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Effect of Climate Change on
Agriculture and Genetic
resources

Prof. (Dr) Hameed Challoob Ali Al-Khafaji

What is climate change...?

We are hearing it on daily basis the climate is changing!
But what does it mean?

The climate is seen as the normal weather in a specific
area for example; the temperatures in the Amazon are
always high and raining, while in the Antarctic it is freezing
with no rain, deserts changing from hot, dry to humid and
wet, when normal temperatures and the amount of rain in a
specific area changes a transition occurs in the weather, this
transition is defined as climate change.

Climate change has been observed all around the world
rather than in a specific area, the Fourth Assessment Report
of the Intergovernmental Panel on Climate Change (IPCC)
published in 2007 indicated that the Earth's climate is
changing as a result of human activities. The last sixty years
were the warmest in the last 1000 years [7and9]. According
to the findings of the Intergovernmental Panel on Climate
Change (IPCC), the most significant being are increased the
average temperature, less and irregular rainfall pattern and
sea level rise (SLR), these in combination have affected
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coastal region, people and ecosystem by leading to
desertification. Further to that climate change is predicted
to have an even greater impact on diversity, average
temperatures are predicted to rise by 2—4°C over the next 50
years and this can cause considerable disturbance to
regional and seasonal patterns of precipitation [7].

Climate acts directly on growth and reproduction of
plant species [7] through physiological constraints and/or
indirectly through ecological factors such as competition for
resources [18], so changes in climate would inevitably affect
species’ survival. Several studies have already reported
significant effects of climatic change over ecosystems and
species [4and3]. Fischlin et al[6] predicted that by 2100
10-30% of species globally were likely to go extinct as a
result of climate change, examples of the negative effects
climate change can cause including loss, expansion,
relocation and fragmentation of habitats, and changes in
distribution, abundance, phenology and physiology of a
wide range of species [2,10 and 18], as well as disruption of
biotic interactions [2].

Thuiller et al. [5] modelled the impact of different
climate change scenarios on the distribution of 1350 plant
species and concluded that more than half of the species
were predicted to become threatened with extinction by
2080 if they were unable to disperse [24]. On the other
hand, plant taxa have the ability to respond to climatic
changes, as happened during the quaternary when there
were large-scale distribution shifts, so it was expected that
they still maintained the ability to do.
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So,. Further he predicted that if taxa are able to adapt
through migration, then about 22% would become critically
endangered and 2% extinct. Additionally, some studies have
reported a shift in species distribution towards the poles or
upwards in altitude with gradual earlier seasonal
migrations and breeding [2,3and18]. Specifically, for
CWR(crop wild relatives), a comparative study of the likely
impact on three crop gene pools found 16-22% of CWR
species would go extinct by 2055 and the majority of species
showed greater than 50% loss of distributional range and
the range that

These impacts will cause serious damage to the
economy of the world especially the countries that suffered
from aridity, soil salinity, recurrent drought and water
scarcity. These all threaten to countries food security.

There is a significant concern about the impact of
climate change on plant genetic resources and agricultural
production worldwide. Climate change affects dynamics of
ecosystem in various ways such as shift in the distribution of
a wide range of crops and losses of cropping areas. Rise in
temperature and change the environment could help in the
spread of invasive alien species, pests and parasites. As
ecosystems change, the distribution of disease vectors is
likely to be affected with consequences for epidemiology of
many crops and livestock disease [18]. The climate change
also threatens strategic reservoir of the genetic resources of
crops and livestock which need adoption for production.

It also affects the aquaculture and marine life and
distribution of aquatic diseases, parasites and toxic algae
blood.
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Climate also daffects many environmental aspects,
including the temperature, oxygenation, acidity and
salinity. The effect on agricultural production is expected to
vary by crop, locations as well as the degree of warming
and the direction and magnitude of precipitation change
[14].The effects of climate change are expected to reduce
agricultural productivity, stability and incomes in many
areas of the world. The problem of climate change was
identified as early as the nineteenth century. This issue did
not appear on the international scientific and political
agenda until the first world conference held in 1979 [18]. In
1992, the world gathered at the Rio Earth summit (Brazil),
the first conference on climate change adopted by the
United Nation and put it in framework conservation of
climate change (UNFCCC). Little attention has been given
since then to the effect on genetic resources for food and
agriculture by the UNFCCC process. In the 2007 Bali Action
Plan, adaptation for PGR became one of the significant
changes for world attention in addressing the effect of
climate change on PGR(Plant Genetic Resources) in general
and agriculture in specific [6and 8]. The important findings
were:

i Over the next century, regional increases and
decreases associated with climate change as now
foreseen are not expected to result in large changes in
global food production or any large global economic
disaster in total food production. This likely would
likely occur because the projected range of climatic
alteration is less that the range of temperatures, now
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ii.

iii.

iv.
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experienced across productive areas of global
agriculture.

Impacts on regional and local food supplies in some
low latitude regions could amount to large changes in
productive capacity and significant economic hardship.

Climate induced productivity changes that are harmful
for consumers are typically to producers. In several
studies of agriculture that include price effects,
reductions in crop yields indicating that consumers
would pay higher prices and receive smaller economic
losses, and because of that demand for most crops is
relatively inelastic with respect to price, declines in
supply resulting in an even greater percentage
increase in prices. Consequently, producers are
projected to gain on average from revenue increase.

Climate change can influence prices, total acreage and
market signals. The importance of market-level
changes were illustrated in the estimates reported
earlier [12]. Climate change induced change in total
welfare and productivity estimates were negative,
because the yield losses have been reduced due in part
to milder temperature and precipitation estimates
emerging from the global circulation models and
enhanced CO2 fertilization effects. The change is likely
to shift the comparative advantage of agricultural
production regions as such the shifts are likely to alter
the places in which specific crops are grown, both
within countries and internationally.
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The economic consequences of yield changes will be
influenced by adaptations made by farmers, consumers,
government agencies, and other institutions. Farmers may
adapt by changing planting dates, substituting cultivars or
crops, changing irrigation practices, and changing land
allocations among crop production, pasture, and other
Changes in climate are expected to affect the productivity
and aggregate demand for factors of production such as
water, labor, energy, and equipment. Climate change could
be analogous to technological change in agriculture, which
can increase or decrease the environmental objective of the
present investigation is to highlight the general information
of the climate change and its impact on agriculture and
plant genetic [1].
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Climate change is very likely to affect food security at
the global, regional, and local level, as the change can
disrupt food availability, reducing access to food, plus food
quality [8]. For example; projected increases in
temperatures, changes in precipitation patterns, changes in
extreme weather events, and reductions in water
availability may all result in reduced agricultural
productivity. Increases in the frequency and severity
extreme weather events can also interrupt food delivery,
and resulting spikes in food prices after extreme events are
expected to be more frequent in the future. Increasing
temperatures can contribute to spoilage and contamination.
These effects contribute negatively on agriculture, food
supply and are likely to be similar to those seen in the
United States, However other stressors such as population
growth may magnify the effects of climate change on food
security. In developing countries, adaptation options like
changes in crop-management or ranching practices, or
improvements to irrigation are more limited than in the
United States and other industrialized nations.

Any climate-related disturbance to food distribution
and transport, internationally or domestically, may have
significant impacts not only on safety and quality but also
on food access. For example, the food transportation system
in the United States frequently moves large volumes of grain
by water. In the case of an extreme weather event affecting
a waterway, there are few, if any, alternate pathways for
transport. High temperatures and a shortage of rain in the
summer of 2012 led to one of the most severe summer
droughts the nation has seen and posed serious impacts to
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the Mississippi River watershed, a major transcontinental
shipping route for Midwestern agriculture.

This drought resulted in significant food and economic
losses due to reductions in barge traffic, the volume of
goods carried, and the number of Americans employed by
the tugboat industry. The 2012 drought was immediately
followed by flooding throughout the Mississippi in the spring
of 2013, which also resulted in disruptions of barge traffic
and food transport.[14] Transportation changes such as
these reduce the ability of farmers to export their grains to
international markets, and can affect global food prices.

Impacts to the global food supply concern the United
States because food shortages can cause humanitarian
crises and national security concerns, they also can increase
domestic food prices, and agriculture is an important sector
of the U.S. economy. The crops, livestock, and seafood
produced in the United States contribute more than $300
billion to the economy each year [15]. When food-service
and other agriculture-related industries are included, the
agricultural and food sectors contribute more than $750
billion to the gross domestic product.[2}

Agriculture and fisheries are highly dependent on the
climate. Increases in temperature and carbon dioxide (CO2)
can increase some crop yields in some places. But to realize
these benefits, nutrient levels, soil moisture, water
availability, and other conditions must also be met. Changes
in the frequency and severity of droughts and floods could
pose challenges for farmers and ranchers and threaten food
safety.[3] Meanwhile, warmer water temperatures are
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likely to cause the habitat ranges of many fish and shellfish
species to shift, which could disrupt ecosystems. Overall,
climate change could make it more difficult to grow crops,
raise animals, and catch fish in the same ways and same
places as we have done in the past. The effects of climate
change also need to be considered along with other evolving
factors that affect agricultural production, plus changes in
farming practices and technology.

Impacts on Crops

The effect of increased temperature will depend on the
crop's optimal temperature for growth and
reproduction.[13] In some areas, warming may benefit the
types of crops that are typically planted there, or allow
farmers to shift to crops that are currently grown in warmer
areas. Conversely, if the higher temperature exceeds a
crop's optimum temperature, yields will decline.

. HigherCO2 levels can affect crop yields. Some
laboratory experiments suggest that elevated CO2
levels can increase plant growth. However, other
factors, such as changing temperatures, ozone, and
water and nutrient constraints, may counteract these
potential increases in yield. For example, if temperature
exceeds a crop's optimal level, if sufficient water and
nutrients are not available, yield increases may be
reduced or reversed. Elevated CO2 has been associated
with reduced protein and nitrogen content in alfalfa
and soybean plants, resulting in a loss of quality.
Reduced grain and forage quality can reduce the ability
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of pasture and rangeland to support grazing
livestock.[1]

More extreme temperature and precipitation can
prevent crops from growing. Extreme events, especially
floods and droughts, can harm crops and reduce yields.
For example, in 2010 and 2012, high nighttime
temperatures daffected corn yields across the U.S. Corn
Belt, and premature budding due to a warm winter
caused $220 million in losses of Michigan cherries in
2012.[1]

Dealing with drought could become a challenge in
areas where rising summer temperatures cause soils to
become drier. Although increased irrigation might be
possible in some places, in other places water supplies
may also be reduced, leaving less water available for
irrigation when more is needed.

Many weeds, pests, and fungi thrive under warmer
temperatures, wetter climates, and increased CO2
levels.The t weeds, which compete with crops for light,
water, and nutrients.[1] The ranges and distribution of
weeds and pests are likely to increase with climate
change. This could cause new problems for farmers'
crops previously unexposed to these species.

Though rising CO2 can stimulate plant growth, it also
reduces the nutritional value of most food crops. Rising
levels of atmospheric carbon dioxide reduce the
concentrations of protein and essential minerals in
most plant species, including wheat, soybeans, and rice.
This direct effect of rising CO2 on the nutritional value
of crops represents a potential threat to human health.
Human health is also threatened by increased pesticide
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use due to increased pest pressures and reductions in
the efficacy of pesticides.[3]

Impacts on Livestock

Changes in climate could affect animals both directly
and indirectly as mentioned below;

. Heat waves, which are projected to increase under
climate change, could directly threaten livestock.
Exposure to high temperature events caused over
billions in heat-related losses to agricultural producers
[11] Heat stress affects animals both directly and
indirectly. Over time, heat stress can increase
vulnerability to disease, reduce fertility, and reduce
milk production.

. Drought may threaten pasture and feed supplies.
Drought reduces the amount of quality forage available
to grazing livestock. Some areas could experience
longer, more intense droughts, resulting from higher
summer temperatures and reduced precipitation. For
animals that rely on grain, changes in crop production
due to drought could also become a problem.

. Climate change may increase the prevalence of
parasites and diseases that affect livestock. The earlier
onset of spring and warmer winters could allow some
parasites and pathogens to survive more easily. In
areas with increased rainfall, moisture-reliant
pathogens could thrive.[18]

. Potential changes in veterinary practices, including an
increase in the use of parasiticides and other animal
health treatments, are likely to be adopted to maintain

183 5 a3 o Wl G} (A ol el oSV pnas e ol

yy e

L
2019
m



https://19january2017snapshot.epa.gov/climate-impacts/climate-impacts-agriculture-and-food-supply_.html#ref3
https://19january2017snapshot.epa.gov/climate-impacts/climate-impacts-agriculture-and-food-supply_.html#ref6

livestock health in response to climate-induced changes
in pests, parasites, and microbes. This could increase
the risk of pesticides entering the food chain or lead to
evolution of pesticide resistance, with subsequent
implications for the safety, distribution, and
consumption of livestock and aquaculture products.[14]
Increases in carbon dioxide (CO2) may increase the
productivity of pastures, but may also decrease their
quality. Increases in atmospheric CO2 can increase the
productivity of plants on which livestock feed. However,
the quality of some of the forage found in pasturelands
decreases with higher CO2. As a result, cattle would
need to eat more to get the same nutritional benefits.

Impacts on Fisheries

Many fisheries already face multiple stresses, including
overfishing and water pollution. Climate change may
worsen these stresses. In particular, temperature changes
could lead to significant impacts.
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Many aquatic species can find colder areas of streams
and lakes or move north along the coast or in the
ocean. Nevertheless, moving into new areas may put
these species into competition with other species over
food and other resources.

Some marine disease outbreaks have been linked with
changing climate. Higher water temperatures and
higher estuarine salinities have enabled an oyster
parasite to spread. Winter warming in the Arctic is
contributing to salmon diseases in the Bering Sea and a
resulting  reduction in the Yukon Chinook
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Salmon,Finally, warmer temperatures have caused
disease outbreaks in coral, eelgrass, and
abalone.[3],[10]

. Changes in temperature and seasons can affect the
timing of reproduction and migration. Many steps
within an aquatic animal's lifecycle are controlled by
temperature and the changing of the seasons. For
example, in the Northwest warmer water temperatures
may dffect the lifecycle of salmon and increase the
likelihood of disease. Combined with other climate
impacts, these effects are projected to lead to large
declines in salmon populations.[6 and 12]

In addition to warming, The oceans are gradually
becoming more acidic due to increases in atmospheric
carbon dioxide (CO2), this Increase in acidity could harm
shellfish by weakening their shells, which are created by
removing calcium from seawater.[ 9and12] Acidification
also threatens the structures of sensitive ecosystems upon
which some fish and shellfish rely. [11,13 and15]

Climate change is very likely to affect food security at
global, regional, and local levels. It will disrupt food
availability, reduce access to food, and affect food
quality.[14] For example, projected increases in
temperatures, changes in precipitation patterns, changes in
extreme weather events, and reductions in water
availability may all result in reduced agricultural
productivity. Increases in the frequency and severity
extreme weather events can also interrupt food delivery,
and resulting spikes in food prices after extreme events are
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expected to be more frequent in the future. Increasing
temperatures can contribute to spoilage and contamination.

Both climate change and global warming predicted to
reduce agricultural production by 2% each decade this
century [18] with the ever increasing of human population
which is 7.26 billion today and predicted to be 9.6 billion by
2050 [19], there will be increasing demand to use the
threatened PGR to increase agricultural production. The
reduction in crops production is due to several reasons:

i. a change in the dates of cultivation of crops as well as
the dates of harvest.

ii. The season becomes shorter which would impact on
the crop structure in causing the low productivity of some
crops.

iii. The impact of global warming on the climate in
general and water scarcity and drought and the increase of
desertification and soil salinization, iii. Increase in the rate
of evaporation of water from the soil which is what is
happening about water pressure and the rate of rise of
salinity in coastal areas.

The impact of global warming on the climate in general
which led perhaps to the possibility of the emergence of new
pests and diseases in crops and this is associated with
elevated temperatures and where there is no genetic
resistance of traditional crops (indigenous crops) as in the
case of the black stem rust disease (Ug99) for some strategic
crops, particularly wheat, as well as the deterioration of
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some fruit trees, palm trees and the emergence expansion of
new pests in the region which were not present earlier and
might be more destructive to crops which could be also due
to the increase use of chemical pesticides and
environmental pollution.

In Conclusion Plant breeding has addressed both abiotic
and biotic stresses, strategies of adaptation to climate
changes may include a more accurate matching of
phenology to moisture availability using photoperiod-
temperature response, increased access to a suite of
varieties with different duration to escape or avoid
predictable occurrences of stress at critical periods in crop
life cycles. Improved water use efficiency and a re-emphasis
on population breeding in the form of evolutionary
participatory plant breeding to provide a buffer against
increasing unpredictability. ICARDA, in collaboration with
scientists in Iran, Algeria, Jordan, Eritrea and Morocco, has
recently started evolutionary participatory programmers for
barley and durum wheat. These measures will go hand in
hand with breeding for resistance to biotic stresses and with
an efficient system of variety delivery to farmers.
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Specialized Trainings:
Course Title From To
Technical writing / Iraq 10 June |13 June 1982
Application of Statistic and Experimental Design in Agriculture / Iraq 5 Sep 10 Sep 1985
Research methods and its applications in Science / Iraq 4 Sep 10 Sep 1989
Plant genetic resources (Registration and certification) / Sudan 5 Aug 11 Aug - 92
Sustainable Agriculture in Arid Regions / Morocco 04-Sep-99 | 20-Sep-99
Genetic Engineering, Biotechnology and Biosafety / Norway 14-Aug-05 | 27-Aug-05
A USDA- Coordinated Workshop on Water Reuse in Agriculture in 14-Dec-08 | 17-Dec-08
Muscat / Oman
rdalel] il gad]

Awards:

e Awarded the Mesopotamia Prize for Agricultural Research,
1993 Iraq.
e National Green Award for the best research in agriculture in
2011 was awarded
In Utilization of tertiary treated wastewater in production of
forage crops
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e Oman Green Award for the protection of the Omani
environment for 2013 was granted to the best research in
agriculture on Canola crop cultivation in Oman. The award
carried as the excellent research in agriculture.

e Omani Green Award for the protection for the Omani
environment for 2014 was granted the best research in
agriculture relevant to improvement of Omani local varieties
of bread wheat (Triticum aestivum L.) through breeding
program.
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Registration and Certification of Agricultural Varieties

(Correspondent to Scientific Patents):

— Registration and Release of Sunflower Variety (Sina’a)
Helianthus annuus L. This variety was developed in
cooperation between College of Agriculture-University of
Baghdad and Ministry of industry Decision no. 11 in 30-6-
1994. By Dr. Hameed Ch. Ali and others.

— Registration and Release of corn (Zea mays L.) variety Al-
Rabee. This variety was developed in cooperation between
College of Agriculture-University of Baghdad and Research
Center of Biological Science. Atomic Energy commission
Decision no. 12 in 12-6-1994.

— Registration the variety (Moth Ana) of Tomato (Lycopersicum
esculantum). This variety was developed at College of
Agriculture-University of Baghdad. Dr. Hameed Ch. and Dr.
Abdulla-Najam Al-Ani.

— Improved the Omani wheat varieties through breeding
program using hybridization between Omani local and exotic
varieties. 4 wheat varieties have been developed which are
under registration.
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