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Transgenic insecticidal plants based on Bacillus thuringiensis (Bt) endotoxins, on proteinase inhibitors and on 
lectins, and transgenic herbicide tolerant plants are widely used in modern agriculture. The results of the studies 
on likelihood and non-likelihood of adverse effects of transgenic plants on the environment including: (i) effects 
on nontarget species; (ii) invasiveness; (iii) potential for transgenes to ‘escape’ into the environment by horizontal 
gene transfer; and (iv) adverse effects on soil biota are reviewed. In general, it seems that large-scale implemen-
tation of transgenic insecticidal and herbicide tolerant plants do not display considerable negative effects on the 
environments and, moreover, at least some transgenic plants can improve the corresponding environments and 
human health because their production considerably reduces the load of chemical insecticides and herbicides. 

[Velkov V V, Medvinsky A B, Sokolov M S and Marchenko A I 2005 Will transgenic plants adversely affect the environment?; J. Biosci. 
30 515–548] 

 
1. Introduction 

Transgenic plants (TPs) display considerable potential to 
benefit both developed and developing countries. Express-
ing insecticidal proteins, or proteins providing tolerance 
to herbicides or resistance to environmental stresses TPs 
are revolutionizing argriculture (Carpenter and Gianessi 
2000; Shelton et al 2002; Wang et al 2003). The use of 
such crops with input traits for pest management – pri-
marily insect and herbicide resistance has risen dramati-
cally since their introduction in the mid-1990’s. In recent 

years regulations have been developed to address the 
risks of releasing TPs into the natural environment. It is 
clear that future agricultural and, ultimately, also natural 
ecosystems will be challenged by the large-scale intro-
duction of genetically modified organisms, containing 
entirely novel genes and gene products in new combina-
tions at high frequencies all of which will have unknown 
impacts on their associated complex of non-target organ-
isms, i.e. all organisms that are not targeted by the insec-
ticidal protein produced by the TPs. In times of severe 
global decline of biodiversity, pro-active precaution is 
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necessary and careful consideration of the likely expected 
effects of TPs on biodiversity of plants and insects is 
mandatory. (Wolfenbarger and Phifer 2000; Velkov et al 
2003a,b). To ensure safe crops to humans and the envi-
ronment, a strong, but not stifling, regulatory system 
needs to be established and properly implemented. The 
major components of those systems are: (i) mandatory 
pre-market approval; (ii) established safety standards; 
(iii) transparency; (iv) public participation; (v) use of 
outside scientists for expert scientific advice; (vi) inde-
pendent agency decisions; (vii) post-approval activities; 
and (viii) enforcement authority and resources. Although 
none of the existing systems adequately achieves all the 
necessary components of a strong regulatory system, those 
systems serve as models for deciding which regulatory 
procedures should be emulated and which should be 
avoided. A mandatory pre-market approval system that 
applies established safety standards in procedures that  
are transparent and allows for public participation with 
no pre-conceived notions or biases will best achieve  
both safe products and consumer trust. (reviewed in Mar-
vier 2002; Giovannetti 2003; Velkov et al 2003a,b; Jaffe 
2004). 
 In spite of considerable attempts of governmental regu-
lators to adopt such procedures the debates in scientific 
and public communities, which addresses both safety and 
‘precautionary approach,’ has raised questions about the 
impact of TPs on the biodiversity of traditional landraces, 
on the agricultural and natural ecosystems and on the 
environment in general (reviewed in Wisniewski et al 
2002; Mendelsohn et al 2003; Conko 2003). 
 Governmental authorities responsible to say the final 
yes or no to large-scale implementation of TPs expect from 
scientists, responsible for the corresponding environmental 
risk assessments the answers formulated in the terms yes 
or no and without reserves. Such requirement is reason-
able, because the majority of TPs are especially designed 
to have ecological (and then economical) advantageous 
over their non transgenic parents and relatives. Generally 
speaking, these TPs could be characterized as resistant: 
resistant to harmful insects (insecticidal TPs), to herbi-
cides (herbicide tolerant, HT), to salt stress (salt toler-
ant), to drought (drought tolerant). But what are the 
chances that these TPs will bring also unintended disad-
vantageous? Will such TPs displace their relatives not 
armed with corresponding transgens? Or will, for exam-
ple, insecticidal TPs kill non target (beneficial) organ-
isms and disrupt essential food chains? Will transgenes 
escape form TPs via transgenic pollen dissemination or 
by microbes capturing transgenes? Neither any sophisti-
cated speculation nor common sense reasoning can answer 
these questions, but only non-ambiguous results of ex-
perimental studies collected, analysed and generalized. 
Let’s see how it is in fact. 

2. Will insecticidal TPs kill non target organisms? 

Although insecticidal TPs usually are constructed to kill 
only a narrow spectrum of lepidopteran species, they 
could directly or indirectly damage non-target species 
also. A lot of testing methods have been developed for 
assessing the impact of TPs on non-target organisms. 
These tests begin in contained, indoor conditions, and 
often use transgene products rather than TPs and progress 
to more realistic conditions, involving microcosms, field 
trials, modelling, and finally farm-scale evaluations or 
commercial crop monitoring. Non-target organisms are 
selected on a range of criteria (e.g. abundance in the 
field, ease of handling in the laboratory, taxonomic cer-
tainty, value to the agricultural ecosystem, endangered 
status), and those for which toxicity is demonstrated are 
then subjected to more detailed investigation (Cowgill 
and Atkinson 2003; Dutton et al 2003a,b; Schmitz et al 
2003). Four Bt delta-endotoxin genes (cry1Ab, cry1Ac, 
cry2Ab, and cry9C) are currently used commercially in 
corn and cotton to protect against lepidopteran pest attack 
(Shelton et al 2002). Other transgenes coding proteins with 
insecticidal activities widely used for transgenic plants 
developing are: (i) protease inhibitors (PIs) (Cowgill and 
Atkinson 2003); (ii) lectins, whose ranges of insecticidal 
activity are generally broader than those of Bt toxins 
(Griffiths et al 2000); (iii) biotin-binding proteins (BBPs), 
which have a broad spectrum of insect toxicity (Kramer 
et al 2000; Burgess et al 2002); (iv) toxins from bacterial 
symbionts of entomopathogenic nematodes (Kramer et al 
2001); (v) chitinases (Wang et al 1996); and (vi) enhan-
cin from insects (Cao et al 2002). Usually such TPs are 
designated as protected by the corresponding transgenes. 
 There is widespread concern that insecticidal TPs will 
cause mortality in non-target insects. Is this kind of risk real? 

(i) Yes 

Bt protected TPs: The first evidence that this may be the 
case was observed when Bt corn (Cry1Ab) pollen natu-
rally deposited on Asclepias syriaca; common milkweed, 
in a corn field caused significant mortality of Danaus 
plexippus L. (Lepidoptera: Danaidae) larvae. It was shown 
that larvae feeding for 48 h on A. syriaca plants naturally 
dusted with pollen from Bt corn suffered significantly 
higher rates of mortality at 48 h (20 ± 3%) compared to 
larvae feeding on leaves with no pollen (3 ± 3%), or feed-
ing on leaves with non-Bt pollen (0%). Mortality at 120 h 
of D. plexippus larvae exposed to 135 pollen grains/cm2 
of transgenic pollen for 48 h ranged from 37 to 70%. 
Based on the quantification of the wind dispersal of this 
pollen beyond the edges of agricultural fields, it was pre-
dicted that the effects of transgenic pollen on D. plexip-
pus may be observed at least 10 m from transgenic field 
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borders. However, the highest larval mortality occurred 
on A. syriaca plants in corn fields or within 3 m of the 
edge of a transgenic corn field (Jesse and Obrycki 2000). 
According to the next field study of the impact of expo-
sure to pollen from a Bt corn (Cry1Ab, event 176) on two 
species of Lepidoptera, black swallowtails and monarch 
butterflies (D. plexippus), it was documented that nearly 
half of the 600 monarch larvae died within the first 24 h: 
this and subsequent mortality was not associated with 
proximity to Bt corn and may have been due in part to 
predation. Survivorship of black swallowtails was much 
higher than that of the monarchs and was also independ-
ent of proximity to the transgenic corn. However, despite 
five rainfall events that removed much of the pollen from 
the leaves of their host plants during the experiment, a 
significant reduction in growth rates of black swallowtail 
larvae was observed that was likely caused by pollen ex-
posure. Authors claimed that these results suggested that 
Bt corn can have adverse sublethal effects on black swal-
lowtails in the field (Zangerl et al 2001). 
 
TPs protected by antimicrobial genes: A similar results 
was obtained when the biology and behaviour of pear psylla, 
Cacopsylla pyricola Foerster, on a transgenic ‘Bartlett’ 
pear, Pyrus communis L., containing a synthetic antimi-
crobial gene, D5C1, was compared with that of a non-
transgenic parental plant to determine whether there were 
any nontarget effects. The gene-construct also contained 
the marker gene nptII (aminoglycoside 3′-phosphotrans-
ferase II) that encodes for antibiotic resistance to identify 
transformed plants. The purpose of the genetical modifi-
cation was to enhance pear resistance to the bacterial dis-
ease fireblight caused by Erwinia amylovora (Burr.). The 
biology and behaviour of pear psylla on TPs were com-
pared with a nontransgenic parental pear in short-term 
(less than or equal to 7 days) and long-term (32 days) 
studies. Short-term studies indicated pear psylla adults 
preferred to settle and oviposit, and nymphs fed more and 
developed slightly faster, on transgenic pear compared 
with nontransgenic pear. In contrast, a long-term study on 
psylla colony development showed considerably fewer eggs, 
nymphs, and adults were produced on transgenic pear. 
Although adults reared on transgenic pear did not have 
weight affected, females produced fewer eggs and nym-
phal hatch was significantly reduced on the transgenic 
pear. In general, the results suggested that pear-psylla 
biology and behaviour are initially enhanced on this TP. 
However, chronic exposure of psylla populations to the 
TPs that express the nptII marker and lytic peptide genes 
had detrimental effects on pear psylla reproductive bio-
logy. Overall, this study demonstrated that TPs used to 
control one particular organism can have unintentional 
yet beneficial effects against other nontarget pest organisms 
in agricultural crops (Puterka et al 2002). 

(ii) No 

Bt protected TPs: Purified preparations of a B. thur-
ingiensis var. kurstaki CryIA(c) protein equivalent to the 
insecticidal protein produced by transgenic cotton were 
tested against 14 species of insects – (i) Coleoptera: An-
thonomus grandis Boheman, Diabrotica undecimpunc-
tata howardi Barber, Leptinotarsa decemlineata (Say), 
Hippodamia convergens Guerin-Meneville; (ii) Diptera: 
Aedes aegypti (L.); (iii) Homoptera: Myzus persicae (Sulzer); 
(iv) Hymenoptera: Apis mellifera L., Nasonia vitripennis 
(Walker); (v) Lepidoptera: Ostrinia nubilalis (Hubner); 
Manduca sexta (L.), Helicoverpa tea (Boddie), Heliothis 
virescens (Fabr.); (vi) Neuroptera: Chrysopa carnea 
Stephens; and (vii) Orthoptera: Blattella germanica (L.). 
Ten species were tested using diet-incorporation feeding 
bioassays exposing insects to a high dose concentration 
of 100 µg/ml of the ‘full-length’ CryIA(c) protein. Four 
beneficial insect species (A. mellifera, C. carnea, H. con-
vergens, and N. vitripennis) were tested at ca. 20 µg/ml 
concentration in diet. This concentration was > 100 times 
the concentration of CryIA(c) protein found in the field 
as present in pollen and nectar of transgenic cotton. Of the 
14 insect species tested, only four species of Lepidoptera 
had > 50% mortality.The mortality of non-lepidoptera 
species exposed to the proteins did not differ signifi-
cantly from control mortality. It was concluded, that the 
CryIA(c) protein expressed in transgenic cotton has bio-
logical activity specific for Lepidoptera and that risks to 
beneficial non-lepidoptera insect species are negligible 
(Sims 1995). Among the lepidopterans at high potential 
risk from Bt protected plants is the black swallowtail 
butterfly Papilio polyxenes. A field study was performed 
to assess whether mortality of early instar black swallow-
tails was associated either with proximity to a field of Bt 
corn or by levels of Bt pollen deposition on host plants. 
Potted host plants were infested with first instar black 
swallowtails and placed at intervals from the edge of a 
field of Bt corn. The pollen from these plants contained 
Cry1Ab endotoxin (2⋅125 ± 0⋅289 ng/g). Although many 
of the larvae died during the 7 days that the experiments 
were run, there was no relationship between mortality 
and proximity to the field or pollen deposition on host 
plants. Moreover, pollen from these same plants failed to 
cause mortality in the laboratory at the highest pollen dose 
tested (10,000 grains/cm2), a level that far exceeded the 
highest pollen density observed in the field (200 grains/ 
cm2). It was concluded that Bt pollen of the variety tested 
is unlikely to affect wild populations of black swallow-
tails (Wraight et al 2000). 
 In contrast to the initial investigations of the negative 
impact of Bt corn (Cry1Ab) on D. plexippus (which pro-
voked strong negative public response to transgenic bio-
technology) in the next experiments the ‘Monarch case’ 
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was revised and the verdict was returned. The effect of Bt 
corn proximity and Bt corn pollen presence on the ovi-
position behaviour of the monarch butterfly, D. plexip-
pus, was assessed in cage and flight chamber studies. The 
proportions of monarch eggs oviposited on milkweed 
plants dusted with Bt pollen, and untransformed hybrid, 
gravel dust, and undusted control plants were recorded 
from a cage study. None of the treatments differed sig-
nificantly in the relative proportion of eggs found. The 
effect of Bt and non Bt corn plant proximity and corn 
pollen presence was also assessed in a flight chamber. A 
significantly higher proportion of eggs (96%) were re-
covered from patches of milkweed plants not surrounded 
by corn plants, and a significantly higher proportion of 
eggs (nearly 70%) were recovered from patches of milk-
weed plants not dusted with corn pollen. It was con-
cluded, that “there were no significant differences in the 
effects of Bt corn plants or corn pollen compared with 
non Bt plants or pollen” (Tschenn et al 2001). Moreover, 
in the following detailed study of Bt corn pollen risk to 
monarch butterfly D. plexippus (L.) populations, the re-
sults were compared with more highly refined risk as-
sessment techniques in terms of the risk conclusions which 
can be developed with more highly certain information. 
Exposure analysis showed pollen interception by the host 
for monarch butterfly larvae (common milkweed, Ascle-
pias syriaca L.) declined exponentially with distance from 
the pollen source. Intra- and inter-genera sensitivity of 
lepidopteran species was used to project effect to mon-
arch butterfly larvae. When the 90(th) percentile of effec-
tive (LC50) was used to estimate monarch butterfly sen-
sitivity to Bt corn pollen expressing Cry1A (b) toxin, 
“the risk of lethality to individual larvae was negligible” 
(Wolt et al 2003). 
 Bt corn expressing Cry3Bb1 toxin was developed for 
control of corn rootworms, Diabrotica spp. (Coleoptera: 
Chrysomelidae). A continuous feeding study was con-
ducted in the laboratory to evaluate the dietary effect of 
the pollen expressing the Cry3Bb1 protein on the survi-
val, larval development, and reproductive capacity of the 
nontarget species, Coleomegilla maculata DeGeer (Col-
eoptera: Coccinellidae). Results demonstrated that when 
offered at 50% by weight of the dietary component, Bt 
corn pollen expressing Cry3Bb1 protein had no measur-
able negative effect on the survival and development of 
C. maculata larvae to pupation and adulthood nor any 
adverse effect on adult survival and reproductive capacity 
(Duan et al 2002). 
 An assessment on the impact of Bt cotton pollen  
on two important economic insects, the Chinese ussah 
silkworm, Antnaea perngicuerin (Antheraea pernyi) and 
the silkworm, Bombyx mori, was conducted, it was con-
cluded that the adverse effect is negligible (Wu et al 
2003). 

PI protected TPs: For testing the effects of protease in-
hibitor-expressing crops on nontarget herbivorous insects 
a sequential approach has been developed. The approach 
consisted of five tiers. In tier 1, field surveys was used to 
characterize the nontarget invertebrate fauna of a crop. In 
tier 2, histochemical assays was used to identify the sub-
set of herbivores with a particular class of digestive pro-
teolytic enzymes. In the assessment phase a combination 
of laboratory ‘worst-case scenario’ studies (tier 3) and 
controlled environment or small-scale field trials (tier 4) 
were used to evaluate the impact of the protease inhibi-
tor-expressing plants on the selected nontarget species. In 
the final tier, field trials were used to compare the rela-
tive effect of transgenic plants and current management 
practices, such as pesticide use, on selected species. The 
first four tiers of the approach were described using 
transgenic potatoes expressing cystatins, a family of cys-
teine proteinase inhibitors, as an example. Although the 
TPs had enhanced levels of resistance to potato cyst 
nematodes (PCN), Globodera pallida and Globodera 
rostochiensis, the results established that they have neg-
ligible impact on the nontarget herbivorous insect, Eup-
teryx aurata (Cowgill and Atkinson 2003). 
 In general, the extensive testing on nontarget plant-
feeding insects and beneficial species that has accompa-
nied the long-term and wide-scale use of Bt plants has 
not detected significant adverse effects (reviewed in 
O’Callaghan et al 2005). 

2.1 Will insecticidal TPs damage arthropods,  
especially, honey bees? 

Species representing pollinators, natural enemies (including 
predators and parasitoids), and detritovores are among 
the insects that have been subjected to tests with TPs. 
Insects without obvious ecological roles but which are 
considered representative of valued biodiversity (e.g. 
endangered or culturally valued species) have also been 
studied. Among the many insect pollinators of agricul-
tural crops, honey bees are the best known. Neither Bt corn 
nor Bt cotton requires bees for pollination, but cotton 
nectar is attractive to them and produces a useful honey, 
corn pollen may be collected when other pollen sources 
are scarce 

(i) Yes 

Honey bees are obvious non-target arthropods to be in-
cluded in a risk assessment procedure but due to their 
complex social behaviour, testing transgene products on 
individual bees is not possible in bee colonies. A labora-
tory larval rearing technique was employed to test the 
impacts of such transgene products on honey bees Apis 
mellifera L. A serine proteinase inhibitor (Kunitz soybean 
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trypsin inhibitor, SBTI), that is a source of insect resis-
tance in TPs, was used as a model insecticidal protein on 
honey bee larvae reared individually in the laboratory. 
The addition of 1⋅0% SBTI (w : w of total protein) to the 
larval diet created significant additional larval mortality, 
slowed juvenile development and significantly decreased 
adult body mass (Burgess et al 1996; Brodsgaard et al 
2003). 
 Also, it was shown, that PI can affect bumble bees 
causing changes in bee digestive proteases and some re-
ductions in survival when ingested at high concentrations 
(Malone et al 2000). 

(ii) No 

The impact of transgenic oilseed rape (Brassica napus 
L.) on the foraging behaviour of honey bees (A. mellifera 
L.) was evaluated for two different lines expressing con-
stitutively heterologous chitinase in somatic tissue for 
enhanced disease resistance. Experiments were conducted 
in confinement in an indoor flight room with controlled 
conditions and in an outdoor night cage with conditions 
more representative of the open environment. Foraging 
behaviour was analysed by observations of general bee 
behaviour (total number of visits) and of individual bee 
behaviour (using a video camera coupled with a special 
software program to process the data). The results showed 
no effects on bee foraging behaviour due to the TPs 
(Picardnizou et al 1995). Pre-release honey bee biosafety 
tests have been conducted for each Bt crop registered in 
the United States, including Cry9C corn and Cry3A pota-
toes. Each test involved feeding bee larvae and sometimes 
adults with purified Cry proteins in sucrose solutions at 
concentrations that greatly exceeded those recorded from 
the pollen or nectar of the TPs in question. In each case, 
no effects were observed (United States Environmental 
Protection Agency 2000). 
 Transgenic strawberry lines expressing the cowpea tryp-
sin inhibitor (CpTi) were examined under field condi-
tions to determine if this gene offered protection against 
the feeding of vine weevil (Otiorhynchus sulcatus F.). 
Field results for two years demonstrated protection in 
terms of attack by vine weevil larvae on all the transgenic 
plants. The CpTi has a significant effect on vine weevil 
in terms of a reduction in the number of pupae. The num-
bers of Carabid and other non-target arthropods were 
assessed over the duration of the trial, and were found not 
affected significantly by the CpTi TPs (Graham et al 
2002). 
 The potential impact of biotin-binding proteins (BBPs) 
on honey bees was studied and the effects of feeding a 
purified BBP, avidin, to honey bee larvae and adults were 
determined. A realistic larval dosing regime was deve-
loped by estimating the pollen content of brood food in 

the field and adding avidin to artificial diet at rates that 
simulated the presence of avidin-expressing transgenic 
pollen in brood food. Larval survival and development 
were unaffected by avidin in assays which simulated lar-
vae receiving pollen expressing 0, 4 or 40 µM avidin at 
concentrations of 164 µg pollen per mg food for the first 
2 days and 880 µg pollen per mg food thereafter. Food 
consumption and survival of adult bees were also unaf-
fected by avidin added to pollen-candy at levels corre-
sponding to pollen expression of 0, 6⋅7 or 20 µM avidin 
(Malone et al 2002). 

2.2 Will herbicide tolerant plants adversely  
affect biodiversity? 

Glyphosate-resistant soybean Glycine max (L.) Merr ex-
pressing an insensitive 5-enolpyruvylshikimic acid-3-phos-
phate synthase (EPSPS) gene has revolutionized weed 
control in soybean production. Of the TPs currently in 
commercial use, glyphosate-resistant soybeans have pro-
bably received the most attention from both proponents 
and opponents of TPs. Transgenic soybeans are an exam-
ple of an input-substituting technological innovation. 
Adoption is a private decision, based on the adopter’s 
assessment of private costs and benefits, but may also 
have external effects. Are there any evidences, that they 
could be clearly negative? 

(i) No 

The effects of transgenic soybean varieties and their cor-
responding weed management strategies on canopy in-
sects were examined in studies at two locations in Iowa 
(USA) in 1997 and 1998. Weed management systems that 
allowed more weed escapes typically had higher insect 
population densities. However, systems with fewer weeds 
seemingly were preferred by potato leafhoppers. Bean 
leaf beetles and potato leafhoppers showed preferences 
for certain soybean varieties. but these effects were at-
tributed to soybean plant height. It was concluded, that 
although the HT soybean varieties did not strongly affect 
insect populations, weed management systems can affect 
insect populations in soybean. However, this impact was 
likely related more to weed suppression effectiveness 
than to a direct effect of the herbicides on the insects 
(Buckelew et al 2000). 
 The degree of abundance and diversity of springtails 
(order Collembola) often indicates the extent of distur-
bance by various agricultural practices. It was examined 
how HT soybean varieties and their associated weed 
management systems affect the abundance of 21 surface-
active springtail species during three successive soybean 
growing seasons. With six soybean varieties (three trans-
genic, three nontransgenic), three weed management sys-
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tems were tested: (i) targeted application of specific her-
bicides to the corresponding HT transgenic varieties; (ii) 
conventional pre-and postemergence herbicide applica-
tions; and (iii) mechanical cultivation. Each method posed 
its own potential costs and benefits to springtails. In tar-
geted plots, springtail numbers were similar to or higher 
than those in conventional plots, suggesting that the later 
and repeated targeted applications to transgenic soybeans 
do not adversely affect springtail numbers in the short term. 
The observed treatment effect differences was attributed 
on springtail numbers to resultant differences in weed 
cover and degree of soil disturbance (indirect effects), 
rather than to any direct toxic effects of the herbicides. 
The treatments affected some species but not others; most 
of the affected species responded similarly to differences 
in weed treatment. The results overall suggested no dele-
terious short-term effects of HT soybean targeted weed-
management systems on abundance of the springtail spe-
cies examined (Bitzer et al 2002). 

2.3 Will insecticidal TPs damage food chains? 

Predators and parasitoids are significant regulators of 
insect pest populations, and integrated pest management 
systems strive to harmonize pesticide use with the pres-
ervation or augmentation of these natural enemies. There 
are two approaches to the utilization of natural enemies 
of insect pests in an agricultural system: preservation and 
augmentation of existing predators and parasites, and 
mass rearing of natural enemies for release to regulate the 
population density of the target insect pest. In recent 
years there have been many studies on potential tritrophic 
impacts of TPs as well as field surveys of natural enemy 
abundance on TPs. Natural enemy survival depends upon 
a supply of host insects, so reductions in host numbers 
feeding on TPs plants will affect population densities of 
natural enemies, as will any pest control measure. In ad-
dition, TPs could have a direct ‘prey-mediated’ effect on 
individual natural enemies via ingestion of transgenic 
pollen, other plant tissue, or active recombinant protein 
in the bodies of their prey. Indirect effects could also 
result from prey being smaller, sicker, or less palatable 
for having fed on the TPs (reveiwed in Astrid et al 2002). 
As food web components, it is reasonable to distinguish; 
(i) target herbivores; (ii) non-target herbivores; (iii) pol-
linators; (iv) parasitoids; and (v) predators. 
 So, are there any evidences, that TPs will negatively 
affect at least one of these components? 

(i) Yes 

Bt protected corn: In laboratory feeding experiments Bt 
corn have been carried out to study the effects of Bt fed 

herbivores (i.e. prey) on Chrysoperla carnea Stephens. 
(the green lacewing an important predatory insect in 
corn). Host plants were Bt corn expressing CrylAb toxin 
and the corresponding non Bt corn. Two different preys 
were used: the European corn borer, Ostrinia nubilalis 
(Hubner) (lepidopterous target pest), and Spodoptera 
littoralis (Boisduval) (lepidopterous nontarget pest for B. 
thuringiensis). The objectives were to quantify the effects 
of Bt corn-fed prey on chrysopid immature development 
and to determine whether observed effects were caused 
by sick, suboptimal prey (indirect effects) or associated 
with Bt corn related causes (direct effects). Mean total 
immature mortality for chrysopid larvae raised on Bt 
corn-fed prey was 62% compared with 37% when raised 
on non Bt corn prey. There was no significant difference 
in mortality between chrysopid larvae reared on Bt corn 
fed O. nubilalis or Bt corn-fed S. littoralis. Similarly, no 
significant difference in mortality was detected when 
chrysopid larvae were raised on non Bt corn O. nubilalis 
or non Bt corn S. littoralis. Development time of chry-
sopid larvae was prolonged when Bt corn-fed O. nubilalis 
was given to the predators but not for Bt corn-fed S. lit-
toralis. Although some unnoticed adverse effects in S. 
littoralis may have occurred because of the Bt corn, the 
results suggested that the reduced fitness of chrysopid 
larvae was associated with Bt corn. The prolonged devel-
opment time of chrysopid larvae raised on Bt corn-fed O. 
nubilalis was probably because of a combined effect of 
BT toxin exposure and nutritional deficiency caused by 
sick prey (Hilbeck et al 1998). In a multiple years re-
search project, tritrophic and bitrophic effects of Bt corn 
expressing Cry1Ab toxin on the natural enemy species, 
C. carnea, was investigated. And prey-mediated effects 
of Bt-corn causing significantly higher mortality of C. 
carnea larvae was observed. In further laboratory trials it 
was shown that the route of exposure (fed directly or via 
a herbivorous prey) and the origin of the Bt (from trans-
genic plants or incorporated into artificial diet) strongly 
influenced the degree of mortality. In choice feeding  
trials where C. carnea could choose between S. littoralis 
fed Bt-corn and S. littoralis fed non-Bt corn, larger in-
stars showed a significant preference for S. littoralis fed 
non-Bt corn while this was not the case when the choice 
was between Bt- and isogenic corn fed aphids (Hilbeck 
2001). 
 Field surveys, which did not distinguish population-
level, prey-mediated, or direct effects, have shown little 
impact of Bt corn on predator species numbers or densi-
ties. Of nine predator species (including green lace-
wings), only Coleomegilla or Chrysopa maculata larvae 
were found at significantly lower densities on Bt sweet 
corn (Wold et al 2001). 
 To assess the ecological effects of Bt-corn, expressing 
the Cry1Ab toxin, on larvae of C. carnea, the following 
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factors were examined: (i) the performance of three prey 
herbivores (Rhopalosiphum padi, Tetranychus urticae, 
and Spodoptera littoralis) on transgenic Bt and non-
transgenic corn plants; (ii) the intake of the Cry1Ab toxin 
by the three herbivores; and (iii) the effects on C. carnea 
when fed each of the prey species. A higher mortality 
rate and a delay in development were observed in S. lit-
toralis larvae when fed Bt-corn compared with those fed 
the control corn plants. The ingestion of Cry1Ab toxin by 
the different herbivores was measured using an immu-
nological assay (ELISA). Highest amounts of Cry1Ab 
toxin were detected in T. urticae, followed by S. litto-
ralis, and only trace amounts detected in R. padi. Feeding 
C. carnea with T. urticae, which were shown to contain 
the Cry1Ab toxin, or with R. padi, which do not ingest 
the toxin, did not affect survival, development, or weight 
of C. carnea. In contrast, a significant increase in mortal-
ity and a delay in development were observed when 
predators were fed S. littoralis larvae reared on Bt-corn. 
It was suggested, that a combined interaction of poor 
prey quality and Cry1Ab toxin may account for the nega-
tive effects observed on C. carnea when fed S. littoralis 
(Dutton et al 2002). 
 Another study was performed to evaluate the effects on 
various fitness parameters in parasitoids that develop on 
intoxicated hosts. The parasitoid used in this study was 
Parallorhogas pyralophagus (Marsh), a gregarious, ex-
ternal idiobiont, and the host was Eoreuma loftini Dyar, a 
subtropical stemborer. Results showed that ingestion of 
Bt corn (Cry1Ab) tissue by E. loftini larvae negatively 
affected some fitness components in P. pyralophagus, 
whereas other components were not affected. Specifically, 
immature stage developmental mortality was greater, 
adult longevity was approximately 1 day shorter in females, 
and developmental times were approximately 2 day 
longer in both males and females when P. pyralophagus 
developed on hosts fed Bt corn tissue relative to hosts fed 
non-Bt corn tissue. Moreover, parasitoid brood size was 
positively correlated with host size when hosts were fed 
non-Bt corn tissue, while this relationship was absent 
when hosts were fed Bt corn tissue. However, feeding on 
Bt corn tissue did not affect egg loads, adult size-egg 
load and adult size-longevity relationships, adult sizes of 
females and males, and sex ratio of parasitoids whose 
hosts were fed Bt corn tissue (Bernal et al 2002). 
 The ecological assessment of the effects of Dipel, one 
of the most widely used Bt-sprays in agriculture, on C. 
carnea larvae was made. Indirect effects due to a reduc-
tion of prey were tested by rearing three prey species of 
C. carnea (the aphid R. padi, the spider mite T. urticae, 
and Lepidoptera larva S. littoralis) on either corn plants 
sprayed with Dipel (at the recommended field concentra-
tions) or on control plants. Effects of Dipel on C. carnea 
were assessed by performing greenhouse experiments in 

which chrysopid larvae were kept on Bt-sprayed or con-
trol plants and fed with herbivores reared on Bt-sprayed 
or control plants. Dipel had no effect on aphids; however, 
negative effects on spider mites were observed. Spider 
mites reared on Bt-sprayed plants had a significantly 
lower intrinsic rate of natural increase compared to those 
reared on control plants. Similarly, S. littoralis larvae were 
significantly affected by Dipel as the developmental time 
required by larvae which were fed Bt-sprayed plants was 
prolonged when compared to larvae on untreated plants. 
Negative effects on C. carnea larvae were also shown 
through prey-mediated exposure to Dipel. A significant 
increase in mortality, a prolonged developmental time 
and a slight decrease in weight was observed for C. 
carnea fed with ‘Bt-contaminated’ S. littoralis larvae 
(Dutton et al 2003a,b). 
 
Bt protected cotton: Potential negative tritrophic impacts 
of Bt protected cotton (Cry1Ac) on the predators Orius 
tristicolor and Geocoris punctipes (but not on Nabis spp. 
or Zelus renardii) (Ponsard et al 2002) and on the parasi-
toids Cotesia marginiventris and Copidosoma floridanum 
(Baur and Boethel 2003) have been demonstrated in labo-
ratory studies. 
 
Lectin protected plants: The snowdrop lectin, Galanthus 
nivalis agglutinin (GNA), has been the subject of many 
natural enemy studies. In fact, some negative effects have 
been observed, although the impacts in field situations 
have not yet been ascertained. Experiments using prey 
fed artificial GNA diets have not always produced results 
consistent with those using GNA-expressing plants. 
 GNA provide partial resistance to two potato aphids 
Myzus persicae and Aulacorthum solani, when incorpo-
rated in artificial diet and/or expressed in transgenic po-
tato. Trangenic potato line expressing same anti-aphid 
plant GNA protein, was assessed for possible influence 
of the insecticidal toxicity on a beneficial pest predator 
and to demonstrate adverse tri-trophic interactions in-
volving a lectin-expressing transgenic crop, a target pest 
aphid and a beneficial aphidophagous predator. When 
adult 2-spot ladybirds (Adalia bipunctata L.) were fed for 
12 days on peach-potato aphids (Myzus persicae Sulzer) 
colonizing transgenic potatoes expressing GNA in leaves, 
ladybird fecundity, egg viability and longevity signifi-
cantly decreased over the following 2–3 weeks. No acute 
toxicity due to the TPs was observed, although female 
ladybird longevity was reduced by up to 51%. Adverse 
effects on ladybird reproduction, caused by eating peach-
potato aphids from transgenic potatoes, were reversed 
after switching ladybirds to feeding on pea aphids from 
non-transgenic bean plants. These results demonstrated 
that expression of a lectin gene for insect resistance in a 
transgenic potato line can cause adverse effects to a pre-
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datory ladybird via aphids in its food chain (Birch et al 
1999). Dose-dependent effects on the development of the 
aphid parasitoid Aphidius ervi were noted when parasi-
toids were fed M. persicae aphids raised on a GNA-
containing diet, but not aphids raised on GNA potatoes  
(Couty et al 2001a,b). 
 First-tier laboratory-scale experiments were conducted 
to assess the potential effect of GNA on the aphid parasi-
toid Aphelinus abdominalis. GNA (0⋅1% w/v) was success-
fully delivered to Macrosiphum euphorbiae via artificial 
diet and induced a reduced growth rate and increased 
mortality compared to aphids fed a control diet. As aphid 
parasitoid larvae are endophagous, they may be exposed 
to GNA during their larval development and potential 
‘chronic toxicity’ on A. abdominalis was investigated. 
Results suggested that parasitoids excrete most of the 
GNA ingested. Sublethal effects of GNA on several para-
sitoid fitness parameters (parasitism success, parasitoid 
development and size, emergence success, progeny sur-
vival and sex ratio) were studied. No direct detrimental 
effect of GNA on A. abdominalis was observed. How-
ever, GNA had an indirect host-size-mediated effect on 
the sex ratio and the size of parasitoids developing in 
GNA-fed aphids. This work highlighted the need to de-
termine the exact ‘causes and effects’ when assessing the 
ecological impact of TPs on non-target beneficial insects 
(Couty et al 2001a,b). GNA-potato-fed prey had a nega-
tive effect on egg viability of the lady beetle Adalia 
bipunctata, but prey fed a GNA diet increased the fertil-
ity of this predator (Down et al 2003). Prey that were  
fed GNA diets or GNA potato were less favoured or re-
sulted in smaller, shorter-lived adult parasitoids P. pyralo-
phagus (Tomov et al 2003). The parasitoids Aphidius 
colemani, Trichogramma brassicae, and Cotesia glomer-
ata had reduced longevity when fed sucrose solutions 
containing GNA (Romeis et al 2003a). Negative effects 
have been recorded for the predator P. maculiventris on 
tomato moth caterpillars injected with GNA (reduced 
growth) or fed GNA potato (reduced fecundity) (Bell et al 
2003). 
 Transgenic wheat plants expressing GNA under the 
control of constitutive and phloem-specific promoters 
were tested for enhanced resistance to the grain aphid 
(Sitobion avenae) by exposing the plants to nymphal in-
sects under glasshouse conditions. Bioassay results dem-
onstrated that transgenic wheat plants from lines express-
ing GNA at levels greater than ca. 0⋅04% of total soluble 
protein decrease the fecundity, but not the survival, of 
grain aphids (Stoger et al 1999). 
 Cotesia flavipes (Cameron) is a parasitoid responsible 
for maintaining populations of sugarcane borer, Diatraea 
saccharalis (F.), below economic levels in south Texas 
sugarcane fields. Transgenic sugarcane expressing GNA 
provide resistance against the Mexican rice borer, Eore-

uma loftini (Dyar), the primary pest of south Texas sug-
arcane. The potential impact of GNA-expressing sugarcane 
on various biological and fitness parameters of Cotesia 
flavipes (Cameron) was studied in the laboratory to gain 
insight on likely effects of the transgenic sugarcane on 
biological control of sugarcane borer by C. flavipes. Fe-
males of C. flavipes were offered sugarcane borer larvae 
fed one of two diet treatments for oviposition for two 
successive generations: (i) artificial diet containing trans-
genic sugarcane tissue or (ii) artificial diet containing 
nontransgenic sugarcane tissue. Small to marginal nega-
tive effects of artificial diet containing transgenic sugar-
cane tissue were evident in the rate of host suitability, 
number of cocoons and adult parasitoids emerging per host, 
percentage cocoons yielding parasitoids, and sex ratio 
and adult lifespan of parasitoids. These effects were vari-
able between the two parasitoid generations examined. In 
contrast, differences were not detected between diet 
treatments in rates of host acceptance, egg load of fen-
tales, and egg to adult developmental periods. The nega-
tive effects of transgenic sugarcane on C. flavipes de-
tected in this study was important because GNA levels in 
the diet (approximate to 0⋅49% of total protein content) 
containing transgenic sugarcane tissue were approximate 
to 50% of the level expressed in transgenic sugarcane 
plants (Setamou et al 2002). 
 
PI protected plants: Parasitoids, Eulophus pennicornis, 
were adversely affected by both CpTI injected and CpTI-
potato-fed L. oleracea prey (Bell et al 2001). The poten-
tial prey-mediated impacts of TPs expressing proteinase 
inhibitor (PI) on the predatory carabid, Nebria brevicollis 
non-target impacts were investigated. The PI used was 
aprotinin, a serine PI of mammalian origin with insecti-
cidal properties when incorporated in artificial diet or 
expressed in TPs. Field-collected N. brevicollis adults 
were fed, over their pre-aestivation activity period of 24 
days, with Helicoverpa armigera larvae reared on an arti-
ficial diet containing 0⋅5% (w/w, fresh mass) aprotinin. 
These larvae contained 22–62 µg aprotinin/g insect. Con-
trol prey was reared on diet without aprotinin. Beetle 
survival and body mass were unaffected by prey type. 
Beetles consuming PI-fed prey lost significantly more 
mass than the control beetles during two periods of mass 
loss, but gained significantly more mass during the final 
period of mass gain. This was not due to differences in 
amounts of prey supplied or consumed. The final mass 
gain coincided with increased consumption of PI-prey. 
Female beetles were significantly heavier than males, but 
no consistent gender-based differences in response to PI-
prey was found. At the end of the experiment, body mass 
of all beetles was similar to field-collected ones (ap-
proximately 55 mg). All experimental beetles had signifi-
cantly lower activities of digestive cysteine proteases and 



J. Biosci. 30(4), September 2005

 Will transgenic plants adversely affect the environment? 

 

523 

the serine proteases chymotrypsin and trypsin than field-
collected ones. Beetles consuming PI-fed prey had sig-
nificantly lower levels of trypsin and higher levels of 
chymotrypsin and elastase than the control beetles (Bur-
gess et al 2002). 
 The effects of oilseed rape expressing the serine prote-
ase inhibitor, mustard trypsin inhibitor-2 (MTI-2), on the 
predatory ground beetle Pterostichus madidus were in-
vestigated, using diamondback moth, Plutella xylostella 
as the intermediary pest species. As expected, oilseed rape 
expressing MTI-2 had a deleterious effect on the deve-
lopment and survival of the pest. However, incomplete 
pest mortality resulted in survivors being available to 
predators at the next trophic level, and inhibition studies 
confirmed the presence of biologically active transgene 
product in pest larvae. Characterization of proteolytic 
digestive enzymes of P. madidus demonstrated that adults 
utilize serine proteases with trypsin-like and chymotrypsin- 
like activities (Ferry et al 2005). 

(ii) No 

Bt protected corn: Laboratory studies determined the 
effects of feeding Bt corn pollen expressing a CrylAb 
toxin on 3 predatory species: Coleomegilla maculata 
DeGeer (Coleoptera: Coccinellidae), Orius insidiosus Say 
(Heteroptera: Anthocoridae), and Chrysoperla carnea 
Stephens (Neuroptera: Chrysopidae). No acute detrimental 
effects of the Bt pollen on preimaginal development and 
survival were observed among these predators. More-
over, no detrimental effects were observed in the abun-
dance of Ostrinia nubilalis (Hubner) (Lepidoptera: Pyra-
lidae) predators (coccinellids, anthocorids, chrysopids) in 
Bt corn compared with non-Bt corn during 2 years of 
field evaluations. Predator numbers observed before, dur-
ing, and after pollen shed suggested that Bt corn pollen 
will not affect natural enemy movement in corn (Pilcher 
et al 1997). 
 Laboratory feeding experiments with Bt corn (Cry1Ab) 
were carried out to study the effects Bt corn-fed herbivo-
rous prey on the predator Orius majusculus (Reuter). The 
herbivorous prey species used was Anaphothrips obscu-
rus (Muller), a thysanopteran pest of corn, not sensitive 
to Cry1Ab toxin. The objectives were to quantify the ef-
fects of Bt corn-fed prey on the development and mortal-
ity of immature O. majusculus. There was no significant 
difference in total mean mortality from hatch to adult 
eclosion between O. majusculus nymphs reared on Bt 
corn-fed or non Bt corn fed prey. Similarly, no signifi-
cant differences in total developmental time of O. majus-
culus were detected when reared on the two different 
prey types. Overall mortality was low, confirming that 
the methodology used was appropriate (Zwahlen et al 
2000). 

 Phloem sap of Bt corn expressing a truncated form of 
Cry1Ab, toxin, sap sucking aphids feeding on Bt corn 
and their honeydew were analysed for the presence of 
Cry1Ab using ELISA. No Cry1Ab was detected in the 
phloem sap. In contrast, measurable concentrations of 
Cry1Ab in the range of 1 ppb were detected when phloem 
sap of pooled leaf samples was extracted using EDTA 
buffer. This was probably because of Cry1Ab toxin re-
leased from damaged cells. When analysing apterous adults 
of R. padi L. and their honeydew, no Cry1Ab could be 
detected. In contrast, Cry1Ab was clearly detected in 
both larvae of the leaf chewing herbivore S. littoralis 
(Boisduval) and their faeces, showing that Cry1Ab is 
detectable after ingestion and excretion by herbivores. 
These results suggested that R. padi ingests or contains 
no or only very low concentrations of Cry1Ab in the 
range of the detection limit. In consequence it was pro-
posed that R. padi as an important prey for beneficial 
insects in corn is unlikely to cause any harm to its an-
tagonists due to mediating Bt toxin (Raps et al 2001). 
 Subsequent tritrophic studies with several different 
Cry1Ab corn fed prey species and the green lacewing con-
firmed that the toxin itself does not affected this predator 
but that the suboptimal quality of Bt-corn-susceptible prey 
species may have an impact. When given a two-way choice, 
the lacewings preferred non-Bt-corn-fed S. littoralis cat-
erpillars to Bt-fed larvae (Meier and Hilbeck 2001). 
 A laboratory experiment examining the effect of two 
different Bt corn tissue on Euchatias egle Drury (Lepi-
doptera: Arctiidae) showed no larval mortality following 
a 48 h exposure to Bt corn tissues on its food source, As-
clepias syriaca (Asclepiadacea). One of 15 larvae exposed 
to non-Bt corn tissue died compared to no mortality of 
the larvae exposed to either Bt11 or 176 Bt corn tissues. 
Based on these results it was suggested that E. egle will 
not be adversely affected by the wide-scale planting of Bt 
corn (Jesse and Obrycki 2002). Consuming Tetranychus 
urticae mites, which were not Bt susceptible but carried 
measurable quantities of Cry1Ab after sucking the cell 
contents of Bt corn had no effect on green lacewings 
(Dutton et al 2002). The lady beetle and 11 other natural 
enemy species or groups of species (including a Chry-
sopa sp.) were not affected by Bt corn in a recent Ohio 
study (Jasinski et al 2003). The predators C. maculata, 
Harmonia axyridis, and Orius insidiosus were less affec-
ted by Bt sweet corn than by pyrethroid sprays (Musser 
and Shelton 2003). A recent study in which green lace-
wings were fed high doses of Cry1Ab toxin showed no 
negative impacts and confirmed that negative tritrophic 
effects observed with this predator and some prey fed Bt 
corn were entirely prey mediated (Romeis et al 2004). 
 
Bt protected rice: Five Bt rice lines (Cry1Ab, Cry1Ac) 
were tested for effects on two non-target insects: the 
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brown planthopper, Nilaparvata lugens (Stal) (Homop-
tera: Delphacidae), and its predator Cyrtorhinus lividi-
pennis (Hemiptera: Miridae). Bt toxin was detected by 
ELISA in the honeydew of N. lugens that fed on Bt rice 
plants. The amount of honeydew derived from phloem 
feeding did not differed between Bt and control lines. 
There were no differences between N. lugens reared on 
Bt and control lines in any of the five fitness parameters 
measured (survival to the adult stage, male and female 
weight, and male and female developmental time). In 
general these detailed study indicated that N. lugens and 
its natural enemies in fact will be exposed to Bt toxins 
from Bt rice but that this exposure might not affect N. 
lugens and C. lividipennis fitness (Bernal et al 2002). 
Field tests with rice expressing Cry1Ab and Cry1Ac 
showed no effects on the population dynamics of five 
spider species (Liu et al 2002). 
 
Bt protected cotton: Bt cotton has been widely planted in 
China since 1997. Results obtained in recent years indi-
cated that the predator levels in Bt cotton fields are sig-
nificantly higher than those in conventional cotton fields 
where insecticide has been used for control of the cotton 
bollworm, Helicoverpa armigera. However, the popula-
tion density of parasitic wasps which parasitise on H. 
armigera larvae decreases dramatically due to the lower 
density and poor quality of H. armigera larvae in Bt cot-
ton fields. As the predator population increases, the out-
break of cotton aphid in mid-season is effectively con-
trolled, while the mirids become key insect pests in Bt 
cotton fields because of a reduced number of insecticides 
used against H. armigera. The diversity of the arthropod 
community in Bt cotton fields was higher than that in 
conventional cotton, suggesting that Bt cotton is highly 
favourable for integrated management of cotton pests 
(Wu et al 2003). 
 
Bt protected potato: The detailed field studies were con-
ducted in 1992 and 1993 in Hermiston, Oregon, to evalu-
ate the efficacy of Bt potato expressing Cry3Aa toxin and 
conventional insecticide spray programs against the im-
portant potato pest, Leptinotarsa decemlineata (Say), 
Colorado potato beetle (CPB), and their relative impact 
on non-target arthropods in potato ecosystems. Results 
from the two years of field trials demonstrated that Bt 
plants were highly effective in suppressing populations of 
CPB, and provided better CPB control than weekly 
sprays of a microbial Bt-based formulation containing 
Cry3Aa. When compared with non Bt potato plants not 
treated with any insecticides, the effective control of CPB 
by Bt potato plants or sprays of a Bt-based formulation 
did not significantly impact the abundance of beneficial 
predators or secondary potato pests. In contrast to Bt 
plants or microbial Bt formulations, however, applica-

tions of permethrin significantly reduced the abundance 
of several major generalist predators such as spiders 
(Araneae), big-eyed bugs (Geocorus sp.), damsel bugs 
(Nabid sp.), and minute pirate bugs (Orius sp.), and  
resulted in significant increases in the abundance of 
green peach aphid (GPA), Myzus persicae (Sulzer), vec-
tor of viral diseases, on the treated potato plots. While 
systemic insecticides appeared to have reduced the abun-
dance of some plant sap-feeding insects such as GPA, 
lygus bugs, and leafhoppers, early and mid-season applica-
tions of these insecticides had no significant impact on 
populations of the major beneficial predators (Reed et al 
2001). 
 The effect of Bt potatoes expressing (Cry3A) toxin 
insceticidal to the CPB was studied on the season-long 
relative abundance of naturally-occurring generalist pre-
dators. Low inputs of foliar insecticides were used in the 
transgenic fields to suppress nontarget pests and in the 
nontransgenic fields to prevent total defoliation of potato 
plants by L. decemlineata. Dominant plant-foraging het-
eropteran predators and lady beetles were sampled by 
sweeping foliage, whereas, ground-foraging carnivorous 
carabids, ants, and spiders were sampled by trapping in 
pitfalls. Orius insidiosus (Say) was significantly more 
abundant in transgenic fields than in non transgenic fields 
in 1994, but not in 1995. None of the coccinellids (3 taxa) 
were affected by the treatments in either season. The car-
nivorous carabids (3 taxa) and ants were not affected by 
either treatment, but spiders were significantly more 
abundant in the transgenic fields in 1995. It was con-
cluded, that the deployment of pure stands of Bt potatoes 
(Cry3A), with a minimum input of insecticides to sup-
press non-target pests, will have no deleterious effects on 
the populations of generalist predators in the potato eco-
system (Riddick et al 2000). 
 
Other Bt protected TPs: Two lines of Bt oilseed rape 
(Brassica napus) were tested for side-effects on the hy-
menopteran parasitoid Diaeretiella rapae and its aphid 
host, Myzus persicae. One transgenic line expressed the 
F-endotoxin Cry1Ac (Bt) and a second expressed the pro-
teinase inhibitor oryzacystatin I (OC-I) from rice. These 
transgenic plants were developed to provide resistance to 
lepidopteran and coleopteran pests, respectively. No det-
rimental effects of the transgenic oilseed rape lines on the 
ability of the parasitoid to control aphid populations were 
observed. Adult parasitoid emergence and sex ratio were 
also not consistently altered on the transgenic oilseed 
rape lines compared with the wild-type lines (Schuler  
et al 2001). 
 The diamondback moth (Plutella xylostella), a major 
pest of brassica crops, is normally highly susceptible to a 
range of Bt toxins. However, extensive use of microbial 
Bt sprays has led to the selection of resistance to Bt tox-



J. Biosci. 30(4), September 2005

 Will transgenic plants adversely affect the environment? 

 

525 

ins in P. xylostella. Cotesia plutellae is an important 
endoparasitoid of P. xylostella larvae. Although unable to 
survive in Bt-susceptible P. xylostella larvae on highly 
resistant Bt oilseed rape plants due to premature host 
mortality, C. plutellae is able to complete its larval de-
velopment in Bt-resistant P. xylostella larvae. Experi-
ments of parasitoid flight and foraging behaviour showed 
that adult C. plutellae females do not distinguish between 
Bt and wildtype oilseed rape plants, and are more at-
tracted to Bt plants damaged by Bt-resistant hosts than by 
susceptible hosts. This stronger attraction to Bt plants 
damaged by resistant hosts was due to more extensive 
feeding damage. Population scale experiments with mix-
tures of Bt and wildtype plants demonstrated that the 
parasitoid is as effective in controlling Bt-resistant P. 
xylostella larvae on Bt plants as on wildtype plants. In 
these experiments equal or higher numbers of parasitoid 
adults emerged per transgenic as per wildtype plant (Schuler 
et al 2003). 
 
Lectin protected TPs: Tritrophic interactions between 
transgenic potato expressing GNA an aphid pest, Myzus 
persicae (Sulz.), and a beneficial predator, the 2-spot la-
dybird (Adalia bipunctata L.) were investigated. Clonal 
plants expressing GNA at 0⋅1–0⋅2% total soluble protein 
in leaves were used. No significant effects on develop-
ment and survival of ladybird larvae fed on aphids from 
these transgenic plants were observed, with larval sur-
vival in the experimental group being 90% compared to 
89% for controls. There were also no effects on subse-
quent female or male longevity. Female fecundity was 
also investigated. Although no significant differences were 
observed in egg production between control and experi-
mental groups, a 10%, reduction in egg viability (deter-
mined by percent hatch) occurred in ladybirds fed aphids 
reared on transgenic plants. The special studies were car-
ried out using aphids fed on artificial diet containing 
GNA, to deliver quantified levels of the protein to lady-
bird adults. GNA had no deleterious effects upon adult 
longevity, but resulted in a consistent trend for improved 
fecundity. Egg production was increased by up to 70% 
and egg viability also increased significantly. The results 
suggested that GNA was not deleterious to ladybirds 
(Down et al 2003). 
 
PI protected TPs: Cysteine proteinase inhibitors (cystat-
ins) confer resistance to plant-parasitic nematodes when 
expressed in TPs. The survival and growth of nymphs of 
the peach-potato aphid, Myzus persicae, were adversely 
affected when cystatins were added to artificial diets. 
When aphids were clip-caged onto transgenic plants ex-
pressing chicken egg white cystatin (CEWc) there was no 
adverse effect on aphid fitness. Field populations of aphids 
on transgenic Desiree potatoes, expressing CEWc or a 
modified version of oryzacystatin I, were not signifi-

cantly different from populations on control non trans-
genic Desiree plants (Cowgill et al 2002). CpTi-injected 
tomato moth caterpillars (Lacanobia oleracea) given to 
the predator Podisus maculiventris resulted in reduced 
nymph growth and adult female weights, but experiments 
with the same insects fed CpTi potatoes showed no nega-
tive effects on the predator (Bell et al 2003). Stinkbug 
predators (Perillus bioculatus) feeding on CPB reared on 
OCI potatoes compensate for any effects of this PI by 
upregulation of their digestive proteases (Bouchard et al 
2003a,b). 
 In general Bt plants that are insecticidal only to selected 
groups of insect species (e.g. Lepidoptera) are unlikely to 
have direct effects on natural enemy species outside this 
group. Transgenic proteins with ranges of activity wider 
than those of Bt may have a greater chance of affecting 
natural enemies, but research with PIs and lectins so far 
has suggested that these effects are not major. There is no 
evidence that insecticidal proteins accumulate along food 
chains; in fact, the available data report dilution instead 
(O’Callaghan et al 2005). 

3. Will Bt toxin produced by TPs be active in a soil? 

An obvious concern is that increased levels of insecti-
cidal proteins produced by TPs could damage beneficial 
microorganisms such as mycorrhizae, rhizobia and other 
organisms involved in plant health, litter decomposition 
and nutrient cycling. The potential impacts of TPs on soil 
organisms depend, at least in part, on the persistence of 
the transgene-derived protein and its biological activity 
in soil. Bt endotoxin from corn enters the soil from both 
root exudates (Saxena 1999, 2002) and postharvest resi-
dues (Saxena and Stotzky 2001a). So, are there evidences 
of an accumulation of TPs expressed trangenic proteins 
in soil? 

(i) Yes 

Bt protected TPs: The equilibrium adsorption and bind-
ing of the active toxin from B. thuringiensis subsp, kurs-
taki, toxic to lepidopteran larvae, to humic acids ex-
tracted from two forest and two cultivated soils, as well 
as the insecticidal activity and the biodegradation of the 
bound toxin. were studied. From 75 to 85% of the toxin 
added was rapidly adsorbed to the humic acids at equilib-
rium, and adsorption to a constant amount of humic acids 
increased with the concentration of the toxin until a pla-
teau was reached. Differences in total acidity and in the 
content of phenolic groups of the humic acids appeared 
to be primarily responsible for differences in the amounts 
of toxin bound (45–80% of the adsorbed toxin) after ex-
tensive washing with distilled water. Bound humic acid-
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toxin complexes were toxic to larvae of the tobacco 
hornworm (Manduca sexta). The lethal concentration 
necessary to kill 50% of the larvae (LC50) of the bound 
toxin was comparable with that of the free toxin, indicat-
ing that the binding of the toxin to humic acids did not 
affect its insecticidal activity. The bound toxin did not 
support the growth of a mixed microbial culture from 
soil, although the free toxin was rapidly utilized as a car-
bon and energy source for growth, indicating that binding 
of the toxin to humic acids reduced its biodegradability. 
These results indicated that the toxins from B. thurin-
giensis expressing by TPs and microbes could persist, 
accumulate, and remain insecticidal in soil as a result of 
binding to humic acids, as well as on clays (Crecchio and 
Stotzky 1998). In the next study it was shown that Bt 
toxins produced by various subspecies of B. thuringiensis 
and bacterial transforming DNA bind rapidly and tightly 
on clays, both pure mined clay minerals and soil clays 
and on humic acids extracted from soil. This binding re-
duces the susceptibility of these biomolecules, which 
retain their biological activity when bound, to microbial 
degradation. The persistence of bound insecticidal toxins 
may enhance the control of target pests, constitute a haz-
ard to nontarget organisms, and result in the selection and 
enrichment of toxin-resistant target insects (Stotzky 2000). 
 Later the equilibrium adsorption and binding of the 
active toxin from B. thuringiensis subsp. kurstaki on 
complexes of montmorillonite-humic acids-Al hydroxy-
polymers, as well as the biodegradation and the insecti-
cidal activity of the bound toxin, were studied. 70% of the 
total adsorption occurred within the first hour, and maxi-
mal adsorption occurred in < 8 h. Adsorption of the toxin 
on a constant amount of the complexes increased as the 
amount of the toxin added increased, and equilibrium 
adsorption isotherms of the L-type were obtained. There 
was essentially no desorption of the toxin after extensive 
washing of the toxin-organomineral complexes with dou-
ble distilled H2O and 1 M NaCl. The bound toxin was 
resistant to utilization by mixed microbial cultures from 
soil and to enzymatic degradation by Pronase E. Free and 
bound toxins were active against the larvae of Manduca 
sexta; the bound toxin retained the same activity after 
exposure to microbes or Pronase, whereas the toxicity of 
the free toxin decreased significantly. It is obvious that 
the release of TPs and microorganisms expressing insec-
ticidal Bt toxins could result in the accumulation of these 
toxins in soil as a consequence of binding on surface-
active soil particles. It was stated again, that this persis-
tence could pose a hazard to nontarget organisms, en-
hance the selection of toxin-resistant target species, and 
increase the control of target insect pests (Crecchio and 
Stotzky 2001). Equilibrium adsorption of the B. thur-
ingiensis subsp. israelensis insecticidal toxins on the clay 
minerals montmorillonite and kaolinite, which are ho-

moionic to various cations, was rapid (< 30 min for 
maximal adsorption), increased with protein concentra-
tion and then reached a plateau (68 to 96% of the proteins 
was adsorbed), was significantly lower on kaolinite than 
on montmorillonite, and was not significantly affected by 
the valence of the cation to which the clays were ho-
moionic. Only 2 to 12% of the adsorbed proteins was 
desorbed by two washes with water; additional washings 
desorbed no more toxins, indicating that they were tightly 
bound. Formation of clay-toxin complexes did not alter 
the structure of the proteins. Free and clay-bound toxins 
resulted in 85 to 100% mortality of the mosquito Culex 
pipiens (Lee et al 2003). In a recent study it was shown 
that larvicidal proteins encoded by cry genes (Cry1Ab) 
were released in root exudates from transgenic corn, rice, 
and potato but not from Bt canola, Bt cotton, and Bt to-
bacco. Nonsterile soil and sterile hydroponic solution in 
which Bt corn, Bt rice, or Bt potato had been grown were 
immunologically positive for the presence of the Cry pro-
teins; from Bt corn and Bt rice, the soil and solution were 
toxic to the larva of the tobacco hornworm (Manduca 
sexta), and from potato, to the larva of the CPB (Leptino-
tarsa decemlineata), representative lepidoptera and col-
eoptera, respectively. But no toxin was detected immu-
nologically or by larvicidal assay in soil or hydroponic 
solution in which Bt canola, Bt cotton, or Bt tobacco, as 
well as all near-isogenic non-Bt plant counterparts or no 
plants, had been grown. The reasons for the differences 
between species in the exudation from roots of the toxins 
are not known. The released toxins persisted in soil as the 
result of their binding on surface-active particles (e.g. clay 
minerals, humic substances), which reduced their biodeg-
radation. The authors suggested, that “the release of the 
toxins in root exudates could enhance the control of tar-
get insect pests, constitute a hazard to nontarget organisms, 
and/or increase the selection of toxin-resistant target in-
sects (Saxena et al 2004). 

(ii) No 

Bt protected corn: In a recent laboratory study, Bt en-
dotoxin in decomposing Bt corn and soil mixtures was 
rapidly degraded, with no detectable levels after only 14 
days. It was suggested that much of the Bt endotoxin in 
crop residues is highly labile and quickly decomposes in 
soil, but that a small fraction may be protected from decay 
in relatively refractory residues (Hopkins and Gregorich 
2003). In two field studies in the temperate corn-growing 
region of switzerland degradation of the crylAb toxin in 
transgenic Bt corn leaves during autumn, winter and spring 
using an enzyme-linked immunosorbent assay (ELISA) 
was investigated. In the first field trial, representing a 
tillage system, no degradation of the crylAb toxin was 
observed during the first month. During the second 
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month, crylAb toxin concentrations decreased to ap-
proximately 20% of their initial values. During winter, there 
was no further degradation. When temperatures again in-
creased in  spring, the toxin continued to degrade slowly, 
but could still be detected in  June. In the second field 
trial, representing a no-tillage system, crylAb toxin con-
centrations decreased without initial delay as for soil- 
incorporated Bt plants, to 38% of the initial concentration 
during the first 40 days. They then continued to decrease 
until the end of the trial after 200 days in June, when 
0⋅3% of the initial amount of crylAb toxin was detected 
(zwahlen et al 2003a,b).   
 
Bt protected cotton: Soil samples were collected from 
within and outside six fields where Bt cotton (Bollgard) 
expressing (CrylAc) had been grown and subsequently 
incorporated into soil by postharvest tillage for 3–6 con-
secutive years. The level of CrylAc protein in these sam-
ples was evaluated using both ELISA and bioassays with 
a susceptible insect species, Heliothis virescens (F.), the 
tobacco budworm. Both methods revealed that no detect-
able CrylAc protein was present in any of the soil sam-
ples collected from within or outside the Bollgard fields. 
These findings demonstrated that the amount of CrylAc 
protein accumulated as a result of continuous use of Bt 
cotton, and subsequent incorporation of plant residues 
into the soil by postharvest tillage, is extremely low and 
does not result in detectable biological activity (Head  
et al 2002). 
 
PI protected TPs: During the study of the transgenic to-
bacco plants producing PI I, it was demonstrated that 
under field conditions PI remained immunologically  
active in buried TP litter for at least 57 days and that  
decomposing parental and TPs litter differed in quality 
(carbon content) and in the response of exposed soil or-
ganisms (Collembola and nematodes) (Donegan et al 
1997). The persistence of PI in buried TPs litter has been 
monitored immunologically. The concentration of PI in 
TPs litter had declined to 0⋅05% of the initial levels after 
57 days in soil and could not be detected in subsequent 
samples (Donegan et al 1997). 

3.1 Will TPs adveresely affect soil organisms? 

One of the potential environmental effects of the recent 
rapid increase in the global agricultural area cultivated 
with transgenic crops is a change in soil microbially me-
diated processes and functions. Among the many essential 
functions of soil biota are soil organic matter decomposition, 
nutrient mineralization and immobilization, oxidation-
reduction reactions, biological N fixation, and solubiliza-
tion. The microbial communities exist within complex 
soil food webs together with numerous and varied soil-

dwelling invertebrate species (e.g. earthworms, Collem-
bola, and nematodes). Together, these communities carry 
out soil ecosystem processes such as nutrient cycling and 
decomposition, processes that have major ecological and 
agricultural significance. Soil-borne communities are do-
minated by microorganisms, which account for greater 
than 80% of the total biomass (excluding plant roots) 
(reviewed in Kowalchuk et al 2003; Dunfield and Ger-
mida 2004). There is the potential for soil-dwelling or-
ganisms to be exposed to transgene coded proteins 
released into the soil as exudates from the roots of living 
TPs (Borisjuk et al 1999) and through contact with plant 
material left in the ground after harvest. Moreover, there 
are special targeted genetic traits for improved plant nu-
trition which include greater plant tolerance to low Fe 
availability in alkaline soils, enhanced acquisition of soil 
inorganic and organic P, and increased assimilation of 
soil N. Among the potential direct effects of transgenic 
crops and their management are changes in soil microbial 
activity due to differences in the amount and composition 
of root exudates, changes in microbial functions resulting 
from gene transfer from the transgenic crop, and altera-
tion in microbial populations because of the effects of 
management practices for transgenic crops, such as pesti-
cide applications, tillage, and application of inorganic and 
organic fertilizer sources. Possible indirect effects of TPs, 
including changes in the fate of TPs residues and altera-
tions in land use and rates of soil erosion, deserve further 
study. Despite widespread public concern, no conclusive 
evidence has yet been presented that currently released 
TP are causing significant direct effects on stimulating or 
suppressing soil nutrient transformations in field envi-
ronments (reviewed in Motavalli et al 2004). 

3.2 Will TPs adveresely affect soil microorganisms? 

Early studies, in which the microbial populations associ-
ated with Bt plants were estimated by viable plating, 
failed to detect any impact that could be attributed to the 
genetic modification (Donegan et al 1995, 1996; Saxena 
and Stotzky 2001a). However, new molecular biology 
techniques, are beginning to provide insight into respon-
ses of soil microbial communities to TPs (Kowalchuk  
et al 2003; Bruinsma el al 2003). 

(i) Yes 

Bt protected TP: The rhizosphere bacterial community 
associated with Bt corn (Bt 176) and non Bt corn were 
characterized using several techniques, including viable 
counts, community-level catabolic profiling, and PCR-
based fingerprinting, that targeted the 16S–23S intergenic 
transcribed spacers. The culturing techniques not de-
tected any differences between the Bt corn and the non-
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Bt plants, but the molecular profiling technique found that 
the community structure differed between the two treat-
ments. Experiments in which root growth solutions were 
added to soil indicated that exudate of the Bt plant led to 
the development of a bacterial community that differed 
from that of the non-Bt plants. It was suggested that the Bt 
corn exudate may differ from the non-Bt plant in several 
ways, not only in the Cry protein (Brusetti et al 2004). 
 
PI protected TPs: In the study on the effects of trans-
genic potato (expressing the PI cystatin) on nontarget 
organisms in the rhizosphere, phospholipid fatty acid 
analysis was used as a measure of the abundance, even-
ness, or metabolic activity of the soil microbial community. 
In the first year, two of the PI lines altered the structure 
of the community; one favoured fungal growth relative to 
bacterial growth in the later part of the season, and the 
second line appeared to suppress fungal growth. In the 
second year, phospholipid fatty acid analysis suggested 
that microbial abundance was reduced by 23%, with sup-
pression of both bacterial and fungal communities. It is 
not known how cystatins from TPs affect microorgan-
isms. Free cystatin is likely to be rapidly inactivated by 
enzyme activity or by adsorption to solid surfaces, and 
the observed changes in the microbial community may 
have reflected changes in the composition of the root 
exudates of the TPs and not inhibition of microbial pro-
teinase activity (Cowgill et al 2002). 
 
Lectin protected TPs: Community-level physiological 
profiling of soil surrounding lectin-expressing potato roots 
found that, although transgenic potato lines consistently 
altered the physiological profile of the rhizosphere mi-
crobial community at harvest, the effect did not persist 
from one season to the next over a trial period of two 
field seasons (Griffiths et al 2000). 
 
HT transgenic plants: The soybean nitrogen fixing sym-
biont, Bradyrhizobium japonicum, possesses a glyphosate- 
sensitive enzyme and upon exposure to glyphosate accu-
mulates shikimic acid and hydroxybenzoic acids such as 
protocatechuic acid (PCA), accompanied with B. japonicum 
growth inhibition and death at high concentrations. In a 
series of greenhouse and field experiments, glyphosate 
inhibited nodulation, and nodule leghaemoglobin content 
of HT soybean. Glyphosate accumulated in nodules of 
field-grown HT soybean, but its effect on nitrogenase 
activity of HT soybean was inconsistent in field studies. 
In greenhouse studies, nitrogenase activity of HT soybean 
following glyphosate application was transiently inhibited 
especially in early growth stages, with the greatest inhibi-
tion occurring under moisture stress. Studies using bac-
teroid preparations showed that the level of glyphosate 
inhibition of bacteroid nitrogenase activity was related to 

in vitro glyphosate sensitivity of the B. japonicum strains. 
These studies indicated the potential for reduced nitrogen 
fixation in the HT soybean system; however, yield reduc-
tions due to this reduced N2 fixation in early stages of 
growth have not been demonstrated (Zablotowicz and 
Reddy 2004). 
 
Other TPs: A field study using transgenic alfaalfa with 
associated recombinant microorganisms was conducted 
to assess their potential effects on soil ecosystems. Three 
lines of alfalfa plants (parental, transgenic alpha-amylase-
producing and transgenic lignin peroxidase-producing) 
were planted in an agricultural field plot. Immediately 
prior to planting, the roots of the alfalfa plants were left 
uninoculated or were inoculated with a wild-type strain 
(PC), a recombinant strain with antibiotic resistances 
(RMB7201), or a recombinant strain with antibiotic resis-
tances and enhanced nitrogen-fixation capability (RMBPC-
2), of Sinorhizobium meliloti. Analyses of the alfalfa 
plants and field plot soil were made over two growing 
seasons and included: metabolic fingerprints and DNA 
fingerprints of soil bacterial communities; soil microbial 
respiration; population counts of indigenous soil bacteria, 
fungi, nematodes, protozoa and micro-arthropods; identi-
fication of nematodes and micro-arthropods; plant shoot 
weight and chemistries; and soil chemistries and enzyme 
activities. The lignin peroxidase transgenic plants had 
significantly lower shoot weight, and higher nitrogen and 
phosphorus content, than the parental or transgenic amy-
lase plants. Distinct metabolic fingerprints, based on pat-
terns of substrate utilization in Biolog plates, were ex-
hibited by the soil bacterial communities associated with 
the three alfalfa genotypes, and those for the lignin per-
oxidase plants were the most unique. Significantly higher 
population levels of culturable, aerobic spore-forming and 
cellulose-utilizing bacteria, lower activity of the soil en-
zymes dehydrogenase and alkaline phosphatase, and 
higher soil pH levels, were also associated with the lignin 
peroxidase transgenic plants. Significantly higher popula-
tion levels of culturable, aerobic spore-forming bacteria 
were also measured in the treatments containing the re-
combinant RMBPC-2 S. meliloti. 
 Population levels of protozoa, nematodes and micro-
arthropods, DNA fingerprints of indigenous soil bacteria, 
and rates of microbial substrate-induced respiration were 
not significantly affected by the transgenic alfalfa and 
recombinant S. meliloti treatments. 
 Authors claimed, that “the transgenic organisms caused 
detectable changes in some components of the soil eco-
system. The primary effects wich was observed were as-
sociated with the transgenic lignin peroxidase alfalfa and 
included alterations in plant growth and chemistry and 
changes in soil chemistry and microbiology” (Donegan  
et al 1999). 
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(ii) No 

Bt protected TPs: Bt potato plants was monitored for 
changes in total bacterial and fungal populations, fungal 
species diversity and abundance, and plant pathogen lev-
els. The microflora on three phenological stages of leaves 
were compared over the growing season for (i) transgenic 
potato; (ii) plants, commercial Russet Burbank; (iii) po-
tato plants treated with systemic insecticide (Di-Syston) 
and commercial; and (iv) Russet Burbank potato plants 
treated with microbial Btt (M-Trak). In addition, plant 
and soil assays were performed to assess disease inci-
dence of Fusarium spp., Pythium spp., Verticillium dahliae, 
potato leaf roll virus (PLRV) and potato virus Y (PVY). 
Few significant differences in phylloplane microflora 
among the plant types were observed and none of the 
differences were persistent. It was concluded that under 
field conditions the microflora of transgenic Bt potato 
differed minimally from that of chemically and microbially 
treated commercial potato plants (Donegan et al 1996). 

 
PI protected TPs: Plant-parasitic nematodes are impor-
tant pests of agriculture and TPs with potential for nema-
tode control are currently being developed. The expression 
of cysteine proteinase inhibitors (cystatins) in transgenic 
potato confers partial resistance to PCN. The field studies 
was used to test effects of the transgenic potato on non-
target soil organisms. Microbial community structure, 
soil microarthropods and litter decomposition were stud-
ied during two growing seasons. In the second year, 
nematode control options of cystatin-expressing plants 
and an oxime carbamate nematicide application were 
compared for their non-target effects. In the first year, the 
transgenic lines had no effect on the abundance, evenness 
or metabolic activity of the soil microbial community as 
determined by ester-linked phospholipid fatty acid analy-
sis (PLFA). However, one transgenic line (D6/7) influ-
enced the structure of the soil microbial community. 
PLFA suggested it favoured fungal growth relative to 
bacterial growth during the latter parts of the growing 
season. A second transgenic line (D5/13) was more effec-
tive against PCN. It reduced the abundance of the fungal 
fatty acid 18 : 2 omega 6 in late season, suggesting a 
suppression of fungal growth. In the second year PLFA 
analysis suggested microbial abundance was reduced by 
15% and 23% in the nematicide and transgenic treat-
ments, respectively, relative to the control. Nematicidal 
treatment reduced the bacterial fraction of the microbial 
community, whereas the transgenic plants suppressed 
both the bacterial and fungal community components. 
The observed changes in soil microbial community struc-
ture did not resulted in changes in the rate of leaf litter 
decomposition. The transgenic lines had no significant 
effect on the abundance of soil microarthropods or free-

living nematodes. Authors suggested that the study is the 
first stage of a risk assessment of the impact of transgenic 
nematode resistance on non-target soil organisms. Both 
nematicide and the transgenic plants affected components 
of the soil microbial community. However, the changes 
brought about by the two treatments were not sufficient 
to affect soil functioning, as measured by rates of litter 
decomposition (Cowgill et al 2002b). 
T4-lysozyme protected TPs: Transgenic potato that pro-
duce bacteriophage T4-lysozyme for enhanced bacterial 
resistance was monitored for changes in plant-associated 
bacterial populations, in the functions of potentially bene-
ficial bacteria and in the diversity of antagonistic bacte-
rial species. These parameters have been analysed for 
transgenic and non-transgenic lines, over a period of 2 
years at different stages of plant development and at two 
different locations. Two microenvironments, the rhizo-
and geocaulosphere, were investigated. No significant 
differences in aerobic plate counts were observed bet-
ween the four plant lines. In addition, no significant dif-
ferences in the functions of potentially beneficial and 
antagonistic bacteria (antagonists to Erwinia carotovora 
and Verticillium dahliae) were found. The diversity of 
antagonistic species isolated from each plant line and 
microenvironment was investigated to determine if the 
diversity and composition of potentially beneficial bacte-
ria were influenced. Altogether, 28 different potato-asso-
ciated species with antagonistic effects to phytopathogens 
were detected. Antagonistic strains of seven species were 
found only on control plants. The observed effect was 
minor relative to the natural variability observed during 
the monitoring period plants under a variety of environ-
mental conditions (Lottmann et al 1999). 
 
Chitinase protected TPs: Another risk evaluation was 
performed with a transgenic strawberry expressing a rice 
chitinase gene. The study was carried out in a closed green-
house, a semi-closed greenhouse, and an isolated field. 
The transgenic strawberry not produced any specific 
products, for example compounds secreted from the roots 
or volatile compounds released from the plant. The influ-
ence of transgenic strawberry cultivation on the growth 
of other plants and soil microflora was investigated in a 
semi-closed greenhouse. It was concluded that the effect 
of the transgenic strawberry on other plants (radish and 
spinach) and microflora (fungi, bacteria, and actinomy-
cetes) was no different from that of a non-transgenic straw-
berry. Furthermore, there was no difference between the 
transgenic and the non-transgenic strawberries in terms 
of morphological characteristics and yield except for dis-
ease resistance (Asao et al 2003). 
 
HT transgenic plants: Bacterial communities in rhizo-
spheres of transgenic corn (Zea mays, with the pat-gene 
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conferring resistance to the herbicide glufosinate; syn. L-
phosphinothricin) were compared to its isogenic, non-
transgenic cultivar. With the usage of single-strand con-
formation polymorphism (SSCP) it was found that ge-
netic profiles of rhizospheres consisted of 40–60 distin-
guishable bands depending on the chosen polymerase 
chain reaction (PCR) primer pairs, and the variability 
between independent replicates was very low. Neither the 
genetic modification nor the use of the herbicide liberty 
(syn. Basta active ingredient: glufosinate) affected the 
SSCP. In contrast, PCR-SSCP profiles of bacterial com-
munities from rhizospheres of sugar beet, grown in the 
same field as a control crop, were clearly different. A less 
pronounced but significant difference was also observed 
with rhizosphere samples from fine roots of corn plants 
collected 35 and 70 days after sowing. Sequencing of the 
dominant 30 products from one typical SSCP profile 
generated from transgenic corn rhizospheres indicated the 
presence of typical soil and rhizosphere bacteria: half of 
the bands could be attributed to Proteobacteria, mainly of 
the alpha- and beta-subgroups. Other SSCP bands could 
be assigned to members of the following phylogenetic 
groups: Cytophaga-Flavobacterium-Bacteroides, Chlamy-
diales-errucomicrobium, Planctomyces, Holophaga and to 
Gram-positive bacteria with a high G+C DNA content 
(Schmalenberger and Tebbe 2002). 
 In the field study, the bacterial communities inhabiting 
the rhizosphere of a transgenic, herbicide-resistant sugar 
beet (Beta vulgaris) cultivar was compared with those of 
its non TP using PCR and SSCP. As a control for the 
plasticity of the bacterial community, it was also ana-
lysed the influence of herbicides, the field heterogeneity, 
and the annual variation. DNA was isolated from bacte-
rial cell consortia that were directly collected from root 
material. Patterns of the replicates and the different treat-
ments were highly similar, but digital image and similarity 
analyses revealed differences that corresponded to the 
positions of the replicates in the field. In addition, com-
munities collected from sugar beet in two successive 
growing seasons could be distinguished. In contrast, no 
effect of the transgenic herbicide resistance was detect-
able. Sequencing of 24 dominant products of the SSCP 
profiles indicated the presence of bacteria from different 
phylogenetic groups, with Proteobacteria and members of 
the Cytophaga-Flavobacterium-Bacteroides group being 
most abundant (Schmalenberger and Tebbe 2003). 
 A two year, multiple-site field study was condacted in 
which rhizosphere samples associated with a HT trans-
genic canola variety and a conventional canola variety 
were sampled at six times throughout the growing sea-
son. The objectives of this study were to identify differ-
ences between the rhizosphere microbial community asso-
ciated with the transgenic plants and the rhizosphere 
microbial community associated with the conventional 

canola plants and to determine whether the differences 
were permanent or depended on the presence of the plant. 
Community-level physiological profiles, fatty acid methyl 
ester profiles, and terminal amplified ribosomal DNA 
restriction analysis profiles of rhizosphere microbial 
communities were compared to the profiles of the micro-
bial community associated with an unplanted, fallow field 
plot. Principal-component analysis showed that there was 
variation in the microbial community associated with 
both canola variety and growth season. Importantly, 
while differences between the microbial communeties 
associated with the transgenic plant variety were obser-
ved at several times throughout the growing season, all 
analyses indicated that when the microbial communities 
were assessed after winter, there were no differences be-
tween microbial communities from field plots that con-
tained harvested transgenic canola plants and microbial 
communities from field plots that did not contain plants 
during the field season. Hence, the changes in the micro-
bial community structure associated with genetically modi-
fied plants were temporary and not persisted into the next 
field season (Dunfield and Germida 2003). 

3.3 Will TPs adveresly affect arbuscular  
mycorrhizal fungi? 

(i) Yes 

TPs that constitutively express proteins with potential 
antifungal and/or antibacterial activity, can reduce activities 
of specific soil-borne plant pathogens in the rhizosphere 
(reviewed in Glandorf et al 1997). Arbuscular mycorrhi-
zal (AM) fungi establish mutualistic symbioses with roots 
of most plant species, playing an important role in soil 
fertility and plant nutrition. AM fungi are strongly af-
fected by agricultural practices and changes in soil char-
acteristics and thus are key nontarget microorganisms 
worthy of monitoring in environmental impact assess-
ments of TPs (Bruinsma et al 2003). The expression of 
the chitinase is believed to increase the transgenic host’s 
nonspecific basic resistance to pathogens. A potential non-
target effect of constitutively expressing chitinase may be 
a decrease in the activity of vesicular-arbuscular my-
corrhizal fungi. The decrease in activity of mycorrhizal 
fungi was related to reduced susceptibility of TPs plant 
roots to colonization by these fungi, which is in turn as-
sociated with lysis of fungal cell walls by the constitu-
tively expressed chitinase. Early data demonstrated a strong 
negative association between transgenic host pathogen 
resistance and mycorrhizal colonization. An ecological 
consequence of reducing mycorrhizal colonization was a 
decrease in the soil’s mycorrhizal propagule reserve that 
diminishes the next crop’s production, especially under 
low-input cropping practices (Miller 1993). Constitutive 
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expression of antifungal pathogenesis-related proteins in 
tobacco in most cases not affected root colonization by 
the mycorrhizal fungus Glomus mosseae. However, in-
creased levels of a class II tobacco beta-1,3-glucanase 
reduced the colonization potential, indicating that non-
target effects can occur (Glandorf et al 1997). Root exu-
dates of one line of Bt corn (event 176) significantly re-
duced presymbiotic hyphal growth of G. mosseae compared 
with another line (event-11) and control plant root exu-
dates. Development of appressoria was also affected by 
Bt event 176, with 36% of appressoria failing to produce 
viable infection pegs. Event 176 had a higher level of 
expression of the Cry1Ab toxin than did event-11 (Tur-
rini et al 2004). 
 In general, the potential for interaction between TPs 
and plant residues and the soil microbial community is 
not well understood. Furthermore, transgenic proteins 
have been shown to be released from transgenic plants 
into the soil ecosystem, and their presence can influence 
the biodiversity of the microbial community by selec-
tively stimulating the growth of organisms that can use 
them. Microbial diversity can be altered when associated 
with TPs; however, these effects are both variable and 
transient. Soil- and plant-associated microbial communi-
ties were influenced not only by plant species and trans-
gene insertion but also by environmental factors such as 
field site and sampling date (reviewed in Dunfield and 
Germida 2004; Motavalli et al 2004). 

3.4 Will transgenic plants adversely affect  
soil microarthropods? 

Collembolans are recognized as the key indicator species 
of soil fertility and health, as they play a vital role in the 
break down and recycling of crop residues and abundant 
populations of these microarthropods are generally pre-
sent in well-managed agricultural soils. Collembolans are 
often found in the root zone of plants and can be exposed 
to transgene-derived proteins exuded into the rhizosphere 
by roots. As collembolans are active in the decomposition 
of organic matter, they may also be exposed to transgene-
derived proteins that remain in crop residues. 

(i) Yes 

PI protected TPs: When tobacco leaves expressing P II were 
buried in the field, there were significantly lower collem-
bolan numbers in the surrounding soil than in soil from 
control plots. The high mobility of Collembola made it 
difficult to determine whether the depressed numbers in 
soil surrounding the TPs litterbags were due to mortality 
and/or decreased reproduction or merely to increased 
migration (Donegan et al 1997). 

(ii) No 

Bt protected TPs: The effects of Bt endotoxins [HD-1 
CryIA(b) and HD-73 CryIA(c)] producing in transgenic 
cotton and potato on 2 nontarget soil arthropods, a col-
lembolan, Folsomia candida Willem, and an orbatid mite, 
Oppia nitens Koch were tested. It was found that time to 
oviposition, egg production, and final body length were 
unaffected when F. candida were fed residues of Bt cot-
ton. Total production of O. nitens adults and nymphs was 
unaffected by feeding on leaves of Bt cotton and Bt po-
tato (Yu et al 1997). Similarly, purified Bt toxins and leaf 
tissue of Bt cotton, Bt corn, and Bt potatoes had no effect 
on F. candida and Xenylla grisea (United States Environ-
mental Protection Agency 2000). Also there was no ef-
fect of maize expressing the coleopteran-active Bt toxin 
Cry3Bb1 on field populations of Collembola and soil 
mites over two seasons (Al-Deeb et al 2003). 
 
PI protected TPs: Trangenic potatoes expressing cys-
teine PI had no effect on the abundance of collembolans 
during two field seasons (Cowgill et al 2002a). There 
was no effect on the abundance of mites in field soil col-
lected from around the roots of potatoes expressing PIs 
(Cowgill and Atkinson 2003). 
 
Other TPs: Two different transgenic wheat varieties ex-
pressed a gene from an Ustilago maydis-infecting virus. 
The gene product (KP4 protein) is known for its growth 
inhibitory activity against fungi in the Ustilaginales. 
These KP4-transgenic wheat plants showed an enhanced 
resistance against stinking smut, Tilletia tritici. Different 
laboratory bioassays and a glasshouse study where with 
feeding bioassays in which dried root material from 
transgenic and non-transgenic wheat plants was fed to 
individual candida revealed no effect of transgenic wheat 
variety on any of the life-history parameters evaluated. 
The glasshouse study showed that population develop-
ment of F. candida not differed between transgenic or 
non-transgenic plants of the two varieties were grown. 
However, a significant variety effect was detected (Romeis 
et al 2003b). 

3.5 Will TPs adversely affect earthworms? 

Earthworms play a vital role in decomposition of plant 
litter, and the physical and chemical changes to soil re-
sulting from earthworm activity can significantly affect 
on the soil’s biological properties and processes. Earth-
worms could ingest the bound toxins and, may be could 
be affected by them. Moreover, earthworms may function 
as intermediaries through which the toxins are passed on 
to other trophic levels. Are there an evidence of a nega-
tive effects of TPs on soils earthworms have been found? 
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(i) Yes 

It was found that adult earthworms Lumbricus terrestris 
L. lost 18% of their initial weight after 200 days when 
fed Bt corn compared with a 4% weight gain when fed 
non-Bt corn. The authors were uncertain whether this 
effect was caused by the Bt toxin and suggested that it 
may have resulted from a difference in the nutritional 
quality of the plant material ingested by the earthworms 
(Zwahlen et al 2003a,b). 

(ii) No 

Tests on the effects of the purified Bt toxin on earth-
worms suggested that Bt plants have little impact on 
earthworms. For example, there were no growth effects 
or mortality in Eisenia foetida exposed to 120 times the 
amount of Cry3A toxin expected in one kilogram of soil 
in a plot of Bt potatoes (United States Environmental 
Protection Agency 2000). It was shown that earthworms 
can ingest Bt toxin bound to soil. In this study, Cry1Ab 
was detected in the guts and casts of earthworms kept for 
45 days in jars containing Bt maize biomass. No deleteri-
ous effects of Bt maize on L. terrestris) were detected in 
these pot trials (Saxena and Stotzky 2001a). 

3.6 Will TPs adversely affect soil nematodes? 

Soil nematodes are a diverse group of organisms that are 
found in all soils. Nematodes that feed on rhizosphere 
bacteria, fungi, protozoa, rotifers, or other nematodes may 
conceivably be affected by the presence of TPs litter or 
root exudates in the soil. 

(i) Yes 

Lectin protected TPs: In laboratory experiments carried 
out as part of a study on the effects of trangenic potatoes 
expressing lectins (concanavalin A and GNA), the host-
finding response of a bacteria-feeding nematode was sig-
nificantly inhibited when either lectin was present at a 
range of concentrations (Griffiths et al 2000). 
 
PI protected TPs: Litterbags containing leaves of paren-
tal and transgenic tobacco plants producing proteinase 
inhibitor I were buried in field plots. The litterbag con-
tents and surrounding soil, as well as soil from control 
plots without litterbags, were sampled over a 5-month 
period at 2- to 4-week intervals and assayed for pro-
teinase inhibitor concentration, litter decomposition rates, 
carbon and nitrogen content, microbial respiration rates 
and population levels of nematodes, protozoa and micro-
arthropods. The proteinase inhibitor concentration in the 
TPs litter after 57 days was 0⋅05% of the sample day  

0-value and was not detectable on subsequent sample 
days. Although the carbon content of the TPs litter was 
comparable to that of the parental plant litter on sample 
day 0, it became significantly lower over the course of 
the experiment. Nematode populations in the soil sur-
rounding the TPs litterbags were greater than those in the 
soil surrounding parental plant litterbags and had a dif-
ferent trophic group composition. In contrast, Collembola 
populations in the soil surrounding the TPs litterbags 
were significantly lower than in the soil surrounding pa-
rental plant litterbags. It was concluded, that under field 
conditions proteinase inhibitor remained immunologi-
cally active in buried TPs litter for at least 57 days and 
that decomposing parental and TPs litter differed in qual-
ity (carbon content) and in the response of exposed soil  
organisms (Collembola and nematodes) (Donegan et al 
1997). 

(ii) No 

Bt protected TP: There were no differences in nematode 
populations in soil close to the roots of maize expressing 
the Bt toxin Cry3Bb1 and of non-Bt plants (Al-Deeb et al 
2003). 
 
PI protected TPs: In pot trials and decomposition ex-
periments carried out in the same study, there was no 
effect on nematode populations. After two field seasons, 
there were no differences in the abundance of free-living 
nematodes around the roots of PI protected potato plants 
expressing cysteine PIs (cystatins), even though the tar-
get of this modification was the potato cyst nematode 
(Cowgill and Atkinson 2003). 

3.7 Will TPs adversely affect isopods? 

(i) No 

No adverse effects of Bt corn (Cry1Ab) were found on 
woodlice Porcellio scaber in a soil-free laboratory sys-
tem.Woodlice did not differentiated between Bt corn and 
non Bt corn in their food preference, and numbers of off-
spring produced did not differ between the two treatments. 
Initial weight increases of offspring were significantly 
higher in the non transgenic treatment, but adult P. scaber 
showed greater weight increase when feeding on Bt corn 
leaves. Differential weight gains between the treatments may 
have resulted from differences in the nutritional quality 
of the Bt and non-Bt corn leaves (Escher et al 2000). 

3.7 Wiil TPs adveresly affect Protozoa? 

(i) Yes 

Lectin protected TPs: Protozoa are key components of 
the soil food web and play an important role in soil nutri-
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ent cycling. In a pot experiment, flagellate protozoan 
populations in the rhizosphere of one transgenic potato 
expressing the lectin concanavalin A were significantly 
lower than that of control plant and GNA plant rhizo-
sphere. In addition, significantly fewer protozoa and 
amoebae were found in the presence of leaves from lectin-
expressing transgenic lines than in the control lines. 
When a single concanavalin A-producing line was grown 
in the field, there was a transient reduction of about 40% 
in soil protozoan population (Griffiths et al 2000). 

3.8 Will TPs adverelsy affect soil processes? 

Only limited number of studies have measured effects of 
TPs on soil processes; plant litter decomposition has most 
often been chosen as a key indicator of soil ecosystem 
function. 

(i) Yes 

It was reported that biomass of Bt corn decomposed less 
in soil than biomass of near-isogenic, non-Bt corn (Stotzky 
2002). During the study of ecological impacts of Bt corn 
(Cry1Ab) fluorescence microscopy and staining with 
toluidine blue indicated a higher content of lignin in the 
vascular bundle sheaths and in the sclerenchyma cells 
surrounding the vascular bundle in all ten Bt corn hybrids, 
representing three different transformation events, studied 
than of their respective non-Bt isolines. Chemical analysis 
confirmed that the lignin content of all hybrids of Bt corn, 
whether grown in a plant growth room or in the field, was 
significantly higher (33–97% higher) than that of their 
respective non-Bt isolines. As lignin is a major structural 

component of plant cells, modifications in lignin content 
could have ecological implications. For example, the in-
crease in lignin content in Bt corn may be beneficial, as it 
can provide greater resistance to attack by second-gene-
ration European corn borer (ECB) reduce susceptibility 
to molds and retard litter degradation and decomposition 
by microbes. The addition of biomass from Bt corn to soil 
resulted in a significantly lower gross metabolic activity 

(i.e. CO2 evolution) in soil than did the addition of non-
Bt corn, which may be beneficial, as the organic matter 
derived from Bt corn may persist and accumulate longer 
and at higher levels in soil, thereby improving soil struc-
ture and reducing erosion or it may be detrimental, as the 
longer persistence of the biomass of Bt corn may extend 
the time that the toxin is present in soil and, thereby, may 
enhance the hazard to nontarget organisms and result in 
the selection and enrichment of toxin-resistant target in-
sects. Moreover, lignin is relatively indigestible and re-
duces the ability of herbivores to digest plant material, 

and its increase in forages might affect rates of feeding 
and population dynamics of defoliators (Saxena and 
Stotzky 2001a,b). 

 Indeed, it seems, that soil respiration could be nega-
tively affected by TPs. Respiration was measured in soil 
samples to which Bt corn Cry1Ab and non-Bt corn shoots 
had been added and in soils collected when field-grown 
crops were harvested. It was found that, Bt corn appeared 
to decompose more slowly than non-Bt corn and the cu-
mulative CO2–C evolved from soils was significantly 
lower under Bt crops than under non-Bt crops. However, 
this study contained anomalous results; the net rate of 
CO2 production increased throughout the duration of the 
experiment, whereas this rate usually declines over time 
as less organic matter is available in soil. Bt corn and non-
trangenic shoots were reported to differ in the amount 
and type of fatty acids they contained, as did soils from 
beneath field crops. The authors suggested that the culti-
vation of Bt corn significantly increased the saturated-to-
unsaturated lipid ratios in soils, which appeared to affect 
microbial activity negatively. However, further investiga-
tion is required before this conclusion can be drawn  
(Dinel et al 2003). 
 The impacts of the amendment of Bt-transgenic rice 
Cry1Ab (KMD) straw on biological activities in water-
flooded soil were investigated under laboratory condi-
tions and compared with non-transgenic rice (Xiushui 11) 
straw. The results showed that there were some differ-
ences in protease, neutral phosphatase and cellulase ac-
tivities between soil amended with Bt-transgenic rice 
straw and non-transgenic rice straw at the early stage of 
incubation, and none of these differences were persistent. 
However, differences in dehydrogenase activity, methano-
genesis, hydrogen production and anaerobic respiration 
between soil supplemented with Bt-transgenic rice straw 
and non-transgenic rice straw were persistent over the 
course of incubation. Dehydrogenase activity, methano-
genesis and anaerobic respiration were considerably lower 
from sample days 7 to 56, but higher after day 56 in soil 
amended with Bt-transgenic rice straw. In comparison, 
the H2-production in soil containing Bt-transgenic rice 
straw was significantly lower after day 56. The results 
demonstrated that the amendment of the Bt-transgenic 
rice straw altered some important biological properties in 
water-flooded soil, indicating a shift in microbial popula-
tions or a change in the metabolic abilities of the micro-
bial community as a result of substrate availability in soil 
(Wei-Xiang Wu et al 2004). 

(ii) No 

On the other hand several studies have found little differ-
ence between the decomposition rates of non TPs and 
TPs. Rate of decomposition of potato (Cowgill et al 
2002a,b) and tobacco leaves (Donegan et al 1997) from 
plants modified to express a PI were similar to those of 
comparative non-TPs as measured by weight loss in lit-
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terbag studies. Similarly, no detectable difference between 
the decomposition rates of Bt corn and non-Bt corn, as 
determined by CO2 production, was found (Hopkins and 
Gregorich 2003). 

4. Will introgression occur? 

What are the possible ways of introgression and what is 
the probability that this “worst case scenario” will pro-
ceed? Introgression could occur by transgenic pollen 
which will fertilize non transgenic plants and by micro-
organisms which will capture transgenes and hitch-hike 
them into the world wide web of genes exchange. 

4.1 Will trangenic DNA persist in a soil  
for a long time? 

According to analyses of complete genome sequences 
horizontal gene transfers have played a fundamental role 
in bacterial evolution. Nowadays, this efficiency of bac-
teria in picking up genes of surrounding organisms that 
rises concerns about a potential dissemination of genes 
from TPs to soil bacteria. Theoretically, it is not ex-
cluded, that transgenes, released from TPs into the soil 
could be captured by microorganisms and then transfered 
into other organisms. Is this type of the risk consider-
able? The sets of the special studies were aimed to study 
the different stages of such undesirable scenario. What 
will be the potential fate and effects of transgenes re-
leased form TPs into the soil, for example form TPs en-
gineered to produce vaccines, hormones, antibodies, toxins, 
pharmaceuticals and containing the correspondiding genes?. 
Will these transgenes coding such physiologically active 
proteins ‘survive’ in a soil in a potentially transforming 
state? 

(i) Yes 

As a model system for studying the persistense of trans-
genes, the stability of cloned neomycin phosphotrans-
ferase II (rNPT-II), a neomycin/kanam in the soilsycin 
resistance marker was tested. The recombinant nature of 
the target (i.e. fusion of nopaline synthase promoter and 
NPT-II coding region) allowed to design a rNPT-II-
specific PCR primer pair. Effects of temperature and 
moisture, on DNA persistence in soil were determined in 
two laboratory test systems. In the first system, purified 
plasmid DNA was added to soil and incubated under con-
trolled conditions. Up to 0⋅08% of the rNPT-II target seq-
uences were detectable after 40 days. In the second system, 
fresh leaf tissue of transgenic tobacco was ground, added 
to soil, and incubated under controlled conditions. After 
120 days, up to 0⋅14% of leaf tissue-derived genomic 

rNPT-II sequences were detectable. Under most experi-
mental conditions, leaf tissue-derived and plasmid DNA 
were initially degraded at a high rate. A small proportion 
of the added DNA resisted degradation and was detect-
able for several months. It was proposed that this DNA 
may have been adsorbed to soil particles and was pro-
tected from complete degradation (Widmer et al 1996; 
Stotzky 2000). 

4.2 Can transgenic plants DNA transform  
indigenous microbes? 

The only mechanism which could be involved for such 
gene transfer is natural transformation which requires the 
successive occurrence of several steps, including release 
of plant DNA, persistence of DNA in the environment 
presence of transformable bacteria and internalization of 
the sequences in the new host. So, can transgenes trans-
form soil microorganisms in fact? 

(i) Yes 

It was shown that horizontal transfer of DNA, extracted 
from transgenic sugar beets, to bacteria, based on homo-
logous recombination, can occur in soil. Restoration of a 
317-bp-deleted nptII gene in Acinetobacter sp. strain 
BD413(pFG4) cells incubated in sterile soil microcosms 
was detected after addition of nutrients and transgenic 
plant DNA encoding a functional nptII gene conferring 
bacterial kanamycin resistance. Selective effects of the 
addition of kanamycin on the population dynamics of 
Acinetobacter sp. cells in soil were found, and high con-
centrations of kanamycin reduced the colony forming 
unit (CFU) of Acinetobacter sp. cells from 109 CFU/g of 
soil to below detection. In contrast to a chromosomal 
nptII-encoded kanamycin resistance, the pFG4-generated 
resistance was found to be unstable over a 31-day incuba-
tion period in vitro (Nielsen et al 2000). Transgenic po-
tato plants with the nptII gene coding for neomycin 
phosphotransferase (kanamycin resistance) as a selection 
marker were examined for the spread of recombinant 
DNA into the environment. The recombinant fusion of 
nptII with the tg4 terminator was used for a novel bio-
monitoring technique. This depended on natural trans-
formation of Acinetobacter sp. strain BD413 cells having 
in their genomes a terminally truncated nptII gene (nptII 
kanamycin sensitivity) followed by the tg4 terminator. 
Integration of the recombinant fusion DNA by homolo-
gous recombination in nptII and tg4 restored nptII, lead-
ing to kanamycin-resistant transformants. DNA of the 
transgenic potato was detectable with high sensitivity, 
while no transformants were obtained with the DNA of 
other transgenic plants harbouring nptII in different ge-
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netic contexts. The recombinant DNA was frequently 
found in rhizosphere extracts of transgenic potato plants 
from field plots. In a series of field plot and greenhouse 
experiments two sources of this DNA spread by roots 
during plant growth and by pollen during flowering was 
identified. Both sources also contributed to the spread of 
the transgene into the rhizospheres of nontransgenic plants 
in the vicinity. The longest persistence of transforming 
DNA in field soil was observed with soil from a potato 
field in 1997 sampled in the following year in April and 
then stored moist at 4°C in the dark for 4 years prior to 
extract preparation and transformation (de Vries et al 
2003). PCR monitoring of field releases of transgenic 
sugar beet plants demonstrated that during the growth of 
the plants the soil close to the plants and also plant mate-
rial contains recombinant DNA, in the form of extracellu-
lar molecules. Surprisingly, the monitoring also revealed 
the presence of transgenic DNA in many field plots (30–
70%) in which TPs plants were never grown. These stud-
ies and the further monitoring during other transgenic 
sugar beet release experiments by PCR and a novel bio-
assay (measuring the transforming potential of recombi-
nant DNA for Pseudomonas stutzeri) indicated that 
recombinant DNA was only detectable in the surface soil 
of field plots and their vicinity where flowering of the 
transgenic beet plants was allowed. Transgenic DNA was 
found in soil at a distance of 50 m from pollen-producing 
plants surrounded by a strip with hemp plants as a con-
tainment regime. It was concluded that transgenes was 
deposited in soil during the growth of transgenic plants 
and that a major mechanism of transgens spread in the 
environment is the dispersal of pollen which allows 
transgenes to persist in the field plot for at least a year 
(Meier and Wackernagel 2003). 
 In general, the available data indicated that transforma-
tion-mediated gene transfers could occur in the environ-
ment and in the case of transgenic plants are more likely 
to involve the prokaryotic sequences of the transgene 
than the remaining of the genome (reviewed in Nielsen  
et al 2001). Indeed, in the recent study DNA transfer was 
demonstrated from six species of donor plants to the soil 
bacterium, Acinetobacter spp. BD413, using neomycin 
phosphotransferase (nptII) as a marker for homologous 
recombination. These laboratory results were compatible 
with, but do not prove, DNA transfer in nature. In to-
bacco carrying a plastid insertion of nptII, transfer was 
detected with 0⋅1 g of disrupted leaves and in oilseed 
rape carrying a nuclear insertion with a similar quantity 
of roots. Transfer from disrupted leaves occurred in ster-
ile soil and water, without the addition of nutrients. It 
was detected using intact tobacco leaves and intact to-
bacco and Arabidopsis plants in vitro. Transfer was dose 
dependent and sensitive to DNase, and mutations in the 
plant nptII were recovered in receptor bacteria. DNA 

transfer using intact roots and plants in vitro was easily 
demonstrated, but with greater variability. Transfer var-
ied with plant genome size and the number of repeats of 
the marker DNA in the donor plant. Transfer was not 
detected in the absence of a homologous nptII in the re-
ceptor bacteria (Tepfer et al 2003). However, soil bacte-
ria use to exchange genes by conjugation at frequencies 
several orders of magnitude higher than those resulting 
from a transfer from plants. One can thus assess that eco-
logical consequences of interkingdom transfers of plant 
genes, naturally present in soil bacteria and which do not 
modify the fitness of the recipient microorganism would 
remain negligible (Simonet 2000). 

4.3 Will trangenic pollen dispers onto non  
transgenic fields? 

The most serious concerns have been raised about the 
potential effects of transgenic introductions on the ge-
netic diversity of crop landraces and wild relatives in 
areas of crop origin and diversification, as this diversity 
is considered essential for global food security. The Nuf-
field Council on Bioethics suggests that introgression of 
genetic material into related species in centres of crop 
biodiversity is an insufficient justification to bar the use 
of genetically modified crops in the developing world. 
They consider that a precautionary approach to forgo the 
possible benefits invokes the fallacy of thinking that do-
ing nothing is itself without risk to the poor (Nuffield 
Bioethics Committee 2004). Pollen dispersal has been re-
cently focused on as a major issue in the risk assessment 
of TPs. The possible risks posed by cross hybridization 
with wild relatives have been extensively explored (re-
viewed in Stewart et al 2003). 

(i) Yes 

In fact, the shape of the pollen dispersal of individual 
plants is hard to determine since a very large number of 
plants must be monitored in order to track rare long-
distance dispersal events. Conversely, studies using large 
plots as a pollen source provide a pollen distribution that 
depends on the shape of the source plot. Border rows 
have been used frequently to restrict the pollen-mediated 
escape of transgenes from held trials, but what are the 
real efficacy of this approach? To test this, isogenic lines 
of cucumber (Cucumis sativus L.) differing for the seed-
ling marker trait blunt leaf apex (bla) were planted in 
four designs: 1m2 of wild-type donor plot surrounded by 
a 399 m2 border of bla recipients; 1 m2 of donor plot/ 
99 m2 border; 4 m2 of donor plot/96 m2 border; and 1 m2 
of donor plot with no border. Each planting was encircled 
by eight 1⋅4 m2 satellite plots 50 m from the plot center. 
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Progeny of plants from the satellites and borders were 
screened to determine the percentage of gene movement 
as measured by the occurrence of the dominant pheno-
type. Gene movement within the plot borders followed a 
leptokurtic distribution; there was greater movement from 
the 4 m2 donor plot than from the 1 m2 plot. Long-dis-
tance movement to the satellites significantly increased as 
the trap-to-donor ratio decreased. Although movement to 
individual satellites was generally consistent within a 
treatment, there was one instance of unusually high out 
crossing to a single satellite, indicating that the effective-
ness of borders was influenced by both the relative num-
bers of donor plants and by environmental variables 
(Hokanson et al 1997). 

4.4 Will transgenic pollen provide hybrization between 
transgenic and non transgenic plants? 

The potential for ecological and agricultural risks through 
introgression is based on the occurrence of transgenic 
hybrid populations. The logical step in assessing these 
risks is to determine the frequency with which these hy-
bridizations occur. The introgression of transgenes into a 
wild species or population occurs in a step-wise fashion 
starting with the initial hybridization between the trans-
genic crop and the wild relative. The frequency of hy-
bridization may be affected by many factors, including 
the transgene insertion locus within the plant, the agro-
nomic properties of the transgenic variety, the breeding 
system of the wild relative, the relative compatibility of 
the crop and weed species, the crop to wild relative ratio, 
the distance between the transgenic crop and wild rela-
tive, and the environmental conditions in the field (Stew-
art et al 2003). 

(i) Yes 

The introgression of transgenic DNA in crop landraces is 
of critical importance. The first report about the presence 
of transgenic DNA in landraces (of native corn or criollo 
in Mexico’s Oaxaca province) appeared in 2001. Oaxaca 
lies within the centre of origin and diversification of corn, 
which extends from Peru to Mesoamerica. The samples 
were collected from four fields of criollo 20 km from the 
highway that crosses the remote Sierra Norte de Oaxaca, 
together with bulk seed from Diconsa, the local Mexican 
government seed distribution agency. The control sam-
ples was from a 1971 corn collection from Oaxaca, and 
cobs from the Cuzco Valley of Peru; together with two 
transgenic corn cultivars, one Bt-protected, the other re-
sistant to commercial ‘Roundup’ herbicide. PCR revealed 
substantial transgenic contamination of the Diconsa sam-
ple by regulatory DNAs used in plant genetic engineer-

ing: 35S promoter from the cauliflower mosaic virus 
(CMV) and T-NOS terminator of nopaline synthase se-
quences form Agrobacterium tumefaciencs. This com-
pared with transgenic levels found in the control transgenic 
corn cultivars. The four field samples showed smaller but 
significant amounts of transgenic DNA. There was, how-
ever, no evidence for transgenes in the Peruvian sample 
or the 30-year old Oaxaca sample (Quist and Chapela 
2001). In spite of the followed criticism (Metz and Fut-
terer 2002; Kaplinsky et al 2002) a concurrent independent 
study by Mexican scientists has also confirmed trans-
genic DNA in land-races in Oaxaca, and elsewhere in the 
country (Pearce 2002), The diversity of the transgenic 
DNA, apparently presented on chromosomes at multiple 
loci, suggested repeat episodes of hybridization and in-
trogression. It is unclear how all this has occurred – but 
the results indicated high levels of gene flow. The rela-
tively heavy corn pollen is unlikely to have reached Si-
erra Norte de Oaxaca on the wind, as the nearest known 
plantings of Bt corn are 100 km away. However, nobody 
has any idea how much transgenic seed may have been 
grown or transported illegally. Mexico banned the plant-
ing of transgenic-corn in 1998, but it is still imported 
from the USA. These data have seriously alarmed con-
servationists worldwide, who see their worst fears realized. 
 The valuable results of a multi-year, range-wide survey 
was obtained in the study of the potential for reproduc-
tive contact between cultivated and common sunflower 
(Helianthus annuus). The results indicated that the 
opportunity for crop-wild hybridization exists throughout 
the range of sunflower cultivation. Approximately two-
thirds of all cultivated fields occurred in close proximity 
to, and flowered coincidentally with, common sunflower 
populations. In these populations, the phenological over-
lap was extensive, with 52–96% of all wilds flowering 
coincidentally with the adjacent cultivar field. Moreover, 
there was morphological evidence of hybridization in 10–
33% of the populations surveyed within a given year. 
These findings indicated that crop-wild hybridization is 
likely across the range of sunflower cultivation in the 
USA (Burke et al 2002). The recent and detailed study 
documented gene flow on a landscape level from creep-
ing bentgrass (Agrostis stolonifera L.), one of the first 
wind-pollinated, perennial, and highly outcrossing trans-
genic crops being developed for commercial use. Most of 
the gene flow occurred within 2 km in the direction of 
prevailing winds. The maximal gene flow distances ob-
served were 21 km and 14 km in sentinel and resident 
plants, respectively, that were located in primarily non-
agronomic habitats. The selectable marker used in these 
studies was the CP4 EPSPS gene derived from Agrobac-
terium spp. strain CP4 that encodes 5-enol-pyruvylshiki-
mate-3-phosphate synthase and confers resistance to gly-
phosate herbicide. Evidence for gene flow to 75 of 138 



J. Biosci. 30(4), September 2005

 Will transgenic plants adversely affect the environment? 

 

537 

sentinel plants of A. stolonifera and to 29 of 69 resident 
Agrostis plants was based on seedling progeny survival 
after spraying with glyphosate in greenhouse assays and 
positive TraitChek, PCR, and sequencing results (Watrud 
et al 2004). 
 Three field experiments were performed to quantify 
hybridization between multiple transformed oilseed rape 
lines and two wild relatives (B. rapa and R. raphanis-
trum) in multiple field conditions. The effect of crop fre-
quency was determined under high and low crop to wild 
relative ratios. Hybridization rates within fields and at field 
margins were compared. Backcrossing rates of transgenic 
hybrids with the wild relative were quantified in two ex-
perimental locations in order to determine the incidence 
of introgression during subsequent generations. Together, 
these experiments are among the first to comprehensively 
characterize hybridization and backcrossing frequency 
among different transformation events, sites, and years. 
Gene flow of green fluorescent protein (GFP) and Bt 
transgenes was quantified in three field experiments using 
eleven independent transformed Brassica napus L. lines 
and the wild relatives, B. rapa and R. raphanistrum. Un-
der a high crop to wild relative ratio (600 : 1), hybridiza-
tion frequency with B. rapa differed among the indivi-
dual transformed B. napus lines (ranging from ca. 4% to 
22%), however, this difference could be caused by the 
insertion events or other factors, e.g. differences in the 
hybridization frequencies among the B. rapa plants. The 
average hybridization frequency over all transformed 
lines was close to 10%. No hybridization with R. rapha-
nistrum was detected. Under a lower crop to wild relative 
ratio (180 : 1), hybridization frequency with B. rapa was 
consistent among the transformed B. napus lines at ca. 
2%. Interspecific hybridization was higher when B. rapa 
occurred within the B. napus plot (ca. 37⋅2%) compared 
with plot margins (ca. 5⋅2%). No significant differences 
were detected among marginal plants grown at 1, 2, and 
3 m from the field plot. Transgene backcrossing fre-
quency between B. rapa and transgenic hybrids was de-
termined in two field experiments in which the wild 
relative to transgenic hybrid ratio was 5–15 plants of B. 
rapa to 1 transgenic hybrid. As expected, ca. 50% of the 
seeds produced were transgenic backcrosses when the 
transgenic hybrid plants served as the maternal parent. 
When B. rapa plants served as the maternal parent, trans-
gene backcrossing frequencies were 0⋅088% and 0⋅060%. 
Results demonstrated that transgene flow from many in-
dependent transformed lines of B. napus to B. rapa can 
occur under a range of field conditions, and that trans-
genic hybrids have a high potential to produce transgenic 
seeds in backcrosses (Halfhill et al 2004). 
 Also, it was found that pollen-mediated gene flow up 
to 31 m from Bt corn caused low to moderate Bt toxin 
levels in kernels of non-Bt corn plants. Immunoassays of 

non-Bt corn sampled from the field showed that the mean 
concentration of Bt toxin Cry1Ab in kernels and the per-
centage of kernels with Cry1Ab decreased with distance 
from Bt corn. The highest Bt toxin concentration in pooled 
kernels of non-Bt corn plants was 45% of the mean con-
centration in kernels from adjacent Bt maize plants. Au-
thors suggested, that genes gene flow from transgenic 
crops has serious implications for pest resistance man-
agement. Variable Bt toxin production in seeds of refuge 
plants undermines the high-dose/refuge strategy and could 
accelerate pest resistance to Bt crops (Chilcutt and Taba-
shnik 2004). 
 Moreover, there is the recent report of the findings 
relevant to the evaluation of the risk of introgression of 
transgenic potato in its main centre of biodiversity, the 
central Andes. This is a centre of origin for the crop, with 
130 wild potato species (Solanum L. section Petota Dumort) 
recognized in Peru and Bolivia. The transgenic nematode- 
resistant potato that express a cysteine proteinase inhibi-
tor (cystatin) from rice seeds in roots controls potato cyst 
nematode (Globodera spp.) by impairing digestion of its 
dietary protein. For the establishing whether gene flow 
would occur from the transgenic potato field trials six 
wild species were selected on the basis of a preliminary 
survey of four agro-ecological zones in Peru to define 
examples of wild Solanum species that occur close to 
potato plots and five open pollination field trials were 
established in different agro-ecological zones at Puno, 
Juný´n, Cajamarca and Cusco. Amplified fragment length 
polymorphism (AFLP) displayed that the progeny from 
each of three wild relatives with accessions in the trial 
included a few seedlings that were fathered by S. tubero-
sum cultivar group Andigenum. This confirmed that gene 
flow can occur from a cultivated potato to wild relatives 
in the field. Assuming that the nearest plant of the male 
parent identified by AFLP fingerprinting was the pollen 
donor, their mean distance was less than three plants 
from the pollen recipient (Celis et al 2004). It was 
consistent with early observations that 2% of seedlings 
were transgenic when the cross-pollination distance from 
non-transgenic females to transgenic pollen donors was 
3 m and 24% were transgenic when the parents grew next 
to each other (McPartlan and Dale 1994). 

(ii) No 

Non-Bt corn was planted adjacent to Bt corn to determine 
the effects of Bt corn pollen falling on non-Bt plants for 
control of ECB larvae, O. nubilalis (Hubner). Field plots 
in Iowa and Kansas consisted of two center rows of Bt 
corn with eight rows of adjacent non-Bt corn on each 
side. In mid-September 1996 and 1997, ECB larvae and 
larval tunnels in the stalk and ear shank were counted. 
There were no significant differences in ECB numbers 
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across non-Bt rows and the slope of the regression line 
was not significantly different from zero. In a single plot 
in Iowa, however, fewer tunnels were observed in rows 
of corn that were closer to Bt corn. This site was isolated 
from natural infestations and probably does not reflected 
a typical field situation. The results suggested that Bt 
pollen has minimal or no control of ECB larvae in adja-
cent rows of non-Bt corn under natural conditions. Au-
thors suggested, that “Bt pollen drifting onto adjacent 
non-Bt plants should not increase the risks related to re-
sistance management” (Pilcher et al 2001). 

4.5 Will TPs be more competitive than  
corresponding non TPs 

According the worst case scenario the inevitable escape 
of transgenic pollen from cultivated fields will lead to the 
emergence of transgenic crop-wild plant hybrids in natu-
ral patches of wild plants. The fate of these hybrids and 
that of the transgene will depend on their ability to compete 
with their wild relatives. The possibility for increased 
fitness of transgenic wild relative × crop hybrid and back-
cross generations depends on the nature of the transgene. 
The serious concern is expressed also about the relative 
fitness of the HT plants compared to the susceptible when 
no herbicide is applied since this will largely determine 
the long-term fate of the HT seeds outside of the field 
(Purrington and Bergelson 1999). Thus, only highly ad-
vantageous transgenes will spread rapidly enough to have 
a substantial ecological impact. So, are there any facts, 
that TPs could more fittest than corresponding non TPs? 

(i) Yes 

Bt protected TPs: Brassica napus L. (oilseed rape) is of 
particular interest as a potential source for transgene es-
cape. The crop is predominantly selfing with outcrossing 
averaging 30% (reviewed in Beckie et al 2003). The TP 
tested was Bt rapeseed B. napus insecticidal towards cer-
tain caterpillars including the diamondback moth Plutella 
xylostella L. and the corn earworm Helicoverpa tea Bod-
die. To simulate an escape of the transgenics from culti-
vation, a field experiment was performed in which Bt and 
non Bt rapeseed plants were planted in natural vegetation 
and cultivated plots and subjected to various selection 
pressures in the form of herbivory from insects. Only two 
Bt plants, survived the winter to reproduce in the natural-
vegetation plots which were dominated by grasses such 
as crabgrass. However, in plots that were initially culti-
vated then allowed to naturalize, medium to high levels 
of defoliation decreased survivorship of non Bt plants 
relative to Bt plants and increased differential reproduc-
tion in favour of Bt plants. Thus, where suitable habitat is 
readily available, there is a likelihood of enhanced eco-
logical risk associated with the release of certain trans-

gene/crop combinations such as insecticidal rapeseed. 
The authors claimed, that “this is the first report of a field 
study demonstrating the effect of a fitness-increasing 
transgene in plants”. (Stewart et al 1997). The level of 
transgene expression in crop × weed hybrids and the de-
gree to which crop-specific genes are integrated into hy-
brid populations are important factors in assessing the 
potential ecological and agricultural risks of gene flow 
associated with genetic engineering. The average trans-
gene zygosity and genetic structure of transgenic hybrid 
populations change with the progression of generations, 
and the GFP transgene is an ideal marker to quantify 
transgene expression in advancing populations. The ho-
mozygous T1 single-locus insert GFP/Bt transgenic  
canola (Brassica napus, cv Westar) with two copies of 
the transgene fluoresced twice as much as hemizygous 
individuals with only one copy of the transgene. These 
data indicated that the expression of the GFP gene was 
additive, and fluorescence could be used to determine 
zygosity status. Several hybrid generations (BC1F1, 
BC2F1) were produced by backcrossing various GFP/Bt 
transgenic canola (B. napus, cv Westar) and birdseed 
rape (B. rapa) hybrid generations onto B. rapa. Inter-
crossed generations (BC2F2 Bulk) were generated by 
crossing BC2F1 individuals in the presence of a pollinat-
ing insect (Musca domestica L.). The ploidy of plants in 
the BC2F2 Bulk hybrid generation was identical to the 
weedy parental species, B. rapa. AFLP analysis was used 
to quantify the degree of B. napus introgression into mul-
tiple backcross hybrid generations with B. rapa. The F1 
hybrid generations contained 95–97% of the B. napus-
specific AFLP markers, and each successive backcross 
generation demonstrated a reduction of markers resulting 
in the 15–29% presence in the BC2F2 bulk population. 
Average fluorescence of each successive hybrid genera-
tion was analysed, and homozygous canola lines and hy-
brid populations that contained individuals homozygous 
for GFP (BC2F2 bulk) demonstrated significantly higher 
fluorescence than hemizygous hybrid generations (F1, 
BC F1 and BC2F1). These data showed that the forma-
tion of homozygous individuals within hybrid popula-
tions increases the average level of transgene expression as 
generations progress. This phenomenon must be consid-
ered in the development of risk-management strategies. 
 The GFP gene demonstrated additive transgene expres-
sion in ten independent transformation events of canola. 
In all canola lines, homozygous individuals that contained 
two copies of the transgene locus fluoresced twice as much 
as hemizygous individuals above the background level of 
fluorescence (Halfhill et al 2003). Similarly, a Bt trans-
gene that reduces insect herbivory in cultivated sunflow-
ers (Helianthus annuus L.) also does so in wild sun-
flowers, leading to increased fecundity in one of the two 
sites studied (Snow et al 2003). 
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 Later, the differential response of diamondback moth 
(Plutella xylostella) populations in eastern and western 
Canada to Bt-producing (GT) B. napus and the potential 
for enhanced fitness of GT B. napus and weedy GT B. 
rapa × B. napus hybrid populations (F1, BC1, BC2) were 
studied. Comparative bioassays using neonates and 4th 
instars showed that GT B. napus and GT B. rapa × B. 
napus hybrids are lethal to larvae from both populations. 
No measurable plant fitness advantage (reproductive dry 
weight) was observed for GT B. napus (crop) and GT B. 
rapa × B. napus hybrid populations at low insect pressure 
(1 larva per leaf). Although insect densities (> 10 larvae 
per leaf), vegetative plant weight was not significantly 
different for GT B. napus and non-GT B. napus, whereas 
reproductive plant weight and proportion of reproductive 
material were significantly higher in GT B. napus. Estab-
lishment of the Bt trait in wild B. rapa populations may 
also increase its competitive advantage under high insect 
pressure (Zhu et al 2004). 
 Little is known about the long-term persistence of 
transgenes from different transformation events. For ex-
ample, transgenes that are located on the crop’s C chro-
mosomes may be lost during the process of introgression. 
The genetic behaviour of transgenes was investigated in 
backcross generations of wild B. rapa after nine GFP-Bt 
B. napus lines, named GT lines, were hybridized with 
three wild B. rapa accessions, respectively. Each back-
cross generation involved crosses between hemizygous 
GT plants and non-GT B. rapa pollen recipients. In some 
cases, sample sizes were too small to allow the detection 
of major deviations from Mendelian segregation ratios, 
but the segregation of GT: non-GT was consistent with 
an expected ratio of 1 : 1 in all crosses in the BC1 gen-
eration. Starting with the BC2 generation, significantly 
different genetic behaviour of the transgenes was ob-
served among the nine GT B. napus lines. In some lines, 
the segregation of GT: non-GT showed a ratio of 1 : 1 in 
the BC2, BC3, and BC4 generations. However, in other 
GT B. napus lines the segregation ratio of GT: non-GT 
significantly deviated from 1 : 1 in the BC2 and BC3 
generations, which had fewer transgenic progeny than 
expected, but not in the BC4 generation. Most impor-
tantly, in two GT B. napus lines the segregation of GT: 
non-GT did not fit into a ratio of 1 : 1 in the BC2, BC3 or 
BC4 generations due to a deficiency of transgenic prog-
eny. For these lines, a strong reduction of transgene in-
trogression was observed in all three B. rapa accessions. 
These findings imply that the genomic location of trans-
genes in B. napus may affect the long-term persistence of 
transgenes in B. rapa after hybridization has occurred 
(Zhu et al 2004). 
 Mixed stands of wild plants and first-generation hy-
brids were grown under different conditions of herbivore 
pressure and density, with Bt oilseed rape (B. napus) as 

the crop and B. rapa as the wild recipient. Biomass and 
fitness components were measured from plant germina-
tion to the germination of their offspring. The frequency 
of transgenic seedlings in the offspring generation was 
estimated using the green fluorescent protein marker. The 
biomass of F(1) Bt-transgenic hybrids relative to that of 
wild-type plants was found to be sensitive to both plant 
density and herbivore pressure, but herbivore pressure 
appeared as the major factor enhancing their relative fit-
nesses. In the absence of herbivore pressure, Bt hybrids 
produced 6⋅2-fold fewer seeds than their wild neighbours, 
and Bt plant frequency fell from 50% to 16% within a 
single generation. Under high herbivore pressure, Bt hy-
brids produced 1⋅4-fold more seeds, and Bt plant fre-
quency was 42% in the offspring generation. It was 
concluded that high-density patches of highly damaged 
wild plants are the most vulnerable to Bt-transgene inva-
sion. They should be monitored early to detect potential 
transgene spread (Vacher et al 2004). 
 
PI protected potato: Introgression of a transgene from 
transgenic potato that express a cysteine proteinase in-
hibitor (cystatin) might confer resistance to nematodes on 
wild relatives that are currently susceptible to Globodera 
spp. It was found that this nematode did reproduce on 
five of six wild Solanum species studied with an increase 
in number ranging from approx. 4⋅38-fold for S. acaule to 
approx. 2⋅87 for Solanum raphanifolium. The exception 
was S. sparsipilum (approx. 0⋅89-fold). Susceptible native 
and improved cultivars were larger with more substantial 
root systems than their wild relatives, and they supported 
higher multiplication of Globodera (approx. 19⋅8-fold). 
The possibility that a stably introgressed transgene for 
pest resistance might benefit a wild relative growing near 
a crop species requires examination on a case-by-case basis 
(Celis et al 2004). 

(ii) No 

HT transgenic plants: A comparison of fitness of the sul-
fonylurea-resistant line of white-chicory regenerated with 
that of the supposedly isogenic susceptible biotype was 
made. The plants were grown in experimental plots at a 
range of densities in a replacement series. The reproduc-
tive output of the plants decreased with increasing den-
sity but no significant difference was found between the 
two lines for any vegetative or reproductive trait at any 
density. This suggested that no cost is associated with the 
mutation causing the resistance and that the resistance 
gene would not be selected against if it escaped to popu-
lations of wild chicories (Lavigne et al 1995). 
 The transgenic plant was Arabidopsis thaliana ex-
pressing a mutant acetolactate synthase gene that confers 
resistance to the herbicide, chlorsulfuron. It was revealed 
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34% reduction in the lifetime seed production of trans-
genic, herbicide resistant A. thaliana relative to their sus-
ceptible null-segregants. The experimental design allowed 
to conclude “that this fitness cost of resistance is caused 
by the pleiotropic effect of the cloned acetolactate syn-
thase gene rather than other potential costs associated 
with the plasmid or mutational changes induced by plant 
transformation”. In general, the cost of resistance was 
attributed to the presence of the resistance gene rather 
than an increase in gene dosage (Bergelson et al 1996). 
 In general, glyphosate, the active ingredient in the her-
bicide roundup, has increased dramatically in use over 
the past decade and constitutes a potent anthropogenic 
source of selection. In the southeastern United States, 
weedy morning glories have begun to develop tolerance 
to glyphosate, representing a unique opportunity to exam-
ine the evolutionary genetics of a novel trait. Genetic 
variation for tolerance, indicating the potential for the 
population to respond to selection by glyphosate was 
found recently. However, the following significant evolu-
tionary constraint exists: in the absence of glyphosate, 
tolerant genotypes produced fewer seeds than susceptible 
genotypes. The combination of strong positive directional 
selection in the presence of glyphosate and strong nega-
tive directional selection in its absence may indicate that 
the selective landscape of land use could drive the evolu-
tionary trajectory of glyphosate tolerance (Baucom and 
Mauricio 2004). 
 
Other TPs: The fitness effects of a transgene conferring 
resistance to white mold (Sclerotinia sclerotiorum) in 
sunflower (H. annuus) was examined. An oxalate oxidase 
(OxOx) gene was used to enhance white mold resistance in 
cultivated sunflower presumably by degrading oxalic 
acid, which contributes to white mold pathogenicity. 
Presence or absence of the OxOx transgene had no effect 
on seed output, indicating that there was no cost of resis-
tance in the absence of a pathogen challenge. In terms of 
infection rates, the OxOx gene did provide protection 
against white mold. The transgene did not, however, have 
any effect on seed output after inoculation. Though the 
transgene provided protection against white mold infec-
tion, it had no effect on reproductive output. The results 
suggest that the OxOx transgene will do little more than 
diffuse neutrally after its escape. This is especially true 
because the experiment simulated the worst case sce-
nario, in which early generation hybrids faced a severe 
pathogen challenge. The auhors noted, that this work was 
performed within a single season and on a single genetic 
background and the results may not be generalizable 
(Burke and Rieseberg 2003). 
 The growth, yield, population dynamics and competi-
tive ability of transgenic Trifolium subterraneum sub sp. 
subterraneum cv. Leura (subclover) expressing a nutritive 

sunflower seed albumin (ssa) gene was compared with 
the equivalent non-transgenic commercial line in a glass-
house competition trial. Plants were grown in low-fer-
tility soil typical of unimproved native southeastern 
Australian grasslands. The survivorship, seed production 
rate, seed germination rate, seed weight, dry weight yield 
and the intrinsic rate of population increase of plants 
grown in mixtures and monocultures over a range of den-
sities (250 to 2000 plants m2), were measured and in-
tragenotypic and intergenotypic competition coefficients 
for each line were also determined. There were no sig-
nificant differences between transgenic and non-trans-
genic plants in any of the measured variables except 
survivorship; transgenic plants had a significantly lower 
survival rate than non-transgenic plants when grown at 
high densities. However, density-dependent effects were 
observed for all measured variables, and in all models 
plant density affected the response variables more than 
the presence of the transgene. It was concluded that the 
ssa gene construct appears to confer no advantage to 
transgenic T. subterraneum cv. Leura growing in mixed 
or pure swards under the fertility and density regimes 
examined in the trial. The data also suggested that trans-
genic subterranean clover expressing the ssa gene is un-
likely to exhibit a competitive advantage over associated 
non-transgenic commercial cultivars when grown in dense 
swards in low-fertility pastures (Godfree et al 2004). 
 Transgenic pollen with a visible marker gene could be 
useful to monitor the movement of transgenic pollen pro-
vided there are no negative physiological or fitness ef-
fects of expressing such a gene. The fitness of Nicotiana 
tabacum cv. Xanthi pollen expressing the marker gene 
GFP was measured. Average pollen tube germination fre-
quencies and pollen tube growth rates in vitro were 
measured in three different types of plants: (i) plants pro-
ducing GFP in pollen cells only (LAT59-GFP); (ii) plants 
synthesizing GFP under the control of a constitutive 
promoter (CaMV 35S) in which no GFP was produced in 
pollen; and (iii) non-transgenic plants. Pollen synthesiz-
ing the GFP protein did not differ significantly in average 
pollen germination frequencies from pollen without GFP. 
Average pollen tube growth rates over a 5 h period did 
not differ significantly between transgenic and non-trans-
genic types. Overall, GFP expression in pollen grains of 
tobacco was not found to have an effect on pollen fitness 
under the controlled experimental conditions of this study 
(Hudson and Stewart 2004). 

4.6 Will cultivation of the HT transgenic plants lead to 
formation of the herbicide tolerant superweed? 

Varieties with HT traits account for the majority of trans-
genic crops and have shown the most rapid adoption by 
North American producers, followed by insect-resistant 
varieties. The rapid adoption of herbicide-tolerant crops 
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is mainly due to the introduction of roundup ready crops 
in 1996 which allowed the use of glyphosate (roundup) 
as a postemergence herbicide at any stage of growth 
(Carpenter and Gianessi 2000). One element of the current 
public debate about HT plants is that gene flow from 
transgenic cultivars into surrounding weed populations 
will lead to more problematic weeds, particularly for 
traits such as herbicide resistance. Is this risk considerable? 

(i) Yes 

Recent experiments with HT canola (B. napus) repeat-
edly confirm that genes and transgenes will flow and hy-
brids will form if certain conditions are met. These 
include sympatry with a compatible relative (weedy, wild 
or crop), synchrony of flowering, successful fertilization 
and viable offspring. The chance of these events occur-
ring is real; however, it is generally low and varies with 
species and circumstances. Plants of the same species (non- 
transgenic or with a different HT transgene) in neigh-
bouring fields may inherit the new HT gene, potentially 
generating plants with single and multiple HT. For ca-
nola, seed losses at harvest and secondary dormancy en-
sures the persistence over time of the HT trait(s) in the 
seed bank, and the potential presence of crop volunteers 
in subsequent crops. Although canola has many wild/ 
weedy relatives, the risk of gene flow is quite low for 
most of these species, except with B. rapa. Introgression 
of genes and transgenes in B. rapa populations occurs 
with apparently little or no fitness costs. Consequences of 
HT canola gene flow for the agro-ecosystem include con-
tamination of seed lots, potentially more complex and 
costly control strategy, and limitations in cropping sys-
tem design. Consequences for non-agricultural habitats 
may be minor but appear largely undocumented (Legere 
2005). 
 The aim of model GENESYS was to rank cropping 
systems according to their risk of gene escape from trans-
genic HT winter oilseed rape cultivars to rapeseed volun-
teers. The model integrated the effects of crop succession 
and crop management at the level of a region. The first 
part of the model described the temporal evolution of 
rape seed volunteers in a field, using an annual life-cycle 
comprising stages such as seed bank, seedlings, adult 
plants, rowers or freshly produced seeds. The relation-
ships between the various stages depend on the crops 
grown each year and the cultivation techniques (stubble 
breaking, soil tillage, sowing date and density, herbicides, 
cutting and harvesting). Parameter values were either 
deduced from existing models and literature, or estimated 
from experimental studies and field surveys (Colbach  
et al 2001). The next was a model for gene flow incorpo-
rating exponential distance and directional effects to be 
applied to wind pollinated species. This model is applied 

to data on gene flow in experimental plots of Agrostis 
stolonifera L. (creeping bentgrass), which assessed gene 
flow from transgenic plants resistant to the herbicide glu-
fosinate to surrounding non-transgenic plants. The results 
shown that although pollen dispersal can be limited in 
some sites, it may be extensive in others, depending on 
local conditions such as exposure to wind. Thus, hybridi-
zation under field conditions is likely to occur. Given the 
nature of the herbicide resistance trait it was regarded 
that this trait as unlikely to persist in the absence of her-
bicide, and suggested that the ecological consequences of 
such gene flow are likely to be minimal (Meagher et al 
2003). 

4.7 How to reduce a risk of pollen mediated  
introgression? 

Several strategies have been proposed for creating trans-
genic cultivars from which transgene escape to wild rela-
tives would seem unlikely; for example, to impede escape 
through pollen, a transgene could be inserted into chloro-
plast DNA (cpDNA), which in many crops is rarely 
transmitted through pollen. None of these strategies 
would be failsafe; for example, the rate of cpDNA trans-
mission through pollen may be low but non-zero in many 
crops. The main questions are: how the probability distri-
bution of escape time depends on the rates of pollen and 
seed flow from the crop to wild populations, the number 
and sizes of the wild populations, the selection coeffi-
cient for the transgene, and a leakage parameter charac-
teristic of the strategy, for example, the rate of cpDNA 
transmission through pollen?. It was estimated that even 
with a leakage parameter as small as 10–3, the probability 
of escape within as few as 10 generations could be appre-
ciable (Haygood et al 2004). 
 As it was noted above, cultivation of transgenic potato 
that provide resistance to nematodes in its main centre of 
biodiversity, resulted transgenes gene flow to wild rela-
tives growing near potato crops (Celis et al 2004). If sta-
ble introgression were to result, the fitness of these wild 
species could be altered. Therefore the male sterile culti-
var Revolucion was transformed to provide a transsgenic 
nematode-resistant potato to evaluate the benefits that 
this provides until the possibility of stable introgression 
to wild relatives is determined. The authors suggested, 
that “scientific progress is possible without compromise 
to the precautionary principle” (Celis et al 2004). 
 Biological confinement strategies (e.g. male sterility, 
gene insertion into targeted chromosomes or chromo-
some sites or into organelles) are of interest to try to re-
strict gene flow. Transgenic HT B. napus can be easily 
crossed with wild B. rapa. The special study was desig-
nated, by means of population genetics, to study the fate 
of a transgene escape from B. napus to B. rapa. Three 
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models were proposed to survey the change in gene fre-
quency during successive back cross processes by con-
sidering selection pressures against aneuploids, against 
herbicide-susceptible individuals, and by considering A-
C intergenomic recombination and the effect of genetic 
drift. The transmission rate of an A-chromosome gene 
through an individual to the next generation was 50%, 
irrespective of the chromosome number; while that of a 
C-chromosome transgene varied from 8⋅7% to 39⋅9%, 
depending on the chromosome number of the individual 
used in the backcross. Without spraying herbicide, the 
frequency of an A-chromosome gene was 50% in the BC, 
generation, and decreased by 50% with the advance of 
each backcross generation; that of a C-chromosome gene 
was around 39⋅9% in BC1, 7⋅7% in BC2, 1⋅2% in BC3 
and 0⋅1% in the BC4 generation. Under the selection 
pressure against herbicide-susceptible individuals, the 
frequency of a transgene reached a stable value of about 
5⋅5% within six generations of successive backcrossings. 
It was suggested that the transgene integrated on a C-
chromosome (or better on a cytoplasm genome) is safer 
than that on an A-chromosome. It was proposed, that 
transgenic cultivars should be cultivated rotationally by 
year(s) with other non-transgenic varieties in order to 
reduce the transfer of the transgene to wild B. rapa spe-
cies (Lu et al 2002). Since the plastid transgenes are not 
transmitted by pollen cloning transgenes in an organelles 
genomes could be used for containment of transgenes in 
transgenic crops plants. The amplification of crylA(c) toxin 
coding sequence in chloroplasts of tobacco up to similar 
to 10,000 copies per cell resulted in the accumulation of 
an unprecedented 3–5% of the soluble protein in tobacco 
leaves as protoxin. The plants were extremely toxic to 
larvae of Heliothis virescens, Helicoverpa zea, and Spo-
doptera exigua (McBride et al 1995). When transgenic 
tobacco leaves expressing Cry2Aa2 protoxin in chloro-
plasts were fed to susceptible, CrylA-resistant (20,000 to 
40,000-fold) and Cry2Aa2-resistant (330- to 393-fold) 
tobacco budworm H. virescens, cotton bollworm H. tea, 
and the beet armyworm S. exigua, 100% mortality was 
observed against all insect species and strains (Kota et al 
1999). Allso, there is the possibility to clone transgens in 
the plant chloroplast genome without the use of antibiotic 
markers (Daniell et al 2001). 

5. Can TPs increase a biodiversity? 

The development of cotton pest management practices in 
China has followed a pattern seen for many crops that 
rely heavily on insecticides. H. armigera resistance to 
chemical pesticides resulted in unprecedented pest densi-
ties of the early 1990s. Field trials of H. armigera resis-
tant transgenic cotton were conducted in the early 1990s 
in China. Cry1A cotton and Cry1A + CpTI (cowpea tryp-
sin inhibitor) cotton were approved for planting by the 

Chinese government in 1997 and 1999, respectively. By 
2003, five Cry1A cotton varieties and four Cry1A+CpTI 
cotton varieties from the Biotechnology Research Insti-
tute, Chinese Academy of Agricultural Sciences, and four 
Cry1Ac cotton varieties from the Monsanto Company (St. 
Louis, Missouri, USA) were planted commercially. Plant-
ings of Bt cotton totaled less than 0⋅1 million ha in 1997, 
but expanded rapidly to 1⋅1 million ha in 2000 and 2⋅8 
million ha in 2003. This represented 58% of the total cot-
ton acreage of 4⋅8 million ha in 2003. Indirect effects of 
TPs on nontarget pest species may be positive owing to 
the removal of disruptive pesticides or negative owing to 
the increase in density of natural enemies resulting from 
a decrease in chemical use. 
 Field experiments on population dynamics of cotton 
aphid in Bt cotton fields indicated that planting Bt cotton 
efficiently prevents a resurgence of cotton aphids caused 
by insecticide use for control of cotton bollworm. On the 
other hand, an investigation of the seasonal dynamics of 
mixed populations of mirids in different cotton fields 
demostrated that mirid density was significantly higher 
on nonsprayed Bt cotton than on sprayed non-Bt cotton 
owing to a reduction in the number of insecticide applica-
tions against H. armigera. This suggesed that the mirids 
have become key insect pests in Bt cotton fields, and 
their damage to cotton could increase further with the 
expansion of Bt cotton-growing areas if no additional 
control measures are adopted. In general, the pest man-
agement tactics associated with Bt cotton have resulted in 
a drastic reduction in insecticide use, which usually re-
sults in a significant increase in populations of beneficial 
insects and thus contributes to the improvement of the 
natural control of some pests. Results obtained in recent 
years in China indicated that the predator levels in Bt 
cotton fields are significantly higher than those in con-
ventional cotton fields where insecticide has been used 
for control of the cotton bollworm, H. armigera (Wu and 
Guo 2004). 

5.1 Can cultivation of Bt cotton increase populations  
of natural enemies? 

Transgenic Bt cotton may affect natural enemies indi-
rectly through the removal of eggs, larvae, and pupae of 
lepidopterans that serve as food sources for parasitic and 
predatory arthropods.Considerable reduction in the num-
ber of insecticide applications is another important factor 
that regulates population dynamics of natural enemies. 
Field trials demonstrated that by midseason the popula-
tion density of predators, such as lady beetles (Coccinella 
septempunctata, Leis axyridis, and Propylaea japonica), 
lacewings (Chrysopa sinica, C. septempunctata, C. shan-
siensis, and C. formosa), spiders (Erigonidium gramini-
colum and Misumenops tricuspidata), and Orius similis, 
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in Bt cotton are significantly higher than those in conven-
tional cotton fields treated with insecticides for control of 
H. armigera. However, the population densities of parasitic 
wasps (Singa hamata, Trichogramma confusum, Microplitis 
mediator, Campoletis chlorideae, and Litomastix sp.) de-
creased significantly owing to poor quality and lower den-
sity of H. armigera in Bt cotton fields (Wu and Guo 2004). 

5.2 Can cultivation of Bt cotton increase diversity  
of Arthropods? 

The population density of parasitic wasps which para-
sitise on H. armigera larvae decreased considerably due 
to the lower density and poor quality of H. armigera lar-
vae in Bt cotton fields. As the predator population in-
creases, the outbreak of cotton aphid in mid-season is 
effectively controlled, while the mirids become key in-
sect pests in Bt cotton fields because of a reduced number 
of insecticides used against H. armigera. The diversity of 
the arthropod community in Bt cotton fields was higher 
than that in conventional cotton, suggesting that Bt cotton 
is highly favourable for integrated management of cotton 
pests. An assessment on the impact of Bt cotton pollen on 
two important economic insects, the Chinese tussah silk-
worm, Antnaea perngicuerin (Antheraea pernyi) and the 
silkworm, Bombyx mori, was conducted, from which it 
was concluded that the adverse effect is negligible (Wu  
et al 2003). 

6. Can cultivation of Bt crops improve  
human health? 

One on the most serious negative effects of the large 
scale usage of chemical herbicides is their toxicity to 
mammals. There is proposed an environmental indicator 
based on a standardized, well-known acute mammalian 
toxicity measure, the LD50 dose for rats. This indicator 
was used to compare an environmental effect of the cul-
tivation of HT soybeans to the cultivation of non HT 
soybeans for over 1400 US Midwest farms. The results 
suggested that HT soybean seed technology is more envi-
ronmental friendly than non-HT technology for all farms in 
the dimension of acute mammalian toxicity. The effect is 
generally more pronounced in the south where a longer 
growing season makes overall weed pressure more seri-
ous and presents soybean growers with a greater variety 
of weed species (Nelson and Bullock 2003). 
 Moreoevr, there is the first evidence of a direct link 
between the adoption of a TPs and improvements in hu-
man health: the estimation of the impact of Bt cotton 
adoption on pesticide use from data from a survey of cot-
ton farmers in northern China, 1999–2001, showed that 
Bt cotton adoption reduced pesticide use. Assessment of 
a health-production function showed that predicted pesti-
cide use had a positive impact on poisoning incidence. 
Taken together, these results indicated that the adoption 

of Bt cotton an substantially reduce the risk and the inci-
dence of poisonings (Hossain et al 2004). 

7. Summary 

The review of the available experimental data concerning 
direct environmental risks possessing by TPs display that 
results of laboratory, greenhouse and filed testing of dif-
ferent TPs cultivated in different conditions are difficult 
to compare, risky to extrapolate but easy to over general-
ize. Overall, it seems, that studies on nontarget TPs feed-
ing insects and beneficial species that has accompanied 
the long-term and wide-scale use of TPs not detected 
serious negative ecological consequences. It is believed, 
that TPs have little impact on soil biota such as earth-
worms, collembolans, and general soil microflora. In fact 
it is logical given the lability of transgenic proteins in 
biological systems relative to chemical pesticides and 
herbicides and suggests that the degree of exposure of 
natural enemy species to insecticidal proteins will not be 
considerable. 
 The main concerns dealing with the negative ecologi-
cal impacts of TPs could be associated with (i) non target 
effects of insecticidal TPs possessing a broad spectrum of 
toxicity, with (ii) risk of introgression, followed by (iii) 
increased fitness of formed hybrids and their invasiveness. 
 The serious problems of emergence and spread of tar-
get and non target organisms, resistant to insecticidal TPs 
was not the scope of this work. 
 The conclusion which could made on the basis of 
available data dealing with indirect ecological consequen-
ces of large scale implementation of inseciticidal and HT. 
TPs is that they improve the corresponding environments 
because they considerably reduce the load of chemical 
insecticides and herbicides. 
 In general, risk assessments and potential adverse envi-
ronmental impacts of TPs should be evaluated and inter-
preted in comparison with that of corresponding non TPs 
cultivated under the treatment of corresponding chemical 
insecticides and herbicides. 
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