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ABSTRACT: Despite many potential promises, there is a plethora of worries regarding the effect of GM 

crops on the environment. Key problems in the environmental evaluation of GM crops include potential 

invasiveness, vertical or horizontal gene flow, other ecological consequences, effects on biodiversity and the 

impact of presence of GM material in other goods. These are all extremely multidisciplinary and complicated 

problems. A key component for a successful evaluation is establishing the right baseline for comparison and 

decision. For GM crops, the best and most properly defined reference point is the effect of plants produced 

through conventional breeding. The latter is an essential and recognized component of agriculture. In many 

cases, the potential effects found for GM crops are remarkably comparable to the implications of new 

cultivars produced through conventional breeding. When evaluating GM crops compared to current 

cultivars, the enhanced knowledge base underlying the development of GM crops will offer more confidence 

in the assurances plant science can provide on the dangers of releasing such crops. 

KEYWORDS: Agriculture, Biodiversity, Breeding, Cultivars, Genetically Modified Crops.  

1. INTRODUCTION 

Throughout the history of plant breeding, 'new technologies' have been used frequently to 

create novel gene combinations for cultivars. These include: artificial chromosome number 

manipulation; developed addition and substitution lines for specific chromosomes; chemical 

and radiation treatments in order to induce mutations and chromium—some rearrangements; 

as well as cell and tissue cultivation approaches such as embryo rescue, in-vitro fertilization 

and protoplast fusion that allow for inter- and generic hydrate recovery. The genetic 

advantages of the integration of these technologies in mainstream plant breeding have 

significantly enhanced the performance of these cultivars. They continue to play a large role 

in the development of genetic efficiency, adaptability of the environment, resistance to 

certain discomforts and pests and particular qualitative characteristics which farmers, the 

food business and consumers are continuously demanding [1]. 

Cell and molecular biology scientific progress have now resulted in genetic engineering or in 

crop modifications. The resultant new germplasm is expected to enable plant farmers to react 

faster to the growing needs of consumers. Despite the potential advantages of this new 

technology to enhance the dependability and quality of the global food supply, environmental 

and food safety concerns about GM plants have been raised by the public and the scientists. It 

is believed that the technology would hurt individuals at the cost of the poor through 

unwanted environmental, health and/or economic consequences. There is an increasingly 

loud and occasionally violent public concern. Consumer adoption of commercial gene 

technology goods in Europe appears more distant than ever. Consumers in the US are waking 

up and authorities are following. Therefore, the years to come will be crucial in order for GM 

crops to be commercially and economically successful in agriculture and food production. 

GM crops will fail on the market without the approval of society as a whole. The United 

Nations (UN) and other international organizations also said that worldwide issues with 

world food and nutrition security are so severe that they cannot allow themselves to turn 

away from GM crops. Similar evaluations may be found in other locations. GM crops are not 
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offered as the sole answer in such evaluations but as a potential addition to a variety of 

required measures and incentives to a rising urgency of the issue[2]. 

Current debates in Western nations concentrate primarily on genetically modified food, feed 

and consumer safety. This subject is well discussed elsewhere. This has to some degree 

distracted public attention from environmental and eco-logical concerns regarding the effect 

of cultivation and processing of GM crops. The subject, however, is likely to be a sleeping 

volcano, ready to explode when food problems are resolved, if ever, to the satisfaction of 

most parties concerned. The momentary quiet may be a great time to reflect on the reasonable 

discussion about the environmental effect of GM crops and concentrate on the research used 

to evaluate the impact. 

The issue is partially because the same questions have been asked over 15 years on a number 

of occasions and are still raised, despite all allegedly relevant research. It seems that the 

answers provided are not acceptable. This may suggest that many of the worries expressed 

concerning GM crops further reflect concerns about the changing character of agriculture as a 

whole, which relies on values and philosophical views that are not quickly altered when 

technological knowledge is presented. We recognize that socio-economic and other factors 

are of paramount significance for appropriate technological assessment and realize that a 

sensible and transparent connection between science and politics may be the major obstacle 

for the entire assessment of GM crops. Nevertheless, the scope of this study is limited to the 

questions of plant science that we believe to be most important [3]. 

In addition to the accompanying article on the existing status and environmental regulations 

for GM crops worldwide, we will describe the evaluations of GM crop risk and how they are 

carried out. The following is a detailed discussion of the potential dangers connected with the 

introduction of genetically modified crops. The basis of this assessment is the impact of non-

GM crops and the broader impacts of agriculture. 

1.1 Risk Assessment: 

'Risk' implies to a lot of individuals many different things. It relies on its social, economic 

and cultural backgrounds and ideals. Risk also implies a lot for one individual. It depends on 

the problem and the circumstance. For most individuals, the risks of (financial) loss or bodily 

damage are most readily comprehended as a result of economy or insurance. A typical risk 

descriptor is 'prospect of damage.' 

The undesirable or unwanted effects of an event are sometimes referred to as 'hazards.' Risk 

may be represented as a rate or likelihood. Probabilistic risk assessment means that 

controlling probability or consequence or both may affect risk. risk management. This means 

that risk is a two-dimensional term, which must be seen as a simplified interpretation of what 

is a multidimensional notion in reality. It is therefore obvious that anybody who controls risk 

definition also controls the logical remedy. This risk interpretation needs knowledge and 

mastery in statistics and probability of the notions of damage and consequences. These are 

hard subjects to master. The difficulty in dealing with numbers and chance by the general 

people and scientists caused the word "innumeracy" to equate to "analphabetism." 

The notion of risk is frequently interpreted as the potential of harm rather than the likelihood 

of damage. This is a minor but fundamental difference: the "possibility of damage" is just one 

of the questions that must be addressed. This distinction is frequently overlooked, particularly 

in regard to the environmental evaluation of GM crops. It is incorrect to take into account that 

every consequence inevitably leads to an unwanted negative influence. If the likelihood of a 

certain damage is not zero, the probability of occurrence may be regarded as 1 and the 

emphasis should be on the possible harmful effects of the event in the worst-case scenario[4]. 
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The choice whether a given risk is acceptable and / or bearable under a certain set of 

circumstances does not, of course, form part of the risk analysis itself. The decision is 

politically, socially, culturally and economically based. This decision is more frequently 

based on the perceived results of a risk analysis than on the probabilistic risk calculation. 

Unfortunately, there is not much correlation between risk calculation and risk perception. In 

general, what specialists quantify is not what most people perceive to be danger. For 

example, it is widely recognized that the risk perception of a particular problem varies 

significantly from specialists to non-experts. Important risk variables are varied and 

frequently unconsciously weighted. In the face of ambiguity, irrationality, incoherence and 

ineptitude paves the way for decision and choice. The study of GM cultures also reveals that 

risk assessments vary significantly within expert groups, which illustrates that variations in 

different settings, motivations and values are just as essential as knowledge and expertise. 

This further undermines the confidence of the people. The sheer nature of the 

"newsworthiness" notion in the public press also contributes significantly to the risks and 

dangers of advantages. All this adds to risk communication's complexity[5]. 

GM crop risk concerns address the ecology and toxicity of GM crops when released and 

used. The debate is continuing whether broader 'risks' should be included in the fundamental 

biological safety evaluation. The countries and stakeholders continue to differ significantly 

on the degree to which the GM risk assessment should include themes like sustainability, 

globalization, ethics and socio-economics. It may be worth reconsidering whether any 

problem really concerns an inherent feature of GM agricultural technology, or just the 

implications of advances that might also take place without GM crops. Sometimes the desire 

for greater socio-economic component participation seems to be part of a plan to guarantee a 

predetermined outcome rather than an effort to contribute to educated, responsible and 

consensual choices on risks and safety of GM crops. 

1.2 Ecological Risk Assessment Concepts:  

We shall focus here on the environmental and emotional problems of the release and usage of 

genetically modified plants. Transgenic dissemination through either vertical or horizontal 

gene flow and the possibility for unintentional or pleiotropically impacts are the ecological 

possibilities. These problems will be dealt with in more depth below. The ecological 

evaluation of risk in regulatory and related processes was guided by two basic concepts: the 

familiarity idea and, more recently, the precautionary principle. The latter form part of the 

Protocol on Biosafety in Cartagena and now forms the foundation of EU legislation. The idea 

of familiarity examines whether the GM trait is new to the studied environment Overall, the 

notion of familiarity seems to be too loose to be particularly helpful for risk evaluations. The 

precautionary principle likewise has similar difficulties with its full meaning and 

consequences. The concept of 'when there is a danger of a substantial decrease or loss of 

biological diversity,' the absence of complete scientific knowledge should not be used as an 

excuse to postpone actions to prevent or minimize this threat in the Río Declaration of the 

Convention on Biological Diversity (CBD).' Since then, it has seen many diverse and 

widespread versions[6]. 

The significance, breadth and application of this concept are widely controversial. One of the 

most extreme interpretations of this challenging notion may be that it means 'do not or do 

nothing, in case of uncertainty.' This view reflects indirectly a desire for a world devoid of 

risks. The concept does not appear to be a particularly adequate or decisive basis for basing 

judgments and regulations on such an interpretation. The primary argument that "doing 

nothing" is, too, a choice with its own premises and effects. 
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In agricultural practice, we should take caution in characterizing current conditions as 

'natural' and 'wanted' and new circumstances, such as genetically modified crops, as 

'unnatural' and 'unwanted.' The science needed for such comparisons is a related issue. In the 

case of genetically modified plants, it may be beneficial to use the cautious approach both in 

the case of possible cost and potential advantages. In addition to the precautionary principle 

being applied to a GM crop, any option offered as an alternative solution, including existing 

technology, should/would be applied. The precautionary principle thus becomes a strategy 

that adequately assesses the danger of the new technology [7]. 

1.3 Ecological Effect of GM Crops: 

The idea that GM plants are 'unnatural' has led to the belief that the widespread usage of these 

plants would have unwanted implications for secondary or indirect ecological impacts. The 

notion of 'secondary ecological consequences' is a wide, umbrella-looking term 

encompassing all impacts on ecological interactions as varied as impacts on non-target or 

positive insects on food webs and on the integrity of soil biota populations. This is a 

relatively new study field that promises to provide fresh and fascinating insights into 

ecological interactions. As this is an area of study under progress, it is still disputed what to 

measure and how to measure. In particular, it is necessary to enhance the pertinence of what 

is measured for the environmental evaluation of GM crops. There is now a trend to view 

every secondary ecological impact as a negative effect by definition. The growing need for 

thorough assessment of secondary ecological impacts often seems to be more a tactic for 

questioning and delaying the uses of GM technology than a reflection of real and appropriate 

concerns. Any ecological effect of GM plants should include a comparison between the 

ecological advantages anticipated and possible risks of plants they aim to replace.  

Again, the key question is whether any potential side environmental impact of genetically 

modified crops is qualitatively and/or quantitatively different from the potential effects of 

crops produced by conventional breeding. Here we provide an overview of the different re-

search lines on the secondary ecological impacts of genetically modified crops. Substantial 

current research has focused on the secondary consequences of insect-resistant, GM-

containing Bacillus thuringiensis toxin (Bt). The potential effect is twice as high: 

 The direct impact, owing to exposure to GM plant material, on non-target insects (or 

other organ-isms); and 

 Indirect impact of so-called multi-tropical food chains on non-target insects (or other 

organ isms). 

The direct impact on non-target insects means that Bt is harmful to non-target insect species. 

Although Bt has some high specificities, it is not specific to unique insect species, such as 

lepidopteran insects. Any non-target species of the same group may thus also be impacted. 

The obvious question is whether the non-target species will ever meet the Bt. It may be 

impacted if it is a species that also feeds on the plant. Such an untargeted, non-pest species' 

direct toxicity is uncommon. It may also be impacted if it is a species that feeds on 

components of the plant, such as pollen. The latter problem is emphasized by pollen from Bt-

maize and butterflies from Monarch. When pollen of a commercial variety of Bt-maize 

expressing lepidopteran-specific Bt genes, including pollen, throughout the whole plant, was 

propagated on milkweed leaves and in the laboratory given to Monarch butterfly larva, 

caterpillars died This research led to a discussion on the environmental effect and 

significance of Bt maize potential hazards. Follow-up studies to assess the influence on 

Monarch butterfly of widespread seedlings Bt-maize basically found that the effects on 

Monarch butterfly populations of bt-maize pollen derived from existing commercial hybrids 

are minimal. This is predicated on the poor expression of Bt toxin genes in pollens for many 
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maize hybrids, a lack of acute toxicity at anticipated field rates, limited pollen overlapping 

and larval activity, and a limited overlap in Bt-maize and milk weed distribution. It 

demonstrates that additional attention is needed to translate laboratory experimental findings 

into the real-life scenario in the field[8]. 

1.4 Effect of Genetically Modified Crops On Biodiversity: 

The fact that these plants will damage and/or eliminate biodiversity is also a significant worry 

about the introduction of GM crops into the ecosystem. Fear of biodiversity loss is the focus 

of many important environmental organizations’ resistance to genetic modification and GM 

crops. GM crops have a complex and convoluted effect on biodiversity, which so far has led 

mostly to the destruction of additional forests to generate the document on which arguments 

were given. While it is possible to argue questions as to the impact of GM crops upon 

biodiversity, a better and more useful discussion would be whether GM crops offer 

qualitative and/or quantitatively distinct risks to biodiversity than traditional crops. 

Evaluating the impact of GM crops on biodiversity should thus include a comparison of the 

claimed advantages and possible risks that these crops have to replace traditional crops. 

The Convention on Biological Diversity defines biodiversity as 'variety between living 

creatures of all sources including terrestrial, marine and other aquatic environments and their 

ecological complexes, including species diversity, species diversity and ecosystems.' 

Sometimes the wide, umbrella-like nature of the term indicates that biodiversity is still an 

undefined notion. As a consequence, many other organizations have developed their own 

more special perspectives on biodiversity sub-areas. Alternative definitions vary in specific 

elements they emphasize; ecosystem diversity and biotopes, species diversity, or genetic 

material diversity. Aside from defining biodiversity, biodiversity or any perceived loss of 

biodiversity is similarly difficult to measure. For example, where one ecosystem ends and the 

next one starts is virtually difficult to specify. In practice, species diversity is considered 

essential to biodiversity assessment.  

The number of species present at a particular location (species richness) is now the easiest, 

most utilized indicator of biodiversity for higher plants and animals. It underexposes, 

however, the (big) groups of invertebrates and micro-organisms and is therefore an 

unsatisfactory foundation for meaningful comparison of locations in various settings. Despite 

stated desires by policymakers, biodiversity cannot be reduced to a single number. The loss 

of a certain species from an ecosystem may either severely damage the ecology or it can be 

taken over by another species. Of the 3–100 million species believed to be existing on the 

Earth, no more than 2 million species have been described, with 5–15 million regarded to be 

'best guess' There may be about 109 distinct genes in all living creatures on Earth from a 

genetic point of view. When all the alternative allles for all genes are examined in all species, 

the figures become stunning from a genetic diversity point of view. An extreme conclusion 

from efforts at gene quantification is that each live thing is basically a single person[9]. 

1.5 Effect of GM Crops on Purity of Other Crops: 

Another issue about agricultural uses of GM crops is the potential of traditional non-GM 

crops receiving gene transgenes from genetically modified crops can lead to unwanted or 

illegal circumstances. A well-published example of the latter was the GM Starlink maize in 

non-GM maize grains that has the cry9C gene. For both economic and emotional reasons, the 

possible unintentional combination of GM and non-GM crop through pollen dispersion and 

seeds is a major worry for the organic agricultural sector. Liability may become a significant 

problem in such situations. 
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Genetic alteration per se does not alter the frequency of genetic material mixing. It is the 

much-improved detection capacity of current molecular biological methods, which makes it 

possible to identify extremely low amounts of genetic mixing. It is the mixing level that has 

been and remains in existing non-GM seed and food systems. This amount was well within 

the recognized and acceptable ranges. 

The preservation of seed quality is an essential foundation of contemporary agriculture, as 

shown by the growing worldwide commerce in modern plant seeds. International seed trading 

is already regarded as one of the most regulated agricultural products and is subject to 

rigorous phytosanitary and noxious weed laws and to standards and rules on certification 

covering physical and genetic purity. The quality of the seed is regulated by the Official Seed 

Certification Agencies Association or the OECD Seed Certification System. These are 

extensive worldwide systems for quality assurance. The adventitious seed is the unintentional 

presence of impure seed in a cultivar's seed supply. The genetic purity of the seed indicates 

the homogeneity of a single cultivar or its genuineness for commercial cultivars of non-GM 

and GM crops. All seed quality assurance systems impose strict management guidelines to 

enable the multiplication of enough seed to plant vast areas associated with commercial crop 

production. The cultivar may rapidly degrade and become un-cognizable by causes including 

mechanical admixtures, gene flow via natural crossing, mutations, random genetic drift, or 

selection pressures without enforcing seed production standards to preserve the genetic 

quality of the certified seed [10]. 

The genetic pureness monitoring connected with seed certification is based on the plant 

phenotype. This is implied in the UPOV Convention Act of 1991, which defines a cultivar as 

a manifestation of traits deriving from a particular genotype or combination of genotypes. 

Seed industry quality assurance is focused on plant compliance and on ensuring that they 

comply with the requirements in cultivar descriptions. International seed purity standards 

necessitate maintaining the frequency of admixtures and cultivar genetic instability above a 

certain threshold value which is determined by the reproductive properties of each crop. 

Specific seed production guidelines are prescribed for the achievement of the standard for 

each crop, taking into account isolation distances, the rotation cycle between crops of the 

same species involving a minimum of years, the maximum number of non-types that could 

arise out of the volunteers or contaminated seed. These criteria have provided crops with 

sufficient uniformity and stability to comply with the requirements of UPOV laws on plant 

variety rights. 

2. DISCUSSION 

When studies are carried out to evaluate the ecological danger of GM crops, adequate 

controls are essential. In case of transgenic lines, the same generation null-segregant as the 

control should be compared. Zero-segregating controls are a line that has lost the transgene 

by normally separating alleles from transgenic plant homozygous. Where feasible, the effects 

of the trans-gene on plant fitness or non-target species are clear, because the GM crop and the 

null-segregant vary solely from the transgenic presence or absence. This method applies in 

particular to agricultural cultivars based on genetically homogeneous inbred lines. To achieve 

adequate comparability, care must be exercised with GM lines that include numerous 

insertion events at various locations. Certain insert events may not be functional and may not 

contribute to the GM phenotype. 

Research of ecological secondary effects, such as multi-trophic interactions, is a relatively 

young field of experimental biology. Isogenic lines are particularly useful for studying the 

impact of plant metabolites on multifunctional trophic interactions as a foundation for 

ecological interactions among species. GM technology enables the easy development of 
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isogenic plant lines with and without a particular gene. If anti-microbial or insecticidal 

activity is known to be used in expression products for these genes, isogenic lines provide 

excellent experimental material for designing final studies for investigating multi-trophic 

interactions. This enables state-of-the-art ecological effects at gene ecology level to be 

studied. Since a relevant gene control is available and the products of a specific gene are 

known and may be quantified in the GM plants, multi-trophic interaction metabolites may be 

measured at trophic levels to enable a more authoritative interpretation of individual species' 

responses along a multi-trophy conduit. There is also the ability to conduct a series of stage-

tested experiments on specific species interactions involving: laboratory studies in which 

microorganism crop media are added to the target plant metabolite; whole plant response 

investigations of individuals within a species; and field trials at population ecology level. 

Appropriate isogenic plants lines are not usually accessible in non-GM plant material for 

particular genes for which expression products are known, available and quantifiable. It is 

thus important for biologists to recognize and understand that GM plants are really utilized as 

a handy model system for examining species interactions at the level of gene ecology in these 

studies on GM plants. In most cases, any revealed ecological effect in response to gene 

expression is symptomatic of what is already occurring in agricultural and natural ecosystems 

instead of any new impact unique to genetically modified crops. 

3. CONCLUSION 

There is growing evidence from industrial and developing nations that existing GM crops 

may provide adequate, secure and effective technology, along with traditional agriculture 

methods, that can contribute to a better, economically successful, sustainable and productive 

agriculture. Experience over the past 5 years has shown that the promises of contemporary 

GM crops have fulfilled the expectations of both small and large-scale farmers in 

industrialized and developing nations and that they have achieved significant market share. 

The debate of whether or not we or others can disregard these advantages needs greater 

attention and support. The danger of not adopting GM crops should also be more clearly 

addressed, especially with respect to poorer nations where technology may have the most to 

give. In such debates, a representative of a very powerful environment’s organization may 

find his strong, near-dogmatic stance against the GM crops as unfortunate as it may prove to 

be reckless. A ban on GM crops may restrict farmers' choices and be unwise rather than 

cautious. Governments must continue to guarantee safe and efficient testing and adopt 

harmonized regulatory programmes that inspire public trust, backed by the global scientific 

and development community. 

Regulation should frequently be based on the soundest feasible research, while recognizing 

the boundaries of confidence. Science itself may be an ideology, but in our view, it is the 

greatest way to tackling difficult problems in a discussion. Science can assist identify the sort 

of proof that is adequate and/or socio-economic to satisfy sceptics. The increasing 

understanding of GM crops offers more confidence in the guarantees that science can provide 

in assessing and monitoring the effects of GM crops on conventional breeding. The resultant 

regulation is not a static activity but must be constantly reviewed on this basis. 
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