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Currently adding 73 milliCurrently adding 73 milli-- Currently adding 73 milliCurrently adding 73 milli
-- Over the next 50 year weOver the next 50 year we

people, but 50 years agopeople, but 50 years ago
only 2.5 billion peopleonly 2.5 billion people

on people per yearon people per yearon people per yearon people per year
e will add 2.5 billion e will add 2.5 billion 
o there were o there were 
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The Meat RevoThe Meat RevoThe Meat RevoThe Meat Revo
Throughout the deThroughout the de
wealth increases, wealth increases, 
consumptionconsumption
At the crop level wAt the crop level wpp
increasing demandincreasing demand
livestock feed croplivestock feed crop
rice (direct humanrice (direct human

olutionolutionolutionolution
eveloping nations, as eveloping nations, as 
so does meat so does meat 

we see this in an we see this in an 
d for maize (a d for maize (a 
p) and a decrease for p) and a decrease for 
n consumption)n consumption)
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Converting GConverting G

2 kg of grain produc2 kg of grain produc
poultrypoultryp yp y
4.5 kg of grain prod4.5 kg of grain prod
porkporkporkpork
88--10 kg of grain pro10 kg of grain pro
of beefof beefof beefof beef

Grain to MeatGrain to Meat

ce 1 kg of ce 1 kg of 

duce 1 kg of duce 1 kg of 

oduce 1 kg oduce 1 kg 
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Recent PRecent P
Si 1950 l b lSi 1950 l b lSince 1950 global cereSince 1950 global cere
increased about 2.5increased about 2.5--3 3 
S b i ld h iS b i ld h iSoybean yield has incrSoybean yield has incr
In more research intenIn more research inten

lleven largereven larger
–– U.S. corn yields have inU.S. corn yields have in

Th h h bTh h h b–– There has, however, beThere has, however, be
qualityquality

Without sustained reseWithout sustained reseWithout sustained reseWithout sustained rese
never have reached cunever have reached cu
last century would havlast century would havlast century would havlast century would hav
chronic famines througchronic famines throug

Progress Progress 
l i ld hl i ld heal yields have eal yields have 

foldfold
d 2 f ldd 2 f ldreased ~2 foldreased ~2 fold

nsive areas progress is nsive areas progress is 

ncreased 3.5 foldncreased 3.5 fold
d id ieen some decrease in een some decrease in 

earch population wouldearch population wouldearch population would earch population would 
urrent levels and the urrent levels and the 
ve been a time ofve been a time of
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Research Research –– TheThe
Management (~1/2)Management (~1/2)
–– disease controldisease control–– disease controldisease control
–– weed controlweed control
–– insect controlinsect controlinsect controlinsect control
–– irrigationirrigation
–– fertilizersfertilizers

e Last 100 Yearse Last 100 Years
Genetics (~1/2) Genetics (~1/2) -- plant plant 
breeding)breeding)breeding)breeding)
–– pest (disease and insect) pest (disease and insect) 

resistanceresistance
–– stress tolerancestress tolerance
–– improved harvest indeximproved harvest index

hi h i ldhi h i ld–– higher yieldshigher yields
–– improved qualityimproved quality
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HarvesHarves

Proportion of the totaProportion of the tota
is in the material thatis in the material that
the most part, eatthe most part, eat
During the 20th centDuring the 20th cent
increased from approincreased from appro
to over 50%to over 50%
Is growing concern aIs growing concern a
that this is coming tothat this is coming to

st Indexst Index

al plant material that al plant material that 
t we harvest and, for t we harvest and, for 

ury these have ury these have 
oximately 30%         oximately 30%         

and evidence         and evidence         
o an endo an end
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Green RevolutGreen RevolutGreen RevolutGreen Revolut
IntegrationIntegration

Brought together twBrought together tw
management, one gmanagement, one gg , gg , g
Problem:Problem:
–– high fertilizer lead thigh fertilizer lead t–– high fertilizer lead thigh fertilizer lead t

seed on top (heavieseed on top (heavie

Solution:Solution:Solution:Solution:
–– dwarfing genes maddwarfing genes mad

allowed increased feallowed increased feallowed increased feallowed increased fe
yieldyield

tiontion --tion tion 
nn
wo key factors, one wo key factors, one 
geneticgeneticgg

to taller plants with moreto taller plants with moreto taller plants with more to taller plants with more 
r) and they fell overr) and they fell over

de the plants short and de the plants short and 
ertilizer applications andertilizer applications and
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Wh W CWh W CWhere We CaWhere We Ca
We are at saturation fWe are at saturation fWe are at saturation fWe are at saturation f
additions, we are likeadditions, we are like
legislated back for enlegislated back for enlegislated back for enlegislated back for en
reasons, and it is enerreasons, and it is ener
expensiveexpensive
There is little room foThere is little room fo
of irrigated land (salinof irrigated land (salin
aquifers pumped out)aquifers pumped out)
Harvest index has beeHarvest index has bee
as far as it can goas far as it can go

’t G A i’t G A ian’t Go Againan’t Go Again
for N fertilizerfor N fertilizerfor N fertilizer for N fertilizer 
ly to be ly to be 
vironmentalvironmentalvironmental vironmental 
rgetically rgetically 

or net expansion or net expansion 
nization and nization and 
))
en pushed about en pushed about 
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Other ImprOther Impr

There were also iThere were also i
other areas:other areas:
–– canopy structurecanopy structure
–– narrower rowsnarrower rowsnarrower rowsnarrower rows
–– pest controlpest control
–– stress tolerancestress tolerancestress tolerancestress tolerance

rovementsrovements

improvements in improvements in 
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Rate of Yield IncreRate of Yield Increease is Decliningease is Declining
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Cereals PCereals PCereals PCereals P

While absoluteWhile absoluteWhile absolute While absolute 
cereal output is still cereal output is still 
increasing we areincreasing we areincreasing we are increasing we are 
slipping when slipping when 
matched against matched against 
the population the population 
increaseincrease
For the first time in For the first time in 
fifty years the per fifty years the per 

it lit lcapita cereal capita cereal 
production is fallingproduction is falling

Per CapitaPer CapitaPer CapitaPer Capita
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The Larder isThe Larder is
D i th l 80’ lD i th l 80’ lDuring the early 80’s worlDuring the early 80’s worl
grain stores were grain stores were 
equivalent to about ½equivalent to about ½equivalent to about ½  equivalent to about ½  
year of consumptionyear of consumption
In theory, if no grain was In theory, if no grain was 
h d i ih d i iharvested in a given year,harvested in a given year,
all could eatall could eat
Current grain supplies areCurrent grain supplies areCurrent grain supplies areCurrent grain supplies are
on the order of 40 dayson the order of 40 days
This has been attractingThis has been attractingThis has been attracting This has been attracting 
the interest of speculatorsthe interest of speculators
Flooding in the corn belt Flooding in the corn belt 
l d dl d dleads to a 21 day leads to a 21 day 
projection for corn projection for corn 

s Almost Bares Almost Bare
ldldld ld 

, , 

eee e 

ss
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Next Trophic Next Trophic 

Milk production haMilk production ha
fold in the last 50fold in the last 50fold in the last 50 fold in the last 50 
management, 40%management, 40%
Efficiency of meatEfficiency of meatEfficiency of meat Efficiency of meat 
pork has doubledpork has doubled
This is important aThis is important aThis is important aThis is important a
toward increasing toward increasing 
consumptionconsumptionconsumptionconsumption

LevelLevel

as increased 2.5 as increased 2.5 
years (60%years (60%years (60% years (60% 

% genetics)% genetics)
production inproduction inproduction in production in 

as there is a trendas there is a trendas there is a trend as there is a trend 
meat meat 
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Food SFood S
Growing concern about food qGrowing concern about food qGrowing concern about food qGrowing concern about food q
diseasesdiseases
Growth in viral diseases (H5NGrowth in viral diseases (H5N
Also things like BSEAlso things like BSE
Also concerns about pesticideAlso concerns about pesticide
More than half of the EuropeaMore than half of the Europea
believe that healthy nutrition h
a positive effect on staying he
and prevention of diseasesand prevention of diseases
At the same time - a desire for
convenience

SafetySafety
quality and food bornequality and food bornequality and food borne quality and food borne 

1)1)

es, pollutants and GMOses, pollutants and GMOs
nsns                            
has                                     
ealthy                              

r                       
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C CC CConsumer CConsumer C
Animal welfareAnimal welfare
Ethical foods
F i t dFair trade 
Organic

CCConcernsConcerns
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Research & Research & 
Nano packaging Nano packaging –– edible aedible a
biodegradablebiodegradable
RFIDRFID f d t kif d t kiRFIDs RFIDs –– food trackingfood tracking
Sensors Sensors –– detection of disedetection of dise
organisms and toxinsorganisms and toxinsorganisms and toxinsorganisms and toxins
Functional foods Functional foods ––
nutraceuticals and other hnutraceuticals and other hnutraceuticals and other hnutraceuticals and other h
related materialsrelated materials
ProbioticsProbioticsProbioticsProbiotics

Food SafetyFood Safety
and and 

ease ease 

ealthealthealth ealth 
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Viability of R

Becoming depopulaBecoming depopula
producersproducersproducersproducers
–– Fewer, larger farmsFewer, larger farms
–– Fewer younger peopFewer younger peop–– Fewer younger peopFewer younger peop

Increasingly invadeIncreasingly invade
Li i f f thLi i f f th–– Living far from the cLiving far from the c

Rural Regions

ated of food ated of food 

pleplepleple
d by exoburbanitesd by exoburbanites
it d tiit d ticity and commutingcity and commuting
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Energy Limitation:
Pressures onPressures on

The rate of fossil fuelThe rate of fossil fuelThe rate of fossil fuel The rate of fossil fuel 
consumption is rising consumption is rising 
in “developed”in “developed”in developed  in developed  
countriescountries
The rate of demand byThe rate of demand byThe rate of demand by The rate of demand by 
China is rising China is rising 
dramaticallydramaticallyyy
India is now following India is now following 
the same trajectory as the same trajectory as j yj y
ChinaChina

n Fossil Fuelsn Fossil Fuels
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U.S. 

Global

Canada (very unique)

Global crude oil 
extraction has 
peaked or will peakpeaked or will peak 
within a few years.

NOTE: The recent strike in 
the Gulf of Mexico is 6 
months worth of global 
demand
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BioBio--ff
Biomass for direct coBiomass for direct coBiomass for direct coBiomass for direct co
Fermentation of sugaFermentation of suga
to ethanol or butanolto ethanol or butanolto ethanol or butanolto ethanol or butanol
BioBio--diesel diesel 
BioBio--methanemethaneBioBio--methanemethane
Hydrogen from bioHydrogen from bio--mm
Food crops nonFood crops non--foodfoodFood crops, nonFood crops, non--foodfood
plantation forestryplantation forestry
Canada Canada –– 5% ethanol 5% ethanol %%
2% biodiesel by 20122% biodiesel by 2012
Europe Europe –– 5.75% ethan5.75% ethan
2010 (20% f l d2010 (20% f l d2010 (20% of cropland2010 (20% of cropland
(38% of cropland)(38% of cropland)

fuelsfuels
mbustionmbustionmbustionmbustion
r, starch and cellulose r, starch and cellulose 

assass
d cropsd cropsd crops,              d crops,              

by 2010,                      by 2010,                      y ,y ,

nol and biodiesel by nol and biodiesel by 
d) 20% f h b 2020d) 20% f h b 2020
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Bi f l d F d PBi f l d F d PBiofuels and Food PBiofuels and Food P

Food prices increasedFood prices increased
–– Increased populationIncreased population–– Increased populationIncreased population
–– Increased meat consumIncreased meat consum

Waste:Waste:–– Waste: Waste: 
Food is cheap (10 % of hFood is cheap (10 % of h
disposed of disposed of pp
In UK 30% of food is discIn UK 30% of food is disc
vegetablesvegetables

–– Increased energy costsIncreased energy costs
–– BiofuelsBiofuels from food cropfrom food crop

iiricerice

 abruptly: abruptly:

mptionmption

household income) so easily household income) so easily 

carded, 40% of fresh fruits and carded, 40% of fresh fruits and 
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Energy Energy 
Increased prices forIncreased prices for
–– most notably nitrogemost notably nitroge–– most notably nitrogemost notably nitroge
Increased transportIncreased transport
costscosts
Farming must becomFarming must becomFarming must becomFarming must becom
–– Photovoltaics, wastePhotovoltaics, waste

EffectsEffects
r key inputs r key inputs 
en fertilizeren fertilizeren fertilizeren fertilizer
ation and processing ation and processing 

me energy efficientme energy efficientme energy efficientme energy efficient
e into fuele into fuel
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Back to tBack to t
At the beginning of the 20At the beginning of the 20
Canadian cereal productioCanadian cereal productioCanadian cereal productioCanadian cereal productio
This was largely to be fedThis was largely to be fed
The horses were our formThe horses were our formThe horses were our formThe horses were our form
This was a bioThis was a bio--based systbased syst

ProportionO t d ti ti f t t lO t d ti ti f t t lProportion

0.5

0.6

Oat production as a proportion of total cereOat production as a proportion of total cere

0.2

0.3

0.4

0

0.1

1880 1900 1920 1940 1960 1980 2000

he futurehe future
00thth century almost 50% of the century almost 50% of the 
on was oaton was oaton was oaton was oat

d to horsesd to horses
m of transportationm of transportationm of transportationm of transportation

temtem
l d til d tieal productioneal production

Proportion
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Climate ChaClimate Cha
MeltingMelting
–– Mountain glaciersMountain glaciers

G l d i h tG l d i h t–– Greenland ice sheetGreenland ice sheet
–– Arctic sea iceArctic sea ice

5 to 85 to 8 ooC warmer in CanadaC warmer in Canada5 to 8 5 to 8 ooC warmer in CanadaC warmer in Canada
Birds return sooner in sprinBirds return sooner in sprin
Triftgletscher, Switzerland

1990

2001

ngenge

aaaa
ng & flowering soonerng & flowering sooner
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Agriculture Agriculture 
8.3% of Canada’s total annual G8.3% of Canada’s total annual G
60 Mt of 726 Mt total60 Mt of 726 Mt total
Not including transportation Not including transportation 
fuel emissionsfuel emissions

Nitrous oNitrous o

Canadian agrCanadian agrCanadian agrCanadian agr
because of cobecause of co

ContributesContributes
HG production (EC 2004)HG production (EC 2004)

Methane 40%Methane 40%
(enteric fermentation 78%; (enteric fermentation 78%; 
manure 22%)manure 22%)

oxide 60%oxide 60%

riculture is a small net sink for COriculture is a small net sink for CO22
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riculture is a small net sink for COriculture is a small net sink for CO22

onversion to noonversion to no--till. till. 



It Will Get WarIt Will Get War
Models indicate that gModels indicate that g

f tf taverage surface tempeaverage surface tempe
will rise by 1.5will rise by 1.5--4.5 4.5 ooC oC o
I ill b lI ill b lIncreases will be smalIncreases will be smal
greatest at the polesgreatest at the poles

In Canada on the ordeIn Canada on the orde–– In Canada, on the ordeIn Canada, on the orde
–– In Europe small increasIn Europe small increas

in the north; has had sin the north; has had sin the north; has had sin the north; has had s
recently and places likerecently and places like
largely snowless wintelargely snowless winte

Night temperatures haNight temperatures ha
day temperatures, winday temperatures, win

rmerrmer
global                       global                       

tteratures                       eratures                       
over the next 100 years.over the next 100 years.
ll t t th t dll t t th t dllest at the equator and llest at the equator and 

er of 5 to 8er of 5 to 8 ooCCer of 5 to 8 er of 5 to 8 ooCC
ses in the south, but larger ses in the south, but larger 
ome very warm summersome very warm summersome very warm summers ome very warm summers 
e Germany have had e Germany have had 

ersers

D.L. Smith D.L. Smith –– Plant SciencePlant Science

ave increased more than ave increased more than 
nter more than summernter more than summer



Seasons Will Get LSeasons Will Get L
At higher latitudes, wherAt higher latitudes, wher
length of the growing sealength of the growing sea
last spring and first fall flast spring and first fall f
growing seasons will be growing seasons will be 
Night temperatures are inNight temperatures are in
day temperatures, and kiday temperatures, and kiy p ,y p ,
so the season lengths wso the season lengths w
temperature meanstemperature meanspp
However, the higher nighHowever, the higher nigh
increase the respiratoryincrease the respiratoryincrease the respiratory increase the respiratory 
photosynthate disproporphotosynthate dispropor

LongerLonger
re the                           re the                           
ason is set by the time of ason is set by the time of 

Netherlands

frosts the potential frosts the potential 
longerlonger
ncreased more than the ncreased more than the 
illing frosts occur at night,illing frosts occur at night,g g ,g g ,
ill increase faster than ill increase faster than 

ht temperatures will ht temperatures will 
consumption ofconsumption of
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consumption of consumption of 
rtionatelyrtionately



In General It WIn General It W
General circulation modeGeneral circulation mode
rainfall in some areas, anrainfall in some areas, an,,
However, increased tempHowever, increased temp
increased evaporation beincreased evaporation beincreased evaporation beincreased evaporation be
–– higher temperatures themhigher temperatures them

longer periods with unfrozlonger periods with unfroz–– longer periods with unfrozlonger periods with unfroz
Evaporation increases byEvaporation increases by
of mean annual temperatof mean annual temperatof mean annual temperatof mean annual temperat
European wheat & maizeEuropean wheat & maize
h i i i i )h i i i i )change in precipitation) change in precipitation) 

yield decrease.yield decrease.

Will Get DrierWill Get Drier
els predict decreased els predict decreased 
nd increases in othersnd increases in others
peratures will lead to peratures will lead to 
ecause of:ecause of:ecause of:ecause of:

mselves mselves 
zen soil in northerly areaszen soil in northerly areaszen soil in northerly areaszen soil in northerly areas
y ~ 5 per cent for each y ~ 5 per cent for each ooC C 
turetureture.ture.
e: 1e: 1ooC warming (no C warming (no 
l d di d 5%l d di d 5%
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leads to a predicted 5% leads to a predicted 5% 



CanadianCanadian
The Paliser triangle inThe Paliser triangle inThe Paliser triangle, in The Paliser triangle, in 
south central south central 
Saskatchewan, currently Saskatchewan, currently , y, y
produces most of Canada’s produces most of Canada’s 
highest quality number 1 highest quality number 1 
hard red spring wheathard red spring wheat
The general circulation The general circulation 

d l di t th t if l b ld l di t th t if l b lmodels predict that if globalmodels predict that if global
warming goes ahead this warming goes ahead this 
area will only be suitable forarea will only be suitable forarea will only be suitable forarea will only be suitable for
livestock grazinglivestock grazing
In Quebec SeptemberIn Quebec SeptemberIn Quebec September In Quebec September 
temperatures have temperatures have 
increased 3 increased 3 ooC in 30 yearsC in 30 years

n Effectsn Effects

lll l 

rrr r 

Paliser triangle
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Glaciers aGlaciers aGlaciers aGlaciers a

Gl i d thGl i d thGlaciers around the wGlaciers around the w
average of about 30%average of about 30%
The 15,000 glaciers oThe 15,000 glaciers o
mountains are retreatmountains are retreat
per year, among themper year, among them
that feeds the Gangesthat feeds the Ganges
–– populations have devepopulations have deve

water availability for fowater availability for fo
Many of these glacierMany of these glacier
waters are utilized forwaters are utilized for

and Riversand Riversand Riversand Rivers

ld h t t dld h t t dworld have retreated an world have retreated an 
% during this century% during this century
of the Himalayan of the Himalayan 
ting an average of 30 m ting an average of 30 m 

m the Gangotri glacier m the Gangotri glacier 
s Rivers River
eloped based on this extra eloped based on this extra 
ood productionood production
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rs feed rivers whose rs feed rivers whose 
r food productionr food production



In CanaIn Cana
A large amount of irrigaA large amount of irriga
Alberta is based on riveAlberta is based on riveAlberta is based on riveAlberta is based on rive
The Peyto glacier in AlThe Peyto glacier in Al
its mass during the lasits mass during the lasits mass during the lasits mass during the las
This is happening to mThis is happening to m
mountainsmountains
Now less water flowingNow less water flowing
rivers they feed, duringrivers they feed, during
summer, and out onto summer, and out onto 
the prairies where it is the prairies where it is 
irrigation of crops  irrigation of crops  

ada Tooada Too
ated agriculture in ated agriculture in 
ers from the Rockiesers from the Rockiesers from the Rockies ers from the Rockies 
berta has lost 70% of berta has lost 70% of 

st few decadesst few decadesst few decades.st few decades.
many glaciers in these many glaciers in these 

g into the              g into the              
g the                g the                
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More Extreme WeMore Extreme We
D ht d hi h tD ht d hi h tDrought and high tempDrought and high temp
episodes will occur moepisodes will occur mo

i ld b h di ld b h d–– rice could be pushed ourice could be pushed ou
parts of Asiaparts of Asia

ii id iid i–– some semisome semi--arid areas wiarid areas wi
crop productioncrop production

M t El NiM t El NiMore extreme El Ninos More extreme El Ninos 
Tropical storms will be Tropical storms will be 
and more destructiveand more destructive
Weather variability is geWeather variability is gey gy g
contributor to yield varcontributor to yield var
more of itmore of it

eathereather
ttperature                 perature                 

ore oftenore often
ffut of some                          ut of some                          

ill b bl t till b bl t till become unable to support ill become unable to support 

d ftd ftand more oftenand more often
more frequent, stronger more frequent, stronger 

enerally the greatest enerally the greatest 
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y gy g
iability and there will be iability and there will be 



Changes in SoilChanges in Soil
Higher temperatures andHigher temperatures and
higher rainfall levels, wihigher rainfall levels, wi
organic matter break doorganic matter break do
–– Low organic matter soils Low organic matter soils 

are more susceptible to dare more susceptible to d
Organic matter breakdowOrganic matter breakdow
contaminate waterwayscontaminate waterways
Where elevated COWhere elevated CO22 leveleve22
better precipitation pattebetter precipitation patte
there will be greater inputhere will be greater inpug pg p
crop residues, increasincrop residues, increasin
organic matterorganic matter

l Organic Matterl Organic Matter
d, in some cases, d, in some cases, 
ll accelerate soil ll accelerate soil 

ownown
hold few nutrients and hold few nutrients and 

droughtdrought
wn releases N that can wn releases N that can 

els and                  els and                  
erns occur                        erns occur                        
uts of                       uts of                       
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ng soil                 ng soil                 



Soil ErSoil Er

In many areas soils In many areas soils 
Soil organic matter wSoil organic matter wSoil organic matter wSoil organic matter w
Increased equatorIncreased equator--toto

ttmean greater averagmean greater averag
This will increase thThis will increase th
driven erosion by andriven erosion by an
30%30%

rosionrosion

will be drierwill be drier
will be lowerwill be lowerwill be lowerwill be lower
oo--pole heat flux will pole heat flux will 

i d di d dge wind speedsge wind speeds
e potential for wind e potential for wind 

n estimated 20 to n estimated 20 to 
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Sea LevSea LevSea LevSea Lev
Most models predict a Most models predict a 
about 50 cm by 2100about 50 cm by 2100
This will lead to the losThis will lead to the los
due to flooding by sea due to flooding by sea 
salinization in areas thasalinization in areas tha
River deltas are some oRiver deltas are some o
most productive agricumost productive agricu
landslandslandslands
Bangladesh, some islaBangladesh, some isla
and perhaps the Netheand perhaps the Netheand perhaps the Netheand perhaps the Nethe
be severely affectedbe severely affected

vel Risevel Risevel Risevel Rise
sea level rise of sea level rise of 

ss of agricultural land ss of agricultural land 
water and water and 
at are newly coastalat are newly coastal
of the                    of the                    
ultural                   ultural                   

nd nations              nd nations              
rlands willrlands will
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rlands will                rlands will                



Plants aPlants a
Photosynthesis is COPhotosynthesis is CO22 limlim
increases the rate, and thincreases the rate, and th,,
Some plants partially cloSome plants partially clo
photosynthesis is not incphotosynthesis is not incphotosynthesis is not incphotosynthesis is not inc
efficiency is.efficiency is.
CC plants (more in the templants (more in the temCC33 plants (more in the templants (more in the tem
more than Cmore than C44 plants (morplants (mor

Photosynthesis ratios (55Photosynthesis ratios (55–– Photosynthesis ratios (55Photosynthesis ratios (55
COCO22/330 ppm CO/330 ppm CO22) for soy) for soy
wheat and rice and maizewheat and rice and maizewheat and rice, and maizewheat and rice, and maize
1.21, 1.17, and 1.06, respe1.21, 1.17, and 1.06, respe

and COand CO22
mited, so more COmited, so more CO22
herefore plant growthherefore plant growthp gp g
ose their stomata so that ose their stomata so that 
creased, but water usecreased, but water usecreased, but water use creased, but water use 

mperate zones) benefitmperate zones) benefitmperate zones) benefit mperate zones) benefit 
re in the tropics).re in the tropics).

55 ppm55 ppm55 ppm                           55 ppm                           
ybean,                               ybean,                               
e weree were
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Changes in CChanges in C

In general, the higherIn general, the higher
carbon (COcarbon (CO22) will lead) will lead(( 22))
(seeds or, in the case(seeds or, in the case
leaves and stems) thleaves and stems) th))
in carbon and lower iin carbon and lower i
On the other hand mOn the other hand mOn the other hand, mOn the other hand, m
higher sugar contenthigher sugar content
better silagebetter silagebetter silage.better silage.

Crop QualityCrop Quality

r levels of r levels of 
d to crops d to crops pp
e of forages, e of forages, 
at are higher at are higher gg
in protein.in protein.

material withmaterial withmaterial with    material with    
ts will make      ts will make      
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Stimulation of NStimulation of NStimulation of NStimulation of N
Increased COIncreased CO22 levlev
i thi thincrease the amouincrease the amou
photosynthate avaphotosynthate ava
i id th l t fi id th l t finside the plant foinside the plant fo
fixation.fixation.
In areas where climIn areas where clim
change conditionschange conditions
increased growth increased growth 
this will lead to incthis will lead to inc
demand, and incredemand, and incre
fixation.fixation.

Nitrogen FixationNitrogen FixationNitrogen FixationNitrogen Fixation
els will els will 

t ft funt of unt of 
ailable ailable 

NNor Nor N22

mate mate 
s lead to s lead to 
of legumes, of legumes, 
creased N creased N 
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Pests WPests W
Weeds, diseases, insecWeeds, diseases, insec
warmer areas into formwarmer areas into form
–– Warmer winters allow oWarmer winters allow o

areas where this was noareas where this was no
–– Increased number of geIncreased number of ge
–– So, longer time for deveSo, longer time for deve

id fid fwider range of pestswider range of pests
–– European Corn Borer 16European Corn Borer 16

i f 1i f 1ooCCa rise of 1a rise of 1ooC.C.
Greater wind speeds wGreater wind speeds w
spores.spores.
Similar effects for livesSimilar effects for lives

Will MoveWill Move
cts will spread from cts will spread from 

merly cooler ones.merly cooler ones.
verwintering of larvae in verwintering of larvae in 
ot possible.ot possible.
enerations possible.enerations possible.
elopment and feeding and a elopment and feeding and a 

65 65 –– 500 km northwards with 500 km northwards with 

will assist movement of will assist movement of 
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Grassland sGrassland sGrassland sGrassland s
chacha

Where dry hot arWhere dry hot ar
so there will be aso there will be aso there will be aso there will be a
species species 

G ll thG ll th–– Generally the graGenerally the gra
of Cof C44 species is lspecies is l

I t tI t tIn temperateIn temperate--momo
increasing COincreasing CO22 ww
CC CC iiCC33 over Cover C44 speciespecie

species willspecies willspecies will species will 
ngenge
reas become more reas become more 
a shift from Ca shift from C to Cto Ca shift from Ca shift from C33 to Cto C44

i liti litazing quality               azing quality               
lower.lower.
i ti tist areas   ist areas   

will favour              will favour              
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EstimatesEstimates
Most models show mMost models show mMost models show mMost models show m
decreases in world fodecreases in world fo
production due to cliproduction due to cliproduction due to cliproduction due to cli
change.change.

There ill be increaseThere ill be increase–– There will be increaseThere will be increase
temperate areas.temperate areas.
Tropical developing cTropical developing c–– Tropical developing cTropical developing c
directly dependant ondirectly dependant on
decreases of 10 to 20decreases of 10 to 20decreases of 10 to 20decreases of 10 to 20

–– In Europe, increases In Europe, increases 
decreases in the soutdecreases in the sout

modestmodestmodest                modest                
ood                   ood                   
matematemate                    mate                    

es in prod cti it in manes in prod cti it in manes in productivity in many es in productivity in many 

countries those mostcountries those mostcountries, those most countries, those most 
n agriculture, will suffer n agriculture, will suffer 

%.%.
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How Big A THow Big A THow Big A THow Big A T
EffeEffe

L t t iL t t iLower temperature iLower temperature i
order of 2order of 2ooC) have sC) have s

ti iti inegative in some arenegative in some are
in othersin others
Larger temperature Larger temperature 
order of 4order of 4ooC) tend toC) tend to
decreasesdecreases

TemperatureTemperatureTemperature Temperature 
ect?ect?
i ( thi ( thincreases (on the increases (on the 
mall overall effects, mall overall effects, 

d d itid d itieas and and positive eas and and positive 

increases (on the increases (on the 
o cause clear o cause clear 
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AdaptaAdapta

LivingLivingLiving Living 

ationsations

With ItWith ItWith ItWith It
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Alternative Crops &Alternative Crops &pp

More CMore C44 crops cancrops can
temperate areastemperate areastemperate areastemperate areas
Eg.: Although theEg.: Although the

hi l bhi l bgeographical bougeographical bou
regards to temperregards to temper

i l di l dmaize excludes mmaize excludes m
temperature incretemperature incre

ld ll ild ll iwould allow maizewould allow maize
across southern Eacross southern E

& Cropping Systems& Cropping Systemspp g ypp g y

n be grown in    n be grown in    

e current         e current         
d ( ithd ( ithndary (with             ndary (with             

rature) for ripening rature) for ripening 
t f th UKt f th UKmost of the UK, a most of the UK, a 

ease of 0.5 ease of 0.5 ooC C 
lti tilti ti
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Winter wheat, with its hWinter wheat, with its h
t ti l ld it ti l ld ipotential, could move inpotential, could move in

where spring wheat is nwhere spring wheat is n
C lti ith l tiC lti ith l tiCultivars with longer timCultivars with longer tim
therefore greater yield ptherefore greater yield p

This will bring managemThis will bring managem–– This will bring managemThis will bring managem
seedingseeding

In the mid latitudes theIn the mid latitudes theIn the mid latitudes the In the mid latitudes the 
lengths may be sufficielengths may be sufficie
double cropping practicdouble cropping practicdouble cropping practicdouble cropping practic

igher yield            igher yield            
ttnto areas                    nto areas                    

now producednow produced
t t it ( dt t it ( dmes to maturity (and mes to maturity (and 

potentials) can be grownpotentials) can be grown
ment changes such as earlierment changes such as earlierment changes such as earlier ment changes such as earlier 

increase in seasonincrease in seasonincrease in season increase in season 
nt to allow the adoption ofnt to allow the adoption of
cesces
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Fertilizer UseFertilizer Use
I hI hIn areas where cropIn areas where crop
is increased higher is increased higher 

li ti ill bli ti ill bapplication will be rapplication will be r
potentialpotential
The increases will bThe increases will b
greatest for Ngreatest for N

e Will Changee Will Change
d ti t ti ld ti t ti lp production potential p production potential 

levels of fertilizer levels of fertilizer 
i d t t thi d t t threquired to meet the required to meet the 

be                      be                      

D.L. Smith D.L. Smith –– Plant SciencePlant Science



People WillPeople WillPeople Will People Will 
MoveMove

Northward migrationNorthward migrationNorthward migration    Northward migration    
of crop productionof crop production
Will require theWill require theWill require the             Will require the             
development of rail      development of rail      
infrastructure in theinfrastructure in theinfrastructure in the     infrastructure in the     
north, and probably thenorth, and probably the
grain out of the Port ofgrain out of the Port of
The new area to the NoThe new area to the No
one going out of produone going out of produ
are younger and less feare younger and less fe

                                                                      

                                
                                      
                                                        
e ability to ship more e ability to ship more 
f Churchill   f Churchill   
orth is as large as the orth is as large as the 
uction, but the soils uction, but the soils 
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Tillage STillage S

With warmer soilsWith warmer soils
minimumminimum--till systetill systeyy
more feasiblemore feasible
These systems wiThese systems wiThese systems wiThese systems wi
better, and store sbetter, and store s
carbon better withcarbon better withcarbon better, withcarbon better, with
latter leading to lelatter leading to le
potential for soil epotential for soil epotential for soil epotential for soil e

SystemsSystems

s nos no--till and till and 
ems will become ems will become 

ll store soil waterll store soil waterll store soil water ll store soil water 
soil                   soil                   
h theh theh the                        h the                        

ess                ess                
erosionerosion
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PesticPestic
There will be a greThere will be a gre
applications of varapplications of varapplications of varapplications of var
(insecticides, fung(insecticides, fung
G ti ll difiG ti ll difiGenetically modifiGenetically modifi
out in this areaout in this area

cidescides
eater need for eater need for 
rious pesticidesrious pesticidesrious pesticides rious pesticides 
gicides, herbicides)gicides, herbicides)
i d h li d h lied crops may help ied crops may help 
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IrrigationIrrigationIrrigationIrrigation
In some areas thereIn some areas thereIn some areas thereIn some areas there
the potential to expathe potential to expa
use of irrigationuse of irrigationuse of irrigationuse of irrigation
–– infrastructure costsinfrastructure costs

However in othersHowever in othersHowever, in others, However, in others, 
irrigation use will deirrigation use will de
Th i i bTh i i bThe competition betThe competition bet
agricultural uses of agricultural uses of 
Competition amongCompetition among
warfarewarfare

e will bee will bee will be                          e will be                          
and the                         and the                         

as river flows decreaseas river flows decreaseas river flows decrease, as river flows decrease, 
ecreaseecrease

b db dtween urban and tween urban and 
water will be increasedwater will be increased
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GeneGene
Conventional breeding and Conventional breeding and 
d l l t t ld l l t t ldevelop plants more tolerandevelop plants more toleran
pests, and that take more adpests, and that take more ad
levelslevels
–– For crops, a drought tolerant For crops, a drought tolerant 

yield reduction in the presencyield reduction in the presenc
Plants better at sequesterinPlants better at sequesterinPlants better at sequesterinPlants better at sequesterin
producing materials that suproducing materials that su
could be developedcould be developed
However water is involvedHowever water is involvedHowever, water is involved However, water is involved 
degree than animals, so madegree than animals, so ma
–– 99%of water absorbed is lost by tra99%of water absorbed is lost by tra

10 000 t h10 000 t h 11 11–– crop uses ~10,000 t hacrop uses ~10,000 t ha--1 1 seasonseason--11

–– Growth is based on water to expandGrowth is based on water to expand

eticsetics
genetic engineering can genetic engineering can 
t f h t d ht dt f h t d ht dnt of heat, drought and nt of heat, drought and 

dvantage of elevated COdvantage of elevated CO22

genotype experiences less genotype experiences less 
ce of drought stressce of drought stress
g carbon in soil and/org carbon in soil and/org carbon in soil and/or g carbon in soil and/or 
bstitute for fossil fuels bstitute for fossil fuels 

in plants to an even greaterin plants to an even greaterin plants to an even greater in plants to an even greater 
ny genes involved:ny genes involved:
nspirationnspiration
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MitigMitigMitigMitig
Soil carbon sequeSoil carbon seque
Reduced nitrous oReduced nitrous o
Higher photos nthHigher photos nthHigher photosynthHigher photosynth
BiofuelsBiofuels

ationationationation
estrationestration
oxide emissionsoxide emissions
hetic rateshetic rateshetic rateshetic rates
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StrucStruc
FoodFood
EEEnergEnerg
ClimaClima
EnvirEnvir
SolutSolutSolutSolut

cturecture
dd
gy gy 
ate changeate change
ronment ronment 
tionstionstionstions
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EnviroEnviro

There is a need foThere is a need fo
Agriculture is a mAgriculture is a mAgriculture is a mAgriculture is a m
source of pollutansource of pollutan
Agriculture is a mAgriculture is a mAgriculture is a mAgriculture is a m
key resourceskey resources
It i th tIt i th tIt is the sector wIt is the sector w
environmental foenvironmental fo
b itb itbecause it coversbecause it covers

onmentonment

or sustainabilityor sustainability
major nonmajor non--pointpointmajor nonmajor non point point 
ntsnts

major consumer ofmajor consumer ofmajor consumer of major consumer of 

ith th l tith th l twith the largest with the largest 
ootprint, just ootprint, just 

h lh l
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Dead Zones Dead Zones ––
Nutrient loads (princNutrient loads (princ
eutrophication in lakeutrophication in lakpp
the open oceanthe open ocean
Results in anaerobicResults in anaerobicResults in anaerobicResults in anaerobic
fish, etc.  fish, etc.  
Many assocaited witMany assocaited witMany assocaited witMany assocaited wit
agriculture  agriculture  
Al i th B ltiAl i th B ltiAlso in the BalticAlso in the Baltic
–– 1 billion of tonnes N y1 billion of tonnes N y

Nutrient LossNutrient Loss
cipally nitrogen) lead to cipally nitrogen) lead to 
kes, and now areas of kes, and now areas of ,,

c conditions and death ofc conditions and death ofc conditions and death of c conditions and death of 

th cities but some withth cities but some withth cities, but some with   th cities, but some with   

yryr--11
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WaterWater
Agriculture is a major userAgriculture is a major userAgriculture is a major userAgriculture is a major user
Will be competition from Will be competition from 
urban useurban useurban useurban use
Aquifers being pumped outAquifers being pumped out
–– OgallalaOgallalaOgallalaOgallala

Land salting upLand salting up
Proportional use byProportional use byProportional use by Proportional use by 
agriculture varies:agriculture varies:
–– N. Europe 4%N. Europe 4%pp
–– S. Europe 44%S. Europe 44%

Many rivers no longer reacMany rivers no longer reacy gy g
the sea during the summerthe sea during the summer
((egeg. Yellow). Yellow)

rr
9%

r r 
20%

tt
71%

Agriculture Industry Domestic

ch ch 
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BiodivBiodiv
E i f i ltE i f i ltExpansion of agricultuExpansion of agricultu
large loss of habitat anlarge loss of habitat an
The most notable examThe most notable exam
Amazon basin where laAmazon basin where la
cattle and soybean procattle and soybean pro
–– Loss of habitat for otheLoss of habitat for othe
–– In Europe there has beeIn Europe there has bee

farmland butterflies ovefarmland butterflies ove

In addition, pesticidesIn addition, pesticides
organisms, leading to organisms, leading to 

versityversity
l l d h l d tl l d h l d tural land has lead to a ural land has lead to a 

nd biological diversitynd biological diversity
mple of this is the mple of this is the 
and is being cleared for and is being cleared for 
oduction  oduction  
er organismser organisms
en a 30% reduction in en a 30% reduction in 
er the last 20 years er the last 20 years 
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Soil DegSoil Deg
ErosionErosion
–– Deforestation and Deforestation and 

plowing of plowing of 
hillsideshillsideshillsideshillsides

–– Demand for fire Demand for fire 
wood and food wood and food 
production areaproduction area

Salinization and Salinization and 
EuEu

water loggingwater logging
–– Irrigation effects, Irrigation effects, 

inappropriate useinappropriate useinappropriate use inappropriate use 
of water of water 

radationradation

uropeurope
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StrucStruc
FoodFood
EEEnergEnerg
ClimaClima
EnvirEnvir
SolutSolutSolutSolut

cturecture
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gy gy 
ate changeate change
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Genetically modGenetically modGenetically modGenetically mod
Have great potentHave great potentg pg p
The next step, follThe next step, foll
breedingbreedingbreedingbreeding
Improved crop effImproved crop eff
nutritionnutritionnutritionnutrition
However, concernHowever, concern

E i lE i l–– Environmental proEnvironmental pro
flow)flow)
All i f dAll i f d–– Allergens in foodAllergens in food

–– Who owns the genWho owns the gen

dified organismsdified organismsdified organismsdified organisms
tialtial
ows plant ows plant 

ficiency and ficiency and 

s about:s about:
bl (bl (oblems (gene    oblems (gene    
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GeneGene
Started the last cStarted the last c
with the rediscovwith the rediscov
Mendel’s work (tMendel’s work (t
discretely inheritdiscretely inherit
Started this centStarted this cent
to move genes bto move genes bgg
organisms, and sorganisms, and s
genomesgenomes

eticsetics
century           century           
very of      very of      
traits      traits      
ted)ted)
tury with ability tury with ability 

between between 
sequencing sequencing 
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The NoThe No

In many ways it iIn many ways it i
of biologyof biologygygy
For the first time For the first time 
work from the infwork from the infwork from the infwork from the inf
bottom (DNA) upbottom (DNA) up
information in hainformation in hainformation in hainformation in ha
levellevel

oveltyovelty

is the golden age is the golden age 

we will begin to we will begin to 
formationalformationalformational formational 

p, with all the p, with all the 
and at the basicand at the basicand at the basic and at the basic 
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Tools For TheTools For The

Molecular biologyMolecular biology
–– genomegenomegenomegenome
–– transcriptometranscriptome
–– proteomeproteomeproteomeproteome
–– metabolomemetabolome
–– phenomephenome–– phenomephenome
–– environomeenvironome

tte 21e 21stst CenturyCentury

yy

D.L. Smith D.L. Smith –– Plant SciencePlant Science



In North In North 

Much of the corn,Much of the corn,
cotton and canolacotton and canola
North America haNorth America ha
genetically modifgenetically modifg yg y
transgenic technitransgenic techni

AmericaAmerica

, soybean, , soybean, 
a produced in a produced in pp
ave been ave been 
fied by fied by yy
iquesiques
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GMO contGMO cont

Not so much on theNot so much on the
least not initiallyleast not initiallyyy
More on the enviroMore on the enviro
Development of insDevelopment of insDevelopment of insDevelopment of ins
crops in China has crops in China has 
reduction in the increduction in the increduction in the increduction in the inc
pesticide poisoningpesticide poisoning

tributionstributions

e yield side, at e yield side, at 

onmental sideonmental side
sect resistantsect resistantsect resistant sect resistant 
resulted in a resulted in a 
cidence ofcidence ofcidence of cidence of 
g of farmersg of farmers
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The GoalsThe GoalsThe GoalsThe Goals

Improved photosyntImproved photosyntImproved photosyntImproved photosynt
Improved pest and sImproved pest and s
crops and livestockcrops and livestockcrops and livestockcrops and livestock
Improved water useImproved water use
Nitrogen fixing cereNitrogen fixing cere
Increased efficiencyIncreased efficiencyyy
Improved crop qualiImproved crop quali
Reduced crop storagReduced crop storagReduced crop storagReduced crop storag
Functional foodsFunctional foods

ssss

thetic rates of cropsthetic rates of cropsthetic rates of cropsthetic rates of crops
stress resistance of stress resistance of 

e efficiency of cropse efficiency of crops
alsals

y of livestock growthy of livestock growthy gy g
ityity
ge lossesge losses
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What Has What Has 

In many ways theIn many ways the
goals of plant andgoals of plant andg pg p
all alongall along
New methods wilNew methods wilNew methods wilNew methods wil
identification of widentification of w
could occur and tcould occur and tcould occur and tcould occur and t
effectseffects

ChangedChanged

ese have been the ese have been the 
d animal breeders d animal breeders 

ll allow precisell allow precisell allow precise ll allow precise 
where the changes where the changes 
their potentialtheir potentialtheir potential their potential 
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Some More Some More 

There will be conThere will be con
breedingbreedinggg
–– Selection for highSelection for high

There will be somThere will be somThere will be somThere will be som
improvements in improvements in 
management aremanagement aremanagement aremanagement are
–– Expansion of dripExpansion of drip

Improved managImproved manag–– Improved managImproved manag
UkraineUkraine

of the Sameof the Same

tinued plant tinued plant 

her yield is keyher yield is key

me additionalme additionalme additional me additional 
conventional conventional 

easeaseaseas
p irrigationp irrigation
ement in Russia andement in Russia and
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VegVeg--

Engineer plants Engineer plants 
quality proteinquality proteinquality protein quality protein 
–– High concentratHigh concentrat

A i id b lA i id b l–– Amino acid balaAmino acid bala
Perhaps even mPerhaps even mpp
Solves the trophSolves the troph
LLLess pressure oLess pressure o

MeatMeat

to produce meat to produce meat 

tiontion
ddancedanced

meat texturemeat texture
hic level problemhic level problem
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StorStorStorStor
Losses iLosses i
storagestoragestoragestorage
very larvery lar
In the tIn the tIn the tIn the t
over haover ha
harvestharvesta esa es
lost in slost in s
GeneticGenetic
EngineeEnginee

ragerageragerage
in in 

e can be ae can be ae can be a e can be a 
rge issuerge issue
tropicstropicstropics tropics 
lf of the lf of the 

t can be t can be ca eca e
storagestorage
cs?cs?
ering?ering?
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Precision APrecision A

Is very precise (Is very precise (++ a cm)a cm)
All ffi i tAll ffi i tAllows more efficient useAllows more efficient use
fertilizers, biocides and sfertilizers, biocides and s
A t f d t i iA t f d t i iAssessment of data in imAssessment of data in im
can determine areas of can determine areas of 
nutrient deficiency watenutrient deficiency watenutrient deficiency, watenutrient deficiency, wate
stress, weed presencestress, weed presence
Real time images are comReal time images are comReal time images are comReal time images are com
Is becoming very accessiIs becoming very accessi
(inexpensive) and integra(inexpensive) and integra( e pe s e) a d teg a( e pe s e) a d teg a
with the internetwith the internet

AgricultureAgriculture

ffe of e of 
eedeed
ages ages 

ererer er 

mingmingmingming
ble ble 
ated ated 
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NanotecNanotecNanotecNanotec
MaterialsMaterialsMaterialsMaterials
–– Eg. paints that self cEg. paints that self c

Sensors to detect dSensors to detect dSensors to detect dSensors to detect d
toxinstoxins
NN l t hl t hNanoNano--electro mechaelectro mecha
–– Radio frequency ideRadio frequency ide
–– Tracking, including Tracking, including 

chnologychnologychnologychnology

cleanclean
isease organisms andisease organisms andisease organisms and isease organisms and 

i l t (NEMS)i l t (NEMS)anical systems (NEMS)anical systems (NEMS)
entification entification 
foodfood
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FunctionFunction

Specific elements Specific elements 
–– Eg. vitamins, nutraEg. vitamins, nutraEg. vitamins, nutraEg. vitamins, nutra

pharmaceuticals pharmaceuticals 
Remove detrimentRemove detrimentRemove detrimentRemove detriment
–– Eg. allergensEg. allergens

al Foodsal Foods

addedadded
aceuticals,aceuticals,aceuticals, aceuticals, 

talstalstalstals
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RoboticsRobotics

Improved robitics Improved robitics 
Application to croApplication to croApplication to croApplication to cro
harvesting and proharvesting and pro
Fitted into precisioFitted into precisioFitted into precisioFitted into precisio
Application of braApplication of bra
Facilitates intercroFacilitates intercro

s and AIs and AI

in generalin general
p productionp productionp production, p production, 
ocessingocessing
on agricultureon agricultureon agricultureon agriculture
in understandingin understanding
oppingopping
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The BThe B
Understanding peUnderstanding pe
b tt tib tt tibetter perspectivebetter perspective
sensing of food prsensing of food pr
Develop food that Develop food that 
Both umami and liBoth umami and li
discovered in recediscovered in rece

BrainBrain
rception can allow rception can allow 

bj tibj ties on subjective es on subjective 
roductsroducts
is more “pleasing”is more “pleasing”

ipid receptors ipid receptors p pp p
ent yearsent years
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Ecological SystEcological Syst

Understanding theUnderstanding the
between all aspecbetween all aspecpp
ecosystemecosystem
ModelingModelingModelingModeling
Better assessmenBetter assessmen
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