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Abstract: Genetic modifications of organism are modern biotechnology of transferring DNA chromosomal traits
from donor to recipient. It is one of the marvels of 21  century agriculture. Many crops have been geneticallyst

modified to tolerate or resist herbicides and insecticides. Others have been modified for single, or multiple traits
including life long tomatoes, viral resistance rice, cassava, papaya, sweet potatoes, pepper; nematode resistance
in cereals; Vitamin A rice; drought or salt tolerance; nitrogen fixation; increase efficiency of use of nutrients,
water, light, pharming (crops and animals for pharmaceuticals). The purpose of this review is to assess whether
the technology has succeeded or failed in 21  century agriculture.st
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INTRODUCTION the Bt insecticidal toxin is expressed by all cells of the

Biotechnology involves making molecular changes reducing  the  need  to  apply  conventional  insecticides
to living or almost living things. It dates back to 4000 [1, 2, 3].
years to the use of fermentation, bread making, brewing The worker gives a breakdown of the cultivation of
and cheese making by Egyptians and Sumerians. Modern these crops derived from genetic modification. The first
biotechnology, also known as genetic modification or commercially cultivated GM crops were GM-soya in 1995.
engineering, by contrast, refers to the transfer of DNA Within one year (1996), there was 1.7 million hectares
(usually chromosomal) from one organism to another, so planted with GM soya; rising to 40 million ha within
allowing the recipient to express traits or characteristics another four years (1999) at 10 million ha per year.
normally associated just with the donor. As these Unfortunately, slowing down to 50 million ha in another
transfers or mixes do not occur in nature, the scope for 2 years (2001) according to Pretty [1]. 
genetic modification is greater than in conventional animal As at 2000, most GMOs were cultivated in the USA
or plant breeding [1]. (68%), Argentina (23%); Canada (7%), with 25,000 -

The expansion in the development and commercial 100,000 ha each in Australia, Mexico, Spain and South
cultivation of a few types of genetically-modified (GM) Africa. They were about 1000 ha each in Bulgaria, France,
crops has been extraordinarily rapid in recent years. The Romania, Uruguay and Ukraine. In the UK, experimental
greatest commercial growth has been in crops with one or field  releases  of  GM  plants  have been in 300 ha [1, 3].
two of the following traits (and increasingly both): In China, the worker reported 400,000 – 500,000 ha of GM
herbicide tolerance or herbicide resistance, mainly in tobacco and cotton. Of the total 44.5 million ha planted
glyphosate and glufosinate ammonium introduced in worldwide in 2000, the worker reported that 58% was
soya, oil seed rape, cotton, maize and sugar beet, which soya, 23% maize, 12% cotton and 6% oil seed rape. Others
allows  the  application of broad-spectrum herbicides to include potato, squash, cassava and papaya. From these
the standing crop, so killing all the weeds without causing records it can be seen that all the crops involved cut
the crop damage and insect resistance through B.t across food-line and major cash-crops foreign exchange
expression, mainly in maize and cotton, which means that earner of many countries.

plant, so killing susceptible herbivorous pests and so
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Take the case of Africa. Imagine Africa without pepper, nematode resistance in cereals, banana, potato,
access  to cassava, potato, maize, soya and papaya. frost tolerance in strawberry. Bt clover, trees with reduced
These are crop-birthrights of over 99% farmers in the lignin, vitamin A rice and pharming, those crops and
continent.  The  USA, North and South America are animals for pharmaceuticals [3]. These generation
always  early  adopters,  followed  by  Europe  and  Asia technologies will accelerate tropical agriculture and food
in  the  above  analysis  by  Pretty  [1,  3]. Nevertheless, production.
the essence  of  this  review  is  to ascertain the success
or failure of genetic modification in 21  century Third Generation Technologies: Those that are still farst

agriculture. from market, but generally require the better

Benefits-Risk Analysis of GM: There is a clear divide of traits as drought or salt-tolerance and nitrogen fixation.
opinions on benefits and risk of GM crops. Some argue These are likely to bring more explicit consumer benefits
that Genetically Modified Organisms (GMOs) are safe and than the first generation. Examples include stress
essential for world progress, others that they hold too tolerance in cereals (thermo, salt, heavy metal and drought
many risks [3]. The first group believes that media tolerance); physiological modifications of crops and trees
manipulation and public scare-mongering (like the (to increase efficiency of use of nutrients, water, light),
Hudson Scientists [4] position on global warming and neutraceuticals boosted with vitamins/minerals, vaccine
climate change: See Igboji [5] are limiting useful crops e.g. banana and potato; designer crops modified to
technologies. The second believe that scientists, private produce oils or plastics; legumes with increased tannins
companies and regulators are understating hazards for the (for bloat control in cattle) [3]. These will also benefit
sake of economic returns [3]. tropical and temperate agriculture and food production.

Neither view is entirely correct, according to Pretty Schumacher cited by Pretty [3] in his book “Small is
[3]. According to the worker, genetically modified Beautiful” predicted GM technology with the following
organism is not a single, simple technology. Each product words “The technology of production by the masses,
brings different potential benefits for different making use of the best of modern knowledge and
stakeholders. Each possesses different environmental and experience, is conducive to decentralization, compatible
health risks. These benefit-risk analyses were further with the laws of ecology, gentle in its use of scarce
discussed by Pretty [3] on different generations of GM resources and designed to serve the human person. He
technologies as follows: named it intermediate technology.

First Generation Technologies: They came into The Winner takes the Buck in GM Debate: The fact that
commercial use in the late 1990s and have tended not to GM technology is capable of modifying a large number of
bring consumer benefits (one reason why there is so traits is no more in question [6]. Nevertheless, according
much current public opposition). The realization of to these authors, since the risks and social benefits of
promised benefits to farmers and the environment has these traits vary greatly, it is important to understand
only been patchy. Examples include herbicide-tolerance, whether private companies systematically bias the types
insect resistance (Bacillus thuringensis), long-life of GM crops that they put through the patenting and
tomatoes, bacteria in containment systems for production regulatory approval process. According to Table 1 [6],
of cheese and washing-powder enzymes, pre-coloured herbicide-resistance accounts for only 7.1% of traits
flowers and cotton e.g. blue cotton, violet and black mentioned in US patents; yet it is present in almost half of
carnation [3]. the approved crops.

Second Generation Technologies: They comprise those that herbicide-resistance has been pushed forward much
already developed and tested, but not yet commercially faster than other genetic modifications, despite the fact
released because of uncertainties over the stability of the that herbicide resistance was neither patented earlier than
technology itself, or over concerns for potential other traits, nor received more lenient regulatory
environmental risks. Some of the applications will clearly treatment. Furthermore, the workers inferred that
bring greater public and consumer benefits and include a production of herbicide-resistance seeds and the
range of medical applications. Examples include viral corresponding herbicide within the same firm helps to
resistance in rice, cassava, papaya, sweet potatoes, explain  the  overwhelming  faster introduction of this trait.

understanding of whole gene complexes that control such

This, according to Rockett and Regibeau [6] suggest
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Table 1: Patents and approved GM crops per trait as at November, 2000
Crop trait Proportion of US patents (% of the traits considered) Proportion approved crops (%)
Pest resistance 11.4 21.4
Ripening 10.0 8.9
Starch content 10.0 0
Sterility 10.0 8.9
Fungus resistance 8.2 0
Fat content type 8.2 3.6
Bacteria-virus resistance 7.1 8.9
Herbicide resistance 7.1 48.2
Nutrition 6.4 0
Taste 6.1 0
Plant growth 5.0 0
Environment stress 4.6 0
Flowering 3.2 0
Antibiotic resistance 2.5 0
Source: Rockett and Regibeau (2002) [6]

Citing example of disproportionate share of integrated The  Global  Battle over Genetically Modified Food:
companies such as Monsanto, in the number of GM Falkner [7] account on this is very interesting. According
products approved. According to the authors, more than to the author, the use of modern biotechnology in
two-thirds of all approvals for herbicide-resistant crops agriculture  and  food  production  has become the focus
were obtained by companies that are also significant of a new international trade conflict. While some
manufacturers of herbicides. Moreover, the herbicide- countries, such as the US, Canada and Argentina, have
resistance patents held by each of these firms are geared embraced the new technology, others, particularly the
towards families of herbicides that these manufacturers members of the European Union remained concerned
dominate. about the ecological and health risks involved in the

Rockett and Regibeau [6] also reported firms selling production and consumption of genetically modified
both seed and herbicides to have weaker incentives to crops and foods.
introduce their GM seed than non-integrated firms if the The author reported significance of the conflict
GM seeds would displace sales of herbicides. The authors during the second half of the 1990s; between 1996 and
observed that herbicide-resistance soybean in Iowa had 2001, the global area planted with GM crops rose 29 times,
a small reduction in total herbicide use per hectare, from 1.7 million to 50 million ha. At the same time, the
thereby  increasing  total  amount  of   glyphosate  used. global market for GM crop products grew from $75 million
In other words, according to these workers, a negative in 1995 to over $2 billion in 1999; projected to hit $8 billion
displacement effect due to a reduction in the use of in 2005 and $25 billion by 2010. When the European Union
herbicides per hectare must be weighted against a imposed a moratorium on GM crops releases in 1998 and
positive business stealing effect by makers of glyphosate- European supermarkets began boycotting GM foods,
based herbicides. Rockett and Regibeau [6] study North American exporters complained that European trade
reported large net increase in the use of glyphosate, restrictions were in breach of World Trade Organisation
suggesting that the business stealing effect dominates in (WHO) rules. Incredible!.
that market. This, in turn, suggested that the bias A second front in the global GM battle, reported by
identified in the table toward herbicide-resistance can be Falkner [7] was the international negotiations on a
traced to integration of herbicide and GM seed production biosafety treaty in 1996. The biosafety talks were
within the same firm. According to David Suzuki cited by characterized  by  often bitter transatlantic as well as
Rockett and Regibeau [6] “We are still settlers on this North-South conflicts over the question of whether and
earth”;  while  the same workers [6] quotes Laing (1967) in how,  to  regulate  trade  in agricultural biotech products.
the politics of experience, as saying “We live in a moment In the end, according to the author, a compromise was
of history where change is so speedy that we begin to see reached in January 2000 with the adoption of the
the present only when it is already disappearing”. Cartagena Protocol on Biosafety to the Convention on
Excellent talk!. Biological Diversity.
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Falkner [7] observed the treaty can only enter into judging risks should involve setting the environmental
force after it has been ratified by 50 countries. It and health risks on one side of the balance sheet and the
strengthens the rights of importing nations to reject potential benefits to different stakeholder group on the
genetically modified organism (GMOs); if it has been other.
shown through risk assessment that they may harm
biological diversity or human health. Nevertheless, The Advantages and Disadvantages of Gm Crops:
continued Falkner [7], the protocol’s provisions are much The Bionet Account: It pays to take a look on public and
weaker when it comes to agricultural commodities, which private opinion on the advantages and disadvantages of
make  up the bulk of international traded GM products. GM crops. The Bionet [8] account on this subject matter
For the author and concurred by me, is the question “Are is one of scientists who have transferred a gene to the
the biosafety treaty’s provisions consistent with plant (specifically rape plant) which enables the plant to
international trade rules and will a future challenge of GM resist a certain pesticide. When the farmer sprays his
import restrictions be challenged under the jurisdiction of genetically modified rape crop with pesticides, he or she
the WTO. Good one, Falkner!. can destroy most of the pests without killing the rape

The Environmental and Health Risks of GM Crops: larger crop because it is easier to fight pests. In some
Pretty [3] discussed these areas very well. According to cases the farmer can use a more environmentally friendly
the author, there are five potential environmental risks and crop spray. The farmer can also protect the environment
two potential health risks posed by GM crops and foods. by using less crop spray. The disadvantages include:
First: Vertical gene flow to wild or weedy relatives of Genes from the genetically modified rape crop could be
crops or horizontal gene flow to bacteria in soils or human transferred to the pests. The pests then become resistant
guts. Second: Emergence of new forms of resistance to the crop spray and the crop spraying becomes useless.
amongst insect, nematodes or fungal pests and Rape plants can pollinate weeds - for example navew
emergence of secondary pest and weeds problems. Third: which is found in rape fields. When rape plants pollinate
Recombination of viruses or bacteria to produce the navew their genes are transferred. The navew then
pathogenic strains (super viruses) and their possible acquires pesticide resistance [8].
escape into natural ecosystem. Fourth: Direct effects of Now listen to Bionet [8] account for other crops -
novel toxins on beneficial bacteria, insects and higher “Corn, soya beans and sugar cane have also been
animals, through direct effects from GM pollen on genetically modified by scientists so they are able to
beneficial insects, breakdown of crop tissue and release tolerate crop spray. Insecticide sweet corn has been
of toxins e.g. Bt into the soil or sequestration by genetically modified so that it produces a poison which
herbivores into somatic tissue, leading to secondary kills harmful insects. This means that the farmer can no
effects on predators. Sixth: Changes in farm practice that longer fight insects with insecticides. The genetically
lead to further loss of biodiversity and/or change to modified corn is called Bt corn because the insect-killing
environment e.g. changed use of herbicides and other gene in the plant comes from the bacteria – Baccillus
pesticides. Seventh: Allergenic and immune system thuringiensis. The advantages include: The farmer no
reactions to new substances contained in foods produced longer has to use insecticide to kill insects, so the
by the modified genes and so in both human foods and surrounding environment is no longer exposed to large
animal feed. Eighth: Incorporation of antibiotic resistance amounts of harmful insecticide. The farmer no longer
marker genes from GM foods into bacteria in the gut; needs to walk around with a drum of toxic spray wearing
leading to spread of antibiotic resistance. Nineth: a mask and protective clothing. Disadvantages: This type
Incorporation of antibiotic marker genes from GM foods of genetically modified corn will poison the insects over
into bacteria in the gut, leading to spread of antibiotic a longer period than the farmer who would spray the
resistance antibiotic. crops once or twice. In this way the insects can become

The recommendations by Pretty [3] on this accustomed (or resistant) to the poison. If that happens
environmental and health risks of GM crops are simple: both  crop spraying and the use of genetically modified
As each GM application is potentially different, it requires Bt-corn become ineffective. A variety of insects are at risk
individual assessment of risks. Secondly, a framework for of being killed. It might be predatory insects that eat the

plants. The advantages include: The farmer can grow a
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harmful ones or, perhaps attractive insects such as in order that they will tolerate the transport. The
butterflies. In the USA, where Bt-corn is used a great deal producers also have the advantage that all the tomatoes
there is much debate over the harmful effects of Bt-corn can be harvested simultaneously. Disadvantages:
on the beautiful Monarch butterfly. Cotton and potatoes Scientists today can genetically modify tomatoes without
are other examples of plants that scientists have, inserting genes for antibiotic resistance. However, the
genetically modified to produce insecticide” [8]. first genetically modified tomatoes contained genes that

Now listen to Bionet [8] account on golden rice made them resistant to antibiotics. Doctors and vets use
“Golden rice is genetically modified rice that now contains antibiotics to fight infections. These genes spread to
a large amount of A-vitamins or more correctly, the rice animals and people, doctors would have difficulties
that contains the element - beta-carotene which is fighting infectious diseases. Strawberries, pineapples,
converted in the body into Vitamin-A. So when you eat sweet peppers and bananas have all been genetically
golden rice, you get more vitamin A. Beta-carotene gives modified by scientists to remain fresh for longer” [8].
carrots their orange color and is the reason why This account by BIONET [8] was recorded in a
genetically modified rice is golden. For the golden rice to language that can be understood by lay people, farmers
make beta-carotene three new genes are implanted: two and other stakeholders, but do not necessarily represent
from daffodils and the third from a bacterium. their opinions and positions. Their positions may have
Advantages: The rice can be considered a particular been sponsored by relevant stakeholders in the battle for
advantage to poor people in underdeveloped countries. GM organisms and products.
They eat only an extremely limited diet lacking in the
essential bodily vitamins. The consequences of this Has GM Succeeded or Failed in 21  Century
restricted diet cause many people to die or become blind. Agriculture?: In view of the over 50 million ha [7, 9, 10]
This is particularly true in areas of Asia, where most of the out of total world land area of 13 billion ha [11] and the
population live on rice from morning to evening. over $25 billion revenue from GM [2, 3]; and in view of the
Disadvantages: Critics fear that poor people in need  to  produce  more food to feed a hungry world [12,
underdeveloped countries are becoming too dependent 13, 14, 9, 10]; coupled with the wide gains reported so far
on the rich western world. Usually, it is the large private [7, 1, 2, 3]; and potential gains in the era of climate change
companies in the West that have the means to develop [9, 5, 15]; as well as BIONET [2] layman explanation of the
genetically modified plants. By making the plants sterile pros and cons; there is no disputing the fact that GM has
these large companies can prevent farmers from growing succeeded in 21  century agriculture with caution.
plant-seed for the following year - forcing them to buy As much as we are desperate for food, especially in
new rice from the companies. Some opponents of genetic Africa where anything can go for food in the midst of
modification see the "golden rice" as a method of making hunger, there are needs for us to be in harmony with
genetic engineering more widely accepted. Opponents nature. GM has put food in the tables of many in the
fear that companies will go on to develop other world. It has also ensured availability of different varieties
genetically modified plants from which they can make a and foods all year round. In Nigeria, we now cultivate
profit. A situation could develop where the large many exotic crops namely: cotton, rice, sorghum, millet,
companies own the rights to all the good crops” [8]. wheat, potato including irish potatoes, maize, tomatoes,

Now watch their record on tomatoes “Long-lasting, pepper, onions, soybean, cowpea, bambaranut, pawpaw
genetically modified tomatoes came on to the market in (papaya), citrus, mango and a host of other vegetables,
1994 and were the first genetically modified food available flowers and ornamental/medicinal plants which has to do
to consumers. The genetically modified tomato produces with GM. The same is obtainable in other nations,
less of the substance that causes tomatoes to rot, so including the initial resistant countries of the European
remains firm and fresh for a long time. Advantages: Union; who cannot afford to trade-off seeds and crops of
Because the GM tomatoes can remain fresh longer they high profit. 
can be allowed to ripen in the sun before picking - Even as many European supermarkets promote and
resulting in a better tasting tomato. GM tomatoes can harness organic products; a lot of consumers cannot
tolerate a lengthier transport time. This means that market afford their cost and food must be in their tummy. They
gardens can avoid picking tomatoes while they are green (customers) sometimes do not care the source of the food:

st

st
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Fig. 1: A GM Tomato. Photo: courtesy of BIONET, (2002)
[8]

Fig. 2: Greenhouse under GM Wheat. Photo: courtesy of
SWI (2015) [16]

Fig. 3: More greenhouse scenarios of GM Crops. Photo:
courtesy of SWI (2015) [16]

Fig. 4: Swiss soil to remain GM free. Photo: courtesy of
SWI (2015) [16]

Fig. 5: Bt Corn. Photo: Courtesy of ChienLab as reported
by Wikipedia (2015) [17]

conventional or genetic modified. Even as most
developed world advance in search for alternative and
quicker sources of animal protein; including the
controversial cloning of the “Dolly” that passed on to the
cloners some couple of years now (Watch out for my
piece on “Cloning animals and humans: The nots in our
heads”; the genetic modification of crops have come to
stay beyond 21  century.st

CONCLUSIONS

Genetic modification has not failed or entirely
succeeded in the 21  century agriculture but is bound tost

stay beyond  21   century.  The  battle front is still hot.st

The stakeholders: companies, investors, farmers,
regulators, government, consumers, media and the entire
world population of over 6 billion with over 5 billion
hungry are still at loggerhead on the novelty or absurdity
of genetic modification. In view of the fact that majority of
these people are hungry and desirous of anything called
food; there is every tendency that the micro GM patented
companies and investors will carry the CENTURY and
beyond. According to Igbo-Nigerian proverb “If one is
empty handed fighting for land, those with yams will
continue to seed the land”. While the debate rages, the
money conglomerates companies will continue to invest
on their GM technologies and the hungry and angry 5
billion populace of the world have no option, than to
grudgingly buy and consume their foods. So, who is the
winner? You have the answer.
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