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Genetically Modified Crops – A Potential Risk 
for Sustainable Agriculture

Gordana Zdjelar, Zorica Nikolić
Institute of Field and Vegetable Crops, Maksima Gorkog 30, 21000 Novi Sad, Serbia

e-mail: gordana.zdjelar@nsseme.com

Abstract

The concept of sustainability applied to agriculture has developed mainly as a result of growing 
awareness of negative impacts of intensive agriculture production systems on the environment and 
the quality of life. Intensive agriculture systems are based on genetically uniform crops which can be 
susceptible to various diseases and insect pests. Genetically modified (GM) crops have been developed 
in an attempt to expedite the process of crop improvement for food quality and solve some of the 
problems associated with commercial agriculture, including disease and weed management. The 
introduction of GM crops into agriculture has opened a great debate about their safety with respect 
to possible long-term adverse effects on the environment, human health and sustainability of this 
new agricultural technology. Environmental safety issues focus on the direct or indirect effects of GM 
crops on non-target organisms and the transfer of GM traits to populations of wild plants via gene 
flow. Food safety concerns relate to the potential allergenicity of food products. Herbicide tolerant 
Roundup Ready (RR) soybean is the dominant GM crop occupying 50% of the global biotech area. It is 
one of seven transgenic soybean lines authorized for the EU market, none of those for cultivation. The 
most serious problem for farmers who grow RR soybean is the outbreak of glyphosate-resistant weeds, 
or “superweeds” which can lead to overuse of selective broad-leaf herbicides or herbicide mixtures. 

Key words: soybean, herbicide resistance, superweeds

Introduction

Sustainable agriculture. Lewandowski et al. (1999) defined sustainable agriculture as “the 
management and utilization of the agricultural ecosystem in a way that maintains its biological 
diversity, productivity, regeneration capacity, vitality, and ability to function, so that it can fulfil – 
today and in the future – significant ecological, economic and social functions at the local, national 
and global levels and does not harm other ecosystems”. Sustainable development means that economic 
growth should be promoted but guided in ways to improve the total quality of life both now and in 
the future, in a manner that maintains the ecological processes upon which life depends (Grice and 
Lawrence, 2004). 

The concept of sustainability applied to agriculture has developed mainly as a result of growing 
awareness of negative impacts of intensive agriculture production systems on the environment and 
the quality of life in European rural areas. Intensive agriculture systems are based on genetically 
uniform crops which can be susceptible to various diseases and insect pests, whereas the extensive 
agriculture systems are based on crops with wide genetic variation for pest and disease resistance. 
New varieties require adequate soil moisture, protection against weeds, and protection against 
pests. Those are provided through the use of chemical fertilizers, irrigation where necessary, and 
the application of herbicides and pesticides which can cause polluted air, water, soil and decreased 
food quality. Intensification and wide use of hybrids also result in homogenization and destruction of 
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traditional landscape elements and, consequently, loss of habitats. Marginal areas, on the other hand, 
are threatened with cessation of agricultural practices and land abandonment. All these factors also 
lead, directly or indirectly, to the loss of biodiversity. 

Awareness is growing that many modern agricultural practices are unsustainable and that alternative 
ways of ensuring food security must be found. There is a global need to move towards the sustainable 
production of the food, feed, fuel and fiber for an expanding population on limited and degrading 
land resources (Nickson, 2005). In recent years, introduction of genetic engineering technologies into 
agriculture has raised a great debate among scientists, consumers and policy makers with regards to 
their potential consequences upon the environment, health, and the sustainable development. It is 
necessary to further examine the issue of GM crops in order to decide whether their cultivation can 
be considered sustainable and responsible.

Genetically modified crops. The global area in which genetically modified (GM) crops are grown is 
increasing. In 2011, 29 countries planted commercialized GM crops; eight out of those are members of 
the European Union (EU). Some of the countries in the EU have authorized the contained cultivation 
of GM crops but not the commercial cultivation. The largest producers of GM crops are the USA, 
Brazil, Argentina, India and Canada. Between 1996 and 2011, the global area of GM crops increased 
from 1.7 million hectares in 1996 to 160 million hectares in 2011. Thus, year-on-year growth measured 
either in absolute hectares or by percent, was higher in developing countries than industrial countries 
(James, 2011). 

The first genetically modified plant was introduced into commercial production in the USA in 1994. 
That was Flavr Savr, tomato with delayed ripening (Holst-Jensen, 2009). According to Brookes and 
Barfoot (2005), 1996 was the first year in which a significant area was planted with crops containing 
GM traits. Since then, GM plants have become an integral part of agricultural production and there 
are more and more GM plant species that are commercially available. GM soybean continues to be the 
dominant GM crop occupying almost 50% of the global biotech area. The second most dominant GM 
crop is maize (30%), followed by cotton (14%) and canola (5%), while rice, potato, sugar beet, tomato, 
wheat, tobacco, cucumber, melon, alfalfa, lettuce and sunflower are grown in less than 1% of the area 
under GM crops (James, 2011). 

Genetically modified plants are developed by introducing a gene or genes from related or unrelated 
species using methods of genetic engineering. This process is known as genetic transformation. A 
transformation method should ensure stable integration of the foreign DNA into the host genome 
without structural alterations, as well as stability of the new phenotype over several generations 
(Niederhauser et al., 1996). Genetic engineering techniques allow scientists to manipulate genetic 
material more precisely and to expand the scope of breeding new varieties. The main advantage of 
genetic modification is that crop improvement can be achieved in shorter time and more efficiently 
compared to conventional breeding methods. Numerous transformation methods have been 
developed: microprojectile bombardment, microinjection, direct transformation (electroporation, 
microinjecting, ballistic method and chemical stimulation of endocytosis), Agrobacterium species - 
mediated transformation etc. Each of these methods has advantages and limitations and is used in 
specific situations. Currently, there is no single technique that is suitable for all species. The most 
commonly used method includes introduction of DNA into genomic DNA using a bacterial species 
(e.g. transferring DNA into plant cell via mobile Ti plasmid from Agrobacterium tumefaciens) to 
deliver the gene of interest into the host plant. This method has been successfully used in dicots (i.e. 
broadleaf plants, such as soybeans, tomatoes etc.). The disadvantage of Agrobacterium-mediated 
transformation method is the impossibility to transform all plant species. Monocots (cereals) are 
not naturally susceptible to Agrobacterium and until relatively recently it have been comparatively 
difficult to transform them by Agrobacterium. However, successful transformations have been 
reported in the last few years (Mehrotra and Goyal, 2012). The second method widely used for 
genetic transformation is direct transformation, especially useful in transforming monocot species 
like maize and rice. 
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Genetically modified crops have been developed in an attempt to improve food quality and solve 
some of the problems associated with commercial agriculture, including disease and weed management 
(Milošević et al., 2008). The first generation of GM crops currently available contains input-traits with 
agronomic benefits to farmers (e.g. reducing the use of pesticides) and that only indirectly concern 
the consumers. Those GM crops have herbicide (glyphosate, gluphosinate and oxinyl) tolerance, 
insect tolerance and resistance (various forms of Bacillus thuringiensis Cry proteins) and viral and 
fungal resistance (Alstad and Andow, 1995). The second generation of GM crops involves health and 
nutritional properties (e.g. trans-fatty acid reach soybean and rapeseed oil, increased amylase content 
in maize for alcohol production) directly. Cereals and vegetables with varied nutritional values and 
organoleptic properties have already offered positive features also for the consumers. Varieties with 
tolerance to unfavourable agricultural circumstances (drought, cold and salt tolerance) are also 
a new generation development. The third generation plants are developed not specifically for food 
industry purposes but rather to produce organic molecules and active ingredients (production of 
“nutraceuticals” and pharmaceuticals) (Smyth et al., 2002).

At present, only a few food crops are permitted for food use and traded on the international food 
and feed markets, including herbicide-resistant soybean, herbicide- and insect-resistant maize and 
oilseed rape, and insect- and herbicide-resistant cotton (primarily a fiber crop, although refined 
cottonseed oil is used as food), in addition to several varieties of papaya, potato, rice, squash, sugar 
beet, and tomato approved for food use and environmental release in some countries (Ponti, 2005).

New technologies often raise new concerns and the use of genetic modification to improve food crops 
is no exception. Thus, the potential benefits of genetically modified crops have to be balanced by concerns 
over the potential risks to human health and the environment as well as the sustainability of this technology.

Potential risk of genetically modified crops. The introduction of GM crops into agriculture has 
opened a great debate about the safety of GM crops with respect to possible long-term adverse effects 
on the environment, human health and also on the sustainability of this new agricultural technology. 
These issues have been extensively reviewed and investigated (Dale et al., 2002; Ellstrand, 2003; Ervin 
et al., 2003; Snow et al., 2005; Brookes and Barfoot, 2010; Zdjelar et al., 2011). 

Environmental safety issues focus on the direct or indirect effects of GM crops on non-target 
organisms and introgression of GM traits into populations of wild plants via pollen transfer. Over 
the long term, transgenic crops modified to be resistant to a particular pest or disease may have a 
negative effect on non-target species that are harmless or beneficial (O´Callaghan et al., 2005). For 
example, Bt maize pollen may be toxic to Monarch butterfly (Sears et al., 2001). Although Monarch 
butterfly is native to Mexico, the USA and Canada it is possible that other butterfly species in Europe 
can be affected in similar way. The conditions required to grow herbicide tolerant GM plants may 
also affect local wildlife populations because farmers can use a different herbicide regime to that used 
on conventional crops (e.g. usage of non-selective herbicide Roundup). Gene flow is the movement 
of genes between two genetically different populations of the same species (King et al., 2006). There 
are three ways for gene flow to be mediated: by pollen, seed or vegetative propagule. For example in 
rapeseed, transgenes can be transferred between cultivars and from cultivars to certain wild relatives, 
volunteers and feral plants (Devos et al., 2004). If GM plants pass their new traits (pest resistance, 
herbicide tolerance, drought tolerance, etc.) on to wild relatives, that could enhance the fitness of 
wild relatives through the expression of a favourable trait. Transgene will quickly be spread in the 
population through introgression. Individuals with that trait could out-compete individuals without 
transgene under natural selection. Final result of the previously mentioned, possible environmental 
consequence of GM crops could be the loss of biodiversity.

Food safety concerns relate to the potential allergenicity (Goodman et al., 2005; Prescott et al., 
2005; Mishra et al., 2010) of food products expressing genes that confer resistance to insect, fungal 
and viral pathogens or provide herbicide tolerance, as well as reduced quality of those products. Since 
the inserted genes usually come from other organisms such as bacteria, the proteins they produce are 
often new to animal or human diet. The production of protein may also involve a new biochemical 
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pathway in the plant or affect an existing one, which can mean the production of other novel protein 
or biochemical by-products, some of which could be allergenic or toxic. This explains why GMOs 
have been associated with allergic reactions (Pryme and Lembcke, 2003; Prescott et al., 2005). 

Agronomic safety issues relate to the potential impact on the agricultural environment by transferring 
of pest resistance and herbicide tolerance traits from GM crops to weedy species, the persistence of 
feral crop plants carrying these traits and cross-pollination with non-GM crops in the field (Ervin et 
al., 2003). The most serious problem for farmers is the outbreak of herbicide resistant weeds so called 
“superweeds”. The incorporation of the herbicide tolerance traits in recipient plants may increase the 
fitness of these plants, making them more abundant and persistent. Herbicide treatments are commonly 
used by farmers to control weeds, including volunteers and certain wild relatives. The presence of 
herbicide tolerant plants limits the effectiveness of herbicides used for controlling weed infestation 
(Devos et al., 2004). Herbicide tolerant weeds may cause problems to farmers or seed producers if 
they switch to agricultural practices with low herbicide usage. It is well documented that when a 
single herbicide is used repeatedly on a crop, the chances of herbicide resistance developing in weed 
populations greatly increase (Holt et al., 1993). One of the most mentioned concerns regarding the 
commercial growing of GM plants are possible transfers of transgenic pollen into neighbouring fields 
with similar crops. If a non-GM crop is fertilized with GM pollen, some percentage of the collected 
seed product will contain GM. The main sources for GM contamination of non-GM crops at the farm 
level are: seed impurities, pollen dispersal between fields, seed dispersal with machinery, dispersal of 
pollen and seeds from volunteer plants, and mixing of crops after harvest (Devos et al., 2004).

Herbicide tolerant soybean. Herbicide tolerance (HT) is the dominant trait in GM crops, followed 
by insect resistance and stacked genes for the two traits. Herbicide tolerant Roundup Ready (RR) 
soybean (GTS 40-3-2) is the most common transgenic line of soybean. It is one of seven transgenic 
soybean lines authorized for the EU market, none of those for cultivation (James, 2011).

Each year, the EU imports approximately 18 million tons of soybeans and 20 million tons of 
soybean meal from Brazil, the USA, and Argentina. Soybean, as major GM crop, represents the staple 
constituent of many foods. There are many different kinds of soya-derived products (protein additives, 
meat analogues, diet foods, milk products analogues, lecithin for desserts, baked goods, etc.) which 
are common ingredients in many processed foods. It is estimated that as much as 60% of the processed 
food inventory of a typical supermarket contains material from soya (Nikolić et al., 2009a). The 
demands of consumers for healthier and safer products have promoted the use of soybean proteins in 
processed meat products as fat replacers (Castro-Rubio et al., 2005). 

Roundup Ready soybean is engineered for tolerance to glyphosate herbicide, commonly sold under 
the trade name Roundup. Glyphosate is water-soluble, broad-spectrum, non-selective herbicide that 
is absorbed by the leaves and transported to all parts of the plant, including the roots. It is capable of 
completely killing even deep-rooted plants. Glyphosate binds manganese, making it unavailable to 
the enzyme 5-enolpyruvylshikimate-3-phosphate synthase (EPSPS). Because manganese is essential 
for EPSPS to work, inhibiting it in this way glyphosate subsequently affects an essential biochemical 
pathway in plants, the shikimate pathway, leading to a shortage of aromatic amino acids for building 
proteins (Johal and Huber, 2009). As a result, plants treated with glyphosate have lower levels of 
manganese and other nutrients, reduced shoot and root growth and the end result is the plant’s 
death (Gaines et al., 2011). Several bacterial species show tolerance to glyphosate. The soil bacterium 
Agrobacterium sp. strain CP4 was isolated and introduced into the genome of soybean cultivars using 
a transformation method called ballistic method. The enzyme EPSPS is present in all plants, fungi and 
bacteria but not found in animals. It is assumed that glyphosate is relatively harmless to mammals, 
insects, fish and birds because they do not make their own aromatic amino acids but receive them 
from plant, microbial or animal-derived foods (Kleter et al., 2005). 

The commercialization of GM crops resistant to glyphosate herbicide revolutionized weed 
management in agriculture. Earlier, in order to control weeds, farmers had to carefully select among 
a wide range of herbicide active ingredients, carefully manage the timing of herbicide application and 
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combine them with mechanical methods. Herbicide tolerance now offers farmers a management tool 
to control weeds by allowing crops to be sprayed with herbicides. Glyphosate is an essential element 
in the GM RR soy farming system. The most serious problem for farmers who grow RR soybean is 
the outbreak of glyphosate-resistant weeds, or “superweeds”. Worldwide, there are 21 weed species 
with glyphosate resistant strains. Among those are the most problematic agronomic weeds, such 
as horseweed (Conyza canadensis), Palmer amaranth (Amaranthus palmeri), Velvetleaf (Abutilon 
theophrasti) and Johnsongrass (Sorghum halepense) (Heap, 2011). The most serious outbreaks have 
occurred in regions where glyphosate-resistant crops have facilitated the continued overuse of this 
herbicide (Mortensen et al., 2012). Increased herbicide resistance as a result may increase application 
of selective broad-leaf herbicides or herbicide mixtures. As herbicides are known to accumulate in 
fruits and tubers as they suffer little metabolic degradation in plant, with this overuse of herbicides 
questions about food safety also arise (Altieri, 2000). Application of long residual herbicides that are 
mobile in surface water or penetrate into groundwater could lead to additional water quality concerns. 
The toxicity of glyphosate is strongly increased by the adjuvants (added ingredients) and surfactants 
that it is mixed with. Adjuvants facilitate adhesion of herbicides to foliage and penetrate into plant 
cells, allowing it then to be transported to all parts of the plant. In addition, glyphosate breaks down 
in the natural environment to form aminomethylphosphonic acid (AMPA), which is very similar in 
chemical structure to glyphosate. There is evidence that AMPA can also have impacts on animal and 
human health, and the environment (Abouziena et al., 2009). 

Monitoring of genetically modified organisms. Although GM crops are considered to be equivalent 
to their conventional counterparts and there has been no documented evidence of risk to human health 
or the environment according to Paarlberg (2010), there are concerns on the potential adverse effects 
of genetic modification on human health and the environment (Falck-Zepeda, 2009). In addition to 
this, there is a concern that the trade in GM grain may result in the spread of GMOs to countries where 
they have not been approved (Clapp, 2008). Consumer concerns about GM foods have affected food 
regulation policies worldwide and led to the development or changes in GM food labelling legislation 
in many countries in order to allow consumer choice.

The European Union continues to be a region where the commercial cultivation of genetically 
modified crops is very limited. Regulation 1829/2003 on genetically modified food and feed and 
Regulation 1830/2003 concerning the traceability and labelling of genetically modified organisms and 
the traceability of food and feed products produced from genetically modified organisms have been 
in force since April 2004. The labelling threshold for GMO content in food has been lowered from 1% 
to 0.9%. The same threshold is applied for feed (Regulations (EC) No. 1829/2003, 1830/2003). Until 
then there was no specific regulation on approval or labelling of GM feed. In organic farming, the 
regulations do not allow the use of genetic engineering in the grain production system partly in order 
to guarantee GM-free products to the consumers. The proportion of seeds containing GMO may not 
exceed a critical detection level, e.g. 0.1%, if the crop is to be classified and sold as an organic crop. 
This includes all sources of transgenic contamination during production and distribution, which is 
generally low in organic crops because of separate distribution lines (Damgaard and Kjellsson, 2005).

Given that Serbia’s own resources are insufficient to respond to the needs of animal nutrition, there 
is a need to import certain quantities of animal feed and supplements for compound feeding stuffs 
(enzymes, additives etc.). In this way a number of GM events could illegally enter Serbia mostly as 
a raw material to be used directly as feed or in feed/food industry. In order to prevent uncontrolled 
import of GMOs in Serbia new Law on GMO was adopted in May 2009. According to this Law, 
Serbia strictly prohibits all import, production and commercial growing of GMO crops or products 
containing GMO (Official Gazette of RS 2009). However, in the agricultural products of plant origin 
the contamination of 0.9% and 0.1% for seed is permitted. All shipments of soybeans, maize, rice, 
sugar beet and rapeseed and their products entering Serbia must be tested for GMO content, and are 
allowed to be imported only if they are GMO-free. Laboratory for Seed Testing, as a part of Institute 
of Fields and Vegetable Crops Novi Sad, is one of four accredited laboratories which deal with the 
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detection of GMOs in commercially available raw and processed food and feed. In Serbia, over the 
past ten years, several studies have dealt with the detection of GMOs (Nikolić et al., 2008; Taški-
Ajduković et al., 2009; Nikolić et al., 2010; Nikolić and Vujaković, 2011; Zdjelar et al., 2012). 

Although the cultivation of GM plants has not yet been approved in Serbia, their import is expected 
to increase, and their unforeseen, intended or accidental cultivation may eventually occur as has 
been revealed for Roundup Ready soybean (Nikolić et al., 2009a). As a result of this it has become 
important to monitor the food chain for the presence of unapproved illegal GMOs as well as to ensure 
the enforcement of GM labelling (Nikolić et al., 2009b; Park et al., 2010).

Conclusions

Although the global area in which GM crops are grown is increasing, this new agricultural 
biotechnology still encounters considerable resistance in the European Union. This is mainly due to 
concerns about possible long-term adverse effects on the environment and human health, but also due 
to doubts with regard to the sustainability of these transgenic crops. The risk assessment of GM crops 
focuses especially on potential consequences on the stability and diversity of ecosystems, including 
putative invasiveness of GM crops, effects on biodiversity, gene flow, impacts on non-target organisms 
and the impact of presence of transgenic material in food.

Widespread adoption of genetically modified crops carries a potential risk of reducing the level of 
inter-crop diversity and promotes the cultivation of monocultures on a larger scale. It could affect its 
stability and cause a loss in the expected welfare of farmers. 

Market concentration and monopoly power in the seed industry, reducing choice and control for 
farmers, who will pay ever higher prices for seed at the end. However, the most serious problem 
for farmers who grow herbicide tolerant crops, especially RR soybean, is the development of weed 
populations that are resistant to glyphosate, so called “superweeds”. Their appearance can lead to 
increased usage of selective broad-leaf herbicides or herbicide mixtures that could increase the cost 
of spraying. Further, increased amount of herbicides can accumulate in fruits and tubers or penetrate 
into groundwater affecting invertebrates and humans who use them.

Rising consumer concerns about GM foods have affected food regulation policies worldwide and 
led to the introduction of GM food labelling in many countries in order to allow consumer choice. 
With GM crops being produced in secrecy and labelling regulation not always in place effectively, 
the public’s right to choice is not always being adequately respected. Consequently it has become 
important to monitor the food chain for the presence of genetic modification as well as to ensure the 
application of GM labelling.

It should be noted that it is practically impossible to quantify or predict the long-term consequences 
arising from the widespread use of GM crops. However from the present literature review, at this point 
in time, genetically modified crops are not a suitable tool for sustainable agriculture due to specific 
environmental, economic, and socioeconomic reasons.
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