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ABSTRACT

METHANE AND NITROUS OXIDE FLUXES FROMCATTLE EXCREMENT ON C3

PASTURE AND C4 NATIVE RANGELAND OF THE SHORTGRASS STEPPE

Grazers play a major role mutrient cyclingof grassland ecosystems throubh
removal of bionass andhe deposition oéxcrement in the forms of liquidyine andsolid feces
We studied the effects ohttleexcrement patchem methane (Cl) andnitrous oxide (NO)
fluxesusing semsstatic chambersn coolseason (C3), Bozoiskselectpastureandwarm-
season (C4lominated native rangeland on the shortgrass stefpace gas measurements were
conductedver a2 year periodrom cattleurine (43 g N rif) and feces (94 g N ) patches
within replicated exclosurem eacltplant community Cumultive NNO emissiongor the 2 year
experimental perigdbn a per area basis, were 55% greater from feces relative to urine patches
on native rangeland (1.81 and 1.17 kgdMN ha') and 25% greater on Bozoiskglect pasture
(1.66 and1.25kg N,O-N ha'). While the cumulative BD emissions were similavithin
treatments across plant communitie® magnitudef seasonal fluxes wedkfferent. Emissions
from theexcrementreatments were greater on the Bozoiskiect pasture the summer
following treatmengpplication, while emissions were greater on the native rangeland the
following fall and spring.The emission factorf®r urine and fecedid not differ for urine and
feceson native rangelan(.13 and 0.3%) and Bozoiskyselect pastured(14 and 0.11%p but
these emission factors wesebstantiallylessthan the IPCC Tier 1 default factor (2%) for
manure deposited on pasture, indicating th& Bmissions from these plant communities are

currently overestimatedT hese findings suggest théte IPCC Tig 1 Default NO emission



factor of 2% for manure g@esited on pasture is not representative 49 Mmissions from cattle
excrement on shortgrass steppditrous oxide enissions from the control plots on native
rangeland and Bozoiskselect pasture werersilar, 0.61 and 0.65 kg Harespectively.
Methaneuptake was significantly lessom cattle excremerdompared taontrolplots forboth
plant communities CumulativenetCH, uptake ratesvere 68% greater farrinecompared to
fecespatches on nativengeland .73 and0.88kg CH,-C ha') and86% greater on Bozoisky
select pasture2.16 and-0.30kg CHs-C ha'). Methaneuptakerates were alst4%Iless for the
control plotson Bozoiskyselect pasture3.15 kg CH ha') compared to native rangelad.60
kg CHs ha'). Future research should focusontHdNO f |l uxes from pasture
where nitrogen loading and soil compaction are commonly present.

We tested theapacity of the biogeochemical mods\YCENT to simulateN,O and
CH, fluxes fran control plotsandcattleexcrement amendesbils of theshortgrass stepger
both plant communitiesCumulativeN,O emissions from the uririeeatmenivere
overestimated using the DAYCENT modbsl a factor of 4 for native rangeland dvyla factor
of 5for theBozoiskyselectpasture While the measured and modeled cumulative emissions
agreed reasonably wddlir the feces, water, and blaplots, the model did not accurately
simulate the magnitude seasonaN,O emissiongrom theseplots overestimanhg emissions
during periods of high fluxeduring the growing seas@nd underestimating during periods of
low fluxes such as the wintef.he cause for the poor agreement between measured and modeled
N>O emissions may be attributed to an overestimatidatal system Nan overestimation dhe
proportion of nitrifiedN emitted as BO, and the possibility that a substantial amount (> 20%) of
theurine-N was rapidlyolatilizedas NH; due to the extremely dry conditions at the time of

treatment applicatim Additional model validatiorfior shortgrass steppe soidsneeded using



data sets that include extensive soil N dat@actmompany the trace gas dataébermine if the
model is accurately simulating nitrification ratése proportion of nitrifieeN emitted as NO,

and the proportion of N immobilized in microbial biomaBse model strongly overestimated
CH, uptake ratefor the control plots by a factor of 3 for native rangeland and 2 for Bozoisky
select, while the excremeplotswere overestimatedyta factor of 2 for both plant communities.
The model underestimad the optimum water content fanaximumCH, uptakeby
approximately 5%which led to an overestimatiorof CH, uptakeby a factor of 2 to 4luring
periods ofiological limitation when so#wereextremely dry. The agriculture reductiofactor,
which accounts for fertilization and cultivation evemégjuced Chluptake from the urine and
fecesplots butthe uptakerates werestill overestimatedby a factor of Zince thenodeledfailed

to capture reducedptake ratesinder low soil water contel 0.15 volumetric water content)
The overestimation of CHiptake may partly be resolved by increasing the optimum water
content at which maximum GHiptakeoccurs, allowing the model to capturelogical

limitation on CH, uptake.
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CHAPTER 1

INTRODUCTION

Rising atmospheric concentrations of greenhouse gases (GHG), methahari@H
nitrous oxide (MNO) are ofsubstantiaénvironmental concern due tteeir capacity to absorb
infrared radiation and contribute to globdhtate change Atmospheric concentrations of GH
and NO have fluctuatewvith time, howeverthe rate of increase since timeilistrial Revolution
has been unprecedentedven though Clhland NO make up a relatively small proportion of the
atmosphere congped tocarbon dioxide €O,), they have muchreaterglobal warming
potentials (GWP)R5 and 298 timeffor a 100 year time horizonjespectivelyKhanet al,
201Z% Dijkstraet al, 2013. Atmospheric Chlis the second most important GH@lowing
CQO,, accounting for 120% of global warmingChenet al, 201Q. The GWP of a particular
gas molecule is based on the lifetime that it resides in the atmosphere and its capacity to absorb
infrared radiation.Nitrous oxide accounts for approximately 6% of the anthropogenic
gresmhouse effectBarnezeet al, 2014. In addition toahigh GWP, NO also contributes to
stratospheric ozone depletiRochetteet al, 2014.

Primarily dependent o abiotic factors, terrestrial ecosystems can serasimk ora
source of atmospheric GHNatural and managed wetlands, termigegeric fermentatiorgnd
animal wastes are major sources of;CMethanogenesis, or Glgroduction, is exclusively
caried out by archae@.e., group of single cell prokaryotic microorganisnmsanaerobic
conditions when the redofential isO-100 mV. When the redox potential is low enoydhe
rate of CH production is controlled by the amount of lalbrbon C) and temperatureArable

soils serve as a significant Gkink, consuming roughly 30 Tg GHC yr?, which accounts for 6



to 10% of the total atmospheric ¢bink (Sylvia, 2005 Chenet al, 201Q. Methane oxidation

is primarily conducted by methanotrophs, but may also be carried out by nitrifying bacteria due
to the similarity inmass and configuratioosf NH; and CH moleculeqSylvia, 2003.

Likewise, methanotrophs are also able to oxidize.NFherefore, when N concentrations are
high, CH, uptake rates tend to lbessdue to the competition between pahd CH, for binding

to the enzynaagrsbicarnvitonmems nayigkvethin microsites in the soil
profile; in these instances, methanogenesis and methanotrophy can occur simultaimeously.
systems that do not produce significant amounts of, @téthanotrophs depend on gas diffusion
of CH, from the atmosphere (1.8 ppmjo the soil profile. Methane oxidation is limiteg

slow gas diffusiorduring periods of higlwaterfilled pore spaceWFPS andreduced microbial
activity when soils arextremely dry(Sylvia, 2009.

Agricultural soik account for approximately otleird of the global anral N,O emission
budget(Flechardet al, 2005 Liu et al, 2012. The primary mechanisms ob@® emissions from
soils are nitification and denitrification.During the aerobic nitrification pathway, ammonia
oxidizing bacteria (AOB) use ammonium (MMHas an energy substrate; the completion of the
pathway leads to the production of nitrate gfNOUnder low soil @ygenconcentratiorevels
(approximately 1%)nitrification is only partially carried out and a proportion of miteogen (\)
is lost as MO (Bally et al, 2012 Schilsetal, 2013; t hi s phenomenon is kno
p i E@addson and Firestone, 1988Factors controlling the rate of nitrification include NH
availability andWFPS While the rate of nitrification decreasessasl oxygenconcentation
levels decreas¢he proportion of MO produced increases; this phenomenon is known as the
0| e a k yDavidsop &nad Firestone, 1938he ratio of NO:NOs;™ produced during

nitrification is greatest between WFPS values 668%. Coarsaextured soils are typically



well-aeratedand therefce nitrification tends to be the primary® production mechanism for
this soiltexture(Singurindyet al, 200§. As WFPS surpasses 60%, nitrification decreases and
denitrification becomes more prevalent. Under anaerobic cond{iiéRBS > 60%,)
denitrifying microorganisms udéOs” as an elecon acceptor and labile & an energy source
with dinitrogen (N) as the end produdfigure 1) The holes in the fAl eak
during denitrification compared to nitrification. During botfitrification and denitrification,
N>O production is highest at oxygen levels around($%tvia, 2005. While nitrification has
been found to account for the majority afNemissions from SGS soils, denitrification may be
more prevalent following freezthaw events in latevinter/early spring when WFPS is relatively
high (Partonet al, 1988 Mosieret al, 2009.

Cattle are amitegral part of the N cycle of grassland ecosystems. They redistribute up to
80% of consumed foragd through highly Nconcentrated excrement, urine and fed@attle
urine and feces Meposition rateare highly variable and are dependent on the digityuand
water consumption, witkialuesranging from 2680 g N m?and 50200 g N n¥, from urine and
feces patchesespectively. Urea, the primary form of N in urine, is hydrolyzed tg (g#s) and
NH," within days of patch establishme&chimelet al, 1986 Oenemaet al, 1997 Wachendorf
et al, 200§. Hippuric acid, a constituent of urine, has been found to inhibit microbial activity
and reduce PD emissions. Urine also contains organic C, which enhances microbial
immobilization of urineN (Kool et al, 2006)). On the contraryfecal matteis composed
primarily of organic N, such as microbial biomass and undigested plant material, which are
gradually mineralized to plant available forms over t{Wechendoret al, 200§. Only 20
25% of the N present in feces is water solylenemeet al, 1997. Therefore, soil mineral N

concentrations are relatively low in soils under feces compared to urine pdtchéslition to



N-loading,dependent on soil texture and water contestt)e tramplingnay also lead tsoil
compadion, resulting in reduced porosity and increased soil widted pore space (WFPS)
presenting optimal conditions for denitrificati(imeket al, 2009.

The conversion of shortgrass steppe (SGS) native rangeVaich are dominated by C4
photosynthetic pathway grassescoolseasor{C3 photosynthetic pathway plan&yzoisky
selectpasture foearlyspring andatefall grazing increasebeef productiorby 2-4 times
compared to grazingative rangeland during the summer grazing seasonrNfaidto early
October)alone(Derner and Hart, 2010 Bozoiskyselect pasture undergoesgetative growth
earlier in the spring and later in the fall comparedatve rangelandhus the grazing season is
extended whenomplementingnative rangelandrazingwith Bozoiskyselectpasture
Cultivation and Nertilization of native grassland #s significantly reduce CH, uptake and
increass N,O emissiongMosieret al, 1996 Mosieret al, 1997. Changes in soihtmosphere
gas exchange are attributed to diminished solil structure, increased decomposition of soil organic
matter, and increased N concentratidimerefore economidoenefitsfor livestock producerby
converting native shortgrass stepgpeoolseason pastures may be partially or entirely offset by
negativeenvironmentalmpactsof increased fluxeef GHGs.

Grasslands occupy approximately 40% of the global terrestrial land surface area. Nearly
100% of uncultivated grasslands grazel by large mammal@icSherry and Ritchie, 2013
Oenema et a(1997) estimated that grazing cattle accounted for more than 10% of the global
N>O budget.While livestock(cattle, buffalo, sheep, goats, pigs, and poulicgount for 18% of
theglobal GHG budgetemissions frontivestock productioraccounts for a smal@roportion
(3%) of annual emissions in the United Stqiigeskyet al, 2009 Capper, 201l The cattle

population is expected to increase from 1.5 billion in 2000 to 2.6 billion in 2050 to meet the food



demand of the steadily increasing human populdBamalet al, 2014). Therefore grassland
management practices are likely to have a significant impact on the global atmospheric GHG
budget.
The focus of this research was to conduct fltdded measurements of £&hd NO
fluxes fromcattleexcrementurine and fees)on native rangelandnd coolseason, Bozoisky
selectpasture and use the resulting data to validate the DAYCENT pimteluse:
1 Longlived trace gases, GHnd NO, are potent GHGs
91 Data are limited on trace gas fluxes from cattle excrement
1 Grassland ranagement practiceselikely to have a significant impact on the global
GHG budget due to the large area covered by this land type
1 Once validated, the DAYCENT model can predict GHG emissionscimiarid
grassland systems such as the shortgrass stepggstems based on various grazing
management scenarios
The DAYCENT model simulates C and N cycling through the soil, vegetation, and
atmosphere pools. Nitrous oxide emissions from nitrification and denitrification are controlled
by soil NH;" and NQ concentrations, water content, temperatsoel, texture, and the
concentration of labile C substrdi®el Grosscet al, 2009. The DAYCENT model 6
to simulate NO emissions has been tested with measured data from various systems including
corn fields, turfgrass, and urine patches on a New Zealand péStdrest and Muller, 2004
Del Grosscet al, 2008 Zhanget al, 2013. The CH oxidation sub model was tested
extensively for various ecosystemgidg model development, but model validations have been
lacking sincgDel Grosscet al, 2000h). Methane oxidation or uptake is driven by soil texture,

WFPS and soil temperature.



Field-basedSHG measurements provide valuable knowledge on the small spatial scale.
However, sich experiments are very costly and time consuming and therefore are not
economically feasible to conduct over large landscapes. Measuts of soil C and Met
primary productionN,O emissions, and CHiptake amongother ecosystemariablesare
essential when validating pregsbased biogeochemical models such as DAYCHENT
particular ecosystems and management practiabdated modelscan bevaluabletoolsfor
estimating GHGs on regional, nationahdglobal scale.

Currently, most of the research on satinosphere gas exchange of GHGs from cattle
excrement patches on grasslahds beemonducted using synthetic urine soduis over a single
growing seasoWolf et al, 2010. Measuring GHG emi sswauds fr om
provide a better representationfiéld-basedGHG emssions. Conducting GHG measurements
over multiple growing seasons from feces patches alkmgquate time for mineralization of
feces organidN, capturing GHG fluxes during the N transformation processésatts in a
moreaccurate estimation of cumtile emissions. Testing the DAYCENT model with
extensive GHG datasets will help identify the
needed. A better understanding of GHG dynamics from i&@%e rangelandndBozoisky
selectpasture will also pvide policy makers and land managers with information to develop

and implement sustainable grazing management policies that minimize GHG emissions.
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CHAPTER 2

NITROUS OXIDE AND METHANE FLUXES FROMCATTLE EXCREMENT ON C3

PASTURE AND C4 NATIVE RANGELAND OF THE SHORTGRASS STEPPE

1. Introduction

Grazers play a significant role in the nitrogen (N)leyaf grassland ecosystems by
redistributing up to 80% of consumed N through their excrediithunaset al, 1988
Wachendorkt al, 200§. High concentratiosof N in excrement of cattle greatly exceeds
demands osurrounding plant communitietherebysubjecting excreme+itl depositdo losses
through nitrification, denitrification, ammonia (NJHvolatlization, and leachingWilliams et
al., 1999 de Kleinet al, 2003 Maljanenet al, 2007 Wachendorkt al, 200§. Leaching is
thought to be minimah the shortgrass steppe (SGS) because potential evapotranspiration (PET)
is substantiallyarger ttan the amount of precipitation receivead hence water movement
below the rooting zone rarely occ&chimelet al, 1986 Augustineet al, 2013. Direct NO
emissions from urine and fecpatches on grazed lamanges from 0-8.8% and 0.08.7%of
total excremeniN applied respectively(Milchunaset al, 1988 Oenemeet al, 1997 Follett,

2008 Yaoet al, 201Q van der Weerdeat al, 2011 Hoeftet al, 2019. The IPCC Tier 1
Default Emission Factor (EF) for manure deposited on pasture (22, 200¢. While most

of the NO emissions from urine trea@eoils occurs soon after patch establishment, elevated
N>O emissions have been reported to persist-fis gears following a simulated urine event at

the SGSMosier et al, 1998 Carter, 200Y.



Most of the current knowledge on GHG emissions from urine patches is based on studies
that measured GHG emissions from synthetic urine solutions, which accordingltetab
(20069 may over estimate #D emissions by up to 50%. Even though urea is the primary form
of N in urine, it is also important to include hippuric aciden formulating a synthetic urine
solution(Kool et al, 20069. Benzoic acid, a bproduct of hippuric acid, has been shown to
inhibit enzymatic and microbial aeity (Fenneret al, 2009, which alters N turnover and hence
N.O emi ssi ons. 6Real 6 urine also contains org
of mineral N(Kool et al, 20063. In addition, high rates of N turnover have also been
implicated to inhibit CH uptake(Epsteinet al, 1998h). Mosier et al(1998 found that a
simulated urine (45 g N fiCO(NH,),-N) event decreasd@H, uptakeratesin coarse textured
soils of the SGS.

Currently, information on muHyeareffects of feces patches on GHG fluxes is lacking.
Shortterm studies, encompassing a single gngwgeason, may underestimatgnulative NO
emissions from fecgzatches since organic N makes up the majority of N in feces. -Neces
takes more than a single growing season to mineralizenaretalization rates depeiah
environmental conditions, feces composition, and microbial commemityposition
(Wachendortt al, 200§. Wachendorf et a(2009 found that a year aftéeces patch
establishment on a sandy soil in Germany, 70% otdatiefecesN remained in the soil,
accounting for 15% of the soil orgarit Therefore, when studying cumulative GHG fluxes
from feces patches, it is important to conduct measurerfantaultiple yeargminimum of 2
years) to allow adequate time for mineralization of feces organic N.

Conversion of native rangeland (NiR)the SGSo Bozoiskyselect (BS) pasture has

been proven to be economically beneficial for ranc{igesner and Hart, 20)0but currently



knowledge on GHG emissions fraims plant community itacking. Past research has shown
thatconversion ofNR to cropland increas@&0 emissions and decieesCH, uptake(Mosieret

al., 1997. A study by Mosier et a{1997) found that CH uptake and BD emissions were 35%

less and 250%greatey respectiely, from NR that had been till&&lyears prior compared to
undisturbed NR. Following tillage of SGS NR, it takeS®years for Chland NO soil

atmosphere gas exchange rates to return to that of undisturb@ddskret al, 1997. The

difference in sodatmosphere gas exchange between disturbed and undisturbed sites is suspected
to be due to soil properties such as, diminished soil structure, soil mineral N concentration,
surface soil misture, and C availability.

Researchers have found the magnitude of intraseasonal GHG fluxes to vary between
plant community types. Epstein et @998h observed significant differences in the magnitude
of CH, uptake and BD emissions between3@nd C! systems on a sandy clay loam soil when
moisture and temperature were not limited plants actively acquire N during the cool
seasons, spring and fall; idniC4 plants take up N during the warm summer mo(Epsteinet
al., 19983. Ammonium (NH") availability to microbesmay be limited during periods when
plantsare actively acquiring Neavinglow N quality (high C:N ratio)plant organic matter
inputsfrom root exudates and leaf littas the main N source for microbe#/hen NH*
substrate is limited, immobilization increases and mineralization and nitoficdéicreases
(Sylvia, 2®M5). Lower CH,4 uptake rates from soils of3Celative to @ plantcommunitieshave
been attributed to greater N turnoyklosieret al, 199J).

The primary goal of this study was to evaluate effettattleexcretgpatches on CiH
and NO flux rates over a 2 year period on NR and BS pasture of the SGS. We tested the

following hypotheses for eagilant community (1) a greater proportion of the urihewill be

10



emitted as DO compared to fecdad, (2) N.O emissions wilbe greater from feces compared to
the urine and control plots following tispringfreezethaw cycle and (3) CH uptake rates will

beless for urine and fecesompared taontrol plots.

2. Materials and methods

2.1. Study site

The study was conductedtae USDA Agricultural Research Service Central Plains
Experimental Range (CPER), which is part of the samol SGSon the northwestern corner of
the Pawnee National Grasslands (PN&ated about2 km northeast oNunn, in northcentral
Colorado (40.84801;104.70621; 1,650 m above sea level). This project focused on 2 plant
communities, NR and BS pasture. Both plant communities had been grazed annually leading up
to the experiment, with the exception of 2007 and 2008 on the BS pasture. The dominant
vegetation of the NR is blue granBo(teloua graciliy. Other common plants found in this
region include fringed sagebrushriemisia frigidg, buffalo grassBouteloua dactyloidgsand
plains prickly pear@puntia polyacantha Based on longerm datg19391990), the average
NR forage production is 750 kg héMilchunaset al, 1994. The BS pasture was plowed and
seeded in 19914, Prior to seediidhg@gcktOhanpgawtasr
cultivatedin the 1930s and 1950s with winter wheat -b0aGook 6 r ef er s t o abando
that is allowed to naturally revegetafEhe BS and NR experimental plots are directly adjacent
to one another, with the BS system directly south of the NR. The NR ¢callyggrazed from
mid-May to lateOctober, while the BS pasture is grazed in the spring-Apidl to mid-May)

and fall (lateOctober to earhDecember). The mean annual precipitation (18382) for the

11



region is 341 mm vk, with 80% of the precipitain occurring between Ma$eptember. The

mean annual temperature (MAT) for the region is 8.6 °C, with the coldest and warmest months
being January (mean temperatutés °C) and July (mean temperature 22.2 °C), respectively.
Precipitation data were obtesd from a weather station located due east from the CPER
headquarters. The soil series for the experimental site is an Ascalon fine sandy loam (Fine
loamy, mixed, superactive, mesic Ardic Argiustolls).

Bozoiskyselect is an improved cultivar Bsathyostachys junceaeleased by the USDA in
1984 that was selected for improved seedling vigor. It is a winter hardy, dr@sgdtant, bunch
grass that is adapted to seanid grasslands. The species is a {bwgd perennial with early
season productivitgnd high forage quality. Roots of BS are capable of penetrating deep into the
soil profile, 810 feet, and dispersing=ifeet horizontally from the basal portion of the plant,
making it a good competitor with weeds once establighadsoret al, 2005. Bozoiskyselect
is high in crude protein and has high protein retention after maturity. It has been documented to
contain over 20% crude protein in the spriagproximately 15% in the summer and fall, and 5
7% through the winter montt{Murray, 1984 Gillen and Berg, 205). The production of BS is
highly dependent on spring moisture. Under optimal spring moisture, the aboveground

production of BS is typically-8 times that of native rangeland plant species.

2.2 Experimental Design
In the spring of 2012, we estadilied a randomized block design on ealeimt
community NR and BS. Eacplant communitycontained 4 blockgyr replicates, with
treatments ofirine (U), feces (F), distilled water (Cw), and blank receiving no amendment (Cb).

Each treatment was randomiysigned a plot within each block using the R software package

12



agricolag(R Development Core Team, 2Q1Exclosures were constructed around each block
using cattle panels (7.3 m x 7.3 m) in ordekeep cattle off the experimental plots during

grazing periods. By doing so, disturbance from cattle was avoided such as soil compaction and
deposition of additional urine and fecélo simulate grazing,egetation within thexclosures

was periodicallyclipped by hand to an approximately height of 5 centimeters (cm) and removed
from the study area. Due to extremely dry conditions and low plant biomass production in 2012,
vegetatiorwithin the exclosurewas only clipped once for each plant communMegetation
removed wagept for C and N analysis.

Excrement applications weoenducted on the morning of 19 June (DOY 170) in 2012.
Treatmenplotswere clearly marked with hub survey flags for plot identification. Permanent
rectangular aluminum anche)i80.5 cm x 43 cm x 10 cmwyere installed to a depth of 10 cm
over representativareasf 0.312 nf of grass. Each anchoservedas a base tseat a trace gas
chamber onto, creatiran airtight seal while limiting soil disturbancBuring trace gas
samping, chambers are seated onto anchors to create an airtighEsehlireatment was
applied to theentire areavithin the respective GHG anchor.rible and distilled water treatments
were applied using a treatment specific watering pitcher, 1.7 ligenslgt (5.4 | nif). Each
liquid treatment had its own designated watering pitcher to avoid cross contamiradjias
were slowly poured from an approximate height of 1 foot above the soil surface in effort to allow
infiltration with minimal pooling vinile achieving homogenous coverage of the entire surface
areawithin treatment anchors. Each feces treatment plot received an addition of 6 kg (19.2 kg
m) of wet feces (76% water). Feces veaenly spread across the soil surfadin the
treatment an h o r Ote anapprexenate thickness of 2388 cmusing a trowel. Based on the

mass and volume applied per area, each feces plot was equivaléhpaiches and each urine

13



plot was equivalent to approximately 1 urine patcamulki et al, 199§. The N application
rates were as follows, 430 kg N"h@ 3.4 g N plot) for urine and 940 kg N 529 g N plot)
for feces. The N rates in this study falkkin the range reported for grazing caftieenemaet
al., 1997 Wachendortt al, 2008 van der Weerdeat al, 2017).

The excrement was collected during the last week of May in 2012 in the metabolism barn
atCol or ado St at e AgtoultwaeResearthyDevelopMménhBadd Education Center
(ARDEC). All sampling techniques, animal use, and handling weragpmvediy the CSU
Animal Care and Use Committee. Total urine and feces were collected over a 24 foaur per
from nine, 800 weight crodsred commercial steers that were retained isstgjuipped with
stanchions during the collection process. The steers were fed a mixed ration that consisted of
whole corn, silage, and hay rather than grazing the steers on NR and BSspastuperiod of
time due to the difficulty of transporting sts to and fronthe housingthefacility at ARDEC to
CPER pastu® Homogenized samples of the mixed ration feed were taken and oven dried (55
°C) for C and N concentration analysis. Urine collection from each steer was accomplished
using a urine colle@n harness and aspirated into a polypropylene jug under vacuum. Fifty ml
of 6 N hydrochloric acid (HCI) was added to each carboy prior to urine collection in order to
prevent NH volatilization during the collection process. Feces were collected fretettm
floor and stored in sealed, 1dir buckets. At the end of the 24 hr holding period, the
excrement was compiled, weighed, and frozérfC). Prior to freezing, a subsample of urine
was collected in order to analyze the C and N content ofrihe. iExcrement was immediately
transported back to the USDA Plains Area Agricultural Research Servicd|&atlNutrient

Research (SPNR) Unit for storage in a wialkreezer {4 °C).
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Oneweekprior totreatment application, excrement was moved ftbenwalkin freezer
(-4 °C) toawalk-in cooler (10 °C) to allovgradual thawing.Once thawed, the feces was
homogenized, subsampled for C and N concentration analysis on a mass spectror2éter (20
Stable Isotope Analyzer, Europa Scientific, Chesire, @Kyl partitioned by wet weight (2 kg)
into 3.78 Isealable plastibags for applicatiorSubsamples of the feces were oven dried (55 °C)
to calculate gravimetric moisture content, ground using a Wretch grinder, and analyzed for C and
N concentration. Urine was homogenized and pH adjusted to approximately 8 by adding 300 ml
of 6 N NaOH the morning of treatment application. Once the urine was homogenized and pH
adjusted, subsamples were again taken to analyze C and N stmtesrify that the addition of
NaOH did not change the N content. Liquid urine subsamples were adde@@dry prior to
analysis on 4ECO Tru-SPECelementaknalyzer(Leco Corp., St. Joseph, Mbcated at the
EcoCore Laboratory at Colorado State Universlti£COdry is an inorgaic compound used to
dehydrate liquid samples for dry combustion. Mixed ration, feces, NR aneddg$ation
clipping samples were analyzed on a Europa Scientific autorNeded Canalyzer (ANCA/NT)
with a Solid/Liquid Preparation Module (Dumas combusiample preparation system) coupled
to a Europa 220 Stable isotope analyzer continuous flow isotope ratio mass spectrometer
(Europa Scientific Ltd., Crewe, England). Table 1 shows the percent C andirj\wedight for

urine, fecesmixed ration Bozoiskyselect, and native rangeland grass species

2.3. Soil analyses
Due to the extreme drought in 2012, baseline soil samples were not taken until after
significant rainfall was receivadith samplingof duplicate core§3.5 cmcorediameter)n

control (Ch plots to 30 cm occurringn 26 July 2012, and 2 August 2012, for the BS and NR
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plant communities, respectively. Soil cores were separated into increments according to
GRACEnNet(2010 protocol (85, 510, 1320, 2630 cm). Gravimetric soil water content was
determined on soils from each increment by egignng (110 °C) the soils for a minimum of 24
hours. Soils were transported to the USDA, ARS SPNR laboratory where they waniedir

and passed through a 2 mm sieve to remove the roots and rocks greater than 2 mm. Roots
smaller than 2 mm were removed using attbstatic wandAir-dried picked soils were

analyzed for total soil C and Nsoil inorganic C concentrations were determined by conducting
a soil aidifications using 1.0 N Phosphoric acfgollettet al, 1997. Soil samples were

analyzed for total C and N and inorganic C on the sameiimsit used for plant and feces
analysis. The mean bulk densities-@® cm) for soils on the NR and BS sites were 1.27 and 1.45
g cmi®, respectively. Bulk densities were determined by using the soil core method and a particle
density of 2.65 g cii Theaverage bulk density was taken for th& 8nd 510 cm depths

Table 2 lists the soil properties.

2.4. CH, and NO measurements

Soil-atmosphere ClHand NO gas exchange was measured using the static chamber
methodology outlined in Mosier et #2006. Baseline GHG measurements began on 22 May
2012 and were takerr3 times a week for a month prior to treatment application. Following
treatment application ob9 June 2012, sampling frequency intensified. Sampling occasions took
place 1, 4, and 8 hrs following treatment application and then once per day for the next 3 days.
The sampling frequency for the firstgr of the study was as follow&times a weekuting the
growing seasofMay to September)2 times a week during the féDctober to mieNovember)

2-4 times a month during the winténid-November to March)and 1 time a week during the

16



spring(March-June) The sampling frequency during the secgadr of the study was reduced

to 1 time per week over the growing season and then was further reduced to twice a month
starting in November and was maintained at this frequency until the following spring when
samplings were then increased to once per wBele to the importance of soil moisture on

GHG emissions, sampling frequencies increased following significant precipita&ionr) and
freezethaw events in order to capture the resulting GHG dynamics. Van der Weerden et al.
(2013 found that gas sampling urine patches 3 times a week between the times e12@OM
resulted in zero bias when compared to sampling every 2 h over 28 days. Whengsamqsi

a week, with increased sampling frequency following significant rainfall events, an average bias
of +4% resulted. Therefore, in order to approximate an average flux for each sampling occasion
and avoid diurnal variation, samples were collectéd/den 9:0012:00 h(Mosieret al, 1981

van der Weerdeat al, 2013. During chamber deployment,atachamber was seated in the
watekfilled track on top of an anchor, creating an airtight seal. Samples were taken from the
chamber headspace at 0, 15, and 30 miraites chamber placemeand then the chambers

were removed. Air temperature was recdrdetime 0 and 30 minutes. Decagon Devices EC
TM soil moisture and temperature probes were instatl@dof the 4 replicates for all treatments
on each plant communitySoil water content and temperaturel® cm) was recorded during

each sampling ocs@n using a handheld datalogger (Decagon Devices Inc., Pullman, WA).
Gas samples were collected using 35 ml polypropylene syringes. Upon completion of sample
collection, 25 ml of each sample was immediately transferred to a corresponding 12 mli
evacuatedylass exetainer fitted with a screw cap and rubber butyl septa (Exetainer vial from
Labco Limited, High Wycombe, Buckinghamshire, UK) for storage until analysis by gas

chromatographylLaughlinand Stevens, 2003 The exetainers were over pressurized to avoid
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sample contamination from ambient gases leaking into the exetakeesml of each sample
wasanalyzed on an automated gas chromatograph (Varian model 3800, Varian Inc., Palo Alto,
CA) equipped with an electron capture detector and a flame ionization detecteOfani CH
analysis, respectively. Samples were analyzed within a month from the collection date, which
has been found to be an appropriate time frame when using the désosthodologylaughlin

and Stevens, 2003

2.5. Statistical Analysis

Because BD and CH concentrations were typically low from our field site, the linear
equationmethodwas used to calcate fluxes in order to avoid over estimation. Parkin et al.
(2012 found that linear regression had the lowest detection limit, and was least sensitive to
analytical precision and chamber deployment time when compared to the Hutchinson/Mosier,
revised Hutchinson/Mosier, and quadratic methgtigchinson and Mosier, 1981A correction
factor was caulated for each gas molecule, Cahd NO, that adjusted for air temperature,
number of moles of the gas molecule, atmospheric pressure (640 mm Hg), and chamber volume
to surface area ratio (32 I: 0.312)m Treatment flux rates for each sampling ocaasiere
determined by taking the average of the 4 replicates. Flux estimates fsampiing days were
calculated by linear interpolation. CumulativeONemissions were then calculated by taking the
sum of measured and interpolated val{iéseftet al, 2012. Volume of the chamber headspace
for feces plots was adjusted by subtracting 1.9rom the chambeneight to account for
thickness of the feces layer.

Treatment(U, F,Cw, & Cb) effects orthe daily average, seasonal cumulative, and total

cumulative CH and NO fluxeswere determined using the MIXED procedure of S88S
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Institute, 2013 Nitrous oxide and Cldflux data were nomormal so the data were normalized
by log transformation prior to analysideans were compared usingLEMA NS wi t h Tukey:
HSD test for multiple comparisoigs < 0.10). Treatments were the fixed effect in the model.
A Spearmandés correlation analysis was conduct
relationships ( Ufilled pdde.sjabe)(WHRPS) tind sod temperatiresang CH
and NO flux from each treatment. Because the plant communities, NR and BS, were not
randomized and replicated, inferences from this study comparingtsmlsphere gas exchange
between the 2 plant communitiae limited.
The EF or percentage of excremedtemitted as BO, was calculated for U and F treatments
by subtracting total emissions of the Cb treatmerd) (lvbm total emissions of each excreta
treatment (M), U and F, dividing by the rate of uriieor fecesN applied, and multiplying by

100(van der Weerdeat al, 201]). The equation follows:

EF = M1 Mc x 100
Treatment N applied

3. Results
3.1.Environmentakonditions

Extremely dryconditions occurred ahé onset othis experiment Soring precipitation
during 2012 (40 mm) was 27% of the 74 year seasonal average (146 mm), making it the driest
spring season in the last 58 ye@fgyure 1) In addition, air temperatures were alsotg hot
(>30°C) during the early part of the experiment (Figure 2)talfprecipitation for 2012 was 206
mm, well below the 74 year annual average of 340 mm. Total precipitation in 2012 was

dominated by a few large rain events in July and SeptembmerghR/ 25% (51 mm) of the
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annual precipitatiomccurred orduly 7" and &'. Another 50 mm of rainfall was receiveder 5
days in September. v@rall trendg in precipitation during 2013 and thedfirhalf of 2014 were
close toaverage, with exception afmonsoonatain event in September 201R&dure ). Soil

temperatures and WFPS valuesindg trace gas samplisgare displayed in Figure 3.

3.2. NO emissions

Differences between cumulative® emissions (kg pO-N ha') from excremenplots, U
andF,ad t he control plots, Cw and Cb, were stror
plant communities. While the cumulative@emissions from the F plots were greater than
those from the U plots on a per area basis, the differences were only niasygraficant @ =
0.07 and 0.06 for NR and BS, respectivelfowever, agreateN rate was applied for the F
compared to the U treatmerCumulative emissions from the control plots, Cw and @it not
differ (Table 3 andrigure 4). The-valuesfor treatment cumulative emission comparisons are
provided in Tablel. By the fall of 2013, NO emission rateBom the excrementlots(U and F)
were not significantly different from the Qibots even though substantial rainfall was received
during this pepd (79 mm) (Figure 5). There was not a significant differenées)the
proportion of excremerl lost as NO, between U and Featmentgor either plant community.
EFsfor excrementreatmensg were, 0.14% vs. 0.11% on the B5+0.26) and 0.13% v$§.13%
on the NR P = 0.82) for U and F, respective(yableb).

Fluxes of NO tended to follow substantial precipitation events. Relatively large fluxes
of N,O from the U and Blotsfollowed precipitation events during early summer and fall of
2012 fiom soils of both plant communitieSignificantN,O fluxesfrom the excremerlots

were again observed duritige spring and summer of 2013 (Figaiteands). Similar trends in
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N>O emissions following precipitation events were observed from the CwiaptbG, bubf a
smaller magnitude. Nitrous oxide emissions from the U apldtSwere greateon BS pasture
conmpared to NRluring the summer of 201#%hile N,O emis#ons from the Fplotswere greater
on NRrelative to BS pasturthefollowing fall, sping, and summer (Figures 5 and 6).

N>O emission rates from F peaked following a substantial rain event 23d8ykuly
2012 after treatment applicatiorEmissions during this period weré @nd 262ug N,O-N m’
hr' on NR and BS, respectivelylracegas samples were collected?] 3, and 5 days following
this precipitation eventN,O flux rates increasd from day 1 to day 8vith declines by day 5.
Peak NO emis#ons from Uweredelayed compared to the F treatmamdl occurred on July 18,
2012, aB5and 49ug N,O-N m? hr' for NR and BS soils, respectivelil,O emissions from
excrement plots remained above baseline levels until the end of July, when the soil WFPS
dropped below 30% (Figure 3 and 6). In the fall of 2GighificantN,O fluxeswere observed
from the U and Pplotsfollowing precipitation events

Soil WFPS and temperature were significant drivers & Bmissions from the U and F
plots Positive correlations between WFPS angDNlux from the F plotsr(= 0.35 and 0.47 for
NR andBS, respectively) were highly significar® € .0001) from soils of both plant
communities. Positive correlations were also observed between WFP SQ@ifid»Nor U on
both plant communitieg = 0.13,P = 0.06 for NR;r = 0.23,P = 0.0007 for BS) and NRw (r =
0.15,P =0.04). The negative correlation between WFPS ap® Emissions from the BE&w
plotswas marginally significantr (=-0.11,P = 0.12). The majority of pO emissions occurred
when WFPS was between-88% and 355% on NR andBS, respectivey (Figure 7).
Significant positive correlations between soil temperature ai@ émissions were obsed for

excremenplots(BS-Fr =0.29,P<.0001; NRFr=0.19,P=0.006 BSUr =0.17,P =0.02.
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Correlations from the contrplotstended to b@egative (NRCwr =-0.19,P = 0.009; NRCbr
=-0.11,P = 0.09). While significant, the aforementioned correlations were low and therefore
not very robust.Table6 and Figure 7 provide more detail on the relationships between soll

temperature and WFP®@&N,O emissions.

3.3. CH, Uptake/Emissions

Cumulative CHuptake (kgCHCha') from F plots was significa
all other treatment plotsom soils of both plant communities. Cumulative iptake was also
significantly less fromie U plots compared to the control plots, Cw and Cb, on both plant
communities with the exception of G/ (P = 0.14) on the BS pastu(Eigure8). After nearly 2
years (708 days), all plots were a £3thk. Cumulative Chluptakeratesfrom NR-F, BSF, ard
BS-U plotsweresitill significantly less than control during the final season (spring 2014) of the
experiment (Figur®).

For nearly a week following treatment application (19 June 2012), a substantial amount

of CH, production was observed from the Btslfrom soils of both plant communities (Figure
10). Methane prodlction from F plots peaked at 4 and 8 hdotwing treatment application
on BS and NR, respectively. Methane production from the F treatment of both plant
communities continued for appdmately 6 days following treatment application. From this
pointforward F plots resumed CHuptake (with the exception of 18 & 25 July 2012 on both
plant communities), but atratesignificantlylessthan theother treatmeist Net methane
productionfrom U plots occurred only once on each system (0.47 £ 1.28 on 15 August 2012 and
0.97 + 3.33 pug CHC mi? hr'on 4 January 2013 NR and BS, respectively) for the duration of

the study.Methane uptake rates tended to be the highest when WFPS was bedwi®&a an
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both plant communities (Figurel)l which occurred as the soil dried following significant
precipitation events.

Methane uptake rates corresponded to soil wetting and drying cycles (Fi@ures
Immediately following the large precipitation evem 7-8 July 2012, Clluptake rates were
near 0 pg CHC mi? hr'from all treatmerg  As soils dried, Ckuptake rates increased until the
third week of July when uptake rates peaked from control plots-4® 2Hd 30 pg CHC mi? hr
! on the NR and BSgspectively. August was an extremely dry month (9 mm), 34 mm below
the 74year average (43 mm); as a result the soil became extremely dry during this time. As the
soils dried out to WFPS levels below 20%, {ilptake rates continued to decrease until-mi
September (Figurel) and 1) The coldest soil temperature during trace gas sampling, an
average 0f6.7 C (n=16), was observed on 4 January 2013. As the soil slowly began to warm
during the end of winter and beginning of spring,,Qigtake rates inelased until soil rewedt
from snow events in April. Trends in GiHuxes during the second year were similar to those
observed during the first year. The cumulative,@ptake (kg CH-C ha') by seasoiis
provided in Figur®. Average fluxes from sampl occasions are displayed in Figd@

Trends in CH fluxes were similar between the 2 plant communitiesjdiat CH, uptake was
less orthe BS pasture compared to N& each treatmer{fTable3).

The optimum water content for Gldptake was when YAPS was between 2% and
25-40% for NR and BS, respectivel{rower CH, uptake rates were observed when WFPS was
above and belowhese ranges likely due to limited soil gas diffusion and microbial activity.
Low negativecorrelationsvere foundBS-Fr = 0.23,P = 0.0008; NRFr = 0.12,P = 0.09)
between WFPS and GHptake a decrease in CHiptake with increasing WFP&yr the F

treatment orboth plant communities. A significapbsitive correlationwas observetietween
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WFPS and Clluptakefrom the NRCw treatmen{r = -0.19,P = 0.008). The relationship

between CHuptake and WFPS tended to be curvilinear, with the greatest uptake rates occurring
at intermediate WFPS levels (2D%) (Figure 1). While most correlations between soil
temperature and CHiptake were positive, an increase inQigtake withincreasing soll
temperaturethere was a highly significant negative correlaiors 0.30,P = <.0001) detected

for the BSF plots Significantpositivecorrelations were observed between soil teiapee and

CH, uptake from the Cplots ofeach plant community and the U anglBtson NR(Table6).

4. Discussion
4.1.N,O

Our findings did not support the hypothesis thag®Nmissions would be greater from U
compared to F plots. There was not a sigaiit difference in PO EFs between treatments, U
and F, from soils of either plant community. On the BS pasture, 0.14% of thé\uaine
0.11% of the fecedl was emitted as fD and on the NR system, 0.13% of the wfshand
0.13% of the fecebdl was emited as MO. These EFs observed in this study were ortother
end reported in the literature. In a review by Oenema €399, EFs for urine and feces
ranged from 0.13.8% and 0.20.7%, respectively. Hoeft et §2012 reported EFs for feces and
urine of 0.05% and 0.4%, respectively, for an upland grassland ina@grnMosier et al1998
determined that 0-5% of a synthetic urine solution (45 g N*was emitted as 4D from SGS
soil. The IPCCdefaultTier 1EF is 2%, vith a range of 08.0%, for manure deposited on
pasture and rangelaidPCC, 2006. Using the IPCQlefaultTier 1 EF for calculatingN,O
emissions for urine and fecemitted from shortgrass steppe native rangeland aneseasbn

pasture would result in a significant overestimation gD dmissions.
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Extremely dry conditions in 2@llikely contributed to the low EFs reported in this study.
Over the past 74 years, 2012 was thelBest year on record, receiving 167 mm (60% of the 74
year average, 340 mm) (Figure 1). The dry soil conditions, likely reduced nitrifier activity in th
upper soil profile due to limited substrate and water availal§iigyvia, 2009. Also, a large
proportion of the urineN may have beewolatilized as NH following urea hydrolysis due to the
hot, dry conditions. The air temperature at the time of treatment applicatiaboss 30 °C
(Figure 2). Ball and Rydef1984 found that on average 28% of uriNewas volatilized as
NHs, but during warm, dry conditions NHKolatilization accounted for 66% of urisié loss on a
New Zealand pasture. Ammonialatilization rates from feces patches are typically much less
than those from urine patches due to the surface crusvaadpH of the feces, amongst other
chemical, physical, and biological properti{gtulvaneyet al, 2008 Laubachet al, 2013. In
addition, when WFPS in the top 10 centimeters dropped below 30%, which was the case for
most of June and Ayust, a greater proportion of the emitted widuring nitrification could
have been lost as nitric oxide (N@ylvia, 2005. Yao et al(2010 found that maximum NO
emissions from aapland SGS soil were observed when WFPS was betwe28%5vhen
incubating soil cores in a |laboratory, which
the summer. Martin et &1998 found maximum NQemissions from the SGS to occur from a
coarse textured soil during the summer when WFPS was in the rang@8¥32Mosier et al.
(1998 foundNO4 emissions were 100 times greater than,® emissons from a coarse
textured N amended sait the SGS.

On a per area basis,® emissions from the F treatment were significantly greater than those
fromtheUplotso bot h plant communities. Over a day,

approximately 6 times the area as feces. On average, cattle defetdtarhés per day and
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urinate 811 times per day with a coverage area of 0.05 and ®pendefecation and urinatipn
respectively(Oenemaet al, 1997. Using these values, we conservatively estimated the area
covered by feces and urine from a single cow per day to be (5% ant day’, respectively.

Scaling up, a single cow grazing for one day in June under drought conditions at the SGS would
result in 217 and 59 mg®-N yr from urine and feces patches on NR, respectively, and 236
and 54 mg MO-N yr* from urine andédces patches on BS pasture, respectivielyrder to

calculate cumulative DO emissions for an entire grazing season, future studies are needed to
evaluate temporal effects of urine and feces patch establishmep©oenssions.

Nitrous oxide emissionsom excrement patches established on NR and BS soils of the SGS
during periods of greater WFPS need further investigation. Emissions resulting from excrement
patches during years of average or above average precipitation are needed to determine the
difference in NO emissions from excrement patches under dry and wet soil conditions.
Hartmann et ali2012 found that NO emissions from simulated cattle urinégbes were
reduced by a magnitude of 1 to 2 from a Switzerland pasture when implementing drought
conditions (2530% reduction in precipitation) using rain exclusion roofs. Soil WFPS may also
be greater in areas of the pastwieere animals congregatachas fence corners and the
perimeter around water tanése to greater bulk density and less soil porodityaddition to
increased WFPS, these areas also experiedoadihg from the high concentration of
excrement pat che(dugustineeram2083y The bombiratpo df reduced air
pore space and high nitrogen concentration provides ideal conditions for nitrification and
denitrification to ocur (Oenemeet al, 1997. Therefore, even though h o t qrupyasroall
proportionof the total pasturarea, these areas likely account for a significaopgution of NO

emissions from these plant communities.
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Our hypothesis that XD emissions would be greater from F plots relative to U and
control plots following the freezihaw cycle in the spring of 2013 was partially supported. On a
per area basis, ) emissions from F plots were significantly greater than the U plots on the NR
during the spring, but not on the BS system. This result may have beengteatégplant
uptake of F mineralizetl on the B, BS pasture, during the spring relative to tredpminately
C4 NR, leaving less minai-N to the microbial processes mitrification and denitrification.

Epstein et al(19983 found that following a weand cool spring, &plants accumulated 2.7
times more N during the month of May thad @ants. Precipitation received during April 2013
was 64 mm, which was 2 times the 74 year average (32 mm). The combination of the high soll
moisture and the suspectieidh levels of soil mineraN under F patches during the spring likely
provided ideal conditions for biomass production on the BS pasture. During the spring on the
NR, plantmicrobial competition was likely minimal since the dominant wasason grasses
typically do not initiate substantial growth until mid to late May, subjecting the F miNgpabl
to microbiatmediated processes such as nitrification and denitrification.

Nitrification was likely the primary mechanism driving@®l emissions since thegh N,O
fluxes occurred when WFPS was betweer68@0 (Sylvia, 2005. The WFPS taken during trace
gas sampling occasions over the course of this experiment never exceeded 60%. These findings
are supported by research conducted by Parton (@985, who found that nitrification
accounted for 6@0% of the NO emissions from SGS soils. In addition, Baral ef26114)
determined that nitrification was the primary pathway fe©Mmissions from urine patches on a
sandy soil in DenmarkHowever denitrification may have occurred in the feces patches
following a substantial rain event (51 mm) 68 July, 2012, due to the presumably high

concentration of labile C and WFPS in the feces patchemantaerobic microsites in the
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underlying soil. This period accounted for the large€2 Rux from the Fplotson the BS soill
and one of the largesh the NR.

While cumulative NO emissions were similar between plant communities, the magnitude of
seasonal fluxes varied. This phenomenon is likely due to differences in the plant phenology
between the 2 plant communities. The productivity of C3 geagsthe SGS is highly dependent
on spring precipitation (Aprlune)(Derneret al, 200§. The extreme drought conditions
during the spring of 2012 resultadseverely inhibited vegetative growth. Due to the lack of
aboveground production, the BS plots were clipped once in the spring (not analyzed for C and N)
prior to treatment application and the NR plots clipped once towards the end of July fobowing
large rainfall event. Aoveground biomass sampling was not conducted on the BS pasture
during 2012; the biomass production for the NR was 358 Rgwalich is approximately half of
the average biomass production for this system. The N concentrations\it tfrasses
(clipped on 30 July, 2012) from the excrement plots weeaterthan those from the control
plots (Figure 2). Thus thesmallermagnitude of NO emissions from the excrement plots on the
NR following the large rain event in July could haverean artifact of greater plant N uptake
from the predominately C4 NR species compared to the C3 BS pasture. In addition to reduced
plant N uptake from the BS pasture during the summer of 2012, there is also more bare ground
interspace on the BS pastumngared to the NR, which might have contributed to the greater
N>O emissions from the BS treatment shortly after treatment application.

Over the 2 year experimental period, winter (Decembéridarch 19) NO emissions
from the Cb plotsiccounted for 26%nd 304 of thetotal cumulative emissions from NR and
BS, respectively, which is in accordance to the findings of Mosier @286. However, he

relative poportion oftotal emissionccurring during the wintdrom the excrememnlotswas
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only 19% and D% on NR and 1% and D% on BS, for U and F, respectivelj fall
application of U and F might result in a greatdative proportion ofhe annuaN,O emssions

occurring during the winter.

4.2.CH,

Our hypothesis that the addition of U and F would reduce the rate aifiiéke was
supported. Cumulative GHiptake (kg CH-C ha') from the U and F plots was significantly
less than that of the contnplots, Cw and Cb, on both plant communities. This observation was
likely the result of increased minetidlturnover in the soils under thedended plots. High
concentrations of minerd have been shown to inhibit Gldptake through the competition of
NH; and CH for the active binding site of methanotroEpsteinet al, 1998h Sylvia, 2003.
Even when ecluding the CH flux data for the first week following F application when £H
production occurred, average Ctptake rates from theots (14.36 and 9.94 pg CGHC m? h
for NR and BS, respectively) were still significantt | ess (U = 0.10) than
17.98 ug CH-C m? h'for NR and BS, respectively) and Cb (22.38 and 18.89 pgCHi? h
for NR and BS, respectively) plots on both plant communities. Reducgddke from F
patches may also be a resultlud presence of a surface crust, which forms as the patch dries.
The surface crust inhibits gas diffusion. Due to the hot, dry conditions during the time of F
application, the surface crust likely formed faster than it would have during an average
preciptation year. The dry conditions also likely minimized the period of time when anaerobic
conditions were present in the F patch resultingssCH, production.(Yamulki et al, 1999.

The F plots were a significant source of &ier the first week following treatment

application due to the high concentration of C and anaerobic conditions witli@t#sepatches
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(75% WC). These findings were in accordance with Yamulki ¢1889 who found CH
production to occur at similaates and duration of time following fecal patch establishment on a
silty clay loam soil in England. In contrast to our experiment, Yamulki ét299 found CH,
uptake rates from fecal patches on perennial ryegrass pasture to reach that of baseline levels 15
days after treatment application. In the present study, once the fecal patches were desiccated,
CH, uptake resumed, bat a significantly lesser rate than the conplots Reduced CH
uptake from the excremeplotswas observed for a yeandhalf following treatment
application. When excluding the first week of {Hix data following treatment application,
there wa no difference in average GHptake rates between the U anglétsover the course of
the experiment.

We could not identify the driving factors of GEmissions that occurred in mid to late
July from the F patches on both plant communities. The pt@iSél, production on 18 July
coincided with a substantial temperature increase, roughly an 8 °C increase from 17 July to 18
July, as well as 3.6 mm of precipitation on the morning of 17 July. On the other hand, CH
production on 25 July did not immedibtéollow a precipitation event or temperature shift. In
addition to the warm and moist conditions, noticeable dung beetle activity was documented on F
plots during the first half of July, which could have affected thg fikt dynamics. While the
limited amount of research on effects of dung beetle activity on GHG emissions suggests that
presence of dung beetles reducessrat€CH, production and increases® emissions through
aeration of fecal pat@s(Penttilaet al, 2013, additional research is needed to better understand
the influence that dung beetles have on GHG emissions under various environmental and fecal

patch conditions.
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The highest rates ofH; uptake for all the treatments observed in the present study
occurred when WFPS was betweer3536 and 2510% on NR and BS, respectively. Methane
uptake rates approached zero when soils were near field capacity and the wilting point. These
results do ot correspond to the findings of Mosier et(aB96 and Chen et a{2010) who
found that maximum Clluptake rates occurred when WFPS levels were betwe28%3 The
discrepancy may be due to differences in sampling methodologies. In the present study WFPS
was calculated using soil VWC values for th&(®cm depth that we obtained from soil TDR
probes. Mosier et a{1996 on the other hand, conducted gravimetric analysis of soil water
content for the €15 cm depth for each tragas sampling. Chen et @010 also used TDR
probes to measure soil VWC, but the measurgsneere for the ® cm depth Another possible
cause for the discrepcy is that bulk densityvhich is difficult to calculate for sandy soils,
used to calculate WFP#hd therefore could be a source of erdoraddition, cumulative CiH
uptake was less for all treatments on the BS pasture compared to the NR. Tomgimnmay
have been due to increased N turnover on the BS pasture due to the more labile vegetation,
C:N ratio (Table 1), relative to the NR or the diminished soil structure on the BS pasture as a

result of plowing in 199TMosieret al, 1997 Gillen and Berg, 20055ylvia, 2005.

4.3.Limitations

While we attempted to simulate natural grazing conditions during the course of the
experiment, there were limitations worth mentioning. First, the urine and feces used in this study
was obtained from cattle that were fed a mixed ration (whole grain corn,ileg®, sindalfalfa
hay) rather than NR species and BS grass and therefore the C and N content of the excrement

may have been different from cattle that were fed a diet composed of NR or BS species.
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Secondly, cattle are typically transferred from the BSya to the NR by lat®lay; we did not
apply our treatments to the experimental plots until-Bide. In addition, the excrement was
applied to the entire surface area (0.3F2within the trace gas sampling anchors, which is
approximately the size ofsangle urine patch and equivalent t® 4eces patches. The

permanent trace gas anchors likely inhibited horizontal movement of soil water and chemical
components of the excrement. Lastly, the exclosures acted as a snow fence, collecting snow
during theextremely windy winter conditions at the SGS. The collection of snow might have
causedyreatersoil moisture contents than what would have ordinarily occurred following freeze

thaw events.

5. Conclusion

There was not a significant difference betwdenEFs for cattle urine and feces from soils of
either plant community. The relatively low EFs observed in this study are likely attributed to the
well-aerated soils studied in this experiment, extreme drought conditions during the onset of the
experimentand the use of real urine, which has chemical constituents that have been found to
inhibit microbial activity. In accordance to previous findings, the IPCC default TigD18¥ of
2% for manure deposited on pasture does not appear to adequately tepesgeportion of
urine- and fecesN emitted as BO on native rangeland and ces#ason pasture of the SG&n
der Weerdert al, 2011 Rochetteet al, 2014. Consideration should be givenitaplementing
an EF less than the IPCC default Tier JONEF of 2% for urine and feces deposited on szl
grazed land Future research at SGS should om NO emissions from urine and feces
pad ches deposi tsegpdotosmd,p astgunrley &choontgr e g altadir ar e as

and soil compaction are common.
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While trends in the timing of JO emissions from excremepibtswere similar between
plant communities, the magnitude of the emissions were not. Intraseasonal differeng€2s in N
emissions between the predominately C4 NR and the C3 BS pasture are likely due to differences
in the phenology of each plant community type and the timing oentiicquisition. Therefore,
to elicit accurate estimates of cumulativgONemissions for an entire grazing season at the SGS,
future research is needed to determine the effects of the seasonality of patch establishment on
N>O EFs for urine and feces phes on each plant community.

Decreased Cluptake rates from the urine and feces patches were observed over the entire 2
year study. The reduction was likely due to increased N turnover in the soil under the excrement
patches as well as surface crustiation on the feces patches, inhibiting gas diffusion. In
addition, CH uptake from the BS pasture tended to be less than the same treatments on the NR
system, which may have been an artifact of cultivation 20 years prior or plant community type.
Theseresults suggest that converting NR to BS pasture for complementary grazing at the SGS
could significantly reduce the GI8ink. Future research on GHptake from native rangeland
and Bozoiskyselect pasture soils should incorporate randomized replicaitiesach plant
community in order to draw inferences to a larger geographic area on the implications of

converting native rangeland to ces#ason pasture on GHptake.
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Tablel. Percent C and N alfry weight and C:N ratios forrine, feces, mixed ration, native
rangeland, and Bozoislgelect.

%N %C C:N

Urine 0.78 1.12 1.44
Feces 2.05 4293 20.90
Mixed Ration 1.64 4422 27.04

Native Rangeland 1.94 4573 23.57
Bozoiskyselect 2.99 48.32 16.16

1 Analysis included all plant species from within GHG anchor with the exception of plains prickly pear cactus. Percent C and N
values were an average from 3 sampling occasions (Samples were collected on 7/30/12, 6/7/13, and 7/25/13; each sampling
occasion cosisted of 4 replicates).

2 Analysis included all plant species from within GHG anchor, predominately Bozea$égt. Percent C and N values were an
average from 2 sampling occasions (Samples were collected on 5/21/13 and 9/30/13; each sampling@tsiatdof 4

replicates).

Table2. Soil propertiestéxture n=2; bulk density and total N and C n¥fi6 the 310 cm depth
of plant communities, native rangeland (NR) and Bozesskgct (BS) pasture.

Site Sand Clay Bulk Density Total N Total C
(%+SEH (%+SE (gcm*+SE (Avg. % + SE) (Avg. % + SE)
Native 68+3.98 10+0.51 1.27+0.03 0.09 £0.01 1.00£0.11
Rangeland

Bozoiskyselect 83+0.44 5+ 0.54 1.45+0.02 0.07+£0.01 0.65 £ 0.08
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Table 3 N,O and CH cumulative fluxes and standard error (kg"ha36 days from 5/22/12
5/27/14) for treatment urine (U), feces (F), water (Cw), and blank (Cb) for soils of each plant
community, native rangeland and Bozoisdelect.

Cumul ative FIl ux

N,O CH
-1 -1
(kgO—I‘N h) a (kg4-CC‘,Hh)a
N SE N SE
C4iNati ve Re
U 1.17 %N 0. 2.73 2N 0.
F 1.81 °N o. 0.88 °N oO.
Cw 0.55 °N 0. 3. 34 0.
Cb 0.61 °N oO. 3.60 °N O
C3iBozosskegc
U 1.25 2N 0. 2.16 N 0.
F 1.66 "N 0. 0.30 °N oO.
CcCw 0.61 °N oO. 2.95 2R 0.
Cb 0.65 °N O. 3.15 °N oO.

Cumulative values are an average of 4 replicates for each treat@@mulative values with different letters indicates a
significant difference (ANOVA with Tukeyo6s HSD adjustment,
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Table4. Pairwise treatment comparison aifngulative nitrous oxide and methane flux
comparison for urinU), feceg(F), water(Cw), and blankCb) plotsfrom soils of each plant
community, native rangeland (NR) and Bozoislglect (BS) pasture.

Cumulative Flux Comparison

Treatment N,O CH,
------------ P-value-----------
C4 - Native Rangeland
Cb Cw 0.57 0.22
Cb F <.0001 <.0001
Cb U 0.001 0.002
Cw F <.0001 <.0001
Cw U 0.0004 0.02
F U 0.07 0.0004
C3- Bozoiskyselect
Cb Cw 0.64 0.41
Cb F 0.0001 0.0004
Cb U 0.006 0.03
Cw F <.0001 0.002
Cw U 0.002 0.14
F U 0.06 0.03
ANOVA with Tukey's HSD adjustment. 5
I ndicates significant di fference, Uu = 0.10.

Table5. Emission factor¢EF) for urine (U) and feces (F) on native rangeland (NR) and
Bozoiskyselect (BS) pastureEFs were calculated using total cumulatmissions for U and F
plotsover entire study (June 19, 20l ®ay 27, 2014).

Emission
Plant Community = Treatment Factor
(%0)

Native Rangeland

Urine 0.13

Feces 0.13
Bozoiskyselect

Urine 0.14

Feces 0.11
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Table6. Spear mands

rtsof ¥ witle g-values far the relatienship betwieen

watekfilled pore space (WFPS) and soil temperature (°C),0 &hd CH flux from native
rangeland (NR) and Bozoisigelect (BS) pasture (7/9/205227/2014).

. Soil
Greenhouse Gas Plant Community/ WFPS Temperature
Treatment (%) °C)
-------------- r (p-value)----------
N,O
Native Rangeland
Urine 0.13 (0.06) 0.08 (0.29)
Feces 0.35 (<.0001)  0.19 (0.006)
Water 0.15(0.04)  -0.19 (0.009)
Blank 0.005 (0.95)  -0.12 (0.09)
Bozoiskysdect
Urine 0.23(0.0007)  0.17 (0.02)
Feces 0.47 (<.0001) 0.29 (<.0001)
Water -0.11 (0.12) 0.05 (0.52)
Blank 0.08 (0.25) -0.09 (0.23)
CH,
Native Rangeland
Urine 0.08 (0.27)  -0.19 (0.006)
Feces 0.12 (0.09)  -0.19 (0.008)
Water -0.19 (0.008)  -0.06 (0.41)
Blank 0.03 (0.66)  -0.13 (0.08)
Bozoiskyselect
Urine 0.07 (0.30) -0.09 (0.19)
Feces 0.23 (0.0008) 0.30 (<.0001)
Water 0.004 (0.95)  -0.10 (0.16)
Blank 0.02 (0.82) -0.23 (0.0007)
*Indicates a signifient di fference (U = 0.10).

37



o

5 Precipitation {mm)

Precipitation (mm)

o

Precipitation (mm)

500

—— Experiment Precipitation
—&— 74 Year Average Precipitation

i

o

o
|

300 ~

200

100 -

Treatment Application on June 19, 2012

500

400 ~

300 ~

200 ~

100 -

Jan

Jun

Aug S

ep Oct

Nov

Dec

140
120 -
100 -
80 -
60
40 -
20 -

0

Jan

Feb Mar

Apr

May

Jun

Figurel. Average precipitation (n = 74) and precipitation received during a.) 2012, b.) 2013, and
c.) 2014.
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Figure2. Air Temperature at approximately 10 cm above soil surface at the time of trace gas
sampling.
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Figure3. Mean (n=2) watefilled pore space (%) and soil temperature (°C) for #i®sm
depth from soils of both plant communities, a.) native rangeland (NR) and b.) Begelsky
(BS), for days that GHG sampling occurred between 5/228/27/14.
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Figure4. Cumulative nitrous oxide (D) emissions from urine (U), feces (F), water (Cw), and
blank (Cb) treatment soils on native rangeland (NR) and Bozessksct (BS) pasture.
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Figure5. Cumulative seasonab® fluxes (kg NO-N ha') with standard deations by treatment
(urine, feces, control water, and control blank) for plant communities a.) native rangeland (NR)
and b.) Bozoiskiyselect pasture.
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Figure 6. Average nitrous oxide §8; pg NNO-N m? hr?) fluxes + standard errors (n = 4) for
each teatment (urine, feces, control water, and control blank) frpmasive rangeland (NR)
and b) Bozoiskyselect (BS) pasture soils and precipitation (mm) from 5/22/2012 to 9/30/2014.
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