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Abstract

Man’s activity and/ or inactivity continually
impedes the environment in many ways. Sometimes,
these impediments could be negative with
catastrophic consequences. Emission of greenhouse
gases, desert encroachment, deforestation, global
warming, and general environmental degradation by
different human practices poses a lot of threat to this
planet. It has therefore become imperative to explore
novel ways or technologies in checkmating hazards
emanating from these disasters. Biotechnology which
simply refers to the use of living organisms or their
parts particularly microorganisms to produce
materials for human and animal consumption comes

in handy. The aim of this paper is to do a brief review

on the merits of applying this technology in mitigating
hazards arising from climate change. Focus will be
centered on agricultural and industrial biotechnology
more as a result of their involvement in land and
environmental related matters. Manipulation of crops
via genetic engineering for varieties with stress
resistance, phytoremediation, tissue culture of orphan
crops, and so many other biotechnological practices
will be examined so as to highlight their role in
stemming disasters caused by climate change. In
conclusion, the paper will attempt to explain the
reason why developing countries like Nigeria should
also join the global race in curtailing this menace via

her indigenous biotechnology.
Introduction

Biotechnology within the context of this paper
could simply be defined as the use of living organisms
(microorganisms, plants, and animals) or their parts
for the production of useful compounds or carrying
out of processes [1]. As such, biotechnology involves
activities like waste treatment and prevention of
environmental hazards, production of commodity
chemicals, manufacture of therapeutic compounds like
vaccines and antibiotics, and the production of
transgenic microbes, plants, and animals. All these
examples above fall into one or more classes of

biotechnology namely; environmental, medical/
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pharmaceutical, industrial, and agricultural
biotechnologies. Practices like emission of greenhouse
gases, desertification, deforestation, industrial pollution,
etc all increase global warming and generally affect the
environmental negatively. Due to the broad field of
biotechnology and the need to discuss only areas
important to climate change issues, this write up will only
limit itself to environmental and agricultural
biotechnologies. Factors associated with climate change
like temperature, rain fall fluctuations, and prevalence of
pest and diseases negatively affect agricultural
productivity. These distortions gives rise to persistent
water scarcity which leads to significant production risk.
For example, places that are liable to drought and low
rainfall may have to look for crops that withstand such
unfriendly conditions. This is where the field of
biotechnology positively reduced these effects by using
modern genetic manipulations to create novel clones with
desirable traits [2]. Modern biotechnology has greatly
helped genetically modified crops to counteract the effects
of climate change in different parts of the world through
practices like production of bio fertilizers and energy

efficient farming.

The United Nations Intergovernmental Panel on
Climate Change (IPCC) defines climate change as the
“mean changes in the climatic conditions of an area or
variability of its properties over a period of time “[7]. This
report claims that climate change could be triggered by
both anthropogenic and natural factors like accent of solar
cycles, volcanic eruptions and continental drift [7].
Agricultural activities generally contribute about 25 % to
greenhouse gas emissions and serve as a major source of
methane (48%) and nitrous oxide (52%) from rice fields
for instance [3]. Greenhouse gases sometimes puncture
the atmospheric shield leading to increase in temperature.
Gases, such as carbon dioxide (CO2), methane (CH4),
nitrous oxide, hydrofluorocarbons (HFCs) and sulphur
hexaoxide (SF6), are mainly emitted by industries. Over a
period of time their concentration in the atmosphere

increases causing massive global warming [5].

Climate change mitigation strategies mostly aims

at reducing the negative impact human activities exert on
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land and water bodies. For example, reducing
concentration of greenhouse gasses released into the
atmosphere by controlling the release of industrial
effluents and emissions of radioactive materials may be
some steps that will protect the earth from effects of
climate change. Furthermore, climate change can be
mitigated via reforestation and other sinks (natural
absorbents and adsorbents). Biotechnological techniques
currently in use for mitigation purposes include tissue
culture, bioremediation,

biosorption,  bioleaching,

conventional breeding, molecular marker assisted
breeding and genetic engineering. Reduction of carbon
emission using bio fuels, carbon sequestration, less use of
inorganic fertilizers, etc are other processes. This brief
review is meant to x-ray the importance and intervention
that biotechnology has brought to deal with potential

disasters emanating from climate change issues.
Reduction in Green House Gas Emissions

Agricultural practices like application of synthetic
fertilizers to crops, over grazing, and deforestation
contribute a quarter of all greenhouse gases (carbon
dioxide, methane, nitrous oxide, etc) emitted into the
atmosphere. However, the application of biotechnology is
one of the most reliable answers tothis menace through
the use of energy efficient farming, carbon sequestration
and reduced synthetic fertilizer usage[15]. Planting
genetically modified crops has been shown to reduce the
amount of greenhouse gases emitted into the atmosphere
by more than 25%. This is due to the fact that since such
crops do not need as much maintenance as regular crops;
farmers also do not waste much fuel to power their
equipment. (Fares, 2014). The reduction in 2011 alone
was equivalent to “removing 27 billion kg of carbon
dioxide from the atmosphere or equal to removing 11.9
million cars from the road for one year” [4, 5]. The simple
use of genetically modified crops in farming allow farmers
to expend less fuel as a result of not demanding to ride on
farm equipment for long, leading to a reduction of total

carbon emissions into the atmosphere.
Energy Efficient Farming

Currently, green biotechnology which refers to

the creation of more fertile and resistant plant resources
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by using specialized techniques has been used in
eradicating global hunger. This is attributed to the fact
that there is production of more fertile and resistant crops
that have the ability to withstand biotic and abiotic stress.
This technology allow farmers to use less energy alongside
environmentally friendly fertilizers in food production
which assist in carbon sequestration. Production of bio
fuels from both traditional and Genetically Modified (GM)
plants such as oilseed, sugarcane, rape seed and jatropha
also reduce the adverse effects of pollution as a result of
transport activities on the farm by the transport sector.
Efficient farming assist in cleaning the atmosphere
through planting of perennial non edible oil-seeds thereby
directly getting involved in the production of bio diesel for
use in the energy sector. These oil when blended with

fossil fuels reduce the emission of carbon dioxide greatly
[6].
Carbon Sequestration

When carbon containing substances particularly
carbon dioxide are removed from the atmosphere, they
are said to be sequestered. This phenomena recycle
carbon back to the soil and removes it from the atmos-
phere thereby reducing its concentration. From this point
of view, carbon sequestration could be considered as one
of the best ways to mitigate climate change impact by
depleting the ever increasing concentration of carbon
dioxide and carbon monoxide in the atmosphere. One
efficient way of doing this is conservation tillage. Here,
tillage and planting system covers more than 30% of the
soil surface with crop residue after planting to reduce
erosion there by enhancing methane. Soil carbon
sequestration enhances better cycling of nutrients and

prevent nutrient losses among other key benefits to

farmers (FAO, 2008).
Reduction in Inorganic Fertilizer Production

Inorganic fertilizer utilization in agriculture has
led to contamination of the environment with hazardous
toxic chemicals. These kind of fertilizers contribute to the
formation as well as release of certain greenhouses gasses
like nitric oxide (N20). Ammonium chloride, Ammonium

sulphate, sodium nitrate and calcium nitrate are examples
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of inorganic fertilizers that are responsible for the

formation and release of greenhouse gasses [8].
Biotechnological tecniques assist in reducing the use of
synthetic fertilizer by using genetic engineering to fix soil
nitrogen through Rhizobium species. Another strategy is
planting crops that uses nitrogen more efficiently. An
example of such crops is genetically modified Canola
which has shown significant reduction in the amount of
nitrogen fertilizer that filter into the atmosphere and leach

into soil and water ways.
Crop Adaptation Through Biotechnology

In the field of Agriculture, climate change leads to
reduction in crop yield due to inadequate rainfall, extreme
temperatures, emergence of weeds, occurrence of pest
and diseases [9]. One possible way of dealing with such
global problem is applying agricultural biotechnologies
that combat the negative effects of such changes by using
genetic engineering to create clones with drought, stress

resistance, and many other desirable traits.

Changes in climatic condition pose a lot of
challenge in land and water use. Some of these challenges
include abiotic stress, salinity, drought, extreme
temperatures and chemical toxicity. These all have their
negative impact on agricultural production. The
agricultural sector uses about 70% of the available fresh
water on earth and this is likely to increase as tempera-
ture keeps fluctuating. As a result of this, about 25 million
acres of land becomes useless each year [10-16]. It is also
estimated that increased salinity in arable land will lead to
30% land uncultivated within 25 years and this number
will reach up to 50% by the year 2050. The concomitant
effect of all these is increased food shortage and global

hunger.
Myco-Biotechnology

Mycobiotechnology is branch of biotechnology
that uses fungi to create products. These technique utilize
fungi for restoration of affected ecologies. Saikia and Jain
(2007) reported that both endo- and ecto mycorrhizal
symbiotic fungi together with actinomycetes have been
used as inoculants for regeneration of degraded forests.

Mycorestoration attempts to use fungi to help in
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restoration of ecologically degraded environments.
Whether the environments have been damaged from
anthropogenic or natural disasters, saprophytic and
mycorrhizal fungi can help to navigate it to recovery.
Afforestation would indirectly contribute to improved
agricultural productivity and food security because forests
create microclimates that improve rainfall availability.
Moreover, forests act as carbon sinks thereby contributing
in sequestration and greenhouse reduction effects for
climate change mitigation. Consequently, forestry and
agroforestry offer the potential to develop synergies
between efforts to mitigate climate change and efforts to
help vulnerable populations to adapt to negative

consequences of climate change.
Future perspective

Impacts of climate change are so evident now and
there is no indication that these will reverse in the
foreseeable future. Actions must therefore be taken to
adopt timely solution to prevent unpredictable and
undesirable outcomes. The world population which is
currently at 7 billion, is predicted to increase to 8 billion
by 2025 and peak at about 9 billion in 2050. According to
some studies, developing countries will need to cultivate
120 million additional hectares of crops for feeding an
ever increasing populations. Therefore, modern
agricultural science should be made more effective in
boosting food production. Efforts should be made to
incorporate local and conventional biotechnologies with
modern biotechnology approaches within national
policies and legal frameworks in order to increase
resilience of local crop varieties against changes in

environmental dynamics (Stinger et al., 2009).
Conclusion

Agricultural and environmental biotechnology

can contribute positively towards climate change
mitigation through reduction in greenhouse gas emissions,
carbon sequestration, less fuel use through energy
efficient farming and myco biotecnology. This measures
help to improve agricultural productivity and protect the
ecosystem from extreme weather event. Sound application

of modern biotechnology will help to counteract climate
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related problems thereby securing crop production and
preventing environmental degradation for fast growing
population. An approach to safe applications of modern
agricultural biotechnologies will contribute to increase
yield, food security and also significantly contribute to

climate change adaptation.
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