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ABSTRACT

The current generation of genetically modified crops have shown potential to enhance agricultural productivity and alter
farm production economics, but there remains global divergence in adoption of the technology due in part to uncertainty
in the underlying science. In an attempt to address this, a systematic review was undertaken, which asked the question
“What are the environmental impacts of the global cultivation of GM crops?” A database search statement generated
over 19000 hits, which distilled down to 28 articles from which data was recovered to generate a set of R values, where
R was the ratio of the GM divided by the conventional field data. Meta-analysis of this data indicated that under GM R
had significantly increased from a background level of 1 to a mean value of 1.31. This increase in R, although positive,
is not indicative of an environmental benefit due to the difficulty in assigning either benefits or disadvantages to the
many indicators that were encompassed within the review. Subsequent regression analysis indicated that there was no
standard model to explain the observed variation in R values. However, in models for both cotton and maize, variables
relating to the design of the study had a significant effect, but these variables were not related to trait or gene insertion
and were generally either year, country or change in cultivation practice in origin. Narrative analysis of the authors
published interpretations indicated GM had no adverse effects in 85% of papers, 10% reported a beneficial effect and
only 5% a deleterious impact. The conclusion of this study is that GM adoption has had an impact on its environment,
but that the underlying cause of this impact is not due to the genetic modification and the effect on the environment is
generally seen as not being adverse.

Keywords: GM; Systematic Review; Meta-Analysis; Environmental Indicators

1. Introduction uncertainty in the environmental safety of the GM tech-
nology arises out of divergence in personal belief and
levels of trust in both companies that hold the rights to
the technology and the scientific institutes that have
conducted the risk assessments [2]. With regard to the
scientific risk assessments and associated experimenta-

tion there are many criticisms, particularly from Non

In the years since the introduction of commercial gene-
tically modified (GM) crops in 1996, there has been an
accumulated planting of over 1 billion hectares currently
across 29 countries growing 12 commercial GM crops
that express herbicide tolerance, insect resistance, anti
viral or combinations of these traits [1]. The correspond-

ing level of farmer uptake makes GM cropping the fas-
test crop technology adoption in the history of modern
agriculture with the global cultivated area continuing to
increase by as much as 10% year on year [1]. In the face
of this continued increase in adoption there remains
continued debate regarding the environmental conse-
quences of introducing GM crops and this underlies
much of the observed global disparity in the uptake of
the technology. Much of the governmental and public
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Government Organisations, that these have often been
insufficient. According to several research groups, many
experiments used to test the environmental safety of GM
crops are not field relevant, lack replication in design,
cover single or limited timescales, are limited in what
they record or have been incomplete due to their destruc-
tion by members of society opposed to the cultivation of
GM [2-4]. Despite the potential flaws in some of the
experiments conducted there is an abundance of literature
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covering a range of crops, traits, countries and environ-
mental impact data [5].

The introduction of GM crops has allowed growers to
alter management practices, most noticeably through the
use of less or alternative pesticide sprays [6,7]. Benefits
to the environment have been associated with this change
in pesticide application [6,8,9], but these studies do not
often extend to the wider environment. In addition to this
there remain issues with the release of the GM that are
currently unanswered. These issues predominantly lay in
the impacts that GM adoption may have on both the crop
and wider environment, whether deleterious or bene-
ficial.

Traditionally the interpretation of existing scientific
data is undertaken by single authors or small scientific
groups conducting reviews of the published literature
relevant to a particular subject area as part of a new or
existing project. Similar exercises have been undertaken
for GM crops and their associated technology often pre-
senting very clear and concise interpretation of the major
findings [7,10-14]. However, the review process does lit-
tle to address the discrepancies in personal concerns over
GM or provide systematic evaluation of the covered liter-
ature, methodologies and measurement tools. In order to
address this, an approach is required that improves trans-
parency, reproducibility, objectivity and provides con-
fidence in the outcomes [15]. One such approach to at-
tempt to mitigate these issues is through systematic re-
view [16]. In light of this, a review of the available liter-
ature where field evaluation of commercial GM and con-
ventional crops was compared was systematically gather-
ed, analysed and reported.

2. Methods
2.1. Primary Objective

The primary objective was to answer the question: “What
have been the environmental impacts of the global culti-
vation of GM crops?”

Execution of a systematic review requires that a spe-

cific question be posed containing four key elements [17].

The question for this review contained the following
components: 1) Subject Population: an environmental in-
dicator (e.g. a population change in arthropod, microbio-
logical, earthworm or weed species) recorded at the field

level or above; 2) Exposure: the cultivation of any com-
mercial GM modification in the last 5 years (i.e. 2006
onwards)-subsequently modified to any publication in
the last 5 years; 3) Comparator: seasonal or environmen-
tal impacts where there was comparison with a conven-
tional (non-GM) cropping system; and 4) Outcome: Long
term and seasonal environmental impacts, reported as
changes in the abundance, density, biomass, number, and
measure of function of the populations of arthropod,
microbiological, earthworm or weed species as a result of
the intervention.

2.2. Search Strategy

In order to address the posed question a web based
search strategy was established from keywords that were
agreed by the panel conducting the review with the
funders, based on the components of the question that
had been identified (Table 1). The statement was further
refined with numerous scoping studies and a peer re-
viewed protocol. The use of the wildcards * and $ as well
as SAME or quotation marks, as keyword linkers, had to
be altered for syntax preferences of some search engines.
Keywords were linked with the OR command and search
statements linked with AND.

2.3. Databases and Search Engines

Alternative methods for searching some databases (e.g.
using “advanced” instead of “expert” search entry op-
tions) resulted in some truncation of the search term and,
in some databases, the order of the search sets linked by
the AND command made a difference to the outcome of
the Boolean search. These changes were noted when the
search was run and the results recorded. Search engines
were considered and subsequently not used as they pro-
duced over 2 million hits to several variations of the
search terminology. Attempting truncated versions of the
search strategy in the search engines also failed to reduce
the number of hits to a manageable level and as such the
decision was taken to exclude them.

The following databases were searched: Web of Knowl-
edge, Science Direct, CAB Direct and COPAC.

2.4. Additional Sources of Information

The words present in the search strategy were also used

Table 1. Components of the primary question and the descriptions of them that were used to populate a table of keywords
subsequently integrated into the search statements used in the review.

Subject Exposure

Outcomes Comparators

Genetically Modified (GM)
crop cultivation in the past 5
years. Any commercial genetic
modification (GM trait).

Any GM crop.

Environmental impacts as
recorded at the scale of the
field level and above.

Conventional (non-GM) cropping
system. Any study comparing before
or after GM crop cultivation OR
comparing changes during GM crop
cultivation with a conventional crop.

Long term environmental
impacts. Seasonal
environmental impacts.

Copyright © 2013 SciRes.
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in a manual search of the listings for publications from
BCPC and Agbioview from January 2006.

The review team also contacted 14 individuals known
to be working in the area of field GM trials with a view
to establishing if they had knowledge of articles or grey
literature potentially pertinent to this review.

2.5. Study Inclusion Criteria

Criteria for including studies were based on: 1) Relevant
subjects including any study conducted in any country
considering the environment at the field level or above,
including field trials, where there was cropping of a com-
mercial GM trait; 2) The exposure criteria were studies in
which GM crop cultivation had occurred; and 3) Compa-
rators of either the situation prior to cultivation of GM
crop with the situation post GM crop cultivation or chan-
ges within the season/s when GM and conventional (non-
GM) crops were cultivated together were presented.

Reported field trials could include environmental im-
pact at a range of scales (e.g. plot, field, farm, valley, re-
gional, countries, continental and global) across cropp-
ing types (e.g. plant species) and GM traits. The out-
comes of these studies would be changes in environmen-
tal parameters (e.g. changes in species presence, changes
in soil diversity and function, impact on landscape) since
cultivation of a GM crop.

The review was limited to studies published since Jan-
uary 2006 in an attempt to build upon existing UK go-
vernmental studies and to capture the most recent work
on field impacts of GM cultivation. Studies of non-com-
mercial GM traits, and/or the use of only laboratory,
glasshouse or modelled data were excluded. Further ex-
clusion of articles that presented data acquired under ex-
perimental conditions that lacked sufficient detail to be
reproducible was conducted during full paper review.

2.6. Title Review, Abstract Screening and
Full Review

Of the identified 19,499 hits made from the database
searches, limitations to extraction meant that only 4459
titles were extracted. The titles were screened against
inclusion criteria by members of the review team, who
undertook a Kappa analysis on review outcomes of a
sub-set of the extracted titles to ensure consistency. An
additional 12 papers were offered by contacted experts
during the title review process. Having reduced the num-
ber of titles, the abstracts were screened against inclusion
criteria, again with Kappa analysis. The bibliographies of
papers that passed the abstract review were screened for
suitable titles and after abstract screening added an ad-
ditional 21 papers for full review. 102 papers passed ab-
stract screening against the inclusion criteria for subse-
quent full review.
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Full review of all 102 articles was conducted by two
members of the review team to determine whether they
contained potentially relevant comparators and data un-
der experimental conditions that met the outlined in-
clusion and exclusion criteria. The final list of articles for
inclusion based on comparator existence was 43 articles,
which included 5 articles from bibliographies and not
identified in the web searches and none of the articles
contributed by the contacted experts. However, only 28
of the 102 articles contained data suitable for subsequent
extraction and analysis (Figure 1). The larger body of 43
articles was subsequently used in a narrative analysis,
while a more detailed meta-analysis was conducted based
on the data extracted from the sub set of 28 articles.

2.7. Study Quality Assessment

The scientific quality of the identified 43 articles was
ranked by the review authors who considered the content
of the articles in accordance with CEE guidelines [17].
This was achieved by assessment of the articles for: 1)
Robustness and suitability of the methods of environ-
mental parameter assessment used; 2) trial design; 3)
level of analysis (plot size, replication and number of
years of trials); 4) existence of comparable intervention
between treatments with a clear commercial GM and
conventional component identified, 5) inclusion of base-
line methods of analysis to establish the background
against which the outcome is being measured; 6) level of
detail of site descriptions; and 7) the apparent quality and
quantity of potential data within the paper with regard to
season or seasonal measurements and the number of dif-
ferent assessments reported.

On the basis of these criteria the reviewers assigned
scores between 1 and 4 to represent: 1) valueless; 2) poor;
3) good; and 4) high quality. This screening provided a
check on manuscript suitability and allowed for an initial

Initial Searches
Papers offered by 4459 titles retrieved

contacted experts — Title rejecti
: 5 — jection
12 titles received e —s| 4176 rejected

Title inclusion
2609 title: pgt?ined

——__| Abstract rejection
188 rejected
Abstract inclusion

lBibliography searchesF 81 titles retrieved

21 articles identified
Full text screening
102 titles reviewed
| Full text rejection
59 rejected

Final papers 43
(including 5 from
bibliographies)

—— Data not extractable

14 duplicates

y — 4 on pollen flow
Papers for meta 11 others
analysis 28

Figure 1. Flowchart illustrating the processes and sequen-
tial reduction at the various stages of the review to identify the
articles and books that contributed to the systematic review.
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narrative and qualitative analysis to be undertaken.

2.8. Data Extraction

Environmental data for a range of functional, diversity
and abundance measures pertaining to changes due to
GM cultivation was extracted. Articles were initially
pooled into whether they dealt with environmental im-
pacts on microbiology (13 articles), non-target arthro-
pods (22), earthworms (4), weeds (4) and pollen flow (4).
Some articles contained information on several environ-
mental comparators, which resulted in 47 environmental
indicator studies being identified from the 43 articles.
The articles were then screened for relevant and com-
parable sub-sets of data and comparator information based
on: conventional (non-GM) cropping system, a study com-
paring before or after GM crop cultivation or comparing
changes during GM crop cultivation with a conventional
crop identified. The overall findings of the articles were
recorded according to whether the authors reported dele-
terious, no adverse or beneficial impacts of GM cultiva-
tion. In four articles the authors had not indicated the na-
ture of the outcome of the experimentation, consultation
followed by agreement on the status of the findings was
made by the review authors based on their interpretation
of the articles and included in the narrative analysis.

Data extraction was taken directly from text, tables
and figures within the reported work where it pertained
to measures of environmental indicators that had similar
comparators within the extracted article. Not all articles
that passed the title, abstract and full review contained
data that was suitable for extraction and analysis because
either: 1) the data had no obvious GM to non-GM com-
parators; 2) was graphed in such a way that values could
not be accurately obtained; or 3) was simply absent from
either text, figures or tables within the manuscripts. Due
to the decision to utilise a ratio approach for analysis,
data also had to have an identified paired comparator and
thus data with zero values within a possible pair was
excluded. Within the arthropod data, only that which per-
tained to non-target organisms (i.e. Lepidoptera data was
excluded as commercial Cry proteins target Lepidoptera
making them target organisms whether they are pests or
not) was extracted so that only unintended environmental
perturbations were included. Where articles reported data
from the same series of field experiments the data was
pooled under the pertinent study to reduce bias from au-
thor publication prowess.

Data was extracted into Microsoft Excel where the
study characteristics from the eligible articles were: au-
thor, title, year of publication, country of study, crop, trait,
inserted genes, plot size, number of plots, seasonality of
data, management characteristics, management modifica-
tions, environmental indicator and indicator specifics.

Four articles covered experimentation on seed move-
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ment or pollen flow and were segregated at this point as
they did not contain GM to non-GM comparisons, but
the data was of relevance to environmental or landscape
level assessment of GM. Due to this the papers relating
to pollen flow were extracted and analysed separately.

Reviewing the data for extraction quickly indicated
that few of the articles contained sufficient detail or uni-
formity of information to undertake Hedge’s d weighted
mean effect analysis, as has been recently utilised else-
where in GM meta-analyses [3,18]. R, the ratio of the
geometric mean of the GM treatment divided by either
the non-GM or the non-GM and modifier treatment (i.e.
altered pesticide, tillage or rotation) was the adopted me-
thod for statistical analysis. The difference between these
two factor identifiers resulted in 125 and 84 lines of cod-
ed data for each factor within the compiled database, re-
spectively.

The basic premise was to determine if there was an
environmental change under GM, which would be indi-
cated by an R value significantly different to 1 being re-
turned. A value of 1 would indicate no difference in ef-
fect between comparators. A value significantly different
from 1 would indicate a change in the environmental in-
dicator being assessed.

For each line of coded data entered into the database
the calculated R value, the standard deviation, the stand-
ard error of the mean and the number of data pairs that
were used to establish R were recorded.

2.9. Study Quality Assessment

The scientific quality of the identified 43 articles was
ranked by the review authors who considered the content
of the articles in accordance with CEE guidelines [17].
This was achieved by assessment of the articles for: 1)
Robustness and suitability of the methods of environ-
mental parameter assessment used; 2) trial design; 3)
level of analysis (plot size, replication and number of
years of trials); 4) existence of comparable intervention
between treatments with a clear commercial GM and con-
ventional component identified; 5) inclusion of baseline
methods of analysis to establish the background against
which the outcome is being measured; 6) level of detail
of site descriptions; and 7) the apparent quality and quan-
tity of potential data within the paper with regard to sea-
son or seasonal measurements and the number of differ-
ent assessments reported.

On the basis of these criteria the reviewers assigned
scores between 1 and 4 to represent: 1) valueless; 2) poor;
3) good; and 4) high quality. This screening provided a
check on manuscript suitability and allowed for an initial
narrative and qualitative analysis to be undertaken.

2.10. Data Syntehsis and Analysis

Initial assessment of the R values was conducted with Chi
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square and T test with the assumption that if GM adop-
tion had no impact on the environmental indicator then the
expected values would be 1. The data was then grouped
by various comparators to generate forest diagrams [19]
(Figures 2-6) and the independent data within these sets
analysed with unbalanced ANOVA of natural logarithm
transformed data. The meta-data set analysis of environ-
mental outcomes from GM cultivation was conducted with
ordinary least squares (OLS) models, estimated (using
SPSS19.0) to determine the effects of the variables col-
lected for the meta-analysis on the observed variation in
environmental outcomes as represented by the R values.
The purpose of this analysis was to identify whether
the variation in outcome can be explained by variables
related to GM traits (e.g. trait type, genes); modifiers in
the conventional comparator (e.g. no modifier, tillage,

USA (6, 311)

India (3, 222)
Denmark (1, 220)
Hungary (1, 147)
UK (2, 90)
Germany (3, 90)
Portugal (1, 72)
Canada (3, 61)
France (3, 57)
South Africa (1, 35)
Czech Republic (1, 25)
Spain (1, 18)

L]
o
—_—
—_—

- et foge

-1 0 2, 3 4 5 6 7

Mean R value

Figure 2. Forest plot of the mean R values by country resul-
ting from the division of GM environmental indicator mea-
surements by conventional paired data. Error bars repre-
sent 95% confidence intervals derived from the meta-data
set generated for this study. Numbers in brackets represent
the corresponding number of studies and the number of
paired data sets that went into the calculated value.

Maize (969) ——
Maize Herbicide (725) —
Maize Insecticide (194) o
Cotton (360) ——
Cotton Insecticide (357) ——
Cotton Herb & Insect (3) ——
Maize and Soy Herbicide (40)———¢——
OSR Herbicide (8) ——
Sugar Beet Herbicide (10) gl
0 05 1 15 2 25

Mean R value

Figure 3. Forest plot of the mean R value for the crops and
expressed GM trait represented in the meta-data. Error
bars represent 95% confidence intervals. Numbers in brac-
kets are the paired data points used to generate the values.
The values for overall maize and cotton (larger black dia-
monds) are presented, but are not independent of the subse-
quent crop data.
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Figure 4. Forest plot of the effect of different genes present
in the meta-data on the ratio of GM to conventional envi-
ronmental indicators. Error bars represent 95% confidence
intervals. All data is independent and the numbers in brac-
kets represent the unique data pairs that comprised the
analysis.

GM to Conventional (849) D —
GM to modified Conventional (455) ——
Tillage modification (234) ey
Pesticide modification (218) ot
Location or Rotation o
modification (38)
0 0.5 1 1.5 2

Mean R value

Figure 5. Comparison of the mean ratios for GM to con-
ventional and GM to modified conventional management
conditions identified in the studies (larger black diamonds).
The mean ratios for modifications to the management in
terms of tillage, pesticide and location or rotation data (grey
diamonds). The management data is not independent of the
GM to modified conventional data, which are presented
(larger black diamonds). Error bars indicate 95% confi-
dence intervals and numbers in brackets the paired data
sets used to generate the result. Differences among com-
parators were not significant based on unbalanced ANOVA
assessment of transformed data.

pesticide application); environmental indicators (e.g. ar-
thropods, earthworms, microbiology, weeds); geographic
location (e.g. country, continent); or variables specific to
the study (e.g. publication year, single or multiyear data).

A number of dummy variables (1,0) were coded to
account for the qualitative variables extracted from the
studies, in addition the publication year was rebased so
that the earliest year (2006) was given a value of 0 and
subsequent years coded in increments of 1 (i.e. 2007 =1,
2008 = 2 etc.).
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Arthropod (744) a ¢

Microbiological (370) r *

Earthworm (149)
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Mean R value

Figure 6. Forest plot of the mean ratio of GM to conven-
tional data for the upper level of environmental indicator
categories into which extracted data was assigned based on
whether the results pertained to arthropod, microbiological,
earthworm or weed science experimentation and analysis.
Error bars represent 95% confidence intervals. Numbers in
bracket indicate the number of independent paired data sets
that comprised the result.

3. Results
3.1. Studies Found

19,499 titles hits were recorded using the search state-
ments in the indicated databases of which 4459 titles
were retrieved (Figure 1). The number of retrievable
titles was restricted on some of the search databases
(Table 2) due to exportation limitations. In these instan-

ces the hits were ranked by relevance prior to recovery of
the maximum number of hits. Review of the 4459 titles
from the searches, and an additional 12 novel titles of-
fered by the contacted experts using the study criteria ini-
tially resulted in 283 titles being identified as suitable for
continuation to abstract screening. The title review was
split between members of the review team who indepen-
dently reviewed a duplicate sample of 157 of the 4459
recovered titles and established 95% similarity in title se-
lection approach (Kappa 0.85). 14 of the 283 titles were
found to have duplicates in the database that once re-
moved resulted in 269 novel titled articles that were se-
lected for screening at abstract.

Imposing the intervention of crop cultivation within
the last 5 years would have restricted the review to 10
articles. To increase the potential number of included ar-
ticles and valid data sets, it was decided to change the in-
tervention to simply include all articles published since
January 2006, as had been the basis of the search strategy.
Analysis by both reviewers of a sub set of 24 of the ab-
stracts indicated a 92% similarity (Kappa 0.62) of ab-
stract selection decisions. Following all abstract screen-
ing and agreement between the reviewers a total of 102
articles was selected for full review, including 21 articles
not captured by the web searches, but identified in the bi-
bliographies of articles selected for full review that mat-
ched the selection criteria. Full review of the 102 articles
resulted in agreement on inclusion of 43 articles.

Initial review of these 43 articles indicated that there

Table 2. Results of the internet hits for the searches conducted and the offered additional articles contributed from the 14
contacted experts. The number of titles retrieved is indicated, as some of the search databases limited the number of re-
trievals possible. The number of titles taken through to abstract search as listed as Extracted titles and the totals are pre-

sented.
Search database Statement modification Hits Retrieval Extracted titles

Web of knowledge None 158 158 93
Science direct None 3954 1000 30
sccedre Sl pmndems RIS gm0
CAB direct None 9324 1000 72
CAB direct Statement 2 AND 3 544 544 0

COPAC None 9804 2500 1
COPAC Title word limit 180 180 0
Agbioview Hand search 3374 62 57
BCPC Hand search 1415 13 13
Bibliographies 21
Expert offered papers 12
Total 19,499 4459 316

Copyright © 2013 SciRes.
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were 35 individual experimentation platforms, subse-
quently reported as studies, which covered an accumu-
lated 119 years of field trial seasonal cropping from 15
countries (Australia (1), Canada (5), China (1), Czech
Republic (1), Denmark (5), France (6), Germany (5),
Hungary (3), India (3), Netherlands (1), Portugal (1),
South Africa (1), Spain (1), UK (4) and the USA (9)).

The crops covered in the 43 articles included maize,
cotton, oilseed rape (OSR), soy and sugar beet with 31, 9,
4, 1 and 2 articles reporting on these crops, respectively.
Ten of the articles dealt with herbicide tolerant traits, 29
investigated insect resistance and 4 dealt with both her-
bicide and insecticide traits (Table 3). This represented
35 separate studies across these articles with 23, 9, 3, 1
and 1 study on maize, cotton, OSR, soy and sugar beet
covered, respectively. The study split between herbicide
tolerance, insect resistance and both was 8, 25 and 3,
respectively.

3.2. Study Quality Assessment

Data presented in the final articles were assessed against
the described criteria (section 2.7) and summarised (Ta-
ble 3). The quality assessment had reviewer assigned
quality mean and standard error (in parentheses) scores
for no adverse, beneficial and deleterious findings of 3.42
(0.10), 2.75 (0.25) and 3 (0.71), respectively, on the 1-4
scale where 1 related to valueless and 4 was high quality.
The data were not significantly different.

3.3. Narrative Synthesis

The author reported findings of the 43 extracted articles
indicated that 84.6% found no adverse effects on the
environment from the cultivation of GM, 10.3% reported
a beneficial effect and 5.1% a deleterious impact. This
was equivalent to 89 trial years of no adverse effects, 9
years of beneficial effects and 6 trial years of deleterious
impacts across the reported studies.

In the 16 articles dealing with herbicide traits, glufo-
sinate ammonia (bar gene) and glyphosate resistance
(EPSPS gene) were represented in 4 and 8 of the 43 final
articles, respectively. In the remaining 4 articles pertain-
ing to herbicide tolerant traits the gene or herbicide in-
volved could not be determined. Insecticide resistance
genes were not identifiable in 1 (3% of articles dealing
with insect resistance) of the articles dealing with these
traits. The gene Cryl Ab was reported in 18 (46%) of the
articles, CrylAc was found in 9 articles (23%), Cry3Bbl
in 4 articles (10%) and Cry2Ac in 2 articles (5%). The
genes CrylA, CryllIA, CrylF, Cry34Abl and Cry35ABI1
were identified in 1 paper each.

The 119 accumulated years of field data present in the
articles covered trials from 1995 to 2009 and was nor-
mally distributed (Shapiro-Wilk p = 0.1) from 1998 to

Copyright © 2013 SciRes.

2009 with a range from 1 to 25 trials in 2003 and a mean
of 9.67. The average number of years covered by the
trials reported within the articles was 2.77 years with a
standard deviation of 1.32, a minimum of 1, maximum of
7 and a median of 3.

It had been expected that several potential effect modi-
fiers other than the GM to conventional intervention may
have been recorded or examined as part of the reported
work. During the initial review of the articles it was
noted that effect modifiers pertaining to tillage, pesticide
regimes, rotational changes and climatic data were re-
ported in 33% of the 43 articles. The split of these effect
modifiers was: conventional to reduced tillage 5 articles
(12% of total), conventional to conventional without pes-
ticides 5 articles (12%), pesticide and tillage effects 1
paper (2%, but no extractable data), rotations 2 articles
(5%) and climate 1 paper (2%).

Four articles from the search and selection process
dealt with transgene escapes through out-crossing and
pollen flow. These articles represented work on cotton
[32], sugar beet [30], maize [55] and OSR [60]. There
was no similarity in experimental design or in the nature
of the presented data reducing the potential methods of
data comparison to a narrative summary of the findings.
Three of these four papers did not present a GM to non-
GM comparison the exception being Simpson et al. (2006)
who used a conventional imidazolinone tolerant variety
to compare against glufosinate ammonia and glyphosate
tolerant GM varieties [60]. Whilst the imidazolinone out-
crossing was lower than the GM varieties, numerous ex-
planations for this observation are given, which lead to
the conclusion that more work would be required to un-
derstand these differences.

3.4. Meta Data Analysis

For meta-data analysis the 43 articles were re-read and
data extracted according to the presented criteria (section
2.8). The result of this was that information from 28 of
the articles was extracted resulting in 209 lines of R
value data derived from 1339 paired data points.

The overall impression from forest plots of the analy-
sis (Figures 2-6) was that there was a trend toward an
increase in the environmental indicators derived from the
data sets, in so far as the mean R values were largely >1.

Excluding pairs with 0 values had little impact on the
number of data points in the meta-data set or on the
subsequent analysis. Comparison of data within five of
the arthropod articles, in which there were several 0
values for either GM or conventional observations, pro-
duced a mean R value of 1.08 for the extracted paired
data whilst the mean R value, based on the totals from
the same paper had a mean of 1.02. Whilst omitting
values for which there was not a non-zero corresponding
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Table 3. List of the 43 titles grouped by study, crop and modification after initial screening of the full articles. The initial data
quality assessment of the articles is presented along with the indication of information potentially extractable for meta-
analysis. *NI in the genes column represents that the information was “not indicated” and could not be discerned from other
articles relating to the reported trial.

First author/ref Published Linked Dat.a Study dates  Country Crop Modification Genes Potential data
study quality
Griffiths, B.[20] 2007 1 4 20022005  1™%®  Maze  Both CrylAb, bar ~ Bacteria to fungi ratios,
Denmark nematode
France, . .
Krogh, P. [21] 2007 1 4 2003-2005 Maize Both CrylAb, bar Abundance, biomass
Denmark
Cortet, J. [22] 2007 1 3 2002-2003  france Maize Insect CrylAb None
Denmark
France, . Abundance data
Cortet, J. [23] 2006 1 4 2002-2003 Denmark Maize Insect CrylAb (Table 3)
Earthworm biomass
Debeljak, M. [24] 2007 1 3 2002-2003 Denmark Maize Insect CrylAb (Table 1). Abundance of
collembolla (Table 1)
R values, weeds,
Heard, M. [25] 2006 2 4 2000-2002 UK Maize Herb NI invertebrates for fields
and margins
. Maize, R values, seedbank
Firbank, L. [26] 2006 2 4 2000-2002 UK OSR, Beet Herb NI numbers
Maize None-weed data of FSE
Gibbins, D. [27] 2006 2 2 2000-2002 UK ? Herb NI fitted to proposed bird
OSR, Beet .
diets.
. Abundance (Tables 2 and
Balog, A. [4] 2010 3 4 2001-2003 Hungary Maize Insect CrylAb 3) and aphid (Table 5)
CrylF,
Balog, A. [28] 2011 3 3 2008 Hungary Maize Insect Cry34Abl, Abundance in Table 1
Cry35Abl
. Abundance (Table 1)
Szekeres, D. [29] 2006 3 3 2001-2003 Hungary Maize Insect CrylAb species (Table 2)
Darmency, H. [30] 2007 4 1995-2000 France Beet Herb NI Gene movement %
Cattaneo, N. [31] 2006 3 2002-2003 USA Cotton Both  CrylAc, EPSPS E:E;‘etsys and species
. CrylAc, Cry2Ab, Gene movement % into
Llewellyn, D. [32] 2007 4 2002-2005 Australia Cotton Both EPSPS, bar conventional buffers
None-no clear Bt to
Carriere, Y. [33] 2009 3 2002-2003 USA Cotton Insect CrylAc Conventional parameters
expressed elsewhere
Hofs, J. [34] 2008 4 20032003 South Africa Cotton Insect CrylAc Diversity and abundance
2 y (Tables 1-3)
None-time series data.
Hu, H. [35] 2009 2 2006 China Cotton Insect CrylA Raw/mean data
requested. None sent.
Kumar, K. [36] 2007 2 2002 India Cotton  Insect  CrylAc, CryllA ;%“g;iame (Tables 1
. Insect (pest and predator)
Mann, R. [37] 2010 4 2004-2005 India cotton Insect CrylAc, Cry2Ab
numbers per plant
Prasad, N. [38] 2008 3 2005-2006 India Cotton Insect CrylAc Non-target in Table 1
Abundance, diversity
Torres, J. [39] 2007 4 2002-204 USA Cotton Insect CrylAc indices between bt and
non-bt
Density (Table 1 first 2
Bourassa, S. [40] 2010 4 2004-2005 Canada Maize Herb EPSPS columns) activity density

by rotation (Table 3)
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Continued
Powell, J. [41] 2009 3 2003-2006 Canada
Schier, A. [42] 2006 3 2002-2005 Germany
Demaneche, M.
[43] 2008 3 2007 France
Devare, M. [44] 2007 4 2001-2003 USA
Farinos, G. [45] 2008 4 2000-2002 Spain
Floate, K. [46] 2007 3 2000-2003 USA
Czech
Frouz, J. [47] 2008 3 2002-2004 Republic
Gathman, A. [48] 2006 3 2001-2003 Germany
Icoz, L. [49] 2008 3 2003-2006 USA
Lang, A. [12] 2010 3 2000-2003 Germany
Miethling-Graff,
R. [50] 2010 3 2005-2007 Germany
Oliveira, A. [51] 2008 4 2003-2004 Portugal
Priestley, A. [52] 2009 4 2003-2004 USA
Rauschen, S. [53] 2008 4 2002-2003 Germany
Rose, R. [54] 2007 3 2000-2001 USA
Van De Wiel,
C. [55] 2009 4 2006-2007  Netherlands
Yanni, S. [56] 2011 3 2008-2009 Canada
Zeilinger, A. [57] 2010 3 2005-2006 USA
Gulden, R. [58] 2009 4 2000-2006 Canada
Lupwayi, N. [59] 2007 3 2000-2005 Canada
Simpson, E. [60] 2006 3 1998 UK

Fungal to bacterial

Maize Herb EPSPS biomass, degradation

Maize Herb EPSPS None-only RR maize
planted

Maize Insect Cryl Ab None-antibiotic resis-
tance levels

Maize Insect Cry3Bbl B}o_mass,_ mineralisation,
nitrification

. Richness data in Table
Maize Insect Crylab 2 and rations in Table 3

Means of abundance
Maize Insect CrylAb where differences

detected (Table 3)

Biomass, decomposition
Maize Insect CrylAb and abundance

(Table 1)

. Ratio of insects between
Maize Insect Crylab treatments (Table 3)
Maize Insect Cry3Bbl log 10 CFU. a‘nd

enzyme activity
Maize Insect CrylAb Abundance, biomass,
Maize Insect Cry3Bbl None

. cfu/g, dehydrogenase,

Maize Insect CrylAb ATP, nitrogenase
Abundance data (Tables

Maize Insect CrylAb 1, 3, 5 and 6) species
data (Table 2)

. Ration estimates (Table
Maize Insect Crylab 4), abundance (Table 2)
Maize Insect CrylAb I\_Iope-data presentation

limits use
Maize Insect CrylAc Pollen mediated gene
flow percentages
Maize Insect NI Crop data, lignin, C\N

. Ash free dry mass of
Maize Insect  CrylAb, Cry3Bbl carthworms
Maize, Herb EPSPS Groupd cover and weed

soy bean density
OSR Herb EPSPS Biomass, diversity
OSR Herb EPSPS, bar Percentage in crops at

distance, data in text.

data point may have slightly elevated the reported R
values, this observation was not significant (p = 0.68 in a
two tailed T test) and indicated that the exclusion of pairs
with 0 values had little consequence on the sensitivity of
the subsequent analysis.

Data of environmental parameters included measures
of the following: microbial biomass, bacterial to fungal
biomass, heterotrophs, N mineralisation rates, nitrifica-
tion rate, biomass C, fungal biomass, fungal abundance,
Actinomycetes, dehydrogenase units, ATP, nitrogenase
activity, amoeba, flagellates, nematodes, bees, butterflies,
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predators, spiders, beetles, Carabidae, Staphylindae, Col-
lembolla, Collembolla (epigeic), Collembolla (subterra-
nean), worms data, A. caliginosa, A. longa, A. rosea, A.
caliginosa, L. terrestris, Heteroptera, Gastropods, herbi-
vores, parasitoids of herbivores, predators of herbivores,
Aphids, A. biguttula, B. tabaci, weed strip analyses, adja-
cent plant, seedbank density, dicot seedbank, monocot
seedbank and ground cover.

Analysis by country of study indicated some excep-
tions to the general incidence of R values of >1 were
observed for trial data from South Africa and Spain (R =
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Table 4. Regression results for cotton studies (dependent variable = R value).

Coefficients Standardised coefficients t-stat p-value
B Std. error Beta

Constant 3.614 0.346 10.452 0.000

Year (2006=0) —0.847 0.083 —1.940 -10.236 0.000

Asia dummy (India) 0.712 0.218 0.565 3.270 0.003

Multi-year data dummy —1.445 0.251 -1.229 =5.767 0.000

Reduced pesticide dummy -1.747 0.314 —0.558 —5.567 0.000
Number of observation 32

Adjusted R? 0.767
F value 26.482 0.000

Table 5. Regression results for maize studies using country variable (dependent variable = In R value).

Coefficients Standardised coefficients t-stat p-value
B Std. error Beta

Constant 0.067 0.065 1.036 0.302

Insect modification dummy 0.240 0.093 0.244 2.582 0.011

France dummy —0.169 0.104 —0.148 -1.625 0.106

Portugal dummy —0.268 0.143 —0.158 -1.875 0.063

USA dummy -0.218 0.102 —0.195 —2.130 0.035

Number of observations 163

Adjusted R? 0.027

F value 2.142 0.078

Table 6. Regression results for maize using environmental indicator variable (dependent variable = In R value).

Coefficients Standardised coefficients t-stat p-value
B Std. error Beta

Constant 0.106 0.068 1.563 0.120

Insect modification dummy 0.145 0.078 0.147 1.843 0.067
Microbiology dummy —0.138 0.071 —0.155 —1.948 0.053

Number of observations 163
Adjusted R? 0.023
F value 2.923 0.057
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0.76 and 0.86, respectively, Figure 2), cotton with in-
secticide and herbicide trial effects (R = 0.89), sugar beet
(R = 0.88, Figure 3), studies involving CrylAb and
Cry2Ac (as found in Bollgard® II cotton, R = 0.94) and
trials with CrylF and Cry35Abl (R = 0.98, Figure 4)
and cultivation modifications where location (limited to
South Africa) and rotation were included in the trial (R =
0.74, Figure 5). Despite these apparent changes in R,
unbalanced ANOVA analysis of the natural log transfor-
med data did not detect any significant differences (p >
0.12 in all comparisons) between the indicated study
factors. These unbalanced ANOVA assessments of the
various study factors also served as a sensitivity analysis
of the data set.

To attempt to determine if the meta-data set was
similar to an R value of 1, which would have indicated
no change from the adoption of GM, the data was run
against a dummy set of R values equal to 1. Chi squared
analysis showed that there was a significant difference
between the two set (32 = 622, df = 208, p < 0.001). A
two tailed T test of the data also indicated a significant
difference (p < 0.01) with the meta-data having a mean R
value of 1.31.

Within the data set there was significant heterogeneity
(Q = 1134, df = 208, p < 0.001), which was explored
further using regression analysis in SPSS with the re-
corded environmental factors as independent variables.

Initial model specifications including all crop types
were estimated within the model, but no significant ex-
planatory variables were found for the R values. The next
step was to explore models for individual crop types:
models for beet (n = 3), maize and soy (n = 8) and
oilseed rape (n = 3) were not estimated due to low num-
bers of observations.

Cotton, with n = 32, was subjected to regression ana-
lysis and the results presented (Table 4). The variables
were all significant (p < 0.01) as was the regression as a
whole (p value of the F value), the adjusted R? value
indicated that the variables explained 77% of the obser-
ved variation. The negative coefficient for the year vari-
able indicated that more recently published studies report
lower R values, however, the extent to which this reflects
more recently conducted studies is not clear. Studies re-
porting R values over multiple years (as opposed to sin-
gle years) also show reduced R values. The positive va-
lue of the Asia dummy indicated that studies under-
taken in India showed a more favourable environmental
outcome with a R value of >1. Where the description of
the conventional system was recorded as having been
modified through the reduced use of pesticides and the
reduced pesticide dummy was given a value of 1; the
negative sign of the corresponding coefficient was as ex-
pected and reflected the higher environmental outcome
(all based on arthropod data) under the conventional sys-
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tem with reduced pesticide, thus reducing any relative
advantage of GM.

Comparison of the standardised coefficients indicated
that publication year has the greatest influence in R value
followed by multi-year data, country of study and modi-
fier had opposite effects of similar magnitude. These re-
sults indicated that study related factors explain more of
the variation in environmental outcome than both study
location and what the GM is compared to.

Maize had the highest number of observations (n =
163) in this dataset and regression analysis was under-
taken (Table 5), however, despite the higher number of
observations we were unable to estimate a model that
performed as well as that for cotton. The overall model
had a low goodness of fit (R* = 2.7%), but was signifi-
cant (p <0.10). This suggests that there remain important
variables explaining R, but that these are not present in
the reported experimental literature as they are either not
associated with the experimentation or not recognised as
being significant for study inclusion. It should be noted
that the dependent variable used for the maize model was
the natural logarithm of the R value, this transformation
was used to reduce the effect of a skewed distribution of
R values that resulted from a small number of outliers.
Insect resistance was analysed with inclusion of an insect
modification dummy variable, which had a positive coe-
fficient indicating this modification, rather than herbicide
tolerance, resulted in more positive environmental out-
comes (i.e. higher R values). This was also the most
influential variable as demonstrated by the standardised
coefficient. Alternate analysis that considered specific
genes, rather than the broader trait, did not produce signi-
ficant results. The remaining significant variables all re-
lated to country specific effects, with the negative coeffi-
cients in each case indicating lower R values in each of
these countries.

The coefficient for the France dummy was margi-
nally insignificant at p = 0.10, but removal of this varia-
ble from the model reduced overall model performance
and significance. These results might be interpreted as
country level effects as the studies for each of these
countries involved the same trait (insecticide), but show-
ed an opposite effect to that trait and the same gene
(Cry1Ab), which in itself was not significant. However,
the studies in each of these countries primarily used
microbiological environmental indicators. A simpler mo-
del for maize, where environmental indicator was used in
place of country variables (Table 6) performed better in
terms of overall significance (0.057 vs. 0.078) and sug-
gests that what might have been interpreted as a country
level effect was in fact due to the choice of the environ-
mental indicator used to determine R. In this case the
negative coefficient showed that studies using microbio-
logical indicators produce a reduced value of R. The
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standardised coefficient indicates that this effect is strong-
er than that due to trait.

The results of the regression analysis indicate that
there is no standard model to explain variation in envi-
ronmental outcome. However, in both the cotton and
maize models, variables relating to the design of the
study have a significant effect on outcome.

4. Discussion

Narrative analysis of all 43 of the extracted articles
indicated that most stated either no adverse effects or
positive environmental benefits from GM adoption, but it
is perhaps worth considering this point from those that
reported deleterious impacts. In total, two of the 43 arti-
cles reported deleterious environmental impacts of GM
adoption. Five % is often taken as the point at which ob-
servations become significant and so, from the narrative
analysis of the author reported outcomes of the articles,
there was evidence that deleterious environmental im-
pacts from GM cultivation were occurring by mechan-
isms other than chance. However, when reviewed by
study this value reduced to only one of the 35 studies
reported in the selected articles, with 26 reporting no
adverse impact, four beneficial outcomes and four with
no author indicated preference for the outcome. This
analysis represents a crude interpretation of author opi-
nions’ and hence the need for more rigorous analysis.

4.1. Evidence of Environmental Impact

The targeted approach to peer reviewed and grey litera-
ture recovery was deemed successful in that none of the
final material was found to be worthless during the
qualitative assessment. Despite the effort exerted in the
grey literature searches, none of the final 43 articles were
a result of this undertaking. Theories for this were dis-
cussed and the general consensus was that because the
target audience for grey literature is more diverse the
content is generally less specific or in-depth than the peer
reviewed literature.

The number of articles finally selected is small given
the subject area and the content of the articles and the
cropping areas covered is also limited in the number of
crops identified and the countries covered. There are
currently 29 countries growing 12 commercial GM crops
[1] and yet we identified articles covering only 15 coun-
tries and 5 crops. Differences in the crops detected may
be partially due to the geographical restrictions on the
commercialisation of crops like poplar, tomato, sweet
pepper, squash and papaya. Another potential reason for
this discrepancy is that we restricted our analysis to
articles published in the past 5 years, which may have
excluded some of the crops on the grounds of when the
work on them was published. This may have been further
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exasperated by our restriction to articles published in
English, which may also have attributed to the country
difference, but this may have occurred due to the rapid
adoption of GM in developing countries that is being ob-
served [1] and that these countries may be looking else-
where for scientific guidance [61].

Papers on pollen transfer between genetically modified
crops and either wild or cropped compatible recipeents
made it through the search and review process, but were
dealt with independently of the other articles and data
because they did not present a GM to non-GM compari-
son with one exception [60]. The aspect of isolation dis-
tances was addressed in the cotton and maize work,
which is significant from an EU standpoint as thresholds
dictate the requirement for labelling. Both papers indi-
cate that the tested buffer or isolation distances of 20 m
for cotton [32] and 25 m for maize [55] would prevent
pollen mediated gene flow from exceeding the 0.9% la-
belling threshold. However, the authors note that changes
in field sizes, extreme weather conditions, increased pol-
linator presence, areas of open ground and legislative
threshold changes all require consideration. Pollen flow
from sugar beet was reported as accounting for 0.4% of
the resistant seeds that subsequently developed [30].
Pollen movement was recorded over 277 m, which was
greater than that observed in the cotton and maize work,
but the greatest issue with transgene escape came from
sugar beet bolters appearing in the following crop, which
implies that suitable management, either mechanical or
herbicidal, would be a required to restrict gene flow [30].

A number of issues were identified within the papers
that can have a further impact on the extent of pollen
movement in the environment and three of the four pa-
pers identified the need for further study either before or
when GM cropping status changes. The limited number
of studies relating to GM pollen flow issues, identified
with the methodology used in this review, meant that
more critical appraisal of the issue of pollen transfer was
not possible and would be better achieved through a
more targeted systematic review of pollen flow from spe-
cific crops without time bound restrictions.

The systematic review of environmental indicators
was undertaken using a ratio approach to data extraction
and analysis, similar to those undertaken in previous
medical systematic reviews [62]. Given the wide range of
potential environmental indicators available within the
selected articles this approach was also seen as one that
would allow for direct comparison across all possible
data sets providing reported data could be paired accord-
ing to one of the prescribed environmental comparators
and that neither number in the pair was zero. Extracting
the data in the way described meant that any positive
response in an environmental indicator under GM culti-
vation would result in a value of more than 1, whilst a
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reduction would produce a value of less than 1 and no
change a value of 1.

In order to determine if the effect of GM adoption had
no impact upon the environmental indicators, a dummy
set of values of 1 was constructed, the theory being that
if the GM over conventional ratios were statistically
similar to 1 then there was no change in the reported en-
vironmental parameters as a result of GM adoption over
the conventional system. Results of the analysis indicated
that the difference was significant (p < 0.01) with the
GM adoption producing a mean ratio of 1.31. This rep-
resented an increase above the potential value of 1,
which would have indicated no change, however, this
significant increase in the effect of GM on the environ-
ment does have to be treated with caution due to the
method by which it was derived and because at present it
is not possible to associate an increase in most, if not all,
environmental parameters with an improvement in fit-
ness or health of the ecosystem. In order to attempt to
resolve which of the reported and recorded comparators
could potentially be causing a shift in measured envi-
ronmental parameters forest plots were produced and
univariate meta-analysis undertaken.

4.2. Reasons for Variation in Impact

The results of the regression analysis indicated that there
is no standard model to explain variation in environ-
mental outcome. However, in both the cotton and maize
models, variables relating to the design of the study had a
significant effect on outcome, although the significance
of trait or gene were often absent from these.

Analysis of the data, represented in the forest plots
(Figures 2-6), did not detect any significant differences.

The univariate meta-analysis when modelled for cot-
ton produced an adjusted R” value, which indicated that
variables explained 77% of the observed variation. Com-
parison of the standardized coefficients indicated that
publication year had the greatest influence in R value
followed by multi-year data collection, with location and
modifier comparators having opposite effects of similar
magnitude (Table 4). These results indicate that study
related factors, which included: crop, field number, field
size, trait, genes and season or seasonal in the model,
explained more of the variation in environmental out-
come than both study location and what GM is compared
to. The effect of year is potentially due to improvements
in data generation and handling techniques over the re-
ported years. Multi-seasonal trials are likely to offer im-
proved accuracy and more robust data than single season
experiments as they capture the effects of seasonal envi-
ronmental perturbations between trials and experiments.
Whilst the observation that modification of the cropping
system had only a slight effect on the variation, it is
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worth mentioning that there was no explanation from the
trait or gene insertion. The inferred meaning from this is
that management is likely to be more important in terms
of environmental impact than the presence of the GM as
has been previously reported [63].

This modelling exercise was repeated for maize, but
the R? value was 2.7 thus explaining less than 3% of the
variation in the data despite making up the biggest num-
ber of data points (n = 163). The remaining significant
variables all related to country specific effects that gen-
erally lowered the R value, indicating that GM adoption
had reduced the measured environmental variables for
maize in certain countries. Why the maize data behaved
in this way is largely unclear, but could be a result of the
use of hybrids specific for the various regions of cultiva-
tion or due to differences in cultivation practices and
differences in growing season lengths and climate of the
countries represented in the database. Considering the
nature of the modification across all plant types it was
found that insect modification had a positive coefficient,
which indicated that insect resistance modification rather
than herbicide tolerance resulted in more positive envi-
ronmental outcomes.

4.3. Review Limitations

Despite attempts to conduct a robust and thorough re-
view utilizing systematic process, there are accepted li-
mitations in this review. Firstly, the posed question, which
was stipulated by the project funder, was too broad. Ad-
dressing the question to a specific crop, expressing a spe-
cific trait and focusing on a specific envinronmental in-
dicator would better address whether the changes in GM
adoption were beneficial or deleterious with regard to
that specific crop and trait, rather than just resulting in a
significant change. This more focused approach has been
the aim of other recent systematic reviews [3,5,18]. An-
other alternative would have been to have used what is
still seen as many as being the best environmental indi-
cator, yield. However, yield was rarely reported in the
examined articles.

Searches were limited to the English language and one
possible improvement would be to include other lang-
uages if this process was to be repeated.

We attempted here to provide an overview of all com-
mercial traits and crops limited only by the caveats of
field data and publication since 2006. Whilst this re-
stricted the articles to 43, those that may have been
missed or omitted might have been crucial in strengthen-
ing some aspects of the review. It was noted that there was
a lack of multiple gene insertion events and stacked trait
data in the extracted articles. Stacked traits are on the in-
crease and accounted for 41% of all commercial GM
plantings in the USA in 2010 [1]. Explanation for this may
well be in the fact that despite targeting articles published
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between 2006 to 2011, the field trial data presented in the
extracted literature peaked in 2003, the year Cry2Ab was
added to CrylAc in commercial cotton [64] and when
herbicide resistance was still entering the market.

Improvement in the analysis of the impact and the di-
rection of the impact of the environmental data consid-
ered in this review would only be possible if the data ex-
tracted was comparable. This might be achievable through
limitation to a specific species data or enzymatic test, or
if new statistical techniques were developed for handling
non-comparable environmental data. Additionally, the li-
mits to qualifiers, which included: only field-released GM
traits, only with some scale of field cultivation, and only
published since 2006 imposed further limitations to the
review. These limitations included altering the breadth of
the review to a more immediate or short-term impact
focus on currently grown GM crops, which may have
contributed to a lack of coverage of the number of avail-
able traits and commercial cultivars, and a bias towards
only a sub set of the countries due to both publication
original and regions where GM crops are approved for
cultivation.

Authors whose articles made the final 43, but from
whose published articles data extraction was not possible
were contacted, but time constraints on the delivery of the
project meant that at the point of undertaking analysis and
reporting only one had provided supplemental data files.

The search of the grey literature was not productive in
terms of producing material that made it through the
screening process and therefore added nothing to subse-
quent analysis. Similarly, the use of search engines to
identify suitable material was also found to be problem-
atic and excluded. It is likely that there are sources of
information pertinent to a review of this nature within the
grey and on-line literature, but the expenditure of time
and effort to find it was not available within the bounds
of this project. Subsequent reviews should either allow
for this or develop a separate search terminology strategy
for use with search engines.

5. Conclusions

The review process produced 43 articles for analysis
from over 19000 initial web hits generated in database
searches. Of the 43 articles only 28 gave rise to data suit-
able for development of a data base. The dataset covered
a limited geographical representation of nations involved
in GM adoption and presented a bias toward the domi-
nance of certain crop types and traits. Despite this, analy-
sis indicated that GM adoption caused a significant shift
in the ratio of the reported environmental parameters with
a significant increase in environmental indicators with
the adoption of GM from an expected ratio of 1, indicat-
ing no difference, to 1.31. However, due to the limita-
tions and diversity of the environmental indicators ex-
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tracted from the articles it is impossible to determine if
this shift represents a deleterious or beneficial environ-
mental change.

There was a lack of statistically significant difference
between the extracted study outcomes and environmental
indicators for beneficial and deleterious environmental
changes do not currently exist that could be applied to
the scale attempted in this review. However, narrative
analysis of the 35 studies from 43 identified articles in-
dicated that 26 studies reported no adverse effects on the
environment from the cultivation of GM, four reported a
beneficial effect and one a deleterious impact. The narra-
tive analysis presents an indication of a lack of negative
impact from GM adoption.

In order to establish the factors responsible for the
variation observed within the data set, meta-analysis was
conducted. The results of the regression analysis indicate
that there was no standard model to explain variation in
environmental outcome. In models for both cotton and
maize, variables relating to the design of the study had a
significant effect on outcome, but these variables were
not related to trait or gene insertion and were generally
either year, country specific or due to changes in cultiva-
tion practice in origin. It is of note that the model for
cotton accounted for 77% of the observed variation, but
for maize less than 3% of the variation was accounted for.
Analysis also indicated that longer studies had a reduced
R value, which could be taken as indication that long
term beneficial or deleterious impacts of GM on envi-
ronmental indicators are likely to lessen over time com-
pared to any observed in the short term.

The conclusion of this study, which reviewed the lit-
erature published since January 2006 on the environ-
mental impact of GM crops, is that GM adoption has had
an impact on its environment, but that the cause of this
impact is not due to the genetic modification and it is
generally interpreted as having no adverse effects..
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