European Journal of Sustainable Development (2017), 6, 1, 261-266 ISSN: 2239-5938
Doi: 10.14207/ ¢jsd.2017.0611p26 1

Future Challenges for the Breeders Struggling the
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Abstract

The Climate Change is one of the major problems in the entire world. The limiting influence of
harmful factors as climate and other environmental changes, it will be crucial to breed new varieties
for improved resistance to abiotic and biotic stresses. Climate Change can be tackled through plant
breeding and better use of Plant Genetic Resources. Generally, plant breeding is the art and science
of genetically improving plants for the benefit of humankind. It is important to mention potential
contribution of organically managed systems to climate change mitigation is identified in the careful
management of nutrients and, hence, the reduction of N2O emissions from soils.

The application of biotechnological approaches, developing and implementation of new “omics”
technologies and infrastructure construction on a high scientific level will help in building a strategy
to overcome the damage of Climate Change.
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1. Plant breeding in the context of the climatic changes

Nowadays one of the major problems widely recognized in the entire world is
Climate Change. The Climate Change creates a serious threatening to push up the
number of hungry people which is a result of negative impacts on food production. At
the same time the growing global population will create an increased demand which will
need to be produced on not much more land, using less water, fertilizer and pesticides
(Fischer et al. 1994).

Looking at global issues we must be tackled correctly and in series with other global
challenges of climate change as cleaner sustained energy and water security. Projections
indicate that by 2030 the world will need to produce 50 percent more food, 50 percent
more energy and 30 percent more fresh water and adapting to Climate Changes
(Rosenzweig and Iglesias 1994). Some analysts of Climate Change explaining that if
global temperatures do not increase more than 6°C over the next century, agricultural
production can probably adapt to changes in mean global temperature using breeding,
selection and management approaches.

The impact of Climate Change on production of various crops varies markedly
depending mainly on the region, growing season, the crops and their temperature
thresholds. To minimize the impacts of these climate and other environmental changes,
it will be crucial to breed new varieties for improved resistance to abiotic and biotic
stresses (Rosenzweig and Parry 1994). One of the major objectives for breeding research,
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in the context of climate change, is to understanding of the concept natural variation and
how plants adapt to a range of natural and agricultural environments (Alonso-Blanco et
al. 2009). Kliebenstein (2010) emphasizes the need for “more intricate, genomic, and
broad phenotypic analyses of natural variation to address the fundamentals of
quantitative genetics” in his update on the potential role of systems biology in
uncovering the generation and maintenance of natural genetic variation.

Plant breeders need to increase their attention to breeding varieties that have greater
tolerance to local abiotic stresses such as drought, flooding and extreme temperatures as
well as continuing to breed for resistance to pests and diseases.

Water, food, health, land and environment which are the essential needs of life, are all
threatened by climate change. There will be a tremendous decline in the crop yield
impacting all other aspects of life. It is believed that “new climate era” will have its
winner and loser species and unfortunately many of the valuable crops are likely to fall in
the category of losers.

Climate Change can be tackled through plant breeding and better use of plant genetic
resources. Generally, Plant breeding is the art and science of genetically improving plants
for the benefit of humankind. With the discovery of genetics, plant breeding became a
more reliable means to improve varieties (Rosenzweig et al. 1995). The applying a
modern biotechnology as a tool used in plant breeding, the development of new adapted
varieties has become a more precise and rapid process to guarantee an outstanding
quality and performance.

2. Organic agriculture and the climatic changes

Organic farming avoids chemical dependency. Organic agriculture improves the
fertility and structure of soils, using crop rotation, recycling of crop residues and applying
organic manures and mulches to encourage the development of soil microorganisms.
Organic farming methods also protect surface and ground water and help preserve
biodiversity (Benkeblia, 2011).

Scialabba et al (2010) discussed the mitigation and adaptation potential of organic
agricultural systems along three main features:

. farming system design
. crop land management and grassland
. livestock management

Potential contribution of organically managed systems to climate change mitigation is
identified in the careful management of nutrients and, hence, the reduction of N>O
emissions from soils (Diepeningen et al. 2006). Another high mitigation potential of
organic agriculture lies in carbon sequestration in soils. In a first estimate, the emission
reduction potential by abstention from mineral fertilizers is calculated to be about 20%
and the compensation potential by carbon sequestration to be about 40—72% of the
wortld’s current annual agricultural greenhouse gas (GHG) emissions, but further
research is needed to consolidate these numbers (Smith et al. 2008). On the adaptation
side, organic agriculture systems have a strong potential for building resilient food
systems in the face of uncertainties, through farm diversification and building soil fertility
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with organic matter (Blanco et al. 2008). Additionally, organic agriculture offers
alternatives to energy-intensive production inputs such as synthetic fertilizers which are
likely to be further limited for poor rural populations by rising energy prices (Pimentel,
2005). In developing countries, organic agricultural systems achieve equal or even higher
yields, as compared to the current conventional practices, which translate into a
potentially important option for food security and sustainable livelihoods for the rural
poor in times of climate change (Badgley et al. 2007). Certified organic products cater for
higher income options for farmers and, therefore, can serve as promoters for climate-
friendly farming practices worldwide (Lobell et al. 2008).

3. Major challenges for Plant Biotechnology

Biotechnology is a broad discipline that studies the potential use of natural

organisms and systems in agriculture, environment and many other fields. Plant tissue
culture manipulation technologies are responsible for recent breakthroughs in plant
biotechnology. The new biotechnological approaches to human health and management
are making a significant contribution to attempts to improve the quality of life, food and
nutrition, health care and the environment (Aravindaram et al. 2011). Research in plant
biotechnology has previously focused primarily on agronomic characteristics to improve
resistance or tolerance to biotic and abiotic stresses in particular crop plants.
Agricultural biotechnology is however not a solution or a means in itself and largely
depends on the existence of effective breeding programmes. Thus, agricultural
biotechnology can never replace conventional breeding, but can be a vitally important
tool in supporting sustainable agricultural production and breeding systems to be highly
adaptive and effective in serving local needs (Chikaire et al. 2012). To meet the
challenges a broad interdisciplinary approach needs to be taken next to the scientific and
technological prerequisites that have to be met. Multidisciplinary is not only needed to
transfer knowledge generated with model plants into crops, or even highly
environmentally specialized varieties, but also to stimulate public acceptance and thus
decreasing regulatory restraints. This will lead to address new challenges for Plant
Biotechnology (Kossmann, 2012):

J Increase crop productivity especially in adverse environments

. Management of herbicide tolerance

J Management of resistance to pests

J Management of resistance to diseases

o Improvement of genetic engineering technologies to enhance public petception
J Improvement of harvest index

o Improvement of nutrient cycling in agricultural ecosystems

Finally, there is the ultimate challenge to genetically tailor plant products to optimally suit
them as sources of food, feed, fuel, materials, and pharmaceuticals. The ultimate
challenge is to wunderstand and influence metabolism without compromising
environment, crop productivity, unless high- value compounds such as pharmaceuticals
are produced in other plant systems than crops, e.g., in plant cell or tissue cultures
(Kossmann, 2012).
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4. Next ‘OMICS’ development

In the beginning of 21st century the modern technologies brought plant science
to new horizons. Since the beginning of the new millennium, “omics” sciences have
been rapidly developed and optimized, generating a large amount of data that could be
used for crop improvement. The main technologies- genomics, proteomics and
metabolomics - can give a close-up of the pathways that link genotype to phenotype.
These three main omics technologies involve quantification and characterization of
genome, proteome and metabolome, respectively, with extremely rapid, miniaturized and
automated methods (Bino, 2004). These technologies are aimed at unraveling the overall
expression of genes, proteins and metabolites in a functionally relevant context, and
provide ideas into the molecular basis of various fundamental processes involved in
growth and development of plants and their environment (Fiehn, 2000). The omics
technologies enable a direct and unbiased monitoring of the factors affecting crop
growth and yield formation, and provide the data that can be directly utilized to
investigate the complex interplay between the plant, its metabolism, and also the stress
represented by the environment or the biological threats by insects, fungi or other
pathogens (Dixon, 2000). To face the problems generated by these stresses,
metabolomics are one of new strategies developed, and a number of targeted
metabolome analyses were carried out to assess the involvement of subsets of
metabolities in various stresses (Urano et al. 2010).

These technologies also help for investigation of the biology behind agronomic traits at
the physiological, biochemical and molecular levels, and permit the clearing of molecular
schemes of the crop plants, for improved crop production. Indeed, the various-‘omics’
have become a staple of Plant Physiology research (Campbell, 2006). The mention above
disciplines applied in the context of nutrition and health have the potential to deliver
biomarkers for health and comfort, reveal early indicators for disease disposition and
discover bioactive, beneficial food components.

“Omics” technologies are relatively new biomarker discovery tools that can be applied to
study large sets of biological molecules. The numbers of these technologies is constantly
expanding. The field of technology ranges from genomics, proteomics and metabolomics
(Vlaanderen et al. 2010).

For efficient gene function analysis, researchers can chose from a multitude of different
methods from plant functional genomics. During recent years it has become increasingly
clear, however, that each method has its inherent limitations and none of them alone
suffice to assign a function to a gene of interest.

It’s clear that metabolomics has quickly gained its place in modern plant science in both
a fundamental and applied context. Using a metabolomics approach to identify key loci
will play a significant role in helping to deconstruct complex metabolic interactions and
provide the knowledge to design better crops to feed the world (Baxter and Borevitz,
20006). Metabolomics describes recent high-throughput approaches in the field of
metabolic genomics that aim to identify gene function on the basis of analyzing the
metabolome, the full complement of metabolites of an organism (Badjakov et al. 2011).
In contrast to the genome, the proteome is highly variable over time, between cell types
and will change in response to changes in its environment (Flisern et al. 2007).
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The ‘OMICS’ technologies - genomics and metabolomics are the basis for the rapid
development of the new interdisciplinaty field - nutrigenomics.

The increase in productivity has been powered by changes in the genetic potential of
crops and relevant management practices.

Conclusions

v Climate change poses challenges to the agricultural sector —reducing GHG
emissions and adapting to climate change.

v Innovation along the whole food chain, involving all relevant stakeholders, is
critical.

v The farmer must be in the middle — especially the small-scale farmer —
participatory processes are critical.

v The effect of climate on pests may add to the effect of other factors such as the
overuse of pesticides and the loss of biodiversity due to pests and disease outbreaks.

v Science and technology is critical — the risks and benefits of all technologies

must be evaluated.
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