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Genetically-modified (GM) trees represent a new frontier in biotechnology,
though many environmental concerns associated to the commercial use of GM
trees and their products have been recently raised. In general, GM trees in-
volve no safety issues related to human health, therefore public attitudes to-
ward their commercial use should depend on environmental concerns or per-
sonal philosophical viewpoints, but also on educational level and background.
To assess the relevance of the educational level and background on attitudes
toward acceptance of commercial GM tree cultivation, a survey was conducted
in January 2014 among 400 students from the Faculty of Forestry of the Uni-
versity of Belgrade and from the Faculty of Applied Ecology “Futura” at the
University Singidunum (Belgrade). The aim was to determine whether different
educational profiles and educational level significantly affect students’ atti-
tudes toward GM trees. Results showed no significant differences in the re-
sponses among students from both faculties. All students showed a good know-
ledge of GM trees and agreed that different genetic modifications of forest
trees would be very important for their country. Also, more than a half of stu-
dents from both faculties would agree with commercial planting of GM trees
and would purchase their final products. However, 70 to 90% of students from
both faculties considered the hazards associated with the commercial use of
GM trees as “serious hazard” or “slight hazard”. The implication of the above
results are discussed.
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Introduction

Interest in genetically modified organisms
is constantly increasing due to both scientific
and commercial reasons. Thanks to recent
advances in the field of biotechnology, seve-
ral genetically modified (GM) agricultural
crops are currently grown worldwide, such
as soybean, maize, cotton, sugar beet, tomato
and others. The next frontier in biotechno-
logy is represented by the genetic modifica-
tion of forest trees aimed at different pur-

poses, such as faster growth, easier wood or
biofuel processing, altered wood structure,
resistance to herbicides and pests, etc. Be-
sides the obvious commercial advantages,
environmental benefits of the cultivation of
GM trees have been claimed, such as an en-
hanced sequestration of CO, by fast-growing
trees, protection of soil and water resources,
and habitat provision for wildlife (Milo-
vanovié & Sijagi¢-Nikolié 2006). Despite
the introduction of GM trees has started only
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in recent times, GM tree plantations have
been already established in many parts of the
world (Harfouche et al. 2011, Noni¢ et al.
2012).

Several studies has focused on possible en-
vironmental risks and impacts associated to
the cultivation of GM trees (Steinbrecher &
Lorch 2008, Hédggman et al. 2013) due to
several characteristics of their life cycle,
such as long-distance pollination, sexual
compatibility with wild relatives, reproduc-
tion by vegetative propagation, etc. For the
above reasons, in most countries field expe-
riments on transgenic trees are subject to a
strict regulation, including the destruction of
trees before seed production, spatial separa-
tion from stands of the same or interfertile
species, planting of border rows/pollen traps,
or even restriction of GM cultivation to labo-
ratories and greenhouses.

Currently, only few GM tree species have
been licensed for commercial planting throu-
ghout the world. For instance, the European
black poplar, engineered with an insecticidal
gene from the soil bacterium Bacillus thurin-
giensis (Bt), is being widely grown in China
with more than one million trees planted on
hundreds of hectares since 2003 (FAO
2004). However, commercial products from
GM trees are not expected to be available on
the market in short time. Unlike GM food
crops, GM tree products do not imply issues
related with human health. Therefore, their
acceptance by consumers largely depend on
personal attitudes, like environmental con-
cerns or philosophical viewpoints, but also
on the educational level and personal know-
ledge background.

In this study, a survey among university
students from Belgrade (Serbia) was carried
out in order to assess the relevance of educa-
tional level and background on attitudes to-
ward acceptance of the commercial use of
GM trees, and their final products.

Methods

A survey was conducted in January 2014
among the students of the Faculty of Fo-
restry, University of Belgrade, and the Fac-
ulty of Applied Ecology, Futura University
Singidunum (Belgrade). These faculties were
chosen because of the difference in their
study programs, focused on forestry sciences
and environmental sciences, respectively,
with the aim of determining whether con-
trasting educational profiles significantly af-
fect attitudes of students toward GM trees.
Students from the faculty of Forestry take a
course of genetics during the second year of
studies, while those from the faculty of Ap-
plied Ecology learn about GM trees within
the “Protection of endangered species”
course on the second year and “Protection of
forest ecosystems” on the third year.

A questionnaire was submitted to a total of
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Tab. 1 - Survey results on knowledge about GM trees and their application

Questions Faculty Answer Freq. Percent
Q1.1 Do you know what a geneti- Forestry Yes 165 82.5
cally modified forest tree (trans- No 35 17.5
genic forest tree) is? Total 200 100
Applied Yes 145 72.5
Ecology No 55 27.5
Total 200 100
Q1.2 Do you know if transgenic Forestry Yes 103 51.5
forest plantations are grown com- No 97 48.5
mercially? Total 200 100
Applied Yes 88 44
Ecology No 112 56
Total 200 100
Q1.3 Do you know if final pro- Forestry Yes 132 66
ducts of transgenic forest planta- No 68 34
tions (wood, biofuel, pulp, paper) Total 200 100
are sold in the market (stores, Applied Yes 110 55
supermarkets etc.)? Ecology No 90 45
Total 200 100
m Faculty of Forestry  m Faculty of Applied Ecology
22/ 7.02
6.37 s R~ 643 663641 647 65
] II || “
Forestcrops Forestcrops Forestcrops Forestcrops Forestcrops Forestcrops
with trees with trees  with trees more with trees more with trees more with trees more
containing less containing more  resistant to resistant to stresstolerant resistant to
lignin lignin insects herbicides diseases

Fig. 1 - Survey results on forestry and applied ecology students’ average ranks for accept-
ability toward different tree genetic modifications

400 students, 200 for each faculty, including
students from all the 4 years of the study
course, 50 from each year per faculty. The
questionnaire had 10 questions of different

types (close, multiple-answers or ranking
using a Likert scale) related to: (1) personal
socio-economic background; (2) knowledge
about GM forest trees; (3) acceptance of GM

forest trees products; (4) perceptions of safe-
ty issues related to GM forest trees (Noni¢ et
al. 2014).

Data from all the 400 questionnaires were
then gathered and analyzed using the statisti-
cal software SPSS® ver. 20.0 (IBM 2011).
Differences in the attitude toward GM trees
among students with different educational
level or background were compared by Chi-
square test (a=0.05), Linear-by-Linear Asso-
ciation test and computing the Likelihood
Ratio.

Results and discussion
Respondents from the faculty of Forestry

were 71.5% males and 28% females (missing

data: 0.5%), while those from the faculty of

Applied Sciences were 57% males, 42% fe-

males (missing data: 1%).

The first group of questions was aimed at
establishing the level of knowledge of GM
trees and their commercial applications:

* Ql.1 “Do you know what a genetically
modified forest tree is?”

* Q1.2 “Do you know if transgenic forest
plantations are grown commercially?”

* Q1.3 “Do you know if final products of
transgenic forest plantations (wood, bio-
fuel, pulp, paper) are sold in the market
(stores, supermarkets etc.)?”

Most respondents from both faculties (over
70%, in particular 82.5% for Forestry and
72.5% for Applied Ecology) declared that
they know what is a GM tree (question Q1.1
- Tab. 1). On the other hand, commercial ap-
plication and final products of GM trees
were less known, as revealed by the lower
percentage of positive answers (about 50%)
to questions Q1.2 and Q1.3 (Tab. 1).

In the first year of the study course, 46% of
students from the faculty of Applied ecology
and 64% of the faculty of Forestry stated to
know about GM trees, while this percentage
increases in the fourth year up to 88% and
86%, respectively. Results of the Chi-square
test of independence showed a highly signi-
ficant relationship (p<0.001) between the
year of study and the knowledge of GM trees
for both faculties (Tab. 2).

Tab. 2 - Results of the relationship between educational level of forestry and applied ecology students and their knowledge about GM trees.
The question was Q1.1 “Do you know what a genetically modified forest tree (transgenic forest tree) is”? (a): min. expected counts = 8.75;
(b): min. expected counts = 13.75. (Prob): asymptotic significance (2-sided).

Year of Yes No Chi-square tests
Faculty e
study Freq % Freq %  Statistics Value df Prob
Forestry 1 32 64.0 18 36.0  Pearson’s Chi-Square 17.281° 3 0.001
2 43 86.0 7 14.0  Likelihood Ratio 16.459 3 0.001
3 47 94.0 3 6.0  Linear-by-Linear Association 9.435 1 0.002
4 43 86.0 7 14.0  No. of valid cases 200 - -
Total 165 82.5 35 175 - - - -
Applied 1 23 46.0 27 54.0  Pearson’s Chi-Square 26.959° 3 0.000
Ecology 2 36 72.0 14 28.0  Likelihood Ratio 26.318 3 0.000
3 42 84.0 8 16.0  Linear-by-Linear Association 23.760 1 0.000
4 44 88.0 6 12.0  No. of valid cases 200 - -
Total 165 145 72.5 55 - - - -
iForest 8: 714-718 715 © SISEF http://www.sisef.it/iforest/



Students’ attitudes toward GM trees

Tab. 3 - Survey results on students’ attitudes towards the importance of benefits that would be achieved through adoption of GM forest

trees.

Benefits of GM trees

Faculty of Forestry
(% of answers)

Faculty of Applied Ecology
(% of answers)

1 2 3 4 1 2 3 4
Use of less chemicals and energy to process cellulose 7.5 8.0 26.1 58.3 11.6 7.5 36.7 44.2
Harvesting of smaller number of trees for consumption 4.5 9.0 27.6 58.8 7.0 7.5 16.0 69.5
Use of less pesticides in forest plantations 3.5 9.1 22.2 65.2 4.5 4.0 16.2 75.3
Less herbicide treatments in forest plantations 6.1 9.1 27.3 57.6 5.5 7.0 26.6 60.8
Restoration of contaminated soils 11.1 12.6 34.7 41.7 11.1 7.1 24.7 57.1
Less old growth logging 7.6 13.6 29.8 49.0 5.5 12.5 24.0 58.0
Higher pulping efficiency 14.2 23.9 38.6 23.4 13.6 10.6 47.2 28.6
Better timber quality 4.5 10.6 30.7 54.3 7.5 5.5 24.1 62.8
More efficient biofuel production 7.5 14.1 33.2 45.2 13.0 11.5 28.0 47.5
Stronger timber construction materials 5.5 12.6 27.6 54.3 6.5 10.5 34.5 48.5
Higher tree productivity 5.0 9.1 19.2 66.7 5.5 6.5 17.0 71.0
0 10 20 30 40 S0 60 70 80

The second group of questions was de-
signed to assess the level of acceptance of
the commercial use of GM trees by the re-
spondents:

* Q2.1 “Would you please rank your accep-
tability towards the adoption of transgenic
forest crops with the following genetic
modifications of forest trees?”

* Q2.2 “Which of the following benefits re-
sulting through the adoption of transgenic
forest crops do you think may be important
in your country?”

* Q2.3 “Would you agree with forest trans-
genic crops to be approved for commercial
planting?”

* Q2.4 “Would you purchase final products
(wood products, pulp, paper etc.) produced
from transgenic forest plantations?”

* Q2.5 “Would you agree with the final pro-
ducts from transgenic forest plantations to
be labeled to indicate their origin from ge-
netically modified trees?”

* Q2.5.a “If YES, would you agree with the
labeling of such products to be legally
mandatory?”

As for question Q2.1, students were asked
for ranking on a scale 1 to 10 the acceptabi-
lity of different genetic modifications of fo-
rest trees, including lignin content, resistance
to pests, diseases, stress and herbicides.
Mean ranks over both faculties for each ge-
netic modification proposed are displayed in
Fig. 1. Genetic modifications aimed at en-
hancing the resistance of trees to diseases
was the most acceptable for students from
both faculties. However, their opinion varied
along the course of studies: 38% of students
in the first year, but only 16% in the fourth
year of studies for the faculty of Applied
Ecology, while for the faculty of Forestry
38% in both the first and fourth year, but
32% and 30% in the second and third year.
Overall, all the genetic modifications listed
in the questionnaire ranked between 5 and 7,
indicating a quite high level of acceptance of
various GM tree applications by students.

Students’ attitudes about the importance of
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Fig. 2 - Results of the survey on attitudes of students toward safety issues of the use of GM

trees.

Tab. 4 - Results of the survey on students’ acceptance of the commercial use of GM trees.

Question Faculty Answer Freq Percent
Q2.3 Would you agree with forest Forestry Yes 117 58.5
transgenic crops to be approved No 82 41

for commercial planting? Total 199 99.5
Applied Yes 112 56
Ecology No 88 44
Total 200 100
Q2.4 Would you purchase the final ~ Forestry Yes 109 54.5
products (wood products, pulp, No 90 45
paper etc.) produced from trans- Total 199 99.5
genic forest plantations? Applied Yes 125 62.5
Ecology No 75 37.5
Total 200 100
Q2.5 Would you agree with the Forestry Yes 178 89
final products produced from No 21 10.5
transgenic forest plantations to be Total 199 99.5
labeled to indicate that they origi-  Applied Yes 174 87
nate from genetically modified Ecology No 25 12.5
trees? Total 199 99.5
Q2.5.aIf YES, would you agree Forestry Yes 168 84
with the labeling of such products No 28 14
to be legally mandatory? Total 196 98
Applied Yes 173 86.5
Ecology No 13 6.5
Total 186 93
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Tab. 5 - Results of the correlation analysis between educational level of students and their acceptance of GM trees commercial application.
The question was: Q2.3. “Would you agree with forest transgenic crops to be approved for commercial planting?”. (a): the minimum ex-
pected count was 20.19; (b): the minimum expected count was 22.0; (Prob): asymptotic significance (2-sided).

Facult Year of Yes No Chi-square tests

acuity study Freq % Freq %  Statistics Value df Prob.
Forestry 1 35 70.0 15 30.0 Pearson’s Chi-Square 5.226* 3 0.156
2 31 62.0 19 38.0  Likelihood Ratio 5.289 3 0.152
3 24 49.0 25 51.0  Linear-by-Linear Association 3.802 1 0.051

4 27 54.0 23 46.0 N (valid cases) 199 - -

Total 117 58.8 82 412 - - - -
Applied 1 31 62.0 19 38.0  Pearson’s Chi-Square 1.623° 3 0.654
Ecology 2 29 58.0 21 42.0 Likelihood Ratio 1.627 3 0.653
3 25 50.0 25 50.0  Linear-by-Linear Association 1.034 1 0.309

4 27 54.0 23 46.0 N (valid cases) 200 -

Total 112 56.0 88 44.0 - - - -

benefits from the use of GM trees (question
Q2.2) were analyzed by a four-point Likert
scale (4: very important; 3: slightly impor-
tant; 2: not important; 1: I do not know). The
highest percentage of students from the fa-
culty of Applied Ecology (75.3%) and a
large percentage of students from the faculty
of Forestry (65.2%) believe that “Use of less
pesticides in forest plantations” is the most
important benefit (Tab. 3). On the other
hand, a “Higher tree productivity” was the
major benefit for most forestry students
(66.7%) and for a high percentage of eco-
logy students (71%). It is worth to notice
that for all the benefits listed in the question-
naire, the answer 4 (“very important”) was
the most frequent, with the only exception of
the benefit “Higher pulping efficiency”,
where answer 3 (“slightly important”) had
the highest percentage in both faculties (Tab.
3).

Commercial planting of GM trees, marke-
ting and labeling of their final products were
the subjects of questions Q2.3 through
Q2.5.a. Over half of the students from both
faculties would agree with commercial plan-
ting of transgenic forest crops (Q2.3 - Tab.
4). Such percentage was slightly higher for
forestry students as compared with those in
applied ecology (58.5% vs. 56%, respec-
tively). Furthermore, over 50% of the re-
spondents declared to be willing of purcha-
sing final products from transgenic forest
plantations (Q2.4), with a higher proportion
of students from the faculty of Applied Eco-
logy. The majority of students (above 85%)
agrees that products from transgenic forest
plantations should be adequately labeled
(Q2.5), and almost all indicated that this
should be mandatory (Q2.5.a - Tab. 4).

The correlation between the educational
level of students and their acceptance of

Tab. 6 - Results of the survey on students’ attitudes toward potential hazards of commercial

use of GM trees.

Faculty of Forestry
(% of answers)

Faculty of Applied Ecology
(% of answers)

commercial planting of GM trees (Q2.3) was

analyzed using a Chi-square test (Tab. 5).

No significant correlation was found for stu-

dents of both faculties (asymptotic signifi-

cance > 0.05 in both cases). However, a non-
significant relationship (p = 0.051) between
knowledge of GM trees and acceptance their
commercial planting was observed for stu-
dents of the Faculty of Forestry. Cross tabu-
lation of data for questions Q1.1 and Q2.3

revealed an asymptotic significance of 0.015

(¢ = 5.902) for students from the Faculty of

Forestry and 0.949 (5% = 0.004) for those of

the Faculty of Applied Ecology.

The final part of the questionnaire was
aimed at determining the perception of stu-
dents about the safety of GM forest trees,
through two questions:

* Q3.1 “Which of the following issues con-
cerns you the most regarding the use of
transgenic forest crops?”

* Q3.2 “Which of the following cases do
you think may constitute a hazard when
using a transgenic forest crop?”

As for question Q3.1, a list of nine pre-de-
termined possible answers was proposed,
though students had the possibility to pro-
vide no answer at all or even a custom an-

Potential Hazard RS T =T ST &= T =T ZT  swernot included in the list. The most con-
> S = 50 & S = =y ] o & = . . .
<= z E = .E 5y <= Z N = S 5% cerning 1ssue‘ ‘related W{th _the psi of GM
— 7n = o = = wn<= trees was the “Loss of biodiversity” for stu-
Forest trees less fit 1.5 35 48.5 465 8.0 45 432 442 dents from both faculties (Fig. 2), followed
Forest trees more vulne- 1.0 6.5 29.6 62.8 5.5 30 345 570 by “More use of broad spectrum herbicides”
rable to viral diseases and “Forest trees more vulnerable to viral
Higher rates of soil 70 200 465 265 145 135 51.0 21.0 diseases”, both with over 20 answers.
decomposition As for question Q3.2, students were re-
More pesticide resistant 76 152 419 354 100 13.0 37.0 40.0 quested to rank the potential hazards related
forest species to the commercial use of GM trees using a
More use of broad 5.5 95 27.1 57.8 10.0 1.5 28.0 60.5 four-point Likert scale (4: serious hazard; 3:
spectrum herbicides slight hazard; 2: no hazard; 1: 1 do not
Loss of biodiversity 2.5 80 180 715 8.0 20 145 755 know). As reported in Tab. 6, 70 to 90% of
Adverse effects on 9.0 6.0 30.0 55.0 9.5 35 235 635 the students’ answers were ranked in the “4:
bio-trophic processes serious hazard” or “3: slight hazard” cate-
of host ecosystems gories. This means that all the listed hazards
Increased cost of con- 9.0 10.0 415 395 9.5 85 40.0 42.0 associated with the use of GM trees were
trolling pest outbreaks considered as potentially dangerous by the
Cultural adaptation to 13.0 11.5 325 430 142 132 391 335 students of both faculties, with slight diffe-
changing biodiversity rences. However, most concerning hazards
conditions
iForest 8: 714-718 717 © SISEF http://www.sisef.it/iforest/



(over 60% of answers ranking in the cate-
gory “4: serious hazard”) were the “Loss of
biodiversity” for students from both facul-
ties, “Forest trees more vulnerable to viral
diseases” for forestry students and “Adverse
effects on bio-trophic processes of host
ecosystems” for ecology students.

Conclusions

No significant differences in responses to
this survey were found between students
from Faculty of Forestry and Faculty of Ap-
plied Ecology, despite the fact study pro-
grams and educational background are in the
area of natural sciences in both cases. All
students showed a good knowledge of GM
trees and all agreed that the use of GM trees
would be very important for their country.
As expected, the level of knowledge of GM
trees increased along the study course, as a
consequence of the information acquired
over their educational career.

Based on the results of the survey carried
out, most important benefits of the use of
GM trees were “use of less pesticides in fo-
rest plantations” and “higher tree producti-
vity”. In general, however, all stated benefits
were mostly ranked as slightly or very im-
portant by students of both faculties. Over-
all, 50 to 60% of students were willing to ac-
cept planting of GM trees for commercial
use and purchase their final products, with
forestry students more willing to accept com-
mercial planting than purchase final products
from GM trees, and vice-versa for ecology
students. No correlation was found between
the students’ acceptance of commercial use
of GM trees and their study year. However,

for students of the Faculty of Forestry a rela-
tionship between knowledge of GM trees
and their acceptance for commercial planting
was observed, though not statistically sup-
ported.

Most safety issues related with the com-
mercial use of GM trees were ranked as se-
rious or slight hazards, and the most con-
cerning issue was the “loss of biodiversity”,
as already reported by previous surveys
(Noni¢ et al. 2014). Future research will be
extended to students from other countries
over Europe, as well as to students with dif-
ferent educational backgrounds (e.g., social
sciences).
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