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Why 1ss GRACEnet needed?

Obsenved and predicted climate change: Is
attrbUited o) ateSPRENC ERMCAIMERT DY/
glieenheuse: gases) (especially: €05, N>©O) and
CHy)-

a [[hese increases are largely: firom burming| of fiessll

fiuels, land use; livestock Mushanadi/, and ceEment
ManUiactuing:

a e atmesphernce C poel Increased by — 3.2 101 515
PO/ dUiRg ther 9805 ana 190 0s Ui ey 4 AR a /AT
PENWEEn 2000 ane 2005 (1IRCE2007):

2 AUMESPHRERCICOZ NESHCHEaSEd Ien 260 PP (jere:
Ipleltfsifrelh) o) Se0) aen) O 2006,

“1pal= 10150 = 1,000 MMt = 1,202 VT



Population Growth

\Worlal pepulation;is projected to Increase from
6.5 billien 11 2007 te 9.5 hillien; BY: 2050.

IRcreasing populatiens require eneray: and plant
AUHERT IRPULS) te) preduce: the! fieed they NEed.

EffiCIEncy, RERURICINPUE GRWatEN:, landiares; and
enengy-leased npuit Wil e el great ImpEoriance.

AgrcuittrensiighyampertaRiier previcing
SOIUERS O HESE UrGENITISSUES)



Carbon cvcle on agricultural land

Off-farm

products

Soil organic
matter

.______T_______




Gaseous Emission of N

CNOC NOC
o o,

Nitrification Denitrification

Conceptual model of regulation of N trace gas
production via nitrification and denitrification:

(Firestone and Davidson, 1989)



OBJECTIVES of GRACENnNet

Evaluate the soil C status and direction of
change ofi soll C in existing typical and
alternative agricultural systems.

Determine net GHG emission (€O, CHy4
and N>©) aff existing and alternative
agriculturali systems.

PDetermine the envirenmenital efifiects
(Waiters aliF andiserifauality)reh mevw;
agrculttiralfsystemsi developed torredce
GHE emissionaneNRcreaserselifie
sterage:



APPROACH AND PROCEDURES

Approach: The GRACEnet experimental concept is based on four location-
Specific scenarios or treatments:

1, Business as usual
2. Maximizing| C seguestration rate

5 Minimizing net GHG emission. This system dififers; from #2
pecause N>Orandl CH, emission; must alse be considered.

2 Maximizing envirenmentall benefits.

ProdUCtS:

2 Anauenalidatanase off GIHEHIUX anel Crsterage.
Regional aneinauenal guidElines Gl ManagemEeERi praclces:
[Developmenit:and evallatonrelii Conputer models:

SUMMERAPARESHGIFUSEN 2CHORIZGERCIES and PBIICY,
Mekers:

s N



USDA ARS GRACEnet Units

NLCD Classifications

[ Orchards/Vineyards/Other
[ ] Pasture/Hay

I Row Crops
I small Grains
250 375 500 Miles

[T Fallow

sk Gracenet locations




What | will cover

There Is way: teo much materal to do
Justice te, whichiis geod!

Eer Vaneus  GRACEREL lecations 1hwill
preVvide semeiniormation; akeui:

5 EXpErmental reseurrces (12nds equip; eic:):
5 SEME O e EXPERMENS WEING cORUUCIET:
s \VeryAIthie 2 el U Seme resuits:



APPROACH AND PROCEDURES

Approeach: The GRACEnet experimental concept is based
O four IocatioN-SPECITIC SCENANIoSs Ol tieatments:

1. Business as usual
2. Maximizing € seguestration rate

5 Minimizing net GHG emission. IS system
diifiers: fifeom #2 hecause N>@rand CHi
EMISSIoN Must alse 9er COnSIGEred:

2 VgximiZing envirenmeRtaINERENiSs:



Soil organic carbon contents sampled in (after intensive conventional tillage in the
production fields) and 2004 (with indicated management) in Central Texas. Note that
management changed the mass and distribution of carbon, and that modern
conventional tillage resulted in a small increase in soil carbon content.

Native pasture Coastal Bermuda Agricultural
Grass since 1949 production

Field SW-12 Field SW-17 Field Y-10

% Soil Organic Carbon
1 2 3

% Soil Organic Carbon % Soil Organic Carbon

0

p—cp—ep 1949 Sample
©——0 2004 Sample

©—6—9 2004 Sample 6—6—9 2004 Sample
Native Pasture / Meadow *Prior to 1949, Cotton In row crop and small
and Corn were the grain production prior

*Sprigged to Coastal
Bermuda Grass in
1949



Soll carbbon accumulation and CO;
fltx IR & maize, Wheat, soyhean

CENEL Project N the Crop.
g elplelGlo gl Cpleiplef[eh Ecle),
SEISVIIIERIVIID)



Automated soill CO2 flux chamber




Automated soil CO2 flux system, spring
2008 (prior to seil preparation for
planting)




Results to date

n [lllage afifects bulk density, buit net yet on
sollf carben or crop yield (2 years)

s N afifects crep yield (Imaize: and Wiheat)

n N anadiulaee aifects sell CO2H X (Sprng
2008) (Pro): 1e; Sell pleparatieR o)
planRiing))



UNIFs Noriar Ceprirell Acjflgufitirelf HMesezifen
Lzigoreiiony (NCARE)
LOCATHONE Brookings, SD

PRIMARY CONTACT:
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ChDocuments and Sefingsiloseph PikuliMy Documents\MyResearchData\IMPUT\Mew (2007) Organization of C & N & BDWCarbon with fime 50 data

a) Continuous corn, N1

< Replication 1

O Replication 2

A Replication 3

@ Average

— Linear (Average)

g
“-
=
&
Q
c
@
2
o
=]
w

S0OC = -0.1363yr + 200.20
RI=p.00

1998 2003 2008
Time (years)




ChDocuments and Setingsioseph PikuliMy Documents\MyResearchDats\INPUT\Mew (2007) Organization of C & M & BDVWCarbon with fime 50 data

b) Corn-soybean-wheat/alfalfa-alfalfa, noN

© Replication 1
O Replication 2
& Replication 3
@ Average

— Poly. (Average)

o
x
—
L
&)
.E
c
@
o
[
o
‘0
w

SOC = 0.0008yr" - 3.4686yr" + G306.8yr - SE+06
R*=0.20

1998 2003 2008
Time (years)




Central Great Plains Research Station
Akron CO

Primary GRACEnet contact : Maysoon Mikha
Other scientist involved : Merle Vigil

Site Description :
* Long-term no-tillage experiment (Farmer field)

* Treatments: Sweep tillage after 12 years of no-tillage

= 1 - year tillage . 15m

[
- o

= 2 - year tillage Tillage-2004, 2005, 2008 i

: EOOCN No-Tillage
= 3 - year tillage OO Tillage-2005, 2008

Tillage-2005

w gy

= No - tillage

l| Alley
* C Sequestration \| /
= Soil C Measurement points
= CO, flux (using Licor) %aa

CGPRS — M. M. Mikha



CO, Flux Apparatus

USDA a
==

CGPRS — M. M. Mikha




ration Research Center

Columbia Plateau Conse

o e Y = A *
S il e g S s B V-,..:;J ¥

USDA-ARS-CPCRC
Pendleton, OR



Pendleton, OR

Typical crepping system: wheat-fallow, conventional
tillage.

o Miaximizing|C seguestration rate;
a., Economically: viable: wieat-fallew

Under SWeEep tlllage

ulliaoe memag emen't,

s IVImIimiizing e CreennouSEvas
EMISSIONSTWInEMVREAEWIRIEMVNE
SEERSENgNUMNELEL O, CIECE seeclmg,

\J

) h'ﬁ




ARS, Sidney, MT

Tillage, Cropping Sequence,
and Nitrogen Fertilization
Effects on Dryland Soll
Carbon Storage and
Greenhouse Gas Emission

Primary Contact: Upendra Sainju
Other Scientists Involved: Jay Jabro, Thecan Caesar, and
William Stevens
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Product 2: CO, emission

2005

CO, flux (kg CO,-C hald1)
N
)
o

126 140 165 182 196 210 287 313
Day of the year

|-=--May -=---|~=--JUN @-=-|---July--=-|-----Aug----|---OCt--|---NoV-|

Fig. 2. Carbon dioxide emission as influenced by tillage and cropping sequence in 2005.
NTCB represents no-tilled continuous malt barley; NTB-P, no-tilled malt barley-pea; NTB-
F, no-tilled malt barley-fallow; and CTB-F, conventional-tilled malt barley-fallow.



Nitrous oxide emission as affected by cover crops - Sidney, 2005

1 6_; —— Aust. Winter Pea
- —{1— Chem. fallowy
E __ —&— Malt Barley
FT'E 12+ —1— Rye
o) - —— Tilled fallow
=3 =
= "
= g8
= -
b T
T B
s 47
[ Fa ] L
= B
o -
= 0 _,
120 140 160 180 200 220 240 260 280

Julian date



GRACERnet — Watkinsville, GA

Database of soil C and trace gas flux for crop,
pasture and rangeland systems in the USA.

. Long-term studies of:

. Pasture (nutrient source x endophyte
X grazing)

. Cropland (tillage x nutrient source;
cover crop management)

. Integrated crop-livestock (tillage x N

source x cover crop management)




GRACERet — Watkinsville
Associated Water Quality Studies
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Dawson Field Grazing Study

Pasture-Crop Rotation Study

P 1-4 Watershed Study Water Quality Plots



RU- Microbial biephysics and residue chemistry
ERRRC, Wyndmoor PA

Primany: D. Deuds
Others: K. Nichols
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Background

Hypoethesis: Myceorrhyzal fungi contripbute
significantly’ ter caroen seqguestration in
erganically farmed seils.

Viycormyzal funal preduce giemalin; a
gly/copreteln resistani: ter degradation

RelauVverie  therconventionaly eraanicianming
SyStems) eff ther Earmingr Systemsiliialaave:
a Greater pepuiaensreirVyceriayzalNbngG)

s Viere sellie



Influence of pecan-derived biochar on
chemical properties of a Norfolk loamy

sand soll (Flerence, SC)




Increasing SOC contents

Deep-rooted cover crops (e, ete.)
Conservation tillage.




Norfelk seil physice-chemical

Properties : _
E— _ * % SOC In Noerfolk profile

oot (om | 96500
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Properties of pecan-derived
pIochar

Created biochar from
pecan-shells by
oxidation te 700°C

Blecharis 86%6 OF]
0:4% NN (2204 C:IN
rate), PH ek 725

Mlesie € (6990) 1=
recalcitrant because It
IS distributed In
pPeIV/MmERZEd aematic
HIRESHUCHUIES




Norfolk soil with and without
plochar

Norfolk soil + 0% biochar Norfolk soil + 1% biochar



Soll C under Improved Grasses on in the
Seuthern Plains Mixed! Grass Prairie
(Woeoedward, OK)

Compare; soll candoni sterage in long-term
stands| off Improvedi grasses; to; that Under the
Ratve: prairerandl cropland.

110 Evaluiate plant roeting charactenstics and
SEJIF € sterage i long-tern arassiand fields:

e EvalliateraleVve Oroune BIoMmESSE
predlCHViby i NELVErGIASSESI AST PotEnticl
BIGIMIASS UEl SEUICES:



Grass Scientific |Origin, |Estab|Years
Specles name
Sand Bluestem | Anaropogorn. | Native 1980 |28
nayHack.
SWitehgrass Panicum Native 19801 |28
Virgatum. L.
\Weeping E1agrositis Inired. 1958 |50
IBVEQIaSS cUIIa
(Scehrady)
INEatVerRraimie Gliazead (10)0) ==
NEverPraine UnErazed 50++
Wheal Frlde ] Croplana 28

aestig.













APPROACH AND PROCEDURES

Approeach: The GRACEnet experimental concept is based
O four IocatioN-SPECITIC SCENANIoSs Ol tieatments:

1. Business as usual
2 Viaximizing| € sequestration rate

2 Minimizing Ret GiHG emissien. s
Sy stem differs; iirem) 2 becaltse IN>©
and CH4 emission must also be
CORNSICErEEE

2 VexImiZing envirenmeERt2INSERENS:



National Solil Tilth Lab
GRACEnRet Contact: Tim Parkin

Other Scientists: J.Hatfield, T. Kaspar

J. Prueger, T. Sauer, J. Singer

Site description: Central lowa
Corn/Soybean

AMES, |IA

() Semine
KELLY
PLOTS 13414 Ex
C over, CRIP Ve P
ouery 2
Y- 04 &
= pranTeEn Wi :
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Methods

Soil Sampling: April

First Year : 0-90 cm Trace Gas: N,0, CH,

Subsequent Years: 0-30 cm -2 chambers/plot (in- and
Variables: OC, TC, T.N., EC, between rows)
pH, NO3, NH4, W.C., Texture -March through Sept. 1x / week
: -Oct. through Dec. 2x / week
Plant Sampling: -Jan., Feb., 1x / month
October: Yield, Above Ground Biomass
April: Surface Residue -30 cm diameter vented

chambers




Other Studies

Temporal variability of
N,O emissions using

automated chambers




Annual C balance In
corn/soybean fields
using eddy covariance



North Central Soil CTxbnservatlon
Research Laboratory






'Manure and tillage effects on carbon loss and

water fluxes using eddy covariance techniques
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Nitrogen Eertilization Effects on Nitrous Oxide
Emissions from lrrigated Cropping Systems
Eert Collins, CO

Ardell . Hal\yorson, Soil Scientist
Steve Del Gresso) seillScientist

CuUrtIs A, Reule; soil Scientist
USPDA-ARS “Eert Collins; €O

EmanEardelithalVersen@arsusdergey,
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Growing Season (April 28-Oct. 2, 2006)
| CT-CC: Y=0.783 +0.027X; r*=0.95

L NT-CDb: Y =1.52 + 0.036X
NT-CB: Y=1.17 +0.0111X
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N Fertilizer Rate (kg N ha'l)




2007 Conventional Till, Continuous Corn

(May 7 to October 12, 2007)

—+— Check, no N added
| —— Urea, 246 kg N/ha
80 " Y —s=— ESN, 246 kg N/ha

60
40
20

0

v
o
-
®
c
Z
@)
%
c
2
0
2
S
LL
O
AN
Z
=
'©
O

DOY: 121 151 181 211 241 271 301
Month: M J A S O N




St. Paul, MN

Site description: Glacial Outwash Plain. Silt loam soill
- Primary land use in the region : Corn/soybeans

el







{ :' F IIH.‘.W Em!

Field-ScaleTreatments iz

Eddy covariance measurements of CO2 exchange, ET et
Also soil water & heat flow, some C isotope research 1

1. Business as usual — Corn/soybeans, chisel/disk tillage




Production System affects soil C
stocks and physical properties

(Oreno, Maine)

Stable
Soil C POMEC  Aggregates
%, ofi C 0.5 - 2 mm
Safey-Potato; 2.43 1916 54
SEIINCORSERING 2.34 21.4 60

Soll lnggravisie 5.6 4.7 9%
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Micro-topography Headspace Estimation



N>O from potato — Presque Isle

Daily N Flux Potato 2007 Cumulative N Flux Potato 2007

| —m—BP
—e— SoilCon
—aA— Soilmpr

—=BP
—e— SoilCon
—a— Soilmpr

N
S
S

—~
<
>
©
=
<
©
<
z
(=)
2
x
2
L
Q
N
z

Cumulative N20 Flux (g N ha™)

5/11/2007
5/25/2007 A
6/8/2007 A
6/22/2007 -
7/6/2007 A
7/20/2007 A
8/3/2007 1
8/17/2007 -
8/31/2007 A
9/14/2007
9/28/2007
10/12/2007 1
5/14/2007
5/28/2007
6/11/2007 T
6/25/2007 A
7/9/2007 A
7/23/2007 A
8/6/2007 A
8/20/2007
9/3/2007 A
9/17/2007 1
10/1/2007
10/15/2007

Q
o]
=3
(4]

BP 2-yr Barley-Potato rotation
SoilCon = 3-yr Barley-Sod-Potato rotation
SoilImp = 3-yr Barley-Sod-Potato rotation, with compost each year




UNIT: North Central Agricultural
Research Laboratory (NCARL)
LOCATION: Brookings, SD

PRIMARY CONTACT:




Site 28 LongetermmrAlteranverReiaiiens

GRACEnet Objective: net GHG emissions
GRACEnet Measures: CO,, CH,, N,O

Ry, benetits corn/pea/ww/soy; corn/oats/ww/soy



CO, Flux (mg CO,-C/m?h)
o Summer: 40 — 160

o Fall: 10 - 20

o Winter: <10
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Eieldl Evaluations (GHG flux, SOC)
NGPRL (Liebig, Phillips, Gress, Krenberg)

Leng-term grazing and cropping
systems; (lLielb)g, Gress)

Np@remissienRSsHiemiliate=autuning
manuerapplication e croplanad
(Palllios),

HYVARGPRECGICEIC VEFGELAUGRIZGRES I
wetlandiandscapesi(@Ehnps)

INP@IEIRISSIGRSIASHIIHNERCEE NI,
Terinlirl-ziffacise] ezicila vrine (Ligoic).
roroeare))



Economic / Life-cycle Analysis
NGPRL (Archer)

Net Returns ($ ac™)

50 100 150 200 250 300

N Fertilizer Rate (Ib ac'l)

& AN N R O o
S oo ocooood

Net Returns ($ ac'1)

-80
-100
-120
-140

-200

Net GWP.,; (Ib C equivalent ac'1)



Greenhouse Gas Emissions following Application ofi Swine
Effluent by Different Methods
Bowling Green, KY:

m Researnch conducted! at Animal Waste
Vianagement researchunit
p Karramat Sistani andiJdasen\Warren

@|ECHIVES

1 EValUaier greenheuse  gasiemissIGRs oI
SWineehliventaiteiineCH oI, SUHaCE
zi00)llezicion) o f sigaliczition) Ip) cornolpzitio)n) YWiks
zigrziclon) ) st rio=tlll cerp) ejrziir efoclijciie)p]

S\YSLENT






Cumulative CH, emission (g m)

0130

0125

0),20]

0) 112

0110

0),0)7

0).0C

Cumulative CH, Emissions
during 141 Days after

Coritro

Application

UAN Surizea Aararjon lnjactior

> lncorpoeration
appears o
premoete CH),
Eemissions

> G EISSION
rempefient
IfGeree o)) el
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AP PIEXITTIELEN,
IDEVSIATLEY:
200ljezirjon).



Cumulative N,O emission (g m)

Cumulative N,O Emissions
during| 1441 Days after
Application

1.20
> njection effswine
effibentiappears to
ImItheamoeuntof
INF@reniitted e
soil ctoolizel swine
eifient

1500

(0160

0).6C

(0140

Corntral UAN  Surizica Aarztjor) lnjeerjor)



Soeuthwestern Rangelands and
Greenhouse Gas (Tucseon & Maricopa, AZ)

Southwestern rangeland soils, despite
arid soil conditions, cycle vast amounts
of trace gases.

e Such rangelands cover more than 200



Resulits: CH, Surface Elux

Early monsoon CH,
production in all sites.

 Non-grazed sites
(bottom) consumed
CH, at a 2X the rate of
the grazed sites (top).

 The strongest
contributors to the
CH, sink were the
living mesquite sites.
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Effects off Elevated Atmospheric CO, on
Agriculture (Auburn, AL)

s Pasture Systems of the Southeast

« Conventional vs. Conservation Crepping
System




Results

Soll CO;, efflux Increased by Both
elevated €O, and conservation
Mmanagement

IRBELRICASES; SeIlFCO5 Eeffilitnz
IRCKEASEd 9y appPreXxdmatelN S0:Y%



Development ofi a Subsurface
Applicator fior Poultry Litter

Alalsama
ATKANSAS
KENLUCKY/
Viylieie

VINISSISSI|9je1



Prairie Heating And CO,, Enrichment:
(PHACE) — Cheyenne, WY

Semi-arid rangeland system
x Annual precip: 386 mm

CO Eatment= amientVvs 6O0NPMN

Waliming treatmentziday: +1.5 - C dukng the
dayand=EsiCr e urnne e ngnt

frlejettlon) trereitprlepies calfee ifficjettions eltiflnle) inle
cjrowirie] sezisanl, 20 e 2sen
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CO, production and CH, consumption increases with
elevated CO,. CH, consumption decreases with warming.

Irrigation effect

CO, effect Warming effect

-2 -1
CH, (ug m* hr) CO, (mg m* hr™)

N,O (ug m? hr)




CO,, water, and species composition
effiects on greenhouse gas fluxes — a
greenhoeuse study of the effiect of:

Atmoespheric CO; (880 vs. 750 ppm)

Waiter availlaplity (L5 Vs, 20%)

S[PECIES COMPOSIGRE RO PIaNLS; PErEnRIa

QI EASSESNBOUICIGUENGI SN EEAS GO IS
Jijozl corpjelizl inle SUO=SnlfLle) Arigrisizl fricliclzl
s\plelinle fare Ligcriel clellrnerdce zplel 2 i)e
IGEETHENR
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N0 production significantly differed among
Species and interacted with water availability.

1 Low water Water: P < 0.0001

EE High water Species comp: P < 0.0001
] Water*Species comp: P < 0.0001
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Days after transplanting




University: Park, PA

Greenhoeuse gas emissions andi C
Seguestration freom:

x Dalry ferage system (Corn-seyhean-
aliiali2)

s Grazed pastire

s BlehvelNeedsSteck Crops (SWitchgrass
aneiEeed canan/ grass)
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PRODUCTS

1. A national database of GHG flux and C
storage.

2 Regional and national guildelines of

JeveJ OpmeEni echJ Evallatieon o



SUb-networks

Eor Internall and external collaborations.

o) prievide; cross-regional data.

0 2daess) SPECIfici gUeSTIeRS thal: may, e
POSEd 0] the! GRACERED Ple]Ect:



A national database of GHG flux
and C sterage.

IThe data base fiormat has been designed
and GRACERet lecations have agreed upen
IIt.

e data Base IS Uplen a SERVEr siite

EXPermentalic ata s EIRgISelicied ke
dliFGRACEREI GCAIGNS O IMPUE INterthe
gdatal9aserasiivecomes availaiile:



GRACEnRNet

Database of soil C and trace gas flux for crop,
pasture and rangeland systems in the USA.

Long-term studies of:

» Pasture (nutrient source x endophyte
X grazing)

» Cropland (tillage x nutrient source;
cover crop management)

» Integrated crop-livestock (tillage x N

source x cover crop management)



GRACENnet

Greenhouse Gas

Regional and national publications and Soil &Tillage Contributions and

guidelines of management that reduce
GHG intensity, applicable for use by

Research  Mitigation Potential
in Agricultural Regions
of North America

producers, federal and state agencies

and C brokers.

January 2005

((\%n

it

Potential for Scil Carbon Sequestration
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CQESTR Development:

Decision support tool for
managing soil carbon

. Champalgn IL O | a Lethrldge B j
Athens GA O Swift Current SAS ~ © Saginaw Valley Ml !\
. i Egst L?:nc')s,lng MI -'I&(-:‘leng[tonvl\;IY 8 \If\/atkln?wll\?v IGA
A |
306 pairs of elhserved X Sidney NE g el

and simulated SOV ;
valtes;are well
colfrelleitclel (P ="95%) &
< 000045 Withra 154
COIESPRRUERCE IOF
e malen erValles:

N O =

£

<
S
} -
D
)
=
®©
s
o
(=
@
(@)]
S
o
e}
(D)
o
f_c
=}
E
(7))

2 3 4
Observed Organic Matter (%)

USPDAARS-CPECRIE
Pendieteny @R



Winter wheat, residue management change, ca 1950
moderately drained silt loam (Sanborn Field, Columbia, MO)
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GRACEnNet Provides Data to Develop,
Run, and Test Models

GRACEnet DAY CENT M ode
Model Input Data
oL and M anagement \

Multi-Scale

«S0i| properties

*Weather — GHG Flux
*Etc. Estimates
GRACEnet (Site, Regional and

National Scales)
Model Testing Data
*Gas flux

«Soil C, N

*Crop yields

*Etc.



DAY CENT and IPCC Emissions vs. M easurements

Mean N>O Emissions

 measured
m DAYCENT
| IPCC




DAY CENT N,O Emissions fromMajor
Crops for USDA GHG Inventory.
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