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1. Agriculture and
Sustainability
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Example: Japan
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annual plants

B. Shrubs and young
trees

., Oak forest with shrubs
shii and Kashi below

0. Mixture of oak, shii
and kashi

E. Shiiand kashi
climax forest




Agriculture keeps

L fields at early
- succession
A J + Jared Diamond (1987):
* Annual grasses “Hunter-gatherers
- etc,, low diversity practiced the most
« Benefits: high successful and longest-
yields lasting life style in human

history. In contrast, we're
still struggling with the
mess Into which
agriculture has tumbled
us, and It’s unclear
whether we can solve it.”

s Costs: low nutrient
and water use
efficiency, niches
for pests, needs
continual
disturbance



Trends in modern industrial
. e agriculture
« Large rﬁahocultures
e Mechanization (lower labor inputs)
* Synthetic fertilizer to supply N, P, K, trace metals
*» Herbicides and pesticides

* Hybridized or genetically engineered, uniform
(centrally generated) seeds

* Result: large harvests of a few crops, most of which
are processed or fed to animals

* High yields from unsustainable extraction of fossil
fuels, soll, water, phosphate rock
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g.g The dip at the end of the 1980s
ED 1 is due to the economic disruptions
-

i

] accompanying the dissclution of
70 1 the Soviet Union

World
0 -
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= Developing countries
40 -
<

Eastern Europe and

%‘ID 4 former Soviet Union
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Source; Millennium Ecosystem Assessment

Fertilizer: N

Nitrogen is fixed
naturally by
lightning and
specialized soll or
egume-root
pacteria

Haber process: fix
N using natural
gas as a reducing
agent — more than
doubled fixation
rate (uses 5%
natural gas prod.)



Phosphorus (MT/yr)
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Fertilizer: P

* Phosphate is not
found In
atmosphere,
recycled in natural
ecosystems and
traditional
agriculture

"« |n recent decades,

rellant on rare
concentrated
phosphate minerals



Solil

<+ () Nhorizon — contains litter on
surface, humus + OM beneath

¥~ A horizon - various stages of
breakdown of organic matter

<« B horizon — mineral solil in which
organic compounds have been
converted into inorganic

C horizon — unmodified
= parent material

Created by and nourishes plant cover;
stores water and nutrients
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Agriculture
L] ¢ 00 I . —

* Plowing compacts

o - soll, making it harder
. for plants to access

A i water and nutrients

Cratons
M A AT

2 1 * Plowing and planting

i | i Iliillll L Illlilll 1 | L LLiiil i lillild Ll Ll

T e W ML T W w annual plants leaves
bare soil much of the
time; it can be
carried away by rain
and wind (Dust
Bowl), and nutrients
lost faster
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Global cereal production
(107 megatonnes)
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Water

* |n most grain-growing
areas, high yields
require irrigation for
dependable water

e 70% of world water
use

e Cf. 2010: Russia bans
wheat exports after
25% of crop lost In
drought



Groundwater depletion

@» Dangerous dependence on virtual water deepens

E 23 September 2010 | 3 Author: koneil

The rate of global
s ) - groundwater deplelﬂun
e, .u-pf"?:;-;-q,: d:li ey e has been on the rise,
) e, 2 e | ; ;
R "K &5 kn.1 & o i P warning of a potential
= dgEry, R o e B e o i disaster for an
‘1"5 If-'- ';“- ""..-r -I | N 3 ".'..F.!'. 4 " 3 B i“
i = Aerm @*x et ' OBBINE  icbalized agrioultural
i BUIR A {5 R {3‘ system says Marc
s Y e T N .. | Bierkens of Utrecht University in
e -] > Al 1 Utrecht, the Netherlands.
: 2 i ks e + | Inan upcoming study, Bierkens and his
{"‘_'-_* 1 . ¥ colleagues find that not only is global
e | . groundwater extraction outstripping its
Global map ufgruuruiwat&r cﬁaplﬂtnn where 1000 on the Iﬂgﬂmj is equal to one cubic Kilometer been increasing.
of depletion per year. Courtesy: Marc Bierkens (*Correction) Groundwater represents about 30

percent of the available fresh water on
the planet, with surface water accounting for only one percent. The rest of the potable, agriculture friendly supply is locked up
in glaciers or the polar ice caps. This means that any reduction in the availability of groundwater supplies could have
profound eﬁects fura growing human population.



Atlantic
| Ocean |
Pacific
. Ocean |

-120

CONDITION WET

T I N N B T — N E— T e S R
-20 -15 -10 -8 -6 -4 -3 -2 -1 -05 0 0.5 1 2 3 4 6 8 10 15 20

- mean Palmer Drought Stress Index:

er than 20th-century conditions,




Heat stress on plants

. Crop ylelds Start to decrease rapidly somewhere between
90 ° and 110 °F, depending on the species, variety, and
growth stage, even with plenty of water

“Corn was originally a tropical grass from the high elevation areas of
central Mexico about 7,400 feet above sea level, 2,000 feet higher than
Denver. Today, corn still prefers conditions typical of that area — warm
daytime temperatures and cool nights. Areas that consistently produce
high corn yields share some significant characteristics. These areas —
central Chile, the west slope of Colorado, etc. — are usually very
pright, clear, high light intensity areas with cool nights.

Corn maximizes its growth rate at 86°F. Days with temperatures hotter
than that cause stress. In the high yield areas, cool night temperatures
— at or below 50°F — reduce respiration rates and preserve plant
sugars, which can be used for growth or reproduction, or stored for
yield.

This year [2011], in the prairie states and in the Corn Belt, conditions
have been dramatically less than optimal.”



Pest control

. Low dlversrty, high-input fields offer rich opportunities for
- specialized herbivores

~ « Chemical pesticides have been widely used against weeds
and insects since WWII, with harm to farmers, amphibians,

. bees

~* “lronically, it appears that the losses due to pests are still
~_Increasing, despite the availability and widespread use of
chemical pesticides.” (World Bank) — pests evolve to resist
applied chemicals

Rire Wheat Maize Corn Coffes Patatoas

Pathogens 3.5 1.4 7.8 4.3 2.8 9.8
Insects 45.2 10.5 10.4 6.3 28 4.8
Weeds 43.2 14 9.3 4.8 Z 5.3
Tatal 1M25 385 Fr.d 15.5 T.6 248

Soemee: modificd from Cerke er al 1895

Table: estimated losses ($billion / year); ~42% reduction in yield




The majority of fedaral assistance for faming goss tecom
HEIp nn the fa rm and other feed graine, much of it for meat and dairy animals.

7 Distribution of estimated 317 billion in federal assistance by farm subsidy, 2005

COTTON  SOYBEAN WHEAT  TOBACCO DAIRY RICE PEANHUTS

@@@@;;;

| SOURCE: Cangreesional Eudget Office ip

Government intervention

 Farm subsidies
have helped
rehabilitate from
Dust Bowl, averted
price collapses
(school lunches,
food aid), but
promote
monoculture and
iIndustrial practices

* Primarily welfare
for agribusiness



| 'strial agriculture is
ainable at multiple levels

household income
earned off-farm

— Increasing number of
farms report a net loss

increasing; declining
entry of young farmers

Economic Social Environmental
Production — Rapid conversion of — 52% of farmworkers — depletion of topsoil

prime farmland are illegal exceeds regeneration

— 849 of farm — age of farm operators | — rate of groundwater

withdrawal exceeding
recharge in major
agricultural regions

— losses to pests

nutritional
recommendations

(48% in 1997) increasing
— reduction in genetic
diversity
Consumption | — Costs of diet related — Obesity rates rising — 26% edible food
diseases increasing — Diet deviates from wasted

Total system

— Marketing is 80% of
food bill

— Industry consolidation
in food system threatens
market competition

— Relation with food and
its origin has been lost

— Heavy reliance on
fossil energy

— 7.3 units of energy
consumed to produce
one unit of food energy

Heller and Gregory A. Keoleian, Life Cycle-Based Sustainability
for Assessment of the U.S. Food System (2000)




2. Alternatives




. Toward sustainable food

» Need to address many levels: for
~example, organic food eliminates mined
fertilizer exergy and pollution while local
food reduces transportation exergy, but
these are only a minority of total food-
system exergy use

e Grain-fed meat/milk multiplies the
negative impact of industrial agriculture

» Should consider food security and
resilience across political, resource, and
climate conditions



. Polyculture and agroforestry

i

. T L’L. ] (#¥ 1 'I
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~ Succession of a Javanese polyculture field from domination by annual field crops to domination
- by tree crops; Christanty et al. (1986) ‘Traditional agroforestry in West Java: The pekerangan
. (homegarden) and kebun - talun (annual - perennial rotation) cropping systems’ in Marten, G,
{_'_: __-Tradltional Agriculture in Southeast Asia: A Human Ecology Perspective

. Plantlng multiple crops together: more resilience to
cllmate resistance to pests, build and retain soll

Long-_term polyculture can use ecological
~_succession to yield a variety of products



Perennial grasses?

* Grains are annual grasses
bred to have big seeds —
need to be planted each year
on empty fields and kept
from weeds

Perennials devote less
energy to reproduction
(seeds) and more to roots;

12 mos 2TMos

SENEIOENEISIRESUEEE  the Land Institute and others
alm to hybridize them with
annuals to achieve
acceptable yields
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Bison: real free-range meat

* Replace millions of
AR TR  ma grass and corn-fed
PR E L AR RN cattle with similar

Jagee numbers of bison in

the Great Plains

e

Perhaps the only
extensive
sustainable food use
for center of country,
In terms of water
supply

"'i;gre-white state, that it be, in effect,
2d.” (D. and F. J. Popper, “The Great

s

.__.n iInevitable disaster”, Planning

1987])



" 3. Civil Engineering in
Sustainable Agriculture



LA APE FROFILE

Codd nught ale

Hlape facing solar
aspect s wdeal

Best Climate for Tlarticulture

Slmpea ¥ 18 degrees should
L foeested for sodl stabality . _Winler [ruslline
ansl condensation benefits - = -

Ciemilles slapes e alTer
Izt lomsatunin frwr Divestock

Ifd“] broaise: sites andd ircigated harticulture Cheag saber
Vdope D + Lone 1) Fune ? 4 Fome 3 storages
=
- C =hop Ciavave sligns
Qnvey [
“hoey Foiml”

Beneficially use local exergy flows
(how?)




A checkllst of food impacts of
iR bU’Idlng

~ » |s farmland being lost (that distant/marginal land
might be cleared to replace)?

= Will pollution from the site (e.g. stormwater
runoff) contaminate farming?

* |s there a supply for nutritious food for
residents?

e Are there opportunities to build food into the
project (e.g. edible landscaping, aquatic life)?
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th rural areas and poor urban neighborhoods
may not be well supplied with fresh food because
- the ! are not perceived as a promising market



), though needs work on scale economies

S economic sustainability (cash in advance
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= _ake advantage of urban resources (graywater,
nwater, food waste, heat island) that otherwise would

municipal support as legitimate land use
&
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- Growing in the winter
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_« Inside maintained at > 10 °C without heating even
- when outside is below -20 °C

et al., Numerical modelling of temperature variations in a Chinese solar greenhouse (2009)




Vertical farming?

Rl
x

* Dickson Despommier (Columbia Veterinary) and

ALl R 1

o

_ students have been looking at growing food in tall

‘buildings, enabling control of growing conditions
‘and nutrient and water recycling




ological design

I CANOPY (LARGE FRUIT ¥ NUT TREES)
N 2. Low TReg LAYER ( DWARF FRWIT TREES)
. ﬁé.%?;;}ﬁﬁﬁ‘ 3, SHRvas LAYER ( CvaRanTS ¥ BERRIES)
AP -\-“ia-.‘m-ihﬁh 4. Hergaceous C CoMFREYS, BEETS, HERBS)

% 1) DN R B O S A fy
iy ta,ﬁ}.?-\}’-,f?ﬁﬂf?;%g? 5, RHIZOS PHERE (Ro0T VEGETABLES)
el A 'E':*if:.ﬁ%? ) 25 6. Soi. SURFACE ( GRoyn D
) 14,4 P COVER EGr, STRAWBERRY, ETC )

® 7. VERTICAL LAYER
S ([ CLIMBERS, VINES )

.-"
THE FOREST GARDEN: 2 SEVEN LEVEL BENEFICIAL
viLD

P! =gl ' . ﬁ-EC'T_iO:rJ'“\L- ELEVATIoM A0 A
aarns from successful traditional farming and Wil
e HERB SPIRAL.
- -. ﬁir al ecology Pattern applied. A modest 2 m diameter by 1 m high earth spiral
BT . ‘:,c‘! accommodates all necessary culinary herbs close to the kitchen door
= %} and can be watered with one 2 m sprinkler—a considerable saving in

oks for beneficial interactions between species tQ™” ™ = emmkaestsnms

~ build low-maintenance polycultures
et -"?,é‘ _-“ _ﬁ_@i%
xploits or reshapes landscape features to manage
ﬁ:i;fiﬁlw and crop exposure to sunlight
1; _,... 135.':{“_::
i

conomics still problematic due to subsidies (plus
free waste disposal [C-N-P]) for industrial agriculture




12 Permaculture principles
(David Holmgren)

1. Observe and interact - By taking the time to engage with nature

‘we can design solutions that suit our particular situation.

s 2 Catch and store €Nergy - By developing systems that collect

~ resources when they are abundant, we can use them in times of need.

- 3. Obtain a yleld - Ensure that you are getting truly useful rewards as
part of the work that you are doing.

4. Apply self-regulation and accept feedback - we

need to discourage inappropriate activity to ensure that systems can continue to
function well.



Permaculture principles

5. Use and value renewable resources

and services - Make the best use of nature's abundance

to reduce our consumptive behaviour and dependence on non-
renewable resources.

6. Produce no waste - By valuing and making use

of all the resources that are available to us, nothing goes to
waste.

/. Design from patterns to detalls - sy
stepping back, we can observe patterns in nature and society.
These can form the backbone of our designs, with the details
filled in as we go.

8. Integrate rather than segregate - sy

putting the right things in the right place, relationships develop
between those things and they work together to support each
other.



Permaculture principles

9. Use small and slow solutions - small and slow

systems are easier to maintain than big ones, making better use of local

~ resources and producing more sustainable outcomes.

10. Use and value diversity - Diversity reduces vulnerability

to a variety of threats and takes advantage of the unique nature of the
environment in which it resides.

11. Use edges and value the marginal - The

interface between things is where the most interesting events take place.
These are often the most valuable, diverse and productive elements in the
system.

12. Creatively use and respond to change - we

can have a positive impact on inevitable change by carefully observing, and
then intervening at the right time.
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One assessment of the potential

Geoff Lavvton an Australlan permaculture teacher living in Jordan, says that “all the
~world’s problems can be solved in a garden” ... While this statement suffers from
- some hyperbole, it also contains an important truth: insofar as the current model of
Industrial agriculture is a major contributor to many of the world’s most pressing
ecological problems—including water and energy usage, climate change, and
pollution by toxic chemicals, as well as social problems such as poverty and hunger
—these problems can only be effectively addressed by fundamentally changing our
agricultural systems.

Ultimately, to bring about a successful transition to agroecology ... would require both
changes in government policies and changes in basic assumptions about food
production, and indeed in the way we relate to food itself.

Mark D. Hathaway, "Agroecology and permaculture: addressing
Key ecological problems by rethinking and redesigning
agricultural systems", Journal of Environmental Studies and
Sciences 6:239-250 (2016)



