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Agricultural Soils

Primary Agriculture 57.9%
9.5%

Other \\ Entsricilgég;r‘wnta i
0.4% 28.2%
Industrial Processes
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SUNITOT 726" Vit total .

8.3% of Canada’s total annual GHG production‘(i-fC 2004)
Not'including transportation
fuel emissions
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Europe and AS|a have been deforested

In North America most of this has occurred
during the last 300 years

— From about 1700 to 1900, the clearing of northern
hemisphere forests for agriculture was the largest
agent of change in the carbon cycle.
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T'he processiisiongeingis places such as the ™
’Amazon Basin

Much of the deforestation is associated with
creating land area for food production



CO, - Declinirig soll ordzrnle rrzite.
e e
“Tillage aerates soil'enhancing oxidation of

‘organic matter

' Unless organic matter inputs (crop residues)
are increased under agriculture soil . organic
matter will decrease

_The,organic matter is lost as CO,

“Warmer sojlitemperaturesiwill™ | -
celerate this g 0 TSR




1, - Rice Paddies ~*

Jrganic matter break N
jown leads to WERE S
nethane production =
Jsually more than half of the methane.escaping

rom the soil Is oxidized to CO, in the upper few
nm nm of soil and the water

WW outyofithe'soil and also ou
ough the plants via aerenchyma (major route
he atmosphere)

Just over half of agricultural emissions
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sheep, goats, camel, , A .- : ;J;&E!.a_. o Al

attle, buffalo, etc) ey ) B .

Auch is produced in "= er gﬁm;ﬂ Gt
he gut and is released 1 ﬂ%ﬁﬁ*ﬁ il
)y respiration, burping,

latulence (the greatest part)

here are additional,and;significant releasesrifc
Jecomposing manure (a smaller amount)

Just under half of current agricultural emissions



Itrous UXI
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= Denitrification
= Nitrification (small amount)

w=wAlso contributes to the destruction of ozone
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SHnerendproducts oithis process:are N, and-
N,O
= Soil mineral N (from fertilizers or organic

matter) can be denitrified when soils become
anaerobic

— eg. when there are periods of intense rain over
wusnseveral days or at snow melt in the spring
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Options for Mitigation

Reduced N,O emissions
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Biofuels production "
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[t WillGet Warmer =
= Models indicate that global average surface

temperatures will rise by 1.5-4.5 °C over the
next 100 years.

* Increases will be smallest at the equator and
. greatest at the poles

- —In Canada hejorder. of .5 C —
emperatures have increased more than

day temperatures
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yf'the growing season is set by the
imeroflast spring and first fall frosts
he potential growing seasons will be longer

Night temperatures are increased more than the
lay temperatures, and Killing frosts occur at nig
0 the season lengths will increase faster than

emperature means - e

-

Jowever, the higher night temperatures will
ncrease the respiratory consumption of
Yhotosynthate disproportionately
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""General circulation models prec
_decreased rainfall'in some areas,
and increases In others

* However, increased temperatures will lead to
increased evaporation because, of:

— higher temperatures themselves
- - longer periods with unfrozenisoiliin nerthesly..
i’
* Evaporation increases by ~ 5 per cent for
each °C of mean annual temperature.
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therPaliser'triangle; in
outh central
Jaskatchewan, currently
roduces most of Canada’s
lighest quality number 1

1ard red spring wheat

Some of the general M;; ¥
irculation models suggest | Ssaeae i Ray 1 i

job oe
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this area will only be § ﬁ-gé,-,;méng,e
uitable for livestock

Jrazing



_o_luring the Iast 100" years

"Himalayan glaciers (15,000) retreating at 30 m
per year
— populations have developed based on this extra
water availability for food production

sPeyto glacier in the Rockies;isinow.only,10%,.
izerit was 100 o)

— Flow into the Bow river has declined & irrigation
based crop production along it (Alberta) is
affected
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' Drought and hlgh temperature
episodes will occur more often

—rice could be pushed out of some parts of Asia

— some semi-arid areas will become unable to
support crop production

WWewwill probably have more extreme El Ninos

oy AN
ropical storms will be more frequent,

stronger and more destructive



TITgh'er temperatures and in some cases G
“higher rainfall levels, will accelerate soll
organic matter break down

— Low organic matter soils hold few nutrients and
are more susceptible to drought co,

Where elevated CO, levels and

‘Better prec on patterns (
mmﬁ%gr—ea@r‘”

iInputs of crop residues,

increasing soil organic matter




~ = |n many areas soils will be drier

* Increased equator-to-pole heat flux will
mean greater average wind speeds

= Soll organic matter will be lower
= This willlincrease the potential for wind

Wy—awes‘t’i‘lﬁed 20 to
30%



“Most models predict a sea level rise of =

about:50-cm by 2100

' This will lead to the loss of agricultural land
due to flooding by sea water and
salinization in areas that are newly coastal

_River deltas are some of the most me==srar=—a
“productive aeﬂ'ﬁg Itural la A
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E Wotosynthesm IS CO Ilmlted SO more 5
Increases the rate, and therefore plant
growth

= Some plants partially close their stomata
so that photosynthesis Is not increased,
but water use efficiency Is.

. Cé plantsi(moresinithetemperate zones)
enefit more than C, plants (more in the

tropics).



' In general the hlgher levels of carbon
(COZ) will lead to crops (seeds or, in the
case of forages, leaves and stems) that are
higher in carbon and lower In protein:

- On the other hand, material with higher
wsugar.contents will make better silage. _\%ﬁ
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' Increased CO‘ Ievels will increase the
“amount of [ photosynthate available
inside the plant for N, fixation.

' In areas where climate change
conditions lead to increased growth

wofdegumes; this will lead to.increased i /%: #&

Wﬂﬂmsedﬂﬂ%‘hon




Pests Will Move

Weeds, diseases, insects will
warmer. areas into formerly cooler ones.

— Warmer winters allow overwintering of larvae in
areas where this was not possible.

— Increased number of generations possible.

— So, longer time for development.and feeding and a
wwawider range of pests.

@Lﬁ! mwﬂﬁ‘gﬁmovement of

spores.
- Similar effects for livestock pests.




235 Wil criziflge

'Where dry hot areas become more
so there will be a shift from C; to C,
species
— Generally the grazing quality of C,

species is lower.

JInitemperate-moist areas mcreasmg
W will | '




Most models show modest SIS ———
decreases in world food @B T
production due to climate
change.

— There will be Increases In productivity in many
temperate areas.

" Tropical.d .countriesythose most

\/ ndant on agriculture, willi suffer
decreases of 10 to 20 %.




- Sma_lle_r_teTnperature Increases (in the
order of 2°C) have small overall effects,

negative in some areas and and positive
in others

= | arger temperature increases (on the
~wworderof 4°C) tend to cause. clear

o seoloar .
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\lternative Crops & Cropping Systems

= More C, crops can be grown in temperate
areas

= Eg.: Although the current geographical
boundary (with regards to temperature) for

" ripening maize excludes most.of the: UKy aws
crease of 0.5 °C_ .

would allow maize cultivation =~
across southern England. Soae o of Sh Ty




Wlnter wheat W|th |ts hlgher yleld potentlal
could move into areas where spring wheat is
now produced

Cultivars with longer times to maturity. (and
therefore greater yield potentials) can be growr

— This will bring management changes such as earlie

:.,seeding ——
inithe es the'increase in season

lengths may be sufficient to allow the adoption
double cropping practices



__= |n areas where crop production potential
Is Increased higher levels of fertilizer
application will be required to meet the
potential

= The increases will be greatest for N




“Northward migration; of
crop production

- Will require the
development of rail
infrastructure in the
north, and probably the ability to ship more

~grain out of the Port of Churghlll —

i’iggmew-a!Me North'is as large as the
one going out of production, but the solils
are younger and less fertile

Ontario

Paliser - Trulangle



= With warmer soils no-till and

 ——

minimum-till systems will become
more feasible

= These systems will store soil'water
better, and store soil carbon
s better, with the latter leading to
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W

r*f*T




- There will b@?jf_éater need for
applications of various pesticides
(insecticides, fungicides, herbicides)

= Genetically modified crops may help out in
this area
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'In some “areasthere-will be the - i e
“potential to expand the use of
irrigation

— infrastructure costs

' However, in others, as river flows decrease,
wirrigation-use will decrease

—TTE————
n and
agricultural uses of water will intensity
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" Conventional'breeding and genetic
engineering can develop plants more
tolerant of heat, drought and pests, and
that take more advantage of elevated CO,
levels

— For crops, a drought tolerant genotype
wuwexperiences: less yield reduction in the

~ presence of drought stress E
“Plants better at sequestering carbon in soil

and/or producing materials that substitute

for fossil fuels could be developed
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ESomepIantussues cansuvis

~ extreme desiccation

— pollen \

— seeds _

— spores R

= Resurrection plants can
dehydrate completely, and thel

rehydrate quickly, with little
damage

e T——
‘ -ep-piHMnot have this

ability, but there Is variability
among and within crop plants 1
drought tolerance

Craterostigma
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most all aspects of plant
volved so many genes
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s with'at least longer roots are often
more drought tolerant

' Roots able to penetrate soil better,
particularly hard pans, help in this regard

' Longer roots allow the plants to extract
water from deeper in the soil

s andi therefo ants with s R
re water to draw B -0 B AL !

upon to complete growth and
development




— water potential in the xylem columns is less

Jther cells in the plants have a harderntime
0axing water out of the xylem

lheysproduce higher concentrations of speciji_g__
ysmolites tojdecreaseitheinwater potential, and
ﬁ- [ water from the xylem stream

’lants that have a higher capacity for this are
Jenerally more drought tolerant
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lost water leaves the plan thrug sma_t

Jants must have stomata to let CO, in, but wate
)scapes as a result

’lants close their stomata In response to water
tress, but this means less CO, fixation

some plants close stomata easily, others;have.
Egn;,s,unken-ﬂlﬁﬁp‘i’ts or'surrounded by hairs

’lants that are able to photosynthesize more
apidly with partially closed stomata are more
Irouaght tolerant
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lrought stress
Sstomatal closure
— [on channels in guard cells
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Root growth OH 0
Jessication tolerance ¥ Ha
eafi (and fruit) abScISSION  ETYSREgupepEerTy

Seedimaturation and dormancy,
3ud dormancy
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hrough the cuticle,awaxy
elatively water
mpermeable coating on

he leaf surface

f this layer is thicker or
nade up of more water .
mpermeable;waxes and Qe s o

[ " 14N o 1.5 Spongy mesoj
iEgs the plantsiwillNoose W\
S Water Cuticle

>such plants are generally
nore drought tolerant




Crizinges 1) Davealoorner:
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~ = Stressed plants develop faster

¢ ;
— flower sooner -
— Senesce sooner _
= With drought stress will develop smaller
leaves
- L TT——
s Ma abscise) existing leaves

Ill produce fewer flowers and seeds and
probably smaller seeds



' Perihelionasty - change
leaf orientation to
minimize light
interception

' Leaf rolling (grasses)

icle colour may reflect i s |

A



\mount of plant dry’matter, or yield;

per unit of water transpired

' Can be misleading, and a plant that conducts
little photosynthesis may use little water, and
may have good water use efficiency, but little
yield

"WWe need plants with high waEr useefficiency:
y

sandlhighiproductivit

' C, plants are generally better than C, plants



Because so many aspects of plant
development and metabolism are involved in
plant-water relationships:

— There is a lot of potential for genetic improvement
— The situation is complex and it will take time

B i
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Pollcy

- PoI|C|es that promote the production of
established crops in a given area must be
made flexible to allow the introduction of

new crops and cropping practices
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| Developed countries in temperate zone areas

will'have more resources to aid In adaptation
than developing countries

' Developing countries will also have greater
negative effects to deal with







