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Gabriel Saavedra

• Agronomist, Ponficial Catholic University of Chile

• M.Sc. & Ph.D. , The University of Edinburgh

• Working 30 years in INIA, researcher in Vegetables 
Breeding and Production.

• For 28 years working in INIA-La Platina, Santiago

• The last two years in INIA-Carillanca, Araucanía



INIA - Carillanca



La Araucanía, the gate to Chilean Patagonia



Breeding Programs
• Wheat and triticale
• Pea and lupine (sweet and bitter)
• Forages
• Quinoa
• Garlic
• Murtilla (Native berry)
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CLIMATE CHANGE IN LA ARAUCANIA



Average 1980-2015 2050 projection

Higher Temperature in Araucanía



Rainfall in Araucanía

Average 1980-2015 2050 projection



Renaico Cholchol PLC Freire Vilcún

Higher Temp C�
1980-2015 27,6 - 28,0 24,1 – 25,0 24,1 – 25,0 24,1 – 25,0 25,7 – 26,0

Higher Temp C�
2050 29,6 – 30,0 27,1 – 27,5 27,1 – 27,5 27,1 – 27,5 27,6 – 28,0

Coldest Temp
C�1980-2015 4,1 – 4,5 4,1 – 4,5 2,1 – 4,0 2,1 – 4,0 2,1 – 4,0

Coldest Temp
C�2050 5,6 – 5,8 4,9 – 5,0 4,9 – 5,0 4,9 – 5,0 4,9 – 5,0

Yearly rainfall mm 
1980-2015 1001 - 1100 701 – 900 1101 – 1200 1600 – 1700 1501 - 1600

Yearly rainfall mm 
2050 701 – 900 601 – 700 901 - 1000 1401 – 1500 1401 - 1500

Tendency for next 35 years
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Orchard trees evolution in Araucanía
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Crops evolution in Araucanía
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AGRICULTURE AND CLIMATE CHANGE



Agriculture and Climate Change
• Agriculture is a climate dependent activity, then both is 

affected by Climate Change and contributes to Climate 
Change. 

• There is a vicious cycle that makes agriculture both a 
victim (because of negative effects of Global Warming on 
food supply) and a perpetrator (one of the main causes of 
Climatic Change). 



Negative effects in agriculture due to:

Drought

Temperature raising

Soil salinity

Tropospheric ozone

Excess of UV radiation



Examples
• CO2 concentrations over 1,000 ppm is not feasible on 

field growing vegetables, it can be made just under 
controlled conditions.

• Elevated temperature affects photosynthesis and res-
piration, in vegetables belonging to C3 type maximum 
photosynthesis are reached between 20 to 32ºC, and C4 
type like sweet corn needs 34º.



Field tomato as example
• Temperatures above 25ºC affect

pollination and fruit set

• Fruits start the lycopene

degradation, being completely

destroyed at 40ºC.

• High temperature plus raised UV

light radiation produce “Sunburn”
in fruits.

• Nutraceutic value decreased due

to lack of beta-carotenes and

lycopene.



Agriculture contribution to Climatic
Change

CO2 releasing:
- Ploughing and 

soil movement
- Burning debris
- Burning fuel

Nitrous oxide 
(N2O) releasing:
- Nitrogen
fertilizers use

Methane:
Animal husbandry

Greenhouse gases
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EFFECT OF GLOBAL WARMING IN 
SOUTHERN CHILE



Effect of Global Warming in Southern
Chile

• Change in extremes temperatures, increase in higher
temperatures, decrease in winter chill for vernalization, 
less snow and ice in mountains.

• Rainfall decreases
• Drought
• New plagues, diseases and weeds



• Vegetable production
systems will extended
growing season
because of warmer
springs and autumns,
but also new zones
will be incorporated to
vegetable and fruits
production.



Raised temperatures during 
winter will provoke insufficient 
winter chill and vernalization in 
several species that require a 
stage of winter dormancy and 
accumulate cold temperatures 
to induce the spring growth, 
case of asparagus, rhubarb, 
garlic and artichokes.



Increased temperatures 
could show impact on 
insect pest populations 
influencing ecology and 
biology.



Weeds
• Altered temperature and 

precipitation rates are 
expected to cause weeds to 
emerge earlier, while rising 
CO2 will increase their growth 
rate, ultimately increasing the 
competition between both, 
weeds and crops.

• New species from northern 
localities establishing in the 
south successfully.



Opportunities
• Increase in crops diversity, 

new crops are being 
developed.

• Earliness in some crops and 
varieties, enter to the market 
earlier in the season obtaining 
better prices.

• Development of more 
profitable crops, such as 
orchard trees.
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BREEDING FOR ADAPTATION



Breeding for Adaptation to Abiotic Stresses

Soil:
Minerals
Heavy metals
Quality

Temperature:
Warm
Cold
Freezing

Water:
Quality
Purity
Lack

Light:
Length of day
Light quality



Breeding Strategies

Conventional
breeding

Intraspecific
Crosses

Selection

Interspecific Crosses

Transgenic
Approach

Transgenia

Cisgenia



Objective

To obtain and adapt breeds to changing
and new environmental conditions



Breeding for adaptation

Breeding
programs

Releasing:
- Hybrids
- Inbred lines
- Masal selection
- Etc.

Trials for 
adaptation under 
different 
environments.

Climate

Droughtness

Soil conditions

Light

New breeds 
adapted to specific 
environments



Breeding Challenges
• To generate varieties
tolerant to high
temperature stress,
essentially lettuce,
cabbage and leaves
vegetables, that
temperature induce
bolting.



To improve the use of 
fertilizers by vegetable 
plants creating new breeds 
more efficient using 
nutrients and water. 



To decrease the use of 
chemical pesticides 
generating new varieties 
with tolerance/resistance to 
pests and diseases. 

For example, rootstock for 
grafting containing 
horizontal resistance to soil 
borne diseases and pests.



Strategies
The program breeding may use
wild parents as source of new
genes resistant to pests and
diseases, but it may contribute
with rusticity; then new varieties
may tolerate thermal and water
stress without large losses in
production.



There are several wild 
species and wild parents of 
crops that can be used both 
as gene sources and directly 
domesticated for use as 
food. 



The advantage of these 
species lay on adaptation to 
stressed environments 
(drought, salinity, elevated 
temperature), so they can be 
domesticated by selection 
using different genetic 
strategies. 



Unfortunately, genetic
improvement of wild
species requires long time,
involve high risk and
investment, therefore
much efforts must have be
done from all point of view
to carry out research and
breeding for new crops
more sustainable for the
world.



Therefore, adaptation strategies to climate change includes 
abiotic facts such as securing water and nutrient supply 
while reducing the damages caused by extreme weather 
events, as well as adapting the gene-pool of cultivars to 
new growing conditions.
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Vegetables Program in Carillanca

“Improving the competitiveness of the
horticultural sector in La Araucanía with the
purpose of transforming the region into a
supplier of vegetables for the southern zone
and for export”



Vegetables Program in Carillanca
• Testing  11 vegetable crop species and 8 spices plants in 

five agroclimatic regions in the Araucania.
• Program funded by Regional Government in order to 

introduce new vegetable crops alternatives for processing 
purposes.

• Objective is to look for alternatives in response to 
changing climatic condition in the region.



Species Varieties Spices Varieties
Sweet Corn 5 Thyme 2
Broad bean 5 Capers 1
Green bean 5 Oregano 2
Pea 3 Sage 2
Carrot 6 Mint 3
Kale 5 Tarragon 1
Spinach 7 Basil 5
Leek 4 Dill 4
Romanesco 3
Broccoli 6
Beet 6



Partial Results

• Spinach, earliness in Spring varieties and baby leaves in 
Winter varieties sown in Spring.

• Sweet corn, late production, better prices.
• Broad beans, extended production in late spring/summer.



Outline
• Introducing myself and INIA – Carillanca
• Climate change in La Araucanía
• Agriculture and climate change
• Effect of global warming in South Chile
• Breeding for adaptation
• Vegetables program in INIA-Carillanca
• Conclusion



Conclusions

Crops production is both affected and affect global
warming. There is consequence in plant physiology and
morphology that produces increases/decreases in yield and
quality products. Breeding and adapting new varieties
tolerant to elevated temperature is a way to mitigate the
climate change producing where before it was not possible.
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