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Abstract

Environment-friendly sustainable food production for a growing human popula-
tion has become challenging. Synthetic fertilizer-driven, intensive agriculture has
resulted in substantial environmental damage. Neither this conventional
chemical-based agriculture nor organic farming is sustainable in the long run.
Thus out-of-the-box thinking is required to tackle these challenges. The chapter
discusses why we should start to grow GM crops organically and provide a “new”
choice to consumers of “organically-grown GM crops.” Many arguments have
taken place on “organic vs conventional” and “acceptance vs non-acceptance” of
GM crops. Therefore, the debate needs to go beyond this binary and towards
“voluntary extension” of organic agricultural farming practices into “high-tech
biotech crops”. The purpose is to combine “improved-genetics” with “soil-
healthy agronomy” for harnessing the full potential benefits of both in a
complementary way.
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14.1 Introduction

Feeding the world without further harming the planet is a great challenge for
humanity. While the demand for food may increase 70% by 2050, food production
worldwide has a high impact on natural resources on which it is fundamentally
dependent. By the year 2100, the number of people on earth is expected to increase
to more than 11.2 billion. About two billion people, among the current 7.6 billion,
constitute small farming households (with less than 2 ha of land each) and a majority
(85%) of the poor and food insecure (Husaini and Tuteja 2013). Enhancing the
livelihood security of this population as well as increasing productivity of their small
farms is central to the United Nation’s Sustainable Development Goals, which
emphasize that food needs to be grown “sustainably” using fewer resources on the
same arable land. These factors coupled with the new challenges associated with
climate change, demand alternative and politically acceptable farming strategies and
new thinking.

What is the best way to produce enough food to feed all these people? In a recent
report on “Food Systems and Natural Resources,” the UNEP provides evidence of
unsustainable and wasteful methods used globally in the present food systems. The
report highlights that 33% of the world’s soil is degraded; 20% of aquifers are
overexploited; 60% loss in terrestrial biodiversity is connected with food production,
and 80% of mineral inputs are lost to the environment (Axelos 2017). In case we
want to increase resilience in the food system while conserving ecosystems, we need
to reflect upon climate change, habitat loss, water resources, input availability,
urbanization, and United Nations Sustainable Development Goals (UN SDGs).
Answers to our future food requirements have to be sought in new crop cultivation
approaches, such as genetic modification (GM) and aquaculture, combined with
conventional and organic farming methods. Genome engineered crops have a
significant advantage over traditional crops and have immense potential. These
crops are developed by “borrowing” traits from sexually non-compatible individuals
who may live poles apart and belong to diverse kingdoms. However, GM crops often
face resistance from civil groups (Husaini and Tuteja 2013). But is the fear against
the latest farming methods, in particular against GM crops, real? Do we need to
rethink organic agriculture (Husaini and Sohail 2018). Putting things in perspective
requires some analysis.

14.2 The Controversies

Unfortunately, controversies developed around transgenic technology due to some
internal and external influences. In 1993, the blockbuster movie Jurassic Park
showed how human intervention could lead to a disaster by creating horrific
creatures like dinosaurs, thanks to the creative imagination of Steven Spielberg—
the director. This made the atmosphere fertile for horror against DNA-based
technologies. In 1994, the World Trade Organization (WTO) made it compulsory
for developing as well as developed countries to provide monopoly rights on seeds.
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The seed corporations sought to enforce the intellectual property rights on seeds, but
it was costly and difficult. This caused them to search for a self-enforcing biological
way to protect their intellectual property. As if this was not enough a scare for
neo-colonialism, in 1998 US Patent Office granted the USDA and Delta & Pine
Land Company (DPL) a patent for genetic engineering that could kill seeds. It was
called “technology protection system” by DPL and “terminator technology” by
Rural Advancement Foundation International. This technology was used to impose
“writ” in the form of a “virtual ban” on seed reuse, actually a substitute for a
practically not-so-easily implementable “de facto patent.” With all this confusion
around, when Green Peace started opposing it, common people saw it as a savior for
a just cause, and slowly a campaign against GMOs began to take its roots. Pusztai
affair in 1998 added to the confusion by claiming ill effects on the epithelial lining of
mouse fed on GNA potatoes. Immediately after (in 1999) was the Monarch butterfly
issue, which raised concerns about the off-target effects on beneficial insect
populations living on Bt plants. Is this not worth a serious thought that why there
is no opposition to “Humulin”—the first genetically engineered insulin, which
comprises a significant chunk of insulin used clinically today?

14.3 Time to Cultivate GM Crops Organically for Intensive
Sustainable Farming: The “New” Option

Organic crops may have many merits but the major constraints are limited produc-
tivity coupled with huge losses due to pests and diseases (Chang and Zepeda 2005;
Martin 2009; Treadwell et al. 2010; Seaman and Sideman 2013). One distinct way of
dealing with twenty-first-century challenges is exploring the possibility of
“introducing organic practices” in modern crops that are being developed through
“genetic engineering” or bring together the best of the two opposite camps for the
benefit of the consumers. The use of genetically engineered plants in organic
agriculture has been advocated from different perspectives (reviewed by Ronald
and Adamchak (2008), Ammann and Montagu (2009), de Renobales Scheifler
(2009), Husaini and Sohail (2018)).

Traditionally there were only a few heirloom varieties or landraces that were used
as cultivars, and later “artificial” crossing was used to create thousands of modern
plant varieties that could suit high input agriculture based on the green revolution.
However, with the advent of newer challenges in the present century, these varieties
shall no longer sustain long enough. The genetic potential of these varieties needs to
be enhanced to combat the newer challenges of climate change and sustainability
(Table 14.1).

The two primary inputs for farming are a) Good seeds and b) Good farming
technology. These need to be discussed in the context of climate change. Climate
changes have adverse effects on key factors on which plant growth depends, carbon
dioxide, sunlight, water, an endured temperature range, and nutrients. The undesir-
able variations in these factors can favor the multiplication of plant pathogens and
lead to an outbreak of plant diseases. So, we shall need to either develop seeds that
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Table 14.1 A summary of the major options available for crop production

Seed type + farming type Remarks

Heirloom seed + organic farming = very low productivity Suitable for eighteenth century
HYYV seed + chemical-based farming = high productivity Environmentally unsustainable
GM seed™ ° + chemical-based farming = higher Lower environmental footprint
productivity

GM seed™ ™ © + organic farming = moderate to high Environmentally sustainable and
productivity safe

References: FAO (2002), Wang et al. (2003), Deng et al. (2005), Xu et al. (2006), Dahm et al.
(2009), Zhang et al. (2010), Stein et al. (2010), Dar et al. (2013), Klumper and Qaim (2014),
Ruddock (2016)

Category 1: Stress tolerance traits against drought, flooding, salt, cold, heat, insects, fungi, bacteria,
viruses, etc

PCategory 2 traits: Quality enhancing traits like delayed-ripening, better nutritional profile
(vitamin A, iron, omega 3, phytase, etc.)

“Category 3: Multi-trait pyramided plants with better quality, productivity, and nutrient use
efficiency

are inherently resilient to such biotic and abiotic stresses or develop such environ-
mentally sustainable agro-technologies that are able to protect the crops at the time of
stress or a combination of both (Husaini 2014) (Table 14.1). The “new” choice
brings together the “positives” of integrating two diverse practices, old-age organic
farming (Gold 2016) with new-age GM technology (Husaini et al. 2010a, b, 2011),
and converging to address common issues like ecosystem sustainability and human
health.

14.4 Farmers and Consumers Have the “Right to Choose”

Organic farming is about practices of agronomy and on-farm cultural practices with
no/least chemical input. It should not matter if crop genetics has improved naturally
or through conventional plant breeding or more precise recombinant DNA/genome
modification techniques. Both farmers and consumers interested in the “new” option
have been ignored to date. Those consumers who may be interested in buying
products that possess benefits based on both traditional wisdom and modern engi-
neering may likely be the first to buy agricultural products based on the “new”
option. The choice is presently absent from the basket. There should have this
additional choice like buying Organic Golden Rice. It could have health benefits
associated with its organic cultivation as well as value addition due to genetic
engineering.
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14.5 What Prevents GM Farms from “Voluntary Adoption”
of Organic Farming?

The well-being and the common motive of producing organic food are associated
mainly with the absence of chemical residues and higher nutritional value
(McEachern and McClean 2002; Hughner et al. 2007). Crops engineered for higher
productivity, abiotic stress tolerance, enhanced disease, and pest tolerance, better
nitrogen fixation ability, higher nutrient use efficiency, and amenable to resource
conservation technologies could completely exclude chemical pesticides, fertilizers
and hence be environmentally sustainable (Table 14.1). If this is the case, why can
GM crops such as Golden rice not qualify to be “organic” when grown using
established organic practices? Even if the current legislative system does not allow
that (Seufert et al. 2017), GM farmers should adopt organic practices voluntarily and
contribute to environmental sustainability!
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