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on plant on plant on plant on plant 
Earth todayEarth today

Flickr: Aaron Escobar14 billion hectares ice-free land

10% used for crop production, 25% for pasture

2 billion tonne grain produced annually – 10%
is traded internationally

40% of cereals are irrigated (75% of40% of cereals are irrigated (75% of
freshwater consumed annually)



Crop production in Ireland today

Dominated by grassland (90% 
agricultural area)agricultural area)

Grassland (1000 hectares) 2008Grassland (1000 hectares) 2008

1034.8

445.8 Grass silage
Hay
Pasture
R h i

238.1

2062.3

Rough grazing

After: CSO, 2008



Tillage and Horticulture industry g y
(1000 hectares) 2008
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What drives Irish Crop production?

• Animal production• Animal production
– Grasses & Cereals -

feed, bedding etc.

• Food industry• Food industry
– E.g. oats, potato, etc.

• Energy Industry http://www.ucd.ie/studyatucd/featuredde
gree/dairybusiness/index html

– Biofuels

• Policy
Single Payments 

gree/dairybusiness/index.html

– Single Payments 
Scheme

– EU Renewable Energy 
DirectiveDirective



The Future of Crop Production in The Future of Crop Production in 
Ireland

–Climate Change
Sustainable Land Use–Sustainable Land Use



Sustainable land use  - Crop production 

Management of human use of land such 
th t th  i t it  d f ti i  f it  that the integrity and functioning of its 
natural process and components is not 

impaired (De Groot, 1994)

Bottom line: want our environment to Bottom line: want our environment to 
be clean, healthy and productive

Balancing short-term human needs with the 
capacity of the land to provide crops in the 

• Manage

Nutrient applicationp y p p
longer term 

– Nutrient application
– Irrigation
– Diseases and pests

P t t bi di it• Protect biodiversity

• Maintain multifunctionality

• Rural Environmental Rural Environmental 
Protection Scheme



Climate change 

Greenhouse gases

C b  di idSun

Infra-red 
radiation

Sun

• Carbon dioxide

• Methane

• Nitrous oxide

Sun 
rays

• Water vapour

Earth
Atmosphere

Increase in Greenhouse Gases (GHG) = global warming



Climate Change

Global CO2 concentration over time

Elements; 3:171-178 (2007)



Climate Change in Ireland

Ireland in a Warmer World - Scientific
Predictions of the Irish Climate in the

Twenty-First Century
(2001 CD C4 M2)(2001-CD-C4-M2)
STRIVE Report

Dunne et al. (2009)
Mét Eireann/UCD

CLIMATE CHANGE –
Refining the Impacts for Ireland

(2001-CD-C3-M1)
STRIVE Report

Temperature 

From 2 – 4 degree increases by the end of 
the centuryp

Sweeney et al. (2008)
NUI Maynooth/UCD/TCD

P i it ti  

Hotter in SW

Hotter in summer/autumn

Precipitation: 

Dryer summers (up to 18%), wetter 
winters (up to 25%)



Climate change and Climate change and 
sustainable land use 

present challenges and present challenges and 
opportunities for crop 
production in Ireland production in Ireland 



•Crop selection 
•Crop fertilizationCrop fertilization
•Disease & Disease control
N d t f•New products from crops



Crop Selection

• A biogeographical issue• A biogeographical issue
– Challenge: e.g. potato, 

willow, pasture

– Opportunity: 
• potato, cereals, new 

crops (e.g. maize, 
soybean, maybe even 
sunflower in specific 
regions!)

• Bioenergy crops e.g. gy p g
maize



Crop fertilization

• Challenge: • Challenge: 
– reducing inputs/costs
– Maintaining biodiversity 

& ecosystem & ecosystem 
functionality –REPS

• Opportunity
‘Smart’ fertilisers

www.fertilizer-
assoc.ie/code_practice.htm 

– ‘Smart’ fertilisers
– Biofertilisation



Biofertilisation

Use of microoorganisms to promote 
plant growth

• Plant growth promoting bacteria• Plant growth-promoting bacteria

– Highly variable results to date in 
the field….

Eff f b i h bi d fi ld di iEffect of bacteria on wheat biomass under field conditions

3.617.8*Bacterium A

Increase in 
grain yielda

Increase in 
shoot weighta

6.716.8*Bacterium D

-5.815.9*Bacterium C

5.821.5*Bacterium B

• Biological nitrogen fixation 

6.716.8
aRelative to control wheat plants, not treated with any bacterium.

g g
• No effective bacteria  known for cereals 



Disease & Disease control

Disease Control
– Cultural practices
– Fungicides
– Plant resistance
– Biological control



Disease & Disease control

• Challenges
– Climate change: shift in 

pest/pathogen populations
– Sustainable land use: 

• lack of effective disease 
control measures

• New EU legislationg

• Opportunities
D l  di / t– Develop disease-/pest-
resistant crops

– Develop new disease 
control measures

– Reduced requirement for 
control of some diseases



Challenges

EU legislation – ban on certain fungicides 

Concern about emerging 
pathogen resistance to 

Septoria tritici blotch 
disease of wheat

pathogen resistance to 
remaining chemicals

disease of wheat

Reduced sensitivity to 
chemicals available for 
control (Teagasc  2009)control (Teagasc, 2009)

UCD-Teagasc collaboration:
1. Investigating natural host 
resistance to this disease

2. Biological control of this 
disease



Challenges 
Climate change – e g  Fusarium head blight Climate change e.g. Fusarium head blight 
disease of cereals

• Affects small grain • Affects small grain 
cereals

• Some types of the 
pathogen can also attack 
maize and miscanthus

• Causes yield lossCauses yield loss

• Mycotoxin contamination 
of grain
– Major problem for cereal 

production - EU 
legislation dictates max. 
permissible levelspermissible levels
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Susceptible
to Fusarium/toxin

Resistant 
to Fusarium/toxin

Opportunities:

Develop disease-
/pest-resistant 
crops

– Identify genes
– Breed/transfer more 

chromosome 3B
Mycotoxin and 
Fusarium resistance

copies/alternative 
copies into plants

Buerstmayr et al. (2002) Theor. Appl. Genet. 14: 84-91. 

Fusarium resistance

Functional genomics to 
identify genes that confer 

resistance to Fusarium (and resistance to Fusarium (and 
mycotoxin)

Walter et al. (2008) Functional and Integrative Genomics 



Opportunities:
Develop new disease control measures – UCD/UCC projectDevelop new disease control measures UCD/UCC project

Fusarium disease Fusarium disease development 
inhibited by application of a y pp

bacterium



Reduced mycotoxin contamination in grain 
from Fusarium-infected cereals – field trialsfrom Fusarium infected cereals field trials
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New products from crops

• Examples
– PharmingPharming

• Production of therapeutic vaccines in plant cell 
cultures/GM plants (contained conditions)

• Extraction of novel nutraceuticals from cropsExtraction of novel nutraceuticals from crops

– Co-production of biofuel and other value-added 
products from plant residueproducts from plant residue



Ethanol and high al e prod cts fromEthanol and high value products from 
wheat straw – UCD/Teagasc project



H d l i

Cellulose

H d l i

Co-product

Hydrolysis

Fermentation

Hydrolysis

FermentationFermentation

Distillation

Fermentation 

Fungi

Distillation 

C ll l i

Valuable by-products
Fungi Cellulosic 

ethanol  



Genetically modified crops

• Threats
– Horizontal gene flowHorizontal gene flow
– Biodiversity 
– Superweeds

Is this GM wheat?

• A wheat gene into wheat 

– Benefits
• Food security

A wheat gene into wheat 

• Selectable marker = 
wheat gene

• Vector = wheat DNA
• Food safety

• Questions?
1  What is the benefit?

Vector  wheat DNA

– 1. What is the benefit?
– 2. Who benefits?
– 3. Is it rigourously tested?



Summary

• Crops – underpin Irish agriculture

• Climate change: must test the models

• Sustainable land use: multifunctionality 
– must have a clear national priority re cropping systems 

and research priorities p
– crop breeding for Irish systems must be a priority at 
national level

– must not repeat the green revolution – work at 
ecosystem level where possible and inform policy



Crop Science UCD: present and future 
perspectives

Crop stress biology, crop adaptation and crop 
productivity

perspectives

productivity



Summary

• We cannot rely on imports in the long term – must be 
innovative & work together

h l dd b l• GM – ethical, in addition to economic, responsibility to 
consider this technology

• Plant biotechnology – an untapped industry in IrelandPlant biotechnology an untapped industry in Ireland
– Policy must support the development of this industry
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UCD Earth Systems Institute
Meeting the Challenge of Climate Change Meeting the Challenge of Climate Change 

Seminar Series

In collaboration with 

Comhar Sustainable Development Council, Environmental 
Protection Agency, Forfás, Geological Survey of Ireland, 

Marine Institute, Met Éireann, Sustainable Energy 
Ireland & Teagasc

Further details on the seminar series is available at www.ucd.ie/earth

A paper and podcast of this seminar will be available on the ESI website 
soon, please join the online ESI mailing list for such notifications

ESI email: esi.admin@ucd.ie



UCD Earth Systems Institute
Meeting the Challenge of Climate Change Meeting the Challenge of Climate Change 

Seminar Series

Next week...Seminar #23...the final seminar in the seriesNext week...Seminar #23...the final seminar in the series

Friday 12th June 2009

Royal College of Physicians of Ireland, 12.30pmRoyal College of Physicians of Ireland, 12.30pm

Dr. Iseult Lynch
UCD School of Chemistry & Chemical Biology

The nano-environment: nanotechnology 
applications and impact on the 

environment

Further details available at www.ucd.ie/earth


