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Climate Change & Plant Biosecurity

Climate Change Indicators

* Historically, there should be 20-30 species
flowering in the U.K. on January 1%t

* In 2015, there were 368 species flowering
on January 1%t

* Plants are flowering 10-12 days sooner at
several locations around the world.
Nature 2013
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Climate Change & Plant Biosecurity

Climate Change Indicators

Models predict that Extreme Heat will
occur every 1-3 years in the U.S.

Could be devastating for heat sensitive
crops like wheat and corn.

http://planthardiness.ars.usda.gov/PHZMWeb/AboutWhatsNew.aspx
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Permafrost in Russia is melting
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Host range expansion as a result of
climate change may stimulate the
evolution of pathogens with

enhanced dispersal capabilities.
Phillips et al. Ecology 91:872-81
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predicted to triple by 2050

% | Very productive wheat area in northern India E-
) will be drastically reduced ‘
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Region of Concern

| 2013: 2P most populous nation [SJekEFIITSE ()| Aelele
_ 2025: Most populous | secure. - wheat
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Climate change projections (2012-2050):
1. Bangladesh will lose more land

2. India will become too hot for wheat.
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Region of Concern
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2025 - 2050: Most populous nation will be food secure

d

National Forum on Climate and Pests — October 2016



Region of Concern
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Region of Concern

~

Several nations are buying land in
Africa to produce food for export.
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The scale of foreign land acquisitions

Assistance, (5-10 times higher in value
than the latter).

dwarfs the level of Official Development
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Food-Water Nexus

* The South Centre: ...“0il conflicts were
central to 20th century history, the struggle
over freshwater ... a new turning point in the
world order.”

Food Security — National Security

ATER and FOOD nexus: trends and development of the research landscape (2012),
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Feeding a Growing Population

" UN World Food Program

‘... hunger is tied to civil unrest.”

- “...when people get hungry enough,
they move, ..... and populations on the
move are prone to conflict.”

1. FAO 2000

) Behrman et al 2004 --mmmmmmmm
™ \ ¥ IINICEF 1998 The state of the world s children 1998 .nmm,
Research and Exteh5| National Forum on Climate and Pests — October 2016 1 e




Climate Change & Plant Biosecurity
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| This same scenario played out again in
2010-2011.

Some believe that this will play out
reqularly over the next 50 years.
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Climate Change and Plant Biosecurity
NAS: Climate Change and Tipping Points

* The history of climate on the planet (tree
rings, ocean sediments, ice cores) is
punctuated with large changes that occurred
rapidly: decades to as little as a few years.

* The current rate of carbon emissions is
changing the climate system at an
accelerating pace, making the chances of
crossing tipping points all the more likely.

Source: NAS 2013 Abrupt Impacts of Climate Change: Anticipating Surprises
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Climate Change and Plant Biosecurity
NAS: Climate Change and Tipping Points

e “ ..abrupt changes in ecosystems, weather
and climate extremes, and groundwater
supplies critical for agriculture now seem
more likely, severe, and imminent.”

“..multiple other stressors are pushing
natural and human systems towards their
limits, and thus become more sensitive to
small perturbations that can trigger large
responses.”

Source: NAS 2013 Abrupt Impacts of Climate Change: Anticipating Surprises
K- STATE Knowledge
: forLife
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Climate Change and Plant Biosecurity
UNCTAD: “Wake up before it’s too late”

* Two global environmental limits that have
been crossed were caused by agriculture
= N contamination of soils and waters
= biodiversity loss
* Agricultural GHG emissions are the second

Wake up before it is too late: Make agriculture
truly sustainable now for food security in a
changing climate.

UNCTAD Trade and Environment Review 2013
—

Source: UNCTAD Trade and Environment Review 2013

- WTO http: tad. Statistics.aspx 14 April 2014 Knowledge
K-STATE ource n://unctad.org/en/pages/Statistics.aspx pri f"fLife g
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Climate Change & Plant Biosecurity

Concerns

Geographic redistribution of
pathogens and pests

These are the same concerns for
both climate change and
biosecurity.

Increase incidence and
severity of disease

KANSAS STATE

UNIVERSITY
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Climate Change & Plant Biosecurity

215t Century Challeng
Water

Plant health is prerequisite to public
health and human wellbeing.

Plant health is undervalued and at
increased risk.

Biodiversity

KANSAS STATE
UNIVERSITY
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Health Status of Plant Ecosystems

Millennium Ecosystem Assessment

Over 2/3 of the plant systems that
underpin human health and wellbeing are
threatened or endangered.




Climate Change & Plant Biosecurity

Food security from Plants

Just 5 plant species provide 63% of the

calories consumed by humans (2014)

We eat plants and we feed plants to the
animals that we eat!

\_

Plant health is essential to food security.

\

)

IFAO, http://www.fao.org/docrep/x0262e/x0262e02.htm
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Climate Change & Plant Biosecurit

Building Blocks of Public health

» —~ = infrastructure policy
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Climate Change & Plant Biosecurit

Food security is not about keeping people alive...

Research and Extension National Forum on Climate and Pests — October 2016



Climate Change & Plant Biosecurit

Food security is not just providing calories
( kcal/capita/day)

Can we?

It's about providing

' safe, nutritionally balanced, &
culturally relevant
food to everyone.

Research and Extension National Forum on Climate and Pests — October 2016



Climate Change & Plant Biosecurit

31 October 2011

l ‘ 2 Billion live In poverty

1 Billion are food insecure

100 Million live at risk of
starvation

2011

o http://www.census.gov/main/www/popclock.html

bz Knowledge
K' STA forLl e
National Forum on Climate and Pests - October 2016
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4, Climate Change & Plant Biosecurity

Knowledge
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In 2010, 93 million people in 70
countries required food aid for
survival.

- World Food Program -
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Climate Change & Plant Biosecurit
—-'—'i m— . -ﬁ
MOmg with

7 Billion? —

For the past 25-30 years we have
been unable to meet the
minimum basic food needs for
20-25% of the world’s

population

— ﬁ/http://www.census.gov/main,éwww/popcloc html
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Climate Change & Plant Biosecurit

We add ~65 Million more
people to-our planet

~9 more New York Cities

 http://www.overpopulation.org/solutions.html

Knowledge
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Climate Change & Plant Biosecurit

* The population challenge is not
just a numbers problem:

* |tis a demographics problem:
" jncreasing urbanization

" jnverted age structures
= migrations...

Sl ~http://www.census.gov/main/www/popclock.html
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K-STATE Climate Change & Plant Biosecurity
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UN Millennium Dev. Goals

2000: 189 nations sign UN declaration

Eradicate extreme poverty (<$0.50US**)

Alleviate extreme hunger (<1600 cal/day)

Improve public health & nutrition

* Ensure environmental sustainability

™ This target value has been increased to $1.25/day.

http://www.un.org/millenniumgoals/
UN FAQ

National Forum on Climate and Pests — October 2016



Food Security is about the availability
of food and the ability to access food.

Eradicate hunger to alleviate poverty

Knowledge
fo )‘IJ 1 fe

National Forum on Climate and Pests — October 2016



STATE

Knowledge

Climate Change & Plant Biosecurity

QAR UN Millennium Dev. Goals

« 2000: 189 nations sign UN declaration

" Eradicate extreme poverty (<$0.50US**)

So what should we do?

\

Ensure environmental sustainability

* This target value has been increased to $1.25/day.

http://www.un.org/millenniumgoals/
UN FAQ

National Forum on Climate and Pests — October 2016




Climate Change & Plant Biosecurit

What should we do?

Agreement among most GOs &
NGOs (food security through
trade, aid & intensification)

Little agreement across
scientific community - many
conflicting perspectives (e.q., ,
intensification, GMOs)

» http://www.overpopulation.org/solutions.html

Knowledge
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Climate Change & Plant Biosecurit
[ wovmgrargers

FAO: we need to increase food
production by:

Our estimates are 24 - 43%
depending upon certain
assumptions (e.g., food loss,
meat consumption)

Knowledge
K:-STA B
Research and Extensi National Forum on Climate and Pests - October 2016



Climate Change & Plant Biosecurit

Food-Water Nexus

ﬁThere IS no new land or water to develop\

So we have to make more use of what we
have... That is the only way we are going
to feed everyone”

Colin Chartres Director General,

wternational Water Management Instituty

THE WATER and FOOD nexus: trends and development of the research landscape (2012)
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K-STATE Climate Change & Plant Biosecurity

Food Security Challenge
2013

* FAO: need to increase food production
by 70% over next 25 years

FAO: 90% of increase will come from
intensification of production systems

* Many nations will remain unable to
achieve food self sufficiency

National Forum on Climate and Pests — October 2016



Climate Change & Plant Biosecurity
Intensified Production

More Efﬁment Fertlllzers & Pest|C|des

i v Improved IrrlgatlonS stems** i
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y
&
[ **70 % of earth’ s fresh water goes to agrlculture J f
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K-STATE
b Food - Water - Environment

. Ecosystem Assessment

* Intensification of agricultural
| production is an important solution to

i % .
}2 x the food security challenge (food
Rty security agencies)

~ |- Intensified agricultural production

e systems are the single biggest threat
&y to the environment (ecological
X community)
Knawledge 17X NN
-’”'Llf € National Forum on Climate and Pests - October 2016



* FAO: need to increase food production
by 70% over next 25 years

« FAO: 90% of increase will come from

Many nations will remain unable to

achieve food self sufficiency

Knowledge
Life
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. “.... we must open up global markets,
boost global trade and make reforms

National Forum on Climate and Pests — October 2016



Climate Change and Plant Biosecurity
Impacts of Global Plant Trade

Evolution of new species

Plant trade has resulted in the evolution of
new plant pathogen species with novel host
range and virulence patterns that could not
have been predicted from the parental
phenotypes.

Clive Brasier 2001. BioScience Vol. 51 No. 2
Man in’t Veldt et.al. 1998. Phytopathol. 88:
922-929

LEAQ, http://www.fao.org/docrep/x0262e/x0262e02.htm
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Plant Health — Public Health Interface

\
\\
\

Species A \

Hybrld species C

Species B

reelic Barrielr

Gleog

UNIVERSITY
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[imate Cﬁane and Plant Biose

Impacts of Global Plant Trade

Hybrid species has unigue

phenotype

Host range of hybrid species not
predicted by host range of
parental phenotypes

Brasier 2001. BioScience 51(2):123-133.
‘FAO, http://www.fao.org/docrep/x0262e/x0262e02.htm
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Climate Change and Plant Biosecurity
Impacts of Global Plant Trade

Evolution of new species

e “..two grass adapted MSVs recombined to
produce a new “wide-host range” strain that
could infect a greater variety of other plants
than its parents.

“...chance recombination .... could be the
reason MSV has become such a serious
problem.”

: . itv of Cape Town J. General Virology 2008. Knowledee
K-STATE e i
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Our food comes from the grocery store.

But where does the grocery store get the food?

National Forum on Climate and Pests — October 2016
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But where does the grocery store get the food?

Argentina
-3 Pf,'f; . ‘ ,5;:& )‘) ;‘."f:b

| ustralia

K- STATE G,

Research and Extension
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Peppers are produced for sale in Europe.

e
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Plant Health — Public Health Interface

) It takes energy to move food...

/ | & Food Energy
55-70% 40-60%

Food security through trade & aid

T
50-75%

...when you move food you move water.

KANSAS STATE

UNIVERSITY
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Indian Ocean

Global trade is not new.

National Forum on Climate and Pests — October 2016
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Plant ea[tﬁ — One Health
Passenger and Commercial Air Traffic

> Each airplane icon represents an actual flight
in progress at 8:00 PM on 11 Feb 2014.

Research and Exter



Plant Health — One Health
Passenger and Commercial Air Traffic

Research and ExtenSI OF
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ADS-B data

”

want flightrador24
on your phone, tablet, |

Mac OS, or Windows 87 |
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want flightradar24
without ads? -+
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World Trading Routes

Shipping routes

Container ports

Every day there are 6 million cargo containers on ships
on the oceans and seas across the world.
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a Growing Po u[atzon

Trade Pathways — Nature 2014 |

The risks from aid are higher than the
risks from trade..

Moving a cargo container contains a
sample of organisms at each location

Charles Perrings (Invasive Species Economist)

P" Heimus et al. 1U.1U33 ZU14 Nature

K:STA B e
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FAO: Plant protection systems are failing

e Reason for failure of national and
International Plant Protection systems

» Failure of detection techniques
» Insufficient area monitored

» Inspection fails because of large volume of
entry, poor sampling, etc.

> Pest/disease is in cryptic stage at the time of
entry or is difficult to identify or diagnose

National Forum on Climate and Pests — October 2016



Symptom-based inspection and

interception protocols will miss

many of the bad pathogens and
pests.




The rate of evolution of science &
technology has far outpaced the
evolution of policy.

\ way we name
g = 5 countries, 4 continents

Knowledge

forLife : .
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Food Security- Plant Biosecurity Paradox

//‘> Plant biosecurity is essentia
to food security

’ The solution is the problem.

] Trade & aid undermine plant
biosecurity

K-STATE. - Kngwledge
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| Food Security- Plant Biosecurity Paradox

Invest in plant biosecurity
infrastructure before
bringing those nations into
the global economy.

.

K-STATE. - Kowledge
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One third of the world’s plant
systems are endangered

One third of the world’s plant
systems are threatened

B\
UN Ecosystem Assessment

,

2“ ** This target value has been increased to $1.25/day.

http://www.un.org/millenniumgoals/

Knowledge UN FAO
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Climate change
A Ocean acidification

Climate Changg‘
V2 VS

Safe Operating Space

I hemical
e bundary)
Phosphorus cycle

(biogeochemical
flow boundary)

Chemical pollution
Not yet quantified

Atmospheric
aerosol loading
Not yet quantified

Land system change Global freshwater use

Rockstrom et al. 2009. Planetary boundaries: exploring the safe
operating space for humanity. Ecology and Society 14(2): 32.
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Need Informed & Balanced Policy

We are rchiin EXPERIENCE Off NURSESR I the World:

EXPENENCE

¥ Good \/
1 . .
Information ‘ Decisions ‘ Success

- .
\’i(”( Knowled
K-STA nowledge
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Need Informed & Balanced Policy
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1 Million died & 1 Million emigrated
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Need Informed & Balanced Policy
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3 Million died of hunger and related illnesses
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Need Informed & Balanced Policy

We are rich in experience of hunger in the worild.

EXxperience Policy

y Good \
1 / .
Information .ﬁ Decisions “ Success

framework for decision-making

Policy often generates unintended consequences.

Knowledge
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Need Informed & Balanced Policy

During 1845-47, Ireland was producing
5 abundant cereals, eggs, meat, and fish - all
N for export markets.

-

While people were literally starving to

death,
l food was being exported out of Ireland. @

Vil

1845-47: Irish Potato Famine
1 Million died & 1 Million emigrated



Need Informed & Balanced Policy
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While people were literally starving to
death,
food imports to Bengal were restricted.

1943
2-3 Million died



Climate Change & Plant Biosecurity

Need Informed Policy

e 2000-2001 Nebraska: severe drought — 0”
Why?
It was more profitable to lose

money growing corn than to keep
land in CRP

* Farmers/ranchers were ripping up CRP

land and planting corn

K ANSAS STATE
UNIVERSITY
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K-STATE
b Food - Water - Environment

. Ecosystem Assessment

* Intensification of agricultural
| production is an important solution to

i % .
}2 x the food security challenge (food
Rty security agencies)

~ |- Intensified agricultural production

e systems are the single biggest threat
&y to the environment (ecological
X community)
Knawledge 17X NN
-’”'Llf € National Forum on Climate and Pests - October 2016



K-STATE
Bgscarchand Decosion Food - Water - EnVirOnment

i %Ecosystem Assessment
That willfundoubtedly:
redistribute pathogens and pests.

- Restoration ecologists propose
establishing global plant rescue sites

Need informed & balanced policy

Knowledge .Frankham et al. 2010. Conservation Genetics, p 4. A
forLife



Feeding a Growing Population

Good News

stment in Ag Research
Cost of food \l
Poverty & hunger \l

Knowledge
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Plant Biosecurity: Why does it matter?

— Poverty & hunger ‘;:7

We need to sustain poverty & hunger in
order to maintain investment in the
agricultural research necessary to reduce
poverty and hunger!

Poverty & hunger Tj
=

~ World Bank Report 2009. Knowledoee
K-STA’ 2
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Policy Challenge

* Perhaps the most significant outcome from
this group would be recommendations for a
policy framework and a research agenda to

address climate change and plant health.

te and Pests = October 2016,
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F eedmg a Growmg Population
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