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The world’s population is growing at a rapid rate and one of the primary problems of a growing
is food supply. To ensure food supply and security, the biggest companies in the agricultural
sector of the United States and all over the world have collaborated to produce genetically
modified organisms, including crops, that have a tendency to increase yields and are speculated
to reduce pesticide use. It’s a technology that is declared to have a multitude of benefits. During
the same time period another set of practices has risen to the horizon by the name of
agroecology. It spreads across many different sectors such as politics, sociology, environment,
health and so on. Moreover, it involves primitive organic techniques that can be applied at farm
level to enhance the performance of an ecosystem to effectively decrease the negative effect
on environment and health of individuals while producing good quality foods. Since both the
processes proclaim sustainable development, a natural question may come in mind that which
one seems more favorable? During the course of this study, genetically modified organisms
(GMOs) and agroecology are compared within the sphere of social, environmental and health
aspects. The results derived upon a comparative analysis of scientific literature tend to prove
that GMOs pose a greater threat to the environment, health of individuals and the generalized
social balance in the United States compared to agroecological practices. Economic indicators
were not included in the study and more studies might be needed in the future to get a broader
view on the subject.
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1

INTRODUCTION

Food is the most fundamental need of a growing population, without food, the planet would
become lifeless. The speculated world population is expected to reach 9 billion in the year 2050
(Kremen, Iles and Bacon, 2012). It is therefore essential to secure our food supplies. In order
to do so, in 2001, the United Nations Millennium Declaration was agreed upon to mitigate the
challenges arising directly from poverty, hunger, and disease outbreaks under the Millennium
Development Goals (MDGs). The basic motive was to reduce world’s hunger by half between
1990 and 2015, however, there is a long way to go since six million children die each year due
to starvation and malnutrition (Wu et al., 2013; Nah and Chau, 2010). One billion, and growing,
people in the world are still malnourished (Ocampo, 2010; Wu et al., 2013; Nah and Chau,
2010) and mostly are located around Asia and sub Saharan Africa, as developing countries
account for 98% of the world’s hunger population (Wu et al., 2013). United States’ role has
been proactive in MDGs as in 2006 it provided food for 52% of the world’s food need in aid
under the United States Agency for International Development (US-AID). However, when
dealing with such colossal challenges, the US is incapable of eradicating world hunger by itself
(Marchione and Messer, 2010). Therefore, a more systematic and global strategy is due to
curtail immense hunger and starvation levels.
1.1

Background

It has been more than 20 years since genetically modified organisms (GMOs) were first
introduced as crops for cultivation in the United States. The introduction of genetically
modified crops into the agricultural food mix was based on producing more food while using
fewer chemicals (Karembu, 2014). Americans have been consuming GM ingredients for almost
two decades now and since the Food and Drug Administration (FDA) finds transgenic foods
to be similar to non-transgenic crops, it requires no labeling and no mandatory testing.
According to surveys, 58% of Americans are unaware that they are consuming GM foods on
daily basis (Chrispeels, 2014). Which is astonishing when one considers the fact that the total
acreage for GM crops has grown from 1.7 million hectares in 1997 to 58.7 million hectares in
2002 (Li, McCluskey and Wahl, 2004) to 170 million hectares globally with 95% cultivation
acceptance rate for soybeans and 75% for maize in the US (Chrispeels, 2014). Unfortunately,
the US has no central monitoring body that oversees GMOs and their formulation and usage.
This aggravates scientists or activists who are against GMOs and therefore a counter action has
been observed during the recent history (Andersen, 2005).
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As far as agroecological practices are concerned, they involve mechanisms which combine
social justice, economic prosperity and ecological efficiency in order to consolidate
environmental benefits such as soil fertility, pest management, efficient water usage and others
(Kremen, Iles and Bacon, 2012). It is a set of practices that not only proclaims environmental
harmony but is also speculated to resolve the obstacles concerning agricultural production.
Historically it has been considered as a set of practices applied at farm level to derive crop
production however newer concepts have paved way in agroecology that not only ensure crop
production but also incorporate science, sociology and politics. It can therefore be classified as
either a scientific discipline, movement or a practice (Wezel et al., 2009).
Both these practices are present in the United States, although agroecological practices account
for a significantly smaller fraction of agriculture. The United States is generally a
geographically rich country, with abundant natural resources. It is divided into the Pacific
Northwest, California, Rocky Mountains, Great Plains, Midwest, North and South East (Sulc
and Franzluebbers, 2014). The country is bestowed with plentiful natural resource that ensures
fulfilling agricultural operations. With an area exceeding 3.5 square miles in landmass, there
are still some problems concerning effective preservation measures in relation to farmland
(Westphal, 2001).

Figure 1. United States’ division according to agricultural production and climatic variation,
relative yearly temperature (relatively cool, <12 C, warm >12 C), mean rainfall rates per
year (dry, <750mm; humid, >750mm) (Sulc and Franzluebbers, 2014).
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Americans are a high consumption society fueled by rapidly prepared food or most commonly
known as ‘fast food’. Trends have shown that American citizens and their dietary tendencies
have shifted towards less nutrient dense sources while compromising healthy sources such as
fruits and vegetables, whole grains and low-fat dairy by preferring to eat out more than
compared to home cooking (Smith, Ng and Popkin, 2013). Obesity runs rampant in the US as
a survey conducted between 1990 and 2000 suggested that 65% of the American adults were
either overweight or obese (St-Onge, Keller and Heymsfield, 2003). It is therefore evident that
the average American prefers to eat out rather than cooking at home. It could be influenced by
inflation patterns, according to an estimate carried out in 2008, inflation rates for home cooking
were up by 7.1% while being up by 4.6% for restaurant foods (McGranahan, 2008). Such high
dependence on readily available food puts demand at an all-time high. It is imperative to
mention the consumption trends of the general public as it provides an overview of the current
scenario and tendencies of the average American. Note that the eating habits play a pivotal role
in determining the flows and trends of consumption and they, at the end, determine the demand
of food.
1.2

Justification

Genetic engineering and agroecology are two contradictory yet unidirectional theologies and
have relevant social, environmental and health impacts. There is a considerable amount of
contrast between the two methods, but since both of the practices are working for the same
goals, which are sustainable development and continued food supply, it is only fair to examine
which practice holds more promise strictly in terms of socio-environmental and health
indicators. Genetic engineering promises environmental wellbeing and health improvement
while agroecology promises the same with an addition of sociology and ethics (Wezel et al.,
2009).
There is an obvious need for this kind of study to be conducted as conventional agriculture has
proven not to be sustainable, rather destructive, henceforth newer technologies such as
biotechnology or agroecology have to be adopted as an alternative to reduce environmental and
health degradation. However, it has to be made sure that these technologies fulfill the
environmental and health satisfaction criteria. This is also going to be investigated during the
course of this research. Special attention will be paid to the United States as this is a generalized
case study of the country.

14

1.3

Research design

In this section an overview is given as to how the research process is conducted throughout the
research plan. The description can be seen in figure 2.
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Figure 2. Research design showing different stages of the research process

A set of data was collected from varied sources such scholarly journals, reports, articles, books,
websites and others. Upon careful reviewing, the data set was divided into two categories
namely GMOs and agroecology. The reason for this is that a singular data source could not be
established where there was an already existing comparison of two, so the information had to
be gathered from different sources. From the two data sets, three factors were extracted namely
health, environmental and social aspects. These aspects were useful in determining the impact
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assessment of the two techniques. Data was then analyzed and all the previously mentioned
protocols were kept in view and from there results were incurred.
1.3.1 Research Question
The justification for this study naturally leads us to the question that it is exactly that it is to be
discussed here. The motivation for this particular study comes from global food insecurity. The
introduction of GMOs has promised enhanced yields and has proclaimed sustainability, on the
other hand, agroecology is another set of practices that declares sustainable development if it
is incorporated. Which one of these techniques is better suited whilst considered solely in terms
of social, environmental and health indicators? Can agroecological practices ensure enough
food supplies? Are genetically modified foods safe for consumption? During the course of this
study, genetic engineering and agroecology are compared based on the aforementioned factors
in the United States. This is to know which technology is better suited for the future within the
scope of the study
1.3.2 Methodology
Bearing in mind that comparing these techniques is rare, even though there is a myriad of
research articles, scholarly journals and reports on the subject of genetic engineering or
biotechnology and agroecology. The two have never been compared with each other based on
social, environmental and health aspects alone. This study is therefore unique in this sense as
it not only involves the evolution of GMOs and agroecology, but also presents present current
scenarios and their speculated effects.
In the impending portion of this discourse, we shall articulately combine the information
gathered from the previous research and use it in order to derive results for the analysis. It has
to be noted here that genetic engineering and agroecology are different approaches with
significantly different backgrounds and methods of implementation. But while they are in
extreme contrast to each other, they are still used for the same purposes, which are related
primarily to agriculture in general. Both of these techniques are supposed to ensure
environmental wellbeing, improve the health of individuals and preserve sustainability.
Henceforth, we shall see which one of these is better suited for the future in terms of social,
environmental and health indicators. Each of these three indicators will be further divided into
subcategories of indicators and the performance of both the techniques will be evaluated in
each subcategory. How the evaluation process will be carried out is going to be explained in
the discourse that follows.
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To further explain what it means by subcategories we take the environmental aspect for
instance and one of the sub-categories could be soil fertility. Now we will see if the effect of
GMO cultivation has a positive or negative effect on soil fertility and based on that, it could be
made clear that which of the two methodologies has a more suited effect on the environment.
Similarly, each of these sub-category indicators in all of the three aspects will be evaluated
based on the initial data set separately. Therefore, it will be made clear that whether genetic
engineering or agroecology has a more positive or negative effect on the environment. Once
that is achieved, it would be easy to conclude which of the two techniques must be adopted in
order to strengthen the protocols of sustainable development in the United States.

2

LITERATURE REVIEW

In this section a description of the two techniques in comparison will be carried out. Starting
with genetically modified organisms followed by agroecology with respect to the United States.
The national trends, consumption and adoption rates, practices and governmental framework
will also be addressed. We shall begin with the governmental bodies governing agriculture in
the US first.
2.1

The Regulatory Framework of the US

During the 80s, there were conflicting views on whether the advent of biotechnology is safe
for the food industry and if so, would it require laws that were different from non GM forms
or not. There were parties which refuted the claims made against biotechnology in its service
to food and drugs and vice versa (Hokanson et al., 2013; McHughen, 2006; Belson, 2000). As
a direct result of this argument, three federal agencies were expected to look after the
governmental procedure concerning agriculture among these were the US department of
Agriculture (USDA), the US Environmental Protection Agency (EPA), and the Food and Drug
Administration (FDA) (McHughen, 2006; Belson, 2000).
2.1.1 United States Department of Agriculture (USDA)
The United States Department of Agriculture (USDA) is primarily responsible for the
evaluation of agricultural products, regulating the products which are made from living
sources, for instance blood products and vaccines and an overall monitoring of the safety of
meat and poultry. The USDA Animal and Plant Health Inspection Service (USDA APHIS) is
the primary agency that ensures safety of food for human consumption and is the forerunner in
the notification of any threats to the human health from pests and diseases. It is largely
17

responsible for tests on field and regulates transportation of GMOs between the states. Under
the regulation of the APHIS, any GM plant is deemed a ‘regulated article’ and it is forbidden
to transport or supply any ‘regulated article’, unless if the targeted entity is to be deemed
‘deregulated’, a producer is required by law to submit a ‘petition for deregulation’ whilst
disclosing the product’s genetics and potential effects associated. If the petition is granted then
the product is not a regulated entity any longer and can freely be distributed. Regarding the
testing requirements of the plant, the tester is expected to submit a report to the agency
regarding the results of the tests and any unusual events during the examination. The APHIS
is required by law to declare a response to the petition within the 180 day time period allocated.
One of issues that the APHIS is expected to examine and monitor is the aspect of the
environment, suspecting whether a GM plant is susceptible to cross-pollination with the
naturally occurring plant population or the possibility of the GM plant to become a weed or a
pest itself. Moreover, the foremost concern of the USDA is the implication that some new plant
could enter the agriculture arena and be modified enough to outcompete the herbicides sprayed
upon and has enough immunity to withstand and eventually outgrow neighboring plants. This
could result in the plant mentioned turn into a weed or a pest. Therefore, Small-scale trials are
required by the agency in order to ensure the safety of the environment and of the farm itself.
Developers are required to go through the regulatory process prior to the release of a new plant
species into the environment (McHughen, 2006; Belson, 2000).
2.1.2 United States Environmental Protection Agency (US-EPA)
Environmental Protection Agency (EPA) is another agency in the mix that serves as a
regulatory body through three federal Acts namely, the Federal Insecticide, Fungicide and
Rodenticide Act (FIFRA), the Federal Food, Drug, and Cosmetic Act (FFDCA) and the Toxic
Substances and Control Act (TSCA). FIFRA regulates the application of pesticides in the US,
this act has been used to demand the registration of pesticides, which have been introduced
through engineered genetics into the plant. FIFRA requires new pesticides to be ensured by the
EPA and a formal registration must be achieved for the commercialization of the product. Also,
the approval process requires the producers to submit an evidence report on the product’s
chemistry, studies on toxicity levels, environmental degradation of the product, non-targeted
effects. Under the clause 408 and 409 of FFDCA (21 U.S.C. §§ 346a and 348), the EPA is
responsible for monitoring of any pesticide residues in any form of food, be it, processed food
or base agricultural product. If a certain product has an enhanced expression of pesticide in it,
it is deemed ‘adulterated’, in simpler terms, it is an illegal product. Under TSCA, substances
18

which are not usually monitored by other Acts are regulated and may include chemicals or
pesticides (McHughen, 2006; Belson, 2000).
2.1.3 Food and Drug Administration (FDA)
The main concern for the FDA is to devise measures that ensure the safety of food and feed for
humans and animals respectively. The FDA performs under two Acts, the Center for Food
Safety and Nutrition (CFSAN) and the Center for Veterinary Medicine (CVM). The FDA is
responsible for monitoring, assuring, licensing of five products, food, drugs, biologics, medical
devices and animal drugs. The Center for Food Safety and Applied Nutrition (CFSAN) is
responsible for food and color additives, dietary supplements, and cosmetics. CFSAN is also
responsible for the FDA’s policy on GMOs. Generally, the FDA does not require the preapprovals of whole foods, such as, fruits, vegetables and grains. The most essential of the
FDA’s responsibility is assurance of safety regarding particular food items and also
maintaining public relations regarding the food items being introduced. The FDA is legally
able of going to court and confiscating a certain food item or it may file a request for the
recalling of a food item if it poses certain risks towards the environment (McHughen, 2006;
Belson, 2000).
The exempted treatment of GM crops is based on ‘substantial equivalence’, which in laymen
terms would be similar or analogous. On the governmental level, the only difference that exists
between GM and non-GM is herbicide tolerance and so all the other aspects are considered
similar. So far in the US, the government has not been able to label the foods that are a resultant
of genetic modification (Clark and Lehman, 2001). Some believe that there is a need of
comprehensive testing, post-market monitoring and surveillance, including checking allergic
responses (Dona and Arvanitoyannis, 2009). The concept of substantial equivalence only
focuses on biochemical constituents of the target rather than focusing on post-translational
modification and immune system effects (Bøhn et al., 2008).
If a certain food item contains an allergen, the FDA may proceed with legal ramifications. The
1992 policy does not require the corporations to present their food to the FDA for nutritional,
environmental and health assurance prior to their induction into the market. The FDA states
that the protein and fats resulting from biotechnology and gene transfer are substantially similar
to their comparators and based on that alone they do not require pre-market reviews. It implies
that the companies themselves should carry out voluntary safety checks for their own products
and voluntarily consult the agency scientists upon introduction of the product into the market.
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The FDA scientists may review these products for safety issues. The FDA is not required by
the law to review the safety a certail GM plant as it is EPA’s job under FIFRA. In 2001, the
FDA revised the rule on voluntary pre-market consultation and changed it to mandatory premarket consultations. It left the manufacturers the choice if they want to label the food items
for genetic engineering or not. The FDA’s Center for Veterinary Medicine (CVM) served as a
pioneer in the approval of the recombinant bovine somatotropin (rBST), which is a growth
hormone injected into dairy cows. CVM is also responsible for transgenic salmon, which grows
faster and larger than the isogenic salmon (McHughen, 2006; Belson, 2000). Although the FDA
suggests that the issue of GMOs is objective rather than normative, it seems to be that the
general consensus is done through the government and the corporations when it comes to the
aspect of GMOs (Meghani, 2008).
2.1.4 National Institute of Health (NIH)
The National Institute of Health (NIH) is not always directly involved in the regulatory aspect
of food and agriculture. The landmark of the institute however are the guidelines provided for
the research concerning recombinant and synthetic nucleic molecules. These guidelines
provided a base for many researchers of the field and are still appreciated to date. The NIH has
also set up risk groups governing the experimentation carried out on the recombinant DNA
research. The purpose of these risk groups is the characterization of the microbial agents
involved in the research according to their relative pathogenicity (or the ability to infect) to
human health (Bar‐Yam et al., 2012).

Table 1. Different risk groups by NIH according to the pathogenicity potential of the
microbial agents (Bar-Yam et al., 2012).
A failure in the compliance of the guidelines provided by the NIH, may result in suspensions,
limitations, or terminations of funding by the NIH for the projects that are being financed by
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it. For the projects that are not funded by the NIH, they are not expected to comply with the
standards provided (Bar‐Yam et al., 2012).
Moreover, the US is a part of international treaties and agreements regarding GM foods. The
convention on Biological Diversity was signed in June 1992 and was implemented on 29th of
December, 1993. The US’ role in the treaty has been dormant as it has signed the treaty but not
ratified it. Nevertheless, the main emblems of the treaty are based on conserving the biological
diversity, devising measures for sustainable use of resource, dividing the benefits resulting
from genetic measures (Bar‐Yam et al., 2012). The US is also a part of the Cartagena Protocol
on Biosafety, which specifically deals with the transport of Living Modified Organisms
(LMOs), as a part of the Miami Group which comprises Argentina, Australia, Canada, Chile
and Uruguay. The group does not support the idea of precautionary principle within the
protocol and advocates the protocol to base solely on raw scientific procedures for risk
assessment and management (Burgiel, 2002).
2.2

Seed Industry in the US

The transitional discourse that follows discusses the history and gradual growth of the seed
industry in the United States.
2.2.1 From 1915- 1970
It was not until 1915 to 1930 that the concept of commercialized seed emerged. Farmers started
to buy seed from commercial sellers. The commercial seed sellers assured farmers of more
yields and better crop quality and based on that many farmers started to purchase seeds on a
national level. The research and development was carried out at state universities and
henceforth primarily the seed owners used to breed different crop varieties to obtain the most
fit plant species. By the 20th century, publicly funded scientists introduced ‘backcrossing’,
which was a process through which a desired characteristic of a plant not used for cultivation
was introduced to a cultivated variety, for instance, disease resistance. The transition from the
19th century to the 20th century was signified by an introduction of hybrid seed varieties
produced and endorsed by public researchers, replacing the previously dominant open
pollinated seed varieties that were saved by the farmers themselves. This process started in the
year 1930, with an influx of 150 new companies and 40 already existing companies
incorporating hybrid plant seeds (Barker et al., 2013; ERS-USDA, 2004).
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2.2.2 Plant Patent Act (PPA)
In 1930 that the congress had passed the Plant Patent Act (PPA) which ensured the firms a
patent system that would secure patents for them for asexually produced plants, for instance
plants produced by processes such as grafting, cutting, and budding, also, fruit and nut trees.
The congress, however, left out the staple crops such as wheat, barley and so on, reproduced
sexually through seeds and thereby maintaining the right of farmers and the government to
control primary sources of food (Barker et al., 2013).
2.2.3 From 1970-2009 (Plant Variety Protection Act (PVPA) and Patenting)
In 1970, the US congress agreed upon the PVPA, which ensured USDA to allow certification
of protection for sexually reproduced crop variants. The act allowed the farmers to save seeds
and use them for the next year and also made sure the patented variants of food be provided for
research. The most substantial change to the system came in the year 1985 by the United States
Patent and Trademark Office (USPTO), the idea being that since biotechnology involved
genetic production of a new variety of genome, it should be allowed for patenting and thereby
was deemed patentable under the Patent Act. This allowed the corporations to have the right to
what was called ‘utility patents’ (Hubbard, 2009; Barker et al., 2013).
The small-scale businesses vanished during the 1970s, as they merged into other companies
and for other reasons. There was also an influx of chemical and pharmaceutical producing
companies into the mix, in the mid-1970s, as they had matured over the years and were losing
profits in their respective fields and therefore had the necessary infrastructure needed to ensure
R&D and the seed companies were bought by them on a significantly large scale, to name a
few, Ciba-Geigy, Sandoz, Royal Dutch, Upjohn and so on. As a result, by the beginning years
of 1980s, many international firms had huge sales worldwide and were marked as top seed
sellers. The 1980s are marked by the introduction of gene transfer in the seed industry and
which provoked more merging and joint collaborations between chemical and seed industries
for research. During this time, companies like Monsanto, Novartis and AgrEvo emerged as
leaders through such practices. The introduction of large scale companies into the agricultural
biotechnology encourages sales, expanded the market on a global level and particularly
catalyzed the R&D operations (ERS-USDA, 2004).
2.2.4 The corporations
The global agriculture market is largely governed by private companies and they are the
pioneers in R&D, logistics and supply chain management. The corporations are forerunners in
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the world of biotechnology at large. These multinational firms namely, Monsanto, DuPont,
Syngenta, Bayer, Dow, and BASF are in charge of 75% of the research for plant breeding
private sector, 60% control of the commercial seed market, 100% of the GM seed market and
76% of the global agrochemicals sales (ETC group, 2013; Pispini et al., 2014). With global
seeds sales at a mammoth 34,495 million US dollars in only 2011. What these companies are
usually marketing are two aspect (Pispini et al., 2014; James, 2012);


The use of herbicides is speculated to go down compared to conventional cultivation
(HT)



The crops are expected to be insect resistant due to internal synthesis of Bt toxins that
deters insects (Bt).

By the year 2011, ten companies for seed production accounted for 75% of the market shares
namely Monsanto (27%), DuPont (17%), Syngenta (9%), Groupe Limagrain (5%), Winfield
Solutions (4%), KWS AG (4%), Bayer CropScience (3%), Dow Agrosciences (2%), Sakata
(2%) and DLF-Trifolium (1%) (Shand, 2012). By the year 2013, only six of these companies
namely, Monsanto, DuPont, Syngenta, Dow, Bayer and BASF, account for 76% of the total
R&D on not only the seeds but also the agricultural chemicals having cross agreements in
between them (Shand, 2012; ETC Group, 2013). A better picture of the seed and pesticide
market can be seen in figure 9.
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Figure 3. Overall Mix for the Top 10 Giants in Seed and Agrochemical Production and their
market assets (2011) (EcoNexus, 2013).
These top ten companies shown in figure 9 hold a worldwide logistics supply, R&D and have
connections with many governments all over the world. Of particular importance within the
mix is the company called Monsanto. In the year 1970, John Franz, a scientist at Monsanto,
invented glyphosate, the most widely used herbicide, the active ingredient in the product called
“Roundup”. In 1983, the scientists at Monsanto were successful in genetically engineering
colonies of plant cells and thereby opening the door to genetically modified plants. The
company is currently listed at more than 15 million USD for its net sales (Monsanto, 2015).
Monsanto also authorizes its seeds characteristics to about 200 independent companies that sell
soybeans and corn (Howard, 2009). The company is already the number one seed company in
the world. It achieved this position in less than 10 years and the reason for this is the
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overwhelming influence of the company on major crops such as corn, soybean, cotton and
seeds in general. The company also has licensing agreements with hundreds of small seed
selling companies who are exclusive Monsanto licensees, promoting Roundup ready
technology on a national scale in the US (Hubbard, 2009). Monsanto started off with a product
that was used as an artificial sweetener. It was responsible for the infamous “agent orange”
incident where millions of people were infected with dioxin as the troops used it as a defoliant
(EcoNexus, 2013). The health impacts related with the direct exposure to Agent Orange are
chronic lymphocytic leukemia, soft tissue sarcoma, non-Hodgkin’s lymphoma, Hodgkin’s
disease, chlorance with fewer risks of respiratory cancer, prostate cancer, multiple myeloma,
peripheral neuropathy and others. Finally, in the year 2009, the severe health effects associated
with Agent Orange were acknowledged by the US Veteran’s Administration (Frey, 2013).
Syngenta, which is the biggest corporate giant in the pesticide business, owned 23% of the
market share in 2011. The company also owns other well-known companies such as Novartis
and Astra-Zeneca. It is present in 90 countries with 13.3 billion of revenues in 2011 only, 77%
was from pesticides only (EcoNexus, 2013).
Over the years, these companies were successfully able to not only dissolve and incorporate
smaller businesses but were also proactive in acquiring other competitors and through this
process of merging, the number of companies decreased while the size of companies increased.
The corporations have amassed financial gains and to summarize it could be stated the financial
situation in the agribusiness, the corporations, lenders, grain collectors, retailers and so on have
experienced enhanced profits through over the course of history (Howard, 2009).
2.3

Genetically Modified Organisms (GMOs)

Genetically modified organisms or crops are a product of genetic experimentation that involves
the introduction of a singular or numerous gene(s) into a complete genome, which in turn,
results in an organism which might have enhanced traits that might be extremely rare in a
natural setting. Typically, practices like these are largely observed in the field of science,
medicine, agriculture, and industry. The implication of GM crops or organisms is common
knowledge and is practiced in 35 countries along with 27 more countries in the European Union
upon approvals for the food and feed industry (Milavec et al., 2014). The process involves in
vitro tampering of the deoxyribonucleic acid (DNA) and its injunction into a living cell or its
organelles to derive organisms (Garforth and Miranda, 2012). There are a variety of important
crop types that exist and have been subjected to genetic modification, such as, maize (Zea
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mays), potato (Solanum tuberosum), rice (Oryza sativa), wheat (Triticum aestivum), soyabean
(Glycine max), tobacco (Nicotiana tabacum), tomato (Solanum lycopersicum), and cotton
(Gossypium hirsutum) (Gong and Wang, 2013). GM foods were first introduced into the food
and feed world in 1996 for two reasons primarily, the first one being that they have built in
resistance towards herbicides due to the presence of certain genes that make them withstand
the adversity faced from herbicides. The other reason is that they have specialized protein that
have the ability to produce toxins that are fatally poisonous towards certain species of insects
for which they are genetically engineered. These proteins are called Bt proteins because of their
compositional similarities with naturally occurring soil bacterium namely, Bacillus
thuringiensis (Carman et al., 2013).
Genetically engineered organisms were first approved in the year 1996, by the year 2010, 29
countries had planted GM crops at approximately 140 million hectares. The first four crops to
adopt the technology were maize/corn, soybean, cotton, and rapeseed. The overall crop land
saw growing adoption of the GM technology as 20 % of the land was sowed with GM seed.
The US and Brazil took the lead as they planted 85% of the total maize crop of transgenic
nature (Barrows, Sexton and Zilberman, 2014). In 2011, globally, 32% of the total for maize,
75% for soyabean and 82% of the cotton area were planted with GM technology (Brune et al.,
2013).
As described earlier, genetically modified crops or simple transgenic crops were first
introduced from mid to late 90s as a counterpart to the conventional or isogenic crops. The
basic idea was to introduce some newer variety of crop that would not depend solely on sprays
and fertilizers for pest management. But with the advent of transgenesis came a wide range of
skepticism whether the proposed technology has potential health or environmental impacts or
not. As with any aspect of science and technology, there are certain pros and cons to this
particular field as well (Barrows, Sexton and Zilberman, 2014).
2.3.1 Brief history of GM technology in the EU
European Molecular Biology Organization (EMBO) in 1978, followed a careful approach and
Europe, in general, did not embrace the concept of genetic modelling techniques even after
several attempts by the some portion of the scientific community to take Europe on board with
the idea. It was finally on the 1st October 1988 that EMBO on the 40th meeting generally
declared that the issues associated with the product of transgenesis should be the prime focus
of attention, while the process should be overlooked if the product holds no threat to the health
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of individuals upon stringent testing. But all in vain, as the matter was disclosed to the European
Union regulation and it was deemed ‘too risky’. Moving on, it is important to note that before
the Cartagena Protocol on biodiversity, which is the main ground for debate for transgenesis,
the Biosafety Working Group (BSWG) held global meetings in order to generate and
strengthen a common analogy on GMOs and also to reach substantial conclusions concerning
genetic modelling from 1996 to 1999 (Ammann, 2014).
2.3.2 The Cartagena Protocol
The Cartagena protocol (2000) on biodiversity is primarily a project of United Nations under
the umbrella of Convention of Biological Diversity (1992) designed to monitor and assess the
effects of interrelatedness between the usage of Living Modified Organisms (LMOs) and the
delicacy of the biodiversity i.e. the ecosystem while taking into account the issues such as
sustainability and human health and wellbeing. The term that was particularly used to describe
the infusion of LMOs or GMOs into the realm of sustainability and health was ‘transboundary
movement’ and was further characterized into three categories, namely, intentional
transboundary, unintentional transboundary and illegal transboundary movements (Garforth
and Miranda, 2012).
There are numerous reasons why embracing the transgenesis of crops seems economically
feasible, for instance the applications include reduced reliance on pesticides and insecticides,
nutritional superiority, adaptation to calamities such as droughts, salinity, and poor nutritional
value of the soil, not to mention excessive yields that would encourage growth (Nang’ayo,
Simiyu-Wafukho and Oikeh, 2014).
2.3.3 Organization for Economic Cooperation and Development (OECD)
Another key figure in the overall assessment of impacts correlating to the usage of food or feed
in consumption is the Organization for Economic Co-operation and Development (OECD),
which provides the guidelines for testing potential impacts from a particular specimen and also
speculates which testing criteria is to be included within the scope of the testing study, for
instance, the inspection parameters for a particular GM crop would be based on nutrients, antinutrients, secondary metabolites, proximates, amino acids, fatty acids, calcium, phosphorous,
anti-nutrients and toxicants (Price and Underhill, 2013; Brune et al., 2013).Henceforth, it would
be OECD’s verdict that which parameters are to be included in the inspection phase. This is
based on a comparative analysis based on a GM crop and its non-GM, isogenic, counterpart. If
there is no substantially convincing data which may suggest mutation of harmful kind, then the
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case may suggest the usage of that particular food item is safe for consumption, i.e. there was
no significant unintended transboundary movement or most simply malicious genetic
alteration. However, if there is a major difference then there is need for enhanced comparison
of the item under scope with a comparable hybrid crop type with a convincing and transparent
history of safe usage (Brune et al., 2013).
2.3.4 Techniques for assessing the GM crops
There are two basic types of methods that are used in the assessment of GM crops. The first
type is targeted analysis and the second is non-targeted analysis (Gong and Wang, 2013). A
more scientific description would suggest classification based on two generally used methods;
Nucleic-acid based and protein-based GMO detection. Techniques which have a high degree
of precision, credibility, authenticity and detectability are PCR, real-time PCR, iso-thermal
amplification and so on and these come under the caption of nucleic-acid based detection. If
the material to be tested is too complex containing many injection points then methods such as
multiplex PCR, microarray analysis, suspension array analysis and micro-droplet based PCR
has to be adopted, equipped with simultaneous multiplex regression analysis capable of
identifying several genetic elements at a given time (Li et al., 2014).
Targeted analysis may include compositional analysis and non-targeted analysis may involve
techniques such as real time Polymerase Chain Reaction (PCR) and technologies which involve
thorough genome-wide analyses of DNA (genomics), RNA (transcriptomics) and protein
(proteomics) (Singh et al., 2006).
The most common practices that involve the detection and evaluation genetic effect are
described briefly below.
2.3.4.1 Real-time PCR
Real time polymerase chain reaction or simple RT-PCR is a method through which the
transgene copy number, which is an indicator of the genetic stability and expression capability
of the target gene and possesses valuable information on the functionality of the gene. This
technique has been applied and tested to compare many transgenic crops with their nontransgenic comparator in order to test the safety and stability (Yang et al., 2004). The process
in its most simple definitions is the cyclic indications from a singular or several polymerase
chain reactions comprised of a period of time. The real-time signals or indications captured are
then converted into numeric figures for every sample (Dorak, 2006).
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2.3.4.2 Compositional analysis
It is an important tool to determine whether a particular food or feed (animal fodder) is suitable
for consumption or not. The GM food vendor provides a detailed manifesto about the proposed
product and the possible intended impacts foreseen. Primarily, it revolves around two points
(Price and Underhill, 2013);


The intended changes in the natural genetic structure will not serve as an impediment
for the nutritional prowess of the food and that the safety parameters have not been
compromised



The unintended changes that might occur will not be a product of the genetic
engineering procedure and may not serve as a direct impact of the process.

For analysis phase, the GM crop grown is compared to the parent specie or more formally the
experimental comparator. If there seems to be no substantial difference in the hereditary
composition, no further action is taken. However if there is a difference, then further
comparison to a plant species with known safe usage existing in the database is done in order
to ensure safety. If the estimated impact goes beyond the threshold level then probability
measures are taken. This gives way to animal testing so as to ensure that the health impacts are
not detrimental (Price and Underhill, 2013).
Based on scientific knowledge, results and evidence certain decisions are made regarding the
usage of the material and if it is possible for it to be deemed suitable or not (Price and Underhill,
2013).
To summarize, table 1 shows some of the techniques used for genetic modification detection.
Technique

Real-time PCR

Method

Scope

Sample collection and preparation, DNA extraction,

Quantification and detection

Design of primers and probes

of genetic modification

Compositional

Monitored transgenic crop culture, Cross checking of

Analysis

harmful genetic mutation

Genomics

Analysis of complete sets of genomes
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Testing of edibility of crops

Expression of DNA

Transcriptomics

Proteomics

Interactomics

Metabolomics

Statistical analysis, Gene expression quantification,
Quality control analysis for statistics, data mining

Gel electrophoresis (2-DE), Mass spectrometry (MS)

Expression of RNA

Phenotypic analysis, protein
expression

Protein-protein based interaction assessment,

Detection of aggravated

supermolecular complex formation

protein levels

Data and statistical analysis of metabolites

Safety assessment and
detection of metabolic risk

Table 2. Different techniques used to identify and assess the extent of genetic modification in
transgenic crops (Price and Underhill, 2013; Singh et al., 2006; Li et al., 2014; Gong and
Wang, 2013).
2.3.5 Probable benefits of GM technology
An example of genetically mastered engineering happens to be in the US, where soyabean was
the second bio-engineered crop type. Previously, soyabean could not survive if it was acted
upon with glyphosate causing death to the plant as it served as an inhibitor and blocks the
enzyme 5-enolpyruvylshikimate-3-phosphate synthase (EPSPS), which aids in the natural
formation of aromatic amino acids. In order to eliminate the threat, a functional gene was
recovered from Agrobacterium (soil bacteria) sp. strain CP4 which combines with EPSPS to
form a strong counter towards the inhibition caused by glyphosate. Even smaller amounts of
CP4 EPSPS can do the job efficiently. Once engineered, even with the application of
glyphosate the plant works normally (Price and Underhill, 2013; Feng et al., 2013). Another
example of such sort would be cowpea, a leguminous plant traditionally grown throughout
Africa. With conventional techniques, researchers and farmers were not successful in making
the plant resistant to its natural parasite namely Maruca pod borer (Maruca vitrata). A counter
to this would be provided by a bacterium living in the soil by the name of Bacillus thuringiensis,
which is known to produce a toxic substance (Bt) that kills a variety of insects including Maruca
pod borer. Consequently, the gene from the Bt toxin was inserted into the genetic set of the
cowpea plant and it was observed afterwards that 95% of the plants developed resistance
towards Maruca pod borer in the field trial (Whitty et al., 2013).
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Take the case of vitamin A for example, it is essential ingredient in micronutrients of an
organism. In regions which are not privileged enough, there are children dying because of
vitamin A deficiency. They are usually infected with serious, yet curable, diseases such as
measles. With the help of transgenic engineering, scientists were able to generate a form of
sweet potato called as the ‘orange sweet potato’, which reportedly contains enough vitamin A
resource for children to withstand the diseases caused in case of deficiency. Sweet potato,
although common, is not grown worldwide or may not be very famous in some countries,
another variety of such type, namely, the ‘golden rice’, which is known to provide 60% of the
Chinese recommended vitamin intake in just 150 grams. The production has not yet been made
commercial and therefore lacks concrete evidence (Whitty et al., 2013).
Although, the issue of genetic engineering may seem shady for many, there are practices which
do not involve genetic modification, for instance, tissue culture and marker-assisted breeding,
which may serve to aid the nutritional value and yield potential of the crops. It seems as if the
mere mention of GMOs may come across to many as genetic modification, but in essence, it is
a combination of techniques (Whitty et al., 2013). It has been estimated that the effect of
transgenic crops, involving the unintended impacts on the health and ecology at large, are
greater in conventionally bred crops rather than those posed by Bt-crops (Herman and
Raybould, 2013).
A study by (Snell et al., 2012) following the OECD guidelines was conducted for 90 days in
lab rats, when fed with GM maize, potato, soybean, rice or triticale. There were a total of 12
long durational assessments, ranging from 90 days up to 2 years, while 12 multigenerational
analyses comprising of two to five generations. Parameters under the focus were biochemical
assessment, histological analyses of specific organs, hematological studies and identification
of transgenesis. The 90-day period of trials is appreciated and ensured by EFSA and can be
deemed as sound technical basis for the detection of adverse effects to health of individuals.
The conclusions suggested that there were no biological or toxicological significance of just
one small variance that was detected amongst the many parameters studied and it was
suggested that the GM crops under scope were suggested to be safe for food and feed.
An interesting point to be noted is that that glyphosate has an overall toxicity class of III,
according to the environmental protection agency (EPA), accordingly there are four classes of
toxicity ranging from I to IV, IV being the least dangerous for oral and inhalation exposure. It
is also considered certain scientists that cultivation of GM is supposed to increase the food
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production, reduction in the use of insecticide, land use is lessened for the same amount of
yield, and health risks are diminished (Barrows, Sexton and Zilberman, 2014).
There are many contradictions when it comes to the topic of quantifying risks for GMOs. There
are some studies which point towards a certain potential risk, while other would undermine
that risk entirely. It seems as if there is a vacuum of understanding taking the issue of GM crop
cultivation and consumption. There is a need for profound research and training and there
seems to be a lack of consensus among the scientists that what risks are worth discussing and
taking action upon. For this very reason (Pertry et al., 2014) states that the risk assessment
should be considered a case-by-case setting and should not be generalized to every country as
there are factors which have to play their parts in the making of a localized risk including casespecific environment and exposure levels and so forth. A need for computerized risk
assessment system is needed in order to ensure transparency and pragmatic progress (Pertry et
al., 2014). The National Research Council (NRC) considers risk assessment as testing of the
allergic responses, unintended effects on non-target organisms, cross-gene flow and the
modifying resilience factor in non-target species. Another risk factor could be the post-harvest
phase of a GM crop, whereby, evaluation of residual transgenic material is necessary (Sayre
and Seidler, 2005).
While much of the focus has been on Bt corn or Bt soybean, there haven’t been much studies
discussed from the aspect of Bt rice and a non- Bt rice comparison. Rice lines containing have
been deemed to be safer than their non- GM comparator. A crystal toxin gene has been
extracted from Bacillus thuringeinsis and has been introduced to a specie of rice expressing the
genes cry1Ab or cry2A, but there have been concerns about the safety of GM rice, henceforth
the commercialization has not taken place yet. But there is reason to be optimistic about the
advent of genetically modified rice, according to some, because compared to its non-GM
counterpart there is fewer application of pesticides of the GM rice. The Daphnia magna and
Paramecium caudatum populations have been affected more in the non-GM rice cultivation as
compared to the GM rice lines, in fact the zooplankton diversity of the non-GM fields were 8095% lower than those of GM rice fields according to a study. The reason for this has so far
been that the non-GM rice requires more chemical application. But there is reason to believe
that since the application of GM rice is relatively new than there is growing fear towards the
successful commercialization of this crop type. However, this might seem to be a positive step
for further proceedings regarding GM rice (Li et al., 2014).
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A recent study by (Petrick et al., 2015) was carried out where noncoding RNA molecules,
which were used to biogenetically modify the crops, were tested upon CD-1 mice over a span
of 28 days and showed no disorders of blood functions, no effect on body weights, no treatment
induced lesions (even on a microscopic scale) and absence of many major symptoms that might
suggest a detrimental mutation, however, there did exist slight variations in parts of the gastrointestinal tract, which were deemed negligible.
A report from (Brookes, 2009) suggests that the usage of GM maize has not only dodged the
pests consuming the corn but has also increased the yields in comparison with the conventional
form of maize by a factor of +10% or even higher in different parts of the EU. With future
potentials of saving money, reduced pest application and promoting yields, this technique
seems economically feasible for years to come.
2.3.6 Speculated disadvantages of GM technology
There seems to be a probability that herbicide use, after the plantation of transgenic crops, goes
up rather than coming down. Monsanto, which is one of the corporate giants in the sector of
agriculture, are optimistic about the usage of glyphosate, which is a synthetic pesticide, and
have deemed it safe to use. At first, it seemed to work however, years after years of usage might
make the weeds grow immunity in their genetic structure towards glyphosate. According to the
International Survey of Herbicide Resistant Weeds (ISHRW), in the US, 85% of the glyphosate
resistant weed complaints have come after 2005. In 2010, the situation was such that the area
affected by glyphosate tolerant weeds in the United States alone was speculated at 32.6 million
acres and by 2012, it had almost doubled. According to a survey by Stratus Ag-Research, up
to 34% of the farmers complained that they had glyphosate resistant weeds in their crops. The
influence sphere of such weeds is growing rapidly, as mentioned by the survey, from 25% in
2011 to a whopping 51% in 2012. Such rapid increase has certainly caused alarms within the
farmers’ community. It is not a problem for just the United States, but also has been found to
persist in 8 other countries worldwide (Gilbert, 2013; Pispini et al., 2014; Chemical Week
Associates, 2010). The situation in North America, particularly in Canada, is worsening where
the presence of glyphosate resistant weeds is increasing and they are affecting the environment
by increased application of the herbicide, with farmers may having to resort to tillage which
causes soil erosion (Beckie et al., 2014).
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2.3.7 No Consensus on GM safety
The European Network of Scientists for Social and Environmental Responsibility (ENSSER)
has a discussion article signed by 300 independent scientists, physicians, academics and experts
on issues pertaining to GMOs, a wide variety of independent researchers and scientists have
contested that there is a global scientific consensus over the issue of GMOs and for them to be
deemed ‘safe’ for consumption and usage. GMOs have, for the most part, been a decades long
debate and any consensus on it seems far off. The document perceives the results concurred
from the researches funded by industries as having inconsistencies largely due to the different
methodologies adopted, the differences in the available resource and the varied interpretation
of results. The document further claims that the issues that keeps independent researchers and
scientists from rigorously testing GM products is impeded by absence of funding, due to
matters relating to property rights. It is not however a conclusive statement derived to
undermine GMOs and their production, but rather a notion which states that the contradiction
that exists within the realm of scientific research concerning GMOs suggests that a consensus
seems inappropriate at this stage (Hilbeck et al., 2015).
2.3.8 Health Impacts of GMOs
Although, there have been some 90-day (or shorter) testing studies conducted and no
significant physiological change had emerged associated with the consumption of GMOs in
subchronic toxicity analyses, such as (Petrick et al., 2015), there are others which suggest
otherwise. A study of this analogy has uncovered by a scientist by the name, Séralini, and
observed severe changes in kidney and liver functions that point towards a continuation of
serious health issues. Photographic evidence suggests that upon consumption rats developed
large mammary tumors as shown below (Séralini et al., 2014).
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Figure 4. Mammary tumors in females rats after 700 days (Séralini et al., 2014)
Whilst considering a certain herbicide for its long term toxicity on mammalian physiology,
only some constituent of the whole herbicide mixture is put under the spot light while
neglecting the effect of the mixture as a whole. Glyphosate, for instance, is a chemical
ingredient of “R” (Roundup). It is also worth mentioning that glyphosate is only able to
effectively infiltrate through the plant tissue with the help of other constituents in the mix, sold
commercially. In higher levels, the case may be different as it may find its way through the
physiological structure of living matter. However in normal or lower concentrations, it may be
worth noting that those other constituents are responsible for the active infiltration of
glyphosate into the tissue and henceforth, knowing what their toxicology potential is, only
seems fair and is of prime importance. There is evidence that suggests that some adjuvants
(other constituents present in a herbicide) such as nonylphenol ethoxylate is comprehensively
found in rivers in England and are associated with unnatural sex change of male fish (Jobling
et al., 2009; Séralini et al., 2014). Therefore, any herbicide should be tested for all the
constituents of the product.
A study conducted by (de Vendômois et al., 2009) instigated a 90-day rat feeding experiment
that involved 3 different GM maize varieties of NK 603, MON 810, and MON 863. NK 603
has been engineered to tolerate a wide variety of herbicides, while MON 863 and MON 810
have been designed so that they biosynthesize two modified types of Bt toxins, Cry3Bb1 and
Cry1Ab, respectively, as a mechanism for insect deterrence. Results concluded that there were
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concentrated effects on kidney and liver, due to the detoxifying nature of the organs. Moreover,
there were additional effects on the heart, adrenal, spleen and blood cells observed commonly.
The situation for GM foods has seen a peculiar nature as they have been accepted in some
countries while rejected in others. As stated earlier that the consumption studies of mammalian
species has suggested that they may cause toxic impressions, for example of hepatic,
pancreatic, reproductive or renal nature. Such effects cannot be undermined whilst discussing
the security and safety consuming GM foods. This is not to say that GM foods could not be
safe, but until its proven and by a consensus, only then the scientific community could make a
final verdict on the issue of consumption by the general public (Dona and Arvanitoyannis,
2009).
The expression of specific growth hormones in salmon and cows may have carcinogenic effects
and therefore this issue cannot be overlooked. The infusion of recombinant bovine growth
hormone rbGH in milk producing animals such as cows has many economic benefits but may
also cause unwanted effects and the idea that it increases mastitis and may have effects on
health of humans seems alarming to many. The consumption of milk from cattle with rbGH in
dairy cattle stimulates the production of insulin like growth factor (IGF-1), which can be
absorbed from the gut as a whole and may initialize the formation of cancer cells. The increased
levels of IGF-1 in humans is linked with increased rates of colon, breast, and prostate cancer
(Dona and Arvanitoyannis, 2009). Take the case of Bisphenol A, 90% of the government based
studies showed effects to the health at different levels of dosage (Séralini et al., 2011).
A study conducted by (Zdziarski et al., 2014) suggests that the OECD provides guidelines for
the carcinogenicity of compounds. The provisions provided are detailed as to how the study
showed be conducted, details about the size of the sample and duration of the tests are also
provided and so on. However the guidelines do not provide any details on the parameters of
histopathological analysis that should be adopted. With that the meaning being that the
provisions for the accurate assessment of carcinogenetic potential of a certain edible item is
missing due to the absence of histopathological parameters that should be tested. In the
scientific community, the measurements of carcinogenicity by histopathological parameters is
well known and common, but unfortunately, the carcinogenetic effects of GM foods on human
health are not well established.
Another study by (Séralini et al., 2011) focused on the reviewing testing from biological point
of view and concluded that transcriptomics, proteomicsm, metabolomics and so on may have
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certain loopholes in detecting transgenic content in foods. It goes on to the extent of stating
that the studies are “inappropriate for studying toxicity in animals, and could not in any way
replace in vivo studies with all the physiological and biochemical parameters that are
measured with organs weight, appearance, and histology” (Séralini et al., 2011).
Another study conducted by (Myers et al., 2008) uncovered a controversial subject that the
FDA and EFSA have only considered two industry funded researches, while other studies
concerning the issue of bisphenol A were sidelined on grounds on Good Laboratory Practices
(GLP). It did not seemingly sit well with the masses of the scientific community as they then,
as a counter to the claims made, reviewed the GLP studies concerning bisphenol A on a
commercial scale funded by industries and also the non-GLP studies happening in the academic
institution and governmental laboratories for hazard detection. So therefore, conclusively, this
study implies that the GLP practices that the FDA had approved has room for improvement
and that both parties could work in a harmonized setting (Myers et al., 2008).
Recently, a study by (Séralini et al., 2013) faced criticism due to certain factors. The reason
being that the study was one of a kind in the sense that it was the first time that a GM crop,
NK603 maize, was tested at chronic levels and therefore raised many questions regarding the
commercial belief in relations to the safety of GM foods to health. Critics believe that the study
lacked certain protocols that ought to be followed during GMO evaluation.
(Carman et al., 2013) showed the health effects of modified maize and soy on pigs. The study
was long term and evaluated chronic toxicity levels and involved the life span of a pig, i.e. 22.7
weeks, normally used for meat production in a company. An extensive line of parameters was
considered as the intake of feed, body weight variance, mortality, and systematic blood tests
involving biochemical standards were taken. The pigs that were fed the GM variety appeared
to have severe stomach inflammation at a rate of 32% compared to a mere 12% in non-GM fed
pigs, who were also a part of the study. The effects can be seen in the picture below.
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Figure 5. Variant stages of inflammation in the stomach of pigs. B41, non-GM fed, no
inflammation. B15, non-GM, mild effects of inflammation. C34, GM fed, moderate
inflammation. D22, GM fed, severe effects (Carman et al., 2013).
2.3.9 GM Animal Feed
The issue of animals being fed varieties of GM foods is also raising questions all over the
world. As it may seem to a questionable practice, since people have been really concerned with
the issue of GM crops and their consumption, that there have been systematic, educated and
scientific campaigns against the use of GMOs for human consumption, on the contrary the
issue of animals being fed GM foods is somehow not given enough attention. Since, there have
already been mentions of gene flow from one crop to another, naturally the question arises,
what if the meat that we consume has traces of transgenic gene in them? There have been some
studies (Brouk et al., 2011; Calsamiglia et al., 2007; Phipps, Deaville and Maddison, 2003)
which categorically deny the existence of transgenic plant DNA in the milk, ruminal fluid,
duodenal digesta, feces and blood. However, a contradicting study (Agodi et al., 2006) using
PCR to determine the presence of specific DNA sequence in milk was conducted according to
sophisticated protocols of polymerase chain reaction. The results showed that there was
presence of transgenic DNA in the milk samples. Another study by (Sharma et al., 2006)
examined the situation in sheep and pigs which were fed GM (roundup ready) canola by
polymerase chain reaction and other methods. Transgenic fragments were found in 27% of the
samples from the colon.
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2.3.10 Environmental effects of GM technology
An uncontrolled gene flow from a population of transgenic organisms to a population of wild
or cultivated non-transgenic population of plants has been observed. The population of
glyphosate resistant weeds is expected to grow further since the advent of genetically modified
herbicide resistant crops (Nijs, Bartsch and Sweet, 2004). The transfer of genetic matter across
different or similar species of plants is likely to grow as more and more GM plants are
introduced around wild species of plants. In the US and China, there have been reports of
transgenic “intergeneric hybrids” that have been observed to grow uncontrolled in the wild as
a direct influence of transgenesis. A hybrid transgenic seedling was found to be growing, in
situ, where an already existing transgenic plant was already available. Brassica napus or canola
and its wild counterpart weedy B. rapa have shown to have generational hybridization in
Canada posing a cause of concern for those involved (Snow, 2012). It is a proven fact that to
control the weed population more and more infusion of herbicide has to be applied in order to
keep the population in check (Owen, 2000).
A study was conducted by (Warwick et al., 2008) which focused on the post transfer phase of
a set of genes from one species into another set of gene pool as a result of transgene flow. An
herbicide resistant transgenic plant, Brassica napus, of canola was the focal object of the study
and the expression of the gene pool from it to its wild specie known as Brassica rapa was
considered. The first case of a hybridization between the two species was first observed in
Québec, Canada the population reduced from 85 out of 200 plants in 2002 to only 5 out of 200
in 2005. However, there seemed to obvious effects of transgenic flow across species even after
6 years of exposure to herbicide resistant transgenic genome. The hybrids possessed salient
features such as reduced male fertility, herbicide resistant, mixed genomic composition, and an
overall trans-species trait structure indicating polymorphic influence.
A similar trend can be seen with the case of sunflower, Helianthus annuus, whilst cultivated is
known to mingle commonly with its wild counterpart, which is commonly considered a weed,
in the US. It is no secret that crop-wild hybridization has existed to the extent that 40% of the
wild counterparts have shown effects of the gene flow from the transgenic cultivated crop, even
up till the distances of 1000 meters. The upcoming generations of Bt plants are expected to
produce more seeds than non-transgenic plants in the same climatic conditions (Snow et al.,
2003).
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There could be two divisions of species on the basis of value, beneficial species and charismatic
species. Beneficial species are characterized by their direct influence on profits for human
being, be it monetary or others. For instance, insects that prey on parasites such as the lady
beetle. Charismatic species on the other hand serve as health indicators of a natural ecosystem
and adds beauty to it, such as the monarch butterfly. It would be wise to prioritize different
species according to their importance. In this way, one can focus on the aspects that would
truly matter in an ecosystem rather than focusing on certain illogical reasons and ending up
aggravating hypotheses that do not have concrete findings (Herman et al., 2013). In brute
words, what deserves to be conserved and what does not.
2.3.11 Effects on biodiversity
(Axelsson et al., 2011) conducted a study focusing on the decomposition iterations under
natural conditions of leaf litter derived from genetically modified trees grown in a greenhouse
and their relative effects on the local arthropod population and the rate of decomposition of the
leaf litter. The study concludes that the inclusion of GM trees into ecosystem could aggravate
changes in the natural arthropod population that treats the leaf litter and hence help as being
important ecosystem agents. As the researchers included both isogenic tree types and Bt trees,
it is fair to say the results shown have informed and articulated procedures upstream. There
have been similar studies by (Swan et al., 2009) stating that Bt leaf litter degrades slower than
isogenic leaf litter by a rate of 67% to 68% in 2004.
(Rosi-Marshall et al., 2007) found that trichopterans (caddisfly) had more than 50% slower
growth rates when they were fed Bt corn litter. Given that maize is usually planted alongside
streams, it is easier for cross contamination to occur and ultimately effect the water dwelling
invertebrates. According to (Chambers et al., 2010), the aforementioned view remains the same
as the GM maize fed Lepidostoma liba develops substantially slower compared to the opposite.
While a study by (Bøhn et al., 2008) tested Daphnia magna, which is an arthropod used for
toxicological testing and analysis, with Bt maize expressing Cry 1 Ab protein. The study not
only concluded that the GM fed Daphnia magna showed a diminished fitness level in
comparison with the isogenic food eating D. magna but also implied that Cry 1 Ab- maize
cannot be compared to the near isogenic maize as far as the wellbeing of D. magna is
concerned. A very similar experiment by (Bøhn, Traavik and Primicerio, 2009) stated almost
the same results in addition with declining population growth rate (PGR) trends, a reduction in
the survival rates and growing trends towards impotency were observed.
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There is a view, according to some, about GM crops significantly enhancing the environmental
quality while reducing the insecticide use (Abedullah, Kouser and Qaim, 2014), however, there
are contradictory claims, by some, that the herbicide tolerant GM crops have caused a 239
million kg increase in the US alone, while Bt crops reduced the insecticides sprays by 56
million kg, overall pesticide increase has gone up by 183 million kg between 1996 to 2011
(Benbrook, 2012).
2.3.12 PMEM in the EU: A need for the US?
The main regulatory body for the assessment of GM food quality and its clearance is the
European Food Safety Authority (EFSA) founded in 2002, as a direct result of certain food
crises. In the EU, genetically modified organisms are subjected to a risk analysis approach
before the inclusion into the food market. In this phase, EFSA’s job is to provide regulatory
assistance and to efficiently address the scientists, stakeholders and general public of potential
hazards as a direct result of GM inclusion into the market. The Post Market Environmental
Monitoring (PMEM), a mandatory practice as per Directive 2001/18/EC PMEM (Zueghart,
Beismann and Schroeder, 2013; Bartsch et al., 2006), of GMOs in the EU is based on providing
sufficient convincing evidence that might validate any claims or assumptions regarding the ill
effects of GMOs on human health or the environment. Case-specific recommendations are
made to ensure updated criteria for the effective risk assessment and mitigation in the future
(Devos et al., 2013).
General surveillance is another tool through which any potential risks are identified and this in
turn helps in up-to-date hazard reduction as it points out the unintended hazard effects (Devos
et al., 2013). The immediate reason of a repulsive societal behavior towards GMOs could be a
direct result of heterogeneous social sentiment towards the health and environmental aspects
of GMOs. Consequently, there have been a number of independent studies that have been pro
and against transgenic food (Font, 2011). The assessment of unintended effects of GMOs after
their distribution is a challenging aspect and one that is often over looked. The very nature of
a hazard is complex as it varies across time, environmental conditions and can express itself in
air, soil or water, immediately, or on a short term or after an elongated period of time (Zueghart,
Beismann and Schroeder, 2013). General surveillance also encompasses an overseeing and
monitoring of areas with GM cultivation, it does not focus on testing, risks involved and so on
but rather focuses on unintended risk identification and reporting. It is a precursor for hazards
and identifies risk prone areas (Bartsch et al., 2006).
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2.3.13 The Fiscal Year 2015
In the United States, the budget for agricultural activities is discussed by the United States
Department of Agriculture (USDA). For the year 2015, the USDA requested an annual budget
of 140 billion USD. There are two divisions in the plant, ‘mandatory’ and ‘discretionary’. Out
of the total, 83%, at approximately 140 billion USD, of it accounts for mandatory programs,
which comprise of services ascribed by the law. For further simplification, it means insurance
of crop, programs tutoring nutritional assistance, logistics for farms, trade and conservation.
The rest of it accounting for 17% of the total at 24 billion USD are linked with ‘discretionary’
purposes. The intended purpose is to finance the Supplemental Nutrition Program for Women,
Infants, and Children (WIC), development of rural areas, food safety, forestry and research and
development (United States Department of Agriculture, 2015).

Figure 6. The Fiscal Year 2015 by USDA (United States Department of Agriculture, 2015).
The budget announced for the year 2015 will grant 18 million USD for Biotechnology
Regulatory Services (BRS). The role of APHIS is also discussed as it has helped to deregulate
112 different biotechnology products, which helped newer technology reach the market as
efficiently as possible, so that the users can have access to newer technology sooner. The
biotechnology petition process, therefore, has been accelerated (United States Department of
Agriculture, 2015).
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Table 3. Number of deregulated biotech products by the APHIS (United States Department of
Agriculture, 2015)
It is quite evident from the official documents in the US institutions that the GM crops are
highly similar to their non-GM counterparts. The concept of ‘substantial equivalence’ is
profoundly encouraged by the officials. The directive seems to be revolving around three basic
ideas. Number one being the consideration of the product based assessment. The notion being
that the products derived must be assessed for its benefits. The second idea follows evidence
based reasoning. The authoritative structure suggests that since there is absence of factual
evidence that may point towards the counter productiveness of GMOs therefore the technology
cannot be undermined and that it should accepted, considering that it is a newer technology.
Furthermore, the risk assessment of the GMOs has been done and there seems little to no harm
according to the officials and therefore the technology is relatively safe. This takes us back to
the initial concept of substantial equivalence. Lastly, the regulatory framework suggests that
even if there are certain risks associated with the foods, they cannot be framed exceptional and
therefore are as threatening as any risk perceived from all the other near isogenic crop varieties
(Marden, 2003).
2.3.14 Gradual progression of GM in the US
The US remains the torch bearer still with 70.1 million hectares of land cultivated with GM
crops, which accounts for 40% of the global cultivated land. The country has an average
adoption rate of approximately 90% for its primary transgenic crops (James, 2013). The four
major transgenic crops grown in the US are soybean, maize, cotton and canola and contribute
to 99% of the total GM crop area. In 2013, the adoption rate of herbicide resistant genetically
modified soybean, maize, and cotton was estimated to be 93%, 85% and 82% respectively
(Beckie and Hall, 2014). By the year 1999, more than one-third of the total soybean land was
going to be cultivated with Glyphosate Resistant (GR) soybean. The idea of less weeds more
plants was too good of a deal for farmers to pass up. On top of that, benefits like less ploughing,
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time saving, fewer sprays and seemingly resilient plants sounded like the best offer at the time
(Benbrook, 1999).
GM soybeans and cotton have been widely accepted in the US followed shortly by maize.
Surveys were carried out to interview random farmers across the country about what kind of
crop varieties they are planting, for instance crop types such as corn or soybeans resistant to
herbicides or insects or both. It was also noted if some farmers were planting “stacked” varieties
which include herbicide tolerance (HT) and insect resistance. The trends in adaptation to the
biotech crops are shown in figure 6 (Fernandez-Cornejo, 2015).

Figure 7. Adoption of GM technology by the US farmers since 96' (Fernandez-Cornejo,
2015).
2.3.15 Analysis of trends
In the year 2014, the total acreage was recorded at 91%. For HT cotton, the trend was as
astounding as soybean as it grew from merely 10% in 1997 to 56% in 2001 and in 2014, it was
recorded at 91%. The case for HT corn has been a gradual progress as far as acreage is
concerned, however, the total percentage now is at 89% in 2014. For insect resistant (Bt) corn
it grew from being 8% in 1997 to 26% in 1999, but took an unexpected decline with 19% in
2000 and 2001, however gradually growing to 29% in 2003 and finally in the year 2014, it was
recorded at 80%. The increase happened mainly because of the introduction of newer corn
varieties that were resistant to corn rootworm and the corn earworm, not to mention the
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European corn borer, which was previously effected by the Bt toxin as well. For Bt cotton, the
acreage expanded from a mere 15% in 1997 to 37% in the year 2001 and finally to 84% in
2014. In addition to that, the stacked varieties have seen tremendous increases with 79% and
76% for cotton and corn respectively. Overall, if we consider the technology as a whole, i.e.
HT, Bt and stacked, GM cotton accounts for 96% of the total cotton planted in the US today.
For soybeans, the percentage is 94% (HT only), while for corn the percentage is 93% of the
total (Fernandez-Cornejo, 2015).

Figure 8. Adaptation to GM corn varieties in the United States (2000-2014) (FernandezCornejo, 2015).

Figure 9. Adaptation to GM cotton varieties in the United States (2000-2014) (FernandezCornejo, 2015).
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The shifts in trends of the adoption of Bt, HT and stacked varieties depends on the amounted
acreage of infestation by pests such as the European corn borer and the corn rootworm targeted
mainly by the Bt technology. For Bt cotton, there are different pests, for instance, the tobacco
budworm, the bollworm, and the pink bollworm. For soybeans, the Bt variety was not needed
as the plant performed well without it. The overall trend appears to have started to experience
a slower adaptation rate compared to the levels from 2005 to 2011 mainly because the Bt
technology has been already deployed in the areas where it was desired most (FernandezCornejo, 2015).
2.3.16 The US’ Foreign Policy on GM Foods
The American international policy on GMOs shows an inclination towards GMOs. The state
department endorses biotech crops as the most efficient counter for the world’s food deficiency,
while promising more yields for the farmers. The countries of special interest have been the
developing countries where it may seem to be applicable due to the poverty and hunger issues.
In 2013, the exports for GM crops were listed at 25 billion USD, even though the exports have
not been favorable for the US in countries such as China, Turkey, Ukraine, Kazakhstan, the
EU and African countries, as reported by the U.S. Trade Representative (USTR) (Food &
Water Watch, 2013).
2.3.17 The issue of GMO Labeling
There seems to be a pattern of miss communication in the US originating from the issue of
labelling GM foods. The real reason for this could be traced back to the FDA’s decision to
waver off the labelling of GM foods. There has also been a concern for seed contamination in
the US occurring from transgenic seeds and crops. Two commercial laboratories testing six
different varieties of corn, soybeans and canola suggested contamination from GM sources.
One laboratory confirmed transgenic DNA in 50% of the corn seeds tested, 50% of the seeds
for soybeans and 100% for natural or near isogenic canola variety. The second laboratory found
out that there were transgenic material found in 83% of the isogenic variety of the three crops
(Mellon and Rissler, 2004).
So far in the US, none of the GM foods are labelled. This gives rise to criticism from the general
community about labeling the food items that contain transgenic elements, so that the consumer
is more informed about the quality of food that they are purchasing. But the corporations and
the government have, so far, not made any legal arrangements for the matter. Roughly 90% of
the major crops grown in the US are genetically modified. The FDA does not require the
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companies to label GM foods and therefore no post market analyses are carried out. Again, this
takes us back to the issue of substantial equivalent. The concept makes perfect sense from the
governmental point of view. Another aspect of the issue is that the consumers right to know
what they are ingesting on a daily basis. It is, undoubtedly, a basic human right and before the
advent of GM technology, companies were mandatorily required to submit the specific
information regarding the ingredients of their products (Armenakas and Alexiades-Armenakas,
2013).
The concept of GMO labeling is strongly influenced by public perception varying from country
to country. For instance, in the States, only 21% of the public is hostile towards the use of GM
foods. This figure varies significantly if we move towards Europe, with 65% of the Swedes
voting against the technology, while the numbers are 62% for Portuguese, 60% for Austrians,
57% for Germans, 48% for Dutch people and so on. Since there is an existing disparity among
the US and the EU about the labeling issue, if the US were to label their GM containing
products, it would increase the cost of their product. However, the EU has mandatory labeling
for any of its products containing 0.9% or higher of GM products (Crespi and Marette, 2003).
The difference between the labeling protocols in the US and the EU is due to the difference of
opinion on governmental level between the Americans and the Europeans consequently
affecting trade of such goods. In the case of small scale crops and livestock production the
issue of labeling has been resolved with modest changes to the final pricing, but it does not
apply to the mainstream crops such as oilseed rape or canola. There is a dire need, from the
perspective of trade, to resolve the issue of labeling between the countries to achieve maximum
trade benefits (Huffman and McCluskey, 2014). While scientific evidence points towards
obstructions in quantifying the extent of transgenic material in a certain GM plant (Ribarits et
al., 2014) and the general public not being informed enough about the aspects of biotechnology
(Costanigro and Lusk, 2014), the issue is still heated and needs to be addressed sooner rather
than later.
2.4

The Usage of Pesticides

It is important to examine the effects of pesticide usage as a whole as it provides useful
information and can help develop trends for the future. Pests are unwanted organisms that may
cause economic and environmental losses to farmers and the community respectively (Aspelin,
2003). Extensive pesticide usage causes up to 10 billion USD of damage to human health and
the environment each year in the US alone (Kremen, Iles and Bacon, 2012). According to the
Federal Insecticide, Fungicide and Rodenticide Act (FIFRA), a pesticide may be considered a
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pesticide based on its intend of use. There are four elements through which a certain chemical
is considered a pesticide. These four elements are based on claims, composition, knowledge,
and plant growth regulation. Claims are based on a person’s or a company’s assertion that the
product could or should be used as a pesticide. It may also be considered a pesticide if the
product consists of an active ingredient which may be used as a main ingredient in pesticide
making under 40 CFR 152.15(a). If however there are more than one active ingredients in the
compositional mixture of the pesticide, which may not have other purposes except for pesticide
making, then it can be considered a pesticide too under 40 CFR 152.15(b). Even if claims
haven’t been made about the product being a pesticide by the supplier, the substance may still
be called a pesticide based on the supplier’s knowledge of its use, if it is sold for that purpose
under 40 CFR 152.15(c). If the product contains certain growth regulators, which influence the
growth of the plant, then the product is also considered a pesticide under 40 CFR 152.6(f) (USEPA, 2014).
2.4.1 Pesticide use in the US
In the United States, the EPA is responsible for monitoring the usage of pesticides under three
legislative elements, which are (Neff et al., 2012);


The Federal Food, Drug, and Cosmetic Act (FFDCA) for determining the maximum
levels of allowable residue of pesticides (MRLs) in food for commercial interstate
usage and also the imported food products



The Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) ensuring the
regulated sale and usage of pesticides inside the country, achieving this by registrations.
Imports are allowable only if they have compliance with the registration process



The Food Quality Protection Act (FQPA), which came later in 1996, amending the
already existing FFDCA and FIFRA, stating that there must be a “reasonable certainty
of no harm” thereby creating a standard. Issues such as children’s’ health and collective
risks of exposure from various sources were incorporated into the legislative structure.

The use of chemicals to control pests on field was introduced in the 1800s, when ‘Paris Green’,
was invented in the US in 1870s to exterminate the potato beetle, however, the culture became
more prevalent with the invention of synthetic organic chemicals such as, 2,4-D and DDT
marking the formal synthesis of pesticidal activity in agriculture. The wide scale manufacture
and use of synthetic pesticides and other technological and managerial advancements in
American agriculture contributed to a significant growth of 2.5 times compared to the levels in
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1948 to 2009. During the 60s to 80s, the use of pesticides was exponentially high and ever
growing, but once the use was generalized, the use of pesticides stabilized. Nowadays, the trend
in pesticide use in the US is affected by three factors mostly (Osteen and Fernandez-Cornejo,
2013);


Economic effects and the fluctuations in the acreage of plantation



The declination in the need of use of pesticides per acreage affected by strict
environmental and health protocols



The subjugation of near isogenic form of crop due to assimilation of genetic engineering
technology.

The portion of pesticides impregnated in the production expenses of singular farm in generic
terms has been progressive over the years and experienced a growth from 0.9% in 1951 to 5%
in 1998 and declining back to 3.9% in 2010 according to the USDA (Osteen and FernandezCornejo, 2013).
The use of pesticides in the United States was prone to fluctuations during the 1980s, however
increasing during the period of 1990s, then decreasing with the start of 2000s but gradually
increasing during the mid-2000s and spiking again in 2010. The use of synthetic chemicals was
recorded at the highest levels in history in 1982 at 572 million pounds (260 million kgs), in
2010 the levels recorded were 543 million pounds (246 million kgs) on an increasing trend
(Osteen and Fernandez-Cornejo, 2013).

Figure 10. Pesticide use in the US on major crops (Osteen and Fernandez-Cornejo, 2013).

49

As mentioned, different factors affect the usage of pesticides, but one notion brings a different
perspective to the thought process and that is that extensive use of pesticide does not ensure
pest control and on the contrary may increase pest resistance and also damage the populations
of natural pest enemies (Osteen and Fernandez-Cornejo, 2013).
2.4.2 Effects on the environment
There is a real problem associated with pesticide use is water contamination in the US, in 2012,
an experimental analysis covered three areas in the state of California namely Sacramento
(SAC), San Francisco Bay (SFB), and Orange County (OC). The samples were taken and were
tested for 64 different pesticide traces. The results showed 50% rate of contamination in the
samples collected, meaning thereby, that half of the samples were contaminated with five or
more kinds of pesticides or their degrades. Another survey conducted by the US Geological
Department amassed 97% of the urban waterways as being contaminated with one or more
forms of pesticide (Ensminger et al., 2012). A similar experimental analysis was conducted in
the state of Mississippi in the Delta area, where air and rain samples were collected since 1995
until 2007 on a weekly basis. The results of the study showed detection of seven compounds
in the samples of air and water collected in 1995 and a total of five compounds detected in
2007 in more than 50% of the samples (Majewski et al., 2014).
Persistence of pesticides in surface water is an issue faced all over the United States. The two
main sources being agricultural and urban runoff (Haring et al., 2010). A substantial amount
of trace pesticides levels were determined in suburban surface waters in the Massachusetts
between the years 2009 to 2011. An experimental survey showed that out of 118 collected
samples of water from different points, 45 turned positive for one or more pesticides under
scope. The most commonly detected herbicide was 2,4-D (2,4-dichlorophenoxyacetic acid) and
among the insecticides, imidacloprid was commonly observed. The main culprit for pesticide
involvement in surface water is runoff and pesticide traces now are extremely common to be
found in the water reservoirs all across the country (Wijnja, Doherty and Safie, 2014).
The application of pesticides on crops is wide scaled phenomenon observed all over the world.
Once applied, they can either disintegrate at the same location or may reach the groundwater
through the process of leaching, runoff through rainfall into nearby water bodies could also
occur along with vaporization into the atmosphere. Runoff due to rainwater is rare and is
affected by the amount of precipitation at the location and is normally less than 1% of the
amount applied. On the contrary, vaporization or volatilization varies from 5% to 90% as it is
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influenced by many factors such as the geologic condition of the location, pesticide properties
and so on. Pesticides have a tendency to become airborne after being applied through the
process of volatilization and wind erosion of the many concentrations of pesticides from the
place of application to far reaching areas. Once the particles are airborne, they may be carried
away to surprising distances by dry sources, i.e. gas and particle, and wet sources, i.e. rain and
snow (Majewski et al., 2014; Gish et al., 2009). A comprehensive analysis of 80 exclusive
pesticides from 362 wells all across the U.S found the presence of chemicals banned in the
1970s and 1980s still persisting in the ground water (Bexfield, 2008).
Pesticides have a tendency to stay in the environment for extended periods of time. The method
through which that can be determined is half-life. The half-life of a certain substance in nature
is characterized by the length of time required for half of that initial amount to decompose
naturally in an ecological setting. For instance, if a particular pesticide has a half-life of 30 days
that denotes that after 30 days, 50% of the initial amount will be decomposed. Based of halflives, pesticides could be divided into three different categories; non-persistent pesticides of
half-lives lower than 30 days, moderately persistent with half-lives of 30 to a 100 days and
persistent pesticides with half-lives of more than a 100 days (Tiryaki and Temur, 2010).
A research and experimental analysis tested pond-breeding frog species (Pseudacris regilla)
which were gathered from high elevation in Northern California. The study concluded that
traces of two types of fungicides, pyraclostrobin and tebuconazole, were accumulating inside
the living tissue of the frogs. This may contribute to the declining amphibian population in the
natural setting of the region and is an indicator of the environmental stress faced by excessive
pesticide drainage (Smalling et al., 2013).
2.4.3 Associated health effects
In addition to environmental effects, pesticides have undeniable health effects such as cancer,
neurological disruptions, diabetes, respiration problems, endocrine disruption, blood function
problems, fetal abnormalities, and dysfunctions of hereditary structure. But the effects can be
divided into three categories, people with direct exposure, people with indirect exposure and
consumers. All of these categories are highly exposed to cancer as studies have shown a strong
bondage between pesticide exposures or trace consumption to cancer (Andersson, Tago and
Treich, 2014; Fernandez-Cornejo et al., 2014; Sugeng et al., 2013).
The main criteria through which the impact of pesticides on human health is assessed is by
evaluating the levels of toxicity and exposure. Toxicity is defined as the value or extent of
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poisonousness, or tendency of causing harm, to plants, animals and humans and their respective
health. Furthermore, toxicity has two types, acute and chronic. The effects from acute toxicity
are usually sharp and are recorded from allergic responses to death and are caused by singular
or multiple times of exposure. Chronic toxicity occurs due to exposure spanning over longer
periods of time or continuous cycles (Fernandez-Cornejo et al., 2014).
Acetochlor became a widely used herbicide in the year 1994, however, there were non-existent
epidemiological studies considering the safety of the product. The people who are in contact
with such herbicides are mostly farmers. There is a definitive link between the occupational
exposure of acetochlor and a plethora of health ailments in individuals that are involved in the
handling the substance. One such evidence suggests that acetochlor usage poses a number of
threats including lung cancer, colorectal cancer, pancreatic cancer as well as melanoma (Lerro
et al., 2015). The use of herbicides also enhances occupational asthma cases among adult
farmers (Henneberger et al., 2013). In a surveillance analysis between the year 1998 and 1999,
more than a thousand individuals with illnesses were reported resulting from pesticide exposure
with an average age of 36 years. Those that are related to farming have a higher exposure rates
and therefore more chances of lethal effects on health (Calvert et al., 2003). For example, it is
generally hypothesized among the scientific community that farmers who dip sheep into
dipping containers, for pest removal, are exposed to certain pesticides and develop neurological
disorders. The chronic low levels of pesticides, such as organo-phosphates, has been considered
for neurological diseases in farmers. The farmers are mostly not aware of the problem and may
be careless while handling toxins and may therefore contract some ailment which may sustain
for a lifetime over long period of exposures (Pilkington et al., 2001).
Dichlorodiphenltriethane (DDT) is a formerly used pesticide but no assessment of health
impacts of pesticides goes void of the mention of DDT. Initially introduced in 1940, it was
used as an insecticide for both civilian and military settings, the main purpose being the control
of malaria. In 1972, the use of DDT was banned in the US, however it’s still being used as a
malaria combatant in places like Africa (Tsakiris et al., 2015; Kabasenche and Skinner, 2014).
With a half-life of 2-15 years in soil, DDT is a persistent chemical substance and still exists in
the environment (Ingber et al., 2013). Moreover, it is highly soluble with fats thereby
contributing to bioaccumulation once accidently consumed (Tsakiris et al., 2015). The most
common way to consume DDT or its metabolites is through milk (Tsakiris et al., 2015; Tsakiris
et al., 2013; Losada et al., 1996) and it may also accumulate in dairy products such as butter
and cheese (Tsakiris et al., 2015). A book called ‘Silent Spring’ was written by Rachel Carson
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in 1962 which strongly criticized the use of DDT as USDA sprayed thousands of acres of land
with the chemical for the control malaria in 1950s. The book revolutionized the thought
process of the general public and is it still considered iconic by the scientific community (Dunn,
2012).
In the United States, California is at the top of the list when it comes to agricultural production
accounting for 38 billion USD in revenue for crop production in 2010 alone. Although it might
seem impressive but there is a definitive price to pay for the success, every year almost 90
million kilograms of pesticide is sprayed all across the state. The most vulnerable are most
definitely the children and pregnant women as studies have shown a link between pesticide
exposure and neurological disorders caused by promoters such as organophosphates,
pyrethroid, or carbamate (Shelton et al., 2014; Dearry and Collman, 2000; Bouchard et al.,
2011; Engel et al., 2011; Grandjean et al., 2006). In the state of Minnesota children are recorded
with enhanced birth defects that have alarming numbers. A survey conducted had revealed that
the residents of the Red Valley River suffered most with the effects of pesticide application as
in the just the spring season between 1997 and 1998, 42% of the children were reported to have
birth defects (Garry et al., 2002).
There are remedies for the dilemma of pesticide use, especially since it is economically
advantageous to use them and so there are sophisticated techniques through which the use of
pesticides could be monitored and governed safely. There are two aspects that need to be
addressed fully. The first one being the notion that agrochemicals enhance the agricultural
production, the second one is just as important, if not more, and that is human health and the
environment. The weight of the pesticide used is not the most clarifying factor of the probable
impacts that may result as direct use. There have been hundreds of active ingredient of
pesticides used in the U.S. alone and have been used since the last 50 years. The weight of
pesticide fails to address the overall toxicity factor as different active ingredients have different
damage potential per unit of reference. In addition to that, the weight does not indicate the
persistence potential of the particular pesticide. Therefore, there is a dire need to address and
quantify the persistence of each active ingredients on a multi-directional scale which involves
all the possible pathways, such as food, water, air and soil (Barnard et al., 1997).
Chronic exposure levels of pesticides have been reported to have caused grave effects to men’s
health mostly causing infertility. The connection between pesticide exposure and infertility is
not a secret, as it has been exposed years ago when agricultural workers and pesticide
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developers in close proximities with nematocide, 1,2-bidromo-3-chloropropane (DBCP) had a
retarded sperm formation thereby signifying infertility (Oliva, Spira and Multigner, 2001).
Since there is a vast number of pesticide usage now on a global scale it is virtually impossible
to establish a system to test all the varieties being used in the market nowadays. Therefore, the
most dangerous pesticides have always been of priority based on a hazard ranking scenario
(Sugeng et al., 2013). For instance, Persistent Organic Pollutants (POPs) are compounds that
have typically higher half-lives, and so therefore they have a tendency of staying in the
environment for long periods of time. Polychlorinated biphenyls (PCBs) and mostly pesticides
with chlorine are notorious to human health and are of concern for the local population of
Alaska. Due to the fact that the local population tends to consume sea food, there are genuine
concerns about the health ailments associated with sea food consumption largely because POPs
seem to bioaccumulate in fish and other mammalian sea species (Hardell et al., 2010).
The United States imports a considerable and exponentially growing part of its fruit and
vegetables and typically the FDA assesses the pesticide residue levels in less than 1 % of the
imports. There is evidently less concern for the regulation of imported products and therefore
extensive assessment of impacts from the exports have to be formulated (Neff et al., 2012). A
study conducted on eggplants in Thailand revealed insecticide residues in a considerable
amount and also reports of some farmer illnesses were recorded (Del Prado-Lu, 2014).
There have been records of data from Atlantic, Gulf of Mexico, and Pacific coastal in the U.S.
suggesting that 92% of the samples collected were considered toxic and out of those, 67%
affected the organisms living close to the sea bed. The declining populations of the benthic
organisms were attributed towards the detection of toxic chemical material found in the water
samples. Which goes onto show the extent to which the country is faced with the problem of
water toxicity (Haring et al., 2010).
2.5

Agroecology

In most simple form, Agroecology would be defined as the diffusion of ecology in agriculture
(Wezel and Soldat, 2009). In another simplified form, it would be being advantageous of the
natural setting of an ecological system resulting in diminished inputs and suppressed levels of
outputs, i.e. wastes, whilst being in synchronization with the environment and operations that
substantiate ecosystem prosperity (Botreau et al., 2014). While this may come across as a very
simple process and straightforward approach, there are numerous methods through which an
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agroecological approach is validated. However, the approach itself has the potential to contest
industrial agriculture (Ferguson and Lovell, 2013).
The world’s population is expected to exceed 9 billion people by the year 2050 and
consequently, the demand for food is likely to double. With the use of fossil fuels running
rampant and the phosphorous supplies decreasing day by day, practices that infuse sustainable
principles to replenish the natural resource are required. The developing world currently faces
insecurity regarding food supply, even though agricultural practices produce enough food to
feed the entire world’s population that goes without saying that one billion starve and the same
amount suffers from micronutrient deprivation, contrastingly, compared to 1980, the world’s
obesity rate has doubled (Kremen, Iles and Bacon, 2012). Therefore a sustainable transition is
most wanted in the sphere of agricultural practices through agroecological measures possessing
deterrence to input intensity (Ferguson and Lovell, 2013).
2.5.1 History of Agroecology in the US and the rest of the world
An economist from Russia by the name Bensin, in the year 1928, first described the concept of
agroecology when he wrote a book. Bensin, who later on pursued his endeavors in the US,
started to define the term agroecology and the implications involved with it. He persuaded that
the diffusion of inclination towards ecological prosperity in agricultural methods would yield
considerable benefits.
2.5.1.1 1930s-1960s: The start
Bensin, later on carried his work and added more publications about the subject in 1935 and
1938. After Bensin, a German ecologist and zoologist, Tischler further diversified the concept
of agroecology by strengthening the term with factual evidence that he derived from his
research. He used agroecological practices on farms and experienced certain aspects that were
virtually underappreciated at that time. His work mostly consisted of management methods
relating to pests and had a descriptive, result derived discourse on soil biology, insect
population, interaction and its importance, as well as provisions ensuring protection of plants
in not only an agricultural setting but also areas of no cultivated crops. In 1965, he eventually
published a book by the name of ‘agroecology’ and was influential in sparking a new thought
process among the scientific community. Tischler’s work was unique because it incorporated
plants, soils, climate and animals and how they affect the climate in an agroecological setting
and the effects caused due to agricultural activities on these four elements. However, the first
book of ‘agroecology’ was published by another German zoologist Friederichs and had many
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similarities with Tichler’s work. In 1942, an American agronomist Klages wrote a book which
had a slight mention of the term agroecology, however, in 1928, he published an article which
was focused on combining ecological, technological, socio-economic, and historic factors and
their effects on crops. The end of 1960s saw another agronomist from France by the name of
Henin define agroecology in similar ways to Bensin (Wezel et al., 2009; Wezel and Soldat,
2009; Bocchi and Maggi, 2014).
2.5.1.2 1970s-1980s: The transitional period
During the 1970s there were not many publications relating to agroecology (Wezel and Soldat,
2009), however, the concept of agroecology grew more than just a scientific debate and resulted
in a movement and a practiced mechanism (Wezel et al., 2009). With the start of 1980s there
were many publications relating to sustainability and sustainable development. Henceforth the
term agroecology became synonymous with sustainability. In the 1980s, one would define
agroecology as the collective educational discourse of agricultural systems and their
effectiveness in protecting the natural environment. Braun, in 1985, further consolidated the
idea of agroecology by adding industrial and agriculture impacts to the discussion, such as the
effects that resulted due to the use of herbicides, fertilizers, water contamination and others.
Another profound analysis was presented by Cox and Atkins in 1979 which discussed energy
related issues along with political and economic implications (Wezel and Soldat, 2009).
2.5.1.3 The 1990s: Research and practical growth
By the 1990s, the practice of agroecology was widely considered and understood and
significant amount of research had been done. In the United States, research and educational
facilities and programmes had been established. The concept of sustainability got well merged
into the agricultural sector including conceptual framework pertaining to land use planning
were established. In 1992, a conference was held in Rio de Janerio, Brazil, which further
consolidated agroecological reasoning and practices along with the introduction of the concept
of biodiversity. Along with biodiversity, the problems relating to soil depletion were also
starting to emerge (Wezel and Soldat, 2009). Organic farming also emerged as a measure to
contest industrial farming practices (Wezel et al., 2009). There were discussions among the
scientific community about the containment strategies that should be applied to the use of
pesticides.
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2.5.1.4 2000 to present
The evolution of agroecology spread even further during the start of the 21st century as it
infiltrated into food systems. (Francis et al., 2003) defined the concept of agroecology as an
incorporated education of the ecology of a complete food system, comprising of ecological,
economic and social aspects. Henceforth, the practical application of agroecology started to
look more and more realistic during this period as it involved all the stakeholders involved in
the agricultural sector. Agroecology no longer was just confined to the premises of a farm or
just idealistic views about agriculture. Furthermore, the idea of sustainability grew with many
publications from scientists. The present world there is a competition between two main models
of agroecology (Wezel and Soldat, 2009);


The food system approach



The agroecosystem approach.

The first one incorporates society, environment, politics and economy into the plant and animal
production within the limited constraints of a natural setting, while the latter includes the
environment only (Wezel and Soldat, 2009).

Figure 11. On the left is the food system approach and on the right, the agroecosystem
approach (Wezel and Soldat, 2009).
The agroecosystem is focused on agriculture and ecological connection, which includes flora
and fauna, interconnected of specie via food web and conservation of soil and the general
environment in temperate and topical lands. It mostly is deliberately limited to farm well-being
and soil replenishing through certain practices, while also taking into account the landscape
properties and health indicators involved. The agroecosystem has a strong inclination towards
natural sciences and food production, while showing a trademark indifference towards food
system as a whole. On the contrary, agroecosystem envisages a broader scale which
encompasses sociology and agronomy, i.e. agricultural economy. This system is primarily
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driven by the notion that all stakeholders should be involved as a whole. This concept has
interconnectedness with other disciplines (Méndez, Bacon and Cohen, 2013).
In a nutshell, agroecology went from being an idea of introducing ecological wellbeing to the
realms of mainstream agriculture to a system, movement or practice which insists on instilling
sociology in different regions as different sociocultural conditions prevail, which govern
human behavior (Méndez, Bacon and Cohen, 2013).
2.5.2 Agroecology in the US
During the 1980s, growing awareness emerged among the masses in the US about the harmful
effects of conventional agriculture. Therefore, there was a push for practices that would not
only ensure human health but also environmental health. EPA was formed as a direct result of
the continued concerns about public and environmental wellbeing. The USDA presented
Report and Recommendations of Organic Farming testifying the productivity, effectivity and
fruitfulness of the principle. Unfortunately, it was rejected by the Reagan Administration, while
critics suggested that it is not cost effective and cannot provide food for the growing population.
In 1985, Food Security Act was introduced to reimburse the fading concept of sustainable
agriculture. In 1988, another initiative launched by the USDA came to the horizon further
strengthening the practices of sustainable agriculture by the name of Low-Input Sustainable
Agriculture Program (LISA). The primary objective of this particular program was to formalize
and inject large scale use of agroecological systems keeping the requirements of sustainable
development intact. The program’s structure included a national director, four coordinators in
different regions and in every region an Administrative Council (AC) was introduced. A
Technical Review Committee (TRC) was also introduced to assess grant proposals for different
projects. The program was to strengthen the relationship between NGOs and farmers, while
effectively preserving societal acceptance, environmental health and economic benefits
(Constance, 2009).
In 1990, LISA was modified into USDA’s Sustainable Agriculture Research and Education
(SARE) program. The program operated on roughly the same principles as LISA, such as,
respecting the farmers’ knowledge, interdisciplinary research yielding fair results, while taking
into account societal, environmental and economic needs. The EPA, in the meanwhile, formed
the Agriculture in Concert with the Environment (ACE) and both SARE and ACE collaborated
to program initiatives concerning sustainable agriculture (Constance, 2009).
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Unfortunately the aforementioned programs couldn’t persist for long and were replaced by the
Leonardo Academy as a representative of American National Standards Institution (ANSI).
Nowadays, there seems to be strong negation towards sustainable agriculture from
transnational corporations that have strong support from the governmental bodies (Constance,
2009).
So what are organic foods? In layman terms, organic foods are foods that are produced,
harvested, and utilized void of the use of chemical pesticides as well as fertilizers and this goes
without mentioning that the use of genetic engineering or injection of growth hormones is also
prohibited (Cahill, Morley and Powell, 2010). Regardless of strong criticism faced (Constance,
2009), Organic farming has grown rapidly in past few decades as farmers have been adopting
the chemical free way of producing crops for consumption (Taus, Ogneva-Himmelberger and
Rogan, 2013). One may think if this system can feed the world population, as it does not sound
as intensive as conventional agriculture. The answer to that question remains to be seen, but
there has been a substantial amount of evidence suggesting that sustainable practices have
produced comparable yields to conventional agriculture with fewer weeds thus posing a
promising approach for the future (Luna, Mitchell and Shrestha, 2012; Halweil, 2006).
2.5.3 Methods of Agroecology
Agriculture has gradually been transformed into four major types (Franzluebbers, Sawchik and
Taboada, 2014);


Where inputs from outside the farms are low, thereby demand is synchronized with the
limitations of the agricultural system



Where the land available is comparatively larger



Where higher inputs are required characterized by production meeting demand
according the trends through which commodities are required



Conservation agriculture, incorporating profit and resource integrity.

According to some, 40% of the land surface today is under cultivation, the vast cultivation of
area of land has potential effects on the environment with 16-40% sparse to severe degradation
of the natural resource. In the modern day era, agroecology is synonymous with several terms
such as low input, sustainable farming, ecological, agroecological, biological, and organic
agriculture. They are all roughly variants originating from the same source and the basic idea
of low input and low output. These processes are all characterized by vintage inclusion of
natural processes into agricultural methods, while maintaining a close bond between agri59

human culture and sociology of the food system. Agricultural practices in the US consume
around 20% of the energy of the total food system. Even though this does not amount to much,
the system as a whole is energy intensive and is principally inefficient (Chappell and LaValle,
2009).
It is a relatively difficult assignment to quantify the methods used in agroecology simply due
to the fact that it involves a variety of practices and processes. Since the total percentage of
land under agroecological practices only accounts for 0.8% in the world (Chappell and LaValle,
2009), there is not clear cut information on the subject that is readily available. Nevertheless,
the transitional discourse would notify some of the major practices and their interrelatedness
that form the basis of agroecology. As shown in figure below, agroecology has numerous types;

Figure 12. Interrelatedness of agroecology with synonymous practices.
A simple approach that could potentially be used as a practice in agriculture is the cross-entropy
(CE) method which involves gathering information from various sources such as satellite
images, provisions of biophysical plant compatibility and population levels. It, then, uses that
information into producing a map of the crops distributed over the acreage. Techniques such
as remote sensing, further strengthen the information available (You and Wood, 2005).
Although this technique has been used in agriculture (Ben Arfa et al., 2014), the whole concept
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of sustainable agriculture is based on decreased energy input, therefore, the idea of crossentropy may or may not be feasible as it could prove to be contradictory to the initial idea of
agroecology.
2.5.3.1 Furrow Irrigated Raised Bed (FIRB) Method
Furrow irrigated raised bed method is being used in countries like India modifying the
previously owned concept of planting wheat on a flat bed, farmers were able to plant wheat on
raised beds, which proved beneficial in two different ways, firstly, decreasing water use by 25
to 30% and secondly, allowing the weed population to be controlled mechanically instead of
using expensive herbicides. Moreover, the plant population is healthier as compared to
conventional methods adopted largely because the sunlight can penetrate through and each
plant gets sufficient amounts of it. Nitrogen use efficiency (NUE) has the potential to be
enhanced by 10% (Singh et al., 2012). The farmers in Latin America have also been using
such techniques with fewer resources but have been producing higher than expected results.
Such systems usually focus on the basic elements of agroecology such as nutrient flow,
collection of humus, control of pests and so on with minimal input of resource for improved
results (Altieri, 2000).
2.5.3.2 Integrated Crop-Livestock System (ICLS)
Integrated Crop-Livestock System (ICLS), ICLS as the name suggests is a system which
combines livestock to agriculture and vice versa and the ancient connection of both with the
land. Animals are beneficial to humans not just in terms of consumption but also due to the fact
that they consume plants, by-products and residual matter which is extremely beneficial to the
planet as they maintain soil fertility through manure (Bonaudo et al., 2014). Benefits also
include efficient biogeochemical cycles while experiencing decreased effluents to the
environment, a better understanding of efficient land-use principles yielding well-groomed
localized flora and fauna and also, keeping the soil intact, the system would be better suited to
deal with natural calamities while fixation of nitrogen and carbon would be optimal as it would
be contained within the vegetation, soil and microbial matter in the soil. Animals could also
help in converting the nutrients in the plants by consuming them and then introducing them to
the soil thereby increasing fertility (Franzluebbers, Sawchik and Taboada, 2014; Lemaire et
al., 2014).
There is evidently a problem from livestock and agriculture in general of methane emissions
as agriculture emits 13.5% of the total greenhouse gas emissions, 18% being from livestock.
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This also seems to be tackled by ICLS as the animals graze and therefore influence the levels
of herbage effectively mitigating methane emissions (Savian et al., 2014).

Carbon

sequestration levels are directly proportional to the grassland soil quality and are dependent on
the ecosystem wellbeing and the mean residence time for carbon in vegetation and soil.
Pasteurized cattle has the tendency to be extremely beneficial in fixing nitrogen. They tend to
release methane and carbon dioxide, while returning the nitrogen back to the soils in the form
of urine. However, livestock could pose a threat to the natural grassland due to probable
overgrazing and decreased carbon sequestration. Regardless of what one might suggest,
grasslands are essential as they provide livelihoods to over 800 million people worldwide. They
also provide benefits such as protecting our soil’s quality, maintenance of ground and surface
water and they are extremely beneficial in carbon sequestration. Moreover, soils are hosts to
many living things such as plants, soil microbes, biota and others which influence the
biogeochemical cycles. The whole mechanism is balanced as plants and animals coexist and
influence the C-N cycle in compensating and contradictory ways. The problem however arises
with mass animal production which directly result into increased environmental impacts. With
the increase in ruminant grazing rates and increased animal production, the rate of grazing is
likely to increase (Soussana and Lemaire, 2014).
It is fascinating how ruminants affect the carbon and nitrogen cycles of a grassland. The rate
of carbon sequestration in a grassland depends upon the net C flux starting from the atmosphere
to the vegetation and then to the soil and the amount of time spent by carbon in an ecosystem.
While the animals are out and about, grazing, the amount of time (mean time) of carbon in the
atmosphere is relatively short, i.e. 10 to 50 days, on the contrary, the residence time of carbon
below the ground is much higher, i.e. 1 to more than a 1000 years. The soils also stay rich in a
grassland environment due to the local nematode population and also due to the microbial
activity as they keep the organic matter in check (Soussana and Lemaire, 2014).
It is therefore evident that the service provided by a mutual symbiotic relationship that could
be achieved through plant and animal integration has immense environmental benefits that, if
properly availed have the potential to deliver many benefits. Numerous other benefits include
sustainable land use (tillage), effective weed control, natural fertilizers, fence improvisation,
and lastly, healthier plants (Sulc and Franzluebbers, 2014).
Although the concept of ICLS is not widely applied in the US, there is inarguably substantial
amount of potential for the practice to flourish. Livestock and crop integration is generally
through six methods in the country (Sulc and Franzluebbers, 2014);
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Turf grazing and cultivation rotation, involving two to ten years of grazing followed by
one to eight years of cultivation



Using cover crops, which are used for temporarily covering soil for conservation, as
feed lowering feed costs



Usage of crop residue as potential feed after harvest



Growing perennial crops for feed



Rye and wheat plantation for foraging



Using agroforestry for efficient use of resource for animal feeding.

2.5.3.3 Integrated Pest Management (IPM)
Integrated Pest Management (IPM) is vaguely defined as a system that encourages the
maximum growth of crops while causing minimum damages to the agricultural ecosystem. It
is a management tool, comprising of practices that allow the systematic reduction of pests to
an easily managed size while causing minimal health and environmental problems (Jørs et al.,
2014). The central idea being the reduction of the threat perceived from pests during
agricultural practices in order to perpetuate crop prosperity.
This idea was first consolidated in 1972 and has beneficial elements associated with it for
efficient crop management. The most common practices involve (Peshin and Dhawan, 2009);


Updated and carefully chosen pesticides



Indulgence in the development of biopesticides



Devising methods to discourage and obstruct pest reproduction and growth



Incorporation of traps within the acreage



Conserving and allowing the population of beneficial species to thrive among the crops

From 1950 towards the end of 1960s, the use of pesticides was rampant, therefore IPM was
introduced as one of the counters for pest management in the U.S in 1972. After that no
pesticides was allowed to be commercialized unless it had gone through strict protocols of
testing. From 1972 to 1978, the USDA, National Science Foundation (NSF) and EPA covered
1.6 million hectares on six major crops spanning five years propagating the IPM practices. The
Government Performance and Results Act (GPRA) of 1993 compels regulators to monitor and
report the efficiency at which IPM programs are carried out including projections and planning
for future. By 2000, the total acreage under IPM practices in the U.S. was 71%, however the
pesticide dependence grew by 4% compared to the levels in 1992. Therefore, the United States
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General Accounting Office (USGAO), in 2001, overhauled the IPM program and developed
concrete guidelines for the IPM program. USGAO suggests (Peshin and Dhawan, 2008);


Form and maintain leadership, coordination, and management for IPM programs
funded by the state



Result oriented progressive action prioritization and predictive method of approach
among the departments



Checking whether the proclaimed goals have been met



Preserving cooperation among EPA and USDA to substantiate practices of
management for pesticides.

But even after all these efforts, IPM in the US has not been implemented fully largely due to
farmer disinterest and corporate negligence based on the extensive amounts of time required to
manage pests sustainably and recording results. Henceforth, the IPM program seems to be in
the developmental stages of perpetuation (Peshin and Dhawan, 2008).
2.5.3.4 Biochar usage
Another practice that could be included in the proximity of agroecology is the application of
biochar. This takes us back to ancient history, when pre-Columbian amazon existed and native
Amazonians used to apply a charcoaled substance to their soil surface. The result is such that
after years and years of application, the soils are considerably more fertile than surrounding
soils that were applied with biochar (Kauffman et al., 2014). In brute terminology, the process
of biochar is removal of GHGs while capturing them from the source and storing them in
reservoir under the earth surface. Which is highly important because a variation of 5% in the
soil organic carbon (SOC) has the potential to influence 16% of the atmospheric carbon levels
(Hua et al., 2013).
Biochar is a highly stable carbonaceous material derived by effective pyrolysis, i.e. burning
without available oxygen, of biomass (Kauffman et al., 2014; Hua et al., 2013). Biochar is a
byproduct achieved when materials such as crop residues, woody raw materials and general
waste are burned at temperatures ranging from 400 to 700 C (Srinivasan et al., 2015). It is a
common approach and involves fast pyrolysis, a technology used to transform biomass into
biochar in order to utilize forest or agricultural biomass. Such techniques could prove to be
substantially beneficial in terms of biomass utilization. These simple practices should be
introduced where small pyrolysis units could be located near the raw material site thereby
reducing costs of transport and emissions (Jarvis et al., 2014).
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Biochar has basically two types of carbon stored within itself, the first being the labile carbon.
Labile carbon is the carbon that is mineralized by the microbes present in the soil strata in quick
successions which usually last for relatively shorter periods of time. The other type of carbon
is the recalcitrant carbon which usually lasts in the soil for extended periods of times
comprising of hundred or, in some cases, thousands of years. This in turn helps the soil organic
matter through absorbing useful minerals and by the formation of humus (Kauffman et al.,
2014).
Biochar, once produced, could be used to replenish soil fertility and improve the general soil
structure. It may also enhance soil quality as it is a deterrent to toxins such as aluminum. It also
has a tendency to retain water quantity within itself thereby increasing soil water content.
Moreover, it helps in increasing the biological activity of soils while also increasing the
movement and capture of certain chemicals in the soils. Biochar can also aid in neutralizing
chemicals such as metals, herbicides and others. It has been given much attention by scientists
and has been named a ‘supersorbent’ (Srinivasan et al., 2015).
One of the main problems with agriculture is anthropogenic release of nitrogen to the
environment. It happens when surface runoff takes the nitrate from the acreage to the nearby
waterbodies. This causes excessive mineral influx to the water bodies that are in the immediate
vicinity and also to far flung rivers ultimately finding its way to the oceans. Biochar has the
ability to retain nitrogen in the top soil (Güereña et al., 2012), also reducing N2O emissions and
while also having the ability to store carbon. Biochar further helps the soil structure by
diminishing the compaction between the soil particles. By doing so, the soil particles have more
space between them therefore increased aeration is observed, or in other words, soil porosity
also increases (Kauffman et al., 2014). However, while mostly it is considered that biochar
reduces N2O emissions, some of the studies have proven no significant decrease in such
emissions (Kauffman et al., 2014) or a positive effect on crop growth (Güereña et al., 2012).
Therefore, a need for further tests is required to resolve the conflict.
Biochar also has the tendency to increase the soil porosity, so therefore, any water or nutrient
has more space available to be captured and retained within the soil. This is highly important
for plant growth as it involves declining levels of nutrient loss through the process of leaching
and also increase in water levels for efficient plant growth. The advantage of these processes
culminates in increased soil net productivity, an active net primary productivity in turn ensures
increased organic residual material to soils, which will ultimately result in increasing biogenic
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soil matter content. Biochar also helps increasing yields through the aforementioned processes
(Kauffman et al., 2014).
Swine manure is produced in high amounts and is an organic matter that could be used as a
fertilizer for crop production, but there are certain impacts associated with the use of pig
manure. For instance, they may expel certain harmful gaseous substances injurious to human
health, excessive flow of nitrogen and phosphorous may affect the water content of the
surrounding lakes by the process of eutrophication. Pig manure has higher contents of heavy
metals and may therefore cause negative and unwanted effects to agricultural crops if applied
in large amounts. Nevertheless, manure has a potential to be necessary to crop population if
utilized correctly. It might be intriguing to note that pig manure has been converted to biochar
for soil quality enhancement in recent times. If manure biochar is compared to other forms of
biochar, such as wood or crop biochar, then one can conclusively suggest that the manure
biochar has higher contents of yields, soil nutrients such as phosphorous and potassium, ash
percentile, as well as, base cations. In addition to that, the contents of carbon and hydrogen are
much higher in other forms of biochar compared to manure derived biochar. During the
production process of manure biochar, fewer gases are expelled to the environment because
smaller amounts are needed, compared to other types and therefore the process is more
environmentally friendly (Dai et al., 2014).
Although it may all seem well and good, there are prominent issues with manure derived
biochar as well. First and foremost, the product has a lower content of carbon, which means
less carbon density. It also has been recorded to have lesser surface area thereby decreasing the
retention potential of water and minerals for effective plant development. Furthermore, higher
heavy metal content can be observed while in comparison with other forms of biochar. The
aforementioned anomalies tend to point towards the fact that such kind of biochar might not be
entirely suitable for carbon capture and storage (Dai et al., 2014).
2.5.4 Agroecological Organic Farming in the US
Agroecology, also known as organic farming, is a growing and emerging field as it considered
as a natural resource preservative while consolidating natural biodiversity and most importantly
produces nutritious products. Organic farming is a growing practice and is based upon four
cardinal aspects; firstly, health of the not only plant, human and animal species, but also the
soils. Second aspect is based on ecology, which encompasses utilizing the natural cycles and
gaining benefit out of them while causing minimal stress to the natural balances of nature.
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Third is fairness which means demonstrating a system based in justice with the environment,
health, social equity and financial security of the stakeholders involved. Fourth and most
importantly, care, for the future generations and incorporating sustainability (Mena et al.,
2011).
After being introduced into the agricultural arena in 1940s, organic farming has been become
widely recognized as means to suppress the immense expenditures being put into cultivation
and also to secure farmers’ income. Since 1992 to 2003, there has been a gradual increase in
organic farming as there certified acreage and pastureland grew from 935,000 acres to 2.3
million acres accounting for an increase rate of 150%. There is a rising appreciation for
organically derived foods as the demand has increased by 20% since 1990, moreover, the
organic business has flourished with sales of 19 billion USD in 2007. The USDA claimed in
the year 2005 that every state in the country has a certain amount of acreage dedicated to
organic farming, however, the places where most of the organic farming are happening are
Northeastern states, Upper Midwest, and the Western side (Taus, Ogneva-Himmelberger and
Rogan, 2013). Organic farming accounts for 3% of the total sales of the food system in the US.
Many people nowadays are seriously aware of where their food comes from and have growing
concerns due to increased pesticide use for crop production (McGee, 2014). The demand is
ever growing for locally grown organically derived foods and an exponential increase in the
number of small-scale farm markets has been observed tripling from 2000 till 2013. USDA
certified organic farms have doubled in numbers compared to the levels in 2000 (Terry, 2014).
A newer volunteering program has come into place by the acronym, “WWOOF”, which stands
for “Working Weekends on Organic Farms” that encourages people living in cities to come to
the countryside and spend their off days working in farms. Since 2008 the numbers of
volunteers grew from a little over 2000 to almost 14000 till 2013. Which shows that more and
more people are concerned about health and nutrition nowadays (Terry, 2014).
Although, there has been a debate in the US stating that switching to organic farming would
only yield 25% of what conventional farming can produce. There has been newer research
which states the opposite. To examine the effectiveness of organic farming, scientists in
Switzerland were able to conclude that over a period of 21 years, organic farmers were only
20% less productive than their non-organic counterparts. On the other hand, Per Pinstrup
Anderson, who is a professor and World Food Prize winner, after reviewing 200 analyses in
North America and Europe implied that organic yields produced about 80% of conventional
farm practices. Another scientist by the name of Bill Liebhardt found out an even narrower gap
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between conventional farming and organic farming as he concluded that organically derived
maize was equal to 94% of the conventional yields, while organic wheat production was 97%
compared to conventional means and for organic soybean the productivity was recorded at 94%
of the total conventional yield in the United States (Halweil, 2006).
The situation is even more promising in the developing world where most of the huger
problems exist, there seems to be virtually no difference between conventional and organic
yields. An estimate showed that out of the 9 million farms spread on 30 million hectares, a
yield increment of approximately 93% was observed. In India, a survey carried out for seven
years, encompassing 1000 farmers and 3,200 hectares of land concluded that organic farms
were reportedly producing 20 % more yields than conventional farms for cotton, wheat, chilli
and soy. Organic farming practices such as cover cop for soil enrichment, composting and
manure application were studied to have played an important role in the development of healthy
crop yield (Halweil, 2006).
Sustainable agriculture, another name for agroecology, is an incorporated mechanism of plant
and animal based production which is a set of different practices that not only fulfill food
requirements but also protects resource, replenishes natural biological cycles while taking into
account the financial security concerning farm practices (Knutson et al., 2011).
The National Climatic Data Center (NCDC) evaluated that between 1980 to 2009, in the US,
monetary losses of 180 billion USD was observed due to drought and heat waves with the most
affected sector being agriculture itself. Henceforth, drought management is a problem that
needs immediate attention. In just the state of Nebraska economic losses of 1.2 billion USD
were experienced in 2002 alone. The reason why droughts occur could be traced back to two
factors; the first one being biophysical parameters and the second factor being social aspects.
Biophysical parameters include type of the soil, biodiversity within the soil, presence of surface
and groundwater useful for irrigational purposes and moisture deficiency concerning a seasonal
crop all relate to biophysical parameters which directly relate to droughts. Social factors are
even more important than the latter as they involve a direct effect of farmer or farming practices
on the environment. In Nebraska, farmers were able to implement a variety of selected
sustainable practices that decreased drought probability. The practices included organic coil
enrichment techniques, use of integrated drought resistant crops, rotational cultivation, less
intensive tilling, grazing monitoring and conservation in general (Knutson et al., 2011).
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2.5.5 Benefits of Agroecology
Agroecology is perceived to be a technique that holds a key role in the future of agriculture.
There are many benefits related to it, and so therefore the next section involves an analysis of
the foreseeable benefits associated with it.
2.5.5.1 Biodiversity
After many years of continued cultivation and intense agriculture, our perception of
sustainability has jaded and it is widely considered that biodiversity and agriculture cannot coexist in a natural setting. However as time goes forward, newer techniques have given rise to
an array of change of thought. For instance, growing coffee among trees not only aggravates
growth but also proves to be better than coffee cultivation without any cover in terms of
mammalian population (Caudill, DeClerck and Husband, 2015). Evidence does exist that
organic farming increases biodiversity if compared to conventional farming. However, the
beneficial effect vary accordingly with two factors mostly, one being the species under
discussion and the second factor is the crop type. Nevertheless, organic farming may enhance
biodiversity by approximately one-third compared to the conventional practices (Tuck et al.,
2014). Studies in Europe show similar trends as sustainable practices increased biodiversity
supplementing plant and animal population (Winqvist et al., 2011).
To achieve a considerable increase in biodiversity levels, one has to induce highly innovative
yet simple landscape modification in which a considerably dense beneficial vegetation could
co-exist with crop systems yielding food for usage on a smaller scale (Winqvist, Ahnström and
Bengtsson, 2012), however a more effective opinion would be to implement it on a larger scale
with ‘beyond the farm’ approach (Gabriel et al., 2010).
It could be asked that why is biodiversity an integral part of the ecosystem in general? The
answer to that question would be that it provides a plethora of services that are beneficial for
this planet’s existence, to name some, food generation, soil production, pollination of crops,
combating infectious diseases, diverging or suppressing pest populations, water filtration,
supplementing the nutrient cycle and others (Underwood et al., 2011).
2.5.5.2 Greenhouse gas mitigation
Agroecology has the potential to mitigate GHG emissions in comparison with conventional
agriculture. However, as time goes on, with more efficient operations, the mitigation processes
could be further developed. Organic farming possess a higher potential to capture and store
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carbon, which is extremely beneficial to the environment. The real problem is planning and
implementation of the practices that form the system of organic farming, which usually consists
of two spheres. Firstly, the farm-level sphere which consists of practices related to farms and
their execution in accordance with the greenhouse gas reduction principles. Secondly, the
sector wide strategy which involves medium to long term approaches designed to establish a
system on a national or regional scale somewhat modifying the landscape in beneficial ways
to harness maximum benefits (MacRae, Lynch and Martin, 2010).
Although there is a potential of reduction of carbon emissions by sustainable farming practices,
there are studies which have presented a different picture. Organic farming has resulted in
fewer nitrogen emissions to the atmosphere, there was not enough significant difference
between emissions coming from organic farms and conventional farms. This could partly mean
that organic practices are doing little to curtail emissions, however, a more widespread
approach is yet to be seen in order to truly evaluate the GHG mitigation potential (McGee,
2014; Kontopoulou et al., 2015)
2.5.5.3 Productivity
Although the yields derived from conventional farming practices are undoubtedly higher than
sustainable practices the margin is small and considering a plethora of other benefits achieved
through organic farming, one must suggest that in terms of sustainable development,
considering environmental and health on top, that sustainable agriculture might most definitely
be preferred in the future over conventional farming solely because of enhanced soil
preservation and other environmental and health benefits (Birkhofer et al., 2008; Halweil,
2006). The use of Plant Growth Promoting Rhizobacteria (PGPRs), ectomycorrhizal fungi and
cyanobacteria as biofertilizers enhances nutrient uptake by the roots, plant growth and
resilience against biotic and abiotic adversity. The ultimate result is enhanced production and
increased yield (Bhardwaj et al., 2014). Intercropping, i.e. planting alternative crops in strips
across a field, could also increase productivity (Hauggaard-Nielsen et al., 2013).
2.5.5.4 Soil quality
Organic practices has the potential to nourish the soils and enhance the presence of
macronutrients, such as nitrogen, phosphorous and potassium that are extremely beneficial for
soil function. Organic farming not only positively influences soil quality, but also nurtures
plant and fruit health (Calero et al., 2012). Reduced till and cover cropping (crops grown for
soil conversation) also improve soil quality. Reduced till may also increase the amount of
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available carbon and other factors which serve as indicators of efficient nutrient cycling and
production (Lewis et al., 2011). Sustainable farming incorporates practices that are not only
designed to obtain yield but also incorporate soil health and quality with soil supplementary
practices such as intercropping or other different cropping patterns, whether spatially or
temporally, thereby stimulating plant and soil prosperity (Stockdale and Watson, 2009).
There are researchers and scientists all over the world that are hopeful and optimistic that
organic farming could help in fostering optimal soil quality and thereby suppressing soil
erosion on a global scale. If animal manure is applied to soils over a long period of time, it
increases soil quality, reinforces microbial biota and systematically increases the ecosystem
health in general (Birkhofer et al., 2008).
2.5.5.5 Water quality
There has been a recent introduction of organic farming practices in order to neutralize the
effects of runoff from pesticides resulting from industrial agriculture. The approach requires
generalized action of all stakeholders involved and is two folds. One being the active
implementation water preservation practices on a small scale, localized land area where
practices such as sustainable land use could ensure the first steps towards water conservation.
This approach does not cater for the dire need to secure the water resources. This brings us to
a second, more generalized approach involving development of farmers, crops and involves
coordination across all sectors. Nevertheless, the projects based on water quality should be long
term, i.e. more than 5 years. So that effects could be measured properly (Vincent and Fleury,
2015).
Some scientists, however, did not record a significant change in water quality as a direct result
from organic practices (Silva et al., 2015), while others recorded leaching due to extensive use
of organic matter to groundwater (Dahan et al., 2013).
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3

ANALYSIS AND RESULTS

During this section, results from the previous theoretical reviews are acquired. Note that the
impact are categorized as most harmful to least harmful in the order of severe, high, moderate,
low and negligible. Firstly, let us see the social indicators and their relative impacts.
3.1

Social Indicators

The table shows the relative social impact indicators associated with the application of GM
technology and agroecology.
GMOs
Social Indicators

Farmers’ financial
wellbeing

Impact

Agroecology

Reason

Impact

Corporations own the seeds
High

thereby putting farmers in

Farmers can keep their
Low

debt

High

farmers cannot own the seeds

Low

or the plant itself

Transparency of
information

Monsanto and other
Moderate

Moderate

Governmental role

Moderate

Corporate social
responsibility
Food generation

companies do not display

Negligible

their test results publically

People’s rights

High

Low

seeds and cheap inputs are
required

Corporations hold patents and
Farmers’ rights

Reason

GMO foods are deliberately
not labelled
Corporations’ strong
influence on legislation
Aggressive corporate
behavior
Higher yields

Negligible

Low

Low

Moderate

No corporate harassment
observed

Information sharing is the
basis of agroecology

Foods are always labelled
but pricy
Government’s role is a
must
Corporations are a
stakeholder like others
Lower relative yields

Table 4. Comparison based on social indicators between agroecology and GMOs
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Social indicators are listed above in the table and it is evident from the findings presented that
genetic engineering has a comparatively higher impact on the social setting of the United
States, as the corporations have strong influence over the governmental decisions and the
opinions of the general public and the farmers are not taken into consideration. From the results,
it is understood that GMOs pose a greater threat in all the social indicators considered.
3.2

Environmental Indicators

Environmental aspects are considered in the next portion of the analysis. The same format is
applied here with respect to environmental indicators.
GMOs

Agroecology

Environmental
Indicators

Impact

Reason
Excessive pesticide and

Impact

Reason

Low

Organic inputs and manure

Low

Reduced pesticide use

Organic inputs are used

Soil Fertility

High

Water quality

High

Biodiversity

High

Effects on beneficial species

Negligible

Nutrient cycling

Moderate

Livestock is not utilized

Low

Insect resistance

Low

fertilizer use
Pesticide runoff into
waterbodies

Bt-crops repel insects
effectively

Pest control

Low

Aggressive pest reduction

Pesticide Usage

High

Increased pesticide reliance
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Integrated crop-livestock;
animals circulate nutrients
Not as efficient in insect

Moderate

resistance, although
techniques do exist

Moderate

Moderate
-Low

Lower pest reduction
comparatively

Fewer chemical inputs

Gas fixation

Moderate

No evidence found for GHG
mitigation

Low

Biochar used to sequester
carbon

Table 5. Comparison based on environmental indicators between agroecology and GMOs
For environmental indicators, factors which ensure the environmental wellbeing are chosen
and both the techniques are planted in order to assess the relevant impacts. It can be seen that
GMOs pose a greater threat to the environmental indicators considered as compared to
agroecology. Except for two indicators, which are insect resistance and pest control, where
GMOs have better performance than agroecological practices. However, for the remainder of
the indicators assessed, agroecology takes the lead.
3.3

Health Indicators

The comparison is forthcoming section is based on health indicators, where the same
methodology is applied.
GMOs
Health Indicators

Agroecology

Impact

Reason

Impact

Reason

High

Excessive chemical usage

Low

Fewer chemical inputs

Toxicity of food

High

Associated pesticide use

Low

Allergic responses

Moderate

Life threatening
disease risk

Negative impacts detected in
experimental studies

Low

Monoculture; singular crop
Beneficial species

High

type is grown, rest is

Low

eradicated
Herbicides damage soil’s
Plant health

High

nutritional content; affecting
the plant in return

Organic manure and low
pesticide use
Natural inputs ensure
nutritionally dense foods

Biodiversity ensures presence
of beneficial organisms

Manure and natural inputs
Low

ensure nutritional uptake by
plants

Table 6. Comparison based on health indicators between agroecology and GMOs
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The health indicators chosen here are few due to lack of substantial evidence, also because it
is a highly debatable topic. Nevertheless, since agroecology involves natural and nearly
chemical free inputs naturally it will take the lead in all the health indicators as the quality of
the food produced is better.

4

DISCUSSION

The discourse that follows comprises of clarifications about the sources of data and personal
observations noted during the literature review. The section that deals with observations also
consists of recommendations that are relatively important about the comparison between
GMOs and agroecology.
4.1

Data reliability

The data set chosen and extracted has been derived from various sources and has been
thoroughly examined for inconsistencies of any sort. It can be stated that the majority of the
data derived has been peer reviewed and has been collected from scientific journals for the
most part. It effectively addresses the issues tagged with the initial scope of the study. It has to
be noted here that since the issue of GMOs and agroecology has always been riddled with
debate, there are many conflicting views among scientists and extracting results from the
uncertainties can be a challenging, yet achievable, task. The data sets acquired after the
screening phase of the research is fairly relevant to the subject. It consists of sources that are
up-to-date and timeliness has been efficiently taken care of. The data is not outdated and is
contemporary to the issues faced today. Data sets are sufficient in the explaining the issues to
a satisfactory extent. It has been taken care of that the results presented have not been overstated
and that the issues have been projected justly. It can also be stated that the results have not been
inappropriately generalized and are actually accurate in assessing the impacts. It was also made
sure that the information presented during the course of this study is not far from reality and
confronts real life issues and challenges. Furthermore, the sets of data used are fundamentally
valid and shows what is being measured to the fullest. It might be worth noting that a small
portion of the data comprises of reports from various Non-Governmental Organizations
(NGOs) and the data presented may or may not be of actual scientific nature. Nevertheless, it
was made sure that the conclusions gained are of scientific descend.
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4.2

Observations

This section deals with the observations and recommendations from the analysis itself. It has
been divided into three categories, those that deal with social issues, with health and finally
environmental issues.
4.2.1 Social aspects of the comparison
While genetically modified organisms are being adopted on a large scale in the U.S (FernandezCornejo, 2015), the least considered aspect of all the controversy that surrounds genetic
modification in the past were the social aspects (Andree, 2002). Whether it’s the rumors that
farmers might be committing suicides due to debt issues (Plewis, 2014) or the issues relating
to the morality of corporations controlling the agricultural arena (Pispini et al., 2014), on the
bright side, social aspects are getting more and more importance as time goes by. But will it
have any effect on the decision making processes concerning GMOs in the US? It would be
safe to suggest that when it comes to food security in general, the corporations and the
government wholeheartedly dedicate their efforts towards a continued supply of goods to the
public while paying little to no attention to the ethics involved while doing so.
Take the case of GMO labeling for instance, it seems to be only fair to apply mandatory labeling
that notify the public about the full nutritional composition of the foods they consume on a
daily basis (Andree, 2002). However, the corporations have their own pragmatic reasons not
to do so. In the midst of all the confusion, the risks perceived with biotechnology in modern
agriculture are tainted with perversion. It is generally perceived by the FDA that the risks
associated with GM technology are manageable and should not pose a threat, hence no labeling
is required. American Farm Bureau Federation (AFBF) has acknowledged FDA’s stance on no
labeling for GM foods while the National Family Farm Coalition (NFFC) has opposed the
widespread cultivation of GMOs (Bernauer and Meins, 2003).
Moving on from the issue of labeling, the oligopoly that has engulfed the global agrarian
industry has had many negative effects on small scale farmers as they have lost all their rights
while the companies compel them to buy seeds from them on a yearly basis due to the patents
assigned to them by the government. It is therefore illegal for any farmer to save seeds for
replanting after the harvest as it would be a violation and would be deemed patent infringement
(Bowman v. Monsanto Co. et al., 2013).
Agroecology, on the other hand, encourages sociological interlinkage between farmers and the
government (Wezel et al., 2009). It secures financial needs of all the stakeholders involved
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while sensitively analyzing health and environment as well. There aren’t any probable social
risks perceived from agreoecology, simply because, agroecology is largely considered as a
movement in response to the corporate empire that agriculture has become.
Agroecology empowers farmers to take intuitive actions on field while also dictating the
necessary conservation aspects concerning agriculture to them. Issues such as reducing the
environmental footprint, while maintaining and increasing the food supply are of prime
importance (Botreau et al., 2014). The main criticism that agroecology mostly faces is that it
might not be able to produce enough food to feed the masses. The population is growing and
therefore there is growing hysteria among the masses about whether or not there will be enough
food for all. While GM advocators continually propagate the ‘growing population’ rationale
thereby forming it the base for their large scale GMO production, they constantly side-step the
social aspects resulting directly from the adoption of GM technology. If GM technology were
to be adopted widely, it might increase production rates but the associated health and
environmental risks could very well be severely destructive. Not only that, but the corporations
would benefit the most from it as it would give them asymmetrical power.
While we are discussing the aspect of asymmetrical power and the corporations holding more
than their ‘fair share’ so to speak, it would be worthwhile discussing that agroecological
principles encourage a more symmetric distribution of power among the masses. It’s a
combination of ancient knowledge of cultivation involving simple and primitive practices,
government funded research and development, moderate logistics and supplemental farmer
knowledge of the field. This system, if properly applied, could result in an extremely balanced
system which may have the potential to eradicate hunger. If the governments of the world, the
corporations, related institutions and farmers can all agree on a low input and output strategy,
there’s no telling how far we could go with agroecology as it definitely hold potential for
production of food. The main problem with the food insecurity is not increasing or decreasing
production rates, but a dysfunctional and disproportionate food distribution system that
supplies more food to some places than they actually need while neglecting those in need.
Therefore, an overhauling of the thought and consumption patterns is required (American
Dietetic Association, 2003) and that could only be achieved by influencing the societal and
consumption tendencies of the society at large, if we are to produce more than before, we would
only end up degrading the soil and the environment further until the point of irreparable
damage. This form of approach might cater to the existing population’s need but would leave
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little to no resource for our future generations and therefore intense agriculture and enhanced
pesticide usage might benefit the corporations but not humanity as a whole.
4.2.2 Health aspects of the comparison
Although there have been numerous studies carried out in favor of GMOs, stating that their
consumption is safe for mammalian health (Barrows, Sexton and Zilberman, 2014; Petrick et
al., 2015). There has been a response showing the other side of the coin concerning the health
impacts of genetically modified organisms (Carman et al., 2013; Dona and Arvanitoyannis,
2009; Séralini et al., 2014). With the use of pesticides in the US showing increasing trends
(Benbrook, 2012), the initial promise of the genetic engineering of decreased pesticide usage
has been jeopardized and therefore if the pesticide usage does not subside the introduction of
genetically modified crops seemingly would not make sense due to the simple fact that their
introduction was going to suppress pesticide usage in the long run but is failing to do so.
Therefore, one has to question that whether the mass cultivation of genetically engineered crops
would really benefit the health of individuals especially when they are not harmed by excessive
pesticide usage.
The injection of recombinant growth hormone into dairy cows to produce more milk might
seem to be economically favorable, however, it has proven to magnify the production of insulin
like growth factor (IGF-1) which is absorbed through the stomach lining and may stimulate the
growth of cancer cells (Dona and Arvanitoyannis, 2009). There has also been research that has
proven that rats that were fed GM crop varieties developed fatal tumors after prolonged
consumption (Séralini et al., 2014) and also studies showing other health effects including
severe stomach inflammation in pigs (Carman et al., 2013). The points made by these studies
cannot be overlooked while considering GM food consumption on a large and prolonged scale.
The effects of GM foods on human health on chronic and sub-chronic levels are still unknown
cannot decisively suggest what kind of harmful effects one may experience from the
consumption and adaptation of such techniques. Since some studies show adverse and
irreversible effects to the health of lab animals. The conclusion could be extrapolated to human
health.
Agroecological practices are in a complete contrast to genetically engineered foods due to the
fact that genetic engineering involves altering the natural course of action of plant and animal
biology, while agreocology serves to protect and preserve the essence of the natural
environment. Practices which involve zero to minimal chemical usage, strictly in context of
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health effects, could be considered as an ideal setting. The usage of manure for crop and soil
nourishment is a primitive approach and one that ensures natural inputs while producing good
quality foods which in turn derive good health in individuals. It is also the reason why doctors
are prescribing the general public to consume food which is produced from organic sources.
Not only the health of humans is ensured but also plants that are grown in an organic
environment have proven to be resistant towards diseases and parasites while also containing
nutritional benefits signified by the enhanced presence of minerals, micronutrients,
antioxidants and vitamins (Mehla and Kumari, 2012).
Since transgenic crops involve the usage of pesticides such as roundup, the people that are
effected most by mass-scale usage of pesticides are farmers. There is readily available evidence
that suggests the usage of pesticides has promoted severe health effects in farmers (Lerro et al.,
2015). Also, traces of pesticides end up in the food that we consume on a daily basis (Del
Prado-Lu, 2014; Séralini et al., 2014). This is without a doubt an alarming fact that the food
industry should consider as it causes fatality in humans and promotes a plethora of diseases.
Furthermore, the insect resistant GM varieties produce naturally occurring toxins in a plant on
higher levels than normal and therefore their health effects should also be assessed.
The usage of agroecological principles in dairy farms could also produce quality food as the
animals consume natural feed as they forage across a pasture and therefore consume their
natural diet, which ensures health of the animals and therefore produce good quality meat and
milk. Since there is nonexistent chemical inputs in the feed consumed by animals, it could be
generalized that no chemical residues could be found in the meat. The presence of pesticides
in the meat of aquatic population has proven to be a problem in places like Alaska, where the
fish population is reportedly having traces of polychlorinated biphenyls (PCBs) which have
severe health effects if consumed (Hardell et al., 2010). Therefore, the issue of meat and crop
quality and their relation with the health of the general population has to be considered
thoroughly if we are to sustain human health over longer period of times.
Agroecology, involving sustainable practices proves to be a better option in context of health
effects compared to transgenic crop varieties solely due to the reason that they do not involve
a wide scale pesticide usage and enhanced Bt toxin levels as present in transgenic crops.
Moreover the injection of hormones for enhanced milk or meat production is also prohibited
in agroecological practices thereby ensuring health and preserving the natural course of action.
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4.2.3 Environmental aspects of the comparison
Agroecology is extremely beneficial to the environment in numerous ways as it involves
practices that are natural and that enhance the production of a natural ecosystem.
Agroecological practices have been known to enhance the biodiversity of an ecosystem by a
factor of one-third compared to industrial agriculture (Tuck et al., 2014). This is achieved
through innovative landscape usage thereby efficiently harnessing the natural benefits from an
ecosystem through sustainable farming. Keeping the protocols of a healthy ecosystem in check
such principles result in profound numbers of natural ecosystem ‘engineers’ which might seem
insignificant but hold immense importance in the environmental wellbeing. Biodiversity is, of
course, an important aspect of a natural setting as a myriad of benefits are derived from an
ecosystem with a healthy population of insects, microbes and other living beings. The
associated benefits are aiding food generation, soil sustenance, pollination, disease deterrence,
nutrient cycling and so on.
Genetically engineered crops, such as Bt, have been known to enhance environmental quality
as well (Abedullah, Kouser and Qaim, 2014), but an extensive study on Bt crops and their
prolonged environmental effects is needed to ensure whether the benefits derived are long term
or not. Bt crops have been known to negatively affect the butterfly and other valuable insect
populations which feed on pollen grains (Andersen, 2005). Due to the notion that the herbicide
use goes up after several seasons of repeated plantations of GM crops (Pispini et al., 2014), the
environmental benefits derived from Bt crops should be questioned and thoroughly
investigated as it involves enhanced inputs levels, i.e. the internal toxin formation and higher
pesticide usage. Concerning the herbicide tolerance (HT) trait, it is safe to say that they do not
ensure environmental or crop health, as it involves repeated spraying of herbicides to kill the
weed population. For this very reason, farmers that are concerned about the environmental
wellbeing are skeptical of the issues associated with mass scale plantation of the one crop
variety, that is usually the case with GMOs, which invites more diseases as compared to
different crop varieties being planted side by side (Andersen, 2005). It is important to note that
while the aforementioned opinion states enhanced herbicide usage, the corporations themselves
do not promote the excessive usage of herbicide, however, since the farmers know that the
application of herbicides would not damage the crops and would only eradicate the weeds, they
might be obliged to spray increased amounts of herbicide. There are reports on the weed
population developing resistance against the herbicide applications after several seasons and
therefore more and more amounts of herbicides have to be used each season to achieve the
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same results as the previous year. Either way, the health of the local flora and fauna comes
under scrutiny.
Agroeocology may also aid in reducing the greenhouse gas emissions as the practices involved
have the ability of capture and store carbon underground. The furrow integrated raised bed
method has the potential to decrease the water usage by 25-30% and can also allow mechanical
removal of weeds instead of pesticide usage. Other practices such as integrated crop livestock
system (ICLS) also possess associated environmental profits. ICLS involves raising crop and
livestock in an incorporated system which involves the consumption of crops by the animals,
keeping the methane levels in check, as they reintroduce the atmospheric nitrogen back to the
soils thus effectively fixing the nitrogen through urine. ICLS may also sequester Carbon as it
has been known to increase the mean residence time of underground levels of Carbon by a
substantial amount.
The real “problem solver” for the issue of Carbon dioxide emissions resulting from agriculture
is speculated biochar, which is a material derived from pyrolysis of biomass, and has an
unusually high porous structure, which not only increases aeration and makes the soil less
compact, but also has the ability to effectively store carbon for prolonged periods of time. This
simple matter has been highly praised by some scientists and is largely considered as one of
the many futures of sustainable agriculture.
While considering atmospheric emissions and natural biogeochemical cycles, no such
indication during the course of this study was observed that pointed towards efficient
atmospheric gas fixation or storage concerning genetically modified crops, so therefore, no
comment could be made in this regard. However, GMOs might have higher yields compared
to the agroecological practices, this is however an extrapolated information as agroecological
practices are known to produce fewer yields as compared to conventional agriculture in the
developed worlds, however, in places like India, there is no difference between the yield levels.
There are associated environmental degradation levels with higher yields, and contrary to what
Monsanto claims, i.e. produce more and conserve more, it is highly unlikely that with such
extensive chemical usage one would be able to conserve more.
The extensive usage of pesticides and herbicides is extremely dangerous for the water quality
of the world as a whole. It has been proven to be disastrous to human health and poses massive
damage to the flora as well as fauna of the ecosystem. Increased reliance on pesticide is
definitely not a solution as far as environmental safety is concerned. The claims made by the
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corporations on the issue of genetically engineered crops have yet to be proven, as the situation
on grounds suggests otherwise, whether it is farmer negligence or the blatant marketing lies by
the companies, one thing is of certain, that GMOs are not sustainable as it involves more inputs
and more resource consumption.
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5

CONCLUSIONS

In modern day era, agriculture is interconnected and knows no boundaries. Imports and exports
govern the flow of food commodities across borders. The corporations have multi-national
influence and are, for the most part, in charge of food production. Genetic engineering is a
marvel of scientific community, however, it may be worthwhile considering that whether
genetically modified crops really serve world’s hunger and address food security or not? The
effects that have been pointed out in this study are not only localized to the United States alone.
The European Union and Asia are also gradually opening up to the concept of GMOs. The real
issue of the matter is that there are still major safety concerns about the issue of genetic
engineering in agriculture as there are contradicting studies that show different opinions on the
subject. Before implementation, those concenrs and issues have to be taken into focus first.
Once those issues have been resolved, it is only then that the application and wide scale
adoption of GMOs should become mainstream.
The research and analysis conducted throughout the study has primarily been focused on social,
environmental and health issues therefore the scope of this study has been limited. It is
generally understood that the primary driver of any country is the economy. Therefore the
economics cannot be seperated and looked over. For this very reason, it is necessary to conduct
more thorough research especially one that fuses economics with socio-political indicators.
This would lead the way to a complete picture of the probablility of applicableness of the
proposed study. It is necessary to combine environment, sociology, health, politics and
economics together. A model which could incorporate all of the aforementioned elements can
not only develop financially but would also keep the parameters of environmental and human
wellbeing in check.
Agriculture and sustainability have the potential to coexist with each other given the right
setting and specialized set of practices. A need for social education is long overdue about
correcting the eating habits and relying less on factory derived processed food, particularly
meat. There is light at the end of the tunnel however, as more and more people get awareness
on the issues surrounding agriculture and are getting conscious of the quality of food that they
are consuming. The necessary course of action would involve bringing an integrated system
with governmental, i.e. public, and private sectors working in harmony keeping all the
principles of prosperity and fraternity in check on the path to sustainable development.
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SUMMARY

The world is facing immense pressure to feed an ever growing population. The numbers are
growing rapidly and as the numbers increase so does the demand for food. It is due to this very
reason that policies, strategies, plans and protocols have to be established if we are to form the
basis of food sustenance for our future generations. To achieve this, a substantial portion of the
scientific community and the corporate sector concerning agriculture have incorporated
biotechnology as the basic elements for a secured food supply for years to come. Biotechnology
produces organisms that are genetically modified, more simply known as genetically modified
organisms or GMOs. It involves introducing genes from bacteria and other varied sources to
produce organisms that have certain desired traits. Scientists believe that GMOs could produce
higher yields and are therefore the answer to the growing population. Another practice that is
getting more and more fame is agroecology. It can be deemed as a movement, practice or a
mechanism. It usually involves organic inputs that have less hazardous effects on the
environment and the health of individuals. There is a certain percentile of the scientific
community that also believes that if agroecological practices are applied successfully, it could
lead to curtailment of world’s hunger for generations to come while preserving environment,
health and significantly enhancing the quality of food. It may also be worth mentioning here
that the GMOs advocators have the exact same analogy and believe that GMOs can reduce
environmental stress and enhance food quality. Therefore, a comparison has been carried
during this study in accordance with the tools and elements of analytical research. The
comparison has been carried out to see which technique has fewer social, environmental and
health impacts. It has been observed based on the data sets formed that GMOs pose a
significantly greater threat whilst considering social, environmental and health aspects. The
reason being that GMOs, although a scientific milestone, is still a highly debatable topic and
have numerous adverse health and environmental effects. Agroecology, on the other hand,
takes the lead due to the fact that natural inputs such as manure are used and ensure good quality
products that have fewer environmental ailments. This study has been carried considering only
social, environmental and health elements and economic elements have been deliberately left
out. Therefore, further studies might be needed that also incorporate the economic aspects to
get a broader view on the subject.
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