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Future priorities all boil down to: [D

ROTHAMSTED
RESEARCH

Amore output (y|eld/product|V|ty)
Afrom less/land

Awith less/ water

Awith less 'energy

N
AWit’] eSS Waste (incl. pests, diseases and weeds)
N

Awith' less GHG emissions

To0 meél thelchallenge, science.ahd techinology
IS essential but will not be sufficient

This will require partnerships and a shared ambition‘/visiqn”_




nuUnl ocking our food produ
t he role of UK agricul tur
Topics that | shall introduce for discussion:

ALand-use and Sustainable Intensification

ADisease control in crops and livestock

ANitrogen use and protein production

AGreenhouse gas emissions - a systems-based approach

APublic-private partnership and the role of AHDB

AThe contribution of British agricultural science to global food security

All-party Parliamentary Group on Science & Technology in Agriculture: 15 November 20



Limiting factors for plant productivity
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Projected changes agricultural
production dueto climatechange- 2080

Projected changes in agricultural productivity 2080 due /
to climate change, incorporating the effects of carbon

0 -i'f%i“m“‘”b 18% 135% No data
Source: Cline 2007,

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



Avallable 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%




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

Desert/mountain/ice Other crops
7%

32%
Forest &
Savannah
30%
Cereals Ca. 22 %
5% Pasture & Range = ca. 11% NPP

26%

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),
and urbanisation (10) per annum

salinisation (2)



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

Theoretical Potential:
Earth's surface area: 13 bn ha

4.3 bnha
Des
Year 2025 q.:.t'n,
World populatiorn: Mountains
Status Quo 8.0 bn people
Year 2000
World population: 5.9bn ha
6.0 bn people without
A Crop Protection
— = : 3.8bnha
( 40pnha Forest,
without Steppe
Crop Protection
' 34 bnha
1.5bn ha Grassland,
with Prairie
Crop Protection
1.5bnha
Arable land

Source. D.T Avery, US-Hudson Instituts - FAO 1Hectare (ha) = 10000 m*




A few salient statistics 1.
Land (million hectares)

I S 77 7

Cropped 25% 54.4 20%  1553.7 12%
Grassland 11.5 48% 38.8 14%  3378.2 26%

Total agricultural 17.6 (73%) 933 34%  4931.9

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

Total land 24.2 100% 272.8 100% 13009.1 100%

AThe UK has:
U 0.39% of the global cropped land and 0.34% of the global grassland

U 11% of the N&W European cropped land and 30% of the N&W European grassle
U a high proportion of agricultural land and high ratio of grassland : cropped land (1
Abg2 QdzZNRPLIS KIFa w: 2F 0KS ¢g2NIRQa I INRAO

SourceFAOStaP010






NSustal nabl e I ntensi f
I aframework for the future: 1

AThe 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.

ASome land is best used to produce forage or feed for animals as
Intermediates in the energy conversion process.

Arhe 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 T including emissions)

Arhere are physical and biological constraints on the conversion of solar
energy to utilisable biomass i including 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).

(



nSustal nabl e I ntensi fi
I aframework for the future: 2

AMaximising 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).

Arhese other objectives should not be confounded with the requirement

to produce food and other agricultural products as efficiently as possible

I they may not always be compatible with efficient use of land and
resources for agriculture..wilfiothey
scenario). However, genuine win-wins are rare.

AProducing as efficiently as possible on the smallest footprint of
| and capable of deli vering mar ket 1
and usually the most profitable way to farm



End Uses of UK Wheat

SeedOther
0}
Animal Fee 3% 1%
40% Exports
21%
Human and
Industrial
35%
.y Cake

2% - -
Biscuit

12%

Household Flour

4%
Food
Other Flours Ingredients

17% 304



Potential UKbioethanol production plants

. More than 50% cereals

. 40-50%cereals

20-40% cereals

Lesghan 20% cereals

Source: HGCA

Ensus Teesside’ WWW.ensusgroup.com
Due on stream to use some
of the 2009 wheat crop

Vivergaq Hull, www.vivergofuels.com

Currently under construction
and due to start production
in summer 2010

Vireol, Immingham Www.vireol.com
at the advanced planning
stage

British SuganWissington www.britishsugar.co.uk
Qugarbeetbasedbioethanol

Projections for increased wheat
demand in the EU by 2020:
Aextra 43 M tonneca. +30%)

to produce

A21 Bnlitres of ethanol from
A27 M ha with a mean yield of
A7.3 t/ha

(currently 150 M tonne from

26 M ha @ 5.6 t/hak4tech



Vield tih s

-

UK Crop yields 1976 - 2006
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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)

ACl i mate change could potentially incr
iIn 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 t o c ITherbaotti€h Sail fFramegark (2009)



Comparison of simulated changes in soil carbon content
from 20032009 divided according to land use change as

estimated by ECOSSE and by Qkldks are averaged across
Scotland]

to arable to grassland to forestry to semi-natural
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BECOSSE OCEH

J.U. Smith , S.J. Chapman , J.S. Béellarby P. Gottschalk, G. Hudson, A. Lilly,

P. Smith, W. Tower009)ISBN 978 0 7559 7724 6 (Web only publication)

Developing a methodology to improve Soil C Stock Estimates for Scotland and use of ir
results from aresamplingof the National Soil Inventory of Scotland to improve the
EcosséModel: Final Report



Measuring, understanding, managing and
manipulating interactions

Production
per
Unit Resource Use

PRODUCTION
ENVIRONMENT

GENOTYPE

Tonnes of grain
Kg meat/milk solids or
Kg protein/starch produced or
Joules consumed ?

Nutrition
Disease etc.

Litres water consumed or
Kg CO, eq. emitted or
Hectares of land used

ENVIRONMENTAL IMPACT



LAND USE

Forestry

OUTCOMES
[SERVICES]

Increase food production

Bioenergy crops
Grassland + livestock

Semi-natural vegetation

Arable crops

Produce renewable
energy

RESOURCE
MANAGEMENT

_ Reduced GHG emissions
Soils /\\

Adapt to climate change
Water

_ _ Conserve biodiversity
Genetic/genomic

resources Preserve valued

landscapes
Husbandry/Agronomy
Provide durable
livelihoods

Managing an ecosyste

Provide clean water
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- | > emissions/tonne




G/ 2aYSUGAOE
of horticultural crops
can = 100% waste



Impact of poor livestock health

Reduced growth rates
Reduced feed efficiency

Increased negative impact on the environment i more
GHG, N and P pollution and NH; production per kg meat
produced

Increased stimulation of immunity T 6% net energy
supplied diverted to immune functions

Feed intake reduced



% Reduction in emissions (Kg per tonne produc
from genetic improvement 19882007

CH NH, N,O | GWRy,
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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resistance in action

Yellow rust

Barley sotborne mosaic vir




Genetics T a renewable technology-
disease resistance in action!




