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ABSTRACT

Carbon dioxide (C¢) and nitrous oxide (pD) concentrations in the atmosphere have
greatly increased in recent times. Intensive afjucal practices, combustion of fossil fuels,
deforestation, and wetland drainage have beenditdkéncreased greenhouse gases (GHG)
levels. Although scientists are not unanimous eirthelief that the increases in GHG is a cause
behind recent global temperature rise, there idenge that increases in GHG might directly
increase global temperatures and unpredictableheeatcurrences. Since human activity may
be partially behind the rise in GHG emissionspltdws that changes in agricultural
management might reduce the rate of GHG increasegem mitigate existing increases.
Agricultural management practices proposed to eiigsHG emissions in agricultural soils
include conservation tillage, diversified croppsygtems, and crop residue management. The
objective of this study was to determine the impafthigh-residue no-till systems in a diverse
rotation using seven cropping systems in which evimtheat (riticum aestivum L.) was
included or not included. The study was impose@xasting rotations present at the
Conservation Cropping Systems Project (CCSP) fagar Rorman, ND. The CCSP site was
established in 2001 under no-till production anchaged by the Wild Rice Soil Conservation
District. Analysis of 2006 and 2010 soil organic carbon (S@&a showed no significant
difference between winter wheat rotation treatmants rotation treatments without winter
wheat. Analysis of 2012 SOC data resulted in grea@@C in the corndea mays L.)-soybean
(Glycine max L.) rotation and lower SOC in the spring wheRttjcum aestivum L.)-winter
wheat {riticum aestivum L.)-cover crop-soybean rotation. Some rotationsdraater SOC than
others, but the differences were not related totldreor not winter wheat was included in the

rotations. Analysis of residue showed a greater @thd and greater potential N requirement for



the subsequent crop in fresh residue comparede @gidue. The COMET-VR model used to
estimate SOC levels overestimated SOC in greatersified rotations and underestimated SOC
in lower diversified rotations. No-till productiand crop residue retention can increase SOC

levels, improve soil quality, and increase SOC sstration in cropping systems.
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GENERAL INTRODUCTION

Many climatologists have predicted significant glbtwvarming over the next decades
because of increased atmospheric@ad other trace gases (Fischer et al, 1994). Aptigenic
enrichment of atmospheric GHGs may be affectingoilance between incoming solar radiation
and outgoing infrared radiation within the Eartatenosphere and is perceived to have increased
global surface temperatures (Wang et al., 2010 &eadioxide concentrations within earth’s
atmosphere have increased from 280 to 378 partsiieon by volume (ppmv) between the
years 1750 and 2007 and have been projected taseat the rate of 1.5 parts per million by
volume (ppmv) per year (Wang et al., 2010). Nitroygle (NO) and methane (G
atmosphericoncentrations have increased, respectively, frétht@ 314 parts per billion by
volume (ppbv) and 700 to 1745 parts per billionvbiume (ppbv) during the same time. Most of
these GHG increases are attributed to fossil foslblustion and modified land use practices
(IPCC, 1996).

As temperature continues to rise and precipitab®comes more variable and
unpredictable, climate change is projected to ihpac general environment (Kotir, 2011). A
rise of 2°C in the atmosphere has been predicteduse increased frequency and intensity of
floods and storms, water resource shortages, foodagyes, and greater depth of seasonal
permatfrost thaw (Beddington et al., 2012).

The climate of Sub-Saharan Africa has already shaigmificant variability in average
temperatures, amount of rainfall, and frequencyiatehsity of extreme weathers such as floods
and droughts (Kotir, 2011). Climate change may keadduced crop yield due to shortening of
crop growing seasons, decrease in plant availahtervdue to higher evapo-transpiration rates,

and poor vernalization of cereal crops in tempemag@ns (Parry et al., 1999; Parry et al., 2005).



Vernalization is important because it reduces ilesrof winter crops entering the very cold
sensitive reproductive development stage, thereyaing the danger of low temperature
damage (Fowler et al., 1996). Lack of vernalizattan result in low flower bud initiation that
can subsequently lead to yield reductions in wintieeat in temperate regions (Parry et al.,
1999). A rise in temperature may also increaseahge of many agricultural pests and their
ability to overwinter and attack spring crops (Satmber and Tubiello, 2007).

Climate change may affect agriculture in develoged developing countries in different
ways (Parry and Rosenzwig, 1994). Global climatel@h¢GCM) simulations have predicted
positive changes in crop yields in middle and Hegliudes where many developed countries are
located and negative changes in crop yields inl&aitudes where many developing countries
are located (Parry and Rosenzweig, 1994; Tubi¢lid. £2000; Parry et al., 2005; Kotir, 2011).
Climate change may also increase dependency ofageng countries on imports from
developed countries and will decrease food securiub-Saharan Africa and perhaps South
Asia (Schmidhuber and Tubiello, 2007).

It is estimated that agricultural practices maydmponsible for about 20% of all GHG
emissions (Follett et al., 2005; Wang et al., 20A®pout 60% of pre-settlement soil organic
carbon (SOC) in temperate regions and 75% of SQfopical regions have been decomposed
or eroded away by plow-based tillage, thereby emgithbout 23% of present GHGs into the
atmosphere (IPCC, 1996; Lal, 2004a). Depending upanagement practices, agriculture can
either emit CQ or sequester COLal and Kimble (1997) noted that changing prairie
grasslands, forests, and woodlands into agricullanas has increased C effluxes from soil to
the atmosphere. Tillage increases soil organiceng&OM) oxidation by exposing a greater soil

surface area to oxygen and increasing SOM-soilab&icontact (Lal and Kimble, 1997; Warren



Wilson College, 2012). Tillage disturbs soil biojotprough disruption of soil structure, rate and
capacity of supplying water and nutrients to cr@g] long-term soil productivity and economic
profitability (Lal, 1991). Agricultural practicesalwe led to the depletion of SOC through
deforestation and biomass burning, wetland drainggeoval of crop residues, and the use of
summer fallow (Krull et al., 2012). According to&hod et al. (2003), summer fallow interrupts
the balance between mineralization and immobilmaprocesses and subsequently increases
soil moisture and temperature conditions that eob&OC oxidation.

Higher soil temperatures may increase the rateinéralization of SOM, which may
decrease the integrity of soil structure, subsetiydecreasing plant available water, and
inhibiting nutrient cycling (Bhati and Tarnocai,@). Soil OM generally decreases as
temperature increases due to increased microlialtggParr et al., 1990). Depletion of SOM
reduces long-term soil fertility and crop produitftyincreases soil crusting and compaction,
increases soil susceptibility to wind and wateiserm, decreases soil aggregation and aggregate
stability, reduces plant nutrients, and reducelsnsmrobial activity (Allison, 1973; Lal and
Kimble, 1997). Therefore, GHG concentrations haeeome a major concern to global citizens,
government policy makers, and many scientists Ismcatitheir possible link to rapid climate
change and subsequent impacts on food productidagucultural sustainability.

Agronomic Management of Winter Wheat to Improve Yieldsand Soil Quality

Winter wheat Triticumaestivum L.) is a native of southwest Asia and is parthaf t
Poaceae family of grasses (Kumar et al., 2012)t&iwwheat is seeded in mid-September
through early December and harvested from mid-amaeearly July. It is a fast growing crop
that has the ability to suppress annual weeds giirdts rapid spring soil coverage and possible

allelopathic effects (Kumar et al., 2012). Hard (E&R) winter wheat is more winter-hardy than



soft red (SR) winter wheg®inger et al., 2005naking it a better option for growers in North
Dakota. Field experiments in North Dakota have alsied that HR winter wheat usually
produces higher yields compared to HR spring w(igati cum aestivum L.) (Entz and Fowler,
1991).

Winter wheat is grown throughout the US Great Rlaue to its ability to capture moisture
during the late fall, winter and early spring seesdn much of the Great Plains, moisture is less
during mid and late summer. However, winter wheat increase its water use efficiency (WUE)
by reducing the time for evaporative soil wateslaad maximally utilizing the water during
snowmelt in the early spring. More extensive anepee root development as well as higher
transpirational leaf area in the early seasonialgooves greater early season water use
efficiency. Earlier spring growth of winter cromsan important contributing factor to the higher
productivity of winter wheat compared to other g@oown in the spring and summer (Entz and
Fowler, 1991).

Winter wheat provides benefits to growers thalude higher and more consistent yields,
reduced cost of production, increased profitahiliseater soil moisture recharge, reduced soil
erosion, improved water quality, improved soil sture, diversity to crop rotation, and wildlife
habitat (Ducks Unlimited, 2012). “Including winteheat in crop rotations with summer crops
improves control of problem summer annual and peatmveeds, reduces the incidence of
residue-borne fungal diseases, and is an excalbemte of residue cover for reduced tillage
systems” (Staggenborge et al., 2003). To achiexsetbenefits, management of pests and
diseases and timely application of fungicides, toaibs, and fertilizers is essential for increasing

winter wheat productivity.



In no-till production, winter wheat should be segdi@&ectly into standing stubble (Ducks
Unlimited, 2012; Nleya, 2012). Consideration shdugdgiven to whether the previous crop
residue height is sufficient to catch snow to peoteinter wheat from extreme cold
temperatures. Standing stubble should have thigyatioiltrap about 51 mm (2 jrof snow to
ensure winter wheat survival during the winter seg®ucks Unlimited, 2005). Singer et al.
(2005) found that snow-covered fields tended todase winter wheat survival in lowa.

Another important management strategy of winteravieapplication of N and P
fertilizers as well as selection of appropriateet@es. Nitrogen application to winter wheat is
important not only for yield but to achieve adeguaitotein content. Research in North Dakota
and Montana has indicated that 30 kg N/ha (0.08l/bu) is needed to achieve 12% protein in
winter wheat (Ducks Unlimited, 2012). In southeribétta, researchers found fall application of
control released urea (CRU) and side-banded ureadsSeptember more effective in increasing
grain yields, protein content, and N uptake thadsaaced urea in a no-till winter wheat
production (McKenzie et al., 2008).

Winter wheat gradually releases its immobilizecNite subsequent crop after residue
decomposition (Kumar et al., 2012). Their studyorégd that winter wheat makes residual N
available for the succeeding crop during the grogvdeason although more N fertilizer is usually
applied to subsequent crop after the wheat. Inlhprdduction, observing and predicting the
impacts of crop residue on nutrient availabilityeoboth short-and long-terms is a nutrient
management challenge (Schoenau and Campbell, 198&)gen returned to the cropping
systems through crop residues from previous ydarsopping systems should be accounted for

because it replenishes SOM reservoirs (Grant €2@02). Therefore, N management can be



complicated by the influence of the previous cregidue and residual soil-NO on N
availability to the following wheat crop.

Winter wheat that immediately follows summer crepsh as soybea®lycine max L.)
and grain sorghunprghum bicolor L.) needed different management strategies for each
previous crop to maximize yields (Staggenborg e2803). Wheat following grain sorghum
required about 21 kg N/ha more N fertilizer to ease yields than wheat following soybean in
Kansas (Staggenborg et al., 2003). Greater N rexpgint for wheat that succeeded grain
sorghum was attributed to the greater residue mexlby grain sorghum with low N content
(Staggenborg et al., 2003). Their study recommetitizidan additional 24 kg N/ha should be
applied when winter wheat follows grain sorghum paned with N rates when winter wheat
follows soybean. Phosphorus helps winter wheatigeiwinter by promoting early root growth
and fall tillering (Ransom et al., 2012). Selectadrwinter wheat varieties that have performed
well over many years at different experimental taoes nearby crop fields can also increase
winter wheat survival and yields (Ransom and Mckiull2008; Ransom et al., 2012).
Characteristics to consider when selecting a wiwtezat variety include winter hardiness, yield
potential, protein content, maturity, test weighsease and insect resistance, coleoptile length,
lodging resistance, baking quality, and yield digb{Nleya, 2012).

Application of fungicides to control winter wheaseéases is important to maximize yields.
Research trials conducted from 2001 to 2004 at NEfsidd most consistently high winter
wheat yields with split application of fungicidd3ucks Unlimited, 2005; Ransom and
McMullen, 2008). Application of foliar fungicidesas also an important management practice
for wheat seed growers in regions where foliaraliss affected overall grain yields (Kelley,

2001). Fungicides were most beneficial where whedta relatively high productive potential.



Management of Cover Crop Residueto I mprove Soil Quality

Management of cover crop residue prior to plantirgsubsequent crop can be an
important component of the crop production managersgstem (Kuo and Jellum, 2002). Wheat
stubble is more effective in protecting the soiface when standing than when laying on the
soil surface (Allison, 1973). It is a good resicupeirce that provides soil and environmental
quality benefits when left on the soil surface @atill cropland (Kumar et al., 2012). Winter
wheat usually produces about 4.4 to 11 Mg@hi@sidue of dry biomass (Kumar et al., 2012). Its
residue contains about 44% C and 0.45% N and,foretehas a C:N ratio of approximately 98:1
(C:N =44/.045 = 98:1) (Kumar et al., 2012). Theparted that winter wheat returns about 363
to 998 kg (800 to 2,200 Ib.) of C and about 1168&kg N/ha (9 to 23 Ib. N/ac).

Winter wheat provides a more favorable soil surfameer and has the ability to anchor
previous corn and soybean residues, increase wéteation, and reduce both rill and inter-rill
erosion (Singer et al., 2005). Therefore, residability is important for soil erosion
management and long-term nutrient supply. Winteecarops, including winter wheat, reduce
the potential for N@N leaching through absorbing and storing N inglat tissue during late
winter and early spring, thereby absorbing sprimbwsater and reducing water percolation
(Weinert et al., 2002). The incorporation of theideal NQ-N into the plant tissues helps
reduce N leaching and denitrification. Cover cropstribute to sustainable crop production by
increasing SOC, improving soil structure and aggregtability, conserving soil water, and
reducing runoff and soil erosion (Frye and Bleviti339).

Additional cover crops commonly grown in North Dé&kare forage radisiRéphanus
sativus L.) and field peaRisumsativumL.). Forage radish roots contain about 80% water and,

therefore, degrade more easily than many coversdiidpffbeck et al., 2008). Forage radish is



partly grown in parts of the US to reduce soil cactmpn and increase residue decomposition
although its role in alleviating compaction in Noakota is minimal due to the shrink-swell
characteristics of native smectitic clay dominatets in the state. Forage radish helps alleviate
soil compaction through penetrating dense soilragad producing channels that increase water
infiltration rate, improve soil aeration, and all@@eper root penetration when the soil is dry.
The process of root penetration into the compastédayers to create channels is sometimes
called “biological drilling” (Hoffbeck et al., 20Q08Their study also found that radishes increased
microbial activity and degradation of excess wheaidue which makes seedbeds warmer and

drier in the spring for corn planting.



REVIEW OF LITERATURE

Effectsof Agricultural Production on Greenhouse Gas (GHG) Emissions and Soil
Quality

Climate change is defined as long-term changesmpérature, precipitation, wind, and
other elements of the Earth’s climate system (Eo@01). In recent times, interest in climate
change has increased across the globe. A majoenoigthe increasing level of atmospheric
GHGs (IPCC, 2001) that many scientists believecargributing to climate change. About 80
ppmv CQ concentration in the earth’s atmosphere was refefasm agricultural activities prior
to industrialization (Desjardins et al., 2002).eimsive agricultural practices and unsustainable
land uses have increased atmospherig @@centratiomnd rapid degradation of soil and water
resources since then. Mechanical preparation adeékebed is a predominant agricultural
operation that exacerbates soil degradative presemsd intensifies the rates of SOC
mineralization and decomposition (Kimble and L&9T).

Agriculture has been implicated in greenhouse gassons and global climate change
because numerous studies have indicated tha ipisicipal contributing source of emissions
and accumulation of GHGs in the earth’s atmosp(feaestian et al., 1997a). Their studies have
indicated that past anthropogenic £#nissions have contributed about 50 Pg SOC in the
atmosphere through SOC mineralization in tilledss@griculture accounts for 20% of the
annual increase in all human-induced greenhousssems (Follett et al., 2005).

Increased use of fossil fuel for energy productiod land use changes for agriculture
production have also increased the concentratibgeeenhouse gases in the earth’s atmosphere
(Watson et al., 1996). Intensive agricultural pias have resulted in the loss of 50% of the
original SOC in the first 25 years of cultivatiagtson et al., 1997). Most soils already

converted to agricultural lands have lost 30-50% 18 tons SOC per acre) of the original SOC



level (Cihacek and Ulmer, 1995). As cultivationeinsifies, initial SOC levels drop until some

improved conservation management practices aretedlepd implemented (Fig. 1).
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Figure 1. Changes in the long-term storage anaselef soil carbon as G@s a result of
agricultural practices (Janzen et al; 1998; obthinem Follett, 2001).

Agriculture activities have also increased the @eralization by bringing SOC into direct
contact with microbes and exposing SOC to oxyge &hd Kimble, 1997). Soil OC
mineralization rates are about 2% per year in teatpeclimates and 5% over per year in tropical
climates (Woomer et al., 1994). In general, SOMlgvecrease as temperature increases due to
increased microbial mineralization rates and lerjtmineralization rates during a year (Parr el
al., 1990).

Effects of Conservation Cropping Systemson SOC

Cropping systems are defined as crop rotationsagadciated agricultural management
operations that make the crop rotations possiblan@\ét al., 2010). An ideal cropping system
should produce and return enough organic C todhecsat least maintain SOC levels. Intensive

cropping systems and reduced tillage is requirgédace SOC losses in the Northern Great
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Plains soils (Cihacek and Ulmer, 1995; Halvorsoal ¢2002). Cropping systems that reduce
tillage and increase soil surface residue tendd¢eease SOC in agricultural soils. Soil OC
sequestration can also be augmented in agriculamdb by adding sufficient plant residue
biomass (Follett, 2001).

No-till systems are variants of conservation tdéagactices that minimize soil disturbance,
increase soil surface residue, reduce erosioninmnease SOC (Franzluebbers, 2011).
Agricultural soils under conservation tillage, espy no-till production, can also increase SOC
necessary to increase food production and agriallswstainability (Wang et al., 2010).
Adoption of no-till and continuous cropping systeinas the potential to reduce €loss from
croplands through capturing and storing SOM (Be#lle 2003). Reduced tillage increases SOC
because it decreases the mixing and aeration pfresadues and promotes the stabilization of
aggregates in the soil surface. No-till managemes#,of cover crops, diverse crop rotations,
and appropriate fertilizer and manure applicaticens help capture Gand store SOC
(Desjardins et al., 2002). Soil OC levels can hgeeked to increase beginning from 5 to 10 years
of start date and reach a higher SOC steady stdt® io 20 years using no-till production (Liu et
al., 2006).

Nitrogen rate experiments conducted in North Dakatan 1971 through 2009 suggested
that spring wheat in no-till systems required Ig®rtilizer compared to conventional tillage
(Franzen et al., 2011). Spring wheat under coneaatitillage required a 146 kg N/(EB0 Ib.
N/ac)to attaina 2.7 Mg/hgield, while no-till system required less than ak@ON/ha (80 Ib.

N/ac) to achieve the same yield. The study alsorte@ that no-till systems in eastern and
western North Dakota required about 56 kg N/hall§50l/ac) less to produce similar yield and

protein content compared to conventional tillagetems.
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Effectsof Crop Rotation on Soil Quality and SOC Sequestration

Crop rotation can be defined as a cropping systewhich one or more crops are
alternated in the cropping system over a perioahaod on the same piece of land (West and Post,
2002). They reported that crop rotation complegan be increased through: (i) a change from
monoculture to continuous rotation cropping syst@ina change from a crop fallow system to a
continuous cropping rotation system, and (iii) @ase in the number of crops used in the
rotation cropping systems.

Crop rotation can influence soil health by impraysoil aggregate, maximizing crop
efficient use of soil water and nutrients, provglenbetter weed control, and reducing insects
and diseases lifecycles (Carter et al., 2003)ubich of legumes into corn cropping systems
resulted in higher corn yields, N cost savings, S@questration, and GHG emission reductions
(Meyer-Aurich et al., 2006). Crop rotation systegfigciently reduced long-term yield variation
better than monoculture systems and increasedsolaC and N concentrations (Varvel, 2000;
Kelley et al., 2003).

Crop rotations which maximize soil C inputs and mi&n a large quantity of labile C are
essential for creating sustainable cropping sys{@usrstreet and Dejong-hughes, 2009).
Intensification of cropping systems and reductibfatlow frequency can improve total crop
production over years, increase C inputs, and asg&OC (Campbell et al., 2001). Campbell et
al. (1999) found higher SOC levels in a wheat-legotation than in wheat monoculture. The
difference in SOC levels was attributed to morecefht conversion of plant residue C to SOC in
the wheat-lentil rotation system compared withwulieeat monoculture systei@awyer et al.
(2006) reported that lower rates of N fertilizemraveequired for a corn crop when corn followed

soybean than when corn followed corn (Sawyer e806). The US Corn Belt states (lowa,
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Minnesota, Nebraska, and lllinois) have reduced theecommendation rates when the
preceding crop is soybean. Including legumes irop otation not only reduced chemical
fertilizer N inputs but also reduced the use ofiiogiel required to make N provided by legumes
(Campbell et al., 2001).

Greater residue biomass and SOC sequestrationvievelfound in crop rotations in which
legumes and non-legumes were alternated (MeyercAwt al., 2006; Wang et al., 2010). Total
dry weight and N content of crop biomass producsdapunit area was greater when legumes
and non-legumes were planted in a mixture than velaeh crop was planted alone (Allison,
1973; Carter et al., 2003). A 15 year study thgrahted corn and soybean observed larger total
biomass in the corn-soybean rotation than corrogibaan in monoculture (Drinkwater et al.,
1998).

Use of Soil Quality Indicatorsfor Soil M anagement

Indicatorsare metrics which show desirable or undesirablegésin land, water, and
vegetation management that may have happened ohamgen in the future (Dalal et al., 2003).
Effects of agriculture on soil quality and soil duativity can be observed through changes in
soil quality indicators. Soil quality indicatorsrche monitored through field observation, field
sampling, remote sensing, survey, and gatherirgxisting information to determine changes in
the various ecosystems (Walker and Reuter, 19%9fl)g8ality indicators are important soil
evaluation tools for: 1) maintaining and enhancdimg soil conditions; 2) evaluating soil
management practices and techniques; 3) relatihqusality to the quality of other resources
(e.g., surface-and groundwater quality); 4) colferthe necessary information to determine
trend of changes; 5) determining trends in soiltheand 6) guiding land manager’s decisions

(USDA-NRCS, 1996).
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General Review of Crop Residues

One management practice that has been proposedréase SOC storage is the use of
crop residues (Lal, 20)1Crop residue was defined as a biomass that leaslbt in the
farmland after grains and other economical comptsnleave been removed (Lal, 2011).
Biomass has been defined as a “wide range of plashianimal-based products including grass,
short rotation trees or woody/herbaceous perenraalsal waste, by-products of food
processing and timber industry, agricultural pregegand crop residue” (Lal, 2005).

The areal extent of major crops produced in thdddnGtates are in order of corn > wheat
> soybean (Blanco-Canqui and Lal, 2009). The gtyaaficorn, rice, sorghum, wheat, millet,
barley, and rye in the USA and in the world in 20@s about 0.5 xP0g/yr (Mg = 1000 kg)
and about 4x1DMg/yr (Mg = 1000 kg), respectively, (Lal, 2005h& average of this crop
residue contains about 0.8% N (8 g N/kg), 0.1% B PIkg), and 1.3% K (13 g K/kg) (Lal,
2011). Crop residue is about 40% to 45% of thd adiaveground crop biomass on a dry weight
basis (Lal, 1997; Lal, 2011).

Small-grain cereals provide the most important ecegpdues for soil and water
conservation and soil surface management (Lal, 1 ®Wall-grain residues always have a high
straw: grain ratio, low oxidation potential, an@iC:N ratio. The high-residue property of
cereal grains makes them an ideal resource focewedr and SOC sequestration over a long
period of time. Crop residue nutrient concentrat®determined by the season, management,
time of crop harvest, and location (Wortman et2008).

Quantity of residue biomass is influenced by sodldy, eco-regional properties, cropping
systems, soil and crop management practices, andtat conditions (Lal et al., 1998).

Transformation of residue into SOM is influencedtigye, quantity, quality, and management of
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residue (Franzluebbers, 2009). Temperature andptige®mn have an important effect on
residue-derived SOC because different amountssadues are required for warm and cool
regions to achieve a significant level of SOC sstraéion (Blanco-Canqui and Lal, 2009). Thus,
warmer climates require more residue cover thatecatimates.

Age of crop residue also influences soil moisture eemperature. Fresh residue which is
denser than aged residue provides more solil suifigaation and, thereby, reduces evaporation
and temperature (Sauer et al., 1996). They notdrbsh residue provided a greater soil cover
and solil surface reflectance due to more leavesttimaged residue.

Effectsof Crop Residue on Soil and Water Conservation

Crop residue mulch is an important component dfsoface management because residue
improves soil and water conservation, maintains $S@hd augments soil microbial activities
(Lal, 1991). Residue-covered no-till systems helpease aggregate stability and maintain the
continuity of soil pores which, therefore, increagdiltration rates and mitigates soil erosion
(USDA, 1996). Reduced tillage systems in conjumctath surface residue retention can
increase soil water by increasing infiltration rated reducing the runoff (Van Donk, 2010; Wall
and Thierfelder, 2012). Leaving more standing aesgidue captures more snow and anchors it
where it falls during the winter, thereby storingna soil water when the snow melts.

An increase in SOC due to residue retention has asgociated with increased water
infiltration rate, reduced evaporation rate, imgadsoil internal drainage, developed extensive
and deeper root systems, and increased yields@halli1973). Residue degradation in winter
enhances the partially weathered residue capacgtote more water than fresh residues

(Wilhelm et al., 2004). Crop residue left on thd sarface in Kansas was important for soil and

15



water conservation during the non-growing seasartla@ next growing season (Klocke et al.,
20009).
Effectsof Crop Residueon Crop Yields

Crop residue conserves water and soil moisturerfgy growth and yield increase. Power
et al. (1986) observed an increase in corn andesoylields in fields where residues were
retained on the soil surface compared to the codsaybean fields where residues were
removed. A strong relationship was found betweep grelds and increased SOC from an
increased root biomass and quantity of residuedymed and returned to the soil (Reilly and
Fuglie, 1998).

Research conducted in the West African Sahel regdhe greatest millet grain and straw
yields, increased water and fertilizer use efficigrand increased SOC under residue retained
conditions (Yamoah et al., 2002). Wilhelm et aB&@) found an increase in grain and residue
yields from residue additions under a corn-soykegation. The increase in grain and residue
yields in both corn and soybean was attributedatewconservation from residue retention on
the soil surface.

Effectsof Crop Residue on Soil Physical Properties

Plant residue retention and tillage managementipescaffect soil physical properties that
are important for capturing water, conserving sl increasing infiltration (Shaver, 2010).
Bulk density is a parameter that is always affettgdtillage (Aparicio and Costa, 2007). No-till
production increases surface residue which, in tafluences bulk density (Shaver, 2010). A
10-year study reported bulk densities of 1.51 Mg/mm47 Mg/, 1.44 Mg/ni, 1.48 Mg/nd for
0, 50, 100, and 150% quantities of residues appiig¢de soil surface, respectively, (Power et al.,

1998). Analysis of effects of residue managemergamhporosity reported porosities of 43.5 %,
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44.2%, and 45.7% for harvested residue, normalluestover, and for double residue cover
treatments, respectively, (Karlen et al., 1994 iftrease in soil porosity was attributed to
plant residue production and its retention on thiessirface.

A 10-year study under residue no-till system shohigtier macro-aggregate stability in a
double residue retained treatment compared to Heanthremoved-residue treatments (Karlen
el al., 1994). Increase in soil aggregation is irntgodt due to its positive effects on bulk density,
porosity, and water infiltration and use efficier(@arter, 2002; Shaver, 2010). Well-aggregated
soils are very productive because they allow sésmtement, seedling growth, nutrient uptake,
and water absorption (Blanco-Canqui and Lal, 2088}l aggregation conserves and protects
SOM and allows the preserved SOM to act as a poglant nutrients and energy (Carter,
2002). Aggregate SOM serves as an indicator ofpsoineability and erodibility because it
regulates air and water infiltration rates as \aslkoil stability (Feller and Beare, 1997).
Effects of Crop Residue Removal

Removal of crop residues reduces C input and mitegcling, increases surface sealing
and crusting, reduces soil aggregation, decreasesand habitat for soil microorganisms, and
reduces soil quality (Blanco-Canqui and Lal, 200®sidue removal can increase soil erosion
and runoff and increase soil crusting and compactemoval, burning, and soil-incorporation
of crop residues can increase erosion, depletdestlity, pollute surface water sources and
contaminate groundwater resources (Lal, 1997)udysteported that removal of crop residues
removes potential soil cations such as Ca, Mg,kamthich subsequently reduces soil pH
(Wortmann et al., 2008; Blanco-Canqui and Lal, 208&moving 907 kg (1 ton) of corn residue

is equivalent to removing cations containing alddiikg (35 Ib.) of agricultural limestone
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equivalent. Residue removal may increase N, P Kadeficiencies as well as remove other
essential nutrients important to crop productiota@@o-Canqui and Lal, 2009).
Description of COMET-VR

CarbOn Management Evaluation Tool-Voluntary RepgriCOMET-VR) has been
proposed for use by farmers and ranchers to gyaamid report SOC sequestration and GHG
emissions on their farmlands. The model was deeeldyy the Natural Resources Conservation
Service (NRCS) of USDA in collaboration with resdaars at the Natural Resources Ecology
Laboratory (NREL) at Colorado State University (NRQ003-2004). The COMET-VR is a
decision-making tool that can be used by agricaltproducers, agro-foresters, land managers,
soil scientists, and other agricultural interektprovides a web interface to a database that
contains land use data and determines in realtimannual SOC changes using a dynamic
CENTURY model. It is available at http://www.cometolostate.edu. The model also helps
producers and ranchers to voluntarily report tleid management changes under section
1605(b) of the 1992 Energy Policy Act. The 1605#@gtion of the Energy Policy Act created a
voluntary reporting program for GHG emissions aediuctions. Under the 1605(b) section, there
is a registry that allows the users or producekstontarily report SOC sequestration and GHGs
emissions reductions annually. Under the prograsersior producers are allowed to enter their
location information, SOC storage, fertilizer applion, emissions information, and fuel usage.
This information is available at climate change srah
http://soils.usda.gov/survey/global_climate_chahiyel.

The model provides farmers with an opportunityxpeziment using different management
options to determine what management changes rageeGHG emissions. Farmers who adopt

management operations that capture and storelt isdils are able to sell the stored SOC to
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intermediary buyers who seek to offset GHG emissi{@merican Society of Agronomy, 2007).
Farmers are also required to document and prowedé&ocation that their management practices
have increased SOC stocks on their farms. The COMETnodel has the following features
that are available at (ftp://ftp-
fc.sc.egov.usda.gov/AIR/AAQTF/200809201009/200908sdoines IA/AAQTF_ 200909 Pau
stian.pdf) (Paustian, 2009).

* Web-based, easy to use

* Incorporates effects of different soils typeaneltic conditions, and land use history

* Allows for wide range of management choices

» Uses state-of-the-art science

* Quantifies uncertainty

 Fast response time 1-2 seconds

Each run in the model is based on users’ inputa famique parcel that is located in their
entity (field) or sub-entity (sub-field). A parcels defined as an “area of land that has uniform
soils and common historical and present day drana®p rotations, and grazing or tillage
management” (COMET-VR, 2012). Users input datatierCOMET-VR execution process are:
parcel location and size; soil characteristicst pasl present crop rotations and tillage or
rangeland practices. Users choose menu optionsedect inputs based on the regional
characteristics.

Users are required to keep records of their indi@igharcel estimates and add these
estimates to make entity or sub-entity level estanarlo log into the COMET-VR system, users
can access the model at http://www.cometvr.colestdt) and then execute seven general steps.

These steps include state selection, county seteqiarcel (farm) selection, soil selection,
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rotation selection, tillage selection, and fuel &exdilizer selection as explained by Yellajosula
(2010).
CSRA Data Gathering Process

The Carbon Sequestration Rural Appraisal (CSRAjaina a series of data sheets that
detail historical land-uses and dominant managemectices such as drainage, irrigation, crop
rotations, tillage and fertilization, and grazingeotime. The input data in CSRA was used for
land management and cropping system histories ne@ons in the United States. Examples of
such areas where a team of NRCS experts workegta the required information into the
CSRA were Indiana, lowa, and Nebraska (Yellajos24,0). The data sheets were put together
by experts in each Land Resource Region (LRR). €qumently, the model focuses on the US
Corn Belt cropping systems.

To gather the data, individual Land Resource Re(i®®R) maps that described the
specific land cover such as irrigated and non-ateg agricultural lands and the area in each
category were developed. More data information egdigected at the county levels to address
management decisions that were important for croduyction. This information included
irrigated or non-irrigated crop rotations, fallowiperiods, fertilizer rates and timing, tillage
events and timing, crop yields, grassland type,fliequency, fertilizer rates and timing, and
grazing intensity and duration. Where necessariR&A&ata was compared with other published
data for their validityExperts collected data from 1890 to the preserg.tiddditional data was
obtained from tillage practices that included maolaifal plow to the current conservation
management practices. Any information related taunause and inorganic fertilizer
applications were obtained from local farmers. Tokected information was entered into a GIS

system.
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Finally, based on the specific information that wasained from each area, maps were
created for those locations. The results were agzgdrand reported in a way that would make
the voluntary reporting convenient for potentiagrssto report their individual GHG emissions
and SOC sequestration rates in their fields tdxl& DOE. The compiled data collection is
available at http://www.cometvr.colostate.edu/abotd accomplish the data entry, a data for
each parcel of the land was entered into the CS®¥ch had land use and main management
practices such as drainage, irrigation, crop rotgatiillage and fertilizer application, and grazing
information.

Interaction of COMET-VR Web Interfaceand CENTURY Run Controller

The web interface has the ability to collect therissinformation and build the needed

history details from the SQL database (Fig. 2). Gbléected information is then sent by the IIS

WEB server through an APACHE WEB server to the CBEIRY Run Controller.

Modeling Procedure

Century SOM
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Land Use and Mgmt
Data (CSRA/NRI) /

WEB
INTERFACE

Spatial Data: —
Soils and Climate l \

Results 1605b

Responsereturned @E m

in < 5 seconds o

Uncertainty
Estimator

R PP P

Experiments

Irtip A www.comenvr.colostate.edr/

Figure 2. Diagrammatic view of interaction of COMER model and CENTURY model for
estimating SOC fluxes.

The controller develops each user’s unique histmi calls the CENTURY executable to

calculate the C fluxes and estimates the assoaietegitainty. Based on the management
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information a user provides, C numbers and uncext&stimates are returned to the COMET
database where the web interface extracts the ppat® fuel C and returns the user’s results in
the form of two tables (USDA-NRCS, 2012) ( Fig. Bhis process usually takes about 2 to 4
seconds to create a fully personalized report o $@anges and associated uncertainty values.
Reporting SOC Storage and N,O Fluxes

Users run the COMET-VR to generate and estimat@aheel level information of soil C
and N fluxes and keep their own records. Whenrpatidata in the COMET-VR is submitted,
the web interface will run the CENTURY model to guoce SOC estimates and provide results
to the user through a web browser. The result sumasainput data and provides an estimate of
SOC fluxes for the parcel and associated percesdgrtainty. The uncertainty represents a range
around the estimate that is defined by + the peagenof the value within which the true value is
95% likely to fall.Soil OC flux rates are determined on long-term dgilamics.

Parcel SOC estimates can remain valid for a periden years. This means that users may
use the same SOC and\information for a parcel for up to ten yearshié cropping rotation or
tillage system has not changed over the past r@eoiid. But when changes happen in rotation
systems or tillage management practices on the pangel, a new query of the COMET-VR
must be initiated. Under new tillage or rotatiomebes, all input data will remain the same but
entries for the Report Period rotation and tillpgactices will change.

If no-till practices are stopped and intensiveeastuced tillage system is adopted, the bulk
of C that was previously stored in soils under appate management systems will be assumed
to have been re-emitted to the atmosphere. Undecdimdition, changing from no-till
management to intensive or reduced tillage wildlemSOC losses that are similar to the sum of

all reported SOC sequestration for that period. kMihés condition occurs, users will not be
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required again to use the COMET-VR to estimate $83€es. However, they will be required to
refer to their own previous records to estimate 363Ses.
Description of CENTURY MODEL

The CENTURY model is used in the background inG@&MET-VR to estimate SOC
fluxes under different soil management practicesp€, and climatic conditions. CENTURY is a
multi-purpose ecosystem tool that was developeasutiir the collaborative efforts of Colorado
State University and the USDA-ARS to determine3i@C changes in the Great Plains
grasslands (Parton et al., 1987). The CENTURY mbéddlbeen used to estimate and establish
the long-term dynamics of C, N, S, and P on thetiigibasis. It has also been effective in
providing reliable measurements of SOC changesdrdepth of 0-20 cm in the topsoil (Smith et
al., 1997). It was also developed to simulate tmmmn C, N, P, and S changes in grassland
ecosystems (Parton et al., 1987).

The model is comprised of three SOM pools suclcagea slow, and passive with
different potential decomposition rates. An activganic fraction represents organic matter that
is still undergoing a decomposition process whdéhlslow and passive organic fractions
represent extensively decomposed and recalcitrgan@ fractions, respectively. The active
fraction (SOM1C(2)) represents soil microorganismd microbial products and has a turnover
time of months to a few years, depending on theatic conditions and soil texture. Slow pool
(SOM2C) represents a resistant plant materialltaatbeen derived from the structural pool and
soil-stabilized microbial products that have beeriwgd from the active and surface microbe

pools (Cole et al., 1993). The turnover time of kv SOM pool is 20 to 50 years.
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Figure 3. Diagram of major organic C state variasld C flows in CENTURY (COMET-VR,
2011) (adapted from CENTURY, version 4.0, manual).

The passive SOM pool is comprised of physically eimeimically stabilized SOM and is
very resistant to decomposition. The passive SOM pas a turnover time of 400 to 2000 years.
Cole et al. (1993) reported that proportions ofdeeomposition products that that enter the
passive pool from the slow and active pools in@esith increasing clay content. Although the
CENTURY model cannot be substituted for a diretitrestion of SOC under different
management systems, it allows incorporation ofotarifactors which control decomposition
processes on SOM changes.

Description of Revised Universal Soil Loss Equation-Version 2 (RUSLEZ2) Model

Removal of the topsoil has been shown to have rdateterious consequences on soil
productivity and environmental quality (Obalum kbt 2012). Soil erosion is a process by which
soil particles are displaced by forces of wind armder. It occurs when soil particles are

separated from the entire soil mass and transpeaeetwhere else as sediments or dust. Erosion
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can be a fast or gradual process that reduceprsailictivity in such a way that reduction may
not be noticed until agricultural land is no longeonomically suitable for crop production
(National Soil Erosion-Soil Productivity Researdarihing Committee, 1981; Nyakatawa et al.,
2001; Obalum et al., 2012). However, catastroplosiens from torrential rainfall or dust
storms are easily noticed.

Quantifying and predicting soil loss under différeropping systems and crop
management systems require statistical tool (Hegdi613). Producers and land managers can
use soil erosion prediction models to address theg-term land management planning under
natural and agricultural conditions (Angima et 2003). A model that has been widely accepted
and used within USA to predict erosion rates amfinsent yields is the revised universal soil
loss equation (RUSLE2). The RUSEL2 model was coliatively developed by Agricultural
Research Service (ARS), Natural Resources Consamaervice (NRCS), and the Biosystems
Engineering and Environmental Science Departmettietniversity of Tennessee (RUSLE2,
2013).

RUSLE2? is a new mathematical model that uses empsin a computer program to
estimate erosion rates. It uses a modern and polesér interface rather than the text-based
interface that RUSLE1 uses. RUSLE2 has improvedptaational procedures and, therefore,
provides useful output that can be used for comsienv planning. RUSLE?2 estimates soil loss,
sediment yield, and sediment characteristics fnlrand inter-rill erosion caused by rainfall and
runoff. It evaluates potential erosion rates atgjesites, guides management decisions and
conservation planning, inventories erosion rates targe geographical areas, and estimates
sediment production on upland areas that mightinecgediment yields in watersheds. RUSLE2

is also a land use independent model. It estimeateson on cropland, pastureland, rangeland,
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disturbed forestland, construction sites, minedl Jaaclaimed land, landfills, military lands, and
in other mineral soils exposed to raindrop impact surface runoff (RUSLE2, 2013). RUSLE2
works best in croplands. However, it is not a ea&stimator of soil loss or residue cover.
Major FactorsUsed in RUSLE2

Parameters used in RUSLEZ2 to compute erosion iratlichate (erosivity, rainfall, and
temperature), soil erodibility, topography, covessmragement, and support management
practices. RUSLE?2 factors are represented by emuati = RKLSCP. Where: A = predicted
long-term average of annual sheet and rill sos imem a defined slope (Nyakatawa et al.,
2001); R = rainfall and runoff erosivity factor;¥Ksoil erodibility factor; L = slope length factor;
S = slope steepness factor; C = cover-managemeot;fand P = supporting practices factor.

Climate affects erosion through the amount of edirg#nd rainfall intensity and
temperature. RUSLEZ2 “predicts a linear increassheet and rill erosion with increasing rainfall
erosivity, which reflects the influences of botinfall depth and rainfall intensity” (Dabney et
al, 2012). Soil loss is high in Mississippi dudritense rainfall and low in Nevada due to its
desert-like climate (RUSLE2, 2013). About 60% df innual erosivity (R) happens in North
Dakota during June and July, when intensively-catgd row crops are vulnerable to water and
wind erosion due to low soil surface cover (RUSLE213).Increasing temperature and rainfall
can increase residue oxidation and surface roughdegradation, thereby making soill
vulnerable to soil attacking forces and runoff (Bap et al, 2012). In RUSLEZ2, climate input
values are used to describe weather at each lagatanty, and crop management zone.

Soil type has a major influence on the soil eroswme soil types are more erodible than
other soils. Soil texture and structure determimgeerodibility (K) of each soil. A soil that has a

high content of clay and sand is less erodible thaail that has high silt. High clay soils tend to
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be more resistant to detachment and, therefore loawK values. High sand soils tend to have
low K values due to their high infiltration ratésigh silt soils tend to have greater K values due
to their higher detachment rate. The K parametaesents the combined effect of soil
detachment, potential soil surface runoff, andtthesportation of the eroded soil from the soil
mass (RUSLEZ2, 2013). Soil characteristics are assidpy soil components and map unit.
RUSLEZ2 uses values for clay, sand, and silt fractim determine the distribution of the
sediment particle classes at the point of the detant. Applicable soils in RUSLE2 include
medium texture (best), fine texture (moderate)raméexture (acceptable), and organic texture
(not acceptable) (RUSLEZ2, 2013).

Topography affects soil erosion through slope stesp and slope length. Generally,
topography describes overland flow slope lengthslage length for eroding parts of hillslope,
steepness, and hillslope shape. Applicable topbagalpslope lengths include 15 to 91 m (50 to
300 ft.) (best), 15 and 91 to 183 m (50 and 3080@ ft.) (moderate), 183 to 305 m (600 to 1000
ft.) (acceptable), and greater than 305 m (100@rfat acceptable) (RUSLEZ2, 2013). Applicable
slope steepness includes 3 to 20% (best), 0 torkR@ to 35% (moderate), 35 to 100%
(acceptable), and greater than 100% (not acceptable

Land use is the most important factor that infllesnsoil erosion. Management practices
that minimize soil erosion include vegetative coweop rotations, conservation tillage, residue
retention, applied mulch, contouring, strip crogpiterraces and diversions, impoundments, and
tile drainage. No-till and mulch-till practice atftethe cover-management factor by reducing soil
degradation, reducing runoff, and increasing irdgtlon and SOM, which subsequently reduces

soil loss (Nyakatawa et al., 2001). Vegetationse @an important resisting force because it
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intercepts rainfall, restrains soil movement, ilases infiltration, reduces runoff, and improves
soil structure and aggregation (Huggins, 2013).
Calculating Soil Loss Using RUSL E2

RUSLE2 uses climate, soil, topography, land usgsparting practices, and site-specific
conditions to calculate soil losses (RUSLE2, 20IRUSLE?2 incorporates rainfall erosivity (R),
soil erodibility (K), and topography, and land usanagement that are associated with soil loss
by water (Nyakatawa et al., 2001). A user can s@e@me of a location under a menu list in the
RUSLE2 for each of the land specific factors tced®iine soil loss. When RUSLE?2 is executed,
a user chooses a name from the menu list for eladput parameters, and then RUSLE2
extracts the data that is associated with theseesdrom its database (RUSLE2, 20013).

A user may change values of particular parameters those stored in the RUSLE2
database to represent land use-specific conditedated to topography, yield, rock cover, and
type and quantity of manure and mulch applied (REE 2013). RUSLE2 works like a
spreadsheet because it quickly updates its calontain a cell as a user changes values for
particular variables. When using the RUSLE?2, a usay change values for specific variables if
the values in the RUSLEZ2 database are not pertinetite field conditions where RUSLE2 will
be applied. RUSLEZ2 opening screen provides a ugkrtwo options whenever its program is
operated (RUSLEZ2, 2013). The first option is toatweither a profile or worksheet to perform
soil loss calculations. The second option is toosieoa template. Templates are used to control
the appearance of the RUSLEZ2 interface to deterthmeomplexity of the field conditions to be
analyzed (USDA-NRCS, 2013). The RUSLEZ2 profile viewsed to determine a single
calculation of soil loss for one hillslope in oneld. Climate, soil, cover-management,

supporting practices, and topography of a speciferland flow path describe a particular
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hillslope profile. This is a template that a usan cise to build a rotation management system
(RUSLEZ2, 2013). A user that uses the profile viewalle to save rotations created in the local
(c) crop management zone (CMZ) file folder and iig®e the future to save entry time.

The RUSLE2 worksheet view is used to guide consenvglanning by calculating soll
loss for alternative conservation practices fondaum hillslope profile for a specific site, soil,
climate, and topography. The worksheet componentighes a convenient way to compare
alternative management practices. It is an impottaol to compute several soil loss alternatives
for one hillslope or one field (RUSLEZ2, 2013). TRESLEZ2 plan view is a template that is used
to compute soil erosion on multiple fields for cenation planning.

Sail Conditioning Index (SCI) and Soil Tillage Intensity Rating (STIR)

Within the RUSLE2 model, the SCI and STIR are usgoredict SOC conditions and to
determine soil disturbance rating, respectivelylarrcropland management systems. The SCl is
used to predict the effects of cropping systemSOR conditions (Warren Wilson College,
2012; NRCS, 2013). The SCI can also be used toaidrdesign conservation crop rotations and
residue management when low SOC, poor soil tilifase crusting, and soil erosion are
observed (USDA-NRCS, 2002; NRCS, 2013). Input patans for the SCI include SOM, field
operations, and erosion (Franzluebbers et al., 20hk SCI uses equation (SCI = [organic
matter (OM) x (0.4)] + [field operation (FO) x (0]4 [erosion (ER) x (0.2)] to predict
gualitative changes in SOC in the soil depth otdDbased on the combined effects of SOM,
field operations, and soil erosion (Zobeck et2007).

The SCI assumes that intensive tillage operati@sssdise SOC by enhancing oxidation
and maintaining plant residues increase SOC ld¥elseck et al., 2007). The SCl is also used to

determine the eligibility of cropland for the Congstion Security Program (CSP) (USDA-
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NRCS, 2013). Any cropland must have a greater viae 0.00 in order to qualify for the CSP
program because positive SCI values are indicatongyh-residue conditions and appropriate
conservation management practices. SCIl and STIRlspaused to calculate enhancement
payment component of Conservation Security Prod@8P) (USDA-NRCS, 2013). The SCI
reports a qualitative value between -1 and +1r@atesents the change that is expected to occur
over time in SOC level due to management pract{désren Wilson College, 2012). Field-level
SCI can be improved by growing high-residue crap$ @ver crops, limiting number of tillage
operations, minimizing wind and water erosion aafikld, and applying manure and mulch to
the field (USDA-NRCS, 2013).

Soil tillage intensity rating (STIR) uses operatibapeed of tillage equipment, tillage type,
depth of tillage operation, and percent of the soiface disturbed area to calculate a tillage
intensity rating (USDA-NRCS, 2008a; USDA-NRCS, 2B1L1ISTIR is a numerical value and is
calculated using RUSLE2 (USDA-NRCS, 2011b). Thiglgtreported that no-till operations
require a STIR value of 15 or less. Reduction tensive tillage practice and adoption of no-till
systems can greatly improve STIR ratings (USDA-NREXHE 1b). Use of soil conserving crops
such as alfalfa and grass in the cropping systemsexiuce STIR values (USDA-NRCS, 2008a;
USDA-NRCS, 2011b). Low STIR values help reduce shad rill erosion, increase SOM,
reduce SOM decomposition, reduce SOC emissioretatiinosphere, improve soil consolidation
conditions, and improve infiltration rates (USDA-BR, 2008a; USDA-NRCS, 2011b).

Description of Conservation Cropping Systems Project (CCSP) Study Site

The Conservation Cropping Systems Project sitedisnaonstration farm established in

2001 and managed by the Wild Rice Soil Conservdiistrict with a board of directors that

serves from Soil Conservation Districts in RansBnchland, and Dickey Counties in North
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Dakota and Marshall and Day Counties in South DmKbhis site is located in a 130-acre (53
ha) parcel of farmland about two miles (3.2 km) thaf Forman, ND, on the west side of
Highway 32 (longitude, 97° 3882 and latitude, 46° 0®5). The area has average annual air
temperature of 42 °F (5.56 °C) average annual pitation of 19 inches (483 mm). The CCSP
research site receives its funding from governnigotaporate, and private stakeholders. The
Wild Rice Soil Conservation District (2013) is thmain cooperating agency that provides office
space and facilitates and administers the projeitier cooperating agencies included Natural
Resources Conservation Services (NRCS), North RaRtdte University (NDSU), and South
Dakota State University (SDSU).

The soils at the CCSP site are described as Aéatadoamy, mixed, superactive, frigid
Pachic Argiudolls) and Forman (fine-loamy, mixedpsractive, frigid Calcic Argiudolls) soil
series. The Forman soil series consists of verp,deell-drained, moderate and slow permeable
soil that was formed from calcareous till. The diggion of the Forman series is available at
https://soilseries.sc.egov.usda.gov/OSD_Docs//FMBR.html. Forman is found on moraines
and till plains with slopes that range from O togg@cent. Horizontal flow of surface water is
low to very high depending on a slope. A typicall@e of a Forman clay loam found in
cultivated fields in Sargent County, North Dakdtas mollic (AP and A), argillic (Bt), and
calcic (Bk) horizons.

The Aastad soil series is comprised of very deeperately well drained soils that were
formed from calcareous till on moraines and tiflips. The description of the Aastad series is
available at https://soilseries.sc.egov.usda.gold @R cs/A/AASTAD.html. Horizontal flow of
surface water on the soil surface is low to meddepending on a slope. Slopes range from 0 to

6 percent. The parent material of the Aastad saihicareous till. A typical pedon at the site is
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an Aastad clay loam. It hagwollic epipedon (Ap and A horizons), argillic haviz (Bt), anc
calcic horizon (BK).

Treatments within the CCSP farm consist of croptrohs in a thre-replicatec
randomized complete block design una high-residue no-till managemesyisten. The study
site was designed sbat the first replicatiois located on the east side of the ¢ the second
replication in the centeaf the are, and the third replication is fourmh the west sidof the area.
At the CCSP site, different croare planted in 16 rotations with two to six y&af duratior
under a no-tilmanagement system but with allowance for stripd#, shank tillageor disk drill
tillage systemsEach crop rotation has every crop represd each year on individual plots tt
make up theotation. Each plot size is 67 m by 18 m (220 yt6b ft.). The crops are the
planted in the rotation sequence on each of this picsucceeding years of the rotatiFigure 4
shows a diagrammatic view of different crops dutimg growing season at the sThus, the
impacts of the crops within each rotation are cuativég over the time since the inception of

study site. This makes the CCSP site unique initlis one of relative few such lo-term

(>5years) sites available for research in Northd@aland Northern Great Plains regi

Figur 4 Diagrammatic view of r-till crop rotation at the CCSP site for 20@@ooper, 2009
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All rotations are designed to evaluate their impact environmental quality, soil structure
and aggregation, water retention, SOC contentjrardase in crop yields. The cropping
treatments used in this study are shown in Tabledatments were divided into rotations
containing winter wheat and rotations containingumater wheat. All crops grown in each crop
rotation produce and return cumulative residue lissrand residue C and N to that crop rotation
over the time.

Table 1. Rotation treatments ammpeptation sequences.

Rotation
Treatments Crop Rotation Sequeﬁces

A SW-WW-C-S
D SW-C-S
E SW-S
F C-S
| SW-WW-F-C-C-S

KH WW-CC-C-S
N SW-WW-A-A-C-S

TSW-WW-C-S = spring wheat-winter wheat-corn-soybea-C-S = spring wheat-
corn-soybean; SW-S = spring wheat-soybean; C-Sr=-soybean; SW-WW-F-C-C-S
= spring wheat-winter wheat-flax-corn-corn-soybeadi-CC-C-S = winter wheat-
cover crop-corn-soybean; SW-WW-A-A-C-S = spring afeinter wheat-alfalfa-
alfalfa-corn-soybean.

Crops grown in low-diversity systems such as C- 3W-S rotations are more frequently
planted than crops grown in high-diversity systamsh as SW-WW-F-C-C-S and SW-WW-A-
A-C-S rotations. Each crop is annually plantedanteplot and replicated three times in each
rotation. Crops grown include hard red winter wh@aitticum aestivum L.), hard red spring
wheat {riticum aestivum L.), corn Zea mays L.), soybeanGlycine max L.), alfalfa (Medicago
Sativa L.), flax (Linumusitatissmum L.), pea Pisumsativum L.), and radishRaphanus sativus

L.). These crops are annually alternated as patte@ments in different plots in the seven

rotations (Table 1). In 2008, traditional and noaditional cover crops were introduced into the
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CCSP crop rotation system. Cover crops were prafigipntroduced to help cycle and stabilize
nutrients, manage soil salinity, and improve se#lth.
Objectives
The objectives of this study were to: 1) deternmimeeffects of diversified crop rotations
and crop residue retention on SOC levels; 2) detertie amount of residue biomass, residue C
and N, and supplemental N fertilizer requirementaboveground aged and fresh residues; and
3) estimate SOC and GHG (g@nd NO) emissions and soil losses using the COMET-VR
model and RUSLE2 model, respectively.
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PAPER 1. EVALUATION OF CROP ROTATIONS AND RESIDUE RETENTION
IN ANO-TILL SYSTEM ON SOC CHANGE
ABSTRACT

The current trajectory of an increase in greenhgase(GHG) emissions may be
decreased through SOC sequestration. Soil OC slyigsed as a measure of soil quality due to
its impact on soil biological, chemical, and phgsiproperties. This study was conducted to
evaluate differences in the amount of SOC storatill production between crop rotations
that included winter whe#Triticum aestivum L.) and those without winter whe@iriticum
aestivum L.) at the Conservation Cropping Systems Profe@P) site, Sargent County, North
Dakota. Winter wheat was included in the SW-WW-G8/-WW-F-C-C-C, WW-CC-C-C, and
SW-WW-A-A-C-S rotations and not included in the SWS, SW-S, and C-S rotations. Soil OC
and bulk densities at the depths of 0-15 cm an80Lm were determined within rotation
treatments. Soil cores were sampled during thraesy@006, 2010, and 2012). In 2006, soil
samples were taken from the C-S and SW-WW-F-C-Gt&ions. In 2010, soil cores were
collected from the SW-WW-C-S, SW-C-S, SW-S, WW-C&SCand SW-WW-A-A-C-S
rotations. In 2012, soil samples were again cadlgétom all rotations sampled in 2006 and
2010. The 2012 SOC data was compared to the baser€ data of 2006 and the 2010
sampling. From the 2006 and 2010 samplings, arsabfsOC showed no significant difference
between rotation treatments. Analysis of 2012 S@@ved that the C-S rotation had greater
SOC level than the WW-CC-C-S rotation probably tugreater frequency of corn production
in the rotation. Analysis of 2012 SOC also showeat the WW-CC-C-S rotation had lower SOC
level than the C-S rotation. The WW-CC-C-S rotajwoduced lower SOC level perhaps due to

low-residue crops such as forage radRéphanus sativus L.), field pea Pisum sativumL.), and
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soybeanGlycine max L.) in the rotation. Rotations in which winter wheeas included
appeared to have a neutral effect on SOC. No-athagement and crop residue retention has the
potential to increase SOC levels and improve aality over the long-term in cropping
systems.
INTRODUCTION

Conservation M anagement Practices I ncrease SOC and I mprove Soil Quality

Crop residue management, improved rotations, Nigation, and conservation tillage
can increase SOC levels and improve soil qualiggncultural soils. Soil OC is important to
agricultural production because it influences pbysical, biological, and chemical properties
(Chan, 2008). No-till systems have been showndrease SOC in the topsoil (A horizon) by
about 40% (Grandy and Snapp, 2011). Wood et a@Q)l@ported greater SOC concentration
near soil surface in no-till due to large amounplaint residue produced and maintained on the
soil surface. Conservation management practicespasnote SOC sequestration by increasing
C inputs and minimizing C outputs (Sherrod et2003; Franzluebbers, 2011). The soil C and N
stored in a corn-corn-soybean-wheat rotation waatgr than that stored in a continuous corn
system in Michigan, resulting in an associated owpment in soil quality (Sanchez et al., 2004).

Halvorson et al. (1999) reported that SOC sequéstraan be increased by no-till
production with adequate N fertilization. Soil O€gsestration can be improved through
returning crop residue as a surface mulch, pragiap-till and mulch farming systems, growing
seasonal cover crops during the non-growing seaswhrotating different crops (Lal, 2004;
Wang et al., 2010). The amount of SOC that careb®red and maintained depends on the
cropping systems, soil types and climatic condgjaand initial SOC levels of the site (Chan,

2008).
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Restoration and maintenance of SOC can be attéimedgh frequent addition of crop
residues and application of deficient mineral rautts (Millar et al., 1958). Soil OC consists of
diverse organic materials, including living orgamss slightly changed plant and animal organic
residues, partially decomposed plant and animslidis, and substantially altered plant and
animal remains that are more or less resistanirtbdr decomposition (Magdoff, 1992). Soil OC
has been called the most crucial soil attributeniproving and maintaining soil quality resources
(USDA, 1996).

Soil OC is a common metric in evaluating long-texgmicultural studies and is a good
indicator of soil quality and sustainable agronopmaduction due to its influence on soil
biological, chemical, and physical attribu{@eeves, 1997). Soil OC measurement is also used
to assess the retention or loss of SOC in soil.dgaality has been defined as “the capacity or
capability of a soil to produce safe and nutriticugps in a sustained management over the long-
term and to enhance human and animal health withquairing the natural resource base or
adversely affecting the environment” (Parr et2012).

Soil quality is therefore an important componeragoicultural productivity and
environmental quality (Reeves, 1997). Soil quastpartially dependent on SOC content due to
its effects on soil aggregation, soil biologicaliety, nutrient cycling, permeability and water
retention. Implementing methods for increasing araihtaining SOC is linked to improving soil
guality and attaining sustainable agriculture (@adl Kimble, 1997).

Soil C and N are indicators of soil quality (Kuodarellum, 2002). Soil quality indicators
are used to evaluate sustainability of land usdssarl management practices (Shukla et al.,

2006). Indicators should be easy to measure, alddetermine change in soil function within
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experimental unity, accessible to and useable tmdes, and should represent soil physical,
biological, and/or chemical properties (Kinyand0zZ).
Objectives

The objectives of this study were to: 1) deterneffects of different crop rotation
systems on SOC levels in no-till production; 2) pame the rate of SOC change under rotations
with winter wheat and those without winter wheairl 8) evaluate the effects of winter wheat
rotations on soil quality.

MATERIALSAND METHODS

This study was imposed within ongoing treatmenthiwia study initiated in 2006 at the
CCSP site (Augustin, 2009). The study was a rangdedncomplete block design with three
replications. Each rotation and each crop withicheatation were replicated three times. The
same crops in each rotation were rotated over gaggling years (2006, 2010, and 2012) at the
CCSP site (Table 2). Each crop in each rotationplaasted each year. Crops in low-diversity
systems such as C-S and SW-S rotations were nearedntly planted than crops in high-
diversity systems such as SW-WW-C-S and WW-CC-Gt&tions (Table 2).

Crops grown in each rotation contributed to tofalCSby producing and returning
residue biomass to that rotation for each of theelsampling years (2006, 2010, and 2012)
under no-till production. But high residue yieldiagps such as cordéa maysL.) and wheat
(Triticum aesticum L.) had probably produced and returned greateduesbiomass to cropping
systems compared to low residue yielding crops ssctoybean3lycine max L.), field pea
(Pisumsativum L.), forage radishRaphanus sativus L.), alfalfa hay Medicago sativa L.), and

flax (Linumusitatissimum L.).
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Soil samplings were conducted on the SW-WW-C-S, &\§; SW-S, C-S, SW-WW-F-
C-C-S, WW-CC-C-S, and SW-WW-A-A-C-S rotations dgyihree individual years (2006,
2010, and 2012) (Table 2). All sampling locatiorey@vgeo-referenced with a handheld Garmin
76 Global Positioning Satellite (GPS) receiver aithe initial sampling years (2006 and 2010).
Sampling locations in each plot where soil coresavie be taken were first identified by latitude
and longitude so that this information could besstently related to past and future samplings.

In 2006, the first sampling was conducted to eghlidaseline SOC levels and bulk
densities in the C-S rotation without winter whaatl the SW-WW-F-C-C-S rotation with
winter wheat (Table 2). Crops grown in each of éh&ego rotations contributed to SOC by
producing and returning cumulative residue biontagkat rotation for the period of five years
(2001-2006). The 2006 sampling was conducted usteg) tube 30 cm long with an acetate
liner. Before soil cores were sampled, loose serfdant residue was removed from each
sampling area where each individual core was taken.

Table 2. Crop rotation treatmentstf(baseline) sampling year
and second sampling year.

Crop Rotation First (baseline) Second Sampling
Treatments Sampling Year Year
SW-WW-C-S 2010 2012
SW-C-S 2010 2012
SW-S 2010 2012
C-S 2006 2012
SW-WW-F-C-C-S 2006 2012
WW-CC-C-S 2010 2012
SW-WW-A-A-C-S 2010 2012

'SW-WW-C-S = spring wheat-winter wheat-corn-soybes-C-S =

spring wheat-corn-soybean; SW-S = spring wheat-asaypC-S = corn-
soybean; SW-WW-F-C-C-S = spring wheat-winter wh&at-corn-corn-
soybean; WW-CC-C-S = winter wheat-cover crop-camybgan;
SW-WW-A-A-C-S = spring wheat-winter wheat-alfalfdedfa-corn-soybean.

The sampled cores were taken within a five-metgiusaof the geo-referenced point to

characterize each sampling location (Cihacek gR@ll0). Seven soil cores were sampled from
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each of twenty six (26) plots. Each plot was mead @7 m by 18 m (220 ft. by 60 ft.). Soll
samples were collected at the depth intervals 6 @m and 15-30 cm. All of the cores were
sampled to a depth of 30 cm because SOM is mostigantrated in the top 30 cm of the soill
which is the most dynamic area relative to plaot and biological activity (Cihacek et al.,
2010).

Before the sampled cores were processed, theyremraved from the liners and divided
into depth intervals of 0-15 cm and 15-30 cm dept#rvals. Each tube that contained a sample
was capped and kept in a cold storage before thplsa were processed and analyzed for SOC
content and bulk densities (Augustin, 2009). Budksities were determined for all cores in each
plot to calculate SOC values for the seven croatiats. All SOC values were averaged across
all crops within a rotation to determine averageC3@each rotation treatment to indicate long-
term rotation effects on SOC.

In 2010, another baseline sampling was conductedle@®BW-WW-C-S, SW-C-S, SW-S,
WW-CC-C-S, and SW-WW-A-A-C-S rotations for the sapugpose (Table 2). Crops grown in
each rotation contributed to SOC by producing atdrning cumulative residue biomass to that
rotation for the period of nine years (2001-20B3ven soil cores were again obtained from
each plot within the same area near the geo-refedepoint similar to 2006 sampling.

However, at this sampling and subsequent sam@eugn soil cores were collected
using hand probe (diameter = 1.9)amith a slotted steel sampling tube without a liaerd
separated into 0-15 and 15-30 cm intervals as bestby Cihacek et al. (2010). All the cores
were kept in coolers during the sampling time uh¢iivered to the laboratory. The cores
collected within each plot were combined in sepapddstic bags by depth. The combined soill

cores were weighed prior to determining bulk deesitin 2012, all rotation treatments sampled
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in 2006 and 2010 were sampled to determine SOGslewl bulk densities at the previously
geo-referenced locationSrops grown in each rotation contributed to SO®imducing and
returning cumulative residue biomass to that rotafor the period of eleven years (2001-2012).
Seven solil cores were again sampled in each piog tise same procedure as for the sampling
2010. The 2012 SOC was to be compared with thdibaseOC data sampled in 2006 and 2010.

For the determination of bulk densities, soil cdresn 0-15 cm and 15-30 cm depth
interval were separately hand-crushed. Soil bulisdg was determined by a version of the core
method of Blake and Hartge (1986) as proposed hgcek et al. (2010Y.he weights of can,

lid, and moist soil samples were measured and deddior soil moisture determination and bulk
densities. About 30-50 grams of hand-crushed, phppaxed, field-moist soil subsamples were
collected in pre-weighed steel or aluminum moistaes with a sealing lid to determine soill
water moisture (Cihacek et al., 2010). After th&ahweighing, the subsamples were placed in a
drying oven for a period of two days (48 hours)@5C (22IF). The subsamples and cans were
then removed from the drying oven and placed irdesiccator that contained a drying agent to
prevent moisture accumulation while cooling. Aftiee dried subsamples were cooled, the lids
were placed on the cans and can weights were aggasured and recorded. The remaining
subsamples were air-dried and crushed to passma 3tave. A 10-12 g subsample of soil was
milled to pass 100-mesh screen for soil C analy&isacek and Jacobson, 2007).

A Skalar Primac¥ TOC Analyzer was used to determine the total dogearbon (TOC)
content for soil analysis for each of the three@arg years. The Skalar instrument was also
used to determin@organic carbon (IChy measuring the C{evolved by addition of a 20%
H3PQO, solution to the soil. To determine soil organicc(QIC was subtracted from TOC (OC =

TOC - IC). Prior to adjusting for bulk densitiestbé soil, the C data was reported in percent.
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The C percentages were first converted to decimialt oy dividing the C masses by 100. The
SOC for each depth within each plot was computeldudly density x 15.2 cm x C mass. This
allows the use of the data to convert C massesgihd/depth by using a multiplier of 10. All the
calculated values were at least carried to thraegsl after the decimal point as recommended
(Cihacek et al., 2010). The 2006 and 2010 C masddevere used as a baseline to determine
SOC changes when compared to the 2012 C mass.|eM@i®ver, it is important to note that
pre-project (baseline) SOC was not available froengre-CCSP conventional system although
that data would have been extremely useful in etedn of the long-term system changes
(Olson, 2013).
Statistical Analysis

The rotations within the CCSP site were arrangealtimree-replicate randomized
complete block design with the seven rotation tmesgits. The SAS GLM procedure and least
significant differences (LSD) (SAS Institute, 202@10) at < 0.05 were used to analyze SOC
data for 2006, 2010, and 2012. For each sampliag Y¥OC data was analyzed separately to
evaluate differences between the seven crop ragfibables 3 and 4). Changes in SOC and
annual SOC values were also analyzed for the Imesefid final sampling years (Table 5). The
SOC value in each rotation represented the tot&l 83ulting from the accumulated residue C
produced and returned to each rotation by all chopisat rotation for each of the three sampling
years (2006, 2010, 2012) under no-till productibtha CCSP site. Treatment means reported
(Tables 3, 4, and 5).

RESULTSAND DISCUSSIONS
There were no significant differences in baseli@Slata between the seven rotations in

2006 and 2010 (Table 3). Lack of significant diflece was in part attributed to relatively
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similar soil texture, drainage, and climatic coris between treatments. Another possible
explanation for low variation in SOC between treats was that the rate of SOC accumulation
was low due to low variability in climatic conditis. Lack of significant difference between the
rotation treatments could also be attributed toekese in the rate of SOC accumulation.

Previous studies suggest that SOC starts to inefeas 5 to 10 years after no-till
initiation and stabilizes from 15 to 20 years unaeitill production systems (Liu et al., 2006).
Therefore, the rate of SOC accretion might haveaaly been reduced because seven crop
rotations had been under no-till production forveleyears (2001-2012) at the CCSP site. Soil
OC can also increase and stabilize at differen¢giomder no-till management systems in
different locations.

Table 3. Crop rotation treatments, initial samphegr and baseline SOC.
Crop Rotation

Treatments Initial Sampling Year Baseline SOC
---kg/mf---
SW-WW-C-S 2010 7.63a
SW-C-S 2010 8.07a
SW-S 2010 7.86a
C-S 2006 8.09a
SW-WW-F-C-C-S 2006 7.27a
WW-CC-C-S 2010 7.90a
SW-WW-A-A-C-S 2010 8.03a

TSW-WW-C-S = spring wheat-winter wheat-corn-soybegW-C-S = spring
wheat-corn-soybean; SW-S = spring wheat-soybed®;=Gzorn-soybean;
SW-WW-F-C-C-S = spring wheat-winter wheat-flax-caaorn-soybean;
WW-CC-C-S = winter wheat-cover crop-corn-soybedaw-8/W-A-A-C-S =
spring wheat-winter wheat-alfalfa-alfalfa-corn-segn.

*Means with the same letter are not significantffedént at p< 0.05.

Additional factors (soil texture and mineralogyinchte, management efficacy, and
residue amount) can determine the time require& @€ to increase and stabilize under a no-till
regime at a given location. Therefore, time of S@&€ease and stabilization can vary from each

no-till management to another depending on eaddtitwt site-specific conditions.
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Analysis of SOC data for the final sampling yeat2@s shown in Table 4. The C-S
rotation (9.47 kg/rf) was significantly greater than the WW-CC-C-S tiota(8.41 kg/m). The
C-S rotation and all of the other rotations corgdisimilar SOC and were not significantly
different. The C-S rotation had greater SOC comp&rehe WW-CC-C-S rotation likely due to
more frequent production of corn and its associgtedter residue biomass compared to the
more diversified WW-CC-C-S rotation. Tables 6 an@P@per 2) show greater amount of residue
biomass and residue C in the C-S rotation comp@reesidue biomass and residue C in other
rotations which showed that greater frequent prodnof corn has a greater potential to
increase SOC in cropping systems.

Table 4. Crop rotation treatments, firmhgling year and final SOC.
Final Sampling

Crop Rotation Treatmerits Year Final SOC
---kg/nf---
SW-WW-C-S 2012 8.64db
SW-C-S 2012 9.35ab
SW-S 2012 8.64ab
C-S 2012 9.47a
SW-WW-F-C-C-S 2012 8.70ab
WW-CC-C-S 2012 8.41b
SW-WW-A-A-C-S 2012 8.98ab

TSW-WW-C-S = spring wheat-winter wheat-corn-soybegW-C-S = spring
wheat-corn-soybean; SW-S = gpvitneat-soybean; C-S = corn-soybean,;
SW-WW F-C-C-S = spring wheat-wintvheat-flax-corn-corn-soybean;
WW-CC-C-S = winter wheat-coveogicorn-soybean; SW-WW-A-A-C-S =
spring wheat-winter wheat-alfadiiéalfa-corn-soybean.

*Means with the same letter are not significantffedént at p< 0.05.

The COMET-VR model (Paper 3, Table 12) also predigreater SOC levels in the
corn-soybean simulations than other simulationgtferother six cropping systems. A corn crop
has been shown to produce and return greater thtanof above-ground residue C to the soil

surface compared to a soybean crop (Huggins t348).
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High-residue producing crops such as corn and whneat also been shown to produce
greater SOM levels and have a greater potentialfand N sequestration than low-residue
yielding crops such as alfalfa hay and soybeandi{rnd Hons, 2005). Drinkwater et al.
(1998) also reported the greatest amount of testlue produced and returned to the soil
surface under a 15-year rotation study using cogfpaan rotation systeover other rotations.
Therefore, greater SOC level in the C-S rotatios Wkeely due to corn residue biomass being
produced and returned in greater quantity and &egy to the system. Corn residue dry matter
also had lower lignin content (56 g/kg) compareddgbean residue dry matter (119 g/kg) and
wheat residue dry matter (141g/kg) (Sylvia et2005). Because of its resistance to
decomposition, lower lignin content in corn resido@y have also contributed to greater SOC
level in the C-S rotation.

Lower SOC in the WW-CC-C-S rotation was relateddwer crops such as field pea
(Pisumsativum L.) and forage radisiRaphanus sativus L.) that probably produced and returned
low residue C to the system over the years unddillmoanagement. Planting cover crops often
has the same negative effects on SOC levels asrmgagreen manure crops due to additional
soil disturbance and increased SOC mineralizatientd cover crop seeding (Allison, 1973).
Therefore, lower SOC level in the WW-CC-C-S rotatiight be attributed to increased SOC
oxidation due to more frequent seeding of covepgr@ea and radish) into wheat stubble in this
system. Field pea, forage radish, and soybeanue€idnay also have mineralized more rapidly
due to lower C:N ratio and greater N content adeawted by crop residue C:N ratios and C and
N contents in the Table 8 (Paper 2). These qusilitiely contributed to lower SOC level in the
WW-CC-C-S rotation compared to the C-S rotationinCand soybean residues also were each

being produced 25% of the time in the WW-CC-C-&tioh which decreased cumulative
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residue C in the system. It has been reporteditimiér wheat produces greater residue biomass
per a unit of grain yield compared to spring wh@&ack and Bauer, 1983), indicating that
winter wheat is a high residue crop. In comparismnn residue was being produced 50% of the
time in the C-S rotation while winter wheat residues being produced 25% of the time in the
WW-CC-C-S rotation. Therefore, lower productionsohter wheat residue biomass in the WW-
CC-C-S rotation reduced residue C in the systempeoed to greater production of corn residue
biomass in the C-S rotation which increased res@@luethe system.

Lower SOC levels in the WW-CC-C-S rotation do netessarily discredit the
agronomic and environmental value of cover crofs/eC crops scavenge residual soil NQ a
process that captures and retains nutrients in tissues for subsequent crop use. Cover crops
use excess moisture during their growing perioek dfsesidual soil N@N and excess moisture
by cover crops has a positive impact on environrbenause it reduces the potential losses of N
(N20 and NQ@-N) to the environment. Cover crops also reducksstinity by reducing
evaporation rate from the soil surface and usirggsx water that otherwise would contribute to
shallower water tables in these soils and simo#s sIf legume crops are grown in long-term
rotations, they can provide additional N to subsedq@erops. Forage radish deep roots also can
reduce soil compaction in non-smectitic soils tiglotbiological drilling” and produce root
channels that aid water infiltration.

The 2006 and 2010 SOC values were subtracted fad® 3OC values and divided by
the years between samplings to determine diffeehebveen two sampling periods (Table 5).
The WW-CC-C-S rotation (0.51 kgfirhad lower total SOC than other rotations dueve |
residue crops such as forage radish, field peasayldean and additional soil surface

disturbance. Table &lsoshows the SOC change over time periods betweaal i(baseline) and
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final sampling.The WW-CC-C-S rotation had lower SOC level thareotiotations although the
increase in SOC per year was similar to the C-SSAWdWW-F-C-C-S rotations. The annual
change in SOC was similar in the C-S, SW-WW-F-C;G& WW-CC-C-S rotations because
SOC in the C-S and SW-WW-F-C-C-S rotations wasd#igliby six (6) years while SOC in the
WW-CC-C-S rotation was divided by two (2) years.

Table 5. Crop rotation treaiitise sampling year and annual change in SOC.

Annual
Crop Rotation Sampling Change in Change in

Treatments Year Total SOC sSoC
—kglnP---  ---kg/nP---

SW-WW-C-S 2012 - 2010 1.00a 0.50a
SW-C-S 2012 - 2010 1.28a 0.64a
SW-S 2012 - 2010 0.79a 0.40a
C-S 2012 - 2006 1.38a 0.23b
SW-WW-F-C-C-S 2012 - 2006 1.44a 0.24b
WW-CC-C-S 2012 - 2010 0.51b 0.26b
SW-WW-A-A-C-S 2012 - 2010 0.95a 0.48a

TSW-WW-C-S = spring wheat-winter wheat-corn-soybeaw-C-S =
Spring wheat-corn-soybean; SW-spring wheat-soybean;
C-S = corn-soybean; SW-WW-F-&GG spring wheat-winter wheat-flax-
corn-corn-soybean; WW-CC-C-@inter wheat-cover crop-corn-soybean;
SW-WW-A-A-C-S = spring wheatntér wheat-alfalfa-alfalfa-corn-soybean.
Means with the same letter are not significantffedent at p< 0.05.

The lower annual changes for the C-S and SW-WW-E-S+otations may have been
due to an integration of SOC changes over a lopgeod of time (6 years) than the other
rotations. The lower annual change in SOC levelddcalso reflect the effect of varying annual
weather variation over a greater time period dubedact that some seasons are wetter or dryer
than others.

SUMMARY AND CONCLUSIONS

Restoration and maintenance of SOC can be achl®vatreasing intensification and

diversification of cropping systems as well as @asing the frequency of producing high residue
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crops and retaining greater residue biomass orssdéce. Analysis of the 2006 and 2010 SOC
data showed no significant differences betweerséven rotations. Lack of significant
differences was attributable to relatively simadniotic conditions. The CCSP site had relatively
uniform soils, common historical and present dayrdige, and a long-term no-till management
system although slopes and erosion potential iMtiié-CC-C-S rotation was greater than other
rotations. Soil OC changes under conservatiorggligystems occur slowly over time. Since the
CCSP site had been in a continuous no-till managefeeleven years, the SOC increase might
have been reduced due to a maturing SOC equilibrium

The C-S rotation had greater SOC for 2012 SOC coeap® the WW-CC-C-S rotation.
Greater SOC level in the C-S rotation was relategréater production of corn residue C in the
rotation since the plots were established. Morgueat cropping of corn in the C-S rotation was
a probable reason why there was a greater SOCitetted system. Therefore, the C-S rotation
has a greater potential to increase SOC in thendortGreat Plains. Analyses showed that
rotations containing winter wheat appeared to lemeutral impact on SOC levels. Separating
out the impact of winter wheat on SOC in the rotagiin which it was included was difficult
because winter wheat was being alternated withr attogs in high diversity crop rotations. This
made it difficult to compare the impacts of corm avinter wheat on SOC in the rotations in
which corn and winter wheat were included such & SW-WW-C-S, SW-WW-F-C-C-S, and
SW-WW-A-A-C-S rotations. Winter wheat is a highitege crop and also produces greater
residue biomass per a unit of grain yield thanngpwheat. This study suggests that cropping
systems such as winter wheat-soybean and corn-aoyb&ations can make a valid comparison
between corn and winter wheat. The winter wheabsay rotation can also be compared with

the spring wheat-soybean rotation in this study.
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The study showed that SOC levels are not orflyenced by intensity and diversity of
cropping systems but also by the amount of redomass produced and returned by each crop
to each system. Therefore, greater frequent pramuof high-residue crops and greater residue
retention in the cropping systems has a greatengiat to increase SOC levels. Low-residue
crops such as cover crops (forage radish and fiedd and soybean may not increase SOC
sequestration due to low residue production anckased soil erosion associated with low soill
surface cover. The annual change in SOC was lo®€ [8vel in the C-S rotation compared to
the SW-WW-C-S, SW-C-S, and SW-WW-A-A-C-S rotatiolbe SOC in the C-S rotation was
lower because the SOC in this rotation was divigledix years while the SOC in other rotations
was divided by two years.

Furthermore, although there was no pre-CCSP coioraitillage (baseline) SOC
obtained prior to establishment of no-till manageth80C over the three sampling periods
showed an increasing trend in SOC levels. The 2004 SOC levels were slightly lower than
the 2012 SOC levels at the CCSP site. The C-Saatahowed 8.09 kg/fiior 2006 SOC and
9.47 kg/nffor 2012 SOC data. No-till cropping systems in Keethern Great Plains of the U.S
have the potential to increase SOC levels and iagsoil quality under a broad mix of crops
and crop rotations including those with winter wh&secause winter wheat produces greater
residue biomass than spring wheat, it remains sengigl crop for increasing residue production
and soil surface cover in the Northern Great Pleagson.

Recommendation for Future Research Trials
e Conventional tillage (baseline) SOC data was rkaerat the Conservation Cropping
Systems Project (CCSP) site prior to the establkgstiraf the no-till system in 2001. The

impacts of the no-till production systems on SOQusstration and GHG emissions
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reductions can only be determined by comparing entional tillage SOC data to
conservation tillage SOC data. It has been repdhaidpre-project (baseline) SOC data
under conventional or other agricultural managemsgstems should be determined and
compared with post-treatment SOC level under coasen systems in order to
accurately evaluate the rate of SOC trends (OR0h3).
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PAPER 2. EVALUATION OF THE CONTRIBUTION OF AGED AND FRESH
RESIDUESIN A NO-TILL SYSTEM TO SOIL QUALITY AND
NUTRIENT CYCLING
ABSTRACT

Conservation crop residue management can incréa€es®rage and increase nutrient
cycling and availability. Crop residue retentionds to improve soil quality, increase water
availability, reduce soil erosion, provide habftat soil microbes, improve soil physical
properties, and may increase crop yields. However challenging to accurately predict the
amount of nutrients released from previous croues over short-and long-terms. This study
was conducted to evaluate the amount of residuadss, residue C:N ratio, residue C and N,
and residue N fertilizer deficit (supplemental Mtifezer requirement) from crop residue
decomposition in no-till production at the Conseima Cropping Systems Project (CCSP) site,
North Dakota. Aboveground aged and fresh residwe wollected in spring 2011 and fall 2012,
respectively. Aged residue was the residue frormdrarvested from the fall 2010 crops and
sampled in the spring 2011. Fresh residue wasatelammediately after the fall 2012 crop was
harvested. Crop residues can result in N immoltibradue to N assimilation by
microorganisms decomposing high C residues. Becaygglemental N is required by most non-
legume crops, the objective of this study was torege the amount of N required by subsequent
crops in a high residue environment. Statisticalysis of both aged and fresh residue showed
slightly greater residue dry matter weight in agesldue than fresh residue. Analysis of aged
and fresh residue C:N ratio showed wider C:N ratidsesh residue than the aged residue. Both
aged and fresh residue also showed wider C:N rative corn Zea mays L.)-soybean Glycine

max L.) rotation and narrower C:N ratio in the springeat {riticum aestivum L.)-winter wheat
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(Triticum aestivum L.)-alfalfa (Medicago sativa L.)-alfalfa-corn gea mays L.)-soybean Glycine
max L.). Fresh crop residues sampled in the 2012 faliv@d narrower C:N ratios for legume
and green manure crops than non-legume crops. gisaly potential supplemental N fertilizer
requirements showed greater potential N requireriterihe fresh residue than the aged residue.
Crop residue retention under no-till production tiespotential to improve nutrient cycling and
soil quality and protect soil surface from wind amater erosion.

INTRODUCTION
Crop Residue Retention Increases SOC and Improves Nutrient Cycling

Recent shifts in climate patterns have encouragethtssts and governments to seek
management strategies to reduce GHG emissioniarehse SOC sequestration as well as
nutrient cycling and availability in agriculturalids. Conserving residue management under no-
till production has been proposed as a strategyctease SOC sequestration, improve soil
fertility and nutrient cycling, and improve soil&@ity. The increase in atmospheric @@ight
also be reduced by sequestering,@@h terrestrial vegetation, retaining SOC, andwarting
the atmospheric C to plant biomass and SOM (Waiad},e2010).

Residue retention and improved rotations underaeditillage can increase SOM and
crop productivity (Havlin et al., 1990). Intensdi@nd diversified cropping systems can increase
the amount of residue biomass returned to thessdidce which can subsequently increase SOC
and improve soil quality (Grant et al., 2002). hndéied cropping systems under no-till
production have a potential to increase SOC andawgpthe environment (Halvorson et al.,
1999; Halvorson et al., 2002). Their studies fogrneater SOC under no-till system than

minimum and conventional tillage systems due taced tillage intensity.
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Production of greater quantities of plant residayemtensifying cropping systems under
no-till regimes can increase SOC and soil orgaitrogen (SON) levels in the soil surface
(Ortega et al., 2002). Wright and Hons (2004) regmbthe greatest SOC and SON storage under
intensified no-till system. Residue retention unaetuced tillage regimes can also conserve soill
moisture and subsequently increase crop produ¢8ohnlegel et al., 2005). Cover crops can also
increase sustainable crop production by increaStdlyl, improving the long-term soil N status,
improving soil structure, conserving soil waterdaaducing soil surface runoff and erosion
(Frye and Blevins, 1989). Sustainable agricultsrenportant because its achievement maintains
environmental quality while increasing per capiapcproduction, increases crop production on
agriculturally suitable soils while restoring theguctivity of degraded croplands and reduces
agrochemical inputs while augmenting grower pnoigrgin (Lal, 1991).

Greater residue retention and slower decomposiéites observed in the reduced tillage
systems tend to promote soil fertility by promotthg slow release of readily mineralizable
organic forms of nutrients and generally increasirgnutrient reserve of soils (Schoenau and
Campbell, 1996). However, high residue conditiorag/mmcrease N requirements in intensified
cropping systems by reducing N-mineralization aboted during shorter non-growing periods
and increasing N immobilization and urea volattiiza due to surface residue and surface-
applied urea-containing fertilizer (Schlegel et 2005). Nitrogen immobilization may be more
important factor in N management than loss of Naumdsidue-retained conditions (Allison,
1973). It has also been reported that net N-miretadn will release inorganic N from crop
residue if the amount of residue N is greater th@amount of N required by decomposing
microbes (Cabrera et al., 2005). These conditiegaire a better understanding and prediction

of N-mineralization rate under residue-covere@agé regimes.
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Most crop residues have a high C:N ratio which $etadresidue-N immobilization.
Decomposition rate of residue is often linked tdl @atio in crop residues (Allison, 1973; Havlin
et al., 2005). A C:N ratio lower than 25:1 tendsesult in a rapid oxidation of C and
mineralization release of N, whereas a C:N rateatgr than 25:1 may require supplemental N to
compensate for the residue N immobilization duriegjdue decomposition. Crop residues that
have similar C:N ratios may mineralize differentgtities of mineral N due to differences in
more or less recalcitrant organic compounds inratb&dues that are not reflected in the C:N
ratios (Cabrera et al., 2005).

Objectives

The objectives of this study were to: 1) determesdue dry matter weights in both aged
and fresh residues; 2) determine C and N returbgtin aged and fresh residue within each of
the seven cropping systems; 3) estimate the av#yadf N for subsequent crops within each
cropping system; and 4) estimate the potentiattffef the residue C and N contents on
subsequent crop nutrient requirements.

MATERIALSAND METHODS

This study was structured as a randomized completk design with three replications.
Aboveground residue biomass was collected withatn ed the seven crop rotation treatments:
spring wheat-winter wheat-corn-soybean, spring Wwheen-soybean, spring wheat-soybean,
corn-soybean, spring wheat-winter wheat-flax-casmesoybean, winter wheat-cover crop-corn-
soybean, and spring wheat-winter wheat-alfalfaHalfeorn-soybean. These were the same
rotation treatments where soil samples for therdetation of SOC were taken. The seven
rotation treatments had different sequences of-Nighquiring crops such as coizea maysL.)

and wheatTriticumaestivum L.) and low-N requiring crops such as alfalfdedicago sativa
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L.), field pea PisumsativumL.), and soybean@lycine max L.) in their respective rotations.
Crops in low-diversity systems such as C-S and Skt&ions were more frequently planted
than crops in high-diversity systems such as SW-WAS-and WW-CC-C-S rotations.

Crops within each rotation treatment produced &tained residue biomass to that
rotation although high residue yielding crops sasttorn and wheaippeared to have produced
and returned greater residue to that rotation kharresidue yielding crops such as soybean,
field pea, and flaxLinum usitatissmum L.). The quantity of residue in each rotation was a
cumulative residue produced and returned to eaealion by all crops grown in that rotation
since 2001 under no-till management. Fresh crapgues collected from winter wheat, spring
wheat, corn, soybean, alfalfa, flax, field pea, &ordge radishRaphanus sativus L.) were
sampled to determine residue C:N ratio and C ardritents for each crop prior to the crop
contribution to the total residue in the plot. Tlessidues were used for comparison with values
obtained from the cumulative residues in each iaateatment.

Aboveground aged and fresh residues were collestéte spring 2011 and fall 2012.
The 2011 spring residue sample was designated '&g&tlie’ because it was residue from crops
harvested in 2010 and overwintered into 2011. Hmeptes designated ‘fresh residue’ were
collected in the fall of 2011 and 2012 and were gdrately collected after the crops were
harvested. The fresh residue sample in fall 2014 afected by a hail and wind storm in July
that may have impacted the quantity and qualithhefresidue, especially corn residue. Due to
much lower fresh residue dry matter weight fronh 2811 sampling than the aged residue dry
matter weight in the fall 2011sampling, fresh residvas resampled in fall 2012 and fall 2011

fresh residue data was not used in this study.
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A total of 78 plots were sampled during each samgpdieason. The main plot size for
each plot was 67 m by 18 m (220 ft. by 60 ft.) @re0.12 ha). Before sampling the residue,
weights of three large buckets were first detershiaed recorded using a scale calibrated in
kilograms. Three randomly-selected areas were efirsing a 0.9 m by 0.9 m (3 ft. by 3ft.)
steel quadrant frame in each plot within each ploére soil samples for the analysis of SOC
were taken. Within each sampling area, all residuethe soil surface were collected in order to
capture the crop residue variability. Any obseresap residue variability was likely caused by
residue distribution during crop harvest. The stefeesidue was first raked, and then clipped at
the soil surface. Loose and raked surface cropguesiwere collected and placed in the three
buckets. When the buckets were filled with residhe,buckets were again weighed. Then, three
handful residue subsamples were grabbed from datie three buckets and placed in separate
paper bags for laboratory analysis. All the resisample bags were marked with a plot number
and rotation treatment. The remaining residuekertiiree buckets were returned to the original
plot areas from which they were harvested.

In the laboratory, moist residue subsamples wereatiately weighed and then oven-
dried at 60 °C. Next, residue samples were semhfadm soil particles that might have been
included in the residues before they were analjae@ and N contents. After the soil particles
were removed from plant residues, the three resdbsamples in three separate bags from each
plot were combined in one larger paper bag markiéd avplot number and rotation treatment.
The combined samples were again oven-dried at @0 f@move adsorbed moisture and then
shredded using a garden shredder made by a Craft<®hipper Shredder to homogenize the
residue from each plot. The shredded samples vgzie aven-dried at 60C before they were

ground using a Wiley mill to pass a 2-mm screeme&b0 mg ground subsamples from each
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plot were weighed, placed in foil sheets and rolied pellets for the C and N analysis. An
Elementar VarioMaX CNS analyzer (Elementar AnalySensyteme GmbH, 2@&8)used to
determine C and N on the pellets using high tentperaombustion.

Deter mination of Residue Dry Matter Weight, C:N Ratio, and Fertilizer N Deficits

The results from the laboratory analysis were ueatktermine residue dry matter
weights, residue N deficits (supplemental N requiats), C: N ratios, and C and N
concentrations in both aged and fresh residue deesdry matter weights were determined for
the seven crop rotation treatments previously desdr Percent residue moisture was
determined to calculate residue dry matter weiBi{V) and C and N contents. Percent residue
moisture (% HO) was computed by subtracting oven-dry residugdrom wet residue
weight and divided by the wet residue weight. Thecpnt residue moisture was subtracted from
1 to obtain the residue dry matter weight. The nedisesidue in an oven-dry basis was
computed by multiplying residue dry matter weigitthe residue sample dry matter weight. The
mass of residue was computed by dividing the mbessalue on an oven dry basis by the area
(0.84 nf = 9 ff) of quadrant frame. Residue dry matter weight matiplied by 10 to convert
into megagrams per hectare (Mg/ha) (1Mg = 100QLKkeg = 10,000 f). Carbon and N
concentrations were computed by multiplying residuematter weight by the C and N contents
in each residue sample.

“The term immobilized nitrogen, if strictly definecefers to the nitrogen that is
assimilated by the microorganisms that decompoganoc matters that are added to soil or
formed in it” (Allison, 1973). Presence of substahguantities of crop residues that have N
content less than 1.5 to 1.7% N (C:N ratio of 30:25:1) will generally reduce yields of most

non-leguminous crops if a supplemental N fertilizenot added to the soil to meet the needs of
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the microbes and crops (Allison, 1973; Havlin et 2005). Therefore, the literature recommends
that the quantity of supplemental N needed to carsgie for N to be potentially immobilized
should be determined by multiplying the residue matter weight by the difference between
1.7% N and the residue N content.

Havlin et al. (2005) noted that both residue N eab&ind inorganic soil N are used by
microorganisms during the residue breakdown whgh Gi:N ratio residues are added to the
soil. About 65% of residue C was liberated as, d@ing the decomposition process while 35%
was incorporated into microbial biomass (Havliralet 2005). Microbial decomposition of fresh
plant material usually converts 60% or more of@hato CQ and only 5 to 25% of the C is
incorporated into microbial biomass (Allison, 197Bhus, the amount of N to be potentially
assimilated in both aged and fresh residue was agtedpsing the 1.7% N (Allison, 1973) and
35% C (Havlin et al., 2005) values. The amountupidemental N was determined by
multiplying the residue dry matter weight by thecamt of residue C to obtain the mass of C per
hectare. The mass of C per hectare was multiplye@bBo C (approximate amount of C
incorporated into microbial cells) (Havlin et &005) to obtain the amount of C consumed by
microbes decomposing the residue. The amount efgNired by the microorganisms was
computed by dividing the amount of residue C usethlzroorganisms decomposing residue by
a microbial C:N ratio (8:1) (Havlin et al., 2005).

The amount of N in plant residues was also usestimate the amount of supplemental
N fertilizer required in compensation for the ressdN depleting effects due to microbial N
immobilization. The amount of N in residue was coeaol by multiplying the residue dry matter
weight per hectare by the difference of residueohtent and 1.7% N (Allison, 1973). After the

residue N was calculated, residue N fertilizer defsupplemental N fertilizer) was computed by
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subtracting the amount of N required by microbesnfthe amount of N in the residue. The
value obtained from this calculation was the amahbat would be, in theory, required by a
subsequent crop in order to meet its fertilizee§uirements. These estimated supplemental N
fertilizer rates were considered as N fertilizeroaimts that farmers and producers would need to
apply to subsequent crops in crop production system

Actual C:N ratios for fresh crop residues samptethll 2012 were also determined to
evaluate the C:N ratios for eight individual crapsluding alfalfa, corn, flax, pea, radish,
soybean, spring wheat, and winter wheat cropp#aeaCCSP site. These C:N ratios were to be
compared with the accumulated residue for the agedresh residues collected from the seven
rotations in the spring 2011 and fall 2012, respebt. These fresh residues were carefully
selected to avoid collecting old residue from poegi crops. The residue C and N content
percent (%) values were multiplied by 10 to conteeim into gram per kilogram (g/kg) and then
the C:N ratios were computed by dividing the resi@uvalues (g C/kg) by residue N values (g
N/kg).
Statistical Analysis

The SAS GLM program and least significant differen¢LSD) (SAS Institute, 2002-
2010) at < 0.05 were used to analyze residue dry matter w&igbsidue biomass), residue
C:N ratios, residue N fertilizer deficits (supplemted N fertilizer requirements), and residue C
and N contents for aged and fresh residues (T&¥gs The statistical analysis was done to
determine if there were significant differencesha amount of residue dry matter weight, C:N
ratios, residue N deficit (supplemental N requiratheand residue C and N for each of the seven
crop rotations. The residue dry matter weight, @tib, C and N contents, and N fertilizer

deficit data reported in each of the seven rotati@presented the grand total produced and
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returned to each rotation by all crops in thattroteover a time period. Individual plot data are
found in Tables A3 and A4. Results reported as maaiiables 6 and 7. The C:N ratios and
residue C and N contents for fresh crop residuesegorted in Table 8.
RESULTSAND DISCUSSIONS

The analysis of aged residue dry matter weightduesbiomass) is shown in Table 6.
Total residue dry matter weight was significanttgaer in the C-S rotation compared to the
SW-WW-F-C-C-S, WW-CC-C-S, and SW-WW-A-A-C-S rotats There was greater total
residue biomass in the C-S rotation because cerdue was being produced and returned in
greater amount and frequency to the rotation. Wiwteeat and spring wheat generally produce
lower amount of residue than corn. This was theaeavhy the C-S rotation had greater residue
biomass compared to the SW-WW-F-C-C-S, WW-CC-Crd, aW-WW-A-A-C-S rotations
that had winter wheat and spring wheat.

Table 6 Crop rotation treatments, residue weight, resid@n@€N, residue C:N ratio and
residue N fertilizer deficit for the spring 201 learesidue sampling.

Residue N
Crop Rotation Residue Residue C:N Fertilizer
Treatments Weight  Residue C Residue N Ratio’ Deficit

--kg/ha--  --kg C/ha-- --kg N/ha--  -------- --kg N&--

SW-WW-C-S 10080ab  4230ab 85.3b 49.4b 99.7a
SW-C-S 9080ab 3799ab 77.7b 49.4b 88.5ab
SW-S 8895ab 3660ab 54.8bc 36.1c 105a
C-S 11768a 5018a 124a 66.6a 95.1a
SW-WW-F-C-C-S 8359b 3443b 80.6b 54.9b 70.1bc
WW-CC-C-S 7405bc 3145b 68.4b 55.7b 69.2bc

SW-WW-A-A-C-S 4232c 1782c 22.3c 35.7c 55.7c

TSW-WW-C-S = spring wheat-winter wheat-corn-soybe-C-S = spring wheat-corn-
soybean; SW-S = spring wheat-soybean; C-S = coyhesm; SW-WW-F-C-C-S = spring
wheat-winter wheat-flax-corn-corn-soybean; WW-CGG-winter wheat-cover crop-corn-
soybean; SW-WW-A-A-C-S = spring wheat-winter whaHl#lfa-alfalfa-corn-soybean.
*Means with the same letter are not significantffedént at p< 0.05.

8C:N = carbon:nitrogen ratio.
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The total amount of residue that corn and soybeadyzed and returned to the SW-
WW-F-C-C-S, WW-CC-C-S, and SW-WW-A-A-C-S rotationas also lower than the total
amount of residue that corn and soybean producedednrned to the C-S rotation. The
difference in amount of residue being producedratutned to each of the four rotations was
related to the frequency of planting corn, soybeanyheat in each rotation. The main reason for
lower total residue biomass in the SW-WW-F-C-C-fation was that flax residue was being
produced and returned in lower amount and frequémdye rotation. Low frequent production
of corn, soybean, and wheat residue in the SW-WWG@HE-S rotation also reduced the total
amount of residue in the rotation.

The WW-CC-C-S rotation had lower total residue bagsidue to the production of low-
residue crops such as field pea, forage radishsayidean which reduced the total amount of
residue in the rotation. The amount of corn andavhesidue being produced in the WW-CC-C-
S rotation was also low due to low frequent proruncof these crops in the system. The total
residue biomass in the SW-WW-A-A-C-S rotation wasédst due to the production of low
residue-crops such as two alfalfa crops and soylvethe rotation. Alfalfa residue was also
being removed as hay which contributed to lowealtasidue biomass in the SW-WW-A-A-C-S
rotation compared to the C-S rotation where naresivas removed.

Table 6 also shows analysis of residue C and Necwsifor the aged residue. Total
residue C and N contents were significantly greatéine C-S rotation compared to the SW-
WW-F-C-C-S, WW-CC-C-S, and SW-WW-A-A-C-S rotatioi®tal residue C and N contents
in the SW-WW-A-A-C-S rotation were significantiyer than other rotations, except the SW-S
rotation. Greater total residue C and N contenth@C-S rotation were attributed to greater

cumulative residue biomass collected from the raatue to greater frequency of corn
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production in the system. Higher residue C and hexts in the C-S rotation were also
attributed to greater cumulative corn residue Cldrxing produced and returned 50% of the
time to the soil surface in the rotation. Soybezsidue with relatively greater C and N (Table 8)
than other crops was also being produced and edus8% of the time to the C-S rotation which
contributed to the total residue C and N in thatioh. However, the SW-WW-C-S, SW-C-S,
and SW-S rotations had lower total residue N insystems compared to the total residue N the
C-S rotation. Greater residue N content in the ©t&tion was attributed to slightly greater
cumulative residue biomass collected in the systempared to the SW-WW-C-S, SW-C-S, and
SW-S rotations although residue dry matter weigjotrged no significant difference in the four
systems (Table 6).

There were lower total residue C and N contenten'SW-WW-F-C-C-S rotation
because lower total residue biomass was being peadand returned to the rotation due to
lower frequency of corn production in the rotatigdthough high residue crops such as corn and
wheat were each present in the rotation two-th(iBd%0o) of the time, wheat biomass production
is generally lower than corn. Flax residue whichigh in C and low in N was also being
produced in lower amount and frequency in the SW-ARAR-C-S rotation which contributed to
lower total residue C and N contents in the rotatélthough flax showed greater residue C than
other crop residues (Table 8), lower frequent patida of flax in the SW-WW-F-C-C-S rotation
resulted in lower cumulative residue C in the systeower residue C and N contents in the
WW-CC-C-S rotation were due to the production efdesidue crops such as forage radish,
field pea, and soybean in the system. Corn andesoykesidue was also being produced in lower
amount and frequency in the WW-CC-C-S which reduoéal residue C and N contents in the

system compared to the C-S rotation where greaterand soybean residue was being produced
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in greater quantity and frequency. Lower residuen@ N contents in the SW-WW-A-A-C-S
rotation were attributable to lower total residuentass collected in the rotation due to low-
residue yielding crops such as two alfalfa crops$ soybean. The removal of cumulative crop
residue during haying of the alfalfa also influethtlee total residue C and N in the SW-WW-A-
A-C-S rotation. Leaching of soluble residue C anthldlfalfa and soybean N-rich residue
during the spring 2011 snowmelt and precipitatiaghthhave also contributed to lower total
residue C and N in the SW-WW-A-A-C-S rotation. Gegdotal residue C content also
corresponded with greater total residue N conteagied residue (Table 6). Rotations that
showed greater total residue C also showed grestdresidue N while rotations that showed
lower total residue C also showed lower total nesitl. As evidenced by residue biomass in
Table 6, greater total residue C and N contents\aése related to the total residue collected in
each rotation (Table 6).

Aged residue C:N ratios are also shown in Tableogal residue C:N ratio was
significantly wider in the C-S rotation comparedhe SW-S and SW-WW-A-A-C-S rotations.
The wider total C:N ratio in the C-S rotation watsibuted to low-N corn residue being
produced and returned 50% of the time to the mtatihich increased the C:N ratio in the
rotation. The wider C:N ratio in the C-S rotatioaswalso due to greater residue biomass
collected from the rotation compared to the SW-WW-E-S, WW-CC-C-S, and SW-WW-A-
A-C-S rotations where lower residue biomass wakect@d. Lower C:N ratio in the SW-WW-A-
A-C-S rotation was attributed to alfalfa and soybhagh-N residue being produced in the
rotation as well as lower total residue biomaggroportion to greater residue N collected in the
rotation. Lower total C:N ratio in the SW-S rotatizvas due to soybean N-rich residue being

produced and returned 50% of the time to the mraand with spring wheat biomass being
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generally lower relative to corn residue in the @ftation. Therefore, the SW-S and SW-WW-
A-A-C-S rotations had lower C:N ratios due to riedally higher legume N-rich residues in the
rotations. The C:N ratio also tends to decreaseE@sresidue decomposes due to conservation
of N and evolution of C as G@Brady, 1974). Leaching of soluble residue C Has been

shown to decrease a C:N ratio of aged plant matmrapared to fresh plant material (M.
Russelle, 2012, personal communication). This wabably the reason why the aged residue
C:N ratios (Table 6) were slightly lower than tinesh residue C:N ratios (Table 7).

Furthermore, although actual winter wheat residack dreater C:N ratio (101:1) than
actual corn residue C:N ratio (73:1) (Table 8), #W-WW-C-S, SW-WW-F-C-C-S, WW-CC-
C-S, and SW-WW-A-A-C-S rotations with winter whéwtd lower total C:N ratios in the
rotations compared to the C-S rotation without eintheat (Table 6). Winter wheat aged
residue was presumed to have been physically anldgically degraded over the spring season,
thereby reducing soluble residue C before sampléka spring 2011. But cornstalk residue may
not have been physically weathered and biologiaiigraded by the same environmental
conditions over the winter and spring seasons plysdue to the chemical composition of corn
residue C. The fact that wheat was harvested ynahd August while corn was harvested in
October also allowed wheat residue to weather beforn residue although both corn and wheat
were harvested in the fall 2010 and residues oveenad into the spring 2011.

Winter wheat contribution to the rotations with t@nwheat might have also been
masked because residue C:N ratios were computeddoonbined crop residue samples across
all plots within rotation treatments. Winter wheas also less frequently cropped in the
rotations in which it was included than corn in @ rotation. These conditions made it

difficult to accurately determine winter wheat aamition to the rotations in which it was
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included and further research is necessary toddteithe differences in residue contribution by
corn and winter wheat in cropping systems.

Also, the aged residue C:N ratios for the seveatiars (Table 6)vere greater than the
C:N ratios of 25:1 to 30:1 required for residue hhenalization reported by Allison (1973).
Legume crop residue C:N ratios and non-legume msigue C:N ratios (Table 8) were lower
and slightly greater, respectively, than the agsidue C:N ratios (Table 6) which showed that
combined residues across the plots within theiorateatments influenced the aged residue
C:N ratios (Table 6). Wide C:N ratios (Table 6) bavgreater potential to increase N
immobilization due to low residue N. Therefore, lggiion of supplemental N fertilizer to
subsequent crops would be required to reduce N inilination by microorganisms
decomposing high C residues.

The analysis of aged residue N fertilizer defi¢gispplemental N fertilizer requirements)
is shown in Table 6. Supplemental N fertilizer wbbe the amount of inorganic N fertilizer
required by a subsequent crop as well as microgendecomposing high C residue.
Supplemental N fertilizer need was significantlgaper in the SW-WW-C-S, SW-S, and C-S
rotations compared to the SW-WW-F-C-C-S, WW-CC-G& SW-WW-A-A-C-S rotations.
The SW-WW-C-S, SW-S, and C-S rotations requirecigresupplemental N fertilizer because
corn and wheat residue with corresponding low Ni@ainwas being produced and returned to
the rotations. Corn and wheat residue with cornedpy low N content may have been
produced and returned 758bthe time to the SW-WW-C-S rotation which incredshe need
for supplemental N fertilizer in the rotation. Sgyiwheat residue with corresponding low N
content was being produced and returned 50% dirtteeto the SW-S rotation which also

increased the need for supplemental N fertilizeéharotation. The C-S rotation required greater
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supplemental N fertilizer because greater corrdusswith low N content was being produced
and returned 50% of the time to the rotation. Thess less supplemental N fertilizer needed in
the SW-WW-F-C-C-S, WW-CC-C-S, and SW-WW-A-A-C-Satibns because lower residue
biomass was produced in each of these rotatiores SWd-WW-A-A-C-S rotation also required
less total supplemental N fertilizer because afalfid soybean N-rich residue was being
produced and returned to the rotation. As evidemgedsidue biomass (Table 6), rotations with
greater residue biomass required more supplemirftatilizer for a subsequent crop compared
to rotations with lower residue biomass. Thereftrere was lower supplemental N fertilizer
required in the SW-WW-A-A-C-S rotation due to lowetal residue biomass with greater total
N collected in the rotation.

The analysis of fresh residue dry matter weiglgi¢heée biomass) is shown in Table 7.
Total residue biomass was significantly greateahaenSW-C-S and C-S rotations and lower in the
SW-WW-A-A-C-S rotation. Greater total residue bi@san the SW-C-S rotation was due to
corn and wheat residue being produced and retumgabater quantity and frequency to the
rotation. Soybean residue also was being producédeturned 33% of the time to the SW-C-S
rotation which contributed to the greater totaldes biomass in the system. The C-S rotation
had greater total residue biomass because codueesias being produced and returned in
greater amount and frequency to the rotation. Smylesidue also produced and returned 50%
of the time to the C-S rotation which contributedhe total residue biomass in the system.
Therefore, greater frequency of corn, soybeanvameht production in the SW-C-S and C-S
rotations increased total residue biomass in teeesys. There was lower residue biomass in the
SW-WW-A-A-C-S rotation because lower total residhi@mass was collected in the rotation due

to the removal of the accumulated crop residueadfiatfa biomass by haying compared to

83



rotations where greater residue quantity was datecCorn, soybean, and wheat residue also
was being produced and returned in lower amounfraggiency to the SW-WW-A-A-C-S
rotation which resulted in the lower residue biosiaisthe system.

Analysis of fresh residue C and N contents is shimwiable 7. Total residue C and N
contents were significantly greater in the SW-Ca8 &-S rotations compared to the SW-S and
SW-WW-A-A-C-S rotations. Greater residue C and Nteats in the SW-C-S and C-S rotations
were due to greater total residue biomass withesponding greater total residue C produced in
the two rotations. Corn and soybean residue werle paoduced and returned 50% of the time to
the C-S rotation which influenced residue C andhkhie rotation. Corn and soybean residue
were also each produced and returned 33% of theetbrthe SW-C-S rotation which also likely
influenced residue C and N in the rotation. Thamfgreater residue C and N contents in the
SW-C-S and C-S rotations were due to greater freguef corn, wheat, and soybean production

in each of these rotations.

Table 7. Crop rotation treatments, residue weigisidue C and N, residue C:N ratio and
residue N fertilizer deficit for the fall 2012 fiesesidue sampling.

Residue N
Crop Rotation  Residue Residue  Fertilizer
Treatments Weight Residue C  Residue N C:N ratic’ Deficit
--kg/ha-- --kg C/ha-- --kg N/ha--  -------- --kg N/ha--
SW-WW-C-S 9053ab  3937ab 86.6ab 61.2ab 85.6abc
SW-C-S 10354a 4488a 98.2a 58.4ab 98.1a
SW-S 7243ab 3184b 68.0bc 58.6ab 71.3bc
C-S 10278a 4503a 103a 64.4a 93.3ab
SW-WW-F-C-C-S  8949ab 3890ab 85.2ab 61.6a 85.0abc
WW-CC-C-S 8801ab 3861ab 92.5ab 67.0a 76.4abc
SW-WW-A-A-C-S  6850b 2837b 56.4c 45.6b 67.7c

TSW-WW-C-S = spring wheat-winter wheat-corn-soybeaW-C-S = spring wheat-corn-
soybean; SW-S = spring wheat-soybean; C-S = coyhesm; SW-WW-F-C-C-S = spring
wheat-winter wheat-flax-corn-corn-soybean; WW-CGG-winter wheat-cover crop-
corn-soybean; SW-WW-A-A-C-S = spring wheat-wintdreat-alfalfa-alfalfa-corn-
soybean.

Means with the same letter are not significantffedent at p< 0.05.

8C:N = carbon:nitrogen ratio.
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The SW-WW-A-A-C-S rotation had lower total residdeaind N contents than other
rotations, except the SW-S rotation. This was Vildtle to low residue yielding crops such as the
two alfalfa crops and soybean in the rotation. Wdfavas also being removed as hay and thereby
reduced residue C and N input into the rotatiore aimount of residue C and N produced and
returned to the SW-WW-A-A-C-S rotation by corn amdeat was also lower than the amount of
residue C and N produced and returned to the SWa@dSC-S rotations by corn and wheat over
the same period of time. Difference in the amodmesidue C and N produced and returned to
each of these systems was related to the frequampducing each crop in each system.

Also, greater total residue C content correspondéugreater total residue N content in
fresh residue (Table 7). Rotations that had greatalt residue C showed greater total residue N
while rotations that had lower total residue C sedwower total residue N. As evidenced by
total residue biomass in each rotation in Tablgr&ater total residue C and N contents were also
related to the quantity of total residue colledteéach rotation (Table 7).

Fresh residue C:N ratios are shown in Table 7.dresC:N ratios were significantly
greater in the C-S, SW-WW-FX-C-C-S, and WW-CC-Gaetations compared to the SW-WW-
A-A-C-S rotation. Greater C:N ratios in the C-S, SWWV-FX-C-C-S, and WW-CC-C-S
rotations were due to greater total residue pradunetith corresponding greater total residue C
in each of the rotations. There was a wider C:Mratthe C-S rotation due to the production of
greater corn residue C in proportion to lower Nhe rotation. Winter wheat residue C:N ratio
(101:1) (Table 8) may have increased the total ths in the SW-WW-FX-C-C-S and WW-
CC-C-S rotations. There was a narrower C:N ratihenSW-WW-A-A-C-S rotation due to
alfalfa and soybean N-rich residue in the rotatlanwer amount of residue biomass with greater

residue N was also collected in the SW-WW-A-A-Cesation which reduced the C:N ratio in
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the system. Table 8 also shows narrower C:N ré&diokegume crops and wider C:N ratios for
non-legume crops, indicating that legume crops leageeater potential to influence crop residue
C:N ratio compared to non-legume crops.

Also, the fresh residue C:N ratios for the seveaatrons (Table 7) were much greater
than the C: N ratios of 25:1 to 30:1 required fsidue N mineralization reported by Allison
(1973). Legume crop residue C:N ratios and nontegarop residue C:N ratios (Table 8) were
lower and slightly greater, respectively, thanftlesh residue C:N ratios (Table 7) which showed
that cumulative residue across the plots withinrttation treatments influenced the fresh
residue C:N ratios (Table 7). These wide C:N raticable 7) are likely to increase residue N
immobilization due to low N. Supplemental N fez@ér would likely be required by subsequent
crops to reduce a potential N tie-up due to miggaaisms decomposing high C residue.

The analysis of fresh residue N fertilizer def{sitipplemental N fertilizer requirement) is
shown in Table 7. The supplemental N fertilizer wamificantly greater in the SW-C-S rotation
compared to the SW-WW-A-A-C-S rotation. As evidethbg residue biomass in the SW-C-S
rotation (Table 7), greater supplemental N feeiliczequirement for the SW-C-S rotation was
due to greater total residue quantity producetiénrbtation. The SW-WW-A-A-C-S rotation
required lower supplemental N fertilizer becaudalfa and soybean N-rich residue was being
produced and returned to the rotation. Also, adened by residue biomass in each rotation
(Table 7), rotations with greater residue biomasgiired greater supplemental N fertilizer
compared to rotations with lower residue biomas$ss Was the reason why the SW-WW-A-A-
C-S rotation which had lower residue biomass regluiower supplemental N fertilizer than the

rotations which had greater residue biomass.
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The actual C:N ratios and residue C and N conceoiafor fresh crop residues are
shown in Table 8. These C:N ratios were wider fam-tegume crops such as corn, flax, spring
wheat, and winter wheat and narrower for legumessuch as alfalfa, pea, soybean, as well as
forage radish, which was due to legume crops atidhidhaving greater N contents than non-
legume crops. Winter wheat residue showed the gge@tN ratio (101:1) similar to a C:N ratio
(98:1) reported by Kumar et al. (2012). Greatesiteriwheat residue C:N ratio was due to
lowest residue N in proportion to residue C. Améegume crop residues (Table 8), soybean
residue showed the greatest C:N ratio (53:1) simula C:N ratio (54:1) reported by Smith and
Sharpley (1990). The greatest soybean residue &idl(53:1) was due to the fact that its
residue was sampled when dry (Table 8) compardufrash plant material for pea, radish, and
partially green alfalfa residue at sampling.

Pea residue (18:1) and radish residue (8:1) hadhroweer C:N ratios compared to other
fresh crop residues due to greater residue N ipgston to residue C. Pea and radish were in a
vegetative green stage when sampled and as cas, @ea and radish were not yet killed by
frost at sampling.

Table 8. Crop residues, scientific names, resMuresidue C and residue C: N ratios for the
fresh crop residues for the fall 2012 sampling.

Residue
Crop C:N
Residues Scientific Names Residue N Residue C Ratios
--g N/kg-- --g C/kg--  --—----
Alfalfa Medicago sativa L. 21.8 446 21.0
Corn Zeamays L. 5.90 429 73.0
Flax Linum usitatissmum L. 6.10 472 77.0
Pea Pisum sativum L. 24.7 442 18.0
Radish Raphanus sativus L. 44.2 364 8.00
Soybean Glycinemax L. 8.40 443 53.0
Spring wheat Triticum aestivum L. 5.60 425 76.0
Winter wheat Triticum aestivum L. 4.40 444 101

C:N = carbon:nitrogen ratio.
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This was why pea and radish residues had much IGw¢iratios because green organic
materials most often contain greater N than drptphaaterials. These C:N ratios also show the
potential of each crop residue to mineralize or obitize N. Legume crops had greater residue
C and N contents than non-legume crops as eviddncegsidue C and N (Table 8). These
residue C and N contents show the amount of re<tdaled N each crop can produce and
ultimatelyreturn to cropping systems. Nitrogen contents oheaop residue can determine
whether residue N will result in N mineralization immobilization.

Residue N has been reported to mineralize in theraf alfalfa > peanut > soybean >
oat> sorghum > wheat > corn (Smith and Sharpley, 19D@¢refore, high-N legume residue
has the potential to increase N mineralization ldrayailability for subsequent crops compared
to low-N non-legume residue. Greater N contentegume crop residues show the importance
of alternating high N-use crops such as corn anelivvith low N-use crops such as alfalfa, pea,
and soybean. Including legume crops in croppintesys can reduce supplemental N fertilizer
required by non-legume crops. Growers can also gy@ater economic benefits by reducing the
amount of supplemental N fertilizer that can beli@oto non-legume crops. Reduction of
supplemental N fertilizer that can be applied to4egume crops can also reduce environmental
problems often associated with greater fertilizeagylication in cropping systems that do not
include legume crops.

SUMMARY AND CONCLUSIONS

Aboveground crop residue was evaluated to deterthmguantity of residue biomass
produced and returned to each rotation treatmehtrapact of residue retention on nutrient
cycling in the northern Great Plains. Aged andifressidue biomass was greater in the C-S

rotation. The main reason for greater residue bgsmathe C-S rotation was that greater
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cumulative corn residue was being produced inrthtetion. Aged and fresh residue biomass
was lower in the SW-WW-A-A-C-S rotation due to lavoduction of corn and wheat in the
rotation. Low-residue producing crops such asfalfahd soybean which were being produced in
the SW-WW-A-A-C-S rotation also contributed to tbever total residue biomass in the system.

The C:N ratios are generally used to predict the odresidue N mineralization-
immobilization and decomposition. Residue C:N foe also important in ensuring that there
is sufficient N available to meet fertilizer N recgments of subsequent crops. There was lower
C:N ratio in the aged residue than fresh residieetdigreater residue C in fresh residue
compared to the aged residue. The aged and freglueeC:N ratios were greater than a C:N
ratio of 25:1 to 30:1 which showed that supplemiedteertilizer would likely be required by
subsequent crops to reduce residue N immobilizatiegume crops and forage radish had lower
C:N ratios than non-legume crops which showedldtatmes can increase residue N
mineralization and non-legumes can promote redilummobilization. Legume crops can also
increase N availability for subsequent crops duad¢oeased N mineralization. Lower C:N ratios
for legumes and forage radish were related to legunaving greater N content in proportion to
greater residue C content. Winter wheat residuelmadreatest C:N ratio (101:1) compared to
other crop residues due to its greater C relatvMewer N. Radish residue had the lowest C:N
ratio (8:1) compared to other fresh crop residuestd its greater N content and also due to the
fact it was still in a green vegetative stage weampled compared to other crop residues
sampled when dry.

The C-S rotation had greater total C and N contiemtaged and fresh residue because
corn residue was being produced and returned eigreguantity to the rotation. The main

reason for greater total residue C and N in therGt&ion was that greater total residue C and N
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was being produced and returned to the rotatiotoby. Soybean residue also was being
produced 50% of the time in the C-S rotation whaohtributed to greater total residue biomass
in the system. The SW-WW-A-A-C-S rotation had lowetal residue C and N contents for the
aged and fresh residues because corn and whedieegas being produced and returned in
lower amount and frequency to the rotation. Lowa¢altresidue C and N in the SW-WW-A-A-
C-S rotation was also due to lower total residweriaiss collected in the rotation compared to
other rotations where greater total residue biomasscollected. In comparison, corn residue
was produced and returned in greater amount t€Beotations while corn residue was
produced and returned in lower amount to the SW-WAA-C-S rotation. Residue C and N
contents in cropping systems are not only increayddtensification and diversification of
crops but also by frequency of planting each cropropping systems. Planting high residue
producing crops such as corn and wheat more frelyusam increase residue C and N on the soill
surface than planting corn and wheat less frequenhtiis was the reason why the C-S rotation
which had greater frequency of corn productiorhm system contained greater residue C and N
compared to the rotations which had lower frequesfayorn and wheat production in the
systems. The actuetsidue C and N contents for legume and non-legunoyes showed the
amount of C and N each crop can produce and r&twropping systems. Residue C and N
contents show that legume crop residues can inefdamineralization and N availability for
subsequent crops than non-legume crop residuasatimy that non-legume crop residues may
require additional N fertilizer to reduce residugi®&up by microorganisms decomposing high C
residues.

The residue N fertilizer deficits were potentiapplemental N fertilizer requirements

required by subsequent crops to reduce residuenhbbilization due to microorganisms
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decomposing high C residue. Supplemental N fegtiliequirements were slightly greater for
fresh residue than aged residue. Aged residuereshlawer supplemental N fertilizer probably
due to leaching of soluble residue C and N durreg2011 spring snowmelt and precipitation.
Lower supplemental N fertilizer requirement for tgeed residue was also due to lower total
residue biomass collected from the aged residtigeiigspring 2011 which was due to partial
decomposition of the residues between harvest eyplseeding the following spring compared
to greater total residue biomass collected fronfriagh residue in the fall 2012. The amount of
residue biomass in each of the seven rotationscalsesponded with the mount of supplemental
N fertilizer required by subsequent crops to redaesedue N immobilization in each system.
Rotations that had greater residue biomass reqgmestter supplemental N fertilizer for the
systems while rotations that had lower residue lsswequired lower supplemental N fertilizer
for the systems. This shows that high residue bgsnean increase supplemental N fertilizer
requirement for subsequent crops and microorganitsgoemposing high C residue under no-till
management systems.
Recommendationsfor Future Research Trials

Sustainable management of cropping systems isregtjito balance nutrient removal
with nutrient replenishment and mitigate SOC eroissiin the Northern Great Plains. The
estimated supplemental N requirements are the asN fertilizer amounts intended to offset
the residue N immobilization due to microbes decosimy high C residues. These estimated N
fertilizer amounts should be applied to subsequesys as recommended by Allison (1973).

The intent of the recommendations is to providernmiation that will be important for
determining N fertilizer requirements and adjusti@dilizer application rates for different crops

in cropping systems. Different locations have défe climatic conditions and soil types.
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Therefore, use of these sources and estimatedesupptal fertilizer amounts should be based on
site-specific climatic conditions, solil types, &@M levels. The economic value of all these
recommendations should be determined in futureestud help determine “return to N”
fertilizer based on grain income as recommendelBragzen et al. (2011). Specific areas in
using residue information in the future include:

e A study already conducted in North Dakota showed $pring wheat and durum wheat
(Triticum durum Desf.) required 50 kg N/ha less fertilizerder long-term no-till systems
than conventional systems (Franzen et al., 2013t Study indicated that residue
information can potentially be used to modify fiezér N recommendations to account
for N mineralized from the previous crop residubeTntent of that study was to provide
spring wheat and durum growers in North Dakota \ettilizer N recommendations they
could use in their nutrient management, N adjustpgerd timing of N application in
long-term no-till (> 5 years) wheat production. étflizer N recommendation guide in
Montana suggests that fertilizer N rate should @erebhsed by 45 kg N/ha (40 Ib. N/ac)
where the previous crop was alfalfa (Dinkins ande3p 2007). A recent study conducted
in Montana reported that urea-based and anhydmouasoaia fertilizers should be
incorporated under high residue conditions to min@a conversion of urea to NHand
subsequent N¥ivolatilization (Jones et al., 2013). Another stedyducted in Wisconsin
reported that 34 kg N/H&0 Ib. N/ac) should be added to corn where at &@% of the
soil surface was covered by previous corn resi@umdy, 1998). This additional
fertilizer N would be mainly required to compenstatelow annual amount of
mineralized N from SOM and N-immobilized in surfaesidues under high corn residue

conditions. This amount would not be required & grevious crop was either soybean or
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forage legumeBut 34 kg N/haan probably be halved for corn that may be plamted
100% residue-covered surface similar to the CC&P Reduction of 34 kg N/hander
100% residue treatments would be necessary beb@lseesidue amount increases
residual soil N@-N for the next crops. “High levels of residual iganic N in the root
profile contribute a major portion of the total piaN and should be taken into account
when formulating fertilizer N recommendations foraroving N use efficiency” (Sowers
et al., 1994). Therefore, residual soil N tests are also recommended for future
determination of fertilizer N. Using such studiasonjunction with site-specific
conditions will be important when evaluating futuse of these estimated N fertilizer
amounts.

The amount of fertilizer N required by corn is abhalways greater than the amount of
fertilizer N required by other crops. Thereforediidnal experiments should be
established to determine the amount of fertilizeeuired by high-N consuming crops
such as corn and wheat and low-N requiring croph s alfalfa, pea, and soybean.
Different plots will need to be established. Siaésub-plots can be designed to fit into
the current sizes of plots at the CCSP site witteint rates of the supplemental N
fertilizer being applied to different sub-plotsdetermine the exact amount each crop
will need to attain its yield potential goal ana@in content. For example, 0 kg N/ha, 50
kg N/ha, 100 kg N/ha, and 150 kg N/ha, and 200 kg N fertilizer amounts should
be applied to different plots with the same croplétermine the yield potential and grain
protein content and relative to the residue N aunfEhese N fertilizer rates should be
split-applied to crops to enhance seed germinatemyce in-season N deficiencies, and

reduce crop growth variability, with greater in-sea N to achieve both grain yield and
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protein content (Jones and Olson-Rutz, 2012). §pMimpplication to crops is also
important because it increases N uptake efficiemzy/reduces N (}0 and NQ-N)

losses to the environment compared to fall N appba. This work will need to be
conducted on long-term no-till trials in order t@ake valid assumptions and conclusions.
A drawback to conducting this research is lackooftterm research sites that would
allow research to continue for more than five yeArBve-year study under no-till
management can provide a valid evaluation of ifgaats on SOC sequestration, soil
health, and nutrient cycling, especially with reysr N.

It has been reported that residue left on thessoface may increase NMolatilization

(De Ruijter et al., 2010). Low-N residue such asia@nd wheat residues may not result
in NHs volatilization under high residue cropping systehligwever, high-N residue such
as alfalfa and soybean residues may increasgvidhdtilization if not incorporated in the
soil. Therefore, incorporating high-N residue caduce NH volatilization and increase
NH," availability for subsequent crops (De Ruijter let2010). Incorporating N-rich
residue can also reduce supplemental N fertiliequired by subsequent crops due to
increased N availability in the soil. One way t@esmentally conduct this would be to
compare two plots where N-rich residue would béasa-applied in one plot and N-rich
residue would be soil-incorporated in another pltiis would likely defeat the purpose
of no-till management but a comparison still shdutdmade to advance science.
Fertilizer N management and recommendations hadgitrnally relied on soil tests,
protein content, and potential yield goals. It hasn reported that soil test and previous
year grain yield variation techniques cannot pretilie nutrient availability of mobile

nutrients such as N fertilizer during the reproduecgrowth of winter wheat and similar
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crops (Stone et al., 1996). A study has also repdtiat fertilizer N application to wheat
during reproductive growth will increase the poi&infor the crop to increase its grain
yield and protein content (Jones and Olson-Rutz220The highest recovery of added
fertilizer N in the crop is obtained when a readilailable form of nitrogen is applied
directly to the growing crop, and in such amouh#t it will be assimilated promptly”
(Allison, 1973). A study has also shown that N Wpthy crops is often low at the
beginning of the growing season, high during velgetastage, and rapidly reduce as
crops reach their maturity (Millar et al., 2010h€Fefore, new technologies should be
used for detecting mid-season N deficiencies aodmenending N fertilizer during crop
growing seasons. Chlorophyll meter and normalizddrénce vegetation index (NDVI)
have recently been used to asses a mid-seasords §8tone et al., 1996; Schlegel et al.,
2005). These technologies can be used to applynamage the estimated supplemental
N fertilizer rates for the future research trisdthough these new technologies require
specialized equipment (Schlegel et al., 2005), #reyimportant for evaluating in-season
N stress and recommending N fertilizer for growangps. These technologies can help
growers and scientists to detect N stress in sarts pf field, determine timing of N
application, adjust N fertilizer rate, improve tNeuse efficiency (NUE), increase yield
and residue biomass, and eliminate overestimatibhfertilizer. Implementing these
techniques as well as synchronizing N applicatitth plant N demand can increase N
use efficiency and reduce N {8 and NQ-N) losses to the environment.
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PAPER 3. EVALUATION OF SOIL C SEQUESTRATION, GREENHOUSE GAS
EMISSIONS, AND SOIL LOSSIN A NO-TILL SYSTEM USING THE
VOLUNTARY REPORTING TOOL COMET-VR AND RUSLEZ2.
ABSTRACT

Models have been used to estimate SOC levels, Ghi&mns, and soil losses under
agricultural management practices in the UnitedeStand the world. The CarbOn Management
Evaluation Tool-Voluntary Reporting (COMET-VR) aRevised Universal Soil Loss Equation
version 2 (RUSLE2) models were used to estimate &@€ls and soil losses under the seven
crop rotations, respectively. The Soil Conditionindex (SCI) and Soil Tillage Intensity Rating
(STIR) programs in the RUSLE2 model were used ¢éaliot the impacts of the seven rotations
on SOC conditions and soil disturbance ratingpeesvely. The SW-WW-C-S, SW-WW-F-C-
C-S, WW-CC-C-S, and SW-WW-A-A-C-S rotations withntér wheat and SW-C-S, SW-S, and
C-S rotations without winter wheat were evaluatsithgi these models. The COMET-VR model
predicted slightly greater SOC levels and GHG eimissin high-intensity rotations with winter
wheat compared to low-intensity rotations withouriter wheat. The model estimated lower
SOC levels in the rotations such as SW-S and Cagaced with the rotations such as SW-WW-
F-C-C-S and SW-WW-A-A-C-S. A comparison of ten-ypasjected model-based and field-
based SOC levels showed that the model estimatest IBOC levels in the seven rotations than
the actual SOC levels. The RUSLE2 model estimate@i soil losses for 3% slope and greater
soil losses for 6% slope as expected with a cdroglaf r = 1.00. The SW-WW-C-S, SW-WW-
F-C-C-S, and SW-WW-A-A-C-S rotations had lower dogises than the SW-C-S, SW-S, and C-
S rotations for 3% and 6% slopes, respectively. Whig-CC-C-S rotation had greater soil losses

compared to other six rotations due to lower resiclwer in the system. The SCl and STIR
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predicted positive SOC conditions and low soilulisance ratings, respectively. Low solil losses,
positive SCI values, and low STIR values refledtezlpositive impact of crop residue retention
and crop rotation under no-till management at tiSE site.
INTRODUCTION

Use of Modelsto Estimate GHG Emissions, SOC Storage, and Soil L osses

Increased global demand for food to meet the grgwumman population has increased
soil surface disturbance, fossil fuel consumptlmomass burning, and GHG emissions (Follet et
al., 2005). The GHGs associated with the climasnge include carbon dioxide (gand
nitrous oxide (NO) (Bracmort, 2010). As gases are released intatihesphere, they trap heat
within the atmosphere and increase the air temyerathich may consequently lead to the
greenhouse effects (USDA-NRCS, 2007). Th®Mhay contribute to the global climate change
(Yung et al., 1976) and destruction of the stratese layer (Crutzen, 1981).

No-till systems have been linked to increabe® emissions due to greater Nand
NOs on the soil surface compared to conventionalgdlaystems (Mackenzie et al., 1998).
Staley et al. (1990) reported high@lemissions under residue no-till system due tatgre
mineralizable SOC on the soil surface. Th®MNmissions are influenced by soil temperature,
volumetric soil water content, precipitation, amdteamperature (Omonode et al., 2010). Higher
N denitrification and MO emissions have been reported under high resmhuditions system
due to greater soil moisture, SOC, and microbiglytetions on the soil surface (Doran, 1980;
Aulakh et al., 1984).

Corn and soybean have been observed to be resfefmithe greatest XD emissions in
the USA (Del Grosso et al., 2005). Fall N appliocathas been associated with greatgd N

emissions than spring N application due to increéasetness during the fall season snowmelt
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and precipitation (Novoa and Tejeda, 2006). Higlg emissions have been reported from
corn systems due to greater N application to cadeuno-till systems (Mackenzie et al., 1997,
Mackenzie et al., 1998). However, a study by Gragtdgl. (2006) reported increased SOC and
improved soil physical structure and no increasgd Bmissions under no-till regime. They also
reported that increased SOC storage can offgetéynissions under no-till management
systems.

The Natural Resources Conservation Services (NR&Bses its efforts on global
climate change by: 1) quantifying the effects aigervation practices on GHG emissions and
SOC sequestration; 2) refining incentives in covegon programs to address the impacts of
climate change on agriculture; 3) developing antbaraging use of conservation practices that
reduce GHG emissions; and 4) enhancing opportgriiencrease farm profitability on the
emerging voluntary emission trading markets (USDR&, 2011a). Conservation agricultural
practices have a potential to reduce atmosphencerdrations of GHGs by storing SOC,
reducing GHG emissions, improving N fertilizer uaad reducing fossil fuel combustion.

Proposed management practices will help produeas sioney and time while
improving their environment around them and themmunity livelihoods. The COMET-VR
model was developed to help producers, farmersseietists estimate and report stored SOC
and GHG emission reductions under exiting agricaltaonditions and conservation
management practices. The model allows users tatifjpeheir SOC changes and provides them
with the ability to determine the effect of themoduction practices on SOC levels and G0Od
N>O emissions (USDA-NRCS, 2012). As part of NRCS@glproducers who can use the
model can be given a one-time incentive of $50Cutide NRCS Conservation Security

Program (CSP) (USDA-NRCS, 2012).
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Soil erosion reduces soil productivity when clag andium-saturated subsoil is exposed
and subsequently reduces infiltration, increasesse runoff, and accelerates erosion on down
slope soils (National Soil Erosion-Soil ProducgMResearch Planning Committee, 1981). The
RUSLE2 model was developed to help farmers, s@Etand land managers to estimate soil
losses under conditions related to cropping systemsagement strategies, and erosion control
practices (Angima et al., 2003). The Soil Conditignindex (SCI) and Soil Tillage Intensity
Rating (STIR) programs in the RUSLE2 model wereetigyed to predict the effects of cropping
systems on SOC conditions (Warren Wilson Colle§¢22 and tillage disturbance rating
(USDA-NRCS, 2008a, 2011b), respectively.

Objectives

The objectives of this study were to determineahidity of: 1) COMET-VR model to
estimate SOC and G@nd NO emissions under no-till management; 2) RUSLE2 ehtal
guantitatively predict soil losses in no-till pradion; and 3) SCI and STIR programs to predict
SOC conditions and calculate soil disturbance gatinespectively.

MATERIALSAND METHODS
COMET-VR Modeling Procedure

The COMET-VR model was originally developed for th® Corn Belt region and
therefore did not have cropping systems in theheont Great Plains. The COMET-VR was used
to evaluate SOC storage and GHG emissions undsraag with winter wheafT§iticum
aestivum L.) and rotations without winter wheat. The SOQuesl and GHG emissions reported
in each rotation were values accumulated over algears under no-till management at the
CCSP site.

Rotations with winter wheat were:
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e Spring wheat-winter wheat-corn-soybean (SW-WW-C-S)

e Spring wheat-winter wheat-flax-corn-corn-soybeaw(®/W-F-C-C-S)

e Winter wheat-cover crop-corn-soybean (WW-CC-C-S)

e Spring wheat-winter wheat-alfalfa-alfalfa-corn-segn (SW-WW-A-A-C-S)

Rotations without winter wheat were:

e Spring wheat-corn-soybean (SW-C-S)
e Spring wheat-soybean (SW-S)
e Corn-soybean (C-S)

All simulations were based on the number of cropsach cropping rotation (Tables 9-
15). Crops in each rotation were split into twogceamulations each. Crop rotations that had
more crops had more simulations than crop rotatibashad fewer crops. Crops were split
because the COMET-VR model had limited number t#trons and, therefore, did not reflect all
possible combinations of crop rotations at the CGi&R Different rates of N fertilizer for
different crops were entered into the COMET-VR enréased on the information obtained
from the CCSP site.

Different rates of N fertilizer entered for indiwdl crops or combination of crops may
have influenced the COMET-VR outputs, especiab®Nalues. The outputs were reported as
soil and biomass SOC, soil and biomass €fission equivalents, percent uncertainty, annual
N2O emissions, and JO-based C@emission equivalents. The COMET-VR converted a
megagram (Mg) soil and biomass SOC into soil andhbss C@emission equivalents using
3.667 Mg of CQper Mg of SOC. Annual pO emissions were converted intgQdbased CQ

emission equivalents using the global warming paae(GWP) value of 310.
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The model-based outputs were computed on a yeasig Mg/yr). The simulated values
for all simulations were summed for each rotatibime total simulated values were multiplied by
10 years to present SOC sequestration levels ar@ &hissions over the next decade for each
of the seven crop rotations. The simulated valuerewalso divided by 10 hectares (the area of
the CCSP site) for comparison with the field-baS&LC values on a per hectare basis. The
COMET-VR was able to determine an uncertainty vétuehe SOC and C£emission
equivalents. The uncertainty value (x19) for SO@ &, emission equivalents was consistent
for all simulations for the seven crop rotations.

The uncertainty value showed that modeled SOC agtscould vary by +19 to -19% of
the simulated value. But the model was unable terdene the uncertainty value for the annual
N>O and NO-based C@emission equivalents. This was partly attributethtk of sufficient
field data based on the location, soil type, amdntfanagement information that was provided on
the COMET-VR data entry screens for the CCSP Sitaulations that had continuous corn,
continuous winter wheat, corn-winter wheat, corgbs&an, and continuous soybean had greater
stored SOC levels and,® emissions than simulations that had continuous-spring wheat,
continuous spring wheat, soybean-spring wheat,essylwinter wheat, spring wheat-barley, and
pulse-winter wheat.

RUSLEZ2, SCI, and STIR Modeling Procedure

RUSLE?2 1.26.6.4 was used to compute soil lossesnthé winter wheat rotations and
control rotations previously described. The Soih@itioning Index (SCI) and Soil Tillage
Intensity Rating (STIR) programs in RUSLEL2 weredi$o predict the effects of the rotations
on SOC conditions and soil disturbance ratinggeesvely. The RUSLE2 model was first

programmed using relevant information in North Dako
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Information included precipitation, temperaturel,4opography, land use, cover
management, and supporting practices for all ceanti North Dakota. After RUSLE2 1.26.6.4
was downloaded, a profile was created under prafilgksheet. Location, topography, sail,
cover management, and supporting practices wehadied in the profile. The profile was also
used to store the built-base management sequaites the profile was used, seven steps were
executed to determine soil losses, sediment yi&8@€; conditions, and soil disturbance ratings.
Step 1: Choose Location to Set Climate

Sargent County was the location where the CCSRaskerman was located.

Therefore, it was selected in the list of all coemin North Dakota.
Step 2: Choose Soil Type

Aa Aastad clay loam/Aastad clay loam 90% was sedkict the soil screen under Sargent
County because it was the dominant soil type aC@G&P farm. Clay loam was chosen because
it was a dominant soil texture in the C-S and SWA/W-C-C-S rotations sampled in 2006
(Augustin, 2009).

Step 3: Set Slope Topography

Default slope steepness and slope length were edanghe topography screen. Slope
length of 67 m (220 ft.) and slope steepness ohB#6% were used to compute soil loss
estimates in (Fig.5). Both slopes were used bediesslope of majority of plots ranged from
3% to 6% at the CCSP site. These slopes were a&bto evaluate the impacts of different
slopes on solil erosion rates and SOC conditionetesmined by RUSLE2 and SCI,
respectively. Each rotation was run for both 3% @%gdslopes and slope length of 67 m (220

ft.). For example, the C-S rotation was first ron 3% slope and 67 m (220 ft.) slope length (Fig.
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5). The C-S rotation was again run for 6% slope @nd (220 ft.) slope length in (Fig. 6). The

same procedure was used to compute soil loss @esirfa other six crop rotations.

STEP 1: Choose location to set cimate: Locatan|_| U5& oth DakotalSargent County |
STEP 2 Choose soil type: ol ] Seangent County, North D akota\a Aastad clay loambdastad clay loam 307% K
STER 3 Set dope topogiaphy. e enh [dong slop Avg. sope steepress. %) 30 |
STEP da Seleot bass management  Base management| ] CHEZ (' Dther Lacal Mot Records! Cor-sovbean rotation F1 K
STEP 4t Modiy/buld man. sequence f desied STEP dc: adjust management nputs  desred
Management sequence 0 Aefust yields | open
- - General yield lewel | Gt by user
Man, Statng  Endng  Camect . j
i Management dat;[r:j’%;’y dat:, rl:}gd@ da?g:EP: Adjst s el evel Homlres. burd 1
|- Adust eat res. addbions [ ) Residue inpuls
|1 [[]..a5ingls ear/Singls Crop Templates\Com grainCom, grainyNT, 213} BA0A | 10484 | == ] Rack cover, % I
2 [7..\aSingle Year/Single Crop TemplatestSopbeantSuybeans: NT,21 1| A0 | 92502 | = ]
Fueltype for entire run| [nane] 1

Equiv. diesel use for enfire smulation, galfac] 47
Enienay use for ente simulation, BTU/ac| 70000
Fuel cost for entire simulation, LI5$/a] 1454

fipply ot bulder manage. sequence to erosion calz. | Apply Save temp. management as pemanent

STEP: Set supporing practices:

Contouing ] 3. 10w up-and-down il o Achdowgade k| 30 | Ot slopelength,ft:

Stips/ariers| [nane] K s offsek fiom start pear [ O
i lfset
- o Segrent
Diversion/temace, sediment basi| [nane) N T fon
| - | oy
Subsuzce dainae [nare] N 1 0

Al Addiional Resuls ‘ Track Residue and Canopy ‘
Sl logs for cons. plan, Kachw| 0,07 Infi J
Tvalue, tactr| KD
Surf, res. cov. values [ open
Soil condtioningindes( ] Sol condtioning index | |

Figure 5. Diagram of the RUSLE2 profile for the Gefation (3% slope).
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STEF1: Chiaose lncation to sef cimate: Lacafian|[ ] LIS M orth D akotabSargent County 7

STEF 2 Choose sol bype: Sl |D Sangent County, North Dakotabda Aastad clay bam'dastad clay loam 30% j
STEP% Setslopetopogiaphy: Slope length (slang slop Ay, 3lope deepriess, %
STEP 4 Select base management  Base management |D tempCorm-sopbean rotation F2 j
STEP 4b: Modify/buld man. sequence if desied: STEP dz: adjust management inputs if desired:
Management sequence | Adjust yields ] open
- : (eneral yield level St by user
Man. Stating  Endng  Comect , ! Y
Management date,ma’%a’y date,ma’gda’y daes by Adfust res. burial level Homal res. burial |
s - Adustext res. addtions[ ] Residue mputs
L1 []..2.5ingle Year/Single Crop TemplateshCom grain\Com, gain NT, Z1 7] BADA | 10454 | == Ruck cover, % 0
2 [[7..\a Single Year/Single Crap Templates\Sopbeant Sovbeans; NT, 21 @) GA0Z | 9252 | ==
Fuel type for entire un| [hone) [

Equiv. diesel use for entre smulation, galfac| 48
Eneny use for entire smulation, BTU/ac| 670000
Fuel cast for entire simulation, US$/a] 1454

fipply rot. builder manage. sequence to erosion calc. | Apply Save temp. mahagement as pemaneht

STEP &: Set supparting pracices:

Cortouing [ ] . 10ws ug-and-down hil v Actual ow grade, % Cot. shape length, f |:|

Stipsibarers| [nane) K| 113 offset fiom start pear (O
Seqnent 113 offset
Diversiontenace, sedment basin| [nong) K fom st
o | | vea
Subsurtace diainage | (none) j 1 0

Riesuls |FAaE) Hesultsl Track Residue and Canopy l
Sol loss for cons. plan, tacdw| (1,065 Info J
T value, tache[ 5D
Surf res. cov. values|[] open
Sol condiioningindzs( ] Sol condtioning indes | |

Figure6. Diagram of the RUSLE2 profile for the C-S ravati(6% slope).
Step 4a: Select Base Management

There were three major crop management zones (CMEZRBIZ 02, and CMZ 03)
available in the RUSLEZ2 1.26.60ofile screen for North Dakota. Sargent CountiXorth

Dakota was included under crop management zone (CMZn the base management screen, a
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single year/single crop template was selected uBd&£ 01. Under the single year/single crop
template, each crop was selected from the crop risrto build base management sequences.
Step 4b: Modify Management Sequenceif Desired

Each crop management sequence was modified artddofitleach crop rotation in the
RUSLEZ2 profile screen. Under the single year/singtg template in CMZ01, each crop was
“clicked” twice to provide different managementiopis such as plow-based, fallow, and no-till.
No-till operation was selected for all crops toldwll management sequences. Under the
management screen, there were plus (+) and mipemgs. To add a crop to the base
management sequence, a plus (+) sign button wasedli To delete a crop from the base
management sequence, a minus (-) sign button \wkedl

For the WW-CC-C-S rotation, pea was substituteccémer crop since this was the cover
crop used in the site (Fig. 7). For the SW-WW-A-ASCotation, alfalfa was not included in the
CMZ Oldata pool. Therefore, alfalfa under foragation under multi-year rotation templates in
CMZ 03 was selected to build the base managemethdédSW-WW-A-A-C-S rotation.

Step 4c¢: Adjust Management Input if Desired

Yields were adjusted for the built-management sege by clicking the “open” button
in the “adjust yield” screen (Fig. 7). Default ydslwere replaced with the actual CCSP site
yields between 2006 and 2010 (Cooper, 2006, 20008,2009, and 2010). The five-year yields
for seven crops (alfalfa, corn, flax, pea, soybasaning wheat, and winter wheat) were averaged
for inclusion in the model.

The average yields were: Alfalfa (6.9 Mg/ha= 3.4sfacre), corn (10017 kg/ha = 159
bu/acre), flax (1134 kg/ha = 18 bu/acre), pea (1890a = 30 bu/acre), soybean (2709 kg/ha =

43 bu/acre), spring wheat (3906 kg/ha = 62 bu/aarg) winter wheat (4536 kg/ha = 72
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bu/acre), respectively. The average yields werstgubed for the default yields to calculate soil
loss, SCI, and STIR.
Step 4d: Apply Rotation Builder Management Sequence

The input information was sent to the erosion datou by clicking “apply” button in the

profile screen. The input information was usedalzualate the outputs such as soil loss, SCI, and

STIR.
ETEF1: Chaose lcation to st cimate; Lacation] ] U5 arth Dakata\Sargent Counly |
STEP 2 Choose sol type: Sol |D Sargent County, North Dakotahda Aastad clay loam'astad clay loam 30% j
STEP 3 Set slope topography: ~ Slope length [along slop Ay, slope steepness, %) 30
STEP 4a; Select base management Base management |D tempinter wheat-pea [cover crop)-com-soybean ratation KH1 j
STEP 4b: Modify/build man. sequence if desired: STEP 4c: adjust management inputs if desired:
Management sequence 0 Adjust yields |7 open
] . General yield level Set by uzer
Wan. Stating  Endin Carrect : i Y
Management e ,ﬂ ly dete, mfgd ly dates by At res. burial level Mamal res. burial |
+ | - Aidjust et res. addtions([ ] Flesidue inputs
Ll 1 []..JeVear/Single Crop Templates\winter wheatwheat, winter, NT,Z1 ] 9454 | 8A2 | = 7 Rock cover, % 1
Ll 2 [7]... 01%a Single Year/Single Crop Templates\Peas\Peas, fild, NT,Z1 @ BA/ | 8154 | == 7
Ll 3 [[7..a5inge Year/Single Crop Templates\Com grain\Com, grain NT. 21| 5104 | 10154 | == ¥ Fuel type for entire run| [hare] hd
4 [7..\a5ingle Year/Single Crop Templates\S oybean'Sopheans; NT,Z1 ¥ BA0G | 9285 | = Equiv. diesel use for enfire smulation, galfac] 93
Energy use for entire simulation, BTU/ac [ 1300000
Fuel cost for entie smulation, US$/a[ 2786

Apply ot bulder manage. sequence to ersion cale. | | Apply Save temp. management as permanent

STEP &: Set supparting practices:

Cantouring [ 2, 10Ws Up-and-down il v Actudiowgiade, %[ 30 Cit. sope length, i ]
Strips/barriers| [none) j 15 offset from start year [0
il 13 offzet
Diversion/terace, sedment basin| [hone] | fram start
+ | | ey
Subsurface diainags | [hane] 1 ! 0

GIEVIEN A ddtional Results ] Track Residue and Canopy ]
Soillogs for cons. plan, tacde|  0.079 Info J
T value, tacin[ B
St res. cov. values [ open
Soll condtioning indes ] Sal conditioning index. | |

Figure 7. Diagram of the RUSLE2 profile for the WR-C-S rotation (3% slope).
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Step 5: Set Supporting Practices

Supporting practices included contouring, stripsibes, diversions/terraces, and
subsurface drainage. Row up-and-down hill was s&defor the contouring and “none” was
selected for the strips/barriers, diversions/taasaand subsurface drainage (Figs. 5-8). Row up-
and-down hill was considered as the most commotocoing practice in the northern Great
Plains. “None” was selected for other supportinactices because CCSP site did not have such
supporting practices. The long, narrow nature efilots at the CCSP site precludes deliberate
contour seeding operations.

Step 6: Check the SCI and STIR Values

The SCI and STIR values were checked by clickirg‘ttellow” button in the SCI screen
(Figs. 5-7). Figure 8 shows organic matter (OMjldiioperation (FO), and erosion (ER) that SCI
used to qualitatively predict the consequenceb®built base management sequences on SOC

conditions. Figure 8 also shows SCI and STIR outpartthe SW-WW-C-S rotation.

wrind & rrigation-induce |II

SCl Ok =ubfactor 2.2
Sl FO =ubfactor .97
SCI ER subfactor .99

Aoeg. annual slope STIR
S ol conditioring index= [SCI1]

Annual STIR “Yalues by Crop ear [}
Start date. End date.

rr ey mAdAn wWeq. STIR walus
9/254 215 wegetationswWheat, spring Fin rows 4.2
2154 2.2 wegetationswWheat, winter Fin rows 4.2
81,2 109543 wegetationsSCorn, grain =59
101532 9/25.4 vegetationshSovbean, nwvw 30 in roves =59

4 [ v Iy manaaement 148

Figure 8. Diagrammatic view of the modeled SCI &dR values.
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Step 7: Print Report

Under the file menu, “print report” was clickedgdnt the computed results. Under the
“print report” menu list, “NRCS profile with SCI 3R fuel useportrait 0806. pro.dot” was
clicked to print the results into the Microsoft wlatocument. The “print report” provided a
summary of input information and output valuesdoll loss, sediment delivery, SCI, and STIR.

RESULTSAND DISCUSSION

COMET-VR Data

The SW-WW-C-S rotation was split into four cropregimulations (Table 9). The C-
WW (0.19 Mg/halyr) and C-S (0.16 Mg/ha/yr) simubais had greater SOC values than the SW-
WW (0.05 Mg/halyr) and S-WW (0.03 Mg/ha/yr) simideis. The model may have assumed
greater residue biomass input into the C-WW andsi¥tailations which resulted in greater SOC
values in the systems. The uncertainty (x19%) as@ &mission (0.002 Mg/ha/yr) values were
consistent for all the simulations in the SW-WW-Ce&ation.

Table ICOMET-VR estimated SOC, GAlux equivalents, MO and NO-based

CO; for individual simulations of crop pairs as wedl their aggregated projections
for the next ten-year period for th&/-8VW-C-S rotation.

Soil &
Soil & Biomass CQ N,O-based
Biomass Flux Annual NO  CO, Flux
Simulation$ SOC Equivalents Emissions Equivalents

-Mg/halyr-  -Mg/halyr-  -Mg/halyr-  -Mg/halyr-

SW-WW 0.05 -0.17 0.002 0.50
C-ww 0.19 -0.70 0.002 0.61
C-S 0.16 -0.57 0.002 0.62
S-WW 0.03 -0.13 0.002 0.50
Total 0.43 -1.57 0.008 2.23
10-Year Total 4.3 -15.7 0.080 22.3

'SW=spring wheat; WW=winter wheat; C=corn; and Stsan; SW-WW-C-S
= spring wheat-winter wheat-corn-soybea

111



The SW-C-S rotation was split into three crop gamulations (Table 10). The C-S (0.16
Mg/halyr) simulation had greater SOC value thanGHaW (0.09 Mg/ha/yr) and C-SW (0.09
Mg/ha/yr) simulations. Greater SOC value was pldytatributed to greater residue biomass
input into the C-S rotation which contributed tgler SOC in the system. Theemission
(0.002 Mg/halyr) and uncertainty (£19%) values wayasistent for all simulations in the SW-C-
S rotation.

Table 10. COMET-VR estimated SOC,,@ax equivalents, MO and NO-based

CO; for individual simulation of crop pairs as well their aggregated projections
for the next ten-year period for the SW-C-S rotatio

Soil &
Soil & Biomass N,O-based
Biomass CO, Flux  Annual NO CO; Flux
Simulation$ SOC Equivalents Emissions  Equivalents

-Mg/halyr- -Mg/halyr-  -Mg/halyr- -Mg/ha/yr-

C-SW 0.09 -0.31 0.002 0.62
C-S 0.16 -0.60 0.002 0.62
C-SW 0.09 -0.31 0.002 0.62
Total 0.34 -1.22 0.006 1.86
10-Year Total 3.40 -12.2 0.060 18.6

C=corn; WW=winter wheat; S=soybean; SW-C-S = sprihgat-corn-soybean.

In the SW-S rotation, winter wheat was substitdtedspring wheat because spring
wheat-soybean sequence was not in the model ctapores (Table 11). Therefore, the SW-S
sequence was simulated as the S-WW simulation SfWAN simulation had SOC value (0.03
Mg/hal/yr) similar to other sequences that had S-#ilations. The pD emission (0.002
Mg/hal/yr) and uncertainty (£19%) values were cdesisand similar to other simulations in
other rotations.

The C-S rotation was in the COMET-VR cropping riatas (Table 12). Therefore, the C-
S rotation was simulated as the C-S system. Thes&lation had SOC level (0.16 Mg/halyr)

similar to other simulations that had C-S simulagiin other rotations. The,N emission (0.002
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Mg/hal/yr) and uncertainty (£19%) values were cdesisand similar to other simulations in
other crop rotations.
Table 11. COMET-VR estimated SOC,@0x equivalents, MO and

N.O-based CQfor individual simulation of crop pairs as well hir
aggregated projections for the nertyear period for the SW-S rotation.

Soil &
Soil & Biomass Annual N2O-based
Biomass CO; Flux N2O CO; Flux
Simulatiorl SOC Equivalents Emissions Equivalents
-Mg/ha/yr-  -Mg/halyr- -Mg/halyr- -Mg/halyr-
S-WW 0.03 -0.13 0.002 0.50
Total 0.03 -0.13 0.002 0.50
10-year Total 0.30 -1.30 0.020 5.00

'S=soybean; WW=winter wheat; SW-S = spring wheabsap; CQ =

Table 12. COMET-VR estimated SOC, £flux equivalents, BO and
N.O-based CQfor individual simulation of crop pairs as well #ir total
projections for the next ten-year period for th& @station.

Soil &
Soil & Biomass Annual N2O-based
Biomass CO; Flux N2O CO; Flux
Simulatiord SOC Equivalents Emissions Equivalents
C-S -Mg/halyr- -Mg/halyr- -Mg/halyr- -Mg/halyr-
0.16 -0.60 0.002 0.62
Total 0.16 -0.60 0.002 0.62
10-Year Total 1.6 -6.0 0.020 6.20

'C=corn; S = soybean; C-S = corn-soybean.

The SW-WW-F-C-C-S rotation was split into six ciogar simulations (Table 13). Flax
was not in the COMET-VR crops. Thus, barley waslusethe only proxy crop that represented
a lower residue producing crop. This may not trefgresent the very low residue production of
flax but barley was the closest in the library @MET-VR crops. Therefore, the SW-B
sequence was substituted for the WW-F simulatiaabse flax was not in the COMET-VR crop
rotations. The C-WW (0.19 Mg/ha/yr), continuousrc@.30 Mg/ha/yr), and C-S (0.16

Mg/halyr) simulations had greater SOC values tharSW-WW (0.05 Mg/ha/yr), SW-B (0.08
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Mg/hal/yr), and S-WW (0.03 Mg/ha/yr) simulations.ell,O emission (0.002 Mg/ha/yr) and
uncertainty (x19%) values were consistent and amtd other simulations in other rotations.
Table 13. COMET-VR estimated SOC, £iuix equivalents, BNO and NO-

based C@for individual simulations of crop pairs as wedl their aggregated
projections for the ten-year period for the SW-WWGHC-S rotation.

Soil &

Soil & Biomass Annual N,O-based
Biomass CO; Flux N2O CO; Flux

Simulation$ SOC Equivalents Emissions Equivalents

-Mg/halyr-  -Mg/halyr- -Mg/halyr-  -Mg/halyr-
SW-WW 0.05 -0.17 0.002 0.50
SW-B 0.08 -0.29 0.002 0.45
C-ww 0.19 -0.70 0.002 0.61
Cont. C 0. 30 -0.98 0.002 0.78
C-S 0.16 -0.60 0.002 0.62
S-ww 0.03 -0.13 0.002 0.50
Total 0.78 -2.87 0.012 3.46
10-Year total 7.80 -28.7 0.12 34.6

*SW:spring wheat; b=barley; Cont. C= continuous c@viV=winter wheat;
S=soybean; SW-WW-F-C-C-S = spring wheat-winter atHtax-corn-corn-
Soybean.

The WW-CC-C-S rotation was split into four cropmsimulations (Table 14). Cover
crop option was not in the COMET-VR crop rotations.
Table 14. COMET-VR estimated SOC, {l0x equivalents, MO and NO-based C®

for individual simulations of crop pairs as wellthgir aggregated projections
for the next ten-year period for the WW-CC-C-Satmin.

Soil &
Soil & Biomass CQ N2O-based
Biomass Flux Annual NO CO; Flux
Simulation$ SOC Equivalents Emissions  Equivalents
-Mg/halyr-  -Mgl/halyr- -Mg/ha/yr- -Mg/ha/yr-
P-WW 0.06 -0.21 0.001 0.42
C-WW 0.19 -0.70 0.002 0.61
C-S 0.16 -0.60 0.002 0.62
S-ww 0.03 -0.10 0.002 0.50
Total 0.44 -1.61 0.007 2.15
10-Year total 4.40 -16.1 0.070 21.5

P = pulse; C = corn; S = soybean; WW = winter wheAN-CC-C-S = winter wheat-
cover crop-corn-soybean.
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Therefore, pulse was substituted for cover crogpenP-WW simulation since it was most
similar to the pea and radish cover crops. The(G-B Mg/ha/yr) and C-WW (0.19 Mg/ha/yr)
simulations showed greater SOC value than the P/®6 Mg/ha/yr) and S-WW (0.03
Mg/ha/yr) simulations. Greater SOC value in the @8 C-WW simulations was associated
with high residue crops such as corn and whedtarsystems. The @ emission (0.002
Mg/ha/yr) and uncertainty (x19%) values were caesitsfor all the simulations in the WW-CC-
C-S rotation.

The SW-WW-A-A-C-S rotation was split into six crppir simulations (Table 15). The
SW-B sequence was used because the SW-WW sequasaeiin the COMET-VR crop
rotations. The P-WW sequence was substituted &ok\hV-A simulation because alfalfa was not
in the COMET-VR crops and crop rotations. Pulseesented a low residue producing legume
crop; therefore, it was substituted for alfalfa.

Table 15. COMET-VR estimated SOC,@0x equivalents, MO and NO-based

CO; for individual simulations of crop pairs as wedl their aggregated projections
for the next ten year period for the SW-WW-A-A-G«Bation.

Soil &
Soil & Biomass N,O-based
Biomass CO;Flux  Annual NO CO; Flux
Simulation$ SOC Equivalents Emissions  Equivalents
-Mg/halyr-  -Mg/halyr- -Mg/hal/yr- -Mg//halyr-
SW-B 0.08 -0.29 0.002 0.50
P-WW 0.06 -0.21 0.001 0.42
Cont. S 0.12 -0.03 0.002 0.51
C-S 0.16 -0.57 0.002 0.62
C-S 0.16 -0.60 0.002 0.62
S-Ww 0.03 -0.13 0.002 0.50
Total 0.61 -1.83 0.011 3.17
10-Year total 6.10 -18.3 0.11 31.7

€ = corn; P = pulse; WW = winter wheat; Cont. Soatinuous soybean;
SW = spring wheat; B = barley; SW-WW-A-A-C-S = isigr wheat-winter
wheat-alfalfa-alfalfa-corn-soybean.
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Continuous soybean was substituted for continutbalain the continuous S simulation
because alfalfa was not in the COMET-VR crops aon@ cotations. Soybean was also
substituted for alfalfa because both crops arenegguand low residue producing crops. This,
again, illustrates the limitation of the COMET-ViRrhary of crops in attempting to use this
model for a wide range of cropping systems. The <haulation (0.16 Mg/ha/yr) had greater
SOC value than the SW-B (0.08 Mg/halyr), P-WW (Mi§'ha/yr), and S-WW (0.03 Mg/ha/yr)
simulations. The model may have assumed greateluee€ input to the C-S simulation due to
greater residue biomass produced by corn whicHteesin higher SOC in the system.

All the simulations had similar JO emission values (0.002 Mg/halyr), except forRhe
WW (0.001 Mg/ha/yr) simulation (Table 15). Pulseps such as pea and soybean generally
require lower supplemental N fertilizer compare@d®on and wheat. Therefore, the model may
have assumed a lower N input into the P-WW simoitatihich resulted in a lower,® value in
the system compared to the other simulations tldatat have pulse crops. The uncertainty
(x19%) value was consistent for all the simulations

Simulation of individual crops or combinations obps showed greater soil and biomass
CO; flux equivalents (positive SOC storage) for thatamious corn, corn-soybean, corn-spring
wheat, and corn-winter wheat simulations than greng wheat-winter wheat, soybean-winter
wheat, spring wheat-barley, pulse-winter wheat, @mtinuous soybean simulations (Tables 9-
15). These crop simulations mimicked actual crogpotations and also represented stored SOC
or CO, removed from the atmosphere. Negative, @ equivalents showed G@emoved
from the atmosphere and stored as SOC (Table INEgjative CQ emission equivalents have

been estimated using the COMET-VR model to prdadietpotential of conservation
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management practices to store SOC and reduce GHKSiens (Rosenzweig et al., 2010).
Therefore, negative C&mission equivalents represented positive SO@gtor

The continuous corn simulation (-0.98 Mg/ha/yr) tiael greatest negative G@&missions
(positive SOC storage) (Table 13). The corn-wimtbeat simulation (-0.70 Mg/ha/yr) and corn-
soybean simulation (-0.60 Mg/ha/yr) had the seamdithird greatest negative €émissions
(positive SOC storage), respectively, (Tables 1-The COMET-VR model may have assumed
greater residue biomass input into these simulatramch increased SOC in the systems.
Therefore, higher simulated SOC levels in the sgsterere attributed to greater residue C as
evidenced by the amount of residue dry matter wdifble 6 and 7) (Paper 2).

The continuous soybean simulation (-0.03 Mg/halgmroxy for the alfalfa-alfalfa
treatment) had the lowest negative £e@nission (positive SOC storadépble 15). Low-residue
yielding crops such as alfalfa and soybean gerygpatiduce lower residue biomass compared to
high-residue yielding crops such as corn and whdadrefore, the COMET-VR model may have
assumed lower residue C input into the soybeanlation which resulted in lower SOC in the
system.

The NO is a product of nitrification (Nkor NH," oxidation) and denitrification (NEN
reduction). Denitrification is a microbial procdbsit reduces soil NN or NG, to NO, NO,
and N by denitrifying bacteria under anaerobic condiigXu et al., 1998). Positive,®
emissions and Cg£based NO emission equivalents represented N releaseg@gd\the
atmosphere (Table 9-15). The®lemissions were multiplied by 310 to determine mowch
CO, equivalents would be required to produce a simi@ming effect. Therefore, the,®
emissions and Cg£based NO emission equivalents represented approximatddsdsed as pO

to the atmosphere from the seven rotations.
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The continuous corn simulation (0.78 Mg &fa/yr) had the greatest® emission
equivalents while the corn-soybean simulation (WBLCO,/ha/yr) and corn-winter wheat
simulation (0.61 Mg Ce¥ha/yr) had the second greatesONemission equivalents (Table 13-
14). The COMET-VR model estimated greatgONemissions for the continuous corn simulation
because greater amount of N fertilizer was entere@dthe model screen for the system. Greater
N»O emissions in the corn-soybean and corn-wintetlegsys were also related to higher amount
of N fertilizer entered into the model screen fogge systems. Greatesemissions from corn
systems have been associated with greater fertMzgpplication to coriMackenzie et al.,
1997). The MO emissions from different crop systems were aitad to different fertilizer N
rates applied to corn (170 kg N/ha), winter wh&&tKg N/ha), and soybean (0 kg N/ha) as well
as residue C in each crop system (Drury et al.8R0the NO emission of 1.32 kg #D/ha was
reported when corn, soybean, and winter wheat watr@lanted in rotation compared to 1.03 kg
N.O/ha when these crops were planted in rotationriDetial., 2008). Greater)® emissions
have been reported in the continuous corn follolgethe corn-soybean and corn-soybean-
alfalfa rotations (MacKenzie et al., 1998). Thi®wsis that crop rotationsan reduce pO
emissions due to low requirement of mineral N corm@ao monoculture systems that may
require high N fertilizer rates. Crop rotation &8s can also reduce residual soilNO
accumulation and excess soil moisture due to freigerep production.

Thecontinuous soybean simulation (0.51 Mg &8ea/yr) had the lowest D emissions
compared with other crop simulations (Table 15 TGOMET-VR model simulated lower,®8
emissions for the continuous soybean because lameunt of N fertilizer was entered into the
model screen for the system. LoweiONemissions also have been reported in soybeas plot

compared to the continuous corn, corn-soybeanioatand corn-soybean-alfalfa systems
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(Mackenzie et al., 1998). The® emissions have been directly associated witlytiaatity of
residue C, N fertilizer, soil NN, and mineralized SOC in the cropping systemss Was the
reason why the COMET-VR model simulated greatgd Wmissions for high-N consuming
crops such as corn and wheat systems and loy@reRissions for low-N consuming crops such
as soybean system.

Management practices such as fertilizer N (timiyge, application method, and rate),
crop type, crop rotation, tillage, and residue ngamaent influence pO emissions from
cropping systems (Parkin and Kaspar, 2006; Druaf.e2008). Judicious management practices
and appropriate N fertilizer use can minimizgONemissions. Nitrogen uptake is generally low at
the beginning of the growing season, more rapithdugrowing stage, and rapidly reduces as
crops reach their maturity (Millar et al., 2010p@lying fertilizer N to high-N requiring crops at
their rapid growing stage can increase N use efiity and reduce soil NN and NO losses to
the environment. Previous crop residue N and resisinil NOs-N from the previous year should
also be accounted for in order to avoid N overifeation.

Use of N inhibitors (nitrapyrin, dicyandamide, aagfotain) (Havlin et al., 2005),
controlled-release N fertilizers (Jones et al.,304nd low-N consuming corn and wheat
varieties with high yielding potential can incre&ese efficiency and reduce® emissions
and NH volatilization. Planting soybean after corn catiuge NO emissions because soybean
most often requires low or no supplemental N fiedil. Direct field measurements of®I
emissions should be determined in plots croppel different crops during different months
and seasons using gas flux chambers. Crops, resipeg, months, seasons (fall, spring, and
summer) that produce greatesONemissions may be determined under cropping systesmg

gas flux chambers.

119



The model-based and actual SOC levels were alsotegpfor each of the seven crop
rotations (Table 16). Greater diversified rotaticostaining winter wheat had greater SOC
levels than lower diversified rotations containmgwinter wheat. The WW-CC-C-S (4.40
Mg/ha), SW-WW-F-C-C-S (7.80 Mg/ha), SW-WW-C-S (418@/ha), SW-WW-A-A-C-S (6.10
Mg/ha), and SW-C-S (3.40 Mg/ha) rotations had grmeatodeled SOC than the C-S (1.60
Mg/ha) and SW-S (0.30 Mg/ha) rotations. The COMER-Model may have assumed greater
residue C input into high-diversity systems whicbreased SOC in the systems. Greater
simulations in the rotations containing winter whalao resulted in higher SOC in the systems.

The modeled SOC values were compared to the a®@@lvalues obtained from actual
field sampling and extended for a ten-year periodlar to the extended period for the COMET-

VR (Table 16).

Table 16. Crop rotation treatment®MET-VR SOC, actual lab SOC an&OC
projected for a ten-year period.

Actual Lab (Actual minus

Crop Rotation COMET-VR SOC COMET)
Treatments socC ASOC
-Mg/ha- -Mg/ha- -Mg/ha-
SW-WW-C-S 4.30 50.0 45.7
SW-C-S 3.40 64.0 60.6
SW-S 0.30 40.0 39.7
C-S 1.60 23.0 21.4
SW-WW-F-C-C-S 7.80 24.0 16.2
WW-CC-C-S 4.40 26.0 21.6
SW-WW-A-A-C-S 6.10 48.0 41.9

TSW-WW-C-S = spring wheat-winter wheat-corn-soybe@w-C-S = spring
wheat-corn- soybean; SW-S = spring wheat-soybegh = orn-soybean;
SW-WW-F-C-C-S = spring wheat-winter wheat-flax-caeorn-soybean;
WW-CC-C-S = winter wheat-cover crop-corn-soybeav-8/W-A-A-C-S =
spring wheat-winter wheat-alfalfa-alfalfa-corn-segn.
The model-based SOC levels were lower than theb8@QC levels, which showed the
model underestimated SOC in the seven rotationdetéstimation of actual SOC levels was due

to the fact that the model did not contain mostrofps and crop rotations grown at the CCSP
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site, since the COMET-VR was developed for the (et region. Another explanation for
lower modeled SOC values was that the model dichoodunt for diverse crop rotations and
residue retention to build SOC under no-till mamaget at the CCSP site. This shows that the
COMET-VR model has a limited capability to accuhaccount for the contribution of no-till
management practices to SOC.

Ten-year projection of simulated negative {&issions (positive SOC storage) showed
greater total positive SOC levels in the SW-WW-FEES (-28.7 Mg/ha) and SW-WW-A-A-C-S
(-18.3 Mg/ha) and lower SOC in the SW-S (-1.30 Mg/and C-S (-0.60 Mg/ha) rotations (Table
17). The model might have assumed a greater repichgieiction in rotations containing winter
wheat compared with rotations containing no wintaeat. Therefore, greater SOC levels in
rotations containing winter wheat were attributediteater crop diversity which increased
residue production in the systems. The SW-WW-F-G-(28.7 Mg/halyr) rotation also had a
greater positive SOC level than the SW-WW-CS (-Mg/ha/yr), WW-CC-C-S (-16.1
Mg/halyr), and SW-WW-A-A-C-S (-18.3 Mg/hal/yr) ratats. Greater SOC level in the SW-
WW-FX-C-C-S was perhaps due to a greater producia@orn and wheat residue biomass
which resulted in higher SOC in the system.

The NO-based CQequivalents (C@ emissions) also showed greater emissions in the
SW-WW-F-C-C-S (34.6 Mg/ha) and SW-WW-A-A-C-S (3Mg/ha) rotations compared to the
SW-S (5.00 Mg/ha) and C-S (6.20 Mg/ha) rotatiorsb(€ 17). Greater XD emissions from the
SW-WW-F-C-C-S and SW-WW-A-A-C-S rotations were dogreater number of simulations
due to greater crop diversity in the systems coegp&r the SW-S and C-S rotations. Because

denitrifying bacteria often require N and minerabe SOC for MO emissions, greater corn and
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wheat residue C and fertilizer N input into the SVW-FX-C-C-S and SW-WW-A-A-C-S
rotations might have increased®emissions from thgystems.

Table 17. Crop rotation treatments, COMET-VR SQdll, & biomass CQ flux equivalents,
annual NO emissions and XD-based C@based equivalents projected for a ten-year period.

Soil &
Biomass CQ N,O-based
Crop Rotation COMET-VR Flux N,O CO, Flux N-O

Treatments SOC Equivalent Emission Equivalent Losses
-Mg/ha- -Mg/ha- -Mg/ha- -Mg/ha- -Mg/ha-

SW-WW-C-S 4.30 -15.7 0.08 22.3 0.05
SW-C-S 3.40 -12.2 0.06 18.6 0.04
SW-S 0.30 -1.30 0.02 5.00 0.01

C-S 1.60 -6.00 0.02 6.20 0.01
SW-WW-F-C-C-S 7.80 -28.7 0.12 34.6 0.08
WW-CC-C-S 4.40 -16.1 0.07 21.5 0.04

SW-WW-A-A-C-S 6.10 -18.3 0.11 31.7 0.07
Total 10.5 -98.3 0.48 140 0.31

TSW-WW-C-S = spring wheat-winter wheat-corn-soybew-C-S = spring wheat-corn-
soybean; SW-S = spring wheat-soybean; C-S = coyhesm; SW-WW-F-C-C-S = spring
wheat-winter wheat-flax-corn-corn-soybean; WW-CGG-winter wheat-cover crop-corn-
soybean; SW-WW-A-A-C-S = spring wheat-winter whaHéifa-alfalfa-corn-soybean.

Also, the total positive SOC level (-98.3 Mg &fa) (Table 17) at the CCSP site (area =
10 ha) in Sargent County, North Dakota was compattdthe total simulated SOC level in ten
counties of Hudson Valley (area = 176, 042 ha), Nenk. The total SOC under
conservation/no-till and rotation grazing in Hudsdadley was reported as -3.51 Mg e®a/yr
(Rosenzweig et al., 2010). But for comparison wlitils data, -3.51 Mg C&Q'ha/yr was
multiplied by 10 years to obtain 35.1 Mg &¢/Da. Difference showed 47% greater positive SOC
level (-63.2 Mg CQJ/ha) in Sargent County than in Hudson Valley regigigh-residue no-till
management might have increased SOC level at tt1&PCie compared with Hudson Valley
region. Additional factors other than conservatiitage systems might have contributed to this

difference in SOC levels between two locations. &ample, the entire area (area = 176, 042

ha) of Hudson Valley was not under conservatidagé and rotational grazing systems while the
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entire area (area = 10 ha) was continuously nedtiit the CCSP site. These two locations may
also have different climates that may have infleeh8OC levels in each cropping system in
each location.

Furthermore, the total positive SOC level (-98.3 ®1Q,/ha) was subtracted from the
total NbO-based C®(140 Mg CQ4ha) to determine a warming potential ofON(Table 17).
Difference (140 — 98.3) showed thatONemission equivalent was greater by 41.7 Mg{1@
than SOC storage at the CCSP site. Grédt@remissions may have been due to greater residue
C, mineralizable SOC, residual N®, and moisture content under no-till managemetiiex
CCSP site. This excess amount gEON41.7 Mg CQ/ha) can be reduced by adopting N
fertilizer and NO emission reduction protocol recommended by Maliaal. (2010). This stored
SOC (-98.3 Mg C@/ha) could also be remitted to the atmosphere-tilhmanagement at the
CCSP site is changed to conventional tillage inftitere.

Table 17 shows ten-year projection of simulatee&lased as XD emissions from the
seven cropping systems. The SW-WW-F-C-C-S (0.08\Mg/ha), SW-WW-A-A-C-S (0.07
Mg N.O/ha), SW-WW-C-S (0.05 Mg #D/ha), and WW-CC-C-S (0.04 Mg.8/ha) rotations
had greater pD emissions compared with the SW-S (0.01 M@a) and C-S (0.01 Mg
N»O/ha) rotations. The model may have assumed teatgrcrop diversity increased residual
soil NOs-N and mineralizable SOC and that lower crop diereduced soil N@N and
mineralizable SOC in the cropping systems. Theegfgreater PO emissions in some rotations
were likely due to more simulations and greatepawersity in the systems while lowep®l
emissions in some rotations were likely due to fesumulations and lower crop diversity in the
systems. Greaterd® emissions from greater diverse cropping rotatiwese also attributed to

greater N fertilizer values entered to the COMET-™MBdel during the simulation. This was
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another likely reason why greater diverse croppotgtions such as SW-WW-F-C-C-S, SW-
WW-A-A-C-S, and SW-WW-C-S rotations had greate©ONemissions compared to lower
diverse cropping rotations such as SW-S and C-&ioois.
RUSLE2 Data

Table 18 shows the RUSLE2 modeled soil lossedifoseven crop rotations. The SW-
WW-C-S, SW-WW-F-C-C-S, and SW-WW-A-A-C-S rotatioc@ntainingwinter wheat resulted
in slightly lower soil losses than the SW-C-S, SWafd C-S rotations containing no winter
wheat for 3% and 6% slopes. Winter wheat has begorted to produce greater residue biomass
per unit of grain yield compared with spring whehereby providing greater soil surface
protection against wind and water erosion thamgpniheat residue (Black and Bauer, 1983). It
has been reported that winter wheat provides &ibstil surface cover and has the ability to
anchor corn and soybean residues, increase wéttation, and reduce rill and inter-rill
erosion (Singer et al., 2005). It has also beearted that wheat residue is more effective in
protecting soil surface and reducing soil eroslantcornstalks or sorghum residue (Allison,
1973). Wheat stubble is more effective in redu@agace runoff and soil erosion because it
stands straight on the soil surface while cornsarghum residue lies flat on the soil surface.
Orientation and type of crop residue has an impbitapact in reducing or increasing surface
runoff and soil erosion in the field. The RUSLE2debmay have also assumed that greater crop
diversity in rotations containing winter wheat puedd larger residue biomass which increased
soil surface protection against wind and waterigeoforces compared to lower crop diversity in
rotations containing no winter wheat. Thereforgydo soil losses for the SW-WW-C-S, SW-
WW-F-C-C-S, and SW-WW-A-A-C-S rotations were prolyatiue to greater wheat residue in

the systems compared with the SW-C-S, SW-S, and@afons that had lower or no wheat
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residue in the systems. Although corn residue wadyzed in greater quantity and frequency in
the C-S rotation, this system resulted in greaigi@sses probably due to the fact that corn
residue laid flat on the soil surface. This showedlimportance of crop residue orientation in the

field.

Table 18Crop rotation treatment§jope 1(3%) an&lope 2 (6%) soil losses, and SCI
and STIR values as determined by RUSLE?2.

Crop Rotation Slope 1 Slope 2
Treatments (3%) (6%) sci STIR®
--kg/halyr--  --kg/halyr-- - -
SW-WW-C-S 67.0 112 1.50 3.40
SW-C-S 112 179 1.20 3.13
SW-S 157 267 1.10 3.40
C-S 135 247 1.00 2.59
SW-WW-F-C-C-S 90.0 157 1.30 3.40
WW-CC-C-S 202 359 0.95 2.72
SW-WW-A-A-C-S 45.0 90.0 1.50 2.59
Average 112 202 1.22 3.03

'SW-WW-C-S = spring wheat-winter wheat-corn-soybe@W-C-S = spring wheat-corn-
soybean; SW-S = spring wheat-soybean; C-S = coyhesm; SW-WW-F-C-C-S = spring
wheat-winter wheat-flax-corn-corn-soybean; WW-CGG-winter wheat-cover crop-corn-
soybean; SW-WW-A-A-C-S = spring wheat-winter whaHl#dfa-alfalfa-corn-soybean.
*SCI=Soil Conditioning Index3STIR=Soil Tillage Intensity Rating.

Similarly, OM in form of surface-retained residugshalso been reported to be more
effective in preventing soil erosion compared tis@orporated residue and highly
decomposed SOM that has been made part of sois¢all 1973). Nyakatawa et al. (2001)
reported three to five times higher soil lossesanmmbnventional system than no-till and mulch-
till systems. Plant roots and residues reduceesodion by improving soil structure, increasing
water infiltration, and increasing soil aggregatiorder no-till regimes. High residue no-till
management, improved soil structure, and increadgiation rate contributed to low soil

losses for the seven crop rotations at the CC8PRéduced soil losses can reduce SOC

mineralization and C@evolution. Greater production of winter wheat des has the potential
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to reduce wind and water erosion, increase wafgtration, improve soil structure and
aggregation, and reduce SOC losses. Lower soe$assthe rotations containing winter wheat
can also increase nutrients retention and reducgconation of surface water sources
associated with surface runoff and sediment loading

The WW-CC-C-S rotation had greater soil losses tither rotations for 3% slope (202
kg/ha/yr) and 6% slope (359 kg/ha/yr) (Table 18)e RUSLE2 model may have assumed low
residue input into the rotation. Greater soil Isssere attributed to low residue surface cover
due to low residue producing crops such as fielgrel soybean in the rotation. Greater soill
losses in the WW-CC-C-S rotation were perhapse¢hsan why the SOC level (8.41 kgjnwas
lower in the system (Table 4, Paper 1). Howevdya@ffects of cover crops might not have
been treated well within the RUSLE2 model becaese€r crop” was simulated as a pea for the
WW-CC-C-S rotation. This shows that limitationgle RUSLE2 model might have
overestimated soil losses in the WW-CC-C-S rotation

Statistical analysis showed a high correlation {.30) of soil loss for 3% and 6% slopes.
It has been reported that soil erosion increaséiseaslope of field increases (Allison, 1973).
This was likely the reason why the RUSLE2 moddheasted lower soil losses for 3% slope
compared to 6% slope. This analysis showed thpestteepness has an important effect in
reducing or increasing soil erosion rate and SG¥Sds.

Table 18 also shows the Soil Conditioning IndexIj&@d the Soil Tillage Intensity
Rating (STIR) values. The SCI values representecttfects of crop rotations on SOC
conditions. Generally, positive SCI value predttis potential of cropping systems to build SOC
levels. The SW-WW-C-S (1.50), SW-WW-F-C-C-S (1.3)d SW-WW-A-A-C-S (1.50)

rotations containing winter wheat had slightly deeaositive SCI values than the SW-C-S
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(2.20), SW-S) (1.10), and C-S (1.00) rotations aomhg no winter wheat. The most likely
explanation for greater positive SCI values inrbt@tions containing winter wheafas greater
crop diversity compared to lower crop diversitythie rotations no containing winter wheat. The
SCI model may have assumed a greater productiogsmfue biomass in the rotations containing
winter wheat which resulted in greater positive 8@lles in the systems. The WW-CC-C-S
rotation (0.95) had a lower positive SCI value tloé#mer rotations. This was likely due to low
production of residue biomass by low residue pehsarybean crops which might have
decreased the potential of the system to build S&Gther explanation for lower positive SCI
values in the WW-CC-C-S rotation was that field pes substituted for cover crops in
RUSEL2 model. Therefore, the model might not haaaanted for the contribution of cover
crops to increase SOC in the system. Overall, ipes8CI values showed the potential of the
seven rotations to increase SOC levels over the. titositive SCI values are also indicators of
high-residue conditions and judicious conservati@nagement practices at the CCSP site.
The simulated STIR values for the seven rotatisasaso shown in Table 18. The C-S
(2.59) and SW-WW-A-A-C-S (2.59) rotations had aén8TIR value than other rotations. It has
been reported that STIR values can be lowered ing $®il conserving crops such as alfalfa and
grass (USDA-NRCS, 2008a; USDA-NRCS 2011b). Theesflawer STIR value (2.59) in the
SW-WW-A-A-C-S rotation was attributed to two contous years of alfalfa crop in the rotation.
A STIR value would have been expected to be greatée WW-CC-C-S rotation due to
additional soil surface disturbance from cover cgepding into wheat stubble. But because pea
was substituted for cover crops in the RUSLE2 matiel STIR program did not reflect the

effects of cover crops in the system. This wagdéason why the WW-CC-C-S rotation had a
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lower STIR value than other rotations, with theepton of the C-S and SW-WW-A-A-C-S
rotations.

Also, the average STIR value (3.03) for the sewations was much lower than the
STIR value (26.0) reported in Allen County, Ohiader the corn-soybean rotation in which
corn was mulch-tilled and soybean was no-tilled PASNRCS, 2004). The C-S rotation, which
was similar to C-S rotation in Allen County, aldem#/ed much lower STIR value (2.59) than the
STIR value (26.0) reported in Allen County, Ohidig shows that no-till operation contributed
to low STIR values at the CCSP site compared wi¢hSTIR value under mulch-tilled and no-
till corn-soybean systems at Allen County, Ohiot Bifferences in STIR values for these two
locations (Sargent County, North Dakota and Alleuy, Ohio) might have been influenced
by different climatic conditions at the two diffetdocations that have different amounts of
rainfall as well as frequency and intensity of fallh Additional factors (soil texture and
mineralogy, depth of tillage, percent of soil sadarea disturbed, residue amount, and types of
machinery) might have also contributed to diffeessim STIR values in two locations. Overall,
the STIR values for the seven rotations were maalet than the STIR value (15 or less)
recommended for no-till operations (USDA-NRCS, 2808SDA-NRCS, 2011b). Low STIR
values can reduce sheet and rill erosion, incré&¥e/SOM, reduce SOC oxidation, reduce SOC
emissions to the atmosphere, and improve infitiratate as reported by USDA-NRCS (2008a)
and USDA-NRCS (2011b).

SUMMARY AND CONCLUSIONS

The COMET-VR simulations had greater SOC levelsaontinuous corn, continuous

winter wheat, corn-winter wheat, corn-soybean, @nttinuous soybean. The model may have

assumed greater surface residue input into thesterag which increased SOC levels in the
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systems. Crop simulations with greater SOC levely be appropriate for SOC sequestration.
The continuous spring wheat, soybean-spring wiseghean-winter wheat, corn-spring wheat,
spring wheat-barley, and pulse-winter wheat sinnuteathad much lower SOC levels. These
crops or crop combinations may not be suitableéSfoC sequestration due to low production of
residue biomass. The COMET-VR model estimated gre&s®C levels for the SW-WW-C-S,
SW-WW-F-C-C-S, WW-CC-C-S, and SW-WW-A-A-C-S rotat®than the SW-C-S, SW-S,
and C-S rotations. This was attributed to more fatians in the rotations containing winter
wheat than the rotations containing no winter whaatomparison of the COMET-VR
simulated SOC levels and actual SOC levels shohetdhe model underestimated SOC in the
seven rotations. This shows that mode should beawe so that it accounts for the impacts of
conservation management practices on SOC in crggyistems.

The RUSLE2 model associated soil losses with diffeslopes, with 3% slope resulting
in lower soil losses than 6% slope. Soil losseswstmongly correlated (r = 1.00) for 3% and 6%
slopes. The SW-WW-C-S, SW-WW-F-C-C-S, and SW-WW-ACAS rotations had lower soill
losses than the SW-C-S, SW-S, and C-S rotation3%pand 6% slopes. The RUSLE2 model
assumed greater wheat residue production in rogtoth winter wheat which provided greater
soil surface cover and subsequently reduced ssskel However, the WW-CC-C-S rotation had
slightly greater soil losses than other rotatians3% and 6% slopes due to low-residue yielding
crops such as pea and soybean in the rotationmblagel also did not account for the effects of
cover crops in the rotation because pea was sutestifor cover crops in the RUSLE2 model
which might have overestimated soil losses in fts¢esn.

Overall, the RUSLEZ2 modeled results showed thadeskieepness was an important

factor in increasing or decreasing soil losses utiteseven rotationsligh residue no-till
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management, improved soil aggregation and tiltrgased infiltration rate, and low soill
disturbance contributed to low soil losses for 3% 6% slopes at the CCSP site. Low soil losses
showed low impairment of water quality in surrourglivater resources due to reduced surface
runoff. Low soil losses also indicated low SOC maligation and low SOC losses due to
reduced erosion rate on the soil surface.

The SCI associated high-residue no-till productiatin positive SCI values. Generally,
positive SCI value shows increasing SOC trendsneggtive index rating shows decreasing
SOC trends. The SCI values were positive for tverserop rotations, indicating that the
rotations had a greater potential to increase SW€l4. The SW-WW-C-S, SW-WW-F-C-C-S,
and SW-WW-A-A-C-S rotations had slightly greaterl $&lues than the SW-C-S, SW-S, and C-
S rotations. Greater SCI values were due to greadiping diversity in rotations with winter
wheat compared to lower cropping diversity in nota$ without winter wheat. Although the
main purpose of the SCI was to predict the effetthe seven crop rotations on the SOC
conditions, the SCI values were not related talfleshsed SOC values. Because SCI did not
determine bulk density, infiltration rate, pH, sbibta, and nutrient level, these parameters
should be separately determined to evaluate ovewallition of soil quality, fertility, and
productivity.

The modeled STIR values were much lower than tbemnenended STIR value (15 or
less) for the no-till operations. Low STIR valuesre/due to low soil disturbance on the soil
surface due to no-till management at the CCSPIsite.STIR values reflected efficacious soill
management practices. Low STIR values were alsoatuts of improved soil quality, increased
SOC content, reduced SOC oxidation, improved saicture and tilth, and increased infiltration

rate.
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Although low STIR values reflected no-till managereonditions, they did not relate to
SOC levels for 2006/2010 and 2012 in each rotattomas also difficult to relate the number of
crops and rate of soil surface disturbance in eagp rotation to the STIR values. For example,
the SW-S rotation had slightly greater STIR vah&ntthe SW-C-S, WW-CC-C-S, and SW-
WW-A-A-C-S rotations. However, as a soil-conservangp, two alfalfa crops in the SW-WW-
A-A-C-S rotation contributed to lower STIR valuengpared with the rotations in which alfalfa
was not included.
Recommendationsfor Future Research Trials
e Because the U.S Government may require farmersddhe COMET-VR model
for estimating and reporting their SOC storage BIGZmissions under their
agricultural management practices, it is importhat the model be greatly
improved to allow farmers and scientists to use & more friendly manner. Lack
of other regions’ crops and cropping rotationshiea COMET-VR model library can
pose a major challenge to the government to engedeamers to use the model.
The model was originally developed for the CorntBegjion. This has omitted
majority of crops and cropping rotations in othegions in the United States. For
example, most crops and crop management sequdntes@onservation Cropping
Systems project (CCSP) site were not found in tbdeh Although the NRCS has
announced that it will give a $500 to each of ting fime users of the model, lack
of crops and crop rotations can be a disincentviarimers whom the government
may require to use this model. Therefore, inclusibarops and crop rotations can

make the model more applicable to all regions i8.4.
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Another issue with the model is that it has notbeelely used since it was
developed. Therefore, there is a limited informatait there for potential users to
reference. Lack of already modeled information nsakelifficult for scientists,
farmers, and land resources managers to benchimgrkiiodeled results. This
issue is again attributable to the fact that tliermation in the model library is very
limited and, therefore, does not reflect the diigrsf crops and cropping systems
in other regions in the United States. Thus, theehaoeeds improvement by
including crops and rotation sequences in othaonsg When the model is
improved and validated for the general use in tha#dd States, the government
should also employ extension scientists who areli@mwvith the model to train
farmers how to use the model and how to report ®@IC storage and GHG
emissions under their farming practices. This imfation should also be published
and made accessible to other farmers who may hareeldpy the government to
use the model. Sharing this information can helmés and scientists justify their
findings.

The RUSLE2 model was originally developed for higinfall regions in U.S
because these regions tend to experience higkreasilon rate (T. Alme, personal
communication). This may make the model underesérsail losses in low-rainfall
regions. Therefore, the model capability shouldnlpgroved to accurately estimate
soil losses in both low-rainfall and high-rainfedigions in U.S.A.

Future research should determine pre-treatmenglfba} soil losses under
conventional systems and compare them to soil $ossder no-till systems. This

comparison method would be the only way to showhigh residue no-till regimes
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can reduce soil losses compared to conventiontsgs The SCIl and STIR
programs incorporated in RUSLE?2 should also be avgd so that their simulated
values reflect a number of crops in each rotat®waell as cropping complexity and
diversity in each system. The SCI program develdpgaedict SOC conditions in
cropping systems should have the capability teotfihe amount of SOC level in
in SCI values in each crop rotation. The STIR pangdeveloped to determine soil
surface disturbance rating should also have thalikty to relate STIR values to
crop rotation diversity and number of tillage prees in each cropping system. If
done in this way, the SCI and STIR values will aoddor the reality under
different cropping systems.
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GENERAL SUMMARY AND CONCLUSIONS

This study evaluated the impact of winter wheaB@C levels under high residue no-till
cropping systems as part of SOC sequestration ororgtprogram in the Northern Great Plains.
It determined the contribution of long-term no-giloduction to SOC sequestration and soil
guality. Data obtained from this study are impatrtfan the management of winter wheat and
other crops. The impact of winter wheat on SOC sxaduated by field-based analysis (Paper 1).
Aboveground aged and fresh residues were analgzeéetérmine residue biomass, residue C:N
ratios, residue C and N contents, and supplem8htaittilizer requirements (Paper 2). The
COMET-VR and RUSLE2 models were used to estimat€ 8ad GHG (C@and NO)
emissions and predict soil losses, respectivebpé¢P 3). The Soil Conditioning Index (SCI) and
Soil Tillage Intensity Rating (STIR) in the RUSLEbdel were used to predict SOC conditions
and soil surface disturbance ratings, respecti@gper 3).

Baseline soil samples were taken in 2006 and 20h@onitor SOC trends at the CCSP
site. The SW-WW-FX-C-C-S rotation containing winteneat and the C-S rotation containing
no winter wheat were sampled in 2006 to estabfiglali SOC levels. The SW-WW-C-S, SW-
WW-CC-S, and SW-WW-A-A-C-S rotations containing t@nwheat and the SW-C-S and SW-
S rotations containing no winter wheat were sampie2D10 for the same purpose. In 2012, the
last sampling was conducted on all rotations sathipl2006 and 2010 to continue monitor SOC
trends.

The analysis of the 2006 and 2010 SOC data showaignificant difference between
the rotations probably due to relatively similan@tic conditions and soil mineralogy. Analysis
of the 2012 SOC data showed a greater SOC letbEiR-S rotation than the SW-WW-CC-S

rotation. Greater SOC in the C-S rotation was aassat with a greater cumulative residue
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biomass produced and returned to the system by Camm was more frequently cropped in the
C-S rotation than other crops in the rotations amitg winter wheat. Soybean residue with high
residue C content was also produced and returngeeater quantity and frequency to the C-S
rotation. Therefore, greater frequent productionah and soybean residue C contributed to
greater SOC in the C-S rotation. Analyses showatrd#storation and maintenance of SOC can
be achieved by greater frequent production of magidue crops such as corn and winter wheat.
Although rotations that contained winter wheat hatkeutral impact on SOC and SOC levels in
these rotations were not significantly greater t8&¢C level in the C-S rotation, these rotations
have benefits such as increased profitability @auiiced N-denitrification associated with
reduced wetness during fall and spring seasonsratagons containing winter wheat can also
increase N and water use efficiency due to eagliewth.

The WW-CC-C-S rotation had lower SOC than otheatrons for the 2012 SOC data
analysis. Lower SOC level in the WW-CC-C-S rotatieas attributable to low residue-crops
such as cover crops (field pea and radish) whiokdyced low residue biomass in the system.
Production of corn and soybean residue was lowdrarSW-WW-CC-S rotations compared to
production of corn and soybean residue in the Gt&ion. Production of winter wheat and
spring wheat residue was also lower in the SW-WW&@tation than production of corn
residue in the C-S rotation. Therefore, lower paiaun of corn, spring wheat, winter wheat
residue in the WW-CC-C-S rotation contributed tavéo SOC in the rotation. This shows
restoration and maintenance of SOC cannot oniyntreased by greater crop intensity and
diversity but can also be increased by greaterymtah of high residue crops such as corn and
wheat in no-till cropping systems. Also, as evidahby low SOC in the WW-CC-C-S rotation,

low residue crops such as alfalfa, soybean, andraops (pea and radish) may not be suitable

139



for SOC sequestration. But cover crops have theragnic and environmental benefits such as
increasing nutrient supplying power of soil, reaigcN (NO and NQ-N) losses to the
environment, and capturing and retaining residuaiganic N in their tissues for subsequent
crop use.

Residue samples were collected in the spring 2@#@ifall 2012. Aged residue was
sampled in the spring 2011 and fresh residue wagplsal in the fall 2012. These residue
samples were evaluated to determine residue bigi@adgatios, C and N contents, and
supplemental N fertilizer requirements. Aged resibiomass was greater in the C-S rotation and
lower in the SW-WW-A-A-C-S rotation. Fresh resichiemass was greater in the C-S rotation
and lower in the SW-WW-A-A-C-S rotation. The magason for greater residue biomass in the
C-S rotation was greater frequent production ohgesidue in the system. Production of
soybean residue was greater in the C-S rotationlhwdontributed to greater total residue
biomass in the system. Low residue crops such aslfalfa crops and soybean in the SW-WW-
A-A-C-S rotation contributed to low residue inpata the system. Production of corn and wheat
residue was also low in the SW-WW-A-A-C-S rotatishich decreased residue biomass in the
system.

Aged residue C and bbntents were greater in the C-S rotation and lowére SW-
WW-A-A-C-S rotation. Greater residue C and N cortigions in the C-S rotation were
associated with greater residue biomass productgtiaystem due to greater frequent
production of corn. There was lower residue C ar@bhcentrations in the SW-WW-A-A-C-S
rotation due to lower residue biomass producedbyresidue crops such as two alfalfa crops
and soybean in the system. Analysis showed thatgreesidue biomass added greater residue C

and N to the systems while lower residue biomads@dbwer residue C and N to the systems.
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Therefore, crop rotations that had greater residommass added greater residue C and N to the
systems compared with the rotations that had leesdue biomass. This was the likely reason
why the SW-WW-A-A-C-S rotation that had lower rasgdbiomass resulted in proportionally
lower residue C and N contents in the system. Fresidue C and N concentrations were greater
in the SW-C-S and C-S rotations and lower in the-S\Whd SW-WW-A-A-C-S rotations. The
main reason for greater residue C and N conceotrsin the SW-C-S and C-S rotations was
greater production of residue biomass in the systeyrcorn and wheat. Soybean residue was
also produced in greater quantity which increasstlue C and N in the systems. The main
explanation for lower residue C and N content$©ien$W-S and SW-WW-A-A-C-S rotations
was lower production of residue biomass in theeystby soybean and wheat. Corn residue was
also produced in much lower quantity in the SW-WWAAC-S rotation which reduced residue
C and N in the system.

Analyses of aged and fresh residue C:N ratios sayweater C:N ratio in the C-S
rotation and lower C:N ratio in the SW-WW-A-A-C-8tation. Greater C:N ratio in the C-S
rotation was attributed to greater corn residué wadrresponding lower N content in the system.
The main reason for the lower C:N ratio in the SWW®-A-C-S rotation was production of
alfalfa and soybean residue with correspondingtgreé content in the system. The amount of
residue biomass produced in each system also ndagethe C:N ratio in that system. This was
the likely reason why the C-S rotation that hadchtgeresidue biomass resulted in wider C:N
ratio. The fresh crop residues sampled in the 2all8howed narrower C:N ratios for legume
crops and wider C:N ratios for non-legume cropsntéfiwheat had the greatest C:N ratio and

pea and radish had the lowest C:N ratios. Analgéé®sh residue C:N ratios showed that
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legumes can increase residue N mineralization andegumes can promote residue N
immobilization.

Supplement N fertilizer requirements were evaluédeeéach of the seven rotations to
determine the amount of additional N fertilizerttban be applied to subsequent crops to reduce
residue N depletion associated with microorganides®mposing high C residues. The SW-
WW-C-S and SW-S rotations had greater total suppfaai N fertilizer requirements for the
aged residue while the SW-C-S and C-S rotationgynealer total supplemental N fertilizer
requirements for the fresh residue. These rotatiegsired a greater amount of supplemental N
fertilizer due to greater C:N ratios and residumtmass in the systems. The SW-WW-A-A-C-S
rotation required a lower amount of supplementé&llizer for both aged and fresh residue
because lower residue biomass with greater N contas produced in the system. Lower
supplemental N fertilizer requirement in the SW-WAAA-C-S rotation was also attributed to
high-N residue produced by two alfalfa crops angbsan in the system.

The COMET-VR model estimated greater SOC levelsiations containing winter
wheat and lower SOC levels in rotations contaimagvinter wheat. The main reason for greater
SOC levels in the SW-WW-C-S, SW-WW-F-C-C-S, WW-CEsCand SW-WW-A-A-C-S
rotations was that these systems had more simatatompared with the SW-S and C-S
rotations. However, the modeled SOC values wexeldavhen compared with the field-based
SOC values which showed the COMET-VR model undeneséd the actual SOC in high-
residue no-till management. This drawback in thelehahows the model capability should be
improved and validated to accurately simulate S&@Ik in no-till cropping systems.

The RUSLE2 model estimated lower soil losses ferSWW-WW-C-S, SW-WW-F-C-C-

S, and SW-WW-A-A-C-S rotations containing wintereah and greater soil losses for the SW-
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C-S, SW-S, and C-S rotations containing no wintkeat for 3% and 6% slopes. The likely
reason for lower soil losses in the rotations cointg winter wheat was production of winter
wheat residue in the systems. Winter wheat gerygoadiduces greater residue than spring wheat
and therefore provides greater soil surface prnatectgainst wind and water erosion than spring
wheat residue. Wheat residue also stands straigtiteosoil surface which provides a better
protection against wind and water erosive forcexapping systems. These conditions
contributed to lower soil losses in the rotatidmet ttontained winter wheat than rotations that
did not contain winter wheat or had spring wheahmsystems. The RUSLE2 model also may
have associated greater crop diversity in theigrtatthat contained winter wheat with greater
surface cover which decreased soil losses. LowElosses in the rotations with winter wheat
showed that these systems can increase nutriemiticet and reduce surface runoff. Lower soil
losses can also reduce SOC mineralization andaeer8OC retention. The WW-CC-C-S
rotation had greater soil losses than other ratatfor 3% and 6% slopes due to low residue
crops such as field pea and soybean in the rotatiowever, the fact that field pea was
substituted for cover crops in the WW-CC-C-S ratatmight have overestimated soil losses in
the system.

The Soil Conditioning Index and Solil Tillage IntégRating in RUSLE?2 predicted
positive SOC conditions and low soil disturbandengs, respectively. Positive SCI values were
attributed to increased SOC associated with greasalue production and retention in no-till
cropping systems. Positive SCI values showed ttenpial of the seven crop rotations to
increase SOC at the CCSP site. Low STIR values atgtibuted to less soil surface disturbance
which reflected the efficacy of actual soil managehpractices in no-till cropping systems at

the CCSP site. These low STIR values showed thenpat of the seven crop rotations to reduce

143



sheet and rill erosion, increase SOC/SOM, reducg Biheralization, reduce SOC emissions,
and improve infiltration rate and aggregation.

Conclusions from this study show that greater cliwprsity does not necessarily lead to
greater SOC and residue biomass in cropping systEmesSW-WW-F-C-C-S and SW-WW-A-
A-C-S rotations did not result in greater SOC aggldue biomass in the systems than the SW-C-
S and C-S rotations. This shows that SOC and resithmass cannot only be increased by
increasing a number of crops but can also be isexkhy producing high residue crops such as
corn and wheat in greater quantity and frequendiiercropping systems. A comparison of
rotations that contained winter wheat and rotatibias contained no winter wheat was difficult
because SOC and residue biomass data were cuneudatioss all plots within the seven rotation
treatments. It was also difficult to compare SO@ sesidue biomass in low diversity system
such as C-S rotation with SOC and residue bionrabgyh diversity system such as SW-WW-F-
C-C-S rotation. No valid comparison could be maesvken the two systems because corn and
soybean residues were each produced in greatetityusamd frequency in the C-S rotation
compared to the SW-WW-F-C-C-S rotation in whichng@oybean, and wheat residues were
each produced in lower quantity and frequency.

Future research trials should consider the impafdisgh-diversity cropping systems on
the individual crops. Crops that require a speabservation such as winter wheat in this study
should be cropped in low-diversity rotations astainwvheat-soybean or winter wheat-alfalfa in
order to accurately assess its contribution to S€gliestration and residue biomass production.
If cropped in this way, it may be easier to makeald comparison between winter wheat system

such as winter wheat-soybean rotation and coresystich as corn-soybean rotation.
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APPENDIX A

Table Al. Plot, crop treatment, treatment replaatiatitude, longitude, depth, bulk density and
SOC values for 2006 and 2010.

2006 and
Crop Treatment Latitude Longitude Bulk 2010
Plot Treatment Repl. (N) (W) Depth Density SOC
-cm-  -glent -kg/n-
18 A 1 46° 05'. 042" 097°38.095" 0-30 1.43 8.37
19 A 1 46° 05°.032" 097°38'.109”  0-30 1.35 8.72
20 A 1 46° 05'.026" 097°38.085" (.30 1.27 8.83
21 A 1 46° 05’ .019” 097°38'.074”  0-30 1.26 8.67
91 A 2 46° 05’ .181" 097°38'.290"  0-30 1.39 8.89
92 A 2 46° 05’ .170" 097°38'.270"  0-30 1.26 7.91
93 A 2 46° 05’ .162" 097°38'.273"  0-30 1.29 8.16
94 A 2 46° 05’ .153" 097°38'.274”  0-30 1.26 5.99
188 A 3 46° 05’ .065" 097°38’.540"  0-30 1.29 7.40
189 A 3 46° 05’ .058" 097°38’.541”  0-30 1.30 6.14
190 A 3 46° 05’ .058" 097°38’.539”  0-30 1.30 8.07
191 A 3 46° 05’ .045" 097°38’.541”  0-30 1.15 4.45
39 D 1 46° 05’ .053" 097°38’.145"  0-30 1.34 8.16
40 D 1 46° 05’ .061" 097°38’.146"  0-30 1.30 8.95
41 D 1 46° 05 .071” 097°38'.144"  0-30 1.30 9.33
83 D 2 46° 05’ .262" 097°38 .281"  0-30 1.27 10.3
127 D 2 46° 05’ .265” 097°38'.379"  0-30 1.15 6.24
164 D 2 46° 05’ .150” 097°38'.452"  0-30 1.25 5.85
200 D 3 46° 04’ .950” 097°38'.512"  0-30 1.17 8.98
201 D 3 46° 04’ .937" 097°38'.535"  0-30 1.24 7.97
225 D 3 46° 04’ .960” 097°38.591"  0-30 1.35 6.91
48 E 1 46° 04’ .984” 097°38'.156"  0-30 1.31 8.08
49 E 1 46° 04’ .972" 097°38.157"  0-30 1.27 8.44
60 E 2 46° 05’ .171” 097°38.221"  0-30 1.28 7.91
61 E 2 46° 05’ .161” 097°38.200"  0-30 1.34 8.66
214 E 3 46° 05’ .065" 097°38'.564”  0-30 1.20 6.26
215 E 3 46° 05’ .055" 097°38'.564”  0-30 1.30 7.78
50 F 1 46° 04’ .975” 097°38'.169"  0-30 1.34 8.67
59 F 1 46° 05’ .045” 097°38'.541"  0-30 1.17 10.7
62 F 2 46° 05’ .179" 097°38'.215"  0-30 1.21 10.0
79 F 2 46° 05'.152"  097°38.208"  0-30 1.11 6.50
158 F 3 46° 05’ .205" 097°38'.449"  0-30 1.31 4.72
159 F 3 46° 05’ .213" 097 38 .457” 0-30 1.30 7.87
52 | 1 46° 05’ .249" 097°38'.221”  0-30 1.23 7.98
53 | 1 46° 05’ .243" 097°38'.218"  0-30 1.14 8.09
54 | 1 46° 05’ .212" 097°38'.219”  0-30 1.16 6.78
55 | 1 46° 05’ .224" 097°38’.218"  0-30 1.22 6.83
56 | 1 46° 05’ .212" 097°38'.219"  0-30 1.14 6.05
57 | 1 46° 05’ .224" 097°38'.218"  0-30 1.16 7.47
118 | 2 46° 05’ .135" 097°38'.336"  0-30 1.13 8.46
119 | 2 46° 05’ .083" 097°38'.340"  0-30 1.16 8.26
120 | 2 46° 05’ .212" 097°38'.219”  0-30 1.28 7.27
121 | 2 46° 05’ .125" 097°38’.332"  0-30 1.11 6.83
122 | 2 46° 05’ .093" 097°38’.330"  0-30 1.14 7.28
123 | 2 46° 05’ .106” 097°38’.332"  0-30 1.25 8.46
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Table Al. Plot, crop treatment, treatment replaatiatitude, longitude, depth, bulk density
and SOC values for 2006 and 2010 (continued).

2006 and
Crop Treatment Latitude Longitude Bulk 2010
Plot Treatment Repl. (N) (N) Depth Density SOC
-cm- -glem-  -kg/nt-
204 | 3 46°05'.167" 097°38' .569"  0-30 1.15 6.91
205 | 3 46°05'.138" 097°38' .567"  0-30 1.21 7.87
206 | 3 46°05'.145"  097°38' .573"  0-30 1.22 5.54
207 | 3 46°05'.159" 097°38' .571"  0-30 1.17 6.72
208 | 3 46°05'.138" 097°38' .567"  0-30 1.28 7.06
42 KH 1 46°05'.044” 097°38'.145"  0-30 1.36 8.26
72 KH 1 46°05'.053” 097°38'.210"  0-30 1.31 10.9
73 KH 1 46°05'.045” 097°38'.219"  0-30 1.31 6.07
136 KH 2 46°05'.175" 097°38.389"  0-30 1.32 g.8
137 KH 2 46°05'.163" 097°38.389"  0-30 1.12 ®.8
138 KH 2 46°05'.154" 097°38'.384"  0-30 1.14 30.
178 KH 3 46°05'.166" 097°38' .535"  0-30 1.39 5.8
179 KH 3 46°05'.156" 097°38'.534"  0-30 1.26 a.s
180 KH 3 46°05'.147" 097°38' .534"  0-30 1.17 g.8
32 N 1 46°05'.135" 09738’ .167"  0-30 1.21 8.27
33 N 1 46°05'.133" 097°38'.166"  0-30 1.26 8.54
34 N 1 46°05'.119" 097°38'.157"  0-30 1.23 9.07
35 N 1 46°05'.112" 097°38'.144"  0-30 1.14 6.50
58 N 1 46°05'.191” 097°38.960"  0-30 1.39 10.7
80 N 1 46°04' 975" 097°38'.210"  0-30 1.24 8.56
167 N 2 46°05’.125" 097°38'.443"  0-30 1.22 5.22
168 N 2 46°05’.114" 097°38'.458"  0-30 1.30 9.11
169 N 2 46°05'.106” 097°38'.460"  0-30 1.29 6.87
170 N 2 46°05'.097" 097°38'.448"  0-30 1.21 6.83
171 N 2 46°05'.089” 097°38'.452"  0-30 1.26 6.62
172 N 2 46°05'.078” 097°38'.458"  0-30 1.22 8.92
216 N 3 46° 05’ .045” 097°38'.568"  0-30 1.27 9.44
217 N 3 46° 05’ .037” 097°38'.570"  0-30 1.26 10.5
218 N 3 46°05’.028" 097°38 .572"  0-30 1.25 7.77
219 N 3 46°05’.017" 097° 38 .576"  0-30 1.06 6.35
220 N 3 46° 05’.009” 097°38'.580"  0-30 1.07 6.63
221 N 3 46° 05’ .000"  097°38'.577"  0-30 1.17 8.60
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Table A2. Plot, crop treatment, treatment replaatiatitude, longitude, depth, bulk density and

SOC values for 2012.
Crop Treatment Latitude Longitude Bulk 2012
Plot Treatment Repl. (N) (W) Depth  Density SOC
-cm-  -glem-  -kg/nf-
18 A 1 46° 05'.042" 097° 38'. 095" 0-30 1.18 9.51
19 A 1 46° 05'.032” 097° 38’ .109" 0-30 1.29 8.80
20 A 1 46° 05.026”  097°38.085" (.30 1.20 101
21 A 1 46° 05°.019” 097°38'.074” 0-30 1.30 9.07
91 A 2 46° 05'.181"  097° 38'.290” 0-30 1.170 9.06
92 A 2 46° 05'.170" 097° 38'.270" 0-30 1.12 8.45
93 A 2 46° 05'.162" 097° 38'.273" 0-30 1.15 5.20
94 A 2 46° 05'.153" 097° 38'.274” 0-30 1.25 9.72
188 A 3 46° 05'.065"  097° 38'.540" 0-30 1.24 8.36
189 A 3 46° 05'.058" 097° 38'.541" 0-30 1.09 7.92
190 A 3 46° 05.058"  097° 38'.539" 0-30 1.28 8.56
191 A 3 46° 05'.045"  097° 38'.541" 0-30 1.14 8.89
39 D 1 46° 05’ .053" 097° 38’ .145" 0-30 1.20 9.63
40 D 1 46° 05’ .061" 097° 38’ .146" 0-30 1.25 9.81
41 D 1 46° 05’ .071” 097° 38’ .144" 0-30 1.23 9.47
83 D 2 46° 05’ .262" 097° 38’ .281" 0-30 1.14 9.48
127 D 2 46° 05’ .265" 097° 38’ .379” 0-30 1.31 9.41
164 D 2 46° 05’ .150" 097° 38’ .452” 0-30 1.17 10.0
200 D 3 46° 04’ .950” 097° 38’ .512” 0-30 1.13 8.63
201 D 3 46° 04’ .937" 097° 38’ .535” 0-30 1.21 8.62
225 D 3 46° 04’ .960" 097° 38’ .591” 0-30 1.17 9.13
48 E 1 46° 04’ .984" (097° 38’ .156” 0-30 1.16 5.11
49 E 1 46° 04’ .972" 097° 38’ .157” 0-30 1.20 10.3
60 E 2 46° 05’ .171" 097° 38’ .221" 0-30 1.08 8.25
61 E 2 46° 05’ .161" 097° 38’ .200” 0-30 1.19 8.55
214 E 3 46° 05’ .065" 097° 38 .564” 0-30 1.24 9.75
215 E 3 46° 05’ .055" 097° 38’ .564" 0-30 1.28 9.90
50 F 1 46° 04’ .975" 097° 38’ .169” 0-30 1.17 9.95
59 F 1 46° 05’ .045" 097° 38’ .541" 0-30 1.34 10.4
62 F 2 46° 05’ .179" 097° 38’ .215" 0-30 1.21 9.30
79 F 2 46° 05'.152"  097° 38’ .208” 0-30 1.07 8.09
158 F 3 46° 05’ .205" 097° 38’ .449" 0-30 1.07 9.66
159 F 3 46° 05’ .213" 097 38 .457” 0-30 1.30 9.45
52 | 1 46° 05’ .249" 097° 38’ .221" 0-30 1.31 9.68
53 | 1 46° 05’ .243" 097° 38’ .218" 0-30 1.23 9.38
54 | 1 46° 05’ .212” 097° 38’ .219” 0-30 1.22 8.84
55 | 1 46° 05’ .224” 097° 38’ .218” 0-30 1.13 9.07
56 | 1 46° 05’ .212” 097° 38’ .219” 0-30 1.11 7.98
57 | 1 46° 05’ .224” (097° 38’ .218” 0-30 1.11 9.38
118 | 2 46° 05’ .135” 097° 38’ .336” 0-30 1.22 7.86
119 | 2 46° 05’ .083" 097° 38’ .340” 0-30 1.14 4.22
120 | 2 46° 05’ .212" 097° 38’ .219” 0-30 0.99 9.31
121 | 2 46° 05’ .125" 097° 38’ .332” 0-30 1.16 8.98
122 | 2 46° 05’ .093" 097° 38’ .330” 0-30 1.14 9.33
123 | 2 46° 05’ .106” 097° 38’ .332" 0-30 1.15 8.16
203 | 3 46° 05’ .176" 097° 38’ .573" 0-30 1.17 9.03
204 | 3 46° 05’ .167" 097° 38’ .569” 0-30 1.16 9.18
205 | 3 46° 05’ .138" 097° 38’ .567" 0-30 1.28 9.70
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Table A2. Plot, crop treatment, treatment replaratiatitude, longitude and depth, bulk
density and SOC values for 2012 (continued).

Plot Crop Treatment Latitude Longitude Bulk 2012
Treatment  Repl. (N) (W) Depth Density SOC
-cm-  -g/cm-  -kg/nt-
207 | 3 46° 05’ .159” 097° 38’ .571” 0-30 1.23 7.05
208 | 3 46°05'.138" 097° 38’ .567” 0-30 1.28 10.3
42 KH 1 46° 05'.044" 097° 38’ .145" 0-30 1.17 9.52
72 KH 1 46° 05’ .053" 097° 38’ .210” 0-30 1.11 7.76
73 KH 1 46° 05'.045" 097° 38’ .219” 0-30 1.22 8.70
136 KH 2 46°05’.175” 097° 38’ .389” 0-30 1.19 8.0
137 KH 2 46°05’.163" 097° 38’ .389” 0-30 1.15 8.4
138 KH 2 46° 05’ .154" 097° 38’ .384” 0-30 1.05 8.1
178 KH 3 46°05’.166” 097° 38’ .535” 0-30 1.28 8.2
179 KH 3 46°05’.156” 097° 38’ .534” 0-30 1.13 6.8
180 KH 3 46° 05’ .147” 097° 38’ .534” 0-30 1.15 g.9
32 N 1 46°05'.135" 09738’ .167” 0-30 1.10 10.3
33 N 1 46°05'.133" 097° 38’ .166" 0-30 1.15 10.0
34 N 1 46°05'.119” 097° 38’ .157” 0-30 1.18 10.3
35 N 1 46°05'.112" 097° 38’ .144” 0-30 1.44 10.2
58 N 1 46°05'.191” 097° 38’ .960” 0-30 1.15 9.14
80 N 1 46° 04’ .975” 097° 38’ .210” 0-30 1.10 8.62
167 N 2 46°05'.125" 097° 38’ .443” 0-30 1.31 8.44
168 N 2 46°05'.114" 097° 38’ .458” 0-30 1.15 8.26
169 N 2 46°05'.106” 097° 38’ .460” 0-30 1.12 7.26
170 N 2 46°05'.097” 097° 38’ .448” 0-30 1.21 8.04
171 N 2 46°05'.089” 097° 38’ .452” 0-30 1.16 8.00
172 N 2 46°05'.078" 097° 38’ .458” 0-30 1.20 8.54
216 N 3 46°05'.045” 097° 38’ .568” 0-30 1.20 9.94
217 N 3 46°05'.037” 097° 38’ .570” 0-30 1.24 9.36
218 N 3 46°05'.028" 097° 38’ .572” 0-30 1.09 8.71
219 N 3 46°05'.017" 097° 38’ .576” 0-30 1.10 8.73
220 N 3 46° 05’ .009” 097° 38’ .580” 0-30 1.38 10.2
221 N 3 46° 05’ .000" 097° 38’ .577” 0-30 0.94 7.61
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Table A3. Plot number, Plot replication, residug ihatter weight, residue C, residue C used by
microbes, N in residue, N deficit in residue arsldae C:N ratio for the aged residue spring
2010.

2010

Spring Residue Residue

Aged Dry Cused Residue N
Plot Residue Plot matter Residue by needed by Residue Residue-N C:N
Number Treatment Repl Weight C microbes microbes N Deficit Ratio

-Mg/ha- -kg C/ha- -kg C/ha- -kg N/ha  -kg N/ha- kgN/ha-

18 A 1 11.9 5014 1755 219 1001 -119 48.6
19 A 1 8.37 3464 1213 152 41.8 -110 35.3
20 A 1 7.15 3036 1063 133 52.6 -80.3 45.6
21 A 1 14.0 6095 2133 267 147 -119 69.3
91 A 2 10.0 4271 1495 187 105 -81.9 65.5
92 A 2 8.23 3441 1204 151 81.5 -69.0 58.5
93 A 2 11.4 4433 1551 194 91.5 -102 45.5
94 A 2 3.01 1283 449 56.1 21.6 -34.6 43.3
188 A 3 13.3 5425 1899 237 113 -125 51.2
189 A 3 20.4 8767 3070 384 191 -192 58.3
190 A 3 9.16 3713 1299 162 57.4 -105 38.3
191 A 3 4.23 1819 637 79.6 20.8 -58.8 33.7
39 D 1 9.38 4037 1413 177 97.2 -79.4 59.6
40 D 1 6.19 2630 920 115 48.1 -67.0 44.7
41 D 1 5.60 2604 911 114 37.6 -76.3 41.4
83 D 2 7.38 2876 1007 126 65.5 -60.3 46.1
127 D 2 15.3 6428 2250 281 151 -130 59.9
164 D 2 9.22 3588 1256 157 53.2 -104 33.9
200 D 3 10.4 4293 1502 188 76.2 -112 45.6
201 D 3 7.01 2989 1046 131 61.6 -69.2 53.2
225 D 3 10.9 4749 1662 208 109 -99.0 60.3
48 E 1 5.07 2097 734 91.7 -0.22 -91.9 23.1
49 E 1 7.01 3000 1050 131 44.6 -86.6 38.3
60 E 2 11.2 4655 1629 204 87.4 -116 43.4
61 E 2 8.22 3393 1188 148 48.4 -100 36.3
214 E 3 9.48 3631 1271 159 56.4 -102 33.6
215 E 3 12.4 5186 1815 91.8 91.8 -135 42.0
50 F 1 6.57 2890 1011 67.6 67.6 -58.9 62.6
59 F 1 7.86 3236 1133 88.9 88.9 -52.7 74.3
62 F 2 19.3 8039 2814 352 202 -149 68.1
79 F 2 9.21 3979 1393 174 99.2 -74.8 65.9
158 F 3 17.4 7499 2625 328 188 -140 69.1
159 F 3 10.3 4465 1563 195 101 -94.3 59.6
52 I 1 8.70 3691 1292 161 80.4 -81.0 50.8
53 I 1 3.85 1586 555 69.4 27.2 -42.2 37.7
54 I 1 7.22 3017 1056 132 70.2 -61.8 59.7
55 I 1 11.2 4585 1605 201 122 -78.9 72.1
56 I 1 141 5730 2006 251 163 -87.2 76.5
57 I 1 5.40 2238 783 97.9 48.3 -49.6 51.3
118 I 2 7.09 2828 990 124 63.1 -60.7 54.1
119 I 2 4.23 1702 596 74.5 28.6 -45.9 40.4
120 I 2 6.16 2207 772 96.5 60.2 -36.3 52.4
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Table A3. Plot number, Plot replication, residug ehatter weight, residue C, residue C used
by microbes, N in residue, N deficit in residue aesidue C:N ratio for the aged residue spring
2010 (continued).

2010
Spring Residue Residue
Aged Dry Cused Residue N
Plot Residue Plot matter Residue by needed by Residue Residue-N C:N
Number Treatment Repl Weight C microbes microbes N Deficit Ratio
-Mg/ha- -kg C/ha- -kg C/ha- -kg N/ha  -kg N/ha- kgN/ha-
122 I 2 17.0 7177 2512 314 184 -130 64.2
123 I 2 9.00 3771 1320 165 60.8 -104 41.4
203 I 3 8.31 3574 1251 156 82.5 -73.9 60.5
204 I 3 1.85 796 279 34.8 13.6 -21.2 42.0
205 I 3 7.09 3016 1055 132 69.9 -62.0 62.3
206 I 3 11.1 4719 1652 206 113 -93.8 61.1
207 I 3 11.1 4507 1578 197 96.0 -101 49.8
208 I 3 7.13 2945 1031 129 55.3 -73.6 43.3
42 KH 1 7.35 3162 1107 138 62.0 -76.3 50.7
72 KH 1 3.37 1427 500 62.4 30.4 -32.1 50.1
73 KH 1 6.24 2700 945 118 76.7 -41.5 95.3
136 KH 2 3.91 1680 588 73.5 29.1 -44.4 43.9
137 KH 2 12.2 5199 1820 227 121 -107 58.8
138 KH 2 7.48 3076 1076 135 62.0 -72.6 45.2
178 KH 3 7.11 3132 1096 137 71.0 -66.0 62.2
179 KH 3 10.45 4311 1509 189 94.2 -94.3 49.6
180 KH 3 8.58 3617 1266 158 69.5 -88.8 45.3
32 N 1 4.74 2012 704 88.0 25.2 -62.9 33.8
33 N 1 9.06 3765 1318 165 72.7 -92.0 48.0
34 N 1 1.63 682 239 29.8 0.88 -30.0 24.6
35 N 1 1.63 682 239 29.8 0.88 -29.0 24.6
58 N 1 5.40 2208 773 96.6 39.7 -56.9 41.4
80 N 1 1.09 483 169 21.1 8.14 -13.0 47.1
167 N 2 1.52 647 227 28.3 8.74 -19.6 38.7
168 N 2 1.74 750 262 32.8 10.38 -22.4 40.9
169 N 2 6.72 2909 1018 127 8.24 -119 25.8
170 N 2 8.39 3604 1261 158 81.3 -76.4 57.4
171 N 2 3.48 1509 528 66.0 1.66 -64.3 26.5
172 N 2 3.48 1509 528 66.0 1.66 -64.3 26.5
216 N 3 3.07 1286 450 56.3 18.9 -37.4 37.6
217 N 3 4.46 1913 669 83.7 23.6 -60.0 36.8
218 N 3 8.17 3264 1143 143 57.0 -84.9 39.5
219 N 3 5.81 2418 846 106 40.3 -65.4 43.3
220 N 3 2.90 1219 427 53.3 0.44 -52.9 25.1
221 N 3 2.90 1219 427 53.3 0.44 -52.9 25.1
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Table A4. Plot number, plot replication, residug nratter weight, residue C, residue C used by
microbes, N in residue, N deficit in residue ansidae C:N ratio for the fresh residue fall 2012.

2012 Fall Residue Residue
Fresh Dry Residue C N needed

Plot Residue Plot Matter Residue used by by Residue Residue- C:N

Number Treatment Repl Weight C microbes microbes N N deficit Ratio

-Mg/ha- -kg C/ha- -kg C/ha- -kg N/ha- -kg N/ha-kg N/ha- -
18 A 1 10.9 4841 1694 212 113 -98.3 68.5
19 A 1 6.65 2946 1031 129 73.0 -55.9 73.5
20 A 1 9.86 4451 1558 195 104 -91.2 69.4
21 A 1 4.13 1831 641 80.1 365 -43.6 54.4
91 A 2 7.65 3340 1169 146 77.6 -68.5 63.8
92 A 2 8.04 2802 981 123 37.9 -84.6 42.8
93 A 2 8.00 3621 1267 158 80.9 -77.6 66.4
94 A 2 10.1 4480 1568 196 98.6 -97.4 61.8
188 A 3 14.3 6139 2149 269 144 -124 62.4
189 A 3 7.80 3445 1205 151 72.6 -78.1 57.5
190 A 3 7.40 3262 1142 143 67.3 -75.5 55.1
191 A 3 13.9 6083 2129 266 134 -132 59.4
39 D 1 7.76 3389 1186 148 80.1 -68.2 65.4
40 D 1 10.0 4260 1491 186 95.3 -91.1 57.2
41 D 1 13.6 5833 2042 255 126 -130 56.1
83 D 2 13.8 5995 2098 262 137 -125 62.0
127 D 2 10.6 4520 1582 198 89.7 -108 50.4
164 D 2 7.14 3016 1056 132 59.2 -72.7 48.6
200 D 3 8.51 3706 1297 162 82.1 -80.0 59.2
201 D 3 13.5 5949 2082 260 126 -134 58.1
225 D 3 8.39 3724 1303 163 88.6 -74.3 68.9
48 E 1 10.8 4806 1682 210 104 -106 59.1
49 E 1 7.03 3104 1087 136 63.9 -71.9 55.8
60 E 2 5.00 2207 772 96.5 48.2 -48.3 60.9
61 E 2 7.04 3079 1078 135 73.4 -61.3 66.4
214 E 3 7.31 3192 1117 140 55.1 -84.5 46.1
215 E 3 6.26 2717 951 119 63.4 -55.4 63.3
50 F 1 6.78 3002 1051 131 70.8 -60.5 67.7
59 F 1 14.0 6155 2154 269 160 -111 78.0
62 F 2 9.13 4085 1430 179 96.0 -82.7 69.1
79 F 2 11.4 4910 1719 215 99.4 -115 51.5
158 F 3 8.75 3934 1377 172 84.9 -87.2 61.6
159 F 3 11.5 4934 1727 216 112 -104 58.5
52 I 1 11.4 4966 1738 217 115 -102 63.6
53 I 1 6.73 3150 1103 138 65.2 -72.6 64.0
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Table A4. Plot number, plot replication, residug dratter weight, residue C, residue C used
by microbes, N in residue, N deficit in residue aesidue C:N ratio for the fresh residue fall
2012 (continued).

2012 Fall Residue Residue
Fresh Dry Residue C N needed
Plot Residue  Plot Matter Residue used by by Residue Residue- C:N
Number Treatment Repl Weight C microbes microbes N N deficit Ratio
-Mg/ha-  -kg C/ha- -kg C/ha- -kg N/ha- -kg N/ha-kg N/ha-
55 I 1 8.86 3885 1360 170 86.8 -83.1 60.9
56 I 1 6.53 2925 1023 128 72 -56 74.8
57 I 1 8.21 3626 1269 159 96.3 -62.4 83.8
118 I 2 6.61 2448 857 107 30.6 -76.5 45.8
119 I 2 6.51 3032 1061 133 63 -69.7 63.7
120 I 2 10.9 4638 1623 203 86.8 -116 46.7
121 I 2 6.1 2623 918 115 65.8 -49 69.3
122 I 2 10.1 4233 1481 185 107 -78.4 64.7
123 I 2 8.79 3833 1341 168 69.9 -97.7 48.2
203 I 3 11.1 4824 1688 211 105 -106 58.3
204 I 3 5.21 2426 849 106 52.3 -53.9 66.8
205 I 3 7.39 3182 1114 139 74.3 -64.9 62.1
206 I 3 10.2 4450 1575 197 107 -89.6 67.6
207 I 3 9.82 4233 1482 185 97.3 -87.9 60.8
208 I 3 11.3 4930 1726 216 92.8 -123 50
42 KH 1 8.45 3517 1231 154 83.5 -70.4 58.4
72 KH 1 11.4 4975 1741 218 132 -86 80.2
73 KH 1 7.68 3438 1203 150 68.6 -81.8 55.4
136 KH 2 11.4 5058 1770 221 128 -93.6 76.9
137 KH 2 5.84 2538 888 111 55.9 -55.1 58.6
138 KH 2 7.79 3334 1167 16 73.6 -72.3 56.6
178 KH 3 13.5 5995 2098 262 158 -104 84.5
179 KH 3 5.31 2408 843 105 57 -48.3 71.9
180 KH 3 7.89 3484 1219 152 76.4 -76 60.4
32 N 1 7.44 3206 1122 140 54.6 -85.7 44.6
33 N 1 6.86 3035 1062 133 55.7 =77 49.9
34 N 1 8.27 3668 1284 160 82.7 -77.8 63.4
35 N 1 9.46 4127 1444 181 79.2 -101 50.6
58 N 1 3.25 1422 498 62.2 23.6 -38.6 18
80 N 1 4.66 2077 727 90.9 22.6 -68.3 20.4
167 N 2 1.53 631 221 27.6 13.7 -13.9 51.5
168 N 2 2.79 1173 411 51.3 18 -33.3 443
169 N 2 14.4 6230 2181 273 142 -131 60.4
170 N 2 7.17 3096 1084 135 71.1 -64.3 60.9
171 N 2 6.24 2787 975 122 62.3 -59.6 63.5
172 N 2 13.2 5826 2039 255 118 -137 55
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Table A4. Plot number, plot replication, residug nratter weight, residue C, residue C used
by microbes, N in residue, N deficit in residue aesidue C:N ratio for the fresh residue fall

2012 (continued).

2012 Fall Residue Residue
Fresh Dry Residue C N needed
Plot Residue Plot Matter Residue used by by Residue Residue-
Number Treatment Repl Weight C microbes microbes N N deficit
-Mg/ha- -kg C/ha- -kg C/ha- -kg N/ha- -kg N/ha-kg N/ha-
218 N 3 9.82 4277 1497 187 87.3 -99.8 53.7
219 N 3 8.34 3643 1275 159 78.5 -80.8 57.7
220 N 3 3.56 1232 431 53.9 15.4 -38.5 43.8
221 N 3 10.7 2159 756 94.5 57 -37.5 453

Table A5 Fuel estimated values used in the COMET-VR.

Source of Fut

Colorado State University fuel estime

No-till planter

Grain drill

Combine, small grains
combine , beans
combine, corn
Cutterbar

Rake, single

Baler

Sprayer

Total

---L/ha---
3.27
3.27

9.35
10.3
15.0
3.27
2.34
4.21
0.94

52.0

Table A6. CCSP N fertilizer values used in the COMER modeling.

Nitrogen Fertilizer

Source CCSP N Fertilizer Rates
Crops ---kg/ha---
Barley 250
Corn 200
Continuous corn 220
Dry pea (pulse) 80
Flax 56
Soybean 12
Spring Wheat 250
Winter Wheat 230
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Table A7 Example of COMET-VR CENTURY online C Storage Reg2d07 for the no-till
production system at the CCSP site.

COMET-VR 2 Century Online C Storage report-2013tekhiStates Department of Agriculture
(USDA)

Session ID: 820450096 CCSP
1. Parcel Description:
Name: Parcell, Sargent County, North Dakota;
Size: 10 Hectares;
Type: Agriculture;
LRR: F;
MLRA: 055B;
Soil: clay loam;
Hydric: N;
2. Parcel Management History:
Historic: Upland Cropland, non-irrigated;
1970’s to 1990’s: Continuous winter wheat, nongated, intensive tillage;
Base (last decade Mgmt): Corn-winter wheat, nagated, no-tillage system;
Report Period (next decade): Corn-winter wheat;imogated, no-tillage system;
3. Carbon and Biomass Storage report:
A). Baseline:
Total tonnes C storage per year for the parcel92,Jpercent uncertainty: 19;
Total tonnes net C{equivalent flux per year for the parcel 1: -7.04;
B). Projection:
Total tonnes C storage per year for the parcel92,uncertainty: 19;
Total tonnes net C{equivalent flux per year for the parcel 1: -7.04;
4. Important Comments:

For SOC storage, a positive value shows SOC seqtiestand a negative value shows
a soil carbon loss;

For SOC flux, a positive value shows an emissioGfs to the atmosphere and a
negative value indicates a removal of GHG fromatmosphere;

One tonne of C is equivalent to 3.667 tonnes 0$;,CO
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TableA7. Example of COME-VR CENTURY online C Storage Rep-2007 for the n-till
production system at the CCSP site (continued).

5. Direct and Indirect Nutrient Emission Report:

A). Baseline:

Total direct and indirect kg N/yer for the parcell®.8; percent uncertainty:
Undetermined;

Total direct and indirect tonnes net &€guivalent flux per year for the parcel: 6.13;
B). Projection:

Total direct and indirect kg N/yer for the parcell®.8; percent uncertainty:
Undetermined;

Total direct and indirect tonnes net £&€yuivalent flux per year for the parcel: 6.13;
There was no pO projection warning message;

The NO flux is converted to into tonnes of €asing the global warming potential
(GWP) of 310

Table A8. CCSP crop yield values for seven cropsiiis RUSLE?2 version 1.26.6'4.

Spring  Winter

Years Alfalfa Corn Flax Pea Soybeanwheat wheat
-ton/ac- -Bu/ac-  -bu/ac- -bu/ac-  -Bu/ac--bu/ac- -bu/ac-
2006 0 191 9 30 51 62 62
2007 3.5 149 14 30 46 54 73
2008 3.0 135 24 30 28 70 85
2009 5.0 167 28 30 45 65 65
2010 4.0 154 15 30 44 58 77
Average 3.1 159 18 30 43 62 72

tBased on actual annual average vyields.
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Table A9. Crop Rotation: Inputs and results (owtpérom RUSLE 2 version 1.26.6.4 profile
erosion calculation record for soil losses for 3&fpe and a 220 foot (68 m) long.

File: Profiles\Sargent County Work

Access Group:R2_NRCS_FId_Office

Inputs:
slope
steepness
Slope length (%)
Location Name Soil Type
North Aa Aastad clay loam\Aastad
Dakota\Sargent y 220 3.0
clay loam 90%
County
Crop Yields
Crops Management
--bu/ac--
Spring . . 62.0
Wheat Spring wheat-winter wheat-corn-soybean
Winter Spring wheat-winter wheat-corn-soybean 2.0
wheat
Corn Spring wheat-winter wheat-corn-soybean 159
Soybean Spring wheat-winter wheat-corn-soybean 43.0
Diversion/te
. Strips/barrie rrace, .
Contouring : Subsurface drainage
rs sediment
basin
rows up-and-
. --none-- --none-- --none--
down hill
Soil Loss Ouputs:
Soil loss erod. Detachment on Soil loss for Sediment
T value . . Net C factor
portion slope cons. plan delivery
-ton/ac/yr- -ton/ac/yr- -ton/ac/yr- -ton/ac/yr- -ton/ac/yr- -ton/ac/yr-
5.00 0.03 0.03 0.03 0.03 0.01

Net K factor

-ton/ac/yr-

0.22
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Table A9. Crop Rotation: Inputs and results (owtpérom RUSLE 2 version 1.26.6.4 profile
erosion calculation record for soil losses for 3&pe and a 220 foot long (continued).

SCl and STIR Outputs:

Avg. annual slope

Soil conditioning index (SCI)T STIR

--unitless— --unitless-

1.50 3.40

tThe SClis the Soil Conditioning Indepating. If the calculated index is a negative value
soil organic matter levels are predicted to deadlinder that production system. If the
index is a positive value, soil organic matter ls\are predicted to increase under that
system.

The STIR value is the Soil Tillage Intensity Ratittgutilizes the speed, depth, surface
disturbance percent and tillage type parametecaltaulate a tillage intensity rating for the
system used in growing a crop or a rotation. SrEfithgs tend to show the differences in the
degree of soil disturbance between systems. T keverity and number of ground disturbing
passes are evaluated for the entire cropping ootais shown in the management description.
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APPENDIX B

Abbreviation Definition

CC Cover Crop
CEC Cation exchange capacity
CCSP Conservation Croppingt®ms Project
CMZz Crop Management Zone
COMET-VR CarbOn Manageméwnaluation Tool for Voluntary Reporting
CRM PrBesidue Management
CSRA Carbon SequestraiRamal Appraisal
CSP Conséiva Security Program
CTIC Conservation Tillagedmhation Center
MLRA Majosind Resource Area
EIA Energy Infornoat Administration
ASSCII Anican Standard Code for Information and Intercleang
SOM1C (1) C in surface rotee pool (g/rf)
C:N r6an and Nitrogen Ratio
DOE Department of Energy
ER Erosion
FO Field Operation
oC Organic Carbon
OM Organic Matter
POM Paniate Organic Matter
TOC Total Organic Carbon
IC Inorganic Carbon
@) Oxygen
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w X TV Z2 T

%C
CHa
CO;
%H,0
GCM
LSD
GwWP
GHG
GIS
IPCC
LRR
DMW

N/A

%N
N2O
NRCS
ND

NDSU

Hydrogen
Nitrogen
Phosphorous
Potassium
Sulfur
Carbon
Percent Carbon
Methane
Carbon dioxide
%D (sample moisture) = (Wet weight - Dry Weight)/\Wegight
Global Climate Models
Le&sgnificant Difference
Gadlwarming Potential
Greenhouse Gas
Geographig#gbrmation System
Intergovernmental Panel on Cten@hange
Land Resource Region
Dry Matter Weight
Not Available
Nitrogen
Percent Nitrogen
Nitrous Oxide
Natural Resources ConseovaBervices
North Dakota

North Dal@tate University
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CT Conventional Tillage

NT No-Till
A Alfalfa
C Corn
F Flax
P Pulse
P Pea
SB Soybean
A = RKLSCP Soil Loss Equation
A Predictedg-term Average of annual sheet and rill erososs
R Rainfall and RdinErosivity Factor
K Soil Erodibility Factor

L Slope Length Factor
S Slope Steepness Factor
C Cover Management Factor
P Supporting Practice Factor
RUSLE2 Revised Universal Soil Loss Equation VT2
SClI Soil Conditioning Index
SOC Soil Organic Carbon
SOM Soil Organic Matter
SW Spring Wheat
HRWW Hd&reéd Winter Wheat
SRWW SBed Winter Wheat
STIR Soill@dge Intensity Rating
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USDA

WW

United States Department gfigulture

Winter Wheat
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APPENDIX C

Abbreviation Unit

Ac Acre

Bu Bushel

bu/ac Bushel per acre

Ton Tonne

Ton/aclyr Tonne Per acre per year
Ton/ac Tonne Per acre

Pg Picrogram

Gt Gigatonne

Tg Teragram

ppbv Parts Per billion by vale
ppmv Parts Per million by volem
ft? Square feet

Ft Feet

kg Kilogram

kg/m? Kilogram per Square meter
g Gram

g/’ Gram per Square Meter
Ha Hectare

Lbs Pounds

m Meter

cm Centimeter

m? Square Meter

m? Per square Meter
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Abbreviation

Unit

m—3

Mg
Mg/ha
Mg/halyr

Mt

Per Cubic Meter

Megagram

Megagram Per Hectare
Megagram Per Hectare Per yea

Metric Tonne
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