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Our Modern, Industrial,
Agriculture Paradigm

Beginning around 1950/ we decided that the best
Way to) maximize productivity’and achieve;short
term economic returnsy in our fiood and
agriculttre system was to appIY InAUstria

principles=specialization, simplification and
&conomies| of scaler —Based on Frederick
ayIoK's /e Prnciples: of Sclentine Managemerit

1911

Adoption off industrialization; on a large scale in
agrictiture began after \World War 115




The Modern Farm

SO NeW! a! farm Is similar to al factery—a
MEChanistic arrangement designed tormaximize
the production off raw! materials fior feod Stufi,

with' little attention to) ecological context: or
function.

And It hasi been;largely’ successiuliin: achieving
[tS singular geal—maximiizing: proauction. Wikl
SPECIaIZEd. [110110-CUILUIES:













sSucecess of any Industrial Econemy
IS Dependent on Two Resources

1. Abundant natural inputs:
Cheap eneray.
Eresh Water
Stable climates
[Free ECoSY/StEM! SErVICes

2. Natural sinks te’ absorb Waste




Key Assumptions of the
Industrial Econemy/

Human Economy:

A Bubble in Space

Unlimited Natural
Resources inf Nature

Unlimited Sinks for
Wastes in Nature

—Herman Daly,




Challenges on the Horizon

ihe end off cheap energy.

Global depletion: of fireshrWater [EseUrces
Evolution of Unstable climates

Ecologicall degradation) especially:10Sss of
soll'and Biediversity.




Energy

Tihe endl of “chieap: energy: willlikely bring
about a'major energy. tiansiermation

Critical 1ssue s EROEI—Energy: Return On

Energy Invested




I =l
l U.S. FOSSIL FUELS

oil and natural gas 1940s
il and natural gas 1980s
coal 1950s
coal 1970s

b NUCLEAR POWER

| RENEWABLE FUELS
ethanol
methanol
biodiesel
biomass
gasification
biogas
solar collector

SOLAR-BASED ELECTRICITY

photovoltaic arrays
parabolic thermal collectors
wind turbines

hydroelectric dams
biomass-fired

ENERGY CONSERVATION

double-pane windows
ceiling insulation
passive solar housing
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0 50 100 150
energy ratio

—Marty Bender, The Land Institute



First and Second Laws of
Thermoedynamics

First Laws Energy’ cani neither be; created
MoK destroyed.

Secondl Law: Tihe lLaw: of entropy. Energy.
can be transfiormed firom: one; fiorm to
another and energy. tends torleave a
system as It IS} transfiormed.




Lessons to be Learned

LLessoni #1. Energy cannoet be; fiully: recycled so
PEerpetial motion machines are Impoessible.

herefore, we shouldibe skeptical of any:

ypPothesisi stiggesting that we, can invent a new.
miraculous, energy: technolegy: that will solve the
“endl o cheap energy:” problem.

Jevons Paradox: Techinelogicall progress that
INCreases the, efificiency: with; WRICh! al Fesource s
Used tends to /acrease the rate of consumption
of that resource:




Lessons to be Learned

LLesson| # 2. When we Use energy: ter move frem
d state off complexity: toward' s/impl/city/or: firom
concentration to; diffilsion), We experience a high
degree off entropy.

Conversely, complex:Systems Can lakel /i ENergy.
fromi the systemsiin which they: are nested and
nave a greater tendency: terhold eneragy. in the
system. —Tiom Wessels,  7re Myttt of Progress




Lessons to be Learned

[lessen # 3. Biospheric entrepy: is Now. a
ieality. ~For thefirst time iRl earth’s
histery, aisingle Species IS responsible; fior

the entropic, dedradation: off the biesphere
Py releasing more; Energy: throtgh
transtermation: than is Beingl replaced by,
global photesynthesis.”

—jom Wessels, 7he Myt of Progréess




Water

OUur Industrialifood system ConRsUmes
INerdinate amounts of firesh Water:

We each require only 4 liters off water: to

meet our daily liguid reguirements.

The water reguired to: produce our daily.
food needs totals at least: 2,000 liters.

—| ester Brown, Plan B 2.0




Irrigation

Seventy percent: of all fresh water' use s for ene
PUKPOSEe—agricultural iiigation:

lrrigation water isfbeing depleted: in many: ofi the world's

drain-producing regions:

China: fFour-firtis of China’s grain; production is
dependent oniirrgation water

India: [hree-firts of India’s grain: production Is
dependent enirrigation Water

United States: One-fifti ot U.S. grain production IS
dependent onlirrigation water




Irrigation

Aguifiers in seme parts of China are dropping at the
rate oft 10 fieet per year. Some farmers are now.
pumpIng frem ar depth ofi 1,000/ fieet.

Aguifiers in seme parts of India ane drepping at the
rate off 201 fieet per year. Some farmers are now.
pumpIng frem ardepth ofi 3,000 fieet.

Tihe Ogallala Aquifer in seme regions of the Southwest
(Texas, Oklahoma, Kansas) water tables have dropped
more thani 30 fieet, causing some! irrigation wells
to go dry.

—| ester R. Brown, Plan 5 2.0




Climate

Climate on; our planet has seldem| DEEn! as
“Stable™ as it has been the past century.

And! [t s In the process of unraveling—

Which: could fundamentally: change the
climate fior the next 100,000 years.

And we, are already: seeing; its efifects on
agriculture.




News Media Articles
Eebruaky 2009

Seriousi Drotght Strikes Farming Regions in

C
-

nina

1e Associated! Press

Wednesday, Febrtiary: 4, 2009: 11:42' PM

BEIJING—A seriousi drought in' at least: eight
ChINEse, provinces! Is threatening large crop-
drowing areas and leaving nearly:4 million
people witheut proper drinking water, the
government saidl Taursaay.




More Headlines

Australia 1s inral Ten-Year Drought
iexas Ranchnersfand Farmers Strtiggle;in

Drought




More Headlines

Eederal Water May: be; Cut Ofif firom: Califernia
Farms; [ff Drought Deepens, State; o) Make
Drastic Move; Revenue, Jobs Affected

MENDOTA—Shawn Coburn and his foreman, Juan
Guadian, Inspect an almond orchard in Mendota, Calif.
Farms in the state have been hurt by a lack off rain and
they could sufifer another blow! If federal water managers
follow! through with plans) to; cut water due to the

deepening drought.




Meanwhile, Fleoding in lowa
June 2005

In' seme partsiof Iewal 16/ Inches of rain
el in' 24 hours.

SOme climatoelogists suggest thatiwermay,

now see a 500-year flood” every: 15
\/ears.













April Snew and Floeding
N Nerth Daketa

Red River erests at all-time high'in Farge;
Valley: City evacuated due torfieoding.
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Ecoelegical Degradation

H1as U methed off maximizing| production
jeopardized our potential fer ftture
preductivity?




United Nations “Millennium, Ecosystem
Assessment Synthesis Report, 2005”

Over the last half century, humans have polluted or
over-exploited two-thirds of the earth’s ecological
systems on which life depends, dramatically increasing
the potential for unprecedented and abrupt

ecological collapses.

Approximately 60 percent of the ecosystem services
evaluated are being degraded or used unsustainably.
Most ecosystem changes were the direct or indirect result
of changes made to meet growing demands for
ecosystem services—in particular the growing demands
for food, water, timber, fiber and fuel.




Millennium Report continued . . .

Solutions will be complex: There is no simple fix
to these problems since they arise from the
interaction of many recognized challenges
including climate change, biodiversity loss and
land degradation.

Furthermore, the loss of species and genetic
diversity decreases the resilience of ecosystems—
the level of disturbance that an ecosystem can
undaergo without crossing a threshold to a
different structure or functioning.




It Might have Been Different

1859 may have been: pivetal year

[First producing ol wellfin the, U:S.

Publication o Darwin's O/, trie: Origii 01F SPEC/ES.
We could have;selected eco/ogy iather than: o/
BUt having all that cheap, stored,
concentrated energy: available te; UsiWas

00 Seductive.
We' selected oy,




Eor How Long?

Source: Richardo J. Salvador, Iowa State University, Ames, 2004 (based on Ernest Schusky, Culture and Agriculture)




Hoew: Shalll We Now Approach the Future?

“Is it possible to replace current technologies based on
fossil energy with Proper interactions operating between
crop/livestock and other organisms to enhance agricultural
production?”

If the answer is yes, then modern agriculture, which uses
only the simplest biotic responses, can be transformed into
an alternative system of agriculture, in which the use of
complex biotic interactions Becomes the key technology.”

—Masae Shiyomi and Hiroshi Koizumi, Structure
and Function in Agroecosystem Design and

Management, 2001




A New Paradigm for a New
Sustainable Agriculture

Oldl paradigmi Steady: State Sustainability, or
“Engineeringl resiliencer—greeningl a system
and/or Usingl commeanad: and control strategies| to
ietlrn: ai systemi te) a steady: state; as quickly as
POssIble after'al perturbation.

New! paradigm: Resilient Sustainability’ or
“Ecolegical resilience-—adaptive capacity,
designing systems that can abserb perturbations
and/or transform| teranether desirable domain.

—Holling, Gunderson, Walker, Salt




The Role of Perennials

“Look tornature”
“Mixtures of Perennial plants; rtle”
“Perennials holalen for the longhaul, pretect the

soIl, and manage nutrents and Water' to fine
deg ree’”  —Wes Jackson, Conservation Bio/ogy

“Putting| 10! percent off row! Creps  Into; peremnials
could reduce; erosioni by 80l percent, evem in
flood Years like 2008, —Kendalll Lamkey, ISU
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More Immediate Agenda

Increase the acreade off perennial
drasslands: PUt animals back on: pasture;
mixed crepping and livestock eperations
on Individual fiarms or' inrneighbornoed
CONSErtia

Pasture/anmnual crop: retations
Dick TThompsen — Beone County, Iowa
Argenting




How should we now
think about food?

WWhattweuld Wappen, er example, I we
were terstart thinking apout foed as Iess
Of a /g .and moere of al /e/ationsip?:

—Michael Pollan, “Unhappy: Meals: MY s Magazine, 1/28/0v.




Emerging New Systems

While new, integrated, crop/livestock Systems
are far from therwnole answer o) the challenges
dlead—they: can play’ a significant rele.

Specialized, simplified systems reguire large
INfUsioNs off energy, and conseguently’ increased
entropy’ and ecelogicalidegradation; CONVersely,
complex systems can taker /77 energy: from the
larger system infWhich they are nestediand can
ennance; the capacity. for self-renewal.

Small=scale examples already: exist on the
landscapes.



















“Iihe concept Is to produce a variety: of products
wWithin: ailimited space; tor achieve maximum overall
productivity. BUtthis does net consist off merely
assembling all of the compoenents; It consists of

allowingl all compoenents ter Infilence; each other

POSItiVEIV N’ al relationshiproff symbiotic
production.*

—lakao Furune, 7€ Power orPuck, 2001




Poultry, Grapes and Sweet: Corn
SARE Project

Jerf and Greg Kuntz
assisted by William: Kuntz
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Potential Profit .17 acre

Estimated Year ihree

«228 Pheasants X $5 =
$1,140

o125 doz. Sweet Corn X
$3 = $375

60 VINES X 8# = 480#
X .50 = $240

$1., 755 Total

PEeracre eguiv:
= $10,323




Confirmed by research:
Indonesian Rice/Fish Farms

Research conducted on 5 rice/fish: systems
IAvelving 217 farmers

NEt revenue increased! ani averade ol over 56%
OVEr: rice; moenoecultures.

“Rice/fishi systems proved that an' agricultural
system could be; more productive, proefitable and
technically efficient. Moereover, It could pave: the
way: te) an ecology-sound rice fiarming due torthe
rieduced or Zero Use of pesticides. ™

Erwin Dwiyanna, et.al., Journal of Sustaliiable Agriculture, Vo 29, No 1., 2006




Example from Africa:
Alley Farming

Crop) yields increased, adequate; nitiegen Was
fixed and Nedgerews reduced erosion

Prunings fromi the hedgerows were, fied to
fUminants increasing survivaliand bedy: Weight
andl increased milk production

Proved economically: proefitable because; off higher
crop) yields: ati lewer'costs

E Ogunlana, Journal or Sustainanie Agriculture; Vol 29, No 1, 2006




What ether Biological Synergies
are availalkle i Nature?
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Rabbits Calm Farrowing SOWS

Kathrin Buettner pulled a rabbit out of her repertoire when she spoke
to hog farmers at the Shakespeare Seminar in Shakespeare, Ont.,
recently.

And she put the rabbit into the farrowing pen.

Buettner, who is a researcher from the University of Goettingen in
Germany, said it's an old European practice that is gaining renewed
interest because a rabbit seems to calm gilts.

The rabbit is set in the pen about an
hour before farrowing, when the gilt is
beginning to experience extreme pain,
she said, and the sow "gets used to
seeing something small jumping around."

Then when piglets are born, the gilt is
less likely to blame the piglet for her pain
because something small was running : _r ‘ﬁ’h
around before the birth, Buettner said. S 5

The result is that gilts are less likely to
attack and bite their newborns, she said.
"At least that's the theory and psychology
and it seems to work."

According to European farm lore,
a rabbit calms a farrowing pig.

—Small Farm magazine, January/February, 2006




Are such Paradigm Changes
Pessible?

“Only’ a crisis—actual or perceived—
produces real change: When that! CrsIS
@CCEUrS, theyactions that are; taken depend

On theideas) thiat are; lving arotnd.~
—Milten Friedman

“A crisis s} a terrible thing to; waste™
—Hazel IHenderson




Buit what abeut Food Saflety??

lioday, fiood saliety: isiapproached almost
entirely fromi the perspective off iselation
and contrel management:

Goal appears ol be creating ar sterile
ENVIFORMERL N WHICH to) produce; our feod.







Could the problem be nested In
concentration and density?

“Chrenic disease; and catastrophic EpIdEmICS! ake
the expected result of highs densities and low
diversity.” —David Tilman

“Iihe trend 1n aninall ecology, Sews With
Inereasing clarity, that all'animal behavior-
patterns, as Welll as most environmentaliand
social relationships, are conditioned and
controlledrby density. = —Aldo Leopold




Could we be Targeting
the Wreng Arena?

Whattabeut the way: We process our ioed?







a1




U.S. Foodborne lllnesses

More than 75 million cases annually
525,000 reguire hospitall carne

5,000 deaths each year
1/3 are from tainted meat

Soeurce:
cdc.gov/ncided/eid/vol5no5/mead.
htn




But what about more diverse
Preduction Systems?

Could mixed crep/livestock systems
JAcreaseood sarety problems?

Can we appropriate; insights;firom: Charles

Periow: Normal Acciaents: 1984, revised
19997




Is the problem always
INn the farm or field?

“Most high-risk systems have seme special
characteristics, beyomnd their toxic or
explosive or genetic dangers, that make

dCccidents inl them inevitable, evenr normal.”
his hasitor derwithr the way: failures can
Interact and the way: the system Is tied
tegether. . . . Risk will'never be eliminated
from high-risk systems.”

—Charles Perrow, Normal Acciaents




“iheodd term’ nolgl aceldeits is meant
to signal that, given the; system
characteristics [tightly: coupled] multiple

and Unexpected Interactions off falllres; are
Inevitaple.~




“At the very’ least, however, we might stop; blaming| the
Wreng people;and: the wroeng fiactors, and step: trying to
fix the systems' inways that only' make them riskier.”

e argument Is: basically very: simple: We; start with' a
plant, airplane; ship, biolegy: laberatery. or other setting

With a lot off compoenents. Then We need two) Or More
falllres amoeng components that Interact 1n some

Unexpected way: . . . The preblem IS just'semetning that
never occurred to the designers.”  —Charles Perrow




“For some systems that have this kind of

complexity, suc
develepment: la
and be; serious

i1 asi universities or research and
ps, the accident will net spread

Pecause there is a lot of slack

available. . . BUt suppoese the; system, is alse

‘tightly: coupled,

“that IS, processes happen; Very.

fast andl can't be; turned ofif;, the failed parts
cannot; be iselated from other parts:. . . For

MOSL SYSLEMS] .

.. Nejther better: organizatorn,

101 LECIIoIogICal IIINoYalioNns dPPESr: o [liake
ULHerni. any. Iess Prone o) Syster acelaents: =

—Charles Perrow




And not just meat

e Maggeits in Yoeur Mushreems
By E. J. LEVY
Published: February: 12, 2009

Peanut blitier—that culinary, cause celebre—may contain
approximately’ 145 bug parts;fior'an: 18-o0Unce; jar; or five
OF more redent hairs fior that same jar; or more than' 125
milligrams of grit.

N case; you re Curious: youre probably Ingesting one to
two) pounds off flies, maggots and mites each year
without knewing It, a quantity’ off INSects| that cIearIY
does not cut the mustard), even as insects may well be in
the mustard.




Problem may be exacerbated by
economic pressures

Tihe F.D.A. considers the significance ofi these
defiects to be “aesthetic™ or “offensive to the
Senses;, Which Is tersay, merely icky as opposed
to the “mouth/teoth INjury™ one risksy with, For
example, insufficiently: pitted prunes. FDA says
this policy is justified en econemic grounds,
statingl that It 1s “/mpractical (o) grow,, [igrVest or
PIOCESS g Products thgt are totally, Iree o
[0-Hazaraous, Aaturaly;Occuliing, Unavoldanle
derects. —E.J. Levy




A New Eeod Safety Paradigm

A lot cani be learned by studying the genetics o VIruses
and the structure off human: cells, but the guestions
facingl the world are bigger.

Where does a pandemic come firom? Can it be predicted
Or prevented, and, I not, what is the best way, to
iespond and adapt? How: cani people live in healthy.
PEAce with nature on this planet?

These questions reguire a combination of the; best
laboratory’ sCiIence with' an' Understanding o ecology,
culture, secial’'change, and ethics.

—[David Waltner-Toews, 7e Crickens Fight Back




New: Design Principles

Replace single-tactic therapeutic intervention
WILhI eco-systeml management.

Follow! Nature; as Measurer as a general ruie.

Marry: the wisdem off thepast withr the best
SCIEnce avallable.

Consider adoepting ecological eating.™

Engage the current UN debate; Replace
technology, trade;and’ aid with fipod democracy,
food justice andl foed severeignty: tor make; the
glebalffoed system' arglobal network of
foodsheds, rather than a one-size-fits all
consolidated, “tightly coupled” food system.




Shifting from Controel Management
to Adaptive Managemeni

ihe selution for humanity is NOI in a radical
retirn to being *children off nature™

= . . [adaptive management] Is the heart: of
sustainable develepment. It reguires flexible;
diverse and redindant regulation; moenitering
that leads| to) corrective responses; and
experimental probing off the: continually’ changing
ieality’ off the externaliworld.~

—C.S. Holling, Barrers and Bridges: to. tiie: Renewal or:
Ecosystenis and. lnstitutions, 1995




Additional Information

Brian Walker andl David Salt, 2006, Res//ence 1iaking:
[Sland Press

[lance Gunderson and: Lowell Pritchard (eds) KRes/ierce and.
e Behavior o1 Large Scale Systenis, Island Press

iHerman Daly;, 2005. “Economics in a Full"\Werld, ™ Sc/entific
Americarn, SEptember.

Erank Ackerman, 2009. Can We Aliord the) FUtire?

DavidiWaltner=lioews, 2007.. /7e Chickens Fghit Back,
GreyStone DooKS.

RobHopkins, 2006, /e lrarnsition. Handpook: Frorm: O
Deperiderncy, to. Local RESNIENCE;




