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ABSTRACT

Loss ofnitrogen (N) from dairy manure during storage is an issue of economicoemantal,
and social concern for farming communities. The lost Melgreasethe value of manure as a
fertilizer andis an economicloss becaussupplementalnorganicN fertilizer is purchasedo
meet N needsn farms 2) producesthe potentialpollution for water and air systemshereby
damagingthe associatedcosystems; 33auss challenges to humahealth. Thus, it is vital to
manage and use N in an efficient and-&@ndly manner. N mineralization is a pathwaythe

N cycle, which converts organN to inorganic Nthatis more susceptibl® loss The objective

of this studywasto conductlab-scaleexperiments to assess the effectsemfiperature, manure
solids contentysingmanure seedndautoclavesterilizationoperationat the start of staige and
storage timeon the N mineralizatiorand the associated microbial communtying the storage

of liquid dairy manure. Manure scrapped from the barn floor cbramercialdairy farm and
diluted to make experimental stook#th high (46 to 78g/L) andlow (19 to 36g/L) total solids
(TS), to simulate what is typically transported to the manure storageapiusedThe manure
wasincubaedin the laboratory at three temperatures (10, 20, and 30°C) for two storage periods
(60 and 180 days). Manurensples werdakenat different storage time for analyses. The results
showed that temperatuesd using sterilization operation at the start of stofagk significant
effecson N mineralization for both storage periq@s< 0.(3). The highest N mineralizi@n rate
occuredat 30 , which rate constant (kjvas0.096 week. While, the lowest N mineralization
occurred at 10 , and its corresponding k was 0.013 wéékhe concentrations of mineralized N
(Nm) with nonsterilized (R) manurevere significantly higherthan that with steilized (RO)
manure(p < 0.). Compared tahat withhigh TS (H) manure, theoncentratios of Nm were
significantly higherwith low TS (L) manureafter 180d storage(p < 0.(). Raw manure
augmentedvith manure seed (MS) had significantly higher lran he manure seed only (SO)
(p < 0.®). In order to investigate the charsgd microbial community in manursamples were
collected ordays 0, 30, 90, and 180 for the 18@torage experiment, and days 0, 30, and 60 for
the 60d storage experimenand thermanureDNA under different conditionvas successfully



extracted fromcollectedsamplesand used for 16S rRNA sequencinghis study provided a
more comprehensive understanding of ithpactfactors for manure storage, amas expected

to clarify the relatonship between N mineralizati@amd the associated microbial community
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GENERAL AUDIENCE ABSTRACT

Loss of nitroger{N) from dairy manure during storage is rooted in the ecé degradation via
microbial activities. During storage of dairy manure, up to 60%No€an be lost to the
environment (the air, rivers, groundwater, etc.), causing damages such as global warming and
water pollution. However, it is challenging to managed reduce thé&l lost during manure
storagebecause ofack of comprehensive knowledge tife complex microbiahctivities in
manure storage structuréghus, the londerm goal of this study is to discern the interactions of

the physical, chemical, andicnobial processes that affect thetransformation The generatd
informationwill help to mitigate/minimize the loss of nitrogenous gases during storage of dairy
manure Thespecific objectivesncluded 1) to evaluate the effects of selected factorl{iaing
storage time, temperatun@anuresolids content, using manure seed and sterilization operation
at the beginning of storagen N mineralization during storage of liquidairy manure and
determinethe associatedN mineralization rate2) to revealthe microbial communities in stored
liquid dairy manuraunderdifferent conditionglisted above)The outcome of this study could be
used to refine N mineralization input parameter of manure storage submodules of the process
based models such as ManureNDgfication-DeComposition model (ManwieNDC) and
Integrated Farm System Model (IFSM) with the goal to improve their accuracy of estimating or

accounting for the fate or cycling of N in dairy manure during storage
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Chapter 1 Introduction

Nitrogen (N) is acrucial element andbuilding block of componentsf living organisns,
including proteins, nucleic acidandother cellular constituents essential for sustaining all forms
of life. N is anessentiaimacronutrient required by plants, crppsd animals, and it comes in
many forms, as described beld#wenthough Nis the most abundant element in the atmosphere
(78%),it is in the form of dinitrogen (B) gas.Most living organisns are unable to directly use
the N, except forsomearchaea antacteriawith the ability totransformN> to reactiveN via the
process of N fixationThe N-fixation is aprocess achieved by fréiging bacteria and archaea
(i.e. diazotroph) or aesult of symbiotic relationships betweenfiXing microorganisms and
eukaryotes, suchasunicellular haptophyte algae, termites, bivahas] legumes such as alfalfa,
beans, peas, and soybedKsypers, Marchant, & Kartal, 2018 addition to N, manyother
organic and inorganiorms of N argresent in the environmeriReactive forms of nitrogen (Nr)
that supports growth (directly orindirecfhy ncl udes N compounds in the
biosphere, which are photochemically reactive, radiatively active, and biologically active
(Galloway et al., 2004)The Nr includesinorganic reduced formsuch asammonia (NH) and
ammonium ions (NH), inorganic oxidized formssuch asoxides of N (NOx), nitric acid
(HNO3), nitrous oxide (MO), nitrite (NO>) andnitrate (NQ’) ions and organic compoundsich
as urea, aminesand proteirs. The increased quantities ®r in the atmosphere due to
anthrgogenic activities present challenges that impact the health and welfare of humans and
ecosystemgGalloway, Cowling, Seitzinger, & Socolow, 200Zmall quantities ofNr in the
atmosphere mapgrovide beneficial effectge.g., crop production increases where atmospheric Nr
depositsappropriately, but at larger quantities magpact ecosystems negativé(galloway et
al., 2003; 2002)Specifically, largemmouns of Nr in the atmospheranfluencethe air quality
and global climate, which, in turn, haaelverg effects on human health and the environment
(Galloway et al., 2002; 2004)

Dairy manure contains N that is typically used asnatrient supplementor crop
production(Kellogg, Lander, Moffitt, & Gollehon, 2000).iterature reports thatuling storage,
up to 60% of N in dairy manunmay be losto the atnosphere through volatilizatiofArogo,
Westerman, Heber, Robarge, & Classen, 2008¢C, 2003) The N los from manure storage

occurs via trarfermation (which includes a mix of microbial activities and biogeochemical



reactions) of organic N to volatile forms of inorganicadch asNHs, N2O, NO, and M. The loss
of these N form$owersthevalueof manureas afertilizer (NRC, 2003) Wh at 6 s emisgion e
of N2O into the atmosphereadsto global warming ifs global warming potentiak 310 times
that of carbon dioxidegCQy)) via destroyng the ozone layemnvhich enhanceshe detrimental
impact ofthe UV (ultraviole? sun raygWuebbles, 2009)

Additionally, it hasbeen reportedhat the quantity of volatile N gasesrelated tothe
amount of volatile organic matter, total ammohaTAN = NH4" + NH3), temperature, pH,
wind speed, the characteristics of the surface interfacing with the atmosphere, and the chemical
and microbial activities in the manug&rogo et al., 2006L.i et al., 2012; Rotz, Montes, Hafner,
Heber, & Grant, 2014) N mineralization is the basis for subsequent nitrification and
denitrification.Thus,a betterunderstandin@f N mineralization in stored manurerche used to
refine the nutrient flow models such asManure DeNitrificatioRDeComposition(Manure
DNDC) model (Li et al., 2012) Integrated Farm Systemlodel (IFSM) (Rotz et al., 2014)
Global Livestock Environmental Assessment Model (GLEAMwizeye et al.,, 2018)and
Nutrient Flow Model (NFM) (Dijk, Leneman, & van der Veen, 1996Furthermore,
understanding the N mineralization can providere information to guide N management on

farms,andthen helpto find a way toreduce thdoss of hamful N gases to the environment

This study focuses on understanding the N mineralization process in dairy manure during
storagewith along-term goal ofrevealingthe complex relationshipsf the physical, chemical,
and microbial processes thaintribue tothe N transformation The knowledgeyeneratd will
present producers and professionals interested in the subject with information to use to design
and implement mitigation strategies, which aamimize the loss of nitrogenous gases during

storage oflairy manureThe specificobjectiveswere to assess:

1) the effects of selected factors (storage time, temperatuaeuresolids content, and
using manure seed and sterilization operation at the start of Jtoragfemineralization
during the storage of liquid dairy manure, and evaluate the corresponding N

mineralization rate.

2) the microbial communities in stored liquid dairy manure under the effects of selected

factors in objective 1.



Chapter 2 Literature Review

2.1 The value of nitrogen

Nitrogen (N) is a keylementandbuilding block of components of each living organism,
including proteins, nucleic acidandother cellular constituents essential for sustaining all forms
of life. N is a vital macronutrientrequired by plants, cropandanimals, and it comes in mgan
forms, as described belowlthough Nis the most abundant element in the atmosphere (18%),
is in the form of dinitrogen (B gas.Most living organisms cannot use the atmospheric N
directly, except for limited bacteria and archaeith the ability b convertN2 to Nr. In general,
the microorganisms that have the nitrogenase metalloenzyme can ifikoNNH3 (Kuypers et
al., 2018) Even though no nitrogefixing eukaryoteswere found many eukaryotes (e.g.,
unicellular haptophyte algae, animals including termites and bivalves, crop legumes such as
alfalfa, beans, peas, and soy) live in symbioses with nitriggrg microorganisms, support
them to fix N(Kuypers et al., 2018Besides N other forms of N (organic and inorganere
presentin the environmentGalloway et al. (2004rompared the contributiorsf natural and
anthropogenic activities on the transformatiorthedf unreactive M to the Nr for 1860 and the
early 1990sand predictedthe global N budgein 2050.They found thatNr availability was
greatly increaseddue to anthropogenic activitiegelated to ®éod production and energy

productionduring the 200 years

The increasag Nr concentrations haveffectson the healthand welfare of humans and
ecosystemgGalloway et al., 2002)For example, the utility of synthetic fertilizers has the
beneficial effect on human health Ipyoviding macronutrient (N) toncreag the yield and
nutritional quality of foodsandto meet dietary requirements and food preferences for population
growth. The production and use of N fertilizeand fossil energy has increased the wealth and
well-being of the population in many parts of the world. Howeverhile concentrationsef Nr
have someadverg effects on human health, including exposure to high concentrations of ozone,
delicat partizlate matter andl oxides (such as Nfpresulting in respiratory and heart disease
(Galloway et al., 202).

In terms of environmental impact, a small amount of added Nr usually has a beneficial

effect, but at a higher rate, a negative ecosystem impgwioduced Increased Nr input can



enhanceproductivity in the natural ecosystems which contain limited®alloway et al., 2003;
2002) However, higher Nr input rates often result in loss of biodiversity in terrestrial and aquatic
ecosystemsanintrusionof N-loving weeds, and changes in beneficial soil abundance that alters
ecosystem function. NOatmosphac deposits from fossil fuel combustion and WHom
animal agriculture usually cause acidification of forests, saisd freshwater aquatic
ecosystems. SoiN saturation in terrestrial ecosystems increases the export of Nr to the
downstreammarineenvironment, leading to eutrophication of coastal ecosystems and, in some

cases, to hypoxigGalloway et al., 2002; 2004)

Air quality and global climate are also impacted by the increases of Nr, whiots ha
human health and the environment. Increases in tropospheric ageaeiated witiN oxide
emissions can cause ozone damage to crops, fomesds natural ecosystems, as well as
susceptibility to pathogen and insect attacks. Ozone, other oxidartsacid deposits can
damage structural materials and artifg@slloway et al., 2002)The regional haze reduces the
visibility of the landscape and the airport. The reductiorstratospheric ozone and global
climate change may be due to increased greenhouse gaemissions from terrestrial and
aguatic ecosystems associated with increased Nr i{@atway et al., 2002; 2004)

Various forms of Nr circulate through biogeochemical patysv and are easily
distributed through hydrological and atmospheric transport procéSsdisway et al 2002)
Thus, a single Nr molecule can cascade in various environmental systems and contribute to a
variety of continuous effect®esides longdistance transport of Nr has a detrimemgbact o

countries far from sourcé&alloway et al., 2002; 2004)

Small quatities of Nr in the ecosystem can provide beneficial effects, but at larger
guantities may impact the ecosystems negatig@blloway et al., 2003; 2002 herefore, it is

vital to properly manage N in the environment to maximize the value of N

2.2 Nitrogen in sustainableagriculture

The USDA defines sustainable agriculture as a system that can sustain its productivity
and its usefulness to society indefinitely, resots@eing, sociallysupportive, commercially
competitive and environmentally sount)SDA, 2007) Under the law addressed by Congress in
the 1990 [dwalo90) Bidthe term sustainable agricul



of plant and animal productn practices having a sigpecific application that will, over the long

term:
1 satisfy human food and fiber needs;

1 enhance environmental quality and the natural resource base upon which the

agricultural economy depends;

1 make the most efficient use of nonesvable resources and-tarm resources and

integrate, where appropriate, natural biological cycles and controls;
1 sustain the economic viability of farm operations; and
f enhance the quality of |ife for farmers

Based on the statemerdibout sustainable agriculture mentioned above, nitrogen should
be adequately managednd if mismanaged, can lead to severe environmental issues. For
example, as mentioned befotbe increased amounts &>O cancause greenhouse warming.
Nitrate is verymobile and easily dissolved in water, entering groundwater and surface waters
such as ponds, rivers, and streams. High concentrated nitrates can be toxic to infants, causing
anoxia, or internal suffocation. Nitrogen pollution can also lead to harmfulldtgams, which
often create toxins that can kill fish and other animals. These toxins move up the food chain and
endanger larger animals as well. Mismanagement of nitrogen can also result in environmental
effects like acid rain and dead zones and hypoxfdach is a reduced level of oxygen in the

water.

Meeting sustainable agriculture requirements needs a combination of environmental,
economic, and social conditions. The conventional farming, which refers to agricultural systems
including theutility of synthetic chemical fertilizerdyerbicides pesticides and other continuous
additives GMOs (genetically modified organism$, concentrated animal feeding operations,
heavy irrigation, intensive tillage or concentrated monoculture production, has been egvelop
since the late 19th century, and has becpomgular all over the worléfter the 19409Ethan,

2016, April 19) The conventional practice in production agriculture has focusekdoanto
efficiently and effectively maintain and increase production to improve profitability. However,
they may be harmfub the environment and human beings. For example, conventional farming

uses dargequantity of synthetic chemical fertilizers andspeides to increase the yield of crops.

5



TheUSDA (2013 eported it as At hi s meronment detesotaied |
soil quality, and eliminates biodiversjtyponventional agriculture could improve the efficiency
of farming but achieved it at a significant cost to the environment. Meanwihdetility of
pesticides is toxic to human bein@gbedioh, 1991)and fertilizer runoff pollutes the water
system(Halliday & Wolfe, 1991) Therefore, nowadaysve need sustainable agriculture, and to
achieverequirements ofustainability, systematiconsideration of environmental, profitability,

and social issuesrerequired.

2.3 Manure as a source of N foplants

The form of N that can be takeup by plants includes ammomiérogen (NH'-N),
nitrite-nitrogen (NQ-N), andnitratenitrogen(NOs™-N) (Breteler & Luczak, 1982; R. Haynes &
Goh, 1978) Different plants requir¢he differentamount of N to meet their demand. Lack of N
can cause plant growth retardation, but excessive N can lead to inhibition odglaidgpment.
Since N is sensitive tlmssin many different processes, whershurce fertilizersare appliedo
the field, N maybereleasd as gaseous forms and result in that the fertilizers caatisfythe
needs of plants. Meanwhile, the releasedgas N willbe transporédto other fields where the
plants do not need much N input, and inhibit their grof@#meron, Di, & Moir, 2013)

Manure is a natural byproduct froliwestock production and is a good source of plant
available N (Jokela, 1992) It is natural and environmefriendly compared to chemical
fertilizers. The N from manure is predominangyesent in two form§ organic N (such as
proteins) and inorganic N (such as §iHThe fraction of each of these forms in manure varies
depending on manure typefr example,in solid dairy manure there is mowganic N
compared toinorganic N in liquid dairy manure the ratio adrganic Nto inorganic Nis
approximately 1:1Eghball, Wienhold, Gilley, & Eigenberg, 2002; Lorimor, 2000; Pettygrove,
Heinrich, & Eagle, 2010)

y
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In general, the forms dhorganic Ninclude (1) NH*-N, NO>-N and (2) N@-N; and
organic Nincludes (3) microbial biomass, (4) organic N which is potentially available for N
mineralization (such as proteins, urea and uric acid), and (5) N which is unavailable for
microbial utilization and nmeralization(Cameron et al., 2013; Noonan, Zaman, Cameron, & Di,
1998) Theinorganic Ncontributes to N loss by part (1) and (2) can beassd and used rapidly
in several weeks after application, and the part (3) and (4) will play the role of the substrate for
long-term plantabsorbable N through the mineralization and nitrification processes. Based on
the statements froaynesand Naidu (1998)it was a traditional agricultural practice to apply
organic fertilizers at agronomrates for plant nutrient supply.it knownthat the application of
manure, in addition to providing nutrients, also has a beneficial effect on the physical properties
of the soil. Sinceorganic fertilizer has many nutrientsand longlasting effect, coniaing
microorganisms, enzymes, etc., it can promote nutrition in the rhizosphere, preserve water,
preserve fertilizer, regulate soil physical and chemical properties, improve soil buffering capacity
(Huang et al., 2006)and improve the quality of agricultural produékdozafar, 1994) Thus,
developing the knowledge about heoveffectively manage antully use dairy manureiill help
farmersbe moreprofitable and competitiveyithout damagingur environment.

2.4 Nitrogen mineralization in manure

The nitrogen cycle (Figur2-1) is a significant biogeochemical cyaa the earth. In the
cycle, N will be converted into multiple chemical forms with circulating among the atmosphere,
terrestrial, and marine ecosystems. Among a series of processes, N mineralization is a vital
process for most autotrophic creatures which can only consurganic Nas the nutrient, since
those organisms such as plants are unable to directly assiongatgic Ncompounds like urea,
uric acid, nucleic acids, amino acids, and so on for their growth, with constructing enzymes and
protoplasm(Osman, 2012)N mineralization is alsa crucialprocess occurred in dairy manure.
The definition of N mineralization is the decomposition (i.exidation) of thechemical
compounds in organic matter, by which the nutrients in thosgeuonds are released in soluble,
inorganic forms for plants to inge$thite, 2013) In dairy manurethe various forms and
corresponding proportions dff elementsare classified and shown in Figuge2. The total
organic Ncan be further divided into particulate and soluiJeand thetotal inorganic Ncan be
divided intoNHs and nitrogen oxides. Th@rganic Ncan be transformed into inorgaritrms



via N mineralization. Likewiseinorganic Ncan be transformed into orgaria@rms by plantand

mi c r ouptaké andN fixation. Pettygrove et al. (201Q)eport in dairy lagoon water, the
proportion ofl to inorganic N is around half to half, and the organic N can be separated into three
parts: & microbial nitrogen; b) excreted nitrogen from intestinal wall; c) structural nitrogen from
the food of the cattl@Chadwick, John, Pain, Chambers, & Williams, 2000)

Roy, Misra, and Montanez (200@ported that mineral N losses to the environment from
fertilizer utility all over the world were over 36 million metric tons per year, woxér $11
billion, and with harmful environmental imgis as described before. They also estimated the
mineral N consumption would be 96 million metric tons per year in 2030, based on the
corresponding food demand were around 2800 million metric tons per year. Thus, properly
managing manure and controllingtigating the mineralization and losses of N from manure

would be very important for reducing environmental pollution and making economic profits.
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2.5 The mechanism ofinorganic N supply process

The inorganidN supply process plays a vital role in providing plants with an absorbable
source of nitrogenlt comprises a series of microbial and enzymatic processes that transform
organic N to inorganic forms(Zaman Di, & Cameron, 199%; Zaman, Di, Cameron, &
Frampton, 199%). It involves N mineralizationand nitrification and the N mineralization
containsaminizationand ammonificatior(Bolan, Saggar, Luo, Bhandral, & Singh, 200%he

mechanisms of these processes were revianddliscussed below.
2.5.1 Aminization

During aminization microorganisms (primarily heterotrophs) break down

macromolecules afrganic Ncompounds such as complex proteins to simpler fornmsgzinic
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N such as amino acids, amino sugars,d@si amines, and nucleic ac{@ai, Chang, & Cheng,

2017;Zamanet al., 199 @) as described in the gene(Rlguation2-1) below.

H R" o
\ | /
Proteins | R—C— COCH s R_N\ mp (l'l_;\ o= co: == Energy
s ! H2

| \ -~
- R H,N N

Amines Urea

(Equation 2-1)

Proteolytic activity {.e., aminization the equatiorshownabove), catalyzed by proteases
which are secreted by microorganismspduces organic compoundsving lower molecular
weight such as amino acids, amides, ami(@&sman et al., 1999). In soils, the aminization
process occurs in natural environmentahditionsand canbe stimulatedby the aburdart
presence of proteinaceous and carbonaceous organic mgf@aialanet al., 199%; Zaman et
al., 1999%).

2.5.2 Ammonification

The process of transforming organit to NH3/NHs™-N i s call ed ammon i
mediated by many kinds of bacteria, fungi, actinomycetes, other microorganisms, and some
animals. The bacteria (e,&acillus, Clostridium, Proteus, Pseudomonas, and Streptointyees
accomplish the process are called ammongfyoacteria or ammonifie®sman, 2012; Prakash,
Mousumi, & Prasad, 2012; Van Elsas, Trevors, Jansson, & Nannipieri, .200@)etails,
ammonification is the transformation of amino grougsH>) and other low molecular weight
nitrogencontaining organic compoundsd byproducts froraminizationto NHs andNH4" salts
The total amountof NHsz and NH* is commonly called total ammonia nitragéTAN). The
ammonification process is achieved by deaminases, within or outside the microbial cells,
primarily the cells ofautotrophs, with the liberation of NH(Cai et al., 2017Zamanet al., 1999

a). The reactiorfEquation2-2) shows below.

Deaminases
R-NH,+H,0 —  NH;+ R-OH + Energy
- NH,; +OH

+EO (Equation 2-2)
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Ammonification process involves a gradual simplification of complex compounds. The
action of enzymes produced by microongams ismainly hydrolytic and oxidative under aerobic
conditions(Zamanet al., 1999%; Zaman et al., 1998). Urea hydrolysisthe oxidation of the
simple organic compound urea (CO(N#l is one of the most elementary ammonification
reactiongCai et al, 2017) and it is also a rapid pathway (compared to proteins convittp
for accumulating inorganic N in dairy manygextension, 2011)it is achievedy the action of a
microbial enzyme named urease, which produces two unibdéHaf by oxidizing one unit of

urea. The reactio(Equation2-3) shows below.

1 Urease
HN e H HY 4 2H,0 —  2NH,* + HCO;-

(Equation 2-3)

2.5.3 Nitrification

The process of conversion NiH3 to NOyand then to N@ is known as nitrification. It
contains two suisteps. The first one isonductedoy ammoniaoxidizing bacteria (AOB) and
ammoniaoxidizing achaea (AOA), which oxidize NFi to NOy (Di et al., 2010) The equation
of this reaction shows below.

SNH,* 450, = ZNO, ™+ H' +2H,0
(Equation 2-4)

The second stepf anitrification is accomplished bwitrite-oxidizing bacteria(NOB),

which convert nitrite to nitrat@Cai et al., 2017)The reaction equation shows below.
ZNO;™ +70; =2NOz~
(Equation 2-5)

Since he bacteria and archaaacountable fonitrification aresusceptit® to acidity,the
nitrification processcannotbe conductedt significant rates in acidiconditions This is why
plants of acidic habitats must be capable of utilizing ammonium as their source of nitrogen
nutrition (de Graaf, Bobbink, Roelofs, & Verbeek, 1998)

2.6 Factors affecting nitrogen mineralization in manure

Many studies have reportedh onethods of manure N mineralization in the last several

decades but their results were not consistent, making it difficult to use them for verifying

11



processhased models. Their inconsistent results perhaps attributed to the high variability in
quality ard quantity of manure, inappropriately relating the N mineralization to environmental
factors and manure characteristics, and-imgfusion of microbial activities responsible for the

N mineralizationThis study tries to clarify these aspects.

The previos studies have identified characteristics of manure, environmental factors, and
microbial activities as factors that affect N mineralization in manure under |alotinatory
(Guntifias, LeirésTrasarCepeda, & GHSotres, 2012; Mohanty et al., 2014nd insitu field
conditions (Colman & Schimel, 2013; Eghball et al., 2002; Manzoni & Porporato, 2009)
Although there vas much evidence showing that N miabzation was affected byhe
environment(Eghball, 2000; Watts, Torbert, & Prior, 2007; Whalen, Chang, & Olson, 2001;
Zaman & Chang, 2004) it is still hard tothoroughlyinterpret the relationships between N
mineralization and the environmeri€ookson, Cornforth, & Rowarth, 2002; Eghball, 2000;
Whalen et al., 2001YBagherzadeh, Brumme, & Beese, 200B)me studies indicated that N
mineralization was often affected by several factors such as the types of manure, the methods of
manure application, ganic matter§Chae & Tabatabai, 1986; Thompson & Meisinger, 2002)
moisture and temperatur@®alias, Anderson, Bottner, & Codlteaux, 2002; Dewes, 1996; T
Griffin, Honeycutt, & He, 2002Zaman& Chang, 2004)and microorganisms and their activities
(Bagherzadeh et al., 2008; Cookssiral., 2002; Van Kessel, Reeves, & Meisinger, 2000g
management of N in manure without considering these factors may lead to inefficient use of

nitrogen and adversely affect the environment.
2.6.1 Manure characteristics

Thompson and Meisinger (2008ported the N mineralization would be affected by the
various characteristics of manure from different animal ggedihe impact on N mineralization
varies with the changes of chemical characteristics of maawgethe C/N ratio of manure is
one of the representative indicators to predict the N mineralizéfanl, 2014) In general,
organisms decomposing organic matters requi@Naratio around 8:1 to build new cells and
maintain their activities. For example, when the manure l@#&laatiowhich is lower than 8:1,
organisng may acquire N from other sources, leading to immobilize N from the environment
(Gale et al., 2006Besides the C/N ratioin manure may result in nearly half of variations in N
mineralization(Chadwick et al., 2000; Gongalves & Carlyl®94; TS Griffin, 2007)
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A

Wh at 0 s thendensiwy, total suspended solids (TSS), and organic N of manure affect
the N mineralization in liquid manu€hae & Tabatabai, 1986Rochette, Angers, Chantigny,
Gagnon, and Bertrand (2006&)so reported thathe N mineralizationrate is faster inliquid
manurecompared tesolid manure under field conditions. In general, liquid manure hmasra
substatial proportion of inorganic N (mainlffAN) thanthat of solid manure, which can tee
benefitfor the initial stages of mineralization to obtain moréQ#lderon, McCarty, & Reeves,

2005; Somme Petersen, Sgrensen, Poulsen, & Mgller, 2007)
2.6.2 Environmental factors

The temperature is a vital factor for manure N mineralization procésgEhara &
Warncke, 2005; Dalias et al., 2002; Dewes, 198&nost all microbial processesncluding N
mineralization are temperature dependent. Many studiesth for the laboratory and field
experiments,indicated that the higher temperatures during incubation would stimulate net
manure N mineralization because of ingiag microbial enzymatic activéts (Cookson et al.,
2002; Dalias et al., 2002; Eghball, 2000; Melillo et al., 2002)Wang, Smith, and Chen (2003)
andC. Wang, Wan, Xing, Zhang, and Han (20@&ported that at lowgemperaturessince the
demand of microbes for the bioavailable organic N was small, the relationship of accumulating
net mineralized N during incubation was almost linear associated with the incubation time.
However, when temperatures increased, because mineralized organic mattersonsumed
faster,the correlation between net mineralized N and the incubationviiook be curvilinear.

For manure N mineralization in soil, the temperature from 25 to 35 °C may result in optimum N
mineralization(Nicolardot, Fauvet, & Cheneby, 1994; Stark & Firestone, 1996)

The effects of pH on tiogen mineralizationvere lessomprehensivelgtudiedthan the
effects of temperature, and the results in diffekendls of literaturenvereinconsistentDancer,
Peterson, and Chesters (197&ported soil pHhad effectson ammonification and nitrification.
Their results showed pHRlightly influenced the rates of ammonificatignand signficantly
affectedthe rates ofitrification. Curtin, Campbell, and Jalil (1998)easued N mineralization
in soils by aerobic incubation and found there was no statistical relationship between pH and the
parameters of the firgirder kineticequation of N mineralizatiorThus they concluded that the
pH did not directly connect to the ratenstant (k) and potentially mineralizable NoJNsed in

the N mineralization equation. However, with increasing the pH, N mineralization was
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stimulated, and raising pH to 7734, the mineralized N was2times compared to the untreated
samples. Theffectsof pH was attributedo labile organic matter released with pH increasing.
However,Cheng et al. (2013¢valuated the effects of pH on N mineralizatminforest soils
using the™N tracing technique and calculated by the numerical model FLOAZy foundthat
with pH increasingthe net N mineralization rate was decreased duéhtit the rate ofNH4*

immobilizationwasfaster tharthegrossN mineralization rate.
2.6.3 The microbial activities

Some literature reported that microbial activities were another dacto affect N
mineralization Bengtsson, Bengtsoand Mansson (2003pnducted a laboratory experiment to
evaluate N mineralization of forest soil, indicated that N mineralization rates in soils were more
related to the respiration rate and ATP content than t€tNeratiq and found that leaching of
nitrate from soils in forests might considerately depend on the microbial density and activities.
Zaman et al. (199®) reported the relationships of enzyme activities and the soil microbial
biomass to N mineralizimn and nitrification rates using an incubation technique. They found
gross N mineralization rates were positively correlated with microbial biomass and enzyme

activities in soils whichwere treatedavith dairy shed effluent.

2.7 Approaches for estimation of nanure N mineralization

Numerousapproaches used tetermine N mineralization in manure and agricultural
soilsare mainly divided into two typeslaboratory and fielanethodg(Cabrera, Kissel, & Vigil,
1994; Chae &Tabatabai, 1986; Dou, Toth, Jabro, Fox, & Fritton, 1996; Gilmour & Skinner,
1999; C. Honeycutt et al., 2005; Van Kessel & Reeves, 200%se current experimental
methods (both laboratory and fieldfor estimating the net amount of mineralized axe
someavhat flawed and unstabland consideringhe combination of multiple methods can make
the experimental results more reliafBenbi & Richter, 2002)

Laboratory approdmeswere used to assess or quantifyriiheralization under an ideal or
controlled environment including chemical extraction(Ros, Hoffland, Van Kessel, &
Temminghoff, 2009) microbial activities(Dahnke & Johnson, 1990; Pettygrove et al., 2003)
electraultrafiltration filtration method (Dou et al., 1996)and so on.Laboratory incubation

which is the most common nied for estimating N mineralizatiofas been used in many
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studies(Castellanos & Pratt, 1981; Chae & Tabatabai, 1986; Eneji, Honna, Yamamoto, Saito, &
Masuda, 2002; Morvan, Nicolardot, & Péan, 2006; Van Kessel & & 2002; 2000)The
incubation technique has been reported to overestimate the N mineralization rate that occurs
under field conditions(Cabrera & Kissel, 1988; C. W. Honeycutt, 1999; Sistani, Adeli,
McGowen, Tewlde, & Brink, 2008) The reason for overestimating the rate of N mineralization
may be that the incubation occurred &mperature of 225 (C. Honeycutt et al., 2005; Van
Kessel & Reeves, 2002)which is an ide& condition for microorganisms conduct thH
mineralization and othexrssociategrocesses

As for the field methods, they are more related mineralization in soils or manure
compost with soils, instead of manure only. Thesitn field methods, whicltan be usedor
determining net N mineralization of manure ungtesitu condition, aremuchdifferent from the
laboratory approaches. The-situ field methods include isotope nitrogés (°N) method,
covered cylinder, buried bag, soil tests (residuafiler NOs-N test, presidedressNOs-N test,
etc.), andion exchange resingBarraclough & Puri, 1995; Geens, Davies, Maggs, &
Barraclough, 1991)For example, anion exchange resin was showacturatelyestimate N
released from manure fertilization during the growing seasostands of Pinus radiata near
Canberra, AustraligRaison, Connell, Khanna, & Falkiner, 199280ome researeins (Brye,
Norman, Nordheim, Gower, & Bundy, 2002; Eghball, 2000; TS Griffin, 2007; C. Honeycutt et
al., 2005)used anion exchange resin method to simulate natural soil condificenaturalsoil
has the abilityo capture nitrate ions, whidk similar to this method. Their results demonstrated
that anion exchange resin was a reliable method for measurement of N mineralization. This
method has broadly been used in many studies such as in arctic(Giblism, Laundre,
Nadelhoffer, & Shaver, 1994¢leserts and drylanagroecosystem®olberg, Rouppet, Westfall,

& Peterson, 1997; Lajtha, 1988prests (D Binkley, Aber, Pastor, & Nadelhoffer, 1986; Dan
Binkley & Matson, 1983)grasslandHook & Burke, 1995)moist and fertilized agricultural soil
(Brye et al., 2002)and with manure, compost and argasoil amendmentgEghball, 2000;
Hanselman, Graetz, &Ideza, 2004)However, in generathe resultof many field methodare
unstable and easily influenced by many dynaraiad soil factors (Khan et al., 2007). Therefore,

a number ofscientists have tried to connect N mineralization to several factohsdimg total
nitrogen, C/N ratio, volatile solids, soluble organic nitrogen, organic matter content, moisture,

temperature, pH, and so,do eliminate the impacts on the results of field methods.
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Many modelshave been utilized testimateand describe N meralization dynamics
(Beauchamp, Reynolds, Brasetidleneuve, & Kirby, 1986; Benbi & Richter, 2002; Ferrara &
Avci, 1982) Thesemodelscan be categorized including 1) simple functiomaidelsto simulate
the amaint of net mineralized nitrogen; 2) mechanistiodelswith a projectionof microbial
biomass processes to predict leegn cycles of carbon and nitrogen. | only review the first
group ofmodelsin my study.Simple functionalmodelsdo notconsiderthe baic process which
influences N mineralization. Models simulatéhe net N mineralization withouseparately
considering theammonification and nitrificatioprocesses. The parametersed inthe models
are acquired fronab-scaleincubation tests, which thirough plotting N mineralization results to
the time of incubation. The singfeaction model of N mineralization was describedStgnford
and Smith (1972)They defined N mineralizatiopotentialsof soils as the quantity of soll
organic N susceptible to mineralization at a rate of mineralization (k) according toréiest

kinetics:

(Equation 2-6)
where:

1 N is the amount of potentially mineralizable nitrogen (ppm N)
1 tis the specified periods of time (weeks)
1 kis the rateconstant of N mineralization (weék

Integration of the equation above between tigrend t:

N, = N, - exp(—kt)
(Equation 2-7)

where
1 Nois the initial amount of substrate or the potentially mineralizable N (ppm N)
1 Ntis the amount of substrate at time t (ppm N)

The equation can be substituted hy(No-Nm), where M is the N mineralized in time t:

N_ = Ny[1— exp(—kt)]

™m

(Equation 2-8)
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Many researcher¢Deans, Molina, & Clapp]1986; Molina, Clapp, & Larson, 1980;
Nuske & Richter, 1981jeported that more than one fractioh organic Nmight be directly
mineralized in soil organic N, each with its specific rate of decomposition. Their model
described net N mineralization by d@ling the mineralizable soil organic N into different

fractions, each of which is then assumed to mineralize according torfiest kinetics:

n
N, = Z an[l - Exp(_klr)]
i=1
(Equation 2-9)
where

i is a specific N fraction, n represents the total amount of fractions
Noi is the potentially mineralizable N in theh fraction (ppm N)

t is the specified periods of time (weeks)

= == =2 =2

ki is themineralization rate constant for théhifraction (week)

However, the firsbrder model for estimating N mineralization is not always accurate
and still has potential errorSmith, Schnabel, McNeal, and Campbell (19&8f)orted that the
extractions of mineral N during incubation shebuhclude estimation of TN leached or some
reason for excluding the amounts afganic Nleached, and when considering values of TN
leached instead of values of mineral N leached alone resulted in significant differences in
predictions of N mineralizatiorpotentials (N) and mineralization rate constant (k). They
indicated that using transformed data and ignodrganic Nleached would result in serious
errors when determiningd¥nd k. Some studies also suggested that in the absencealofiag,
net N nineralization could be described by zenaler kinetic§ Addiscott, 1983; Houot, Molina,
Clapp, & Chaussod, 1989; Tabatabai &kthafaji, 1980)

N _ =Kt

™

(Equation 2-10)

where
1 Nmisthe N mineralized in time t (ppm N)

1 tis the specified periods of time (weeks)
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f K is the mineralizatiomate constantppm Nweek?)

Similarly, Mary, Beaudoin, Justes, aMachet (1999)showed that when a small portion of
organicN was mineralized, the isitu mineralization kineticsvere linear, and when a larger

portionwasmineralized, the isitu mineralization kineticaerecurvilinear.

2.8 Challenge ofinconsistercy between themodel results and theexperimental results

Commonly usedipproaches for estimatyy N mineralizationin manure storage include
emission factors, mass balance, direct measurement, and MéatederZaag, Jayasundara, and
WagnerRiddle (2011)reportedlack of adequate and reliable information about N losses from
full-scale manure storage tankihis lack of information may be attributed to the cost and
challenging undertaking and difficulties related to conducting direct measurgB@, 2003;
Heber et al., 2009)Associating measured and modeled data is also a key chaldngk,
Guest, and Richards (1984¢ported measurements of N losses from two (top and bottom
loaded) earthen manure storggiés receiving dairy manure for periods of around one year.
Nitrogen losesfrom bottan loaded pits (3% 8%) were much lower than from top loaded pits
(29%- 39%).However, these results did not properly match with a previously developed model
(developed based previous data excluding the data shown abstab)ished byMuck and
Steenhuis (1982)'he model simulated a consistent nitrogen loss of 36 from top loaded
pits and around 15% from bottom loaded pits under all conditions. Some reports expected that
the rate of N loss from slurry tanks would ipduenced by ambient temperature, manure pH,
loading rate, and wind spe€d et al., 2012; Muck & Steenhuis, 1982; Olesen & Sommer, 1993)
Therefore, minimal losses would occur at temperatures below freezingghomanure pH less
than 6 and an increaséoss rate with temperature and gH et al., 2012; Muck & Steenhuis,
1982) Some previous woriMassé, Masse, Claveau, Benchaar, & Thomas, 2008; Umetsu et al.,
2005; Wood, VanderZaag, WagrReiddle, Smith, & @®rdon, 2014)estimating aerial pollutants
at laboratory or pilot scaleslated emissions to manure characteristics and environmental factors,
but the results are not consistent, making it difficult to use them for verifying proased
models. These oonsistent results perhaps are attributed to the high variability in quantity and
quality of manure,an inappropriate association of the quantities of volatile compounds to

environmental factors and manure characteristics, andincbrsion of microbial ativities
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responsible for the formation of the volatile compounfsis studyaims to ascertain these

challenges.

Because of the many factors influencing mineralizatipredicing mineralization
patterns during the storage of dairy manure accuraedychallenge It is well understoodhat
mineralization is a microbial mediated process which is not only affected by substrate
characteristics but by temperature, pH, and microbial activities. A better understanding of the
key affecting factors and their teractions on net N mineralization in manure storage will
facilitate our understanding of manure N availabilty and management, as well as
mitigate/minimize the loss of nitrogenous gases and protect our environment and health. Hence,
there is a need to disrn the complex interactions of the physical, chemical, and microbial
processes that affect the nitrogen transformation during the storage of dairy manure, to provide

more precisestimationof mineralized manure N
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Chapter 3 Materials and methods

3.1 Manure source ard collection

The manure used in this study was collected from the barn floocomanercialdairy
farm located in Frankh County, VA.At this farm, manurewas scraped from the floor and
moved to an earthen manure storageTgie manuraised aseed(defined as manure seedps
collected fromearthen pifor manure storagef that farm Upon collection, the manure and seed
were placed in 20 L (5 gals) plastic buckets, capped and transported to the Byproduct
Management Laboratory, Biological Systems Eneiimg Department Virginia Tech. Once in
the lab, the manure was processed for the various experimental conditionsstoraigestudies

as described below.

3.2 Experimental plan and manure preparation

Two incubation experiments weoenductedor two storag periods, 180 and 60 days
respectively The manuresolids contentstoragetemperaturgusing sterilization operation and
seeding at théeginning of storagewere evaluatediuring the storage periad One set of
experiments was setup to compare N minegtibn in ron-sterilized and sterilized manuvéth
high and lowTS concentrationgiuring 180-d storage periadAnother set of experiment were
setup to compare N mineralizatiom non-sterilized and sterilizedaw manure mixed and with
manure seed and mae seed onlyfor 60-d storage periadEach set of experiments was
conducted athreest or age temperatures (10 , 20 and 30

Manure collected from the farm was thoroughly mixed and portions drawn to make
samples with higliH) andlow (L) TS. Samples of manure designatédwere diluted to achieve
TS between 4@/L to 78g/L, and sampledesignated ak were diluted to TS between 1@l to
36 g/L. Once the samples were prepared, 200 mL-meded aliquots were drawn and placed
into 250 mL Erlenmeyer flasks for storage. The flasks were further divided into two batches, one
to be autoclavednd the other not. The autoclaved batch (desigrR@f Erlenmeyer flasks
was plugged with cotton balls and sealed with foil and then sterilized in the Autoclave under
high-pressure saturated steam at 121°C for 60 min. The other batch of Erlenmeksr fla

(designated af) was plugged with cotton balls without sterilization. The flasks from both
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batches were subjected to storage at aspeet temperature (10, 20 an
10/20/30respectively).The low temperature incubator (Model 307, Eislscientific, Dublin,

Ohi o) fswwnage thdincubator (CLASSIC C25KC, New Brunswick Scientific Co., Inc.,

Edi son, New J storage gngd thd ioaubat&@ {Innova 4400, New Brunswick
Scientific Co., | nc . storégdvers used jnthBlgtudy. J er sey) f or

The 60d storagestudy was aimed to tesft the storage timefemperature, sterilization
operation andaddingmanure seetiad effects on N mineralization during storagke sample
preparation for testing th&torage timetemperaturendusing sterilization operation at the start
of storagewas the same as the t8Gtorage experimento test the effect of manure seed, two
types of manure samples were set. The samples of the experimental group were the mixture of
raw manure and mareirseed. 150 mL raw manure and 50 mL manure seed were mixed and
incubated in on@50 mL Erlenmeyer flask, designated as MS. The samples of the control group
were manure seed (200 mL manure seed incubated in26&cmL Erlenmeyer flask) without
raw manuredesignated as SQhe sample preparation for testing gterage timetemperature
and using sterilization operation at the start of storages the same as the 180storage
experiment In other words, compared to L80storage experiment, the-80storag@ experiment
replaced the H and L manure samples with MS and SO manure sa@iblesoperationsand

incubation processes were the same as thal 58@rage experiment

All the designations of treatments mentioned above will be used to indicate the samples
in the following statements. For example;B{R groups refeto the nonrsterilized samples with
hi gh TS i nc ubLaRO0 groupsadfer t8 the steriliZzd samples with low TS incubated
at 2 0-MS-R draups refer to the nesterilized samples of raw manure with manure seed
i ncubated aiSORDQroyps reden td the Derilized samples of manure seed only
incubated at 10

3.3 Sample collection and analysis

Samples were collected alays 0, 15, 30, 60, 90, 120, 180 for the 48@ndo0, 15, 30,
45, 60 for the 60d storageexperiments. During each samplingeat; two flasks of each
treatment were taken from the incubator and compqsaed then poured into 500 mL plastic

bottles for storageThen three aliquots were taken from the composited sample for angtysis.
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evely parameteanalyzed three20 mL aliquots of manure were taken to usehe samples were
analyzed for total solids (TS), volatile solids (VS), and pH according to the standard method for
wastewater analysigAmerican Public Health Association, 2012he pH was measured using

the IDS pH combined electrodg&enTix® 9403, WisenschaftlichTechnische Werkstatten
GmbH, Weilheim, Germany)The total Chemical oxygen demandlfCOD) and the total
phosphorus (TP) were analyzed using a HACH DR/2500 Spectrophotometer (HACH Odyssey,
Loveland, Colo.) based on the HACH procedure simila4300-P in the standard methods for
wastewater analysi@American Public Health Association, 2012he total nitrogen (TN)for

those samplewere measuretbllowing the Quikchem® Method 1407-04-1-A (Wendt, 2000)

The TAN for those samplewvere measureébllowing the QuikChem® Method 1107-06-5-J

(Egan, 2015)

3.4 Mineralized nitrogen and nitrogen mineralization rate
3.4.1 Calculating mineralizednitrogen

The mineralized N was defined as the quantity of N transformed from organic into
inorganic form in a given timeOnly organic Nwas considered as tmeineralizableform. The
mineralizableN was obtained athe difference between TN amadorganic N Inorganic Nwas
assumed to be equal to the TANL oxidized forms of N (nitrate and nitrite) were assumed to be
negligible. The N concentration was reported as mg N/g VS. Tdrganic Nwas calculated
using Egation3-1 shown below:

OrgN(t) = TN(t) — TAN(t)
(Equation 3-1)
where

1 OrgN(t) is the concentration of orgaricafter t days of storage (mg N/g VS)
T TN(t) is the average totdl concentration after t days of storageg(fWg VS)

1 TAN() is the average total ammoriaconcentratiorafter t days of storage (mg N/g
VS)

The mineralized N (Nm) at each time step was calculated as the difference between

organic Nat the beginning of the experiment asrdanic Nat the samplingrne (Equatior-2)
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Nm(tj= OrgN(0) — Orgh(t)
(Equation 3-2)

where
1 Nm(t) is the mineralized N concentration after t days of storage (mg N/g VS)

1 OrgN(0) is the concentration of organic N at beginningof the stoage period (mg
N/g VS)

1 OrgN(t) is the concentration of organic N after t days of storage (mg N/g VS)

3.4.2 Calculation and analysis of nitrogen mineralization rate constant

A nonlinear regression approach describedSkhgnford and Smith (1972yas adopted
and used in thé&l mineralizationcalculations. The mineralization raieas assumed to follow

first-order kinetics represented (Equat®B):

dOrgN/dt = —kN
(Equation 3-3)

where
1 OrgN is the concentration of organic N (mg N/g VS)
1 tis the storage timeMeeks
1 kisthe N mineralization rate constantegk?)

Thestoragdimeswereconverted to weeks tase inEquation 33.
Integrating Equatio-3 between timegtand t, yields:

OrgN(t) = OrgN(0) % exp(—kt)
(Equation 3-4)

where
1 OrgN(0) is the initial amount adrganic N(mg N/g VS)
1 OrgN(t) is the amount adrganic Nat time t (mg N/g VS)

Substituting the relationshipj\m(t) = OrgN(0) - OrgN(t) into Equation 34 and
simplifying Equation3-5, whose slope is theegative value ofnineralization rate constant k
whenin(1 — Nm(t)/0rgN(0)) is plotted against t
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311(1 — M) = —kt

QrgHin)
(Equation 3-5)

3.5 DNA extraction

The DNA was extraced from manureusing modified methodsdeveloped forsoils
described byStPierre and Wright (2014Hess et al. (2011)and Yu and Morrison (2004)In
this study,the QlAamp Fast DNA Stool Mini Kit§#51604, QIAGEN, Hilden, Germanywere
used DNA was extracted from samples collecteddays O, 30, 90, and 18and0, 30, and 60
for the 180-d and the60-d storageexperiments, respectivel@riefly, the manure samples were
beaten in a mix of 0.1 mm and 1.0 mm disruption bg#@830 and #9832, respectively,
Research Products International, Mt. Prospecttdllyse the microbial cells within the inhiex
buffer, which separated inhibitors from DNA. The BNrom the lysate \@asboundto the silica
membrane, and any remaining inhibitors and contaminants were removed by washiransteps
then DNA was eluted from the membranBor each sampleapproximately0.2 to 0.5 g of
manurewas weighed and added i@ ml nucleasdree centrifuge tube. Theddedweight was
basedon the dry mattercontent ofthe sample i.e, the more dry matter content, the less manure
added.Then1 ml of inhibitex buffer was added to each twhigh sample.The mixture ineach
tube was vortexed for 1 min at full spee (3000 rpm)on the vortex mixer (M37615,
Barnstead/Thermolyne, Dubuque, lowAfjter vortexing the tube was incubated at 90RCa
water bath (Model 188, Precision Scientific, Chicago, lllinois) for 5 min. After incubatien,
samples were vortexed for 15 sec, centrifuged for 1 mib68100 x g(IEC MicroCL 21R,
Thermo ELECTRON CORPORATION, Osterode, Germany). After centrifuging, the supernatant
was transferred into a new 2 ml nuclefd®® centrifuge tuband the vortex ad centrifuge steps
were repeated Approximately4 tol10 ul RNase A (depeig on thequantity of the samples)
was added into the tube. The tublas incubatedor 3 min at 37°Gn an incubator (CLASSIC
C25KC, New Brunswick Scientific Co., Inc., Edison, Ndersey) Thetube was centrifuged for
3 min at16,000 x gandan aliquotof 600 plof the supernatanivasdrawnand addednto a new
2 ml tubealong with 25ul proteinasé&K and 600ulIAL buffer. The mixture was vortexed for 15
sec and incubated at 707Cthe water battor 10 min. After incubation, 600ul of 100% ethanol
was addedo the tubeandvortexedfor 15 sec.An aliquot of 600 ul of the lysate (treated by
proteinase K and 100% ethanol) was added to the labeled QIAmp spin column and centrifuged
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for 1 min at 16,000 x g The centrifuging stegvas repeatedntil all lysate was loadenhto the
column After that, the colummvith DNA was placedn a new collection tube, and 500 AW 1
buffer was addedo the column. The column with the collection twkas catrifugedfor 1 min

at 16,000 x g Then the column was placedamew collection tube, and 500 AW?2 buffer was
addedto the column. The column with the collection twias centrifugedor 3 min at16,000 x

g. After centrifuging, the column was placeddra new 2 ml nucleadeee centrifuge tuheand

50 pl eluent buffer ATE Buffer) was addednto the column. The mixture was incubated for 2
min at room temperature and centrifuged @000 x gfor 1 min. And then the column was-re
eluted with 30 pl eluenbuffer, incubated at room temperature fomin and centrifuged at
16,000 x gfor 1 min. The extracted DNA was in the 2 ml centrifuge tube with eluent buffer. All
the extracted DNA samplesere storedat -20°C in a freezer before being used for 16S rRNA
analysis.The concentrations of extracted DNA were determined by use of a NanoDrop Lite
SpectrophotometeND-LITE, Thermo Fisher Scientifi&Vilmington, DE).

3.6 DNA gel electrophoresis

The extracted genomic DNA sequences wairbjectedto agarosegel electrphoresis
The DNA gel electrophoresis wasredified method describedy JOVE (2019)or isolating and
identifying DNA fragments by size. TH&NA fragments of different lengthsere loaded intora
agarseporous gel The agaroseas a carbohydratieom red algaeSincethe DNA nucleotides
containedthe negatively charged phosphate growgdter applying an electric fieldthe loaded
fragments migrated through the gelvards the anod@he DNA ladder, with wasa collection
of fragments or bands of known sizegere loaded into the gel as well. Sineeger DNA
fragments were morehallengingto migrate through the gel than smaller fragmeatierthe gel
run was completedhe presence of target DNA wdstermined through comparitige positiors
of the DNA sample tthe DNA laddes.

3.6.1 Melting agarose and casting the gel

A 1% (w/v) gel was madeip of 1 g of agaroseand D0 mL of TAE buffer. The TAE
buffer was made up of Trisacetate buffer, at pH around38.and EDTA, which sequestered
divalent cations. The appropritenveighed agarose and running buffer were addealflask,

and te buffer volumewas not more thaanethird of theflask volume.The mixtureof agarose
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andbuffer was melted bythe microwawe oven. Every 30 sec, the flask was takenfrmarh the
microwave ovenand the contents wensell mixed The step was repeated untdmpletely
dissolvingthe agaroseThe 3 ¢ Lof 0.5 mg/mlEthidium Bromide (EB) was then addeuhto the

solution The EBis an aromatic compound used between individual base pairs or inserts of DNA
and gives the DNA intense orange fluorescence utiterUV light. When the agarose was
cooling, thegel mold was prepared by placing the gel tray in a casting apparatus. The molten
agarose was poured into a gel mold, allowed to harden at room temperature, and then put in the
gel box to use.

3.6.2 Setting up and Running the Gel

The DNA samples were mixed witlhe gelloading dye which was made at a 6X
concentratiorand helpedthe DNA be visualizal and loa@dinto the wells The gelloading dye
also helpedthe DNA to be determind the extent to which the sample migrated during the
running. The power supply wastgo the 130/0lts for the shortgel and 170volts for the long
gd, andin order to cover the gel surfadbe running buffer was added into the gel box. The
wires of the gel box were connected to the power supply. Siegatively charge®NA would
movetoward the anodén red) which was positive, the bottom of the gel box was connected to
the anode. The lid of the gel box was removed, and the DNA samples were slowly and carefully
loaded into the gelThe 1kb DNA standard ladder (N3232L, NEB, IpswidlA) was loaded
along with theDNA samples. And then the lid was replacedd the power was turned on. The

gel was running until the dye migrated to the appropriate distance.
3.6.3 Visualizing Separated DNA Fragments

The power supply was turned p#nd the lidwas removed from the gel box when the
electrophoresis was completed. The gal with the gelwas removed from the bpandthe
excess buffer was removed from thed surface A paper tower was used to absorb the remaining
buffer from te gel trayThe géwas removed from the gel tragnd was exposed the UV light
to visualize the DNA fragment3he DNA fragment appeared as an orange fluorescent band, and
a photo of the gel was taken. At the end of geéelectrophoresjghe gel andhe buffer were

properly disposed of according tiee institutional regulations.
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3.7 16S rDNA PCR (polymerase chain reactiof

The 16S rRNA genes (rDNA) were ampGA fi ed I
GTT TGA TCM TGG CTC AG3 6 ; positions 8-AAGOGAQGBNGWAGd 152°¢
CAR CG3 06 BveryPCRmix (25 pl) included 1ul of DNA, 0.5 ul of primers 27f and 1525r,
respectively0.5 ul of deoxynucleoside triphosphates (ANTPs) (N0447L, New England Biolabs®
Inc., Ipswich, MA),2.5 ul of 10X standardraqreaction buffer (M0273New England Biolabs®
Inc., Ipswich, MA) 0.125ul of Tagpolymerase (M0273S, New England Biolabs® Inc., Ipswich,
MA), and 19.875ul of nucleasefree water The DNA thermal cycler (T108, BIO-RAD,
Singapore) used foPCR was programmed as follows: Thendlitions consisted of an initial
denaturation at 95°C for 3 min; 34 cycles at 95°C fors&0 denaturation, 53°C for 3@c
annealing, and 68°C for 9kc extension; and a final extension step consisting of 68°C for 5 sec.

The PCR products were electropbeed followed the same procedure€hapter 3.6

3.8 16S rRNA sequencing and analysis

All the extracted DNA sequences were serth®Argonne National Labor 16S rRNA
sequencingAt the Argonne National Lalthe V4 region of the 16S rRNA gene (51866R)
was amplifiedusing the Earth Microbiome Project barcoded primer set, adapted for the Illumina
MiSeq by adding nine extra bases in the adapter region of the forward amplification primer that
support pairegend sequencingThe primers also included the lllumina flowcell adapter
sequences. The forward amplification primer also coatkntwelve base barcode sequence that
supports pooling of up to 2,167 different samples in each(laaporaso et al., 2010; Caporaso
et al., 2012) Each 25ul PCR reaction contathl12ul of MoBio PCR Water (Certified DNA
Free), 10ul of 5 Prime HotMasterMix (1x), 1ul of Forward Primer (5uM concentration, 200pM
final), and 1ul of template DNA. The conditions for P@®realso folloned 94°Cfor 3 minutes
to denature the DNA, with 35 cycles at 94 °C for 45 s, 50 °C for 60 s, and 72 °C for 90 s; with a
final extension of 10 min at 72 °C to ensure complete amplification. Amplicons were quantified
using PicoGreen (Invitrogen) and a plate rea@erce quantified, different volumes of each of
the products are pooled into a single tube so that each amplicon is represented equally. This pool
is then cleaned up using the UltraClean® PCR CldarKit (MoBIO), and then quantified using

the Qubit (Invitrgen). After quantification, the molarity of the pool is determined and diluted
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down to 2nM, denatured, and then diluted to a final concentration of 6.75pM with a 10% PhiX

spike for sequencing on the lllumina MiSeq.

The sequence data receiviedm the Argonne National Labwill be analyzed usindghe
Quantitative Insights into Microbial Ecology (RIIME 2) platform (Bolyen et al., 2018)The
sample sequensevill be fetched usinghe Barcode, and then the Barcode and primer sequences
will be removed.The sequenceof poor quality will be removeas well. The clan sequences
will be clustered into OTU (Operational taxonomic units) using QIIME 2 software at 97%
similarity, and the abundance informatifor each OTUin each sample will be statistically
analyzed Phylogenetic diversity analysis will be evaluatedemts of alpha and beta diversity
indices using phyloseq package in(McMurdie & Holmes, 2013)Alpha diversity will be
calculated from species richness using Ch@iiao, 1984and species evenness using Shannon
Index (Hill, 1973). Microbial community differences between samples or Beta diversity will be
computed using UniFrat.ozupone & Knight, 2005)JaccardJaccard, 1901)and Bray Curtis
(Bray & Curtis, 1957plgorithms.

3.9 Statistical analysis

Analysis of variance (ANOVA) was conducted using the JMP® Pro 14 (SAS Institute
Inc., Cary, NC, 2019), to examine the effects of storage (@storage periods for 18Dstorage
and 4 storage periods for @0storageland temperaturé3 temperaturespn N mineralization
Each storage period had 3 observations and each temperaturebsehétions for 18d and 4
observations for 6@ storage.The observationsvere assumed to barmally distributed and
there was no interaction between storage time and temperdtikey's honestly significant
difference (HSD) test was used to discerniffitrences in means. The level of significant

difference foralleffe and compari 90Hs was set at p O

The paired test was used to examine the effects of total solids (ford18fbrage),
adding manure seed (for-@0storage), andsingsterilizationoperation For testing the effects of
total solids, the H and L mesterilized manure under same temperature after same storage period
was paired, and the difference of corresponding Nm for each pair was calculated. Thiestthe t
was used to compare the mean differen€eNm to 0. The assumption of the paireeteist

included thathe differences between paingre normally distributedThe null hypothesisvas
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that the mean differenag® Nm between paired observationss 0 If the mean difference was
not 0, the null hypothesis was rejected. If the mean difference 0bNthand L manure was
large than 0O, the HTS was more beneficial to N mineralization, and vice Versest the effect
of manure seed, the Nm of nsterilized MS and SO samplesder same temperature after
same storage period was paired. To test thetedfiesterilizationoperation the Nm of sterilized
and nonsterilized manure under same temperature after same storage period wasApaired.
then the MS and SO, and R and RO manure were also examined by the-festddliowing the

Sameprocess.
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Chapter 4 ResuUts

4.1 Manure characteristics

The characteristics of manure (raw and sterilized) used in thel $8age experiments
areshown in Tablse4-1 and 42, and the characteristics of raw manuorixed withmanure seed
and manure seednly (non-sterilized and stdized) used in the 6@ storage experimentyre
shown in Table4-3 and 44. The average valued the pertinent manure characteristics used in
the 180d storageexperimentanged froml9to 78 g/Lfor the TS; 16 to 6@/L for theVS; 6.3 to
8.3 for the pH 34 to 87 mg N/g VS fothe TN; 0.4 to 8 mg N/g VS fothe TAN; 2to 9 mg P§

VS for the TP; and1,247to 1,685mg/g VS forthe TCOD. The ranges of the average values of
the manure characteristics used in thed&lorageexperiment werdrom 49 to 143g/L for the
TS; 40 to 13g/L for theVS; 6.2 to 9.8 fothe pH; 20to 32 mg N/g VS fothe TN; 3 to 15 mg
N/g VS forthe TAN; 8 to 12 mg Pf VSfor the TP; and1,099to 1,341 mg/g VS forthe TCOD.

In general, the average values of characteristidheoH and MS manuresamples were higher
thanthose of thel and SO manuresamples excegbr the pH and TAN. The pH of, L, MS,
and SOmanure samplewere comparable, bwn increasef manure pH was observed after

sterilizationin most cases

The TAN of SO samlps was generally higher thématof MS samples. Compared to the
SO samples, which were from an earthen storage pit and already mineralized for several days,
the MS samples with more raw manure (without mineralization to release TAN from organic N)
resuled in higher TAN. Meanwhile, higher temperatures, such as sterilization operation, are
known to accelerate the release ofC@nd resulting in increasing pH (Gerlach, Lambrecht, &
Oel3ner, 2019)

The characteristics oflairy manure fromother partsof the world reported in literature
were compiled andcomparedto the results of this stud¢Table 45). The datawvas collected
from different countriesincluding CanadaChina, DenmarkEstoniga Holland, and the United
States.There were some similarities addferencesin manurecharacteristicdor all the dairy
manure from different countrieBor examplethe concentrations of T&hdVS (Table 45) from
those countries listed above were differeahging from 27 d/ to 266 gL and 10 gL to 137
g/L, respetively; the TN and TANconcentrationgTable 45) were also different from each
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other, ranging from 28 mg N/g VS to 175 mg N/g VS and 4 mg N/g VS to 77 mg N/g VS
respectively Not like theTS, VS, TN, andTAN, almostall manuresamples ha similar pH
ranging fram 6.3 to 8.4 and severakoncentration®f TP and TCOD were comparable to the
results of this study, e.g., the TBncentrationgrom Denmark Estonia andlowa were similar

to the TP in this study; theCOD from China and Holland were cl®$o the concentratios of
TCOD observedin this study.Overall, the dairy manures from different locations have their
unique characteristics, atlode main reasons includlee followings 1) the size, species, sex, and
age of dairy cows impacts on the manure gositions(ASABE, 2010) 2) the dairy cattle feed
compositionhas effecton the manureharacteristic§Sarensen, Weisbjerg, & Lund, 2003)
housing, bedding and rearing management influence the characteristics of (tayhbell &
Power, 1994) Thus, the models related to N cycling in dairy farms need more data from
different conditions to make them more robust and reliable.
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Table 4-1 The average characteristics ohon-sterilized (R) raw manure for 180d storageexperiment

Storagetemperature( )

Characteristics 10 20 30 10 20 30
High TS- Low TS

TS (g/L) 46 71 72 21 28 28

VS (g/L) 39 60 61 17 25 25

pH 6.8 7.4 7.3 6.8 6.3 6.3

TN (mg N/g VS) 71 45 42 66 50 50
TAN (mg N/g VS) 3 6 5 8 4 4
TP (mg P/g VS) 8 9 7 7 2 2

TCOD (mg /g VS) 1,685 1,366 1,364 1,414 1,291 1,291

Table 4-2 The average characteristics of sterilized (R0) raw manure for 186 storageexperiment

Storagetemperature( )

Characteristics 10 20 30 10 20 30
High TS Low TS

TS (g/L) 66 75 78 19 36 36

VS (g/L) 57 64 66 16 33 33

pH 7.6 8.3 8.3 8.2 6.3 6.3

TN (mg N/g VS) 48 43 40 87 34 34
TAN (mg N/g VS) 0.4 5 4 5 1 1
TP (mg P/g VS) 6 8 9 8 2 2

TCOD (mg /g VS) 1,282 1,268 1,307 1,919 1,247 1,247
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Table 4-3 The average characteristics of nossterilized (R) raw manure and manure ged for 66d storage

experiment
Characteristics 10 20 S’c;(;agetemperatu;eo( ) 20 30
----------- Raw manure with manure seed-------- --------------------Manure seed onl------------------
TS (g/L) 111 109 109 49 49 49
VS (g/L) 101 98 98 40 40 40
pH 6.2 6.3 6.3 7.5 7.7 7.7
TN (mg N/g VS) 24 29 29 32 32 32
TAN (mg N/g VS) 4 4 4 14 15 15
TP (mg P/g VS) 8 11 11 8 10 10
TCOD (mg /g VS) 1,150 1,099 1,099 1,232 1,115 1,115
Table.4-4 The average characteristics of sterilized (R0) raw manure and manure seed for-6Gstorage
experiment
Characteristics 10 20 St:;)(;agetemperatuiz(a ) 20 30
——————————— Raw manure with manure seeg-------- ----------------——---Manure seed only------------------
TS (g/L) 143 133 133 71 55 55
VS (g/L) 131 121 121 59 45 45
pH 64 6.5 6.5 9.6 9.8 9.8
TN (mg N/g VS) 22 26 26 20 23 23
TAN (mg N/g VS) 3 3 3 4 6 6
TP (mg Ph VS) 10 10 10 12 12 12
TCOD (mg/g VS 1,146 1,282 1,282 1,341 1,201 1,201
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Table 4-5 The characteristicsof manure from this study and literature

TS VS TN TAN TP TCOD
Location H CIN Source
GL) () P (mgN/g (mgN/g (mgPlg (ma/g ratio
VS) VS) VS) VS)
Alma, Ontario, Maldaner, WagneRiddle, VanderZaag, Gordon,
Canada 92 68 73 28 15 i i 18.2 and Duke (2018)
Ames, IA, USA 105 91 6.9 o8 8 6 321 i Wu-Haan, Burns, Moody, Grewell, and Raman
(2010)
limatsalu, Estonia 61 47 - 100 62 11 - - Pitk, Palatsi, Kaparaju, Fernandez, and Vilu (201
Dayton, VA, USA 46 23 7.0 126 62 20 - - Shen, Ogejo, and Bowers (2011)
P'”gd‘aﬁgg”dmg’ 266 137 84 36 - - - 20.2 X. Li, Shi, Yang, Xu, and Guo (2019)
Prairie du Sac, WI, i i Holly, Larson, Powell, Ruark, and Aguirkéllegas
USA 27 10 6.8 175 77 8.1 (2017)
Xioan, Sh g5 121 77 85 4 4 737 8.2 Yun et al. (2019)
China
Chatham, VA, USA 75 60 7.6 54 22 9 1,330 - Collins, Ogejo, and King (2012)
Denmark 95 75 - 61 24 12 - - Sommer et al. (2007)
Holland 91 73 - 53 23 - 1,521 - El-Mashad, Van Loon, Zeeman, aBdt (2005)
i 30-H-R samples from 184 storage experimeriiry
VA, USA 72 61 7.3 42 5 7 1,364 this study
VA, USA 109 98 63 29 4 11 1,099 i 30-MS-R samples from 6@ storageexperimenin

this study
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4.2 The manure characteristics at different storageeriod
4.2.1 TheTSand VS

The TS concentrationsYS concentrationsand VS/TSof the incubatednanure forthe
180-d storage simulatiorexperimentare shown in Figure 4-1, 4-2 and 43, respectively In
generalthe TSconcentratiorof non-sterilizedH and L manure(Figure4-1 A & C) at 20 and
30 d e c r ethesterdge twieThbdecrease iTS ofthe 10-L-R groupwas muchless
than that othe former groupg~or sterilizedmanure(Figure4-1 B & D), the TSconcentrations
of 20-L-R0O and 36L-R0O groups decreased withe storage time as nesterilized manure,but
the TSconcentrationof 10-H-R0O, 10L-R0O, and 26H-RO did not have obvioushange over
time. All the VS concentrationiad the samé&end as the T8oncentrationsbut the extent of
changes in the V8oncentrationsvas different fromthat of TS As the VS/TS shown in Figure
4-3, the VS/TS of norsterilized manurat 20 and3 0 decreased more than that of sterilized
manure.The highest decreas# VS/TS was occurredn the groups of nosterilized manure
stored at3 0 . The VS/TS of sterilized manure and rsterilized manure at 10 has no

obvious changes over storage time.

The TSconcentrationsyS concentrations, and the VS/T$%manure for thé&0-d storage
experiment are shown in Figwd-4, 4-5 and 46, respectively.The highest decrease of TS
concentrationwas seen in the group of 10SO-RO, while te highest decrease ofSV
concentratioroccurredn thegroup of 38MS-R. The concentration changef TS and VS ir60-

d storageexperimentvas not as large aBosein the 180d storageexperiment, and the VS/TS in

all groups in 6ed test did not have obvious change comparedabin 186d test.
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Figure 4-1 The TS concentrationsof manure during 180-d storageperiod

(A: The TS ofhigh TS and nonsterilized samplesstored at 30/20/10 ; B: The TS of high TS and sterilized samples stored at 30/20/10; C: The TS of
low TS and nonsterilized samples stored at 30/20/80; D: The TS oflow TS and sterilized samples stored at 30/20/10. The error bar indicates the
standard deviation)
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Figure 4-2 The VS concentrationsof manure during 180-d storageperiod
(A: TheVSof highTSandnonst er i |l i zed samples stored at 30/20/10 ; B: Thye &S DHe hV$ ho fT
lowTSandnonst eri lized samples stored at 30/20/10 ; D: Th&he¥r®rbarindidateswheTS and s

standard deviation)
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Figure 4-3 The VS/TSof manure during 180-d storageperiod
(A: The VS/ITSof highTSandnonst er i | i zed sampl es st ofSed &t ghO/TB0/ah@ stkRriTheedSsampl es
The VS/TS of low TS and nonsterilized samplesst or ed at 30/ 2/0S01f0 [;ow:TSThaendvVSsteril i zedheemompl es sto

bar indicates the standard deviatiorn)
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Figure 4-4 The TS concentrationsof manure during 60-d storageperiod
(A: The TS of nonsterilized raw manure with manure seedsst or ed at 30/ 20/ 10 raw Banurdwitk manuBe seefistoredae r i | i zed
30/ 20/ 10 ; C:-stefilvedmanBreseédomywnor ed at 30/ 2 0fsterillzed;manDre seddoelys T &r ed at.Tie0/ 20/ 10

error bar indicates the standard deviation
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Figure 4-5 The VS concentrationsof manure during 60-d storageperiod
(A: The VSof non-sterilized raw manure with manureseeds t or ed at 3 0 /V3O6fktdrilizedyraw Bhanurd itk manure seedstored at
30/ 20/ 10 VSof@an-stdarilieed manureseedonlyst or ed at 3 0 /VSOfktdrilzed;manDre seé@doslystoredat 30/ .2ZMBe/ 1 0

error bar indicates the standard deviation)
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Figure 4-6 The VS/TS of manure during 60-d storageperiod

(A: The VSITS of non-sterilized raw manure with manure sed stored at 30/20/10 ; B: The VS/TS of sterilized raw manure with manure seed stored at
30/20/10N ; C: The VSITS of non-sterilized manure seed only stored at 30/20/ND; D: The VS/TS of sterilized manure seed only stored at 30/20/hD.
The error bar indicates the standard deviation)
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4.2.2 The pH

The pH of manure during 18@storage is shown in Figure74 Overall, the pH increased
with the storage time at all temperatures for-sterilized, H and L manure. No obvious increase
in pH was observed for sterilized maawgroups of 14H-R0, 16L-R0, 20H-R0, and 3€H-RO,
except for the 2Q.-R0O and 36L-R0 that increased as ngterilized manure.

The pH of manure samples during-é&torage are shown in FigureB4For MS manure
(Figure 48 A), the pH was close in magnde for groups 30/S-R0, 26MS-R0, 16MS-RO.
Not like the sterilized manurat all temperatureand the sterilized and nesterilized manure
stored at 10-stetrhéeéipddoimanane stored at 20 an
days of storage,ra reached up to 8.4 after 60 days of storage; and the pH edteized
manure was higheat 3 0 C 0 mp a ratother temperatarest Similar to the MS samples,

pH of the SO (Figure-8 B) manure did nathangeconsiderabf during the storage.
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Figure 4-7 The pH of manure during 180-d storageperiod
(A: The pH of high TS manure stored at 30/ 20/;IThe
error bar indicates the gandard deviation)
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Figure 4-8 The pH of manure during 60-d storageperiod
(A: The pH of raw manure with manure seeds t or e d a t; B3TOe pBl 6f manOre seed onlystored at
30/ 2 0/ ;Irie error bar indicates the standard deviation

44



4.2.3 TheTCOD

The TCOD concentratioa of manure during 180and 60d storagegperiodsare shown in
Figures 4-9 and 4-10, respectively Overall, the TCOD concentrations decreased during the
storage exceptfor manurestored a t 1ird 180d storage period The rangs of TCOD
concentration$or 180-d and 66d storage periodgerefrom 454 mg/g VS to 204 mg/g VSand
309 mg/g VS to 1,447 mg/g V&spectively.

424 TheTP

The TP concentrations of manure during-180d 60d storage are shown in Figured 2
and 412, respectivelySince phosphorus is not volatile, it stays in the dairy manure during
storage andreatments. Organic forms of P stay as a part of microorganisms in dairy manure
such as ATP, phospholigs, and DNA and the reactive P dissolved in the solutidhus,
theoretically,no change inTP should occurduring storageOverall, the TP concentrations of
most manure groups remained stable duringd.8@rage. For manure groups ofl3€R, 30L-
R, 30L-R0O, 20L-R, and 16H-R, the TP concentrations increased on day 180 for thed180
storage period. This is possibly due to the reduction in moisture content during the storage time
(Bernal, Navarro, Roig, Cegarra, & Garcia, 1996pr the 66d storage periodall the TP

concentrations of manudecreased or remained constant, whighéssame as the expectation
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Figure 4-9 The concentrations ofTCOD of manure during 180-d storageperiod
(A: The TCOD of high TS manurest or ed at 3 0/TZOD ofléw TS m@hure sioreeé at
3 0/ 2 0;/THe@rror bar indicates the standard deviation
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Figure 4-10 The concentrations of TCOD of manure during 60-d storageperiod
(A:TheTCODof raw manure with manur e sE®ODofsnanoreseedodyt 30/ 20/ 1

st ored at;TRe@ro?bar/intiCates the standard deviatior)
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Figure 4-11 The concentrations of TP of manure during 180-d storageperiod

(A: The TP of high
error bar indicates the standard deviation

TS manur e
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