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Information on public attitudes towards the use of transgenic trees in forest plantations
is important in the decision-making process and policy implementation for safe tree
development, particularly at the EU level. In Europe, the use of transgenic forest trees
is very limited and therefore such information is completely lacking. To address this
issue within the FP0905 European COST Action on the Biosafety of Transgenic Forest
Trees a pioneer cross-country pilot survey on public attitudes towards the use of transgenic forest trees was conducted using young population as a focus group. This was
decided mainly because this focus group represents the future consumers, policy makers
or developers. Specifically, the survey aimed to: i) assess the level of young people’s
knowledge about transgenic forest trees, ii) identify issues of concern to them regarding
the cultivation of transgenic forest trees and iii) explore whether they approve or disapprove of the use of transgenic forest trees in plantations. Purposive sampling was per formed and university students of different disciplines were included in the research as
sampling subjects. In total, 1868 completed questionnaires from 15 European and nonEuropean countries were analyzed. The young educated people that took part in the
survey appeared to approve of the use of transgenic forest trees in plantations and
would be willing to buy forest transgenic products. The potential loss of biodiversity due
to a risk of gene flow between transgenic and wild trees was seen as the safety issue of
most concern when considering the commercial release of transgenic forest trees. How ever, a serious perceived lack of knowledge about potential benefits and risks of the cultivation of transgenic forest trees was recorded in most of the countries. K-means clustering was implemented on respondents’ positive responses to identify potential country
patterns. No differences in patterns of public attitude towards the acceptance of the
commercial growing of transgenic forest trees were observed between European and
non-European countries. Extended research on public attitude issues towards the use of
transgenic forest trees is strongly recommended as a basis for policy implementation on
safe tree development.
Keywords: GM Forest Trees, Public Awareness, Public Acceptance, k-means Clustering,
University Students

Introduction

Advances in biotechnology have made
feasible the growth of genetically modified
(GM) or transgenic forest trees on a commercial scale (Van Frankenhuyzen & Beardmore 2004, Williams 2006, Häggman et al.

2013 – http://www.cost-action-fp0905.eu).
Common genetic modifications include alterations of lignin content and composition, insect and disease resistance, herbicide tolerance, abiotic stress tolerance,
growth improvement and reproductive

development. The use of transgenic forest
trees in commercial plantations is expected
to contribute to increased forest productivity, improved paper pulp and biofuel production, climate change mitigation, preservation of biodiversity and reduction of use
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of energy, pesticides and fertilizers (Sedjo
2006, Chapotin & Wolt 2007, FAO 2008,
2010, Hinchee et al. 2009, Flachowsky et al.
2009, Harfouche et al. 2011). Despite these
potential advantages, commercial GM forest tree plantations are not presently
grown anywhere in the world, except China. Several issues represent significant
obstacles for the commercialization of GM
forest trees (Valenzuela et al. 2006, Farnum et al. 2007, Harfouche et al. 2011, Häggman et al. 2012) including technical limitations, restrictive regulation frameworks
and socio-economic considerations.
Technical limitations relate to the required scientific advances in biotechnology,
particularly solutions to issues related to
gene stability, mass propagation, genetic
deployment and environmental impacts.
Regulation frameworks impose extensive
approval processes for the deliberate release of transgenic forest trees. These frameworks require comprehensive safety assessments but risk analyses differ between
countries. Within European Union countries the rules for the deliberate releases of
GM forest trees, mainly implemented
through the 2001/18/EC directive, are very
strict and aim at providing high levels of
protection for human health and the environment (Aguilera et al. 2013, Häggman et
al. 2013). As a result, the approval process
for deliberate releases is often time-consuming and expensive (Harfouche et al.
2011). Socio-economic considerations are
mainly related to potential markets for
products derived from transgenic trees,
their public acceptance and the cost of
patents. Public acceptance in particular is
influenced by political, environmental, public health and socio-cultural concerns,
which have been raised mainly by opinion
influencing groups. Concerns often focus
on potential genetic flow between transgenic and wild trees and consequent implications for the natural environment, increased use of broad spectrum pesticides
in pesticide resistant forest trees, negative
effects on forest tree fitness, potential
higher vulnerability of forest trees to viral
and other diseases, increased soil decomposition, adverse effects on bio-trophic
processes in host ecosystems, flowering
suppression and cultural adaptation to
changing biodiversity conditions (El-Lakany
2004, Van Frankenhuyzen & Beardmore
2004, Williams & Davis 2005, Sedjo 2006,
Farnum et al. 2007, FAO 2008, 2010).
Information on public attitudes towards
the use of transgenic trees in forest plantations is important in the decision-making
process and policy implementation for safe
tree development, particularly at the EU
level. However, in Europe in particular,
such information is completely lacking, although relevant information is available for
the use of GMOs in agriculture (Ferguson
et al. 2002, Hossain et al. 2002, Grice et al.
2003, Cormick 2004, Hoban 2004, Magnusson 2004, Pereira de Abreu et al. 2006, Shehata & Cox 2007, Costa-Font et al. 2008,
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European Commission 2010, Buah 2011,
Wnuk & Kozak 2011, Amin et al. 2014, Maes
et al. 2014). To address this lack of information and to explore potential patterns or
trends in the public attitudes towards the
use of GM forest trees in plantations, a
cross country pilot survey was coordinated
within the frame of the European COST
ACTION FP0905 during 2012 and 2013.
Specifically, this survey focused on young
people and aimed to: (i) assess the level of
their knowledge about transgenic forest
trees; (ii) identify issues of concern to them
regarding the cultivation of transgenic forest trees; and (iii) explore whether they
approve or disapprove of the use of transgenic forest trees in plantations. Since
commercial GM forest plantations are not
currently grown anywhere in the world
(except China), it was decided to focus on
young people aged 18 to 35 years, thus representing the future consumers or developers, or even policy makers.

Material and methods

Purposive sampling was conducted in all
the countries using university students of
three different categories of study fields as
subjects. These included students of: (i)
forestry; (ii) other environment-related disciplines, such as botany, biology, agriculture, landscape architecture and environmental science; and (iii) economics and
related disciplines, such as accounting,
business administration, financial management, management science and marketing.
This non-probability sampling scheme was
used since the primary goal of our survey
was the detection of preliminary crosscountry information on potential patterns
or trends in knowledge, attitudes and perceptions of safety issues related to the cultivation of transgenic forest trees of young
adults. University students were selected
as subjects because it was considered that
they would have the largest potential to
establish and advance our understanding
of young people’s attitudes towards the
use of transgenic forest trees in plantations due to their higher educational level.
Furthermore, university students have
been widely used as subjects of research
also in many other studies, particularly in
the fields of social psychology, marketing
and consumer research (Peterson 2001,
Druckman & Kam 2009, Wnuk & Kozak
2011).
The questionnaire for this survey contained questions organized in four sections:
(i) socio-demographic questions; (ii) three
questions of yes/no-type related to knowledge about transgenic forest trees; (iii)
questions concerning issues relevant to public acceptance of the cultivation of transgenic forest trees; and (iv) questions related to the nature of safety concerns about
the cultivation of transgenic forest trees.
The detailed questions are reported below
in the table captions.
Four of the six questions in section three
were of yes/no type, while the other two

included a number of options with a qualitative rating scale either of acceptance or
importance in a country context. In particular, one of the questions in section three
prompted the evaluation of different types
of potential benefits deriving from the use
of transgenic forest crops. For this evaluation, a four-level rating scale was used:
“very important”, “slightly important”,
“not important” and “I do not know”.
Listed potential benefits included a reduced need for chemicals and energy to process cellulose from wood, the harvesting
of a smaller number of trees for consumption, a reduced use of insecticides, pesticides and herbicides, the restoration of poison contaminated soils, a reduction in old
growth logging, higher pulping efficiency,
better timber quality, more efficient biofuel production, stronger timber for construction and the potential for higher tree
productivity.
Section four of the questionnaire included two questions about safety concerns.
Both questions in this section required the
evaluation of options from a list of potential risks related to the release of transgenic forest trees. Options included a potential for lesser fitness of transgenic trees,
higher vulnerability to viral diseases, higher
rates of soil decomposition, higher pesticide resistance, a potential for extended
use of broad-spectrum pesticides, loss of
biodiversity due to gene flow between
transgenic and wild trees, adverse effects
on bio-trophic processes of host ecosystems, increased costs of controlling pest
outbreaks and the cultural adaptation to
changing biodiversity conditions due to
transgene escape. Question one in section
four prompted the respondents to select
only one safety issue which they regard as
being of most concern. In the second question a four-level rating scale was used presenting the following options: “serious
hazard, “slight hazard”, “no hazard” and “I
do not know”.
Questionnaires were handed to students,
who completed them on site. A total of
1868 questionnaires were received from
across 15 countries located in 4 continents:
Europe (12 countries), South America (1
country), Australia (1 country) and West
Asia (1 country). European participants
were weighted towards countries in southeastern Europe, central Europe and southwestern Europe. The distribution of respondents by country of origin is displayed
in Fig. 1.
The questionnaires were subjected to statistical analysis using the software package
STATISTICA® version 8.0 (StatSoft, Tulsa,
OK, USA). ANOVA tests were used to analyze variances between cross-country positive responses regarding knowledge about
the cultivation of transgenic forest trees,
public approval of growing transgenic forest trees and the public attitude towards
the labeling of products from transgenic
trees and its legally mandatory process.
Different country patterns of positive resiForest 9: 344-353

ponses with regard to these variables were
determined by using k-means clustering.
The k-means clustering approach is a statistical method to group items in k groups/
clusters, where k is a pre-defined number
(Murty et al. 1999, Bishop 2006, Jain 2010).
This grouping aims to minimize the withingroup variance while maximizing the between-group variance, i.e., groups are determined by minimizing the sum of squared (Euclidean) distances between each
item and the corresponding centroid,
where a centroid may be a mean vector. A
flow chart of the relationships between
clusters of countries is shown in Fig. 2.
The null hypotheses which were tested
were as follows:
• Ho1: People from different countries cannot be classified into similar groups according to their knowledge of transgenic
forest tree plantations.
• Ho2: People from different countries cannot be classified into similar groups according to their attitude regarding acceptance of the approval to grow transgenic
forest tree plantations.
• Ho3: People from different countries cannot be classified into similar groups according to their attitude regarding agreement to the labeling of transgenic forest
tree products and its legally mandatory
process.

Fig. 1 - Distribution of
respondents by country of
origin. (AL): Albania; (BA):
Bosnia and Herzegovina;
(BG): Bulgaria; (HR): Croatia; (GR): Greece; (SI):
Slovenia; (SR): Serbia;
(CZ): Czech Republic; (DE):
Germany; (SK): Slovakia;
(PT): Portugal; (ES): Spain;
(AR): Argentina; (AU):
Australia; (IL): Israel.

Results and discussion
Respondents’ demographic information

The respondents’ demographic characteristics, in particular gender and average
age by country of origin are displayed in
Tab. 1. In general, the average age of
respondents by country ranged from 20 to
27 years of age (all were university students) but was somewhat higher in
Argentina (31) and Bulgaria (35), because
postgraduate students were included in
the sample population for these countries.

Fig. 2 - Relationships between clusters of countries.

Respondents’ knowledge of transgenic
forest plantations

ses was higher, ranging from 30% to pondents in most countries declared that
More than 60% of respondents in all coun- around 50% of the sample population. Fur- they did not know whether any final protries stated that they knew the meaning of thermore, about 50% or more of the res- ducts from transgenic forest tree plantaforest transgenic trees, with the exception
of Israel where almost 60% stated that they
Tab. 1 - Respondents’ demographic profile.
did not know what was meant by this
term. The highest percentage of responGender
Average Age
dents who stated to know what transgenic
Countries
(Years)
Males
(%)
Females (%)
forest trees are, was recorded in Argentina
Albania
34
66
23
(100%). A very high percentage of positive
Bosnia and Herzegovina
84
16
22
responses (95%) were also recorded in PorBulgaria
44
56
35
tugal. Overall, the high degree of knowCroatia
37
63
20
ledge of transgenic forest trees might be
Greece
46
54
22
attributed to the high educational level of
Slovenia
37
63
21
the subjects (university students). In conSerbia
75
25
20
trast, more than half of the respondents
Czech Republic
39
61
22
across most countries stated that they did
Germany
43
57
24
not know whether transgenic forest tree
Slovakia
37
63
22
Portugal
29
71
22
crops were grown commercially. The lowSpain
43
57
22
est number of positive responses to this
Argentina
47
53
31
question was recorded in Australia (26%)
Australia
45
55
23
and Israel (22%). In the remaining surveyed
Israel
55
45
27
countries, the number of positive responiForest 9: 344-353
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to explore consumers’ potential buying
behavior towards transgenic forest products in Greece (Tsourgiannis et al. 2015).
Over 80% of respondents from all countries stated that they were in favor of using
labeling to identify products of transgenic
origin. The great majority of those responQ2
Q3
dents, also over 80% in all countries, argued
64
65
that labeling should be legally mandated.
42
56
The distribution of positive responses by
40
37
country of origin with respect to questions
46
52
Q4, Q5, Q6 and Q7, which are concerned
46
51
with public attitudes towards the adoption
30
32
of transgenic forest tree plantations are
52
46
reported in Tab. 3.
56
29
41
36
Analysis of variances (ANOVA test)
30
40
between the positive responses with refe32
36
rence to the questions Q4 and Q5 (repre46
65
senting acceptance of the use of trans73
53
genic forest trees in plantations) and the
26
30
questions Q6 and Q7 (concerning the label22
13
ing policy of transgenic forest tree plantations) were performed. Both the null hypoequal. The null hypothesis Ho1 was rejec- theses, that tested whether the means of
ted.
positive responses in all countries regarding the variables Q4 and Q5 (Ho2) and the
Respondents’ attitudes towards
variables Q6 and Q7 (H o3) were equal,
adoption of transgenic forest tree
were rejected.

Tab. 2 - Cross-country comparison of respondents’ positive responses about their
knowledge of transgenic forest tree plantations. (Q1): “Do you know what a genetically modified forest tree is?”; (Q2): “Do you know if transgenic forest plantations are
grown commercially?”; (Q3): “Do you know if final products of transgenic forest plantations are sold in the market?”.
Countries
Albania
Bosnia & Herzegovina
Bulgaria
Croatia
Greece
Slovenia
Serbia
Czech Republic
Germany
Slovakia
Portugal
Spain
Argentina
Australia
Israel

Q1
87
80
82
71
65
86
82
79
88
75
95
80
100
62
42

tions, such as wood, biofuel, pulp and
paper, was sold on the market. The highest
number of positive responses with regard
to this question was recorded in Spain and
Albania (65% in both countries), while the
lowest level of awareness was recorded in
Israel (13%) and Australia (30%).
Detailed sample results for cross-country
comparison of respondents’ positive responses about their knowledge of transgenic forest tree plantations for all three
questions are provided in Tab. 2.
Analysis of variances between the positive responses with reference to the three
questions (Q1, Q2 and Q3) concerning the
public knowledge of transgenic forest
trees was explored with the ANOVA test.
The null hypothesis tested was that the
means of positive responses in all countries
regarding the three questions Q1, Q2 and
Q3 representing the variables for knowledge of transgenic forest trees were all

plantations

The respondents appeared very positive
about the approval of growing transgenic
forest trees in plantations, excluding natural forests in all the countries involved in
this survey. Even in the countries with the
lowest numbers of positive responses to
the relevant question (Q4), such as Bulgaria, Croatia, Greece and Serbia, almost
60% of the respondents would agree with
permission to be granted for commercial
transgenic forest tree plantations. The majority of respondents also appeared willing
to buy products from such plantations,
such as wood products or pulp and paper.
These findings are compatible with the
results of a recent study, which attempted

Tab. 3 - Cross-country comparison of public positive responses regarding acceptance
of use of transgenic forest tree plantations. (Q4): “Would you agree with transgenic
forest crops to be approved for commercial planting in forest tree plantations (not in
natural forests)?”; (Q5): “Would you purchase the final products (wood products,
pulp, paper etc) produced from transgenic forest plantations?”; (Q6): “Would you
agree with the final products produced from transgenic forest plantations to be
labeled to indicate that they originate from genetically modified trees?”; (Q7) “If YES,
would you agree with the labeling of such products to be legally mandatory?”
Countries
Albania
Bosnia & Herzegovina
Bulgaria
Croatia
Greece
Slovenia
Serbia
Czech Republic
Germany
Slovakia
Portugal
Spain
Argentina
Australia
Israel

347

Q4
74
80
56
59
59
81
63
93
89
82
91
75
93
83
85

Q5
76
77
60
67
63
86
36
94
89
85
92
75
93
85
85

Q6
88
84
93
95
90
82
88
77
91
93
98
96
80
97
94

Q7
83
90
93
91
88
80
90
81
86
90
99
94
73
90
87

Country patterns of respondents’
positive attitude responses regarding
knowledge and adoption of transgenic
forest tree plantations

In order to explore possible patterns on
the basis of the country of origin, the kmeans clustering was applied on the respondents’ positive responses with respect
to the different variables representing
their knowledge and acceptance of the use
of transgenic forest trees. The country patterns that were recognized appeared to
have no correlation to the geographic origin of the countries, either between European countries or between European and
non European countries. Specifically, regarding the respondents’ positive responses
to the variables representing knowledge of
transgenic forest trees, four different clusters of countries were recognized based on
the distances from each respective cluster
center. The first country cluster consisted
of two non-European countries, Australia
and Israel, and involved positive responses
with means ranging from about 50% with
regard to variable Q1, which represents
knowledge on what transgenic forest trees
are, to very low means (~20%) with regard
to variables Q2 and Q3 representing knowledge on commercial cultivation of transgenic forest tree plantations and knowledge on market availability of products from
transgenic forest trees, respectively. Therefore, respondents in the first country cluster can be characterized as “less informed”
with regard to their knowledge of the use
of transgenic trees in plantations. The second country cluster consisted of Albania
and Argentina and involved very high levels
of positive responses. with means of about
95% with respect to Q1 that were followed
by high levels of positive responses with
iForest 9: 344-353

respect to Q2 and Q3 with approximate
means of 70% and 60%, respectively. Therefore, the respondents in this second country cluster can be characterized as “very
highly informed” with regard to their
knowledge of the use of transgenic trees in
plantations. The third country cluster consisted of five countries – Bosnia and Herzegovina, Croatia, Greece, Serbia and Spain –
with means of positive responses to Q1 of
about 80%, low positive responses to Q2
with an approximate mean of 45% and a
high mean of positive responses to Q3 of
about 60%. Consequently, the respondents
in this third country cluster can be characterized as “highly informed” with regard to
their knowledge of the use of transgenic
trees in plantations. Finally, the fourth
country cluster consisted of six countries –
Bulgaria, Slovenia, Czech Republic, Germany, Slovakia and Portugal. Countries in this
cluster provided positive responses to Q1
with very high means of around 85% and
low means of positive responses to Q2 and
Q3 of around 40%. Respondents in this
fourth country cluster can therefore be
characterized as “moderately informed”
with regard to their knowledge of the use
of transgenic trees in plantations.
In terms of positive responses to variables Q4 and Q5, two different clusters of
countries were determined on the basis
again of the distances from each respective cluster center. Variables Q4 and Q5
were used to represent the respondents’
agreement to approvals of transgenic forest trees for commercial forest tree plantations and their willingness to purchase
products of transgenic origin, respectively.
The first country cluster consists of six
countries – Albania, Bulgaria, Croatia, Greece, Serbia and Spain. It involved positive
responses with means of 65% and 67% with
regard to Q4 and Q5, respectively. Therefore, the respondents in the first country
cluster could be characterized as “favorable” with regard to their agreement on
the use of transgenic trees in plantations
and their willingness to buy transgenic forest products. The second country cluster

Fig. 3 - Plot of
means for each
country cluster
based on positive responses
to the questions
about knowledge and acceptance of the use
of transgenic
forest tree plantations.

consists of the remaining nine countries –
Bosnia and Herzegovina, Slovenia, Czech
Republic, Germany, Slovakia, Portugal, Argentina, Australia and Israel – all having
very high means of positive responses that
range between 86% and 88% for Q4 and Q5,
respectively. The respondents in this second country cluster could be characterized as “strongly favorable” with regard to
their agreement to the use of transgenic
trees in plantations and their willingness to
buy transgenic forest products.
Regarding the respondents’ positive responses to variables Q6 and Q7 two different clusters of countries were identified,
also on the basis of distances from each
respective cluster center. Variables Q6 and
Q7 were used to represent the respondents’ agreement with the labeling of
transgenic forest products and the requirement for this to be legally mandatory, respectively. The first country cluster consisted of four countries – Albania, Slovenia,
Czech Republic and Argentina. It involved
positive responses with very high means of
about 82% and 79% for Q6 and Q7, respectively. The respondents in this country cluster can be characterized as “strongly favorable” to the labeling of transgenic forest
products and the requirement for this to
be legally mandatory. The second country
cluster consisted of the remaining eleven

countries – Bosnia and Herzegovina, Bulgaria, Croatia, Greece, Serbia, Germany,
Slovakia, Portugal, Spain, Argentina, Australia and Israel – that revealed very high
means of positive responses ranging between 93% and 91% for Q6 and Q7, respectively. The respondents of this second
country cluster can be characterized as
“very strongly favorable” towards the
labeling of transgenic forest products and
the requirement for this to be legally mandatory.
The plot of means for each country cluster regarding all the seven questions is
shown in Fig. 3, the members of each country clusters are listed in Tab. 4 and the
results of the corresponding analysis of variance are reported in Tab. 5.
The potential benefits of transgenic forest tree plantations that were rated as
“very important” in at least half of the surveyed countries involved the use of fewer
chemicals and energy, and the harvesting
of a smaller number of trees for consumption needs, both associated to cellulose
isolation by modified low-lignin wood. Also
rating as “very important” were the use of
fewer insecticides, pesticides and herbicides in forest tree plantations as a consequence of modified traits related to insect,
pest and herbicide resistance, the restoration of contaminated soils connected with

Tab. 4 - Country patterns of respondents’ positive attitude responses regarding the knowledge of transgenic forest tree plantations
and the acceptance of their use. (CDist): distance from the respective cluster center.
No. of
country
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Country members
of clusters
Albania
Argentina
Australia
Bosnia & Herzegovina
Bulgaria
Croatia
Czech Republic
Germany
Greece
Israel
Portugal
Serbia
Slovakia
Slovenia
Spain

iForest 9: 344-353

Q1, Q2, Q3
Cluster
2
2
1
3
4
3
4
4
3
1
4
3
4
4
3

Q4, Q5
CDist
5.73
5.73
7.66
3.77
2.00
2.90
11.26
2.81
6.36
7.66
7.22
6.74
7.65
5.13
6.84

Cluster
1
2
2
2
1
1
2
2
1
2
2
1
2
2
1

Q6, Q7
CDist
9.18
6.19
2.88
8.56
7.84
3.77
6.66
2.22
4.86
1.90
4.66
3.21
3.48
3.88
9.29

Cluster
1
1
2
2
2
2
1
2
2
2
2
2
2
1
2

CDist
5.15
4.59
3.13
6.13
1.63
1.68
3.57
3.54
2.68
2.81
6.97
3.32
0.57
0.56
3.32
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Tab. 5 - Analysis of variance of positive responses between the seven questions representing variables for knowledge and acceptance of use of transgenic forest tree plantations.
Variable
Q1
Q2
Q3
Q4
Q5
Q6
Q7

Between SS
2080.40
2220.40
2424.43
1742.40
1440.00
347.64
386.40

df
3
3
3
1
1
1
1

Within SS
748.53
600.53
494.50
553.33
451.33
237.30
186.93

increased tree stress/poison tolerance and
higher tree productivity attributed to disease resistance and modification of growth
factors. The percentages of respondents,
who rated each of these potential benefits
of GM forest tree plantations as “very im-

df
11
11
11
13
13
13
13

F
10.23
13.56
17.98
40.93
41.47
19.05
26.87

Prob.
0.001633
0.000515
0.000150
0.000024
0.000022
0.000767
0.000176

portant” in each country are presented in
Fig. 4 and Fig. 5. In the group of countries
consisting of Albania, Serbia, Greece, Bulgaria, Bosnia and Herzegovina, Portugal,
Spain, Germany and Australia more than
45% of the respondents stated that these

potential benefits would be very important
for their countries. On the other hand, in
Argentina, Israel, Czech Republic, Croatia,
Slovenia and Slovakia a high proportion of
the respondents (ranging from one third in
Israel up to two thirds in Slovakia) stated
that they were not able to rate the importance of these potential benefits of GM
plantations due to lack of relevant knowledge on these issues.
With regard to safety concerns, the potential loss of biodiversity due to potential
gene flow between transgenic and wild
trees was identified by the respondents as
the issue of most concern about the adoption of transgenic forest tree plantations in
all countries. However, the proportion of
respondents identifying the potential loss
of biodiversity as the most important safety issue of concern ranged from 30-34% in
Fig. 4 - Respondents’ attitudes about the importance of transgenic forest tree plantations
potential benefit related
to A) the use of less
chemicals and energy to
isolate cellulose from
wood, B) the harvesting
of a smaller number of
trees for consumption
needs and C) the use of
fewer insecticides/pesticides in plantations. (AL):
Albania; (BA): Bosnia and
Herzegovina; (BG): Bulgaria; (HR): Croatia; (GR):
Greece; (SI): Slovenia;
(SR): Serbia; (CZ): Czech
Republic; (DE): Germany;
(SK): Slovakia; (PT): Portugal; (ES): Spain; (AR):
Argentina; (AU): Australia; (IL): Israel.
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Fig. 5 - Respondents’ attitudes
about the importance of transgenic forest tree plantations
potential benefit related to A)
less herbicide treatments of
plantations, B) restoration of
contaminated soils and C) higher
tree productivity. (AL): Albania;
(BA): Bosnia and Herzegovina;
(BG): Bulgaria; (HR): Croatia;
(GR): Greece; (SI): Slovenia;
(SR): Serbia; (CZ): Czech Republic; (DE): Germany; (SK): Slovakia; (PT): Portugal; (ES): Spain;
(AR): Argentina; (AU): Australia;
(IL): Israel.

some countries, such as Slovenia, Bosnia
and Herzegovina, Albania and Australia, to
38-43% in Israel, Slovakia, Germany, Serbia,
Spain and Greece, up to 46-59% in Bulgaria,
Argentina, Portugal and Croatia. The distribution of the respondents’ concerns about
the potential loss of biodiversity as the
most important safety issue of concern is
summarized in Fig. 6.
The potential negative impacts associated with transgenic forest tree plantations
that were rated as “serious hazards” were
a potential for higher vulnerability of forest
trees to viral and other diseases due to
modification of lignin content, an increased
use of broad-spectrum herbicides due to
modification to herbicide resistance, potential loss of biodiversity due to gene flow
between transgenic and wild trees, adverse effects on bio-trophic processes of host
ecosystems if new genetic traits enter these ecosystems and potential cultural adaption to changing biodiversity conditions
due to transgene escape. The distribution
of respondents’ who rated each of these
potential hazards of GM forest tree plantations as “serious hazards” in each country
is presented in Fig. 7. In the group of countries consisting of Albania, Serbia, Greece,
iForest 9: 344-353

Bulgaria, Bosnia and Herzegovina, Spain
and Australia, more than 40% of the respondents in each country stated that these
potential risks would constitute a “serious
hazard” for their countries. In Portugal,

more than 60% of the respondents were of
the opinion that these potential risks
would be a “slight hazard” for their country. The same trend was observed in Germany for most of these potential risks. On

Fig. 6 - Respondents’ attitude about potential loss of biodiversity as the most important safety issue of concern regarding the use of transgenic trees in plantations. (AL):
Albania; (BA): Bosnia and Herzegovina; (BG): Bulgaria; (HR): Croatia; (GR): Greece;
(SI): Slovenia; (SR): Serbia; (CZ): Czech Republic; (DE): Germany; (SK): Slovakia; (PT):
Portugal; (ES): Spain; (AR): Argentina; (AU): Australia; (IL): Israel.
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Fig. 7 - Respondents’ attitude about the importance of transgenic forest tree plantations
potential hazards related to A) higher vulnerability of forest trees to viral or other diseases,
B) increased use of broad spectrum herbicides,
C) loss of biodiversity, D) adverse effects on
bio-trophic processes of host ecosystems, E)
cultural adaption to changing biodiversity conditions. (AL): Albania; (BA): Bosnia and Herzegovina; (BG): Bulgaria; (HR): Croatia; (GR):
Greece; (SI): Slovenia; (SR): Serbia; (CZ): Czech
Republic; (DE): Germany; (SK): Slovakia; (PT):
Portugal; (ES): Spain; (AR): Argentina; (AU):
Australia; (IL): Israel.

the other hand, in Argentina, Israel, Czech
Republic, Croatia, Slovenia and Slovakia a
high proportion of the respondents (ranging from one third in Israel up to two
thirds in Slovakia) stated that they were
not able to rate how serious any of these
potential negative impacts of GM forest
tree plantations would be due to lack of
relevant knowledge on these issues.
The stated lack of knowledge about the
potential benefits and risks of transgenic
forest tree plantations by the respondents
in almost half of the surveyed countries is
of particular concern. Clearly, an educational effort is required which should be
based on credible scientific information to
increase public awareness and to inform
the ongoing debate about potential bene351

fits and risks of transgenic forest tree plantations. Such an effort might well contribute to even greater public acceptance and
at the same time generate the required
market input for the safe, profitable and
sustainable cultivation of transgenic forest
tree plantations.

Conclusions

In this paper we presented the results of
a cross-country pilot survey, which was
conducted to gather information and identify patterns in public attitudes towards
the use of transgenic forest trees in plantations. The results were based on responses
from university students of different fields
of study, that is, young, educated people
aged 18 to 35 years. Respondents came

from fifteen countries including Albania,
Bosnia and Herzegovina, Bulgaria, Croatia,
Czech Republic, Germany, Greece, Serbia,
Slovakia, Slovenia, Spain and Portugal
located in Europe, Argentina located in
South America, Israel in West Asia and Australia.
The results presented in this paper provided novel cross-country insights into the
attitudes of young people towards the
acceptance of cultivation of transgenic forest trees. Several reasons add value to the
results of this paper work. First, it is a pioneer, pilot empirical study brought to publicity on issues related to public acceptance and attitudes towards transgenic forest tree cultivation, as most of the published work to date includes general studies
iForest 9: 344-353

on public attitudes towards biotechnology,
such as the Eurobarometer studies and
agricultural biotechnology in particular.
Second, focusing on young people aged 18
to 35 years it is important, because at this
stage commercial GM forest plantations
are not grown anywhere in the world
except China, and therefore this focus
group represents the future consumers,
policy-makers or developers. Furthermore,
the cross-sectional data from European
and non-European countries provided the
required information to identify patterns
regarding the knowledge, perceptions on
benefits and risks, as well as acceptance of
the use of transgenic forest trees in plantations. The key findings of our cross-country
pilot survey can be summarized as follows.
No differences in patterns of public attitude towards the acceptance of the commercial growing of transgenic forest trees
were observed between European and
non-European countries. Overall, the
young educated people that took part in
the survey appeared to know the meaning
of the transgenic forest trees, but they
were not sufficiently informed about the
status of commercial cultivation of transgenic forest trees and potential market
availability of transgenic forest products.
Also, respondents appeared to approve
the use of transgenic forest trees in plantations and not in natural forests, and would
be willing to buy forest transgenic products. In addition, they would like these
products to be labeled, so as to indicate
their transgenic origin and would be in
favor of a mandatory labeling policy.
However, the potential loss of biodiversity due to a risk of gene flow between
transgenic and wild trees was seen as the
safety issue of most concern when the
commercial release of transgenic forest
trees is considered, although the response
percentage ranged between 30 and 60% of
the sample population in each of the surveyed countries.
The potential benefits of transgenic forest tree plantations that were rated as
“very important” in the country context in
at least half of the surveyed countries
included the use of fewer chemicals and
energy to isolate cellulose from wood, the
harvesting of a smaller number of trees for
consumption needs, the use of fewer insecticides, pesticides and herbicides, the
restoration of contaminated soils and
higher tree productivity.
Potential higher vulnerability of forest
trees to viral and other diseases, an increased use of broad-spectrum herbicides,
loss of biodiversity due to gene flow between transgenic and wild trees, adverse
effects on bio-trophic processes of host
ecosystems if new genetic traits enter
these ecosystems and the potential cultural adaption to changing biodiversity
conditions due to transgene escape were
all seen as serious hazards in a country context.
Last, but not least the serious perceived
iForest 9: 344-353

lack of knowledge about potential benefits
and risks of the cultivation of transgenic
forest trees in plantations recorded in
most of the countries has to be highlighted.
The results of our study contribute to the
improvement of the scientific basis that is
required for safe tree development and
implementation of policy directives, particularly at the EU level. However, certain
limitations of our study need to be stated,
so as any future efforts to this purpose
would provide better insights in the issues
under concern. The study is limited in its
scope, as it involves a specific focus group
of young educated people. Therefore, a
more elaborated and larger scale social
research is required prior to any generalization of patterns or trends regarding broader public attitudes towards the use of
transgenic forest trees in plantations. Our
pattern analysis so far has included the
geographic origin of the respondents with
regard to knowledge, perceptions and
acceptance of the growing of transgenic
forest trees. Other correlations associated
with the different disciplines of the students used as sample population, the year
of study, the gender and age or whether
field trials exist in the country or not,
should be further explored and brought to
publicity. The authors have already begun
such effort.
In conclusion, the positive attitude of
young people towards the cultivation of
transgenic forest tree plantations might be
seen as a driver for future market adoption
of products from transgenic forest trees.
Extended research on the issues of public
knowledge, perceptions and acceptance of
the use of transgenic forest trees should
be undertaken in order to provide the scientific knowledge required for policy implementation on safe tree development.
The perceived lack of knowledge revealed
in our study even among the young educated people indicates that a combined
governance and educational effort should
be promoted to increase public awareness
and disseminate adequately the state-ofthe-art scientific knowledge, as this will
most likely determine market opportunities for transgenic forest tree products.
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