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Dr. Chuck Benbrook

Dr. Chuck Benbrook currently serves as he Chief Scientist for The
Organic Center

Dr. Charles Benbrook worked in Washington, D.C. on agricultural
policy, science and regulatory issues from 1979 through 1997.

In 1984 Benbrook was recruited to the job of Executive Director,
Board on Agriculture of the National Academy of Sciences, a
position he held for seven years. Several influential NAS reports
were done in this period on the need for and aspects of
sustainable agriculture.

Among his more recent publicationsis “*A Dairy Farm's Footprint:
Evaluating the Impacts of Conventional and Organic Farming
Systems” was released November 11, 2010, along with the Excel-
based “Shades of Green” calculator used to compare the
performance of organic and conventional dairy farms.

The report is the first fo quantify the ways that cow health and
longevity impact the environmental impacts of dairy farming. It
also projects the many benefits associated with placing less stress
on cows and feeding them healthier, forage-based diefts

The |,
Organic
Center

A Dairy Farm’s Footprint:
Evaluating the Impacts of Conventional
and Organic Farming Systems

Viendy Fohwider, Michael Hansen, Carlo Lefet, Kioas Mariens,

Laura Paine, Lisa Petkewitz, Guy Jodarski, Francis Thicke,

Juan Velez and Gary Wegner




Dr. Frank Mitloehner

Frank Mitloehner is an internationally renowned authority for agricultural air
quality, animal-environmental interactions, and environmental engineering.

Dr. Mitloehner is Professor and Air Quality Specialist in Cooperative Extension.
Since he joined the faculty in the Department of Animal Science at the
University of California, Davis in 2002,

Dr. Mitloehner has generated and published data that are rapidly changing
how livestock facilities in California and throughout the US are regulated. His
work includes the development and evaluation of cost-effective methods to
mitigate GHG emissions.

In 2007 he served as the livestock production specialist on a national panel
appointed by the White House Office of the Chief Economist to review the
USDA Report fitled “The effects of climate change on agriculture, land
resources, water resources, and biodiversity”.

Recently addressed misrepresentations published in the FAO report
“Livestock’s Long Shadow” in a recent article entitled “Clearing the air:
Livestock’s contribution to climate change” published in Advances in
Agronomy in 2009.



Dr. Cindy Daley

Dr. Cindy Daley is a Professor and Program Coordinator for the College of
Agriculture and also serves as the Director of the Organic Dairy Systems
Project at California State University, Chico, College of Agriculture, a
program that began in 2005 as a living demonstration of an integrated food
production system.

Dr. Daley has been involved in developing programs in sustainable
agriculture on the California State University Chico campus for the last 15
years. Cindy recently converted the conventional CSUC dairy program to an
integrated organic production system for the purposes of educating students
and the community on grass-based milk production practices through grants
from the California Agriculture Research Initiative (ARI).

Her applied research program focuses on the economic and ecological
benefits of grass-based, organic dairy production systems.

Worked with the organic dairy industry to create the Western Organic Dairy
Producers Alliance in 2006 and Grazers West Consorfium in 2008

Cindy has also been awarded a number of state and national teaching
awards for her effectiveness in and out of the classroom and continues to use
her gifts to instill passion for healthy foods, local food networks and
ecological farming practices




Framing the problem: GHG are rising

NOAA's annual greenhouse gas index — tfracks data from 60 sites around the world (National Oceanic &
Atmospheric Administration: Earth System Research Laboratory)

Carbon Dioxide, Methane and Nitrous Oxide make up 6% of atmospheric green house gases
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Framing the problem: GHG are rising

Atmospheric concentrations of GHG 0
O Carbon Dioxide: CO, 386.8 ppm (up 38% s -
preindustrial times) S5 100t :
O Methane: CH, 1,803 ppb (up 158%) 58: — //
O Nitrous Oxide: N,O 322.5 ppb (up 19%) g 5l ey >
v
Potency: CO,=1; CH, =21; N,O =310 z % ' .GEP'
g
CO, increased by 2% per year (Hofmann, & re
et al., Journal Atmospheric Environment, 2009) oA
o 10 +
Atmospheric concentrations of s F Fuus
methane increased by 4.4 molecules 8. Py
for every billion molecules of air 3 £ o3
2 o o o
8§73 3 e ¢
Overall, when related to climate 83
affects, methane’s overall climate G S
impact is roughly 2 that of CO, $E
289 10 s o0 1ot 2000



Pew Forum: Public opinion

Is there solid evidence the earth is warming?

Yes, because of Yes, because of Yes, but donit ' No :'\":“fc "'i:_‘:?
human activity natural pattems know cause E;i ::.i(;ow o
Total U_S. population :
47% 18% 6% 21% 8%
Unaffiliated
58% 11% 6% 18% 7%
White mainline Protestants
48% 19% 6% 19% 8%
White non-Hispanic Cathofics
44% 20% 6% 22% 8%
Black Protestants
39% 36% 5% 15% 5%
White evangelical Protestants !
34% 17% 7% 31% 11%



Survey: Critical Threats to U.S. Vital Interests

Figure |-4 - Critical Threats to U.S. Vital Interests

Percentage wiho see each of the following as a critical threat to U.S. vital interests in the next ten years

CTange
roe
2004
International terrorism -1
The possibility of unfriendly countries becoming nuclear powers +5

Disruption in energy supply N/A

Large numbers of Immigrants and refugees coming Into the U.S.

AIDS, avian flu, and other potential epidemics 49 -9

Global warming 46 +9

Islamic fundamentalism 43 +5

Instabiity and conflict on the Korean Peninsula 38 N/A

The development of China as a world power 36 +3
0 20

-1

Economic competition from low-wage countries

Economic competition from Asian countries NA

A confrontation between mainland China and Taiwan
Tensions between India and Pakistan

N/A
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Framing the problem: Livestock’s contributions

The United Nations, Food and livestock's long shadow
Agricultural Organization: bt

“Livestock's Long Shadow'’:

18% of anthropogenic green house
gases are directly and indirectly
related to livestock.

m Livestock

® Industry

M Transport

m Energy

® Agriculture

m Residential Building
Deforestation
Commerc ial Building
Waste
Other




EPA: GHG emissions by source

Greenhouse gas emissions sources

_ Commercial: 6%
Agriculture: _ Residential- 5%

8 ‘:.'.:.

2006 emissions

Sector/source (MMTCO,e)
Electricity generation 23778
Iransportation 1,969.5
Industry 1.3/15
Agriculture 533.6
Commercial 394.6
Residential 3448

Total U.S. emissions, % emissions by sector Source: Environmental Protection Agency.




Framing the problem:

contributions from livestock - California

US EPA and the California Energy Commission (CEC)

Direct livestock emissions (enteric fermentation and manure),
totaling less than 3% of total anthropogenic GHG.

In CA:

O CO, emissions are 362 MMTCO, Eq. With 98% fossil fuel combustion
- livestock doesn’'t make the list.

O CH,total emissions 31.65 MMTCO, Eq. With enteric fermentation
representing 22% and manure management at 16%. Landfills are
the biggest conftributor at 42%.

O N,O emissions are 23.55 MMTCO, Eq. With Agricultural soil
management contributing 61%. Manure is roughly 3% of total.

California’s greenhouse gas emissions and trends over the past decade. Choate, Freed, Gibbs — ICF
Consulting; Coe, Hyslop — Sonoma Technology; Franco — CEC Public Interest Energy Research



Dairy conftributions

FAO report: Greenhouse Gas Emissions from the Dairy Sector”

Global dairy sector contributes 4% of the total GHG — just 2.7%
when emissions associated with milk production, processing
and transportation were included.

Suggested that the more intensive, efficient dairies have a
lower emissions per litre of milk — supporting intensive, CAFO
style farming systemes.

This hypothesis was supported by Jude Capper, Washington
State University (Capper et al., Proceedings of the National
Academy of Sciences, Vol 105, No.28:9688-9673.)



Management style impacts GHG

A Dairy Farm'’s Footprint: Evaluating the impacts of conventional
and organic farming systems — November 2010. Benbrook, et al.



What we can do¢

Alter our farming practices

Create carbon sinks through CO:;
fO rm i n g p rO C Ti C eS Th O T BIOMASS AND NUTRIENT STORAGE
build soil organic matter:

ABOVE
GROUND

Reduce use of synthetic fertilizers

i ——

Nutrient uptake Decomposition

Use cover crops

Gaseous loss

BELOW

Perennial cropping systems

Soil organic matter pools GROUND
O Pasfure crops
. . Mineralization
O Intensive grazing systems/mob
g razin g Leaching Leaching

Reduce tillage or no-till



28 year study completed at the
, Rodale Institute in Pennsylvomo

TrodlflonoICofn/Soybeon o Cover Croppi
rotation Lo s Mmefhods

Orgamc F;ai"iﬁe‘d' Soil
5% Carbon




Building soil organic matter (SOM)

Benefits of SOM:

Increased supply of micro and macro nutrients
available for plant life and soil biota

Helps suppress crop pests as soil borne diseases and
parasitic nematodes

Forms humus and other growth-promoting substances
Detoxifies harmful substances

Increases water-holding capacity

Improves aeration

Improves the soils resistance to erosion and
compaction

Darkens the soil, causing the soil to warm earlier in
spring
O Troeh et al 1999, Soil and Water Conservation. Prentice Hall:Upper Saddle, NJ
O Pimentel et al, 2005 Bioscience 54(10): 209-218;

O Marriot and Wander, 2006, Soil Science Society of America Journal



“Biological sequestration”

Dr. Christine Jones

“Soil Solution”

Rebuilding carbon-rich soil is a very practical and beneficial
mechanism to remove billions of tons of CO, from the atmosphere.

Begins with photosynthesis — plants converting sunlight, CO, and water
into biochemical energy.

Some of this carbon is fixed permanently into the soil as humus

Dr. Jones predicts a 0.5% improvement in soil carbon in the top 30 cm
of just 2% of Australia’s 445 million hectares of farm land could safely
and permanently sequester the entire nation’s annual emissions of CO,

Under the right management, 40-60% of the carbon fixed as green
leaves can be transferred to soil and rapidly humidified — sequestering
5 — 20 tons of CO, per hectare per year



Provide habitat for Mycorrhizae Fungus -

Vesicular Arbuscular Mycorrhizae (VAM)

V.A M. Ectomycorrhizae
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Glomalin Properties

Glyco-protein — produced
by VAM

Very stable compound,
reduces soil erosion — adds
soil structure

Insulates VAM Hyphae from
nutrient loss (Vesicular
arbuscular mycorrhizae)

Average 2/% of Organic Saill
Carbon (up to 40%)



Perennial crops

Permanent pasture
Orchards/trees/shrubs

Experimental
approach:

O Perennial cereal grain:

O Land Institute

THE BIG IDEA | perenniaL aRAINS

Annual grains feed the world,

Annual winter whe

but they create perennial problems.

Some think we need a

Perennial Solution

HUMANS MADE AN UN: but fateful cholce
10,000 years ago as we started cultivating wild
plants: We chose annuals. Al the grains that feed
billions of peoplo today~wheat, rice, corn, and so
on—come from annual plants, which sprout from
seeds, produce new seeds, and die every year
“The whole world is mostly perennials,” says USDA
geneticist Edward Buckler, who studies corn at
Cornell University. “So why did we domesticate

30 NATIONAL GIOGRAPHIC + APRIL 2011

annuals?” Not bacause annuals were better, he
says, but because Neolithic farmers rapidly made
them better—enlarging thair seeds, for instance,
by replanting the onos from thriving plants, year
after year, Perennials didn't benefit from that kind
of selective breading, because they don't need

10 be replanted. Their natural advantage bocame
a handicap. They became the road not taken.

Today an enthusiastic band of scientists has

gone back to that fork in the road: They're trying
to broed perennial whoat, rice, and other grains.
Wes Jackson, co-founder and president of the
Land Institute in Salina, Kansas, has promoted the
idea for decades. It has naver had much money
behind it. But plant breodors in Safina and
elsewhara aro now crossing modern grains with
wild perennial relatives; they're also trying to
domesticate the wikd plants directly. Either way
the goal s crops that would tap the main advan
tage of parannials—the deep, dense root systems
that fual the plants' rebirth each spring and that
make them so resilient and resource efficient—
without sacrificing too much of the grain yield
that millennia of selection have brod into annuals.
We pay a steep pric for our reliance on high
ylelds and shallow roots, says soi scientist—and
National Geographic emarging explorer—Jerry
Glover of the Land Institute. Because annual root
crops mostly tap into only the top foot o so of

The roots of & young
‘winter wheat plant are
awarfed by those of

its porennial cousin,
‘wheatgrass, which remain

long and full year-round
Roots continug ----s
SEPTEMBER DECEMBER  MARCH JUNE

 Anvusal winter whoat
Perannial wheasgrase

soil that layer gets depleted, forcing farmers to
rely on large amounts of fertilizers to maintain
high ylelds. Often less than half the fertilizer in
the Midwest gets taken up by crops; much of it
washes into the Gulf of Mexico, where It fertiizes
algae blooms that cause a vast dead zone
around the mouth of the Mississippi. Annuals also
promate hoavy use of pesticides or  (Continued)




Impact of diet — area for further

research

Animals fed diets of high quality forages
— may emit less methane through

changes to rumen bacteriq. soadi, b.A., kM.

Wittenberg, S.L. Scoftt, D. Burton, K. Buckley, J.A. Small, and K.H.
Ominski. 2004. Effect of low and high forage diet on enteric and
manure pack greenhouse gas emissions from a feedlot. Canadian
Journal of Animal Science. 84: 445-453.

Feeding dairy cows one pound of
oregano daily can reduce methane
emissions by 40%, while increasing milk
production by 4%. It does so by
reorganizing the bacteria in the cow’s
stomach.

Source: Science, Vol. 329, September 24, 2010



Reasons to smile...

ACan address GHG emissions with alternative
agricultural practices.

Aalternative management practices
APerennial cropping systems
ACover cropping
Ano- till/ minimum fill
Aviinimize or eliminate synthetic fertilizers

Ancentivize these practices with support programs
that are easy to implement, easy to monitor, and
hard to exploit.

Aducational and outreach program to educate
producers

Anhance curriculums in Agriculture for future




