
used as the representative of soil invertebrates in this test.
The individuals of E. foetida that were about two months
old with a clitellum and an average weight of about 350 mg
(300-600 mg) were chosen for the experiment. Before the
formal experiments, E. foetida were placed into the test
substance for 24 hours and fed the same food used in the
formal test. Surface soils were then rinsed off with distilled
water and earthworms were dried on filter paper. They
were then put on the surface of the test substance for the
following formal tests.

3.3. Cultivating conditions of E. foetida

The glass bottles (13cm diam, 15cm deep) were
filled with 500g of air-dried soil and the appropriate cotton
leaves. The soil was sterilized at 121°C for 30 min to kill the
soil organisms. The water content of the soil in the glass bottle
was maintained at 30% of the maximal water holding capacity
using distilled water. Ten healthy E. foetida individuals were
put into each glass bottle, sealed with gauze and placed into a
culture cabinet. The culture cabinet was maintained at 20+2°C,
80-85% r.h. and provided with a suitable light intensity (400-
800 lux) to ensure that the earthworms remained alive in the
test substances during the entire period of the experiments.
Each treatment group included four replicates.

All soil samples were collected from field topsoil
(5-10cm under the Earth surface). The basic characteristics
of the soil are listed in Table 2.

3.4. Design of tests

After sterilizing at 121°C for 20 minutes, fermented
cattle manure containing no cotton leaves was used as the
blank control. Treatment with triazophos, a pesticide widely
used for the control of Lepidoptera insects in cotton and rice,
was used as the positive control. Fifty mg of triazophos (42%
a.i.) was mixed with 500 g of soil for the experiment

The maximal level of cotton residues in soil was
considered to be 50 g of cotton leaves/500g soil, and it was
presumed that the field held 2.25 x 10° kg soil per ha. If
60000 cotton plants were cultivated per ha and the fresh
weight of each plant was assumed to be 250 g, the average
weight of cotton per kg soil should be: 60000 x 0.25 / 2.25
x 10° kg = 0.067 kg cotton leaves/kg soil, equaling 33 g of
cotton leaves per 500 g soil. Based on this assumption,
leaves of the two cotton varieties were cut into pieces (9
mm?®) respectively and added to the glass bottles. Weights
of 50 g and 100 g cotton leaves were put into 500 g soil,
respectively, and used as the two concentrations in the
experiments
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Table 3. Effects of acute toxicity of transgenic Bt+CpTI cotton leaves on E. foetida

Treatments Concentration (leaf/soil) Mortality(%)
7 days 14 days

42% concentration Triazophos 50mg leaves /500g 100 100
Cattle manure 0 0
Zhong23 50g leaves /500g 0 0

100g leaves /500g 0 0
Zhong41 50g leaves /500g 0 0

100g leaves /500g 0 0

3.5. Acute toxicity of transgenic Bt+CpTI cotton to E.
foetida

All test substances in the glass bottle were
transferred to a white porcelain plate and the earthworms
were examined for their toxicant symptoms and survival
status by slight mechanical stimulation of the front end by
probing with a blunt needle. If there was no reaction, this
earthworm was identified as dead and discarded. All live
earthworms and test substances were returned to their
respective original glass bottles.

The soil on the surface of live earthworms was
lightly cleared using a set of blunt tweezers and the
earthworms were then put into distilled water for rinsing
until no soil remained on the surface. After drying on filter
paper, a total of 10 earthworms per bottle were weighed,
and the number of earthworm cocoons in each glass bottle
was recorded.

3.6. Measurement of superoxide dismutase (SOD)
activity in E. foetida

Assays for the SOD activity were performed
according to Zou et al. (20). After the acute toxicity test of
E. foetida, two live earthworms from each glass bottle were
randomly selected for the SOD activity measurement.
Earthworms were killed and cleaned. Cooled physiological
saline (0.7% NacCl, 4°C) was then added to the earthworm
tissue for homogenization. After centrifugation (3000 rpm,
12 min, 2°C), aliquots of the supernatants were directly
used for the SOD activity measurement using an SOD kit
and a Coomassie Brilliant Blue protein kit obtained from
the Nanjing Jiancheng Biological Engineering Institute.

3.7 Effects of transgenic Bt+CpTI cotton on the growth
and reproduction of E. foetida

After the acute toxicity test, the earthworms from
the three treatments (transgenic Bt+CpTI cotton, non-
transgenic cotton and cattle manure) were -cultivated
continuously under the same conditions. Every 14 days, the
remaining eight earthworms of each group were weighed as
a whole, and the numbers of earthworm cocoons and newly
incubated offspring were counted. New offspring from the
carthworms were removed from each glass bottle after their
number was recorded, and the live earthworms and cocoons
were returned to their respective glass bottles. After this,
250 g of fresh cattle manure was added into each bottle and
25 g and 50 g of cotton leaves were added into their
respective glass bottles containing 50 g leaves /500g soil
and 100g leaves /500g soil.

3.8. Data analysis
The survival data of E. foetida at each sampling
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time were compared using a t-test in PROC GLM for the
acute and long-term bioassays between Bt+CpTI cotton and
control cotton (SAS, 1998). The significance levels were
set to P<0.05.

4. RESULTS

4.1. Effects of Acute Toxicity of Transgenic Bt+CpTI
Cotton on E. foetida

According to Table 3, all E. foetida individuals
from the triazophos treatment (positive control) died
within 7 days, while no earthworm mortality occurred in
the cattle manure treatment (blank control). There were
no dead earthworms in the Zhong23 treatment, nor in
the Zhong41 treatment within 14 days.

4.2. Effects of Transgenic Bt+CpTI Cotton on SOD
Activity of E. foetida

Figure 1 shows that the SOD activity of E.
foetida individuals in either the Zhong23 or Zhong4l
treatment at either of the two treatment concentrations
was notably higher than the SOD activity of E. foetida
in the cattle manure treatment (P<0.05). In the
treatments containing the 50 g leaves/500g soil, the
mean SOD activity of E. foetida was higher in the
treatment containing the Zhong23 leaves than the
treatment containing leaves from Zhong41, although this
difference was not significant (P=0.48). At the higher
concentration of leaves (100g leaves/500g soil), the
SOD activity of E. foetida in Zhong23 treatment was
higher than that in Zhong41 treatment, however, this
difference was also not significant (P=0.75).

4.3. Effects of Transgenic Bt+CpTI Cotton on the
Growth of E. foetida

After the acute toxicity experiments for the
effect of transgenic Bt+CpTI cotton on E. foetida,
earthworms from the three treatments (transgenic
Bt+CpTI cotton, non-transgenic cotton and cattle
manure) were further cultivated for 84 days under the
same testing conditions to test the effects of transgenic
cotton on the growth and reproduction of E. foetida.

No mortality of E. foetida individuals occurred
in any of the treatments within 84 days while
earthworms in some treatments (cattle manure,
Zhong23-50 and Zhong41-100) died after 84 to 98 days,
therefore the test was halted after 84 days. The results in
Table 4 show that the average weight of E. foetida
individuals in the cattle manure group increased until
day 42, then gradually decreased. The earthworm
weights of the four cotton leaf
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Table 4. Average weight of eight individual E. foetida in the different groups

Time (day) Total weight of eight earthworms(g)
cattle manure Zhong41-50 Zhong23-50 Zhong41-100 Zhong23-100
1 2.35+0.22 2.32+0.26 2.28+0.17 2.31+0.12 2.27+0.18
14 3.98+0.16 3.3840.18 3.2240.24 3.3420.15 3.27%0.11
28 4.33+0.43 3.9840.27 3.95+0.27 4.17+0.32 3.95+0.14
42 4.76+0.33 4.15+0.12 4.08+0.11 4.39+0.18 4.27+0.20
56 4.24+0.54 4.78+0.14 4.720.10 5.03+0.42 4.78+0.28
70 4.17+0.38 4.61+0.32 4.51+0.20 4.96+0.32 4.76+0.31
84 3.9240.41 4.53+0.26 4.4240.21 4.97+0.40 4.64+0.21
150
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Figure 1. Effects of transgenic Bt+CpTI cotton on the SOD activity of E. foetida

groups tended to increase until day 56 when it decreased
slowly. There was a slight difference in the trend of the
average weight of earthworms between the four groups
with cotton leaves and the cattle manure group. The results
demonstrated that the leaves used in the test system were
benign for E. foetida growth within a certain period (1-56
days). If the test time was prolonged, the test system would
have become unsuitable for the growth of E. foetida. One
of the reasons for this result might be that the environment
of the earthworms was limited, being in a closed container,
and the metabolites of the earthworms will continuously
accumulate during the growth period, inhibiting their
growth or even killing them.

The two cotton treatments containing 50 g of
leaves/500g of soil, the average weight of earthworms in
the Zhong41 group was higher than in the Zhong23 group
from days 14 to 84, however there was no significant
difference between them (P=0.31-0.72). A similar result
was observed for the 100 g leaves/500g soil treatments.
Moreover, during this same time period, the average weight
of the Zhong23 group (or the Zhong4l group) from the
treatments with 100 g leaves/500g soil were consistently
higher than all treatments with 50 g leaves/500g soil. These
differences, however, were not significant (P=0.25-0.86).

4.4. Effects of Transgenic Bt+CpTI Cotton on the
Reproduction of E. foetida

According to Table 5, earthworm cocoons
appeared by day 7 in cattle manure group, but not until day
14 in the transgenic and non-transgenic cotton leaf groups.
The number of earthworm cocoons in the cattle manure
group was remarkably higher than that in the cotton leaf
groups on days 14 and 28 (P=0.02 and 0.04, respectively).
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From days 42 to 84, however, the opposite trend was
observed and the number of earthworm cocoons in each of
the cotton leaf groups was higher than in the cattle manure
group. From days 14 to 84, the number of earthworm
cocoons in the Zhong4l group was higher than in the
Zhong23 group for the concentration of 50 g leaves/500g
soil, but there was no significant difference between them.
A similar result was observed with the 100 g leaves/500g
soil treatments.

Newly incubated E. foetida offspring appeared on
day 28 in the cattle manure treatment, but not until day 42
in the two cotton leaf treatments. From days 42 to 84, the
number of newly incubated E. foetida offspring was higher
than in the four cotton leaf groups. The number of newly
incubated E. foetida offspring in the transgenic Zhong41l
group was higher than in non-transgenic Zhong23 group for
the concentration of 50 g leaves/500g soil, however this
difference was not significant. A similar trend was
observed in the two groups treated with 100g of
leaves/500g of soil.

5. DISCUSSION

The studies on the effects of transgenic plants on
non-target organisms, including the earthworm, were
adapted from the standard procedures for evaluation of the
acute toxicity of chemical pesticides (21). The non-target
organism was fed with food containing the tissues of the
transgenic plant or the transgene protein from microbes.
For transgenic plants that express only a single foreign
protein, such as the Bt protein, it is feasible to use a method
that feeds the non-target organism with the Bt protein from
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Table 5. Effects of transgenic Bt+CpTI cotton on the reproduction of E. foetida

Time | Number of E. foetida cocoons (Mean+SD) Number of newly incubated E. foetida offspring (Mean+SD)

(day) Cattle Zhong41-50" Zhong23-50" Zhong41-100° Zhong23-100° Cattle Zhong41-50" Zhong23-50' Zhong41-100° Zhong23-100°
manure manure

1 0 0 0 0 0 0 0 0 0 0

7 2.542.1 0 0 0 0 0 0 0 0 0

14 12.3+3.5 | 4.743.5 5.243.5 5.744.3 5.343.1 0 0 0 0 0

28 31.8+7.6 17.1+6.4 16.7+5.8 18.9+6.2 16.9+7.7 1.241.8 0 0 0 0

42 29+9.7 59.3+11.9 56.5+13.4 61.2+11.8 60.3£10.4 441132 | 242.1 0.7+0.9 0.71.5 1.2+1.8

56 26.2+£9.5 | 47.2+14.5 42.749.3 49.2+12.6 47.6+9.7 39.5¢11.2 | 20.7+8.2 19.4+6.8 22.8+9.4 20.9+11.7

70 25.5+7 39.5+19.3 37.2+7.6 45.7£12.5 41.2+17.8 34.5+9.5 23.6+7.9 21.8+7.4 25.5+10.6 24.3+9.5

84 24.2+74 | 38.8+16.2 37.7+8.1 43.8+12.2 41.5+16.2 32+6.7 24.5+8.2 23.2+7.7 26.8+11.2 23.5+8.4

50 g leaves/500 g soil 2100 g leaves/500 g soil

Bacillus thuringiensis. However, for transgenic plants that
express two or more transgene proteins, it is difficult, or not
possible, to offer the non-target organism the transgene
proteins from sources other than the transgenic plant tissue
In this study, earthworms were exposed to the highest
dosages of transgenic Bt+CpTI leaves according to the
cotton field environment. In the positive control group,
treated with the chemical triazophos, all earthworms died
within 7 days. However, in the negative control with cattle
manure, no earthworms died within 14 days. This showed
that the test system used could ensure the normal growth of
earthworms and could also detect lethal effects caused by
toxic materials. Therefore, the system was suitable for
testing the effects of transgenic cotton leaves on E. foetida.
Within 14 days, no earthworms died in the transgenic
cotton group or the non-transgenic cotton group at the two
different leaf dosages respectively, indicating that the
transgenic cotton leaves had no acute toxicity effects on E.
foetida even treated at twice the maximum expose dose.

SOD acts as a scavenger to remove superoxide
radicals. It has been reported that levels of this enzyme are
related to animal resistance to stresses such as pollution and
cold (22, 23, 24) In our study, Figure 1 shows that the SOD
activity of E. foetida in groups treated with cotton leaves
were higher than in the group treated with cattle manure
(P<0.05) indicating that cotton leaves had an adverse effect
on the growth of earthworms in comparison with the
manure. The cotton leaves used in the study were obtained
directly from plants and were not fermented. Some
chemical substances such as allelochemicals and gossypol
in the leaves may create a disadvantageous stimulus with
respect to the growth of earthworms as mentioned by Li et
al (25). This might have resulted in the observed increase
of SOD activity in the earthworms from the treatments with
the fresh cotton leaves. In contrast, the chemical substances
found in fresh leaves are degraded in the course of the
cattle’s’ digestion and fermentation, about 3 months, and
might make the cattle manure more benign for earthworm
growth than fresh cotton leaves. However, as for the two
groups treated with the same dose of cotton leaves, the
SOD activity of E. foetida in the treatment containing
leaves from Zhong4l was higher than the comparable
Zhong23 treatment. This difference, however, was not
significant. Therefore, in comparison with the leaves of
Zhong?23, the leaves of Zhong41 had no detrimental effects
on the growth of E. foetida.

The transgene proteins in the residues of
transgenic plants can persist in soil and maintain their
biological activity for 240 days. Therefore, it is necessary
to study the chronic toxic effects of transgenic plants on
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soil creatures such as earthworms (18, 26). The results from
our study on the long-term effects of transgenic cotton leaf
on the growth and reproduction (the number of cocoons
and newly incubated offspring) of E. foetida indicated that
there were significant differences on the rates of weight
increase and the reproduction of E. foetida between the
cattle manure treatment and two cotton leaf treatments.
However, in the two groups treated with the same dose of
cotton leaves from days of 14 to 84, the average weight
of E. foetida in the transgenic cotton group was higher
than in the parent cotton group. In addition, a similar
result was obtained for the number of earthworm
cocoons. For the majority of the time from days 14 to
84, the mean number of newly incubated E. foetida
offspring in the transgenic cotton leaf group was higher
than that in the parent cotton group. This indicated that
the transgenic cotton leaves were less detrimental to the
growth and reproduction of E. foetida. This
phenomenon may have been caused by two means. First,
the contents of main nutrients (total protein and soluble
sugars) in the transgenic cotton leaves were higher than
in the non-transgenic cotton leaves (Table 1), meaning
that the transgenic cotton leaf supplied more nutriments
for the growth and reproduction of E. foetida than the
non-transgenic cotton leaf. Second, although there were
Bt and CpTI proteins present in the transgenic cotton
leaf, the two transgene proteins are only toxic when
absorbed by target organisms under an alkaline
intestinal environment. The intestinal environment of E.
foetida, however is weakly acidic (pH 6-7), which is not
suitable for the Bt and CpTI proteins to exhibit their
biological toxicities Moreover, some studies have shown
that the Bt proteins have no toxic effects on E. foetida,
and there have been no studies indicating the toxicity of
CpTI protein on E. foetida (14, 18, 19).

In conclusion, the effects of the high dose of
leaves from the transgenic cotton variety Zhong4l that
contain the Bt+CpTI genes on the survival, growth and
reproduction of E. foetida were conducted under laboratory
conditions. The results of these experiments indicated that
leaves from the transgenic cotton variety Zhong41 had no
acute toxic effects against to E. foetida in comparison with
the leaves of the parent variety Zhong23. Moreover, the
transgenic cotton leaves were more suitable for the growth
and reproduction of E. foetida in comparison with the
leaves of Zhong23. According to our results and other
reports, the transgenic crops coding for different transgene
proteins such as CrylAb, CrylAc, Cry3Bbl, bovine spleen
trypsin inhibitor are less harmful and have no negative
effects on non-target organisms such as earthworms than
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their parent plants and chemical insecticides (19, 27, 28,
29, 30, 31, 32). However, these tests were only conducted
in a laboratory setting, and there remain many problems to
be further settled, including the effects of transgenic cotton
on incubation rate of E. foetida, and the effects of
transgenic cotton on the parental growth and reproduction
of E. foetida.

6. ACKNOWLEDGMENTS

This research was jointly supported by Jiangsu
Science Foundation (BK2006501), Professional and Public
Project of National Environmental Protection (200709047),
the Central-level Nonprofit Research Institutes for Basic
Research Funds.

7. REFERENCES

1. Yu, Y. S, Y. Z. Yang, Y. H. Lu: Response of parasitic
wasps of cotton bollworm to different cotton varieties with

transgenic Bacillus thringienthsis genes'|Chinese J Appl
Ecol 15 (5), 845-848 (2004)

2. Han, L. Z., Sh. X. Bai, J. Z. Zhao, Z. Y. Wang, K. M.
Wu: Progress in ecological biosafety of insect-resistant
transgenic cotton and corn in relation to arthropods. Acta
Entomologica Sinica 50 (7), 727-736 (2007)

3. Sharma H C, G. Pampapathy: Influence of transgenic
cotton on the relative abundance and damage by target and
non-target insect pests under different protection regimes in
India. Crop Prot 25, 800-813 (2006)

4. Sharma H C, A. Richa and G. Pampapathy: Influence of
transgenic cottons with Bacillus thuringiensis cryl Ac gene

on the natural enemies of Helicoverpa armigera.
BioControl 52, 469-489 (2007)

5, Xu, W. H., B. Liu, R. M. Wang, Y. P. Zheng, Y. Zhang,
X. G. Li: Effects of transgenic Bt cotton on insect
community in cotton fields of coastal agricultural area of
Jiangsu province. J Ecol Rura Environ 24 (1), 32-38 (2008)

6. Shu, C. E., L. X. Bai, H. W. Sun, Y. W. Sun: Studies on
resistance development of transgenic cotton variety feed by
continual generations of cotton bollworm. Chinese J Biol
Control 17 (1), 1-5 (2001)

7. Chen, H. Y., Y. H.Yang, S. W. Wu, Y. J. Yang, Y. D.
Wu: Estimated frequency of resistance alleles to Bt toxin
CrylAc in the field populations of Helicoverpa armigera
(Hiibner) from Northern China. Acta Entomologica Sinica
50 (1), 25-30 (2007)

8. Icoz I, G. Stotzky: Fate and effects of insect-resistant Bt
crops in soil ecosystems. Soil Biol Biochem 40, 559-586
(2008)

9. Shen, P., Y. J. Zhang, Y. Chen, K. M. Wu, Y. F. Peng,
Y. Y. Guo: Detection for persistence of Bt gene and Bt
insecticidal proteins in soil after multiple years of Bt cotton
planting. Cotton Sci 20 (1), 79-80 (2008)

4013

10. Xing, Z. J., Z. Y. Wang, K. L. He, S. X. Bai:
Degradation dynamics of CrylAb insecticidal protein
within transgenic Bacillus thuringiensis corn seedling
debris in field. Scientia Agricultura Sinica 41 (2), 412-416
(2008)

11. de Vries J, Harms K, Broer I, Kriete G, Mahn A,
Diiring K, W. Wackernagel The bacteriolytic activity in
transgenic potatoes expressing a chimeric T4 lysozyme
gene and the effect of T4 lysozyme on soil- and
phytopathogenic bacteria. Syst Appl Microbiol 22, 280-286
(1999)

12. Ahrenholtz I, Harms K, de Vries J, W. Wackernagel:
Increased killing of Bacillus subtilis on the hair roots of
transgenic T4 lysozyme-producing potatoes. App! Environ
Microbiol 66, 1862-1865 (2000)

13. Saxena D, G.Stotzky: Insecticidal toxin from Bacillus
thuringiensis is released from roots of transgenic Bt corn in
vitro and in situ. FEMS Microbiol Ecol 33 (1),35-39 (2000)

14. Saxena D, G. Stotzky: Bacillus thuringiensis (Bt) toxin
released from root exudates and biomass of Bt corn has no
apparent effect on earthworms, nematodes, protozoa,
bacteria, and fungi in soil. Soil Biol Biochem 33 (9), 1225-
1230 (2001)

15. Saxena D, Flores S, G. Stotzky: Insecticidal toxin in
root exudates from Bt corn. Nature 402 (6761), 480 (1999)

16. Gong, P. B., J. X. Li, M. F. Guo, C. H. Liao: Present
status and development trend of earthworm eco-
toxicologicai test. Chinese J Ecol 26 (8), 1297-1302 (2007)

17. Organisation for Economic Co-operation and
Development (OECD): OECD guideline for testing of
chemicals. No. 207. Earthworm acute toxicity tests. (1984)

18. Zwahlen C, A. Hilbeck and R. Howald: Effects of
transgenic Bt corn litter on the earthworm Lumbricus
terrestris. Mol Ecol 12 (4), 1077-1086 (2003)

19. Vercesi M L, P. H. Krogh, M. Holmstrup: Can Bacillus
thuringiensis (Bt) corn residues and Bt-corn plants affect
life-history traits in the earthworm Aporrectodea
caliginosa? App! Soil Ecol 32 (2), 180-187 (2006)

20. Zou, G. L., Gui XF, Zhong X L, Y. F Zhu: The
measurement method of the superoxide dismutase activity.
Prog Biochem Biophys 4, 71-73 (1986)

21. Andow D A and A. Hilbeck: Science-based risk
assessment for nontarget effects of transgenic crops.
BioScience 54 (7), 637-649 (2004)

22. Abele-Oeschger D: A comparative study of superoxide
dismutase activity in marine benthic invertebrates with
respect to environmental sulphide exposure. J Exp Mar
Biol Ecol 197, 39-49 (1996)

23. Liu, B., C. R. Xu, F. M. Yan and R. Z. Gong: The
impacts of the pollen of insect-resistant transgenic cotton



Effects of transgenic cotton on Eisenia foetida

on honeybees. Biodivers Conserv 14, 3487-3496 (2005)

24. Zhang, W., Y. F. Song, T C. Sun, X. X. Li, M. Liu, L.
Chen: Antioxiding defensive responses of earthworms
(Eisenia foetida) exposed to low dosage of fluoranthene in
soil. Acta Pedologica Sinica 44 (6), 1049-1057 (2007)

25. Li, H. Y., G. J. Sun, W. G. Jin: Effect of
supplementation of cottonseed meal on rumen fermentation
and the degradability of nutrient in leaf of Achnatherum
splendens\J Shihezi Univ (Natural Science) 25 (2), 184-
188 (2007)

26. Zwahlen C, A. Hilbeck, P. Gugerli and W. Nentwig:
Degradation of the CrylAb protein within transgenic Bacillus
thuringiensis corn tissue in the field. Mol Ecol 3 (12), 765-775
(2003)

27. Ahmad A, G. E. Wilde, K. Y. Zhu: Evaluation of effects of
coleopteran-specific Cry3Bbl protein on earthworms exposed
to soil containing corn roots or biomass. Environ Entomol 35
(4), 976-985 (2006)

28. Bhatti M A, J. Duan, G. Head, C. J. Jiang, M. J. McKee, T.
E. Nickson, C. L. Pilcher, C. D. Pilcher: Field evaluation of the
impact of corn rootworm (Coleoptera: Chrysomelidae)-
protected Bt corn on ground-dwelling invertebrates. Environ
Entomol 34 (5), 1325-1335 (2005)

29. Clark B W, J. R. Coats: Subacute effects of CrylAb Bt
corn litter on the earthworm Eisenia fetida and the springtail.
Folsomia candida. Environ Entomol 35 (4), 1121-1129 (2006)

30. Debeljak M, C. Jérome, D. Damjan, H. K. Paul and D.
Saso: Hierarchical classification of environmental factors and
agricultural practices affecting soil fauna under cropping
systems using Bt maize. Pedobiologia 51 (3), 229-238 (2007)

31. O'Callaghan M, M. Brownbridge, W. B. Stilwell, E. M.
Gerard, E. P. J. Burgess, E. 1. Barraclough, J. T. Christeller:
Effects of tobacco genetically modified to express protease
inhibitor bovine spleen trypsin inhibitor on non-target soil
organisms. Environ Res 6 (3), 183-195 (2007)

32. Krogh P H, B Griffiths, D Demsar, M Bohanec, M
Debeljak, M N. Andersen, C. Sausse, A. N. E. Birch, S Caul,
M. Holmstrup: Responses by earthworms to reduced tillage in
herbicide tolerant maize and Bt maize cropping systems.
Pedobiologia 51 (3), 219-227 (2007)

Key Words: Transgenic Bt+CpTI cotton, Eisenia Foetida,
Ecological Risk Assessment

Send correspondence to: Biao Liu, State Key Biosafety
Laboratory, Nanjing Institute of Environmental Sciences,
Ministry of Environmental Protection of China, Nanjing,
Jiangsu 210042, China, Tel: +86-25-85287064, Fax: 86-25-
85287064 E-mail: liubiao@nies.org

http://www.bioscience.org/current/vol14.htm

4014



