Approved: February 1, 2006
Date

MINUTES OF THE SENATE AGRICULTURE

The meeting was called to order by Chairman Mark Taddiken at 8:30 a.m. on January 17,2006 in Room
423-S of the Capitol.

All members were present except:
Derek Schmidt - excused

Committee staff present:
Raney Gilliland, Kansas Legislative Research
Amy VanHouse, Kansas Legislative Research
Lisa Montgomery, Office of Revisor of Statutes
Judy Seitz, Committee Secretary

Conferees appearing before the Committee:
Charles W. Rice, Department of Agronomy, Kansas State University Research and Extension

Others attending:
See attached list.

Chairman Taddiken said there would be bill introductions at the end of the meeting.

Charles W. Rice gave a power point presentation on soil carbon sequestration in agriculture (Attachment 1).
There is so much interest in carbon sequestration and climate change because of greenhouse gases (GHG).
In the past 100-150 years there has been a dramatic increase in carbon dioxide, methane and nitrous oxide
gases. Mr. Rice said the Arctic sea ice loss affects Kansas by the occurrence of less frequent but more intense
thunderstorms. As a result there would be more droughts and greater soil erosion. He discussed methods for
dealing with carbon sequestration such as land use, soil management and crop management. Mr. Rice
reported that in 2003 President Bush set a goal of an 18% reduction in CHG. He also reported that the United
States Department of Agriculture is working with the Department of Energy to improve volunteer GHG
reduction. Several years ago there was a volunteer formation of the Kansas Coalition for Carbon Management
(KCCM). Their purpose is to inform, educate and motivate land managers to apply management practices
that result in reduced atmospheric carbon levels.

Mr. Rice stood for questions.
Duane Simpson Kansas Association of Ethanol Processors, requested a bill for the creation of a seven

member, Governor-appointed Kansas Ethanol Council, with a three year sunset. Senator Ostmeyer moved
and Senator Huelskamp seconded the motion that the bill be introduced. Motion passed.

Chairman Taddiken introduced a bill regarding water drainage districts and who is eligible to be on the board
of directors. Chairman Taddiken moved and Senator Lee seconded the motion that the bill be introduced.
Motion passed.

Meeting adjourned at 9:23 a.m. The next meeting is scheduled for January 18.

Unless specifically noted, the individual remarks recorded herein have not been transcribed verbatim. Individual remarks as reported herein have not been submitted to

the individuals appearing before the committee for editing or corrections. Page 1
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Arctic Sea Ice Loss: Greater than Land Area of
Texas, California, and Maryland Combined
2003 vs. 1979 Comparison

What does it mean for KS?

If precipitation is the same but more variable

— i.e. less frequent but more intense
thunderstorms

Then:
* More droughts

— Shift crops (corn to sorghum})
* Greater erosion

|2



Climate Soils Management
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Consortium for Agricultural Soil Mitigation
of Greenhouse Gases

+ To provide the tools and information to successfully
implement soil carbon sequestration so that
— the accumulation of greenhouse gases is lowered in the
atmosphere,
— while providing income and incentives to farmers and
improving the soil.

Kansas State Universily Colorado State University

lowa State University Michigan State University
Montana State University University of Nebraska

Ohio State University Purdue University

Texas A&M University Pacific Northwest Nalional Labs
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Treatment Scenario Rate Duration Stale
(Mg Crhaly) (yrs)
Eliminate 3-year system 0.073 12 Eastemn
summer 4-year system 0.117 Colorade
fallow Conlinuous cropping 0.229
Integrated NT 150 N manure 1.19 10 NE Kensas
Nutrient NT 150 N Fert 1.05
Management | o 1 50 N manure Lot
(comn)
Rotations CT - NT wheat 0.764 10 SCKS
CT - NT sorghum 0.605
CTsorg/NTwheal 10 0.624
NT sorg/wheal
CRP 0.80 12 NE

No-Tillage

®*Restores soil carbon
®*Saves labor

®*Controls weed
®Reduces erosion
®*Conserves moisture
®Planting on the best date
®Saves fuel

®Lowers machinery costs

Corn production relative to conventional tillage in
NE KS (10 years)

CT-168-M [ NT-B4 F | NT-168 F | NT-84M | NT-166M

Mean Yield (Bule) (85.8) [ 77.9 75.7 87.6 69.2 74.3
Nel Relurn ($/a) (39.18) 22.86 63.48 73.28 5143 44.04

Soil C (MT Cihaly) 1.1 013 1.05 0.22 1.18

Emissions from Inputs -0.053 | 0.060 | -0.016 -0.087 -0.070
{MT Crhary)

Nel C (MT Cihaly) 1.08 0.02 1.08 0.29 1.25

Pendell el al. 2004




Sorghum and wheat production in SC KS (10 years)

CT-WW | CT-S88 |CTS-NTW |NT-88 NTS-NTW
Net Relurn ($/ha) 20.24 63.51 54.26 58.29 45.62
Soil C (MT C/haly) 1.34 0.27 0.83 0.88 1.48
Emissions from Inpuls 0.1 0.12 0.11 0.13 0.12
(MT Clhaly)
Nel C (MT Cihaly) 1.23 0.15 0.73 0.76 1.35

Williams et al. 2004
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Value of Soil Organic Carbon

» Value of N, P, K, and H,0 in kg of humus
about = $0.20

* This converts to about $1100 per acre
when you have 1% soil organic matter
(0.6% carbon)

» So an increase by 0.1% would be $110 per
acre.
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United States efforts in Agriculture

Federal government established a goal of 18% Improvement in GHG
efficlency (Roughly a reduction of 100 Mt carbon)

USDA is utilizing conservation programs to encourage carbon
sequestration and GHG reductions

~ GHG offsets are factors In setting priorities under:
+ The Environmental Quality Incentives Program
* The Conservation Reserve Program
+ The Forest Land Enhancement Program
Federal government challenged the private sector to take action

— USDA is working with the Department of Energy to improve the
voluntary GHG reduction registry

~ USDA is negotiating voluntary agreements with buslnesses and
seclors

— Several corporations are undertaking projects In partnership with
farmers and land owners

Sclence and technology
- Development and demonstration of biomass energy, bio-
based products, bio-fuels and bio-power.

Carbon Credits/Trading

« Carbon reduction
- C reduction at point of emissions
— C reduction by sequestration

= |s it cheaper to buy a credit than control
emissions?




Examples of feasibility and pilot
projects on soil carbon sequestration

Region Land Use Land management
change

Saskatchewan, Canada Cropland Direcl seeding / cropping
intensificalion

Pacific Nerthwest, USA Cropland Direct seeding / cropping
intensificalion

Midwest Cropland No-till

lowa, Kansas Grasas planting New grass plantings

Qaxaca, Mexico Crop / nalural fallow Fruit tree intercrops wilh

sacondary foresl annual crops /

Conservalion lillage

Pampas, Argentina Cropland Direct seading

Kazakhslan Cropland Agriculture lo grassland

Izaurralde (2004), Rice

What is needed

.

Sellers of C credits: Land managers
« Aggregator

* Buyers

» Monitoring/Verification

Kansas Coalition for Carbon
Management
» Mission
— To inform, educate and motivate land
managers to apply management practices

that result in reduced atmospheric carbon
levels

* Website
—-www.oznet.ksu.edu/kcecm




Kansas Coalition for Carbon Management
Member Organizations

Kansas Resource Conservation and
Development Councils

Kansas Corn Growers Association
Kansas Grain Sorghum Producers
Association

Kansas Association of Wheat
Growers

Kansas Electric Power Cooperative

Kansas Forage and Grasslands and
Society for Range Management

Kansas Livestock Association
Kansas Farm Bureau
* Kansas Rural Center

Kansas Association of Conservation
Districts

Kansas Department of Agriculture
State Conservation Commission

Kansas Department of Health and
Environment

USDA Natural Resources
Conservation Service

USDA Farm Services Agency
Kansas Sate University

Current Interest in KS

» Chicago Climate Exchange

- USDA grant
— Offer sheet

* Environmental Defense

* AgCert

+ Focus first on well-documented actions with clear ownership

+ CCX Special Committee on soil carbon provided guidance on
annual carbon gains, geography

= Simplified credilin?: verify practices, credit at discount
Issuance quantiti

= Continuous no-till/low-till (2003-08) in central U.S.:
. 0.5 metric tons CO/acre/yr

» Grasses, planted after 1-1-99, central U.S.:

L) 0.75 metric tons CO,/acrelyr
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Conservation tillage and

New grass planlings only
= -| new grass plantings

Carbon Contracts with lowa Farm
Bureau

» 200 contracts in lowa (60 counties)
— 83,000 acres (67,000 acres No-till)

= 224 contracts in Nebraska (18 counties)
— 175,000 acres (170,000 acres No-till)

« 72 contracts in Kansas (24 counties)
—~T75,000 acres (74,000 acres No-till

/=10
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Carbon Offset Prices
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Sales to-date

Began sales in April 2005
—~21,000 tons sold

— Average price: $1.20

- Range: $1.50 - $1.10

* Websites

www.oznet.ksu.edu/kccm
www soilcarboncenter.k-state.edu/

www.oznet.ksu.edu/ctec
www.casmgs.colostate.edu/

B K-State Research and Extension
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®ICSTATE

Kansas Stare Universit
Research and Extension

Agriculture's Role In Reducing
Atmospheric Carbon Levels

It is a known fact that greenhouse gases, such as carbon dioxide and methane, are increasing every year in
the earth's atmosphere. This buildup may well be leading to global warming. Scientists say there are two
main ways of reversing this trend: (1) reducing fossil fuel emissions, and (2) taking more carbon out of the
atmosphere and storing it in natural "sinks" on earth, a process known as carbon sequestration.

Agriculture can help in both ways. With sufficient economic incentives, producers can use currently
accepted management practices to help store more carbon and reduce emissions, and this will help the U.S.
meet greenhouse gas reduction goals. This can be done on cropland, grazing land, and set-aside ground. It
is estimated that up to 20% of U.S. carbon emissions can be sequestered back into agricultural soils.

Agricultural soils represent one of the best sinks for carbon storage in the Earth's ecosystem. Deep ocean
storage and deep geological storage are other potential carbon sinks, but are more costly and less practical
than using agricultural soils.

How can producers increase carbon storage in agricultural soils? This is being studied by a federally-
funded team of scientists at 10 universities and government laboratories known as the Consortium for
Agricultural Soils Mitigation of Greenhouse Gases (CASMGS, pronounced "chasms"). CASMGS brings
together the nation's top researchers in the areas of soil carbon, greenhouse gas emission, conservation
practices, computer modeling, and economic analysis.

With the current state of knowledge, it is known that carbon sequestration can be accomplished by the
following means:

Cropland
1. No-till or reduced-till systems
2. Increased crop rotation intensity by eliminating summerfallow
3. Buffer strips
4. Conservation measures that reduce soil erosion
5. Using higher residue crops, such as corn, grain sorghum, and wheat
6. Using cover crops
7. Selecting for varieties and hybrids that store more carbon
Grazing land

1. Improving forage quality
2. Regular use of prescribed burning to increase forage productivity
3. Reducing overgrazing

Set-aside land

1. Growing high-yield grasses, such as switchgrass or eastern gamagrass on Conservation Reserve
Program land

/12



Estimates of the carbon sequestration potential are available for some of these practices:

Agricultural practice Amount sequestered (tons/acre/year)
Conservation tillage 0.12-0.20

Summer fallow elimination 0.05-0.15

Rotation with winter cover crops  0.05 - 0.15

Fertilizer management 0.025 - 0.075

Conservation Reserve Program 0.15-0.35

Many of these practices involve additional costs for producers, and would require some financial incentives
to implement on a wide-scale basis. Part of that cost could be accomplished through a private system of
"carbon credit" trading. It is estimated that producers who implement one or more practices proven to store
carbon in agricultural soils might be able to sell carbon credits to utilities and other industrial concerns for
about $2 per acre per year on the open market. This type of trading system is in its infancy now, so there's
no way to know how much producers can realistically expect to get from selling carbon credits.

Additional tax incentives or "green payments" from the government would probably be needed, especially
for implementing practices with higher costs and limited returns. This would include such practices as
buffer strips, most soil conservation measures, and the use of cover crops.

Other practices, such as no-till, increasing crop rotation intensity, manure application, and improved forage
production, may be more profitable for producers in themselves. Where this is the case, the increased
profitability will help get the practices implemented.

As an example, research at Kansas State University has shown that no-till grain sorghum in western Kansas
is about $30 per acre more profitable than conventional-till grain sorghum. The profitability of wheat is
largely unaffected by tillage system, according to the research. The biggest benefit in western and central
Kansas comes when no-till is used in combination with increased rotation intensity. For example, a long-
term study in Hays showed that wheat-sorghum-fallow is about $10 per acre more profitable than either
wheat-fallow or sorghum-fallow. In eastern Kansas, no-till has not shown any increase in profitability in K-
State research, so other economic incentives would be more important in this area to get farmers to adopt
no-till.

The additional amount of carbon that can be stored in agricultural soils through the adoption of no-till and
increased crop rotation intensity is estimated to be between 400-500 pounds of carbon per acre per year.
Nationwide, this could total anywhere from 80 to 300 million tons per year.

No-till also involves less field work. By reducing the number of trips over the field from 8 to 4, carbon
emissions would be reduced by 50%.

The amount of carbon that can be sequestered and the amount of emissions that can be reduced through the
adoption of other potential practices, such as the use of buffer strips, requires further research.

If producers can be induced to adopt more practices that store carbon, there will be many benefits to the
nation other than just helping to solve the problem of increasing greenhouse gases. Additional benefits
include:

Improved soil structure and quality

Improved soil productivity through increased organic matter
Reduced erosion through improved soil structure

Improved water quality through reduced erosion

bl o ol =

To sum up, changes in practices used on agricultural land can play a role in solving the problem of
greenhouse gas buildup at very little cost to the economy. These same practices can also result in several
long-term benefits related to the improvement in soil quality.

145



Consortium for

Agricultural Seils Mitigation
of Greenhouse Gases
(CASMGS)

Background

Soil carbon sequestration will reduce the buildup
of greenhouse gases in the atmosphere while
improving America’s farmland and the nations
agricultural  economy. The Consortium for
Agricultural Soil Mitigation of Greenhouse Gases
(CASMGS - pronounced like chasms) will provide
the information and technology necessary to
develop, analyze and implement carbon
sequestration strategies.

Concern has been mounting about the
considerable buildup of carbon dioxide (CO,) in the
atmosphere. At present, the amount of CO; in the
air is increasing exponentially, by over 3 billion tons
of carbon per year. This atmospheric buildup has
been greatly accelerated by industrialization and the
burning of fossil fuels (coal, oil and natural gas).
Crops and other plants remove carbon dioxide from
the atmosphere and, as they are harvested, their
residue and roots are deposited into the soil where
portions can remain for long periods. Carbon
accumulation in agricultural soils can be greatly
improved by various forms of conservation
management, such as no-till and replanting with
grasses. This carbon sequestration occurs because
there is less soil disturbance and more carbon is
added to the soil. Corollary benefits of carbon

sequestration are increased soil fertility, reductions
in erosion and increases in soil quality.

To help reduce greenhouse gases, a new plan is
emerging; sequester carbon in U.S. agricultural
soils, which helps the soil and air and benefits the
U.S. agricultural economy. It has been estimated
that 20-40% of targeted emission reductions can be
met by agricultural soil carbon sequestration. Under
a private emission trading strategy, U.S. farmers,
practicing appropriate conservation practices, could
sell carbon "credits" to carbon emitters. Alternatively,
government policies might be implemented to
directly support farmers for implementing
conservation management practices. Either strategy
would help mitigate carbon dioxide rise (the
dominant greenhouse gas) while the needed
long-term technical solutions are found for producing
clean energy. Recent estimates of the potential for
U.S. agriculture, using existing technologies, are on
the order of 75-200 million metric tons C per year
(see figure below).

Early estimates indicate that the potential for a
carbon "credits" market for U.S. agriculture is $1-5
billion per year for the next 30-40 years. Carbon
markets are already emerging, as shown by recent
contracts from Canadian and American utilities to
purchase 6 million metric tonnes of sequestered
carbon from lowa farmers. If farmers are getting
credit for their storage of carbon, they can better
afford to adopt more environmentally friendly
management practices.

Contribution of different conservation practices to carbon
sequestration potential in the U.S. (From Lal, Kimble, Follett and
Cole. 1998. The Potential of U.S. Cropland to Sequester Carbon
and Mitigate the Greenhouse Effect. Ann Arbor Press)

Improved
cropping systems

Conservation tillage
and residue management

49% 25%

Land
Irrigation and : - i
& Tand use restoration

waler management cha.uge (%
pors i 13%

Goals and Objectives

The goal of our consortium is to provide the
tools and information needed to successfully
implement soil carbon sequestration programs
so that we may lower the accumulation of
greenhouse gases in the atmosphere, while
providing income and incentives to farmers and
improving the soil. Such benefits include an
increased and stable agricultural production and an
overall reduction of soil erosion and pollution by

agricultural chemicals.
) ¢



The Consortium brings together the nation’s top
researchers in the areas of soil carbon, greenhouse
gas emissions, conservation practices, computer
modeling and economic analysis. Sophisticated
information technology will be used to organize U.S.
agricultural data, collected over decades, at a cost of
milions of dollars, on soils, climate and
management, and apply it to the problem of carbon
sequestration. Powerful computer models of
agricultural ecosystems and economic systems are
already being used by CASMGS for preliminary
predictions of the potential for carbon sequestration,
carbon trading markets and verification schemes.

The keys to successful implementation of
carbon sequestration programs are accurate
quantification and verification methods and tools to
assess the impacts of policies and economic factors
on carbon sequestration rates and the farm
economy. Furthermore, policies to foster soil carbon
sequestration will need to consider their economic
impacts, as well as the potential collateral effects
(both positive and negative) on other greenhouse
gas emissions (e.g., nitrous oxide (N,O) and
methane (CH,)), nitrate and pesticide leaching and
soil erosion.

Our specific objectives include:

e Evaluate management practices for carbon
sequestration rates for grassland and
agricultural lands.

e |dentify other environmental benefits of carbon
sequestering practices for air, soil and water
quality.

e Provide measurement and modeling tools to
quantify and verify soil carbon sequestration

rates to support CO, emission reduction
programs.
e Provide assessment models to evaluate

alternative national and global economic and
policy strategies for carbon sequestration and
greenhouse gas reductions. These models will
provide insights on the impacts of such
programs on crop production potential, food
security and environmental quality.

e Provide a standing capability to meet the rapid-
response needs of Federal agencies, Congress
and the White House, for information, data and

analysis on issues relating to soil carbon
sequestration and soil greenhouse gas
emissions.

o Participate in the transfer to and adoption of
technology by other countries for quantifying and
verifying carbon sequestration rates.

¢ Provide information to each of the following
stakeholder groups: policy makers, agricultural
sector, energy and transportation industries, the
scientific community and the general public,
through annual and special reports, scientific
and trade journals, popular publications and an
Internet website.

The magnitude of the greenhouse gas mitigation
problem is huge and requires an effort of matching
proportions. When correctly instituted, the benefits
will be substantial and long-lasting. The CASMGS is
a consortium of expert scientists from Colorado
State University, lowa State University, Kansas
State University, Michigan State University,
Montana State University, The Ohio State
University, Purdue University, Texas A&M
University System, University of Nebraska, and
Battelle-Pacific Northwest National Laboratory, in
conjunction with research groups within the USDA’s
Agricultural Research Service, Economic
Research Service and Natural Resource
Conservation Service.

For further information visit the website:
http://www.casmgs.colostate.edu or contact:

Charles W. Rice, Director

2004 Throckmorton Plant Sciences Center
Department of Agronomy

Kansas State University

Manhattan, Kansas 66506-5501

Phone 785-532-7217 Fax 785-532-6094
cwrice@ksu.edu

Executive Committee:

Charles W. Rice

Keith Paustian
keithp@nrel.colostate.edu

Cathy Kling
ckling @iastate.edu

Phil Robertson
Robertson@kbs.msu.edu

Kansas State University
Colorado State University
970-491-1547
Iowa State University
515-294-5767
Michigan State University
269-671-2267

Montana State University Susan Capalbo
406-994-5619 uaesc@montana.edu
The Ohio State University Rattan Lal

614-292-9069 lal.1 @osu.edu
Pacific Northwest National Laboratories Cesar [zaurralde

301-314-6751 cesar.lzaurralde @ pnl.gov
Purdue University Ron Turco

765-496-3212 rturco@purdue.edu
Texas A & M University Neville Clarke

979-845-2855
University of Nebraska
402-472-6702

n-clarke@tamu.edu
Shashi Verma
sverma @unlnotes.unl.edu
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Kansas State University
Consortium for Agricultural Soils Mitigation of Greenhouse Gases (CASMGS)

Research, Outreach, Teaching: Progress Report, August 2005

During the past several years, the CASMGS research team at Kansas State University has made significant contributions to
the understanding of soil carbon sequestration. We have advanced that understanding into the national debate over global
warming and how to mitigate the problem most economically and effectively. In the marketplace, we have provided the
research base needed to help get a carbon credit exchange started in which agricultural producers can participate.

Research Activities

* The effect of tillage, crop rotations, manure, and fertilization on soil carbon levels, energy use, and economics have been
evaluated from several long-term studies throughout the state, including Hays, Hesston, Manhattan, Tribune, and Parsons.
A brief summary of results:

-- No-till resulted in the highest levels of total soil carbon, especially in the upper layer of the soil. This was true for all
rotation systems, in all regions of Kansas.

-- Rotations that include wheat result in the greatest amount of total soil carbon. Grain sorghum and corn also add
considerable amounts of carbon to the soil. Soybeans add the least carbon to the soil.

-- More intense rotations, that reduce or eliminate fallow periods, result in the greatest increase in soil carbon. This is
especially important in the western half of Kansas. In the western areas, soil carbon levels do not increase much, if at all,
when a fallow period is included in the rotation — even in a no-till system.

-- Economics of the various management practices varies by region. Where no-till is more profitable than conventional
tillage, it will be easier to encourage producers to switch to no-till and increase carbon sequestration rates within the state.

* No-till and manure tend to result in a relative increase in soil fungi levels. This tends to favor better soil structure and
long-term carbon storage.

* Mycorrhizal fungi in soil help plants obtain nutrients. Mycorrhizal fungi help stabilize macroaggregates and thus carbon
in soil. This information can be used to design crop and soil management systems to stimulate fungal development.

* (Grain sorghum hybrids have been tested to determine if certain hybrids will be better at adding carbon to the soil.
Preliminary tests on four genetically distinct hybrids have shown that there are differences among hybrids in the
chemical composition of their stalks. Some hybrids will provide a more stable source of carbon than others.

* Using recommended grazing rates, as opposed to the common practice of overgrazing, has been found to increase forage
productivity and belowground root production. Using recommended grazing rates has been found to have a small, but
positive, effect on increasing soil carbon.

* Annual burning of grazinglands has also had a small, but positive, effect in increasing soil carbon.

* Carbon flux “eddy towers™ and automated chambers have been devised and placed on native prairie land near Manhattan.
These instruments are giving us data on whether long-term prairie systems are net carbon sinks or sources, and how
management practices (such as grazing intensity) affect the carbon balance of prairie ecosystems.

* Standardized protocol for soil sampling has been developed for SOC measurements that can be verified throughout the
industry.

Qutreach Activities

* An electronic newsletter has been published since 2003 that focuses on state, national, and international activities in
carbon sequestration and global warming. This newsletter goes primarily to producer groups, policymakers, educators, and
researchers within Kansas. K-State has a carbon sequestration web site (http://soilcarboncenter.ksu.edu) and CASMGS has
a national web site (http://www.casmgs.colostate.edu),

/—/b



(eaching Activities
* We have 12 graduate students, and have employed 20 undergraduate students on various CASMGS-related projects
since 2002.

*Guest lectures in courses on 1) providing science for policy makers, and 2) international aspects of greenhouse gas
mitigation.

Successes

* K-State and CASMGS organized the Third USDA Symposium on Greenhouse Gases and Carbon Sequestration in
Agriculture and Forestry, held in Baltimore, Maryland, March 21-24, 2005. Over 300 participants attended this conference
from 18 countries. Presentations from this Symposium are maintained on our website: http://soilcarboncenter.ksu.edu

* We have determined that agricultural soils under no-till management will sequester about 0.82 tons of CO, per acre per
year.

* We have communicated these results to agricultural producer organizations, industry representatives, and policymakers
through producer meetings, an electronic newsletter, and our web sites.

* K-State CASMGS researchers are members of the Kansas Coalition for Carbon Management (KCCM). KCCM is an
organization of producer groups, NRCS Resource Conservation and Development Region associations, and many other
state and federal agencies. KCCM relies on information and data provided by the K-State CASMGS team for its
educational materials.

* Environmental Defense (ED) and the Chicago Climate Exchange (CCX) regularly come to the K-State CASMGS
research team to provide them with data on carbon sequestration rates. Both ED and CCX are actively working to establish
links between carbon credit buyers and producer groups to sell (or lease) carbon credits. K-State CASMGS researchers
have helped facilitate the first pilot project that will allow producers to sell carbon credits on the CCX national exchange.

*K -State will evaluate new technology to measure soil carbon. One instrument relies on Laser-Induced Breakdown
Spectroscopy (LIBS) developed by Los Alamos National Laboratory. Hosting this instrument will lead to opportunities for

international collaboration.

Impact

Kansas State University: Kansas State University is becoming known as the center for soil carbon. This will translate
into additional funding support. To date we have leveraged additional $800,000 dollars to support research and outreach
activities. Part of the International Forum on Measurement and Monitoring in October 2003 was held on the K-State
campus and available to all students.

Kansas: There are currently about 3.4 million acres of no-till in Kansas. This means that on no-till acreage alone, Kansas
agricultural soils are sequestering about 2.8 million tons of CO, per year. We hope to increase the acreage of no-till in
Kansas in the future. Current payments for carbon credits for no-till are somewhere between $0.50 and $2.00 per acre per
year. As research continues to prove the value of agricultural soil carbon sequestration to U.S. industry, this could
potentially bring millions of dollars per year to agricultural producers.

National: Agricultural soil carbon sequestration is the most cost-effective method of carbon sequestration available to
industry, and could help industry in the U.S. meet initial CO, reduction targets economically. The cost of a ton of CO,
credits from agricultural soil sequestration is about $1, compared to an estimated cost of $100-200 per ton from geological
carbon sequestration pilot projects currently underway in this country, Power companies looking to buy carbon credits are
finding that agricultural soil carbon sequestration is by far the most affordable type of credits at this time. KSU-CASMGS
scientists are regularly called upon to provide briefings to industry and policy makers.

International: CASMGS has been collaborating with organizations in other countries (Argentina, Australia, Brazil,
Canada, and New Zealand) on research and outreach efforts. Several scientific exchanges have occurred between the five

countries and K-State.

Kansas State University

CASMGS contact person at Kansas State University: Agricultural Experiment
Chuck Rice, Director Bfulkon.ond Enoparaiivs
Department of Agronomy -

2004 Throckmorton Plant Sciences Center K?OWl@,gig e
Manhattan, KS 66506 - 5501 forLife
Phone 785-532-7217

E-mail cwrice@ksu.edu / "—/
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Consortium for Agricultural Soils Mitigation of Greenhouse Gases (CASMGS)
International Activities, Progress Report August 2005

The Consortium for Agricultural Soils Mitigation of Greenhouse Gases (CASMGS) comprises scientists at 10 U.S,
institutions studying the role that agricultural soils can play in mitigating greenhouse gases and global warming.
The institutions are: Colorado State University, lowa State University, Kansas State University, Michigan State
University, Montana State University, Ohio State University, Pacific Northwest National Laboratories, Purdue
University, Texas A&M University, and the University of Nebraska. CASMGS is currently funded through USDA-
CSREES under Public Law 106-224 and is authorized in the 2002 Farm Bill.

CASMGS’s main focus is on research and outreach programs related to agricultural soil carbon sequestration, along
with nitrous oxide and methane mitigation efforts in the U.S. One outreach and technology transfer mission of
CASMGS is to collaborate with scientists, economists, and policy makers to develop internationally a scientific
understanding on mechanisms, measurement, monitoring and verification of greenhouse gas mitigation strategies in
agriculture. Since its inception in 2002, through the U.S. Department of State, Oftice of Global Change’s bilateral
program on climate change, CASMGS has been collaborating with organizations in other countries (Australia, Brazil,
Canada, and New Zealand) on research and outreach efforts. The following is a brief description of CASMGS
bilateral activities from 2002-2005.

Australia

Lead Australian Contact Organizations:
Australian Greenhouse Office, Cooperative Research Centre (CRC) Greenhouse Accounting; and Queensland
University of Technology.

Topic Area: Greenhouse gas accounting and soil-based mitigation in agriculture.

Activities and Accomplishments:

* Dr. Peter Grace, Queensland University of Technology in association with Michigan State University:

County-level estimates of soil carbon change in the U.S. North Central Region.

Simulated changes in soil carbon in corn production systems of the Midwest.

Development of a web-based greenhouse gas emissions calculator for cropping systems.

Presented information at a symposium of the joint U.S. - Canada Soil Science Societies meeting in Seattle,

WA in November 2004.

e Presented information at Third USDA Symposium on Greenhouse Gases and Carbon Sequestration in
Agriculture and Forestry, held in Baltimore, Maryland, March 21-24, 2005.

* Dr. Jeff Baldock, CRC, Dr. Baldock is working with Dr. Rice’s graduate student at Kansas State University on
chemical changes in crop varieties as it relates to changes in soil carbon cycling.

* Dr. Charles W. Rice, CASMGS-Kansas State University, visited Australia in December 2004 and again July 2005
to present research results and discuss further collaboration. The July 2005 trip was in conjunction with the U.S.
State Dept.’s bilateral negotiations. Future collaboration will include work on methodology framework at field
scale, provide experience with producer group organization in voluntary partnerships and facilitate private sector
interests and social and economic implications of on-farm actions to reduce greenhouse gas emissions.

* The Australian government is interested in becoming involved with work in the U.S. on Laser Induced Breakdown
Spectroscopy (LIBS) technology developed by the Los Alamos National Laboratory. CASMGS researchers plan
to test LIBS technology in the U.S.

Brazil

Brazilian Contacts: EMBRAPA: Dr. Alexandre Cadoso, Dr. Carlos Cerri, Universidade de Sao Paulo; Robert M.
Boddey, EMBRAPA-Agrobiologia; Dr. Joao Carlos de Moraes Sa, Universidade Estadual de Ponta Grossa;
Dr. Telmo Amado, University of Santa Maria.

) 9



Topic Area: Soil carbon sequestration and nitrous oxide emissions in agriculture.

Activities:

* Dr, Rattan Lal (Ohio State Univ.) organized a symposium in Brazil on soil carbon sequestration in Central and South
America held in June 2004. Dr. Lal, Dr. Izaurralde (PNNL) and Dr. Rice participated in the symposium and a
publication will be released later this year.

* Dr. Rice participated in the 15" Brazilian Soil and Water Conservation meeting in July 2004 in Santa Maria, Brazil.
And at the National No-Till meetings in Iguassu Falls, Brazil.

* Dr. Cerri participated in the symposium on agriculture mitigation at the joint U.S. and Canadian Soil Science
Societies meeting in November 2004.

* Dr. Telmo Amado ( Univ. of Santa Maria) presented information at Third USDA Symposium on Greenhouse Gases
and Carbon Sequestration in Agriculture and Forestry, held in Baltimore, Maryland, March 21-24, 2005.

* K-State and the University of Santa Maria has signed an agreement for faculty, student and research exchange. This
agreement between the two universities was supported by the farmer in southern Brazil.

Canada
Lead Canadian Contact Organization:
National Soil Carbon and Greenhouse Gas Accounting and Verification System (NCGAVS).

Topic Area: Measurement and monitoring of soil carbon and greenhouse gas emissions in agriculture.

Activities and Accomplishments:
* Carlos Monreal, NCGAVS, presented information at the joint U.S. and Canadian Soil Science Societies meeting in

November 2004.
* Bert VandenBygaart presented information at Third USDA Symposium on Greenhouse Gases and Carbon
Sequestration in Agriculture and Forestry, held in Baltimore, Maryland, March 21-24, 2005.

New Zealand
Lead New Zealand Contact Organizations:
New Zealand Climate Change Office; Landcare Research; Lincoln University, AgResearch; National Institute

of Water and Atmosphere.

Topic Areas: Soil carbon sequestration; nitrous oxide emissions; measurement and modeling techniques.

Activities and Accomplishments:

* Dr. Charles W. Rice, CASMGS-Kansas State University, visited New Zealand in July 2005 to present research
results in conjunction with the U.S. State Dept.’s bilateral negotiations. Future collaboration will include work
on measurement and modeling of nitrous oxide emissions and new technologies for soil, micrometeorological
and atmospheric measurement of GHG emission at the farm and regional scales.

* Dr. Rice presented a seminar at Massey University on Soil’s Role in Mitigation of Greenhouse Gases in July 2005.

CASMGS Director:

Dr. Charles W. Rice

Department of Agronomy
Throckmorton Plant Sciences Center
Kansas State University

Manhattan, KS 66506 - 5501

Phone 785-532-7217 ,
cwrice{@ksu.edu http://casmgs.colostate.edu http://oznet.ksu.edu/ctec www.soilcarboncenter.k-state.edu
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The Many Environmental Benefits Associated
with Soil Carbon Sequestration

Among the challenges facing agricultural producers in Kansas are profitability, high energy costs,

soil erosion, soil organic matter levels and soil quality, protecting water quality, and water use
efficiency. It is vital to encompass as many of these concerns as possible into a comprehensive set

of soil and crop management systems. To accomplish this, there are three primary goals of current
and future research on soil and crop management systems in Kansas: (1) to provide sustainable
profitability for producers and landowners in the short- and long-term; (2) to help protect and improve
surface and ground waters in Kansas; and (3) to protect and improve soil quality in Kansas. It is
important to develop a combination of practices that can accomplish all of these goals. It is equally
important that the practices are sufficiently profitable, and environmentally beneficial enough to
encourage government incentives and/or market rewards.

Focusing on the goal of increasing soil organic matter levels is perhaps the most effective way to
achieve all of these objectives. Increasing organic matter levels improves not only soil quality, but
increases short- and long-term soil productivity, improves water quality, increases the sustainability
of the ecosystem, and increases the economic value of the land. Higher organic matter levels are
directly tied to soil fertility and crop production capacity. William Richards, former Chief of USDA’s
Natural Resources Conservation Service, estimates that for every one percent increase in soil organic
matter content (e.g. going from 2% to 3% organic matter), the value of farmland in Ohio increases by
$250 per acre. Soil and crop management practices that increase soil organic matter levels provide
collateral benefits by reducing soil erosion, conserving water, and improving water quality.

Now is the time for agriculture to position itself to provide services that offer substantial
environmental benefits to society at large, and potentially receive income for those beneficial services.
These services would be in addition to, and a direct result of, management practices that protect short-
and long-term profitability. Such services include:

* Soil carbon sequestration

* Water quality improvements
* Biofuel production

* Improved wildlife habitat

Soil carbon sequestration is the most immediate result of practices designed to increase soil organic
matter levels. It is estimated that 20% or more of targeted greenhouse gas emission reductions can be
met by agricultural soil carbon sequestration, at a cost lower than other methods of greenhouse gas
mitigation.

In addition, soil carbon sequestration is uniquely positioned to provide multiple benefits to producers
and society. Additional benefits of carbon sequestration practices include improved soil and water
quality, and greater efficiency and profitability of the agricultural enterprise. Soil carbon sequestration
will reduce the buildup of greenhouse gases in the atmosphere while improving American’s farmland

and the agricultural economy. / Z
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Global Warming and the Role of
Terrestrial Soil Carbon Sequestration

Global temperatures have been increasing over the past 150 years. There are fluctuations from year to year, but the

trend is definitely upward. This warming trend is generally referred to as the greenhouse effect.
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The rise in global temperatures has corresponded with an increase in levels of several important greenhouse gases, such
as carbon dioxide, methane, and nitrous oxide. CQO,, for example, has increased by about 25 percent since large-scale
industrialization began around 150 years ago. During the past 20 years, about three-quarters of human-made CO,

emissions were from burning fossil fuels.
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Carbon dioxide in the atmosphere is in a constant state of flux within the ecosystem. This is called the Carbon Cycle.
The movement, or “flux,” of carbon between the atmosphere and the land and oceans is dominated by natural processes,
such as plant photosynthesis. While these natural processes can absorb some of the net 6.3 billion metric tons of
anthropogenic carbon dioxide emissions produced each year (about 2 billion by the ocean and 1 billion by terrestrial
systems), that leaves an estimated 3.2 billion metric tons that is added to the atmosphere annually. The Earth’s positive
imbalance between emissions and absorption results in the continuing growth in greenhouse gases in the atmosphere.
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The goal of terrestrial soil carbon sequestration is to increase the amount of CO, that is absorbed from the atmosphere by
vegetation and soils. It is estimated that with improved agricultural practices such as no-till, grass plantings, conservation
measures, and improved grazing management that agriculture could increase terrestrial soil carbon sequestration enough
to mitigate about 20 percent of the increase in CO, emissions. Nearly all of the soils that have been under cultivation have

less soil carbon now than 150 years ago, and could hold more soil carbon if improved management practices were
implemented. There is considerable room for improvement within Kansas in agricultural management to increase
terrestrial soil carbon sequestration. As of 2002, only about 20 percent of the acreage in Kansas was under no-till

management. With ongoing research and outreach efforts, K-State’s CASMGS team will continue to help mitigate

greenhouse gases by encouraging producers to use no-till and other practices that sequester more soil carbon.
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State Initiatives to Control Greenhouse Gases

There have been some important initiatives by certain states, and coalitions of states, to address the global
warming issue. A new regional effort by seven Northeastern states to limit greenhouse gas emissions is one
example.

At the heart of the Regional Greenhouse Gas Initiative (RGGI) is a "cap and trade" program that sets a fixed
limit on CO, emissions. The right to emit the gas then becomes a tradable commodity on Jan 1, 2009.
Companies that produce less carbon dioxide can sell their credits to others, giving an economic incentive to
cut emissions and sell, rather than buy, credits.

The RGGI caps regional CO, emissions at 121.3 million short tons through 2014, then cuts them to 10 percent
below that level by 2018. Each state in the group - Delaware, Connecticut, Maine, New Hampshire, New
Jersey, New York, and Vermont - will get an emissions budget. Massachusetts and Rhode Island backed out
of the agreement, though they may join later.

Most companies that emit CO, prefer cap-and-trade to regulatory approaches, which they say can require
installing costly technologies, or to carbon taxes paid to the government. Cap-and-trade has been credited
with helping cut power-plant emissions of smog-forming nitrous oxides and sulfur dioxide in the 1990s.

The Northeast pact is different from the strategy of the Bush administration, which has not endorsed using
cap-and-trade for CO, emissions control, preferring instead to promote research into emissions-control
technology.

Some hope the Northeast pact will be a model for other regions and, in the end, build pressure for a uniform,
national program.

Oregon, Washington, and California are one possible regional combination. Minnesota, Wisconsin, and other
states in the upper Midwest tier are another.

In other state actions, California and New York have adopted new greenhouse gas emissions standards for cars.
The most recent action was taken by New York and Vermont. All 2009 and later model cars sold in New York
will have to meet higher fuel efficiency standards, under new carbon dioxide emissions guidelines approved by
the state’s Environmental Board.

New York becomes the second of six Northeastern states considering similar rules to adopt emissions standards
like those in California -- the only state with stricter guidelines than the federal government. Vermont recently
adopted the guidelines.

California, which adopted the new law last year, plans to force automakers to limit greenhouse gas emissions
from cars and trucks sold in the state beginning in 2009. The regulations would require new vehicles in 2012
to emit 22 percent less carbon dioxide than today's vehicles. GHG reductions of up to 30 percent would be
required by 2016. Automakers have sued to overturn the new rules. The auto industry has said that only the
federal government should be allowed to regulate such standards.”
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Carbon is the fundamental building block of all
life. Carbon is present in the atmosphere, in plant
and animal life, in nonliving organic matter, in fossil
fuels, in rocks, and dissolved in oceans. Movement
of carbon molecules from one form to another is
known as the carbon cycle (Figure 1). Plants acquire
carbon from the atmosphere through photosynthesis.
Using carbon dioxide (CO,) from the atmosphere
and energy from sunlight, plants convert CO, to
organic carbon as they produce stems, leaves, and
roots. The cycle of life and death of plants results
in accumulation of decomposing plant tissue, both
aboveground and belowground (plant roots), and

produces a significant amount of soil organic carbon.

Soil Organic Carbon

Soils vary in the amount of soil organic carbon'
they contain, ranging from less than 1 percent in
many sandy soils to greater than 20 percent in soils
found in wetlands or bogs. Kansas soils had a native
soil organic carbon content ranging from 1 to 4
percent. Most Kansas cultivated soils now have soil
organic carbon levels of 0.5 to 2 percent.

In Kansas, native prairie grasses,
such as big bluestem (Angdropogon
gerardii Vitman) and Indiangrass
(Sorghastrum nutans (L.) Nash), helped
develop deep soils. Roots of these and
other grass species are fibrous, and can
grow to great depths, producing a major-
ity of their annual biomass belowground.
Consequently, the significant organic
carbon level in soils that developed
under native grasses occurs to a depth
of several feet. The dark black color
associated with rich, fertile soil is largely
a measure of its organic carbon content.
As a soil’s organic carbon content drops,
the soil’s color lightens and reflects its
mineral content. Thus the red soils of

' Note: The chemical formula for soil organic
matter is very complex, but consists primarily
of organic carbon, nitrogen, and hydrogen.
To convert soil organic matter (%0OM) as
reported in most soil tests to just soil organic
carbon, divide percent organic matter by 1.7.

Soil Organic Carbon and the

Global Carbon Cycle

Carbon Series

southeastern Kansas and northeastern Oklahoma are
indications of higher iron concentration and lower soil
carbon levels.

Soils that form under forests tend to accumulate high
levels of soil organic carbon near the surface and have
lower carbon levels in the subsoil. This layering of soil,
is primarily due to the accumulation of leaf litter and
decaying wood from limbs and trees that accumulate at
the soil surface. But soil layering is also a function of
higher annual rainfall and the accelerated weathering
process that enriches the subsoil with clay.

Atmospheric Carbon

Scientists using ice core data, combined with
long-term monitoring of CO, in the atmosphere, have
verified tremendous fluctuations in atmospheric CO,
over the past 200,000 years. Looking at the past 1,000
years, atmospheric CO, levels have increased signifi-
cantly (Figure 2). The current level (2000 A.D.) of CO,,
approximately 369 ppm, is now higher than at any time
in the past 1,000 years. More importantly, this unprec-

The Global Carbon Cycle

Figure 1. The present-day global carbon cycle. All pools are expressed in
units of gigatons of carbon, and rates are gigatons of carbon per year. (from:
Schlesinger, 1991)

Kansas State University Agricultural Experiment Station and Cooperative Extension Service
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edented rate of increase has accelerated so quickly that
the ecosystem may be unable to adapt.

This rise in CO, corresponds with the use of fossil
fuel, land clearing, and land use change as seen here
in the Great Plains and around the world. The most
significant factor that explains rising atmospheric CO,
levels is fossil fuel use. At the current use rate of 5 Gt
carbon per year, (Gt stands for a gigaton, which equals
2.2 trillion pounds), the total reserves of fossil fuel
will likely be exhausted during the next 300 to 400
years.

As the fossil fuel inventory is expended, carbon
that has been out of the cycle for millions of years is
moved directly to the atmosphere. Atmospheric carbon
will eventually cycle back into organic carbon, or into
the oceans and reach a new equilibrium, but the pro-
cess may take thousands of years to occur.

In the short-term, this “new” carbon will remain
in the atmosphere as CO,. Current atmospheric models
predict that the complete expenditure of the fossil fuel
reserves will drive peak concentrations of atmospheric
CO, to levels near 1,200 ppm. Some scientists believe
even higher concentrations will occur. This increased
level of CO, has led some scientists to believe that the
average global temperatures may begin to increase. In
the popular press this is referred to as global warming.
The so-called greenhouse gases, CO,, methane (CH,),
and nitrous oxide (N,0O) that exist in the atmosphere,
help retain heat that normally radiates away from
the earth’s surface. With greater concentrations of
these gases, heat may not be able to escape, resulting
in increased global temperatures. Changes in global
temperatures so far are slight and show no definite
trend, but changes in atmospheric CO, levels are well
documented and are accepted by most scientists.

Managing Carbon

What can be done to slow or reverse the increase
in CO,? Thinking in terms of sources, where CO, is
produced, and sinks, where CO, is removed, an obvi-
ous solution is to reduce input of the source, by reduc-
ing fossil fuel use. This would limit the input of CO, to
the atmosphere. Eventually, cleaner and more efficient
energy sources will be required, but the current eco-
nomics of fossil fuel limits the adoption and develop-
ment of alternative energy sources. In the interim, as
we develop alternative energy technologies, increasing
the use of sinks may help stabilize atmospheric CO,
levels.

An inventory of the world’s carbon reservoirs
(Figure 1) illustrates that carbon storage in the deep
oceans is the major reservoir, but changes to this pool
can take millions of years. In addition, our ability to
manipulate that pool is limited. The next biggest pool
is soil organic carbon. Soil organic carbon constitutes
more than twice as much stored carbon as that of the
earth’s vegetation (plants, trees, crops, and grasses).
One way to help stabilize atmospheric CO, would be
to adopt practices worldwide that increase soil carbon
levels.

How much carbon can be stored in a given Kansas
soil? It’s a simple question, but there is no simple
answer. Storage potential for the soil is a function of
the soil’s current organic carbon level, atmospheric
CO, concentration, and soil-management practices.
For many Kansas soils, significant topsoil losses due to
erosion, and frequent tillage operations have reduced
carbon levels to less than half of their native values.
With proper management, soil organic carbon of most
soils can be increased.

Losses of soil carbon over the first half of the 20™

century were partly recovered in

380

the second half as soil conserva-
tion practices improved and crop-

360

ping systems intensified (Figure

340

3). Proper fertility practices and
improved hybrids and cultivars

320

have also played a role in build-
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ing soil organic carbon levels.
Higher yields and greater cropping
intensities increase the amount
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Figure 2. Changes in atmospheric carbon dioxide levels. (Note: This graph shows
CO, levels from ice core data from Greenland, and Antarctica (various symbols
represent different sampling sites) + monitoring at Mauna Loa, through ~2000.
(Adapted from IPCC, 1995, and from CDIAC, U.S. Department of Energy, 2002)

of biomass returned to the soil,
providing a larger input that can
become soil organic carbon. The
right-hand side of Figure 3 shows
future projections of soil organic
carbon levels assuming 1990 till-
age and cropping practices.
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Soils that are managed with 2.8 Historical Future
no-tillage and intensified cropping 5% Maragement Projections
systems could increase soil carbon '
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use soil as a carbon sink does exist, 53% of 1907 SOC
but remains a short-term solution. 1.2 ‘ ' ' ' ' '
After some period of time, likely 1900 1920 1940 1960 1980 2000 2020
30 to 50 years, a new soil organic Year
carbon equilibrium level will be .- -05%
reached, where further gains in Projected Annual __ "o
carbon storage will be difficult to Yield Increase 1.5%

achieve. The long-term solution to
stabilizing atmospheric CO, levels
will involve reducing our depen-
dence on fossil fuel for energy.

Summary

Carbon is the building block of plant life and a
major constituent of soil organic matter. Carbon diox-
ide is the gaseous form of carbon and is a greenhouse
gas. Since the beginning of the industrial revolution,
CO, levels have risen at a rate of approximately 1.5
percent per year. The continued rise of atmospheric

*1990 levels = 70% Conventional; 27% Reduced Till; 3% No-Till

Figure 3. Measured and predicted changes in soil organic carbon content of a
prairie soil throughout the period of cultivation. (from: Donnigan et al., 1998)

CO, concentration could lead to global warming.
Fixation of CO, by plants into soil organic carbon is
one possible mechanism for reducing the rise of CO,
concentration in the atmosphere. A long-term reduc-
tion in atmospheric CO, levels will require a reduc-
tion of fossil fuel use and development of alternative
Energy Sources.
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Flan Gives rarmers a nole i ¢ 1gh’tmg dobal Varming

By DAVID BARBOZA

- MANHATTAN, Kan. — In an un-
likely alliance, Kansas Republicans

and the advocacy group Environ- -
mental Defense are supporting an °

effort here that seeks to use agricul-

.ture as a weapon against global

warming. .
While the Bush administration and
some Republican lawmakers have

expressed skepticism about human

causes of global warming, Senator

Pat Roberts, a Kansas Republican-

and an ardent supporter of President
Bush,. has helped Kansas State Uni-
versity win part of a $15 million
grant for a group of institutions to
study whether a form of farming
called ‘“‘conservation tillage’” can
really help combat the: effects of
global warming.

In an interview, Mr. Roberts said

" he saw evidence of global warming
- for himself in 1998, when he was part

of a Congressional delegation that
visited the South Pole.

" Now, Mr. Roberts and Environ--
- mental Defense, the group best
known for fighting on behalf of wet-

lands and threatened species, like
the red-legged frog, speculate that if
farmers change the way they farm

* their land, they can pull carbon out of -

the atmosphere and help mitigate
the effects of global warming, and
get paid for doing so.

There are already proposals to
trade carbon credits 11ke hog or cat-

' tle futures.

Somsg big corporations operating
in countries that signed the interna=

~ tional climate treaty known as the
Kyoto Protocol are planning to use.
_the carbon credit system that the

protocol established, if the protocol
takes effect. They intend to. pay
farmers in participating countries
for carbon credits while they search
for other ways to cut their carbon
emissions. President Bush has’ re-
jected the Kyoto agreement. Con-
gress is now considering a system
that will ¢ap national carbon emis-
sions and allow the trading of carbon
credits among farmers. !

““This is an enormous opportunity
for farmers,” said Richard Sandor,

who helped pioneer Chicago futures
trading in the 1970’s and now leads
the Chicago Climate Exchange, the
start-up venture that will soon begin
trading the rights to emit gases asso-

ciated with global warming. “*They

can now grow two crops: ore above
the ground - food; and one below
ground — carbon.”

Mr. Roberts wants the federal gov-
ernment to offer incentives to farm-
ers who help improve the environ-
ment and replenish the soil with
much-needed carbon.

“It's simple: carbon in the air —
bad; carbon in the soil — good,” Mr.

- Roberts said recently in a telephone

interview. “We've got to get more
out of the air and into the soil.”

Catching and holding carbon is
called sequestration. It keeps the
carbon from being incorporated into
carbon dioxide or other greenhouse
gases that contrtbute to global
warming,

In agriculture, sequestratmn in-

“The Kansas prairie

is a great big carbon
sponge.’

volves using an array of land man-

agement techniques, like no-till
farming, in which tractors do not
plow the land before planting, that
improve the soil and that allow
plants to bettér absorb carbon from
the atmosphere.

About 10 percent of Kansas farm-
ers already practice no-till farming
(largely because of the soil benefits),
but experts say that this technique
and some others, like the new forms

‘of crop rotation and the use of ‘‘cover

crops’ during the winter, could help
alter the environmental landscape,
One way to reduce carbon in the

atmosphere is to cut emissions from -

cars and power plants. Using agri-

-culture to pull carbon from the at-

mosphere is an alternative:
“It's estimated that American ag-
riculture can offset about 20 percent

of carbon emissions in the U.S.,”’ sald

Dr. Charles Rice, a professor of soil |

microbiology at Kansas State, which
is part of a consortium of universi-
ties studying carbon sequestration.
“If we had to switch from coal and
oil to hydrogen immediately, we
couldn’t do it. It's not economically
or technologically feasible.”

There are, of course, some scien-

tists and environmental groups, like -
Greenpeace, that are critical of car-

bon sequestration. They favor stick-
ing to stricter controls on power

-plant and industrial carbon emis-

sions' as a way to combat global
warming, They say land manage-
ment techniques may let heavy in-

dustries off the hook and prevent &=

them from curbing emissions.
‘Other experts doubt that trustwor-
thy ways can be found to measure
‘how many tons of carbon are banked,
and thus how many credits a farmer
may 'earn. J
Then there is the questmn of per-

manence, some say. What if a farm- -
er gets credits that are sold to a

utility, and then the soil is misman-
aged and carbon lost?

But scientists and env1r0nmenta.1
experts say whether or not heavy

industry curbs emissions, carbon se--

questration is a powerful tool in the
effort to improve degraded soils and
the combat global warming.

. ““We just see this as a tremendous
opportunity for farmers and the en-
vironment,”’ said Melissa Carey, a
climate change policy expert at En-
vironmental Defense. ““You can get
atmospheric benefits, water quality,
soil quality, local air quality benefits.
That’s a pretty attractive package.”

In pushing the benefits of conser- -

vation tillage, and the work being

. done at Kansas State, Environmen-
- tal Defense has also scored some big

political points: an alliance that
means that a prominent Republican

‘is involved in global warming issues.

Indeed, Senator Roberts is leading
a spirited push here in Kansas, a

.state dominated by agriculture.

“The Kansas prairie is a great big

carbon sponge,” Mr. Roberts said. -
“If you pay the farmers to maintain -

these conservation projects, you'd be
able to clean up the environment.”

Carol T Puwers for The New York Tlmes
Senator Pat Roberts wants to pay
farmers who replenish the soil.

.To reap these benefits, however,
farmers will have to change the way
they farm the land.

One of the most significant
changes would be moving to no-till
farming. Soil experts say plowing the

soil releases carbon stored under- .

ground, it degrades the soil and con-

© tributes to soil erosion and other

problems.

“Tillage is one of the worst things
you can do to the soil,” said Dr. Rice
at Kansas State. “Spraying the soil

* with a -chemical is often less harm-

ful.”

" By-not tilling the soil, and allowing
plant life and natural debris to de-
compose, agricultural experts say,
the soil will strengthen and more

" readily absorb carbon from the at-

mosphere through plant photosyn—
thesis.

Researchers say that for centuries

farmers have depleted soils by con--

stant plowing, typically to kill weeds.
By some estimates, about 50 per-
cent of the carbon stored under agri-

cultural lands has been lost over the"

last 200 years because of p[owing and:
turning over the soils.

. Pulling that carbon back lnto the
soil, and keeping it trapped there by

simply ‘planting in the dead plant

_debris ‘after winter will not only im-

prove the soils, experts say; it will
help solve a host of other environ-
mental problems as well, like soil
erosion.

“‘Soil degradation is the No. lenvi- -

ronmental problem,” said Dr. Rat-
tan Lal, a professor of soil science at
Ohio State University and one of the
leading authorities on carbon seques-

tration, “It leads to water.quality -

problems, soil problems and the re-

.lease of greenhouse gases into the

atmosphere,” he said. “We now have
six billion people; by 2050 we'll have
nine billion. To do that we'll have to
double food .production. And to do
that we’re going to have to put nutri-
ents back into the ground. Conserva-
tion tillage is one way to feed the

people, and it also leads to carbon .

sequestratton and mitigates global
‘Wwarming.’'

Of course, farmers have been re- -

luctant to abandon age-old traditions
of plowing the soil, but new equip-
ment and chemicals are making no-
till farming more popular around the
world. i

With conservation tillage, herbi-
cide use to control weeds does in-

crease, but some researchers say the

additional herbicides are not more

harmful because the reduction of -
_erosion leads to less runoff and be--
" cause walter filters through the soil .
" better, leading to better degradatmn
of the chemicals. :

Dr. Rice has several experimental

-plots where he is evaluating soil

from plowed land and soil from no-
till land. “Look, there’s carbon
trapped inside of these,” he says
after picking up chunks of no-till soil
and cupping them in his hand.
Researchers here 'and at other uni-
versities are now trying to find ways

to measure carbon absorption in the . '

soil. But they warn that even if
America’s agricultural land is made
super-absorbent, the soils can only
absorb so much carbon before they
become saturated. .

That could take 30 or more years.

" But after that, researchers here say, -

big industry will either have to cut
emissions, or find new ways to com-
bat global warming.
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Carbon farming

One potential solution for global warming could mean profits for farmers. m By Bill Spiegel

o entrenched are farmers in

tradition that the notion of

getting paid for something

other than grain or livestock
production seems a tad askew. A new
and growing concept of being paid
for practices that could reduce glo-
bal warming scems almost too good
to be true.

This concept — called carbon se-
questration — is gathering momen-
tum. In June, the USDA announced
a plan to invest $3.9 billion in 2004
alone in agriculture and forest con-
servation on private land with the
goal to climinate more than 12 mil-
lion metric tons of greenhouse gas
emissions cach vear by 2012. And in
October, a company called the Chi-
cago Climate Exchange will begin
trading carbon credits in an environ-
ment similar to brokers trading corn
and wheat contracts.

WHAT IS CARBON SEQUESTRATION?
Carbon sequestration is a term used
to describe the process of transform-
ing carbon currently in the air — car-
bon dioxide — into stored soil
carbon. Carbon dioxide is taken up
by plants through photosynthesis. As
plants dic, the carbon-based leaves,
stems and roots decay in the soil and
become organic matter.

Capturing carbon in the soil is
good for building up organic mat-
ter, but it also means less carbon cs-
capes into the atmosphere. Scientists
believe that carbon dioxide in the at-
mosphere is one cause of global
warming; so, capturing carbon in the
soil is just one way to help prevent
global warming.

“As a compound, carbon dioxide
absorbs heat,” explains Chuck Rice,

o - e

Farmers may eventually get paid to practice fa

rming methods that store carbon in the soil,

but researchers say farmers will be rewarded with benefits other than money. Preserving
crop residue improves soil organic matter, which is just good agronomics.

soil microbiology professor at Kan-
sas State University, “The amount of
carbon dioxide in the atmosphere has
increased from 280 parts per million
in the late 1800s to about 360 parts
per million today. That number con-
tinucs to increase at an exponential
rate.” Rice says the amount of car-
bon dioxide in the atmosphere in-
creases by more than 3 billion tons
of carbon cach vear.

THE EFFECT OF GLOBAL WARMING
It’s difficult to prove the phenom-
cnon of global warming. But there is
no mistaking that around the world,
strange weather occurrences abound:
in Canada, lakes freeze later and thaw
carlier than in the past; glaciers in
Antarctica are melting and in Europe,
the climate is more variable than ever
before.

Scientists believe the blame for

carbon sequestration is multitacered.
“We are a carbon-based economy,”
Rice says. “We use extraordinary
amounts of fossil fuels.”

Automobiles, factorics — even ag-
riculture shares the blame, he con-
tinues. Merely rurning over native
prairie to plant crops released huge
amounts of carbon dioxide in the at-
mosphere.

“We've lost half our carbon due
to plowing and tillage,” he explains.
“Now we have the opportunity to
increase the amount of soil-stored
carbon.”

The Consortium for Agricultural
Soils Mitigation of Greenhouse Gases
(CASMGS) estimates that 20 to 40%
of targeted emission reductions can
be met by agricultural soil carbon se-
questration. It is anticipated that
farmers using conservation practices
could sell carbon “credits” to those
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industries that emit large
amounts of carbon in the
atmosphere.

A pilot program be-
tween Entergy, a Louisiana-
based energy company and
the Pacific Northwest Di-
rect Seed Association
(PNDSA) is under way.
Under terms of this agree-
ment, Entergy pays the
tarmers in the PNDSA a
small stipend — abour $2
per acre — for conservation
practices. The farmers — all
no-tillers — will agree not
to till the soil for 10 years.

Rice estimates that farm-
ers could receive $10 or
more per acre for carbon
scquestration eventually.
Someday farmers may plant
crops and use tillage sys-
tems designed to capitalize
on carbon credits.

THE NO-TILL EFFECT
Sequestering carbon in the
soil is just good agriculture
practice, says K-State’s
Rice.

“If we’re doing agricul-
ture right, we always want
to maintain organic matter
in the soil,” he says. “A
large part of organic mat-
ter is carbon. There’s al-
ways been a concern to
maintain organic matter.”

Science proves that
farmers practicing no-tll have greater
amounts of carbon in the soil. “Till-
age, or mixing soil with crop residue,
adds oxygen to the soil, which feeds
soil microbes and breaks down resi-
due,” Rice says. “No-till slows the
process. Carbon is trapped in the soil
particles and is not available for di-
gestion by soil microbes.”

There are additional benefits to
farmers that apply practrices that con-
serve carbon.

“We would like farmers to seques-
ter carbon for other reasons, includ-
ing the increase in organic matter and
the improvement in soil conditions,”
says Brian Lindley, coordinator of
No-Till on the Plains Inc., a Kansas

no-till organization. “Thosc are ulti-
mately more beneficial reasons at this
time than the money farmers will get
from carbon sequestration. But ir all
works together.”

OTHER APPROACHES

There are other methods of seques-
tering carbon. In extreme cases, fac-
tories filter carbon out of smokestacks
and pipe it deep into the soil, an ap-
proach called geologic sequestration.
In ocecan sequestration, businesses
channel filtered carbon deep into the
bowels of the Earth’s oceans, where
the combination of extreme cold and
water keep the carbon from reach-
ing the atmosphere.

Chuck Rice, agronomist at
Kansas State University, is
director of the Consortium for
Agricultural Soils Mitigation of
Greenhouse Gases, a group of
10 land-grant universities
searching for methods to
sequester carbon in the soil.

None of these options,
however, is as inexpensive as
biologic sequestration, or
counting on the world’s
farmers and foresters to use
crops, grassland and forests
to sequester carbon into the
earth,

Bur Rice savs farmers
must work together to be
atrracrive to carbon traders.
Carbon traders are looking
for thousands of acres in
which to buy carbon cred-
its rather than small tracts of
land. Because of that, an ef
fective system of checks and
balances must be enabled.
For starters, verification of
agricultural practices must
take place. It could be as
simple as drive-by spot
checks, measurement of car-
bon in the soil or computer
models.

“The verification process
is likely to be a combination
of the three testing meth-
ods,” Rice says. “You just
can’t cost-cffectively measure
carbon in every field. You
must use good science.”

Rice adds rhat soils cannot hold
infinite amounts of carbon. “Thirty
to fifty years down the road, the soil
could be saturated with carbon,” he
says. When that happens, carbon
again will return from soil to the en-
vironment. By that time, however,
new, non-fossil fuel dependent
sources of energy will be found.

“[ Carbon sequestration | buys us
time,” Rice explains. “We have a win-
dow of opportunity to enhance our
energy policy.” ¢

Editoi’s note: Next month we'll ex-
amine iz more detadl bow farmers may
capitalize on trading carbon credits,
and investigate bow the Chicago Cli-
mate Exchange works.
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Putting carbon
in the bank

Fuller ears boost
corn yields

Soybeans explore
new frontiers




By Karl Kessler
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Carbon sequestration can
help clean up the earth’s
atnosphere, and add to
your bottom line as well

arbon sequestration

hasn't become an

everyday term in

coffee shops and

grain elevators vet,

but the next time
vou hear it, vou might want to
listen up.

There's been more than a lit-
tle talk about farmers and
ranchers actually getting paid
to sequester carbon, and at least
a couple of fledgling programs
are tryving their wings. But even
if a full-scale program never ma-
terializes, practices that se-
quester carbon can benefit vour
farm, the environment, and vour
hottom line.

Big word. Sequestration is
a big word that basically just
means putting carbon in the soil
as organic matter and storing
it there. Nature's primary tools
for doing that are trees and the
crops and grasses that blanket
agricultural lands.

Through the process of pho-
tosynthesis, plants take carbon
dioxide out of the air and use
part of the carbon in it to build
hiomass. When the plants die
and decompose, that carbon is
returned to the soil as organic
matter. The soil then becomes,
in effect, a bank where the car-
bon can be safely kept to earn
dividends for producers.

Carbon dioxide is the most
abundant of greenhouse gasses.
Removing it from the atmos-

f"\\ D)D) r/\lf | \"\ /\ fﬁ! ! ‘A“—q
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phere is thought to be one way
to help slow global warming.

Most atmospheric carbon
dioxide comes [rom burning
fossil fuels for transportation or
to generate power, The only way
to keep the troublesome gas
from building up in the atmos-
phere is o reduce emissions or
tie it up and store it—to bank it
if yvou will.

New interest. Sparked by
concerns about global warming,
and by international negotia-
tions aimed at reducing green-
house gases, the concept of
paying farmers to sequester car-
bon has gained momentum over
the past few years.

Scientists have recently calcu-
lated that U.S. farm and grazing
lands are currently sequester-
ing roughly 20 million metric
tons of carbon a year. With im-
proved management, the scien-
tists say, that total could be
bhoosted to some 200 million
metric tons annually. Altogether,
that would he 12 to 14 percent
of total U.S. carbon emissions.

Similar estimates have been
made for Canada. Experts there
suggest that the nation’s 60 mil-
lion hectares of farm fields and
grasslands have the potential to
soak up as much as 34 million
tons of carbon per vear for the
next two decades.

The primary banks, or sinks
as they are often called, would
be forests, farms, and grass-
lands. The way they sequester
carbon is to keep it tied up in
organic matter. Kxposing soil
to the air allows soil microbes
to oxidize some ol the carbon,
turning it back into carbon
dioxide. The gas can then es-

cape back into the atmosphere.

Undisturbed grasslands and
CRP ground form a huge car-
bon sink. On cropland, practices
that scquester carbon include
conservation tillage, cover crops,

rotations with alfalfa and other

legumes, and planting trees and
arass buffers.

Incentives. In view of the
vast acreages of agricultural
land, various programs have
been proposed to encourage
farmers Lo sequester more car-
bon. The prevailing thought is

that power companies and other
major carbon dioxide emitters
could be required to pay farm-
ers and ranchers to store off-
setting amounts of carbon,

Another approach would be
to give farmers direct govern-
ment pavments for sequestering
carbon, hut most discussion and
the programs devised so far
favor having private industry
loot the bill.

In either scenario, the pay-
ments probably would be based
on scientific estimates of how

* 7
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much carbon, or how many
carbon dioxide equivalents, vari-
ous tillage and other practices
could be expected 1o sequester,
Looking ahead. Anticipat-
ing future regulation, a consor-
tium of Canadian enc com-
ies known as GEMCo has
already initiated a carbon-offset
program. Since announcing the
program in late 1999, GEMCo
has arranged to purchase 500,000
tons of carbon credits, and aims
to contract for up to 2.8 million
tons by 2(

Above: Agricultural lands can help
significantly reduce carbon dioxide
overload in the earth’s atmosphere.

Right: Chuck Rice heads a coadlition
of scientists organized recently to
study carbon sequestration in depth.

A U.S. environmental firm,
Chicago Climatic Exchange, is
developing a pilot program to
assess the feasibility of a carbon

1. Field r sentatives
for American Agrisurance, the
nation’s largest crop insurer,
will help farmer clients establish
carbon credits for the project. ©




Greg Livingston, who heads
the insurance company's part
of the effort. says they expect
to roll the program out in seven
Midwest states later this vear.
“Our goal is to make it available
to farmers across the U.S. in
2003, and to go international
with it by 2004, he adds.

Hangup. Livingston says
many details remain to be
worked out, but he thinks a car-
bon market is quite feasible.
“The main hangup 1s an incen-
tive for buvers,” he says, “We
don’t see a full-scale market
developing until there's some
type of regulation that requires
companies to limit carbon diox-
ide emissions or buy carbon
credits to offset them.

“If the pilot project succeeds,
we hope Washington will get
behind this and that we'll even-
tually see a program that will
put a few more dollars per acre
in farmers’ pockets.”

Iberta'’s provincial

government has al-

ready stepped in.

Last December, util-

ity companies there

were put on notice
that offset credits will have
to be purchased as a condition
for approval to build any new
power plants. In the U.S., Wash-
ington and Oregon are consid-
ering similar regulations.

On a federal level, many pro-
ponents had hoped to see sig-
nificant provisions regarding
carbon sequestration in the
2002 U.S. farm bill. New priori-
ties driven by the events of Sept.
11 dashed those hopes, but as
the bill neared completion while
this article was being written,
it included funding authoriza-
tion for carbon-sequestration
research, along with demonstra-
tion projects and outreach.

Research. A good number
of researchers have already got-
ten involved. At the National
Soil Tilth Laboratory in Ames,
lowa, microbiologist Tim Parkin
is heading a team that's measur-
ing carbon gains and losses
that result from various farming
practices. They plan to use the
data to create models for pre-
dicting changes in soil carbon
when different practices are

Above: John Haas says practices
that sequester carbon increase farm
profits with or without carbon credits.

Right: Fragments of plant biomass,
shown here at 25 times normal size,
return locked-up carbon to the soil.

used on various types of soil.

Scientists at more than 25
locations throughout the U.S.
are collecting data to use in
developing and improving the
models, and additional models
are being developed by scien-
tists in other locations.

Chuck Rice, a Kansas State
University soil microbiologist, is
heading up a group of scientists
who will be studying the poten-
tial for storing carbon in agricul-
tural land and coming up with
better ways to get the job done.

Consortium. The recently
formed task force, known as the
Consortium for Agricultural
Soils Mitigation of Greenhouse
Gases, includes researchers
{from nine land-grant universi-
ties and the U. S, Department
of Energy's Battelle-Pacific
Northwest National Laboratory.
USDA will fund their studies.

“Basically, we'll focus on de-
termining how much carbon
can be stored in agricultural
land and what management
practices sequester carbon most
effectively under various condi-
tions,” Rice says.

“Discussions of carbon se-
questration and carbon-storage
programs have raised a lot
of questions that need to be an-
swered,” he adds. “In another
three to five vears, we should
know a great deal more than
we do now.”
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CARBON EMISSIONS

1998

China and the
developing world

Eastern Europe

United States

Other developed
countries

& former USSR

Increasing amounts of carbon dioxide, the most abundant greenhouse
gas, are expected to come from developing countries. Experts believe ULS.
farmers can help offset some of the increase by sequestering cabon.

Don Reicosky, a soil scientist
at USDA's North Central Soil
Conservation Research Labora-
tory near Morris, Minn., says
he's begun to preach the mes-
sage that carbon sequestration
is good for evervone, not just
for farmers.

Reicosky ticks off more than
a dozen benefits soil organic
matter provides. “Carbon is the
primary energy source for soil
microorganisms and that makes
it the key for all of the physical,
chemical, and biological pro-
cesses in the seil,” he says.

Other pluses. He adds that
organic matter improves soil
structure and tilth, and helps
keep pesticides from leaching
through soil and into ground
water. [t also increases water-
holding capacity, infiltration
rates, and fertility, and reduces
soil compaction and erosion.

Reicosky savs these and
other benefits add up to a posi-
tive environmental impact that
goes well beyond carbon se-
Microbiologist Tim Parkin is research-

ing biological processes that release
carbon from soil arganic matter.

questration. “Farmers and the
public alike need to understand
and appreciate that,” he adds.

John Haas is one farmer who
does. He began reducing tillage
in the early '90s and now no-
tills most of the 3,800 crop acres
he farms near Larned, Kan.
Hass says he’s producing big-
ger yields at lower cost than
he used to. At the same time,
he has reduced erosion and im-
proved the structure and or-
ganic-matter content of his soil.

"When I found out about car-
bon sequestration three or four
vears ago, | realized that's hasi-
cally what I was doing,” Haas
savs. "And when I learned that
I was helping the environment
as well as myself, I wanted to
do even more.”

Haas, who has appeared be-
fore the U.S. Senate's agricul-
ture committee to provide a
farmer’s perspective on carbon-
sequestering practices, sayvs he
thinks there's a good chance
farmers eventually will be able
to get some sort of direct finan-
cial reward for banking carbon.

“That would be wonderful,

2020

China and the
developing world

Eastern Europe

Lnited States

Other developed
countries

& former USSR

but it would just be a bonus as
far as I'm concerned,” he adds.
“I'm already raising better crops
and making more money than
[ did before I started using car-
bon-sequestering practices.

“We still don't totally under-
stand this phenomenon, but we
know that it's something that
happens in nature,” he says. “If
we can help nature clean up the
air and make more money at the
same time, then ['m all for it.”

Buying time. Carbon se-
questration isn't widely viewed
as a long-term solution to the
problem of carbon dioxide over-

Hustration: tmage Tap/Sonrce: LLS. EPA

USDA scientists use this custom-built
machine to study the impact of vari-
ous tillage practices on soil carbon.

load in the earth’s atmosphere,
but advocates say it's a place
to start, and something that
needs to be done.

Chuck Rice speaks for many
when he says other alternatives
such as biofuels and cars that
are more fuel-efficient are
needed, but it will take time to
make them economically viable.
“Carbon sequestration is some-
thing we can do now, and it will
buy us time to come up with
better technologies,” he says.
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Storing Carbon in Soll

Charles W. Rice

arbon is @ primary clement of all

organic hifc forms on Earth. Carbon

also 1s distributed in geologic material,
occans and the aunosphere. Coneern has been
mounting about the rapid buildup of carbon
dioxide in the atmosphere — which s inereas-
ing by more than 3 billion tons per vear
Industrialization and the burning of fossil tuels
(coal. oil and natural gas) have accelerated this
buildup. Carbon dioxide 1s a gas that absorbs
heat, and thus contributes to the greenhouse
cftect.

The potential ramitication of  clevated
atmospheric carbon dioxide on climate change
makes it necessary o reduce carbon dioxide
cmissions — through increased energy cffi-
cieney and greater use of non-carbon energy ——
or o sequester carbon dioxide by injecung it
into geologic formations and occans or enhanc-
ing its uptake by terrestrial and aquatic ccosys-
tems.

Terrestrial ccosystems, both plants and souls,
provide an auractive mechanism for carbon
scquestration because we can manage them.
We can manage plant growth to increase
plants” capacity to uptake carbon dioxide. And
we can manage plant growth so that soils in
wurn store carbon for long periods of ume.

Agricultural lands are a good example.
Why soils?

The estimated amount of carbon stored in
world soils 1s about 1,100 to 1.600 petagrams
(onc petagram 1s one  billion metric tons),
more than twice the carbon in living vegetation
(360 petagrams) or in the atmosphere (750
petagrams). Hence, even relatively  small
changes 1n soil carbon storage per umit area
could have a significant impact on the global
carbon balance.

Carbon sequestration in sotls occurs through
plant production. Plants convert carbon diox-
ide into tissue through photosynthesis. Atter

the plants die, plant material s decomposed,

primarily by soil microorganisms, and much of

the carbon in the plant material s eventually
released through respiration back to the atmos-
phere as carbon dioxide,

But some of it remains when organic materi-

als decav and leave behind organic residues,
often called humus. These residues can persist
i soils for hundreds or even thousands of
vears, At the same ume, many factors can slow
the decay of organic materials and, as a result,
altect a soil's capacny tor storing carbon.
Inherent tactors include climate variables
{temperature and raintall), clay content and
mineralogy.

It is possible to manage agrncultural lands to
maximize the amount of carbon those soils can
store. The work my collcagues and 1 have
undertaken on the agricultural lands of Kansas
attempts to map the benetits of such soil man-

Staying in the soil

Climate atfects soil carbon sequestration in two
ways. First is the production of organic materi-
al entering the soil. Warm, moist climates gen-
crally have greater plant productvity. Cooler
chimates limit plant production. Hot climates
may limit production because of reduced water
availability, making water the hminng tactor.
Climate also affects the rate of microbial
decomposition of plant material and soil
organic matter. As  temperature INCcreascs,
microbial activity gencerally increascs.

Soil water content also 1s important.
Optimal microbial activity occurs at or near
ficld capacity — the maximum amount of
water that soil can hold against gravity, As soil
becomes waterlogged, decomposition slows
and becomes less cnmpic;u:. Peat soils are a
common result. Decomposition also slows as
soils dry.

Clay content stabiljzes organic carbon by
two processes. First, organic carbon chemically
bonds to clay surfaces. which slows degrada-
von. Clays with high adsorption capacities,
such as montmorillinitic clavs, retain the
organic molecules. Sccondly, soils with greater
clay contents have a higher porenual o torm
aggregates, which trap organic carbon and
physically protect it from microbial degrada-
non.

Generally, ccosystems that provide high
quantitics of plant matenial have the greatest
potential to store carbon. Tropical ccosystems
often provide some of the highest amounts of

plant biomass, although these amounts arc bal-

(=B



Wiy and How!

anced by high rates of decomposition. Soils
tormed under tallgrass prairie, such as
those my colleagues and 1 are studyving on

the Konza Pramic Biological Stavon near

Manhatan, Kan., have high amounts ot

sonl carbon. These amounts partly result
from a high rate of plant producuvity, with

approximately 60 1o 80 pereent occurring

Charles Rice of Kansas State
University displays a carbon-rich
soil sample from the Konza Prairie
Biological Station near Manhatten,
Kan. The soil’s dark color shows the
presence of organic material.

below ground. The amount of carbon

stored i these sorls s ecquivalent to soils of

lru[)i;‘.ll forests.

Faen in one handful of soil, not all car-
bon is the same and differs by s degrad-
abiliny. Soil organic carbon often 1s divided
into three pools: active, intermediate or

slow, and recalentrant. These three Imnl.‘;

Dan Donnert, Kansas State Universi

have different rates ot turnover with the
active pool on the order of months o

the slow pool decades, and the recalei
pool hundreds to thousands of years. The
active pool includes microbial biomass and
labile organic compounds that make up
less than 5 pereent of the soil organic car-
bon. The slow pool usually makes up 2o
40 pereent. the recalentrant 60 to 70 percent.

The goal of sequestering carbon in soils
is to promote carbon transformations into
the intermediate and recaleitrant pools. 1f
more ol the carbon ends up in the slow or
recalcitrant pool, then it s less subject o
loss and can remain in the soil for hun-
dreds or thousands ui‘ Vears.,

Carbon in soils under natural ceosvs-
tems often is at high levels and is consid-
cred at equilibrium,  thus unable 1o
scquester additional carbon, However, we
the soil beneath a

have shown that in

native tallgrass  prairic. soil carbon
increased by 6 percent as deep as 50 cen-
umecters when the tallgrass prairic was
exposed o clevared carbon dioxide. The
extra carbon dioxide increased plant pro-
duction, which i turn increased how
much carbon was incorporated into the
soil. Most of the carbon was sequestered
into a relatively slow pool, but some of the
carbon was integrated into recalcitrant
fracuons, indicating longer-term storage.
The amount sequestered over the cight-
vear experimental period was equivalent to
6 megagrams per hectare. It one million
acres absorbed this much carbon, it would
store the same amount released by burning
4.3 mullion tons of coal. Furthermore,
much of the carbon that was added from
plant material was stored in macroaggre-
gates larger than 250 micrometers, sup-
porting the theory that physical protection
of soil carbon 1s an integral part of carbon

sequestration.
The potential of a tallgrass prairie

Agriculture in the 1800s and carly 19005
relied on plowing the soil with low crop
yields and on removing crop restidues. This
combination of agricultural  practices
resulted in reduced replenishment of
organic material (carbon) to the soil. As a
result, approximately 50 percent of the soil
organic carbon (soil organic matter) has
been lost over a period of 50 to 100 years of
cultivation. However, this loss of soil car-
bon lcaves space for new carbon. In recent

decades, highcr '\'iL'!LIN', retention of crop
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residues and development of conservation

ullag tces have begun 1o increase sol

carbe. wvances in crop and soil man:
ment practices can potentially allow soils 1o
store more carbon.
No-tillage s one management practice
that often preserves or increases soil ¢

bon. M

study i western Kansas in which native

collcagues and T performed g
sod was planted to a winter wheat-grain,
sorghum-fallow rotation using cither no-

tillage or ullage to prepare the scedbed and

plant the sced. After 10 years, the mass of

aggregates larger than 2,000 micrometers
in the top 5 cenumeters was reduced and
redistributed into aggregates of less than
250 micrometers when native sod was con-
verted to cropping. The amount of carbon
in macroaggregates ol greater than 250
micrometers in native sod was double that

observed in conventional ullage.

Li“;l_uu conscrved the same amount of

macroaggregates that naturally occur 1n

native prairic soil. The organic carbon
associated with the macroaggregates was
preferenually lost with culuvaton. No-
tillage soils have a higher potenual for stor-
ing injected carbon for a long time.

In addinon o preserving soil carbon
from native conditions, no-ullage can
inl']'L‘."I\L' \'(:H L';n'hnl] il] \(1i|\ 1|l.!.l_ wWere |1r¢'—
viously culuvated and contained reduced
levels, Inomy study of maize that ran con-
unuously for 10 years ar Kansas State
University, no-tillage increased soil carbon
by Y pereent when compared with ulled
soil. Water-stable aggregates incrcased n

=

no-tillage compared with nillage, especially
in aggregates larger than 2,000 microme-
The

ater than 250 micrometers increased, as

Lers. number of macroaggregales
£

did the carbon associated with the aggre-

gates, preferenual to the smaller size

gere-

gates. When manure was added as a nitro-

Early evening falls on the tallgrass prairie of the Konza Prairie

Biological Station in Kan

It is possible to

»

gen source, no-tillage also held more of the
ssoil b 2

the m. .c¢

manure’s carbon: the no-ull:

percent more carbon from
than the ulled soil. Thus, manure added
both mitrogen and carbon.

More frequent planting of crops (almost

vear-round) infuses the soil with extra

plant material and increases the amount of

carbon stored. In western Kansas, intensi-
ing cropping systems by conversion from

wheat-fallow  rotavon o wheat-grain,
sorchum-fallow rotation has increased soil
carbon levels.
Another factor that determines storage
capacity 1s the quality of plant carbon
entering the soil. Our rescarch shows that
carbon from roots may contribute more to
soil organic matter formation than does car-
bon from straw:. The reason for this difference

[1L'1\\'(‘('[l rootls lll](l 2[}1()\" ‘T(}Llll(] lll.'lll_'l'iil]

is not clear, but roots have a higher ratio of

carbon to nitrogen, which would slow

P

manage agricultural lands:t




decomnasition and encourage formation of

hum s conversion ol carbon into

humu  amportant because humus is parnt

of the recaleitrant pool and the carbon in

humus lasts longer in the soil. This quality
factor suggests that plant breeding may

provide avenues for increased  carbon

sequestration, cither by changing plant
composition of carbon compounds so that
more carbon will be converted o soil
organic matter, or by altering ratios of roots
1o shoots,

carbon

Microorganisms convert plant

into sotl organic carbon. Iilferences in the

soil microbial community can aftect the
ratio ol carbon converted o carbon dioxide
vs. to soil organic carbon. In rescarch on
the Konza Prairic that changed water rela-
tons in a tallgrass prairie, the soil micro-

bial

fu ngi.

community was changed o favor

Because bacteria tend o respire

maore plant on to carbon dioxide, while

P,

fungi tend o retmn more carbon in the

soil, the result was
carbon nto microbial products m the soil.
Further rescarch needs 1o be conducted on
potential manipulaton of the soil micro-

bial

transformations of carbon that remain in

community o find biogeochemical

soil,

Other pluses to soil carbon

Managing agricultural soils tor sequester-
ing carbon will vield addivonal benefits,
When carbon is part of the soil organic
the soil's ca

matter fraction, ty to hold

basic cations nercases, which in wtrn

improves soil fertulity Soil organic matter
also improves water holding capacity, thus
increasing plants” ability to withstand short
droughts. Sail carbon improves the strue-
ture of the soil, which results in improved
acration and better root

drainage and

he

growth.

A ereater retention ol

For the microbial community,

bon provides an encrgy source resuly

greater nutrient eveling and biodiversio, i

addinon,  management  pracuices  thn
increase sotl carbon also tend to reduce soil
croston, reduce encrgy iputs and improve
Iner

sotl resourees. asing a soil’s capaciy

t store carbon means increasing how

much carbon 1t contains, which in turn
increases crop productivity and enhances
soil, water and atr qualiny.
Rice is a professor of soil microbiology at
Kansas State University. Email: cwrice@
ksu.edu

Learn more about the Konza Prairie

Biological Station at www.konza.ksu.edu
Geotimes

January 2002
www.geotimes.org

maximize the;amount of carbon those soils *canlptdré‘

£

Alan K, Knagp, Kansas State University
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Kansas Coalition for Carbon Management

Top 12 Questions & Answers:
Carbon Credit Pilot Project for Kansas

1. Who is running this pilot program?

The pilot program is being offered and managed by the Chicago Climate Exchange (CCX), a commodity
exchange for greenhouse gases. The aggregator, or organization that serves as the middleman between the
CCX and participating producers/landowners, is the lowa Farm Bureau. In Kansas, the Kansas Coalition
for Carbon Management is helping to ensure that eligible producers/landowners in Kansas have an
opportunity to participate.

2. What are the basics of the program?

The Towa Farm Bureau will be contracting with producers/landowners in parts of Kansas until early spring,
2005, for land that is under continuous conservation tillage or is in new grass plantings (including CRP and
CSP). This land is considered to be accumulating “carbon credits” through a process called carbon
sequestration. These carbon credits can be leased to potential buyers for a set period of time. Under terms
of the contract in this program, the land must remain in conservation tillage or grass for a 4-year period --
2003 through 2006. The Iowa Farm Bureau will aggregate all the credits they have under contract and sell
them in one or more large units on the CCX board. The price of credits fluctuates daily depending on
supply and demand, as with any other commodity exchange. Once the Iowa Farm Bureau sells the credits
on the CCX, the Iowa Farm Bureau will send the money to those who signed contracts.

3. What is a “carbon credit”?

A “carbon credit,” or Exchange Soil Offset (XSO), is a market term. When power companies or other
entities that emit carbon dioxide into the air need to reduce those emissions, they may buy a carbon credit
from someone who is engaging in a practice (such as conservation tillage or grass planting) that removes
carbon from the atmosphere on a long-term basis. A carbon credit is normally quantified in terms of
“carbon dioxide equivalent (COZ2e).” A COZ2e is just a way of converting the different forms of carbon into
a common unit -- carbon dioxide.

4. Do I have to be a Farm Bureau member to sign up?
No, you do not have to be a Farm Bureau member.

5. Do I need my landlord’s approval?
No, the landowner’s approval is not necessarily required. The contract is between the lowa Farm Bureau
and either the owner or operator -- whoever has functional control of the land and signs the contract.

6. What land is eligible for the pilot program?

To be eligible, the land enrolled in the XSO certification program must be capable of being cropped — that
is, the land could be utilized for row crop or small grain production even though it may currently be in a
non-grass hay crop. If such lands are farmed with row crops during the pilot project period, such crops need
to be produced in a compliant no-till manner. XSOs (carbon credits) will be issued at the rate of 0.5 metric
tons CO, equivalent per acre per year to farmers who commit to continuous conservation tillage (defined as
continuous no-till, strip-till, or ridge-till) on the enrolled land from 2003 through 2006. XSOs will be issued
at the rate of 0.75 metric tons COZ2e for new grass plantings.
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7. How about land that was put into grass prior to Jan 1, 1999?
Land that had grass established on it prior to Jan 1, 1999 is not eligible for the pilot program.

8. For purposes of this pilot program, what is the definition of no-till?

The CCX uses the definitions found in the USDA Natural Resources Conservation Service National
Handbook of Conservation Practices. These definitions are: No-till/Strip-till - Managing the amount,
orientation, and distribution of crop and other plant residue on the surface year-round while growing crops
in narrow slots or tilled or residue-free strips in soil previously untilled by full width inversion implements;
Ridge-till - Managing the amount, orientation, and distribution of crop and other plant residue on the soil
surface year-round while growing crops on preformed ridges alternated with furrows protected by crop
residue.

Tillage equipment that is definitely classified as a “full width inversion implement” includes:
e Moldboard plow

Chisel plow

Tandem disk

Offset disk

Field cultivator

Equipment that is allowable within the pilot program includes:
No-till, strip-till, and ridge till planters

No-till drill

Ridge-till cultivator

Rolling harrows

Liquid manure injector (See general guideline below)
Anhydrous ammonia applicator

Sub-soiler/ Ripper with at least a 24-inch shank spacing

e ¢ & © o o o

A general guideline is that after the implement has been through the field, there must still be a substantial
amount of surface residue present and the soil disturbance must not be full width. If use of the implement
would require that a leveling or smoothing activity follow, it would probably result in too much soil
disturbance.

9. How much will I get paid?

The Towa Farm Bureau will sell the aggregated carbon credits on the CCX board at the time of its choosing.
The exact amount depends on market conditions at the time of the sale. During late 2004, prices ranged
from $1.00 to $1.90 per metric ton, but these prices may go up or down from there. The lowa Farm Bureau
retains 10 percent of the selling price as a service fee.

10. When will I get paid?
You’ll probably get paid sometime before the end of 2005 for the 2003 and 2004 vintage year credits.

11. If I till the ground before the contract is up, do I have to repay the money?
Yes, plus interest and other costs.

12. How will the CCX or Iowa Farm Bureau verify that I’'m upholding the terms of the contract?
CCX contracts with local entities to visually verify that land under contract is in conservation tillage or
grass. Not all land will be verified every year. In large part, the program relies on self-certification. CCX
will rely on your word of honor.

If you have further questions, please contact:

Dave Miller, lowa Farm Bureau, 515-225-5430 damiller@ifbf.org, or
Glacial Hills RC&D, Valley Falls, Kansas 785-945-6292

For more information on KCCM, see: www.oznet.ksu.eduw/kcem




Kansas Producer Participation in the
Carbon Credit Pilot Project

In February 2003, a series of 12 meetings were held in various counties in Kansas to educate producers
about carbon sequestration. As part of those meetings, a member of the Kansas Coalition for Carbon
Management explained the details of the carbon credit pilot project offered by the Chicago Climate
Exchange, through a contract with the lowa Farm Bureau. This pilot project offered no-till producers
and those with new grass plantings the chance to pool the carbon credits from that land in with credits
from other Kansas producers and offer them for lease on the board of the Chicago Climate Exchange.

The meetings were sponsored by the Kansas Coalition for Carbon Management (KCCM), an organization
consisting of K-State Research and Extension, Kansas Resource Conservation and Development Councils
(RC&Ds), many Kansas commodity organizations, Kansas Farm Bureau, and many state and federal
agricultural agencies.

The pilot project was offered by the Chicago Climate Exchange (CCX), a voluntary, multi-sector market
for reducing and trading greenhouse gas emissions. The program is being administered by the Iowa Farm
Bureau, serving as the “aggregator’ -- an entity that acts as a middleman between the CCX and
producers/landowners. An aggregator pools many separate parcels of qualified acreage into one large
block for purposes of carbon credit trading on the CCX. This pilot project includes credits from 2003,
2004, 2005, and 2006.

At the educational meeting, K-State Research and Extension personnel explained the basic concepts of
carbon sequestration. “We explained what carbon sequestration is, why it’s important, and how it can help
reduce greenhouse gases in the atmosphere while improving soil and water quality. We also explained
what practices producers can use to increase carbon sequestration in their soils,” said Chuck Rice, K-State
professor of agronomy and national director of the Consortium for Agricultural Soils Mitigation of
Greenhouse Gases (CASMGS).

KCCM personnel then explained the pilot program being offered by CCX and administered by the lowa
Farm Bureau. In this program, producers or landowners were given an opportunity to contract with the
Towa Farm Bureau to sell carbon credits for them on the CCX exchange. The acreage eligible for this
program included conservation tillage (no-till, strip-till, and ridge-till) and grass plantings made on or after
Jan. 1, 1999 (mostly CRP, CSP, or conservation buffer strip plantings) in the eastern half of Kansas. In the
western half of Kansas, only recent grass plantings were eligible. The map below shows how the state was
divided for purposes of this project.
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" Chuck Rice at the Hiawatha meeting

There were some requirements made of those who sign these contracts, which was explained by KCCM
representatives at the meetings. Payments for carbon credits were not established in the contract, said
David Miller, lowa Farm Bureau director of commaodity services. The payment is going to depend on

the price on the CCX board at the time the credits are sold by Miller. Payments have been averaging
anywhere from $0.50 to $1.00 per acre per year, but this fluctuates. More than 80,000 acres were already
under contract in Iowa at the time these meetings were held.

As a result of the educational meetings, 72 contracts were signed between Kansas producers and the Iowa
Farm Bureau, representing 24 counties and a total of 75,462 acres. Of this total, 74,256 acres were from
no-till production. All of these acres must be verified and certified by SES Consulting, working in
conjunction with the Jowa Farm Bureau.

Number of Contracts by County in Kansas

Anderson - 5 Lyon -2

Brown - 5 Marion - 2
Butler - 4 Marshall - 15
Chase - 1 McPherson - 5
Cloud - 1 Miamu - 5
Coffey - 1 Nemaha - 2
Cowley - 1 Ottawa - 1

Dickinson - 4 Pottawatomie - 1
Greenwood - 2 Republic - 3

Harvey - 1 Rice - 1

Jackson - 1 Riley - 4

Kearney - 1 Washington - 1
Woodson - 1

It should be noted again that only counties in the eastern half of Kansas were allowed to enroll no-till acres
in this pilot project, according to guidelines established by the Chicago Climate Exchange. Most other

counties in Kansas, except some of those in southcentral Kansas, were allowed to enroll acres in new grass
plantings. It is hoped that all of Kansas would be allowed to enroll no-till acres in any future carbon credit

projects.

As of August 15, Miller was still waiting on SES Consulting and CCX to complete the initial verification of
the pool and certification of the 2003 and 2004 credits. “When they complete this, the CCX will credit our
account and we can begin trading. Until then, I am on hold. On the first pool, the certification process took
nearly a year from first submission. I am hopeful that this pool will only take 6 months or so. Hopefully,
we will be able to start trading the credits sometime this fall (2005).”
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__arbon Seguestration
Carbon sequestration is a natural way to
store carbon dioxide from our atmosphere.
Through photosynthesis, plants take
carbon dioxide out of the atmosphere and
sink it in plant material above and below
the soil surface. Emissions of carbon
dioxide into the atmosphere have been
increasing rapidly in recent years, both in
the U.S. and around the world.

The KCCM is promoting carbon
sequestration as a natural way to improve
soil, water and air quality while also yielding
economic benefits for land managers. In
addition, it offers one way to reduce
greenhouse gases, which are linked to
global climate change.

Crur Action Plan
Inform and educate land managers on
carbon management practices.

Explore and disseminate marketing
opportunities as they develop.

Investigate the legal boundaries around
carbon sequestration.

A Jrage research of greenhouse gas
emission reduction and alternative energy

uses.
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iLand Management Practices for
Increased Carbon Sequestration
Use No-till or reduced tillage methods
Increase crop intensity by eliminating
summerfallow
Plant and maintain buffer strips
Adopt conservation measures that
reduce soil erosion
Use high residue crops such as corn,
grain sorghum and wheat
Use cover crops
Select varieties and hybrids that store
more carbon
Improve forage quaility on grazing land
Regular prescribed burning to increase
forage productivity
reduce over grazing

Systems




reduced as soil organic carbon levels are
.ncreased. If the soil organic carbon is
undisturbed, then it can remain in the soil
for many years as stable organic mat-

ter. This carbon is then sequestered, or
removed from the pool available to be
recycled to the atmosphere. This process
reduces CO2 levels in the atmosphere,
reducing the chances of global warming.

How much impact can

carbon sequestration

have on greenhouse gases?

It has been estimated that 20 percent or
more of targeted CO, emission reductions
could be met by agricultural soil carbon
sequestration.

What can agricultural
producers do to enhance
carbon sequestration?

There are several practices that can
increase carbon sequestration, including:

No-till or reduced-till

b. Increased crop rotation intensity by
eliminating summer fallow

c. Buffer strips

d. Conservation measures that reduce
soil erosion

e. Using higher residue crops, such as
corn, grain sorghum, and wheat

. Using cover crops

Selecting for varieties and hybrids that
store more carbon

({Q

5. What can grazingland

managers do to enhance

carbon sequestration?

Grazingland managers can increase car-

bon sequestration by:

a. Improving forage quality

b. Regular use of prescribed burning to
increase forage productivity

c. Reducing overgrazing

6. Will agricultural

producers get paid

for carbon sequestration?

It is possible that a private system of trad-
ing for carbon credits will be established,
which could pay producers about $1 to
$2 per acre. A few utility companies have
already begun buying or leasing carbon
credits 1n some cases, but this is not yet

a widespread practice. It is also possible
that the government will provide certain
incentives for producers to sequester car-
bon. But even if there were no payments
for carbon sequestration, it would still pay
for agricultural producers to implement
practices that would increase soil organic
matter due to:

a. Improved soil structure and quality

b. Improved soil productivity through
increased organic matter

¢. Reduced erosion through improved
soil structure

d. Improved water quality through
reduced erosion

8.

What is soil organic matter,
where does it come from <
and where does it go?

Soil organic matter consists of decom-
posed plant and animal matter. It helps
bind soil mineral particles together into
clumps, called soil aggregates. Higher
levels of soil organic matter lead to more
stable soil aggregates, better soil infiltra-
tion capability and aeration, better water-
holding capacity, more resistance to wind
erosion, reduced potential for compaction,
and better overall soil fertility. Organic
matter helps hold soil nutrients in place,
so they are not lost to runoff or leaching.
If left undisturbed, soil organic matter can
eventually be transformed into long last-
ing humus, a very stable form of organic
matter. However, if the soil is tilled, soil
organic matter will be oxidized and car-
bon will be lost to the atmosphere as CO..
If the soil erodes, organic matter will be "
removed with runoff water.

What affects the level

of soil organic matter?

Native levels of soil organic matter for
any particular site are determined largely
by the latitude location on the earth, and
by the annual precipitation received.
Native soil organic matter levels will gen-
erally increase as you move either north
or south from the equator. In the Great
Plains of the United States, organic matter
levels increase from west to east follow-
ing the precipitation gradient. Manage-
ment by man can change the soil organic
matter level. In general, as cropping inten-
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Ay increases, soil organic matter tends to
increase. As tillage frequency increases,
soil organic matter tends to decrease. For
Kansas producers, eliminating periods of
fallow and using no-tillage provides the
greatest potential to increase soil organic
matter level at a given location.

What is K-State doing to pro-
mote carbon sequestration?
K-State scientists are working to develop
best management practices that will
promote carbon sequestration. Research
is being done to test the effect of tillage,
various crop rotations, soil conservation
practices, and several grazingland man-
agement practices on soil carbon levels.

What is CASMGS?
A team of scientists at 10 universities
and government laboratories has recently
formed the Consortium for Agricultural
Soils Mitigation of Greenhouse Gases
(CASMGS, pronounced “Kaz-ums”).
With federal funding, this group will
provide the science and technology neces-
sary to help our nation realize this benefit.
CASMGS brings together the nation’s
top researchers in the areas of soil carbon,
greenhouse gas emission, conservation
practices, computer modeling, and eco-
nomic analysis. CASMGS is also working
with international scientists on carbon
mitigation efforts. Charles W. Rice, soil
microbiologist in the Department of
\gronomy at K-State, is the national
~_ASMGS coordinator.

For more information

on carbon sequestration:
www.oznet. ksu.eduskcem
www.oznel.ksu.edu/ctec
www.casmgs.colostate.edu
Soil Organic Carbon and the Global Carbon Cycle,
MF-2548
Or conlact:
Charles W. Rice
Soil Microbiologist
Department of Agronomy
Kansas State University
cwrice @ksu.edu

Kent McVay
Soil and Water Conservation Specialist
Department of Agronomy
Kansas State University
kmcvay @ksu.edu
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Frequently Asked Questions

1. What is meant by
carbon sequestration?
Carbon sequestration is essentially the
process of transforming carbon in the
air (carbon dioxide, or CO,) into stored
soil carbon. Carbon dioxide is taken up
by plants through the process of photo-
synthesis, and incorporated into living
plant matter. As the plants die, the carbon-
based leaves, stems, and roots decay in
the soil and become soil organic matter.
This is the basic process called carbon
sequestration.

2. How can carbon sequestration
help reduce global warming
problems?

Atmospheric carbon dioxide, and other
greenhouse gases act to trap heat that is
reflected from the earth’s surface. This
buildup of heat could lead to global
warming. Through carbon sequestration,
atmospheric carbon dioxide levels are

Kansas State University Agricultoral Experiment Station and Cooperative Extension Service





