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Åmore output (yield/productivity)

Åfrom less land

Åwith less water 

Åwith less energy 

Åwith less waste (incl. pests, diseases and weeds)

Åwith less GHG emissions 

To meet the challenge, science and technology 
is essential but will not be sufficient

Future priorities all boil down to:

This will require partnerships and a shared ambition/vision
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ñUnlocking our food production potential:

the role of UK agricultural scienceò

Topics that I shall introduce for discussion:

ÅLand-use and Sustainable Intensification

ÅDisease control in crops and livestock

ÅNitrogen use and protein production

ÅGreenhouse gas emissions  - a systems-based approach 

ÅPublic-private partnership and the role of AHDB

ÅThe contribution of British agricultural science to global food security 



Limiting factors for plant productivity

Baldocchiet al. 2004 SCOPE 62



Source: Cline 2007, 

http://maps.grid.no.go/graphic/projected-agriculture-in-2080-due-to-climate-change

Projected changes in agricultural 
production due to climate change - 2080



Available arable land and population 
density are unevenly distributed

Arable Land % Global Population

S&E Asia + 29% 53%
Pacific

OECD/Europe/ 46% 22%
Central Asia

Africa 11% 11%

Middle East/
N. Africa 4% 5%

Latin America/
Caribbean 10% 9%



Forest & 
Savannah

Cereals

5% Pasture & Range

26%

30%

Other crops
7%

Desert/mountain/ice

32%

Current global land usage
(Total = 13,009 M Ha)

Ca 10 M Ha (= 0.25%) non-agricultural land (mostly forest) cultivated per annum 

Ca 17 M Ha (= 1%) of agricultural land lost to erosion (5), salinisation (2) 
and urbanisation (10) per annum

Ca. 22% òwildó 
= ca. 11% NPP



The global significance of crop loss due to diseases, pests and weeds.



A few salient statistics 1.

Land (million hectares)
UK N+W Europe World

Cropped 6.1 25% 54.4 20% 1553.7 12%

Grassland 11.5 48% 38.8 14% 3378.2 26%

Total agricultural 17.6 73% 93.3 34% 4931.9 38%

Forest+(Savannah) 2.9 12% 103.9 38% 3937.3 30%

Total land 24.2 100% 272.8 100% 13009.1 100%

ÅThe UK has: 
ü0.39% of the global cropped land and 0.34% of the global grassland

ü11% of the N&W European cropped land and 30% of the N&W European grassland

üa high proportion of agricultural land and high ratio of grassland : cropped land (1.9)

Åbϧ² 9ǳǊƻǇŜ Ƙŀǎ н҈ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ŀƎǊƛŎǳƭǘǳǊŀƭ ƭŀƴŘ ŀƴŘ о҈ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ŦƻǊŜǎǘ

Source: FAOStat2010



Pennines, N. England



ñSustainable Intensificationò 

ïa framework for the future: 1

ÅThe primary (but not exclusive) objective of land use for agriculture is 

the efficient conversion of solar energy into varied and valued forms of 

chemical energy for utilisation by mankind. 

ÅSome land is best used to produce forage or feed for animals as 

intermediates in the energy conversion process. 

ÅThe energy conversion process involves manipulation and management 

of the interaction between genotype (animal and/or plant) and the 

environment with the objective of improving efficiency (in terms of both 

energy and waste ïincluding emissions)

ÅThere are physical and biological constraints on the conversion of solar 

energy to utilisable biomass ïincluding competition with other organisms 

that want their share as well as the geographical and edaphic factors that 

are difficult of impossible to counter (e.g. latitude and altitude).



ñSustainable Intensificationò 

ïa framework for the future: 2

ÅMaximising efficiency in terms of external resource inputs and on the 

smallest necessary land area provides options to use resources and 

(non-agricultural) land to achieve other objectives (such as sinks for 

carbon, maintenance of biodiversity etc). 

ÅThese other objectives should not be confounded with the requirement 

to produce food and other agricultural products as efficiently as possible 

ïthey may not always be compatible with efficient use of land and 

resources for agriculture. If they are it is a bonus (the ñwin-winò 

scenario). However, genuine win-wins are rare.

ÅProducing  as efficiently as possible on the smallest footprint of 

land capable of delivering market requirements is the ñgreenestò 

and usually the most profitable way to farm 
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1

Potential UK bioethanol production plants

More than 50% cereals

40-50% cereals

20-40% cereals

Less than 20% cereals

4

1 Ensus, Teesside, 
Due on stream to use some 
of the 2009 wheat crop

www.ensusgroup.com

2 Vivergo, Hull,
Currently under construction 
and due to start production 
in summer 2010

www.vivergofuels.com

3 Vireol, Immingham
at the advanced planning 
stage

www.vireol.com

4 British Sugar, Wissington
Sugarbeetbased bioethanol

www.britishsugar.co.uk          

Source: HGCA

2

Projections for increased wheat 
demand in the EU by 2020:
Åextra 43 M tonne (ca. +30%)
to produce 
Å21 Bnlitres of ethanol from 
Å27 M ha with a mean yield of 
Å7.3 t/ha
(currently 150 M tonne from 
26 M ha @ 5.6 t/ha)  E4tech



UK Crop yields 1976 - 2006



Black grass ςthe No 1 weed and production 
ŎƻƴǎǘǊŀƛƴǘ ƻƴ ǘƘŜ ¦YΩǎ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ŎǊƻǇ 



Location of prime agricultural land ( LCA classes 1, 2 and 3.1) 

a) current  b) predicted under 2050's UKCIP02 Med-High Emissions

(Macaulay Institute, work in progress)

ñClimate change could potentially increase the area of prime agricultural land

in Scotland suitable for intensive agriculture and thus support increased food 

production. However, an extension of areas suitable for agriculture could impinge 

on areas of high conservation and / or biodiversity value. Increasing agricultural 

production could also result in increased GHG emissions resulting in a positive 

feedback to climate change.ò  The Scottish Soil Framework (2009)



Comparison of simulated changes in soil carbon content 
from 2000-2009 divided according to land use change as 
estimated by ECOSSE and by CEH. [Values are averaged across 

Scotland.]

J.U. Smith , S.J. Chapman , J.S. Bell, J. Bellarby, P. Gottschalk, G. Hudson, A. Lilly, 
P. Smith, W. Towers(2009) ISBN 978 0 7559 7724 6 (Web only publication) 
Developing a methodology to improve Soil C Stock Estimates for Scotland and use of initial 
results from a resamplingof the National Soil Inventory of Scotland to improve the 
EcosseModel: Final Report 



P

Production

per 

Unit Resource Use

Tonnes of grain

Kg meat/milk solids or 

Kg protein/starch produced or 

Joules consumed ?

Litres water consumed or 

Kg CO2 eq. emitted or 

Hectares of land used 

GENOTYPE

PRODUCTION

ENVIRONMENT                                                                   

Nutrition

Disease etc.          

ENVIRONMENTAL IMPACT

Measuring, understanding, managing and 

manipulating interactions



LAND USE

Forestry

Bioenergy crops

Grassland + livestock

Semi-natural vegetation

Arable crops

OUTCOMES 

[SERVICES]

Increase food production

Produce renewable 

energy

Reduced GHG emissions

Adapt to climate change

Conserve biodiversity

Preserve valued 

landscapes

Provide durable 

livelihoods

Provide clean water

RESOURCE 

MANAGEMENT

Soils

Water

Genetic/genomic 

resources

Husbandry/Agronomy

Energy

Managing an ecosystem



DID ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ άǿŜƭƭ-ƎǊƻǿƴέ ǿƘŜŀǘ 
ςca 400-450 KgC02eq./ha

(N, other ag-chem, machinery, cultivations, spraying, 
harvesting)

Waste = lost yield + wasted inputs (economic)  and  
> emissions/tonne



ά/ƻǎƳŜǘƛŎέ ŘƛǎŜŀǎŜǎ 
of horticultural crops 
can = 100% waste



Impact of poor livestock health

¸Reduced growth rates

¸ Reduced feed efficiency

¸ Increased negative impact on the environment ïmore 
GHG, N and P pollution and NH3 production per kg meat 
produced

¸ Increased stimulation of immunity ï6% net energy 
supplied diverted to immune functions

¸ Feed intake reduced 



% Reduction in emissions (Kg per tonne product) 
from genetic improvement 1988 - 2007

CH4 NH3 N2O GWP100

Pigs 17 18 14 15

Dairy 25 17 30 16

Beef 1 0 0 1

Sheep 1 0 0 1

Courtesy Genesis Faraday
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Two examples of disease 
resistance in action

rym4 and rym5 resistance genes

Barley soil-borne mosaic virus

Yellow rust



Genetics ïa renewable technology-

disease resistance in action!


