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ABSTRACT

Impact of Land-Applied Biosolids on Forage Quaétyd Water

Movement During Rangeland Restoration Activities

by

Issaak Vasquez, Doctor of Philosophy
Utah State University, 2008

Major Professor: Dr. Michael McFarland
Department: Civil and Environmental Engineering

The land application of biosolids to provide nutteeand organic matter is widely
practiced in agricultural applications. Howeveg thotential benefit of applying biosolids
to disturbed rangelands has not been adequatelyated. Thus the main goal of the
current study was to evaluate the potential ecoonoamd environmental benefits of
applying biosolids to disturbed rangeland with thain focus on evaluating the impact
on forage quality and quantity as a function ofsbials type and application rate. Three
types of biosolids (aerobically, anaerobically, dinte stabilized biosolids) were surface
applied with no subsequent tilling at various loadiates (1, 5, 10, and 20 times nitrogen
plant requirement) in Skull Valley, Utah. It wasndonstrated that forage quality (crude
protein and in vitro digestibility) and quantityig¢nass) can be improved by biosolids
land application. Also, the analyses of the sod &orage for 16 specific metals indicated
no measurable accumulation except for a statisticaéase of sodium compared with the

control. No negative impact on soil moisture imfition (e.g., drainage) properties were



iii
seen. The economic analysis of biosolids land ieggbn on disturbed rangeland
associated with improvements in forage quality ¢atkd that use of biosolids for land
restoration would be profitable. The highest pagtriinancial return was observed when
anaerobically digested biosolids were land apie2O times the agronomic rate.

Finally, despite the numerous benefits associatéil bosolids land application,
there remain a number of human health and envirataheoncerns regarding its use on
publicly accessible lands that should be addresséature studies. These concerns are
primarily associated with the accumulation of hematals and recalcitrant organics (e.g.
polychlorinated biphenyls, dioxins, brominated l@pils, and pharmaceuticals and
personal care products) that may be associatedtwatbiosolids.

(93 pages)
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CHAPTER 1

INTRODUCTION

The national regulatory framework for controllingater quality in the United
States was established by the 1948 Federal WatkitiBio Control Act (FWPCA). The
1948 FWPCA has been amended many times resultingday’s regulation which is
simply known as the US Clean Water Act (CWA). TB®A is the comprehensive
federal law thatcontains the basic national framework for waterlygmn and water
quality control in the United States (McFarland 2D0Under the CWA, biosolids, which
are treated sewage sludge from municipal wastewra@iment plants (WWTPSs), may be
beneficially used (e.g., land application) if theyeet certain quality standards. These
standards are defined in the CWA by the 40 Codeedkral Regulations (CFR) Part 503
rule (Desai 2006). The 40 CFR Part 503 rule sthiasbiosolids that meet the pollutant
(e.g., heavy metal), pathogen and vector attraggguirements for beneficial use may
not be land applied at rates above the agronont&e exaept when used to reclaim
marginal or disturbed land. This rule stipulatbattbiosolids that contain regulated
pollutants at concentrations above the ceiling eatrations can not be beneficially used
(e.g., land applied). Also, the pathogens conediotrs in biosolids must achieve either
Class A or B before the material can legally bedlapplied. Class A and B biosolids
have low levels of heavy metals. They differ beeaClass B biosolids has detectable,
yet low, levels of known human pathogens, while gehogen levels of Class A
biosolids are not detectable. Finally, the veettraction reduction standard requires that

biosolids be treated (chemically and/or biologigalio reduce microbially activity or



physically incorporated into the soil (tilling amjection of biosolids) as part of the land
application requirements.

Rangelands in the western United States have exmed heavy livestock
grazing during the past century, which has led tulbstantial reduction in total plant
cover and density. These western rangelands aegar&ed as disturbed rangelands
because its forage productivity has decreased deradly as consequence of land
disturbances. Any rangeland restoration approbhah ias the net effect of increasing
plant cover over time will have the beneficial impaf promoting moisture infiltration
and reducing soil erosion. Moreover, many rangelaails have been significantly
depleted of organic matter and, in many cases,lso@ntal organic matter is needed to
improve rangeland productivity.

Since treated sewage sludge (or biosolids) isinabrganic matter and nutrients,
it is believed that they will help in restoring tiagor of disturbed rangelands. Biosolids
represent a low cost source of organic matter waed applied to affected soils. In
addition, organic matter decomposition from langlegal biosolids releases chemically-
bound nutrients (e.g., proteins), making them add for assimilation by plants and soill
microorganisms.

The overarching goal of the current study is tedaine the potential economic
and environmental benefits of land applied aerdlyiatigested, anaerobically digested
and lime-stabilized biosolids to disturbed alkalna@gelands located in Tooele County
(Skull valley), Utah. There are very few studiesiéable that have evaluated the impact

of sludge processing methods on biosolids qualitg &@s effectiveness in restoring



deteriorated rangeland. Moreover, the impact phapg biosolids at rates as high as 20
times agronomic rate based on nitrogen needs gqflémts has never been documented.

From a regulatory standpoint, biosolids can be iadpbn undisturbed sites at
rates much higher than the agronomic rates. Tée sff Utah wants to document the
environmental impact of applying biosolids at largées to disturbed rangelands. Since
the various types of biosolids have different albans of the various nitrogen forms
(e.g., nitrate, ammonia, organic nitrogen), a réamg¥s response to these biosolids
guality differences are of particular importancestate regulators.

It is important to note that since the selectedl lapplication site is disturbed
land, the study is not limited to the agronomieerat the ceiling application rate for
biosolids. In fact, the range of biosolids appgima rates is established at 1 to 20 times
the estimated agronomic rate (based on the vegetettop nitrogen requirement).

For the specific case of lime stabilized biosoliti& application rate was limited
to 10 times the agronomic rate because higher va¢es considered to be unpractical.
For example, since the nitrogen content in the Istabilized biosolids was relatively
low, the biosolids application rate required toiagh a nitrogen loading twenty times the
agronomic rate would have resulted in producingiasdids layer several inches in
thickness. After discussions with agricultural gpbsts, it was surmised that, without
tilling, the resulting surface application wouldviegpohysically impeded plant emergence.
An additional concern expressed by local agricaltuspecialists was the potential
toxicity of large inorganic salt additions (as limen the already disturbed rangeland.

Given the potential negative physical and chemioglacts associated with adding large



amounts of lime to soils already high in salt cohteapplication of lime stabilized
biosolids was limited to no more than 10 timesageonomic rate.

Because the focus of this study is to evaluatertipact of both biosolids quality
and quantity on soil moisture transport, biomassldyi and biomass quality, the
parameters whose values will be monitored throughbe study include: hydraulic
conductivity, water drop penetration time, forageenals, crude protein and energy
analyses.

The principal goal of this study is to document ajuantify various effects of
applying different types and amounts of biosolidsimy the restoration of disturbed
semiarid rangelands. The specific research obgsinclude the following:

1) To characterize qualitative and quantitative tHeafof biosolids application on
soil water transport properties by evaluating wal@p penetration time and soill
hydraulic conductivity for a range of biosolid tye

2) To clarify the effect of biosolids in increasingethorage value of disturbed
rangelands, biomass yield and quality (protein amergy content) will be
documented and evaluated,

3) To evaluate the impact of biosolid type and appilcarate on rangeland forage
crop production;

4) To analyze the effect of mineral concentrationstioa forage after biosolids
application, and see if they are a possible thifarahe cattle consumption;

5) Optimize biosolids application for a sustainablega management by accounting
for the economic benefit associated with the imprognt in forage

quality/quantity.
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CHAPTER 2

EFFECT OF BIOSOLIDS ON RANGELAND FORAGE QUALITY

Abstract The productivity and quality of rangeland of west&tah could be improved
with the addition of nutrients and organic matteand application of biosolids has been
promoted as a potentially cost effective approachkupplying these necessary nutrients
and organic matter. However, few studies havectljreevaluated the potential of land
applied biosolids to improve marginal rangeland® address this deficiency, a 2-year
field study was conducted in Skull Valley, Utah @waluate the effectiveness of land
application of manure and biosolids in improvinge tifiorage quality of marginal
rangelands. Manure (a common fertilizer on rangidarand three different types of
biosolids were compared with a control plot on whimo amendments were applied.
Biomass and forage samples were collected and mezhsuespectively for each
treatment. The crude protein (CP, %) and the trovtrue digestibility (IVTD, %) were
measured. Although the IVTD analysis did not steostatistical improvement in forage
grown on biosolids amended rangelands, improveman@P associated with biosolids
land application were found to be statisticallyngigant. Based on improvements in CP
and IVTD, modeling results demonstrated that thenesed daily gain in weight for a
136.4 kg (300 Ib) beef cow was considerably higbermanimals grazing on forage from
biosolids amended sites compared to the contrilallly, the increase in vegetative yield
(e.g., biomass production) was found to be sta#ilyi significant greater on sites

amended with biosolids, which led to a considerabjgrovement in stocking rate.



Introduction

Biosolids are the final solid products of wastetavdreatment plants (WWTP)
(USEPA 1991). Biosolids can be directed to bemnafiase such as land application for
agricultural, (USEPA 1994), and the production aate of biosolids products like soil
substitute products, alkaline-stabilized soil agd&, heat-dried pellets, compost among
others (McFarland 2001).

Forage quality directly affects a rangeland’s iapbito support the nutritional
needs of livestock. Good forage quality can beeasud by applying fertilizer. Fertilizer
applications in the form of manure have been shimancrease the biomass of rangeland
(Bell et al. 2006). Few studies have compared lteeefit of applying manure and
biosolids on a rangeland (Mata-Gonzalez et al. 200bhe present research program,
which attempts to increase knowledge about theestibjs focused on comparing the
impact of land applying manure and three types iokdlids (aerobically digested,
anaerobically digested, and lime stabilized bias)lon disturbed rangelands. Owing to
the types of pathogen treatment processes use@nar@ing the material, the three
biosolids were characterized as Class B. Clas®#blds differ from Class A biosolids
in that they have detectable, yet low, levels obwn human pathogens. Even though
lime stabilized biosolids are readily availablewféeld studies have been conducted
using them (Mata-Gonzalez et al. 2006).

It is well known that higher water application tdes where biosolids were
applied will lead to higher responses in foragentass and the absorption of nitrogen
(Mata-Gonzalez et al. 2004). In the present stadyie of the test sites were irrigated

although the mean precipitation rate for this asesgpproximately 382.5 mm/year.



In this study, a control plot (where organic amendta were not applied) was
used to establish a performance baseline. Waligitdetermined the application rate
needed to just meet the plant’s needs based amgaiir This application rate is defined
as the agronomic rate. For the current study, lidssand manure application rates were
limited to 1, 5, 10, and 20 times the agronomie.raFor the specific case of the lime-
stabilized biosolids, the 20 times agronomic rates wot applied because the amount of
biosolid was considered to be too high to allowetteied emergence of rangeland
vegetation. Since the nitrogen content in the list&bilized biosolids was low, the
amount of biosolids needed to achieve an applicatade equivalent to 20 times the
agronomic rate would result in a surface applical@yer of several inches. Without
incorporation, surface application of lime staldtiz biosolids would result in a soil
amendment layer of several inches. The physicatdimans associated with vegetation
emerging from such a layer as well as the highgaoic salt additions led to a number of
concerns expressed by agricultural specialistdieaéfd with the project. It was
determined that to limit the potential negative aofs of land applying lime stabilized
biosolids, its maximum application rate would betib®es the estimated agronomic rate.
A unique characteristic of the current study coradawith other reported field results
(Martin and Jack 2002; Jurado and Wester 200Tjaisthis is one of the few studies that
established biosolids application rates based dtipias of the estimated nitrogen-based
agronomic rates. Even though some other studisgdbaheir application rate on
estimated agronomic rate (Tiffany et al. Zbomhey did not apply more than twice the

rate needed by plants. Some other researcherse@dpplanure and biosolids in



laboratory-size pots to determine the reactionnaf $pecific species (Mata-Gonzalez et
al. 2006). In this research program, howeverela filemonstration study was conducted.
The main objective of this study was to determime influence of manure and
biosolids at different application rates on foragelity. Among the parameters that were
analyzed were the dry biomass, the CP and the IVTBe stocking rate was calculated,
and the daily gain in weight of a 136.4 kg (300 dby was estimated based on the CP

and IVTD analysis.

Materials and Methods

Field studies were conducted on a series of randdkst plots in Skull Valley, in
Tooele County, at the coordinates lat 40° 27° 0¢"and long 112° 44’ 42” W. The
predominant surface texture of the soil is sandyrlo The mean annual air temperature
fluctuates from 7 to 1€ (USDA-NRCS 2000). The average mean precipitdad82.5
mm/year (GIS Climate Search 2006). The averagenmpezcipitation at the site of study
was calculated by extrapolating the values fronrimeatations to the study site using the
inverse distance weighting method (Gao 2006). d&bl shows the precipitation in

millimeters per month over the mentioned periods.

Table 2.1 Extrapolated mean precipitations for stations ‘f@&suaille 2 W” and “Johnson
Pass” over a period of 51 and 34 years, respegtiegpressed in mm per month

Name Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov De
Grantsville 2 W 170 216 324 38.0 329 216 19292 241 274 248 209
Johnson Pass 388 397 446 441 524 247 29.08 239.3 346 363 34.2

Working Site 305 328 400 418 450 236 253 233 273 319 319 292
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Treatments

Biosolids (aerobically digested, anaerobically digd and lime stabilized) were
obtained from three different municipal wastewdteatment plants (WWTP) located
along the Wasatch Front, Utah while the beef catienure was obtained from the
Ensign Ranches of Utah, Inc. feedlot. The bioso#idd beef cattle manure were applied
in December 2004, and rates were determined baséldeoplant nitrogen requirement.

The agronomic rate was determined from EquatioddFarland 2001).

adjustechitrogenrequiremen(ANR) [kgth
a

AgronomicRate( metrr]lctonj = N
a plantavailablenitrogenper tonof biosolidsmanur{ g.- j
metricton
_ ANR (1)
[(NO,) + K, (NH,) +K 1, (N,) 10
where:

ANR  Adjusted nitrogen requirement (kg N/ha)
NO; nitrate concentration in biosolids/manure (kg Kirc ton)
NH,4 ammonia concentration in biosolids/manure (kg &tffa ton)

No organic nitrogen concentration in biosolids/man{iotal nitrogen content found in
biosolids/manure minusitrate plus ammonia content)
Ky volatilization factor (0.5 if biosolids/manureeamottilled into soil)

Kmin organic nitrogen mineralization rate (assumedet@13) (McFarland 2001)

The ANR was determined based on the estimationatihaialthy rangeland in this
area would exhibit a nitrogen demand of approxitgai€8.5 kg nitrogen per ha (150
Ibs-N/acre) as detailed below. It is known that, average, the plant biomass at the
rangeland test site is approximately 1123 kg/ha@@lbs/acre) (USDA-NRCS, 2000).
Also, it was assumed that the nitrogen contenthefliiomass was around 15% (Desai
2006). From this, the total nitrogen needed byptlaat is approximately 168.5 kg-N per

ha (150 Ib/acre). Soil analysis indicated thateheas already approximately 112 kg-N
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per ha (100 Ib-N per acre) of available nitrog&nom this, the nitrogen that needed to be
applied at the site was around 56.1 kg-N per hall§g8/acre). Table 2.2 shows the
different rates applied for each of the soil treatiis based on the nitrogen anahis
biosolids and background soil.

Sixteen 0.13-ha test plots were established fofidhé demonstration study. To
facilitate the selection of random samples, eacthef0.13-ha subplot was divided into
approximately 144 sections having physical dimemsiaf 3 by 3 m (10 by 10 ft).

On May &", 2006, 6 out of the 144 plots were selected rarglameach subplot.

A random generator was used to select the randots. pThe wet biomass was harvested
in each of the six plots. In addition, forage séapvere taken for three out of the 6
sections, and the dry matter, crude protein andraledetergent fiber were analyzed by
the Utah State University Analytic LaboratoriesheTsampling and analysis was repeated
on May 1%", 2007, but for this year, four forage samples veralyzed per subplot. The

five parameters calculated on this study are desdnn the following sections:

Table 2.2 Application rates for the three different biossliahd manure
Metric tons per hectare

Agronomic

Rate Manure Central Valley Snyderville Tooele
(Anaerobically Digested) (Aerobically Digested) (Lime Stabilized)
1 11.8 2.9 34 19.7
5 59.2 14.3 17.2 98.6
10 118.3 28.6 34.4 197.3
20 236.6 57.1 68.8 1394.5

T 20 times agronomic rate for Tooele biosolid wasapplied because it was considered to be impaddt plant
growth because of its thick layer.
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Dry Biomass (kg/ha). The dry herbage biomass was calculated by multiglyihe
average wet weight of herbage biomass in each subplthe average of the dry matter
obtained in each subplot. The dry matter obtafoetdhe 2006 and 2007 years had 3 and
4 samples respectively per subplot.

Stocking Rate. Stocking rate is defined as the amount of landgoémal unit (Holechek
and Rex 1995). An animal unit is defined as a 394 (1,000-Ib) cow with a calf
(USDA-NRCS 2008). Stocking rate was calculatedgigihe following procedure:

* Calculation of total usable forage. The total usable forage is the amount of forage tha

the cattle will eat on a specific unit of land.idtexpressed by Equation 2.

Total UsableForage= {Dry Biomas{l;gﬂ(PercenAllowableUsé (2)
a

The percent allowable use can be classified as yheanoderate, or light.
Moderate gives the higher net return per unit afdlaso economically it is more
profitable in the long term to use a moderate perakbowable use on the range.

Different analyses had been done for estimatingpireent allowable use. A
simple classification can be used, such as consamfsom 45 to 60% on humid regions,
from 35 to 45% on a semiarid rangeland, and fronio256% on more arid region (mean
annual precipitation below 300 mm) (Holechek and R895). According to the mean
annual precipitation of this study site, this rdagd is classified as semiarid rangeland,
and a value of 45% was taken as percent allowade u
* Calculation of Forage Demand per Cow per Number of Days. The forage demand that
a single cow will require is given by the followirguation:

ForageDemand= (DMI)* (numbenf daysthepasturewill begrazed (3)
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The dry matter intake or DMI is expressed in kg/daw. The number of days
the pasture will be grazed was considered for ooatim (30 days). The DMI was
calculated for a 454.5 kg (1000 Ib) cow weight, #melapproach used for calculating this
for beef cattle is expressed in Equation 4 (Bebteal. 2005).

(Weightof BeefCow)* (1.08%) @)
NDF %

Dry Matterintake =

The NDF value used in Equation 4 represents theageeneutral detergent fiber.
For the years 2006 and 2007, three and four sana@es analyzed respectively for each
subplot. The NDF was determined using an Ankomfi# analyzer.
* Calculation of Socking Rate. The stocking rate was calculated using Equatian8, it
is expressed in numbers of hectares per animahpath.

ForageDemand (5)

StockingRate =
TotalUsabld-orage

Crude Protein. Nitrogen was measured at the Utah State Universibalytic
Laboratories by combustion using a LECO TruSpecdaNbon-nitrogen analyzer. For
the year 2006, three sub-samples were taken ragdoonh each subplot and the CP was
calculated in each sub-sample. For the year 2007 sub-samples were taken randomly
from each subplot. The crude protein (CP) wasreggd by multiplying the percent
nitrogen (dry basis) of the vegetation by 6.25 (8eber 1994). Higher CP denotes better
forage quality.

In-Vitro True Digestibility. One of the most accurate methods to measure forage
digestibility is by the IVTD test (Van Soest 1982Jhe IVTD is a lab methodology that

simulates the digestion that occurs in the cowtmen, and is performed in anaerobic
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conditions. Rumen fluid is collected and the fer@gmples are incubated anaerobically
at 3¢C. During the time of incubation, the forage sasspre digested by the microbial
population that are in the rumen. The IVTD expeminwas done in the Skaggs
Nutrition Laboratory, and a Daisy incubator wasdug&nkom model). Dried samples

were used for this experiment, and Equation 6 veasl fior calculating the IVTD:

FinalWT -BagWT)*100

IVTD (%) = 100- ( gwWT) (6)
SampleNT

Bag WT = weight of each sample bag.

Sample WT = sample weight before the experiment.

Final WT = weight of the bag plus the undigestbdofus residue.

Increased Weight. The two main factors that influence the daily gaimveight per day in
beef cattle are the CP and the digestibility offdrage. A simple estimation of the daily
weight gain of a 136.4 kg (300 Ib) cow was analytedetermine the influence of these
two factors. The lowest daily gain between theddd the IVTD for a specific subplot
was considered as the daily weight gain of the cé¥go, cattle maximum daily gain was
no more than 1.14 kg (2.5 Ibs) because of watdtdimon. Table 2.3 was used to obtain

the daily gain of a 136.4 kg cow (National Reseaolincil 1984).

Table 2.3Cattle daily gain in weight for a 136.4 kg cow

Daily Gain CP IVTD

(Ibs/day) (%) (%)
0.5 9.5 52.5
1.0 11.3 56.0
15 12.9 59.5
2.0 14.6 63.5
25 16.3 67.5
3.0 18.0 72.0

3.5 20.3 78.5
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Statistics

The experimental design was based on a pseuda@aBph method because of
budget and time constraints. The main factorsright affect the final results were not
affected by the lack of a replicated design. Bameple, temperature and water content
were assumed to be the same for all treatmentsreldre, these factors should not affect
the outcomes of the experiment.

Basically two statistical methods were used in #dperiment. Since it was an
unbalanced design, a fixed-effect analysis of vexeawith one treatment factor by using
contrast statements to isolate comparisons ofasteras used. This methodology was
used for the analysis of the CP (%), and IVTD (%).

The dry biomass and the stocking rates were olddnoen the multiplication of
at least two collected or measured samples. Hsrréason, a fixed-effect analysis of
variance with one treatment factor was not perfatrfoe these cases, and a normal Z-test
was considered a better fit in this case. Thedstaherror was determined, and it was
calculated using a statistic for propagation of sae@ement error (Berthouex 2002).

In both statistical analysis, each subplot was e with the control, and the
subplots were considered to be statistically sigaift different if the level of confidence

was 95% or more.

Results and Discussion
Dry Biomass (kg/ha)
Figure 2.1 shows that the biomass harvested in Z0&hly variable, which is

reflected in the low statistical difference of tiheatments with the control. It is believed
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that this high variability is because it was hatedsjust one year after biosolids
application, which did not allow a consistent effetthe biosolids. On the other hand,
Figure 2.2 shows better uniformity, and a more =test trend for the biomass. Hatched
subplots represented by bars shows their biomastuption to be significantly higher
than that of the control plot. In general, it da seen that higher dry biomass will be
obtained for higher agronomic rates. This resuds vexpected because of the higher
nitrogen content for higher application rates. Séheesults are consistent with other
studies where higher rates of biosolids applicatiesulted in an increase in biomass
(Walter et al. 2000; Martinez et al., 2003). THmes not seem to be the case for the
lime-stabilized treatment, where, for higher agmmorates, lower biomass yields were
obtained. Sodium absorption ratio (SAR), pH, eleat conductivity (EC), and
mineralogical analysis of the soil did not seenmexplain the inverse relationship between
biomass production and increasing application ofelistabilized biosolids. Related
studies show that heavy applications of manure weiitable for rangelands where
Blue grama is the predominant species (Stavast. &085), however, in the present
study, the predominant specieBsomus tectorum, and no adverse effect were seen for

high manure applications on this species.

Stocking Rate

The stocking rate was calculated based on the amndss and on the NDF
obtained for each subplot. Figures 2.3 and 2.4vshe stocking rate for the years 2006
and 2007, respectively. The lower the number ofdres needed per animal unit month,

the more productive the site. Even though the i are not significantly different than
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the control, all the subplots are more producthantthe control. No much difference in
the productivity obtained by the manure with theslids can be seen. In addition, some
subplots were 5 times more productive than therobniThis trend can be confirmed for

the years 2006 and 2007.
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As mentioned before, we have speculated that,d07 2a more uniform biomass

was obtained because more time had passed sinselitdf land application.

It is

anticipated that, for the future years, produdegitsimilar to that observed in year 2007

will be seen.
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Crude Protein

The improvement in CP compared with the control wassistent for the years
2006 (Figure 2.5) and 2007 (Figure 2.6). Theselt®sre consistent with previous
studies that showed that biosolids applicationaased the CP content compared with the
control (Tiffany et al. 2000 Martin and Jack 2002; Jurado et al. 2006). Adatments
were significantly higher in CP content comparethwhe control. The CP is directly
related to the nitrogen content in the forage, gdr nitrogen content will lead to a
higher CP content. Since the treatments recelvglanitrogen loading compared to the
control, it was anticipated that the forage thawgion biosolids amended soils would
have a high nitrogen content. Some studies hawersinigher nitrogen content in the
forage for treatments where biosolids were appligdrce et al. 1998). This increase in
nitrogen availability will lead to higher CP contein the forage associated with the
biosolids amended sites compared to the controt Subplots represented by hatched
bars show statistically higher CP than the contrbi. general, higher agronomic rates
resulted in the same response in crude proteit, tivé exception for rangeland test sites

receiving lime stabilized biosolids.

In-Vitro True Digestibility

The IVTD data seen in Figures 2.7 and 2.8 shows ttigestible the forage is for
the different treatments. The subplots represebtedhatched bars were statistically
significantly different than the control. A preu® study showed that IVTD improves
with biosolids application (Jurado et al. 2006 cbntrast with this study, a significant

difference could not be seen when the digestibdityhe different biosolids treatments
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are compared with the control for years 2006 ar@/20The reason for this result may be
because the samples were taken in the early ptreafrowing season. A previous study
compared in vitro organic matter digestibility (IWAID) of forage grown with biosolids

amendments with a control area where no biosolideevapplied. This earlier study
revealed that there was no significant differencéne IVOMD for early season’s forage
compared to the control. This study also illugdathat, during the latter part of the
growing season, the statistical difference of M®WMD was significant when the control

was compared with the biosolids treatments (Tiffahgl. 2006).
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Increased Weight

Figures 2.9 and 2.10 depict the estimated averat ghin in weight of a 136.4
kg beef cow for the years 2006 and 2007. Fromettiggires, it can be seen that the
forage quality, IVTD and CP, increase significantlith increasing daily weight gain in
most of the treatments compared with the contiidlis gain of weight was consistent for
years 2006 and 2007. It is important to mentiaat these types of estimations of daily
gain based on CP and IVTD have not been reporteothar studies using biosolids

and/or manure soil treatments.

Conclusions

The application of biosolids and manure, in genedulted in higher biomass
growth, which increased stocking rates, and impdotee carrying capacity of a
rangeland compared with the control area. For lgtadilized biosolids, application at
one time the agronomic rate was found to resulyremter productivity than at higher

applications.
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Forage quality was also improved with increasingsblids application rates.
This was documented by comparing the increase inv@lRes in forage grown on
biosolids-amended soils to forage grown on conplots. The digestibility for the
treatments compared to the control did not showsistent improvement. Finally,

improvements in forage quality were found to dinedtenefit the daily gain in animal

weight.
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CHAPTER 3
SOIL AND RANGELAND FORAGE MINERALOGICAL ANALYSIS PGST

APPLICATION OF MANURE AND THREE BIOSOLIDS’ TYPE

Abstract

Manure and biosolids can be land applied to diginangelands to improve soill
fertility. The primary focus of the field study w&o quantify how the application of soill
amendments (biosolids and beef cattle manure) nmgb&ct metal accumulation within
the soil and to evaluate and document the posathterse impact of metal accumulation
on as well as in rangeland forage. The preseefireb study was conducted from 2004
through 2007 in Tooele County, Utah. Cattle mananel three types of biosolids
(aerobically digested, anaerobically digested, hm@& stabilized biosolids) were land
applied at rates up to 20 times the nitrogen-baggdnomic rate. The results of these
soil treatments were compared with a control areawhich no amendments were
applied. Soil analysis, one year later after tieemdments application, showed a
statistical increase in the sodium and a statistiearease in the potassium concentration
compared to the control. The analysis of the othererals do not show a statistically
significant increase compared to the control sitée forage analysis demonstrated that,
of all the metals species investigated, only thrage molybdenum concentration grown
in sites amended with cattle manure might be alprolaluring land restoration activities.
The molybdenum concentration one year later af$egipplication was found to be higher
than 6 mg/kg, which exceeds the levels recommengethe US National Research

Council. Moreover, forage grown on the differeahgelands amended with biosolids
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and manure indicated that sodium and copper sugpltsmwere necessary to ensure

livestock health.

1. Introduction

Biosolids are the final solid products from theatraent of municipal wastewater
(USEPA, 1991). Because of its abundance of orgawatter and large concentration of
nutrients, biosolids can be utilized in restorirggetation on disturbed lands as well as
for other agricultural purposes (USEPA, 1994).

Although biosolids land application has been dertrated to have significant
potential for restoring disturbed land, there iagsiderable concern regarding soil mineral
accumulation that could potentially yield negatieavironmental effects. In New
Mexico, a post sludge application study reporteat #oil macro-minerals and micro-
minerals increased for higher sludge applicatioregguez et al., 1990). In addition,
several studies have reported that, in the long,téne mineral concentration in the soil
following biosolids land application increases fathout toxic levels ever being reached
(Lane, 1988; Julia et al., 2003).

Many studies have reported that biosolids appbcatian improve the nutritional
guality of native grasses (Pierce et al., 1998;eAdnd Rechcigl, 2002; Mata-Gonzales,
2006). Rangeland forage quality is vital becawsdirectly affects the land’s ability to
support the nutritional needs of wildlife and litesk. The amount of macro-minerals,
micro-minerals and other minerals contained inrdnegeland vegetation is an indicator

of forage quality. A surplus or deficit in minerantent in rangeland vegetation could
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adversely impact forage quality, leading to aninflaless or, in extreme cases, death
(Linn and Martin, 1999).

In Georgia, a forage analysis taken before and hftsolids application showed
that the mineral concentrations are lower than rfeommended maximum tolerable
levels for beef cattle (Julia et al., 2003). A amstudy in Florida reported that biosolids
land application at rates equivalent to 2 times dgeonomic rate resulted in no toxic
mineral concentration being achieved in the vegwtafTiffany et al., 2000). In New
Mexico, a study reported that the nutrient leveldarage will be better at rates of 22.5
and 45 mt/ha than at 90 mt/ha after biosolids appbn. They were measured within the
first 5 growing seasons after biosolids applica(ieresquez et al., 1991).

In the present study, three different types of didsand beef cattle manure were
land applied to increase forage productivity ortudised rangeland. Both biosolids and
manure were added at rates equivalent to 1, 5nti(2@ times the estimated rangeland
agronomic rate based on nitrogen (USEPA, 2000)aduhition to biosolids and manure
test plots, a control area was used to establ@rfarmance baseline. However, it was
determined that, because of its relatively lowagen content, the application rate for
lime stabilized biosolids was excessive in termghefmass of biosolids actually applied.
In other words, application of lime stabilized wbds at 20X the agronomic rate would
have resulted in a biosolids layer too thick fdeefive plant emergence. Owing to this
concern, the maximum lime stabilized biosolids aepion rate was limited to 10X the

estimated agronomic rate.
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2. Experiment

Field studies were conducted on a series of randdkst plots in Skull Valley, in
Tooele County, UT at the coordinates lat 40° 27’ Bband long 112° 44’ 42" W. The
predominant soil surface texture in the study isiteandy loam. The site’s mean annual
air temperature fluctuates from 7 to CO(USDA-NRCS, 2000), and the average mean
precipitation is 382.5 mm/year (GIS Climate Sea@b6). The mean precipitation at
the site of study was calculated extrapolating vh&ies of “Grantsville 2 W” and
“Johnson Pass” stations to the study site usinglthwerse Distance Weighting” Method
(Gao, 2006). Table 3.1 shows the precipitationmitlimeters per month over the

mentioned periods.

2.1. Treatments

Biosolids (aerobically digested, anaerobically digd and lime stabilized) were
obtained from three different municipal wastewdteatment plants (WWTP - Central
Valley, Snyderville, and Tooele, respectively). dddition, beef cattle manure was also
land-applied, which was obtained from the EnsigndRas of Utah, Inc. feedlot. Manure
application was selected because it is a commosdg dertilizer. Biosolids and beef
cattle manure were surface-applied on 0.13-ha 4t/8) test plots separated by buffer
strips. A control area, where no soil amendmerg aplied, was used as a treatment

performance baseline.
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Table 3.1
Extrapolated mean precipitations for stations “@Gsaifie 2 W” and “Johnson Pass” over
a period of 51 and 34 years respectively

Name Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov De
Grantsvile2W 170 216 324 380 329 216 191®.2 241 27.4 248 20.9
Johnson Pass 38.8 39.7 446 441 524 247 29.08 289.3 34.6 36.3 34.2

Working Site 305 328 400 418 450 236 253 233 273 319 319 292

The biosolids and beef cattle manure were applethé middle of December
2004, and rates were determined based on the pi@mgen requirement. The

agronomic rate was determined from Equation 1 (MelRd, 2001).

. adjustechitrogenrequiremeh(ANR) (ngj
. metricton) _ ha (1)
AgronomicRat h = N
a plantavailablenitrogenper tonof biosolidsmanur{g__j
metricton
_ ANR
[(NO,) + K (NH,) + K 1y, (N, )JLO
where:
ANR  Adjusted nitrogen requirement (kg N/ha)
NO; nitrate concentration in biosolids/manure (kg Kt ton)
NH4 ammonia concentration in biosolids/manure (kg &tfia ton)
No organic nitrogen concentration in biosolids/ma&nfiotal nitrogen content found in
biosolids/manure minusitrate plus ammonia content)
Ky volatilization factor (0.5 if biosolids/manureeanottilled into soil)

Kmin organic nitrogen mineralization rate (assumedet@13) (McFarland, 2001)

The ANR was determined based on the estimationatihaalthy rangeland in this
area would exhibit a nitrogen demand of approxitgai®8.5 kg nitrogen per ha (150
Ibs-N/acre) as detailed below. It is estimated, tba average, the total plant biomass at
the test site is approximately 1123 kg/ha (1000/alre) (USDA-NRCS, 2000).
Assuming that the nitrogen content of the biomasapiproximately 15% (Desai, 2006),

the total nitrogen needed by the plant is approtetgal68.5 kg-N per ha (150 Ib/acre).
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Soil analysis indicated that there was already @pprately 112 kg-N per ha (100 Ib-N
per acre) of available nitrogen. From this estiomtthe nitrogen required by the
rangeland vegetation was approximately 56.1 kg-N hze (50 Ib-N/acre). Table 3.2
shows the different rated land applied biosolids.

Table 3.2
Application rates for the three different biosolatsd manure

Dry Metric Tons per Hectare

Agré)g:)emic Manure Central Valley Snyderville Tooele
(Anaerobically Digested) (Aerobically Digested) (Lime Stabilized)
1 11.8 2.9 34 19.7
5 59.2 14.3 17.2 98.6
10 118.3 28.6 34.4 197.3
20 236.6 57.1 68.8 t394.5

T 20 times agronomic rate for Tooele biosolid wasapplied because it was considered to be impaddt plant
growth because of its thick layer.

The mineralogical analyses of the biosolids basethe dry weight before being

land applied are summarized in Table 3.3.

Table 3.3
Metal content of biosolids (mg/kg) before applioaton the site
Pollutants Anaerobically Digested Biosolid Aerobically DigedtBiosolid Lime Stabilized Biosolid
(Central Valley) (Snyderville) (Tooele)
Arsenic 21 2 Non detect
Cadmium 2 0.98 0.261
Copper 560.9 99 51
Lead 65.6 41 5
Mercury 3.2 1 0.185
Molybdenum 16.4 1.8 1.3
Nickel 38.5 2.1 2.8
Selenium 21.9 2 Non detect

Zinc 877.3 200 54
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Sixteen 0.13-ha test plots were established fofidhé demonstration study. To
facilitate the selection of random samples, eacthef0.13-ha subplot was divided into
144 sections having physical dimensions of 3 by @énby 10 ft). A random generator
was used to select the random plots. At the tifnBetd sampling, 6 out of the 144
subplots were selected randomly for each treatmEath one of the six sections in each
treatment has a dimension of 3 by 3 m.

On May 8", 2006, soil samples at a depth of 0.23 m (0.75vé)e obtained in
each one of the randomly selected subplots and/asthlfor its mineral concentrations.
In addition, forage samples were taken for threkeobuhe six subplots, and its mineral
concentrations were analyzed by the Utah State dgsity Analytic Laboratories. The
forage collection and mineral analysis were regbateMay 15, 2007, but for this year,
four forage samples were analyzed per subplot. fatage minerals were determined by
the wet acid digestion procedure using nitric and 30% hydrogen peroxide (Gavlak et
al., 2003). The soil was digested by using the BBBO method. In this method, the soill
was digested using concentrated nitric acid suppieed with 30% hydrogen peroxide.
The soil was thenaturated and allowed to sit at least 4 hours (Ed$)@88). After this,

the liquid was extracted and the minerals wereyaedl by an ICP spectrophotometer.

2.2. Satistics

Because of limited budget, the field experimentseweonsidered a pseudo-
replication design. Since it is an unbalancedgiest was decided to use a fix-effect
analysis of variance with one treatment factorswldate comparisons of interest. This

methodology was used to compare whether the subfiotthe different treatments are
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statistically different from the control. The sl were considered to be significant
different if the level of confidence was 95% or morA light and dark color over the
subplots means that they are statistically sigaficlower and higher than the control.
The values that were below the method detectiort ([iWDL) were represented by “<”.
The MDL was based on the dry weight. The numbbet follow the “+” symbol

represent the standard error.

3. Results and Discussion
3.1. Soil Analyses

Six out of the nine regulated metals by EPA weralyaed (Table 3.4, trace
elements). Of the three regulated metals that wetemeasured by the commercial
laboratory, e.g., As, Se and Hg, As anddseection was confounded by the presence of
high levels of Fe. Adjustment of the inductivelyupled plasma (ICP) instrument to
compensate for the high iron concentrations wowdehbeen prohibitively expensive.
Similarly, Hg detection required that the ICP sptamd operational conditions be varied
significantly compared to what was used for theecigdn of the other six heavy metals.
Given the costs associated with targeting Hg, Ad &a on the ICP, it was decided to
focus the study’s limited resources in quantifythg levels of Cd, Cu, Pb, Mo, Ni, and
Zn. The mineral concentrations for most of thatiments are not statistically different
than the control. The sites where organic amentsnerre applied did not show
significant increases in the metal concentrationghe surface soils as was expected.
Because of a number of environmental processesseigerosion (wind and/or moisture

induced), leaching etc., a complete mass balancemetal species could not be
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performed. Despite the absence of a mass baldngas expected that, in an alkaline
soil, many of the heavy metals associated withdids would simply accumulate at the
soil surface. However, the initial metal concetitrzgs found in the biosolids were low
(Table 3.3). This finding coupled with the facattbiosolids adds dry matter to the soill
profile suggests the possibility that applicatidnhah quality biosolids can effectively
“dilute” the existing background metal concentraio These results are consistent with
previous studies that reported that biosolids appbn did not result in an accumulation
of heavy metals in soil in soil (Lane, 1988).

There was a statistically significant increase atetrease of sodium and
potassium, respectively, because of the applicabbthe different soil amendments.
Many reasons could lead to the increase and decdafiese metals. The decrease in
potassium could be due to the increase in plarakepbdn these sites receiving biosolids.
This increasing uptake is due to the significactease in biomass on the sites where the
biosolids were applied. The increase in sodiumlicdae due to the increase in
evapotranspiration because of the significant meeof biomass in the amended sites.
The increase in evapotranspiration leads to agreatt movement to the soil surface. In
general, the macro-minerals and micro-mineralsha tteatments do not show a linear
increase for higher agronomic rates which contsmagh a study in New Mexico

(Fresquez et al., 1990).
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Table 3.4
Trace elements, micro-minerals and macro-minerasgnt in the soil for the different
treatments
Trace Manure Lime Stabilized Biosolid
Elements MD/Ik_ Control
1X 5X 10X 20X 1X 5X 10X
Cd 2 < < < < < < < <
Cu 2 9.240.7 < 9.840.2 10.6+0.6 11.6:0.6 2242 42% <
Pb 10 *13.3 < 10.6+0.1 < < 27.32 14.12 10.5%
Mo 2 46.2+2.0 < 46.6+1.0 38.8+2.0 48.9+2.3 57_3a < <
Ni 8 30.845.3 < 20.8+0.7 22.1+1.9 19.5+0.4 40.3231. 8,1al 16,(‘3a
Zn 2 51.542.2 < 52.311.2 55.6+10.1 53.5+2.3 60.6+7. 56.245.7 44.3+2.1
Trace Anaerobically Digested Biosolid Aerobically Digeste Biosolid
Elements MDL
(mghkg) ~ (MIk9)
9/kg 5X 10X 20X 1X 5X 10X 20X
Cd 2 < < < < < < < <
Cu 2 < 10.241.5 262 < < < 412 <
Pb 10 < < 1212 10.2% < < 11.7% 10.0%
Mo 2 < < < < < < < <
Ni 8 12.7% < < < 22.2% 11.6% 16.3% 20.0%
Zn 2 47.4+3.20 54.20+4.00 51.2+0.8 45.5a 36.4+1.1 52.4+3.5 48.1+2.9 47.7+1.2
Macro Manure Lime Stabilized Biosolid
Minerals MD/Ik_ Control
1X 5X 10X 20X 1X 5X 10X
K 0.01 1.24+0.06 0.73+0.05 1.35+0.03 0.77+0.16 1.43+0.12 0.77+0.10 0.68+0.02 0.70+0.02
Ca 0.01 4.85+0.26 5.09+0.53 4.36+0.3 10.14+1.12 5.27+0.25 5.08+0.32 5.03+0.33 5.31+0.31
Mg 0.01 1.15+0.05 1.19+0.08 1.20+0.04 1.3040.05 9106 1.21+0.07 1.22+0.06 1.48+0.04
Na 0.01 0.04% 0.1240.06
Macro Anaerobically Digested Biosolid Aerobically Digeste Biosolid
Minerals MDL
(mg/kg) (mg/kg)
1X 5X 10X 20X 1X 5X 10X 20X
K 0.01 0.81+0.05 0.86+0.03 0.90+0.01 0.82+0.05 0.59+0.03 0.97+0.05 0.83+0.04 0.83+0.03
Ca 0.01 4.55+0.54 5.29+0.28 5.98+0.25 6.91+0.52 4.92+0.20 4.55+0.52 4.74+0.33 5.28+0.27
Mg 0.01 1.42+0.09 1.54+0.05 1.73+0.02 1.51+0.08 43@06 1.47+0.08 1.40+0.04 1.45+0.04
Na 0.01 0.04+0.00
Micro Manure Lime Stabilized Biosolid
Minerals MDL Control
(mg/kg) (mglkg)
1X 5X 10X 20X 1X 5X 10X
Co 2 *2.8 < < 3.9+1.2 3.9+1.2 10.845.4 292 2.82
Fe 100 13789+604 13062+995 15502+508 1421241272 471430 13898+855 14743+633 14512+419
Mn 1 335.0+15 288.3+18 337.3+x11 286.0+51 349.6+21 54.8+513 342.4+17 281.0+79
Micro Anaerobically Digested Biosolid Aerobically Digesté Biosolid
X MDL
Minerals
9/kg 1X 5X 10X 20X 1X 5X 10X 20X
Co 2 472 6.40.30 5.7:0.1 272 < < 478 372
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Table 3.4 (Continued)
Fe 100 13708+854 14272+457 14998+292 13267+925 24 15680682 13883+725 13603+445
Mn 1 383.8+26 373.6x11 391.2+22 358.4+28 329.5+15 65.8£15 333.7£11 346.9+9

& At least one of the six values is below detecfianit. The maximum detection limit was used for

calculating the average.

In the soil analysis, a high variability was seedne example of this variability
can be seen in the Cu concentration for the casienefstabilized biosolids. In this soll
treatment, Cu concentrations decreased with hidhiesolids applications. This
observation could be due to a high variability ire tsoil background horizons. In
general, all the metal concentrations after biadsolapplication with exception of
molybdenum are below average background levelsiKFA996; Lindsay, 1979). The
high molybdenum concentrations are high not becatiiee treatments applications, but

because the soil itself has high background conaon of this metal.

3.2. Forage Analyses

Cattle require the consumption of a certain amadimhicro and macro-minerals
to remain healthy. The excess intake of these mlimean be harmful and, in extreme
cases, result in death. The maximum mineral cdnaons for beef cattle diets (i.e.
Maximum Tolerable Levels) recommended by the Natidtesearch Council (National
Research Council, 1984) are shown in Tables 3.8bleE 3.6 and 3.7 represent the
different minerals analyzed on the rangeland forfagethe different treatments on the

years 2006 and 2007, respectively.
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Macro-minerals, micro-minerals and trace

consumption
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elemeat®mmended on forage for cattle

Macro minerals

Recommended Levels (%)

Maximum Toleable Levels (%)

K 0.5t00.7 3
Ca 0.4 2
Mg 0.05t0 0.25 0.4
Na 0.06t0 0.10 10

Micro minerals

Recommended Levels (mg/kg)

Maximum ®lerable Levels (mg/kg)

Co 0.07t0 0.11 5
Cu 10 115
Fe 50 to 100 1000
Mn 20 to 50 1000
Mo --- 6

Trace Elements Maximum Tolerable Levels (mg/kg)

Al 1000

As 50

Cd 0.5

Pb 30

Sr 2000
Table 3.6

Trace elements, micro-minerals and macro-minenasent in the forage for the different
treatments for 2006 year

Trace Manure Lime Stabilized Biosolid
Elements MDL Control
(mg/kg) (mg/kg)
1X 5X 10X 20X 1X 5X 10X
Al 6 104+15 71+16 96+12 72422 52+12 77.62 121434 61,1b
As 5 < < < < < < < <
Cd 0.5 < < < < < < < <
Pb 15 < 10.5° < < 1.6° < < <
Sr 15 39.3£2.5 25.5+1.5 33.8+6.1 38.2+2.0 33.1+1.9 38.2+2.2 38.4+0 29.9+1.6
Trace Anaerobically Digested Biosolid Aerobically Digesteé Biosolid
MDL
Elements
9/kg 1X 5X 10X 20X 1X 5X 10X 20X
Al 6 142+48 121+42 2561101 128+31 132+40 7016 120+ 261+154
As 5 < < < < < < < <
Cd 0.5 < < < < < < < <
Pb 15 < < < 242 2.020.3 < < <
Sr 15 29.1+2.2 31.8+3.4 35.2+1.5 39.9+2.7 33.3#4.1 334 34.5+2.2 43.1+7.1
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Macro VDL Manure Lime Stabilized Biosolid
minerals Control
1X 5X 10X 20X 1X 5X 10X
K 0.0025 1.55+0.20 1.93+0.28 1.99+0.36 2.05+0.11 2420.15 1.86+0.16 2.6510.38_
Ca 0.0005 0.40+0.03  0.23+0.01 0.29+0.04 0.35+0.05  0.25+0.02 0.40+0.03 0.37+0.04 0.33+0.03
Mg 0.0005 0.13+0.01 0.11+0.01 0.12+0.01 0.13+0.01 .1160.01 0.15+0.00 0.13+0.00 0.12+0.00
Na 0.0005 0.020+0.0C  0.005%0.00 0.009+0.00/ 0.004+0.00 0.015+0.01 0.028+0.01 0.028+0.00 0.02330
Macro Anaerobically Digested Biosolid Aerobically Digeste Biosolid
! MDL
ml?o?;als %)
° 1X 5X 10X 20X 1X 5X 10X 20X
K 0.0025 _ 2.13+0.36 1.82+0.14 1.7610.2_ 2.10£0.20 1.75+0.27
Ca 0.0005 0.30+0.03 0.3410.04 0.49+0.06 0.42+0.02 .384D.05 0.30+0.02 0.32+0.03 0.48+0.04
Mg 0.0005 0.11+0.01 0.11+0.00 0.13+0.01 0.13+0.01 .11$0.01 0.12+0.01 0.12+0.01 0.15+0.00
Na 0.0005 0.015+0.01 0.011+0.01 0.017+0.01 0.0a8*0. 0.012+0.01 0.013+0.00 0.12310.0-
Micro VDL Manure Lime Stabilized Biosolid
minerals Control
(mghkg) ~ (MIk9)
9/kg 1X 5X 10X 20X 1X 5X 10X
Co 0.5 < < < < < < < <
cu 05 8.5:0.7 8.2415 7.340.6 6.6£0.2 6.9+ 0.1 +8.4 os:15 [NHSEN
Fe 0.5 131+17 101+15 128+12 107+23 87+14 111+18 +470 106+1
Mn 0.0005 56.014.7 36.4+1.2 46.6+10.6 47.4+4.1 39.1+4.2 59.4+1.8 39.5+ 32.3+1.0
Mo 75 < 10.72 14.7+0.5 16.42 < < < <
Micro Anaerobically Digested Biosolid Aerobically Digesteé Biosolid
h MDL
minerals
(mg/kg)
(mg/kg) 1X 5X 10X 20X 1X 5X 10X 20X
Co 0.5 < < < < < < < <
Cu 0.5 6.810.5 6.4£0.4 8.1+1.1 8.2+0.9 11.741.0 0.9 9.3+0.9 8.5+1.0
Fe 0.5 177+49 154+41 296+100 160+31 173+40 115+12 68123 305+155
Mn 0.0005 35.9+4.5 44.1+6.7 57.1+8.2 58.4+8.0 53.9+10.  40.2+1.7 42.3+6.4 65.7+1.9
Mo 7.5 < < < < 7_97b < < <

] displayed.
is being display.
Table 3.7

One of the three values is below the detectiont.li The average of the other two values is being

Two of the three values are below the deteciimit.] Just the value that is not below detectiomitl

Trace elements, micro-minerals and macro-minenasent in the forage for the different

treatments for 2007 year

Trace oL Manure Lime Stabilized Biosolid
Elements Control
9’kg 1X 5X 10X 20X 1X 5X 10X
Al 6 173168 285+177 167+82 87+19 142+44 148+72 9o+1 161+15
As 5 < < < < < < < <
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Cd 0.5 < < < < < < < <
Pb 1.5 < < < < < < < <
Sr 15 36.91£3.8 26.840.6 32.5+1.7 44.6+3.1 40.7+¢4.5 28.4+3.5 36.7£2.7 36.7£1.9
Trace Anaerobically Digested Biosolid Aerobically Digeste Biosolid
MDL
Elements
(mglkg)  (M9/ka)
9/kg 1X 5X 10X 20X 1X 5X 10X 20X
Al 6 260+142 268+140 47+8 137+63 161+92 11722 BB+l 134451
As 5 < < < < < < < <
Cd 0.5 < < < < < < < <
Pb 15 < < < < 582 103° < 216
Sr 15 32.244.0 32.5+2.7 37.2+1.2 38.2+1.7 58.2%#14. 56.9+11.0 30.6x£1.8 48.3+19.9
Macro Manure Lime Stabilized Biosolid
. MDL
nutrients Control
) )
1X 5X 10X 20X 1X 5X 10X
K 0.0025 1.32+0.09 1.22+0.00 1.45+0.12
Ca 0.0005 0.331£0.04 0.331£0.05 0.31+0.04 0.30£0.02 .324D.04 0.324+0.07 0.34+0.07 0.434£0.05
Mg 0.0005 0.13+0.01 0.14+0.01 0.13+0.01 0.14+0.01 .15$£0.01 0.11+0.01 0.13£0.01 0.14+0.01
Na 0.0005 0.16+0.06 0.01+0.00 0.10£0.05 0.13+0.07 .04£0.01 0.03+0.01 0.17+0.08 0.08+0.02
Macro Anaerobically Digested Biosolid Aerobically Digesteé Biosolid
. MDL
nutrients
®) )
1X 5X 10X 20X 1X 5X 10X 20X
K 0.0025 2.02+0.32
Ca 0.0005 0.35+0.06 0.33+0.05 0.33+0.02 0.34+0.04 .704D.36 0.55+0.17 0.25+0.02 0.56+0.31
Mg 0.0005 0.14+0.01 0.13£0.01 0.14+0.01 0.14+0.00 .21$£0.07 0.17+0.03 0.12+0.00 0.17+0.05
Na 0.0005 0.07+0.03 0.05+0.02 0.02+0.01 0.07+£0.04 0.09+0.02 0.2610.10 0.05+0.02 .03£0.01
Micro Manure Lime Stabilized Biosolid
h MDL
nutrients Control
(mgikg)  (M9/k9)
9/kg 1X 5% 10X 20X 1X 5X 10X
Co 0.5 < < < < < < < <
cu 05 7.541.0 7.9¢1.1 9.5:0.9 8.241.1 8.440.2 0.9+ 92:06 [N
Fe 0.5 202171 2971162 206196 122+13 200145 167163 13+11 158+16
Mn 0.0005 86.8+1.2 79.3£3.9 63.816.2 80.3+6.3 55.5+7.3 77.9+7.0 54.2+4.0 44.9+3.0
Mo 7.5 < < < < < < < <
Micro Anaerobically Digested Biosolid Aerobically Digesteé Biosolid
) MDL
nutrients
(mg/kg)
(mg/kg) 1x 5% 10X 20X 1X 5% 10X 20X
Co 05 < < < < 35P 2.3° < 11"
Cu 0.5 8.9140.6 9.3+1.1 7.4+0.2 10+1.7 26.7+£16.6 1201.3 8.840.3 33.8124.6
Fe 0.5 298+149 274+147 85+11 185+64 135+34 152+32 18+26 620+481
Mn 0.0005 55.6£11.6 59.1+12.2 64.2+7.5 80.0+8.5 106.7+45.2 72.2+25.( 39.945.7 88.4+58.7
Mo 75 < < < < < < < <
Two of the four values are below the detectionitli The average of the other two values is being
displayed.

Three of the four values are below the detedtmit. Just the value that is not below detectiiomt
is being display.
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All the biosolids soil treatments resulted in fagagineral concentrations below
the maximum tolerable levels for beef cattle constiom. These results are consistent
with other prior studies (Tiffany et al., 2000; @imset al. 2003).

Some forage calcium deficits are shown in most lté treatments and a
supplement of this mineral will be required for hiega livestock production. A sodium
supplement is also required for all the treatments.

Forages were normally high in potassium conceomatrelative to cattle
requirements. This excess potassium is removebderkidneys. With high potassium
excretion, there is an obligatory loss of sodiusodtom the kidneys. Consequently, all
ruminants require supplemental sodium when consyifurage based diets. Regardless
of treatments, all forages were deficient in copper cattle, consequently
supplementation of this mineral is necessary. Thanure treatments increased
molybdenum to a level higher than the maximum #dér level. Excess molybdenum
interferes with copper metabolism. Supplementimgpper to about 110% of the
molybdenum requirement can potentially neutralizis problem (Weidmeier, personal

comm.., 2007).

3.3. Implications

The current research study attempted to detertfieempact of applying three
different types of biosolids at rates equivalentuf to 20 times agronomic rate, and
compare them with manure applications. The minepakentrations in the soil for the
different treatments were compared with a contlol o see if they represent a possible

risk to livestock health. Also, the concentratafmminerals in the forage were analyzed,
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and compared to standard values to determineyfghew a possible risk to cattle health.
This study demonstrated that biosolids applicatan be applied at rates as high as 20

times the agronomic rate without posing a signiftagsk to livestock.

4. Conclusions

From the soil analyses, high levels of mineralthatop layer of the soil were not
observed. In part, this is because the low comagon of some minerals in the biosolids.
Even in the cases where the biosolids mineral guratons were high, the forage
mineral concentrations remained comparable to tmral. This may be because the
minerals were made unavailable through chemicattie@as within the soil environment
and/or because they were diluted by the low mineoaicentration of the control. In
addition, it is believe that leaching problemshe groundwater will not be a problem of
concern because of the low mean precipitation tedat the site.

Based on the forage analyses, it is recommended stbdium and calcium
supplements to livestock diet be considered fortladl treatments (control and other
treatments). Also, a copper supplement for castleecommended to make up for the
deficiencies found in the forage. Levels higharmtlthe tolerable levels in molybdenum
concentrations were found in the manure treatnfentse 2006 year.

A major concern associated with the treatment nfetand soils with biosolids
would be the accumulation of minerals in the foeagrich that there would be
imbalances and/or toxicity. With the exceptionnodlybdenum, this does not appear to
be the case. The problem of excess molybdenum ezmily be overcome by

supplementing with copper.



43

References

Adjei M. B., Rechcigl J. E., 2002. Bahiagrass pmithn and nutritive value as affected
by domestic wastewater residuals. Agron. J. 9401401 0.

Desai, D. D., 2006. Land application of biosoligsrangelands. MS thesis, Utah State
University, Logan.

Edgell, K., 1988. USEPA method study 37 — SW-84@hme 3050 acid digestion of
sediments, sludges, and soils. EPA Contract N@3%8254.

Fresquez, P. R. Francis, Denis G., 1990. Soil ag#tation responses to sewage sludge
on a degraded semiarid broom snakeweed/blue gréanagnmmunity. J. Range
Manage. 43:325-331.

Fresquez, P. R. Aguilar, Francis R. E., Aldon E.1R91. Heavy metal uptake by blue
grama growing in a degraded semiarid soil amend#dsewage-sludge. J. Water
Air Soil Poll. 57:903-912.

Frink, C. R., 1996. A perspective of metals insail. Soil Conta 5(4):329-359.

Gavlak, R. D., Horneck, R. O., Miller, J. K., Amach 2003. Soil, Plant and Water
Reference Methods for the Western Region. SecoitbedWestern Regional
Publications, Fairbanks, Alaska. 199 p.

Gao Jun, 2006. Proceedings of the thirteenth nateanal symposium on temporal
representative and reasoning. Adaptive interpalatidgorithms for temporal-
oriented datasets. University of Nebraska-Lincd0:145-151. Available at
http://ieeexplore.ieee.org/iel5/10900/34299/0162508f?isnumber=34299&pro
d=CNF&arnumber=1635992&arSt=+145&ared=+151&arAuthalun+Gao
Accessed '8 November 2006.

GIS Climate Search, 2006. Utah State University.
<http://climate.usurf.usu.edu/products/data.php=aalms> Accessed 15
November 2006.

Gaskin J. W., Brobst R. B., Miller W. P., Tollner B/, 2003. Long-term biosolids
application effects on metal concentrations in smitl bermudagrass forage. J.
Environ. Qual. 32:146-152.

Lane, R. A., 1988. The effect of sewage sludgeiegipbn to bermuda grass on forage
quality production and metal accumulation. Agr. §i. Environ. 20:209-2109.

Lindsay, W. L., 1979. Chemical equilibria in soilohn Wiley & Sons, New York



44

Linn J. G., Martin N. P., 1999. Forage quality $eahd interpretations. University of
Minnesota, Extension Service, Minneapolis

Mata-Gonzalez, R., 2006. Effect of types of bicd®land cattle manure on desert grass
growth. Rangeland Ecol. Manage. 59:664-667.

McFarland, M. J., 2001. Biosolids Engineering. Ma@+Hill, New York

National Research Council, 1984. Nutrient requinetmieof beef cattle. Sixth edition.
National Academy Press, Washington, D.C.

Pierce, B. L., Redente, E. F., Barbarick, K. A.plBst, R. B., Hegman P., 1998. Plant
biomass and elemental changes in shrubland fordgkswing biosolids
application. J. Environ. Qual. 27:789-794.

Tiffany, M. E., McDowell, L. R., O’'Connor, G. A. Niyen, H., Martin, F. G., Wilkinson,
N. S. Cardoso, E. C., 2000. Effects of pasturdiagpbiosolids on forage and
soil concentrations over a grazing season in Né&itrida. 11 Microminerals.
Commun. Soil Sci. Plan. 31:215-227.

Soil conservation service, Washington D.C.
USEPA, 1991. Cooperative testing of municipal sesvagjudges by the toxicity
characteristic leaching procedure and compositianalysis. EPA Publ. 430/09-

91-007.

USEPA, 1994. Biosolids recycling: Beneficial teclogy for a better environment. EPA
Publ. 530-B-00-001.

USEPA, 2000. Biosolids technology fact sheet lapglication of biosolids. EPA Publ.
832-F-00-064 (Office of Water, Washington, DC).



45

CHAPTER 4
ECONOMIC ANALYSIS OF APPYING BEEF CATTLE MANURE AND

BIOSOLIDS TO RESTORE DISTURBED RANGELANDS

Abstract

This study, which took place in Skull Valley, Utadlring the Years 2006 and
2007, was focused on determining the economic benaff land applying biosolids to
restore the forage productivity on disturbed raagel A control area where no
amendments were applied, and the effect of applpeef manure and three types of
biosolids (aerobically digested, anaerobically digd, and lime stabilized) were
analyzed. Two economic analyses were applied ¢b #aatment. The first was based
on the assumption that the land would be leasdu tivé objective to graze cattle after the
soil amendment application. The other economiclyaisa was based on the value
associated with improvements in forage qualityr thes second analysis, the quality and
guantity of the forage were compared to standdeffalquality. From these analyzes, if
the land were leased for grazing purposes, theappécation of soil amendments is not
economically profitable. On the other hand, if #ugage quality obtained through
biosolids land application is taken into accounts iprofitable to apply soil amendments
for specific rates. Application of aerobically dgied biosolids at 20 times the nitrogen-
based agronomic rate is the treatment that gavehitieest return (73.1 $/halyear)

compared to the control.
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1. Introduction

If they meet certain qualities in terms of pollusrand pathogens, the solid
residuals from the processing of municipal wastewate legally considered biosolids
(USEPA, 1991). Because of their nutritional and sonditioning properties, biosolids
can be utilized as soil amendments (USEPA, 1994)

Increasing its forage production and quality aneangples of rangeland
improvement. A rangeland’s ability to support thetritional needs of livestock is
directly influenced by its forage quality. By apiplg different types of amendments,
improved forage quality and productivity can beiaebd. For example, amendment
applications in the form of manure have been shmancrease the biomass of rangeland
(Bell et al., 2006).

Few studies have compared the benefits to foragelugtivity by applying
manure versus biosolids (Mata-Gonzalez et al., 006 addition, even though lime
stabilized biosolids are readily available; fewds&és have been carried out using those
(Mata-Gonzalez et al., 2006). For the presentystoinure and three types of biosolids
(aerobically digested, anaerobically digested, land stabilized biosolids) were applied
at the site as amendments.

In this study, a control area (where amendment® wet applied) was used as a
reference. It was determined that the applicatate@ would be based as a multiple of the
forage nitrogen amendment requirement needs. Hi®ffield demonstration study, land
applications rates of 1, 5, 10, and 20 times th®ragmic rate were applied. For the
specific case of lime stabilized biosolids, thelagpion rate was limited to 10 times the

agronomic rate because higher rates were considereeé unpractical. For example,
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since the nitrogen content in the lime stabilizexbblids was relatively low, the biosolids
application rate required to achieve a nitrogerdilog twenty times the agronomic rate
would have resulted in producing a biosolids lageveral inches in thickness. After
discussions with agricultural specialists, it wamssed that, without tilling, the resulting

surface application would have physically impeddanp emergence. An additional

concern expressed by local agricultural speciaigs the potential toxicity of large

inorganic salt additions (as lime) on the alreayuibed rangeland. Given the potential
negative physical and chemical impacts associatddagdding large amounts of lime to
soils already high in salt content, applicationiofe stabilized biosolids was limited to

no more than 10 times the agronomic rate.

There are many studies that have reported the capipih of biosolids or
wastewater on the soil (Pedro and Wester, 2001aryfet al., 2001; Martin and Jack,
2002; Mata-Gonzalez et al.,, 2004). Some analyeentltritive values of the forage
(Martin et al. 2002), and others analyze the minesanposition post application in the
forage and soil (Fresquez et al., 1991; Piercel.etl898; Gaskin et al., 2003). This
study, in contrast, focused on an economic analysis

The main objective of this study was to quantifg thconomic value of the
improvement of the forage in the different treattsewith respect to the control. To
achieve this, two economic analyses were perform€&de first one considered forage
quality for the different treatments and quantiftadm based on the quality of a standard
alfalfa crop. The other analysis took into consadien the improvement in the stocking
rate, which is the number of animal unit months WUthat can be supported per

hectare.
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2. Materials and Methods

Skull Valley, in Tooele County test site has thikof@ing coordinates: lat 40° 27’
06” N and long 112° 44’ 42" W. The mean annual temperature at the site fluctuates
from 7 to 10C, and the predominant surface texture of theisasandy loam (USDA-
NRCS, 2000). The average mean precipitation wigslleded to be 382.5 mm/year (GIS
Climate Search, 2006). This calculation was doweektrapolating the values from
nearby stations to the study site using the invdistance weighting method (Gao, 2006).

Table 4.1 shows the precipitation in millimeters pwnth over the mentioned periods.

2.1. Treatments

The beef cattle manure was obtained from the EnBignches of Utah, Inc.
feedlot, while the biosolids (aerobically digestemhaerobically digested and lime
stabilized) were obtained from three different WW(Bnyderville Basin, Central Valley
and Tooele WWTP, respectively). The beef cattleuna and the biosolids were applied
on December 14, 2004. The rates of applicationeweased on plant nitrogen

requirement. Equation (1) was used to determia@gronomic rate (McFarland, 2001).

. adjustechitrogenrequiremeh(ANR) (ngj
. metricton) _ ha (1)
AgronomicRat h = "
2 plantavailablenitrogenper tonof biosolidsmanur{ g_— j
metricton
Table 4.1

Extrapolated mean precipitations for stations “Gsaifle 2 W” and “Johnson Pass” over
a period of 51 and 34 years, respectively, exptessexm per month

Name Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov De
Grantsvile2W 170 216 324 380 329 216 191®.2 241 274 248 209
Johnson Pass 38.8 39.7 446 441 524 247 29.08 289.3 34.6 36.3 34.2

Working Site 305 328 400 418 450 236 253 233 273 319 319 292
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_ ANR
(N0, + K, (NH,) + K 1 (N,)]L0

where:

ANR  Adjusted nitrogen requirement (kg N/ha)
NO; nitrate concentration in biosolids/manure (kg Kt ton)
NH,4 ammonia concentration in biosolids/manure (kg &tffa ton)

No organic nitrogen concentration in biosolids/man{iotal nitrogen content found in
biosolids/manure minusitrate plus ammonia content)
Ky volatilization factor (0.5 if biosolids/manureeanottilled into soil)

Kmin organic nitrogen mineralization rate (assumedet@13) (McFarland 2001)

The ANR was determined based on the estimationathaalthy rangeland in this
area would exhibit a nitrogen demand of approxitgai€8.5 kg nitrogen per ha (150
Ibs-N/acre) as detailed below. It is known thatawverage the plant biomass at Skull
Valley, in the site where the experiment was dasi@pproximately 1123 kg/ha (1000
Ibs/acre) (USDA-NRCS, 2000). Also, it was assurtteat the nitrogen content of the
biomass was approximately 15% (Desai, 2006). Fthim value, the total nitrogen
needed by the plant was estimated to be approxiynas8.5 kg-N per ha (150 Ib/acre).
Soil analysis indicated that there were already@pmately 112 kg-N per ha (100 Ib-N
per acre) of available nitrogen. From this estan#te nitrogen needed at the site was
approximately 56.1 kg-N per ha (50 Ib-N/acre). [€ah.2 shows the different rates
applied for each one of the rangeland soil amentkriggised on the analysis previously
described.

Sixteen 0.13-ha test plots were established foffidhé demonstration study. To
facilitate the selection of random samples, eadh@.13-ha subplot t was divided into

approximately 144 sections having
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Table 4.2
Application rates for the three different biosolatsd manure.

Dry Metric tons per hectare

Agré)g:)emic Manure Central Valley Snyderville Tooele
(Anaerobically Digested) (Aerobically Digested) (Lime Stabilized)
11.8 2.9 3.4 19.7
5 59.2 14.3 17.2 98.6
10 118.3 28.6 34.4 197.3
20 236.6 57.1 68.8 t394.5

T 20 times agronomic rate for Tooele biosolid wasapplied because it was considered to be impaddt plant
growth because of its thick layer.

physical dimensions of 3 by 3 m (10 by 10 ft). akdom generator in excel was used to

select the random subplots.

2.2. Forage Samples

On May 8", 2006, 6 out of the 144 subplots were selectedamty from each
treatment plot. The wet biomass was harveste@ch ef the six subplots. In addition,
forage samples were taken for three out of thesentions, and analyzed by the Utah
State University Analytic Laboratories. This eXpeent was repeated on May 1,5
2007, but for this year, four forage samples werayzed per subplot. In the lab, the dry
matter (DM, %), crude protein (CP, %), and in vitroe digestibility (IVTD, %) were
measured.

The dry biomass was obtained by multiplying the hietmass by the dry matter.
The CP was estimated by multiplying the percenbgen (dry basis) of the vegetation
by 6.25 (Schroeder, 1994). The nitrogen was medsat the Utah State University
Analytic Laboratories by combustion using a LECOuSpec CN carbon-nitrogen

analyzer. The IVTD experiment was done in the 8§kaljutrition Laboratory, and an
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Ankom Daisy Il In Vitro Incubator was used. Drieshmples were used for this

experiment The followingequation (2) was used for calculating the IVTD:

VTD (%) = 100_[[FinalWT-BagWT]*lOO] @)
SamplenT

Bag WT = It is the weight of each sample bag.

Sample WT = ltis the sample weight before theeeixpent.

Final WT = It is the weight of the bag plus the iga$ted fibrous residue.

2.3. Economic Analysis

To conduct a reasonable economic analysis, twoasimEnwere investigated,
which were based on the following assumptionsafhjyllleasing and 2) forage quality. It
is assumed in the economic model that the manuwlettzen biosolids are available for
free. The manure can be obtained by the rancbefseie, and the WWTP pays a tipping
fee to the ranchers to accept their biosolids. WWE¥TP transports their biosolids to the
rangelands without charge, but the ranchers amonsible for spreading the material
once it is delivered. The only cost associatedhhie handling of the soil amendment
that is taken into account is the spreading ofaimendments onto the rangelands. It is
known that 30 metric tons can be applied in 1 hamd the cost of spreading
amendments for 1 hour is approximately 60 dolldtsvas assumed that the application
of the manure and biosolids is in its wet form. wias also assumed that a loan for
spreading the amendments will be taken out at @odig rate of 8%. This assumption
was based on data taken from the St. Louis Fe@®Rasérve Board Bank for prime rates

(Federal Reserve Bank of St. Louis, 2007). It wssumed that the positive effect of the
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amendments will be for a period of time of five sgaand after this time more
amendments will be applied. The productivity o tlangelands for the years 2006 and

2007 was averaged and it was assumed to remaitacomisr 5 years.

2.3.1 Leasing of Land

Some rangeland owners rent their land in the fograzing leases. In Utah, the
cost for grazing in 2006 was around 14 dollarsgr@mal unit month (AUM) according
to the National Agriculture Statistics Service (20 The amendment application
increases the stocking rate of the lands. Theeasing stocking rate enhances the
financial returns of the range, but at the same tithe amendment applied will increase
costs. The net return that the control produced subtracted from each treatment net
return. This subtraction represent the extra eiern obtained because the application of
the treatments. The estimated cost for applyinth eamount of amendment in each
treatment was calculated, and this value was broarghually during the five years. The
five year time period was chosen because it wamaess that the forage productivity and
quality will last at least five years before moml amendments are needed. From these
assumptions, the net annual benefit was calculalieédg into account the extra income

and the annual cost.

2.3.2 Forage Quality

This analysis was based on the cost of hay midmblatfalfa. According to the
CP and the IVTD, the average cost for the year628@d 2007 was approximately
$137.5/metric ton ($125/US-ton) according to theDBSAgricultural Marketing Service

(USDA Agricultural Marketing Service, 2006 and 200The CP and IVTD for hay mid
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bloom alfalfa are 17% and 60%, respectively (NaloResearch Council, 1996). As
mentioned before, the dry biomass (kg/ha), the @pPand the IVTD (%) are known for
each treatment. The CP and the IVTD produced &hdreatment were estimated in
kilograms per hectare (kg/ha). These two calcdlat®lues were used to estimate the
amount of dry biomass needed to achieve the minimeqguired of CP and IVTD
representative to the alfalfa. This representabii@nass was transformed into a net
economic return for each treatment. The next ¢aflicuns are the same as mentioned for

the leasing of land’s case.

3. Results and Discussion

On average, the control area will bring a net retfr2.9 $/ha/year and 9.1 $/hal/year if
the rangeland is used for leasing of land or forqugdity purposes, respectively. Figure
4.1 shows the net annual benefit for the diffetezstments minus the net return obtained
from the control for the mentioned methodologieBor the two methodologies, the

leasing of land is not economically profitable. @w other hand, the methodology of
forage quality is profitable in some cases (Fid.)4.Figure 4.1 can be seen in a more

detail by looking at Table 4.3.

4. Implications

Many field studies have demonstrated that soil amemts like manure or
biosolids can improve rangeland’s productivity. wéwer, a benefit-cost analysis has
never been conducted to determine at what pointafiication of biosolids can be

profitable for the ranchers. This study was foduse developing a more comprehensive
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economic understanding of how profitable land aggtion of biosolids can be for a

rangeland.
O Forage Quality Leasing of Land ‘
200.0
Manure Anaerobically Digested Aerobically Digested Lime Stabilized
100.0
LL0l
1X 5X 1 2 1X 5X 10X 20X 1t o

-100.0 A

-200.0

-300.0

Net Annual Benefit ($/ha)

-400.0

-500.0

-600.0

Biosolids Application Rate Based on Nitrogen

Fig. 4.1. Net benefit comparing two methodologies.

Table 4.3
Net benefit comparing two methodologies
Type of Manure Anaerobically Digested Biosolid
Analysis 1X 5X 10X 20X 1X 5X 10X 20X
Forage Quality 18.0 -33.3 -59.8 -215.1 46.5 41.8 14.3 2.6
Leasing of Land -4.2 -62.0 -121.7 -260.6 5.0 -5.6 -25.0 -52.9
Type of Aerobically Digested Biosolid Lime Stabilized Biosolid
Analysis 1X 5X 10X 20X X 5X 10X
Forage Quality 66.5 62.6 60.5 73.1 17.7 -228.0 -506.5
Leasing of Land 9.2 19 -5.4 -15.3 -37.9 -267.4 -542.8

5. Conclusions
Application of amendments and soil conditioners arportant to enhance

rangeland productivity. The economic benefits that application of manure and three
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types of biosolids may produce on a rangeland \aeetyzed. Two economic scenarios
were analyzed in order to determine under what itond land application of soils
amendments become economically beneficial for famgepurposes. From this analysis,
the following conclusions were obtained:

If the enhanced economic value associated withgoiguality were included, then
the application of soil amendments is profitableemcertain conditions. The application
of manure and lime stabilized biosolids will gerteran added return over the control just
for one time the agronomic rate (18 and 17.7 $Aw/yrespectively). The anaerobically
digested biosolid application is profitable for #ind application rates investigated.
However, the higher economic benefit is obtained dne time agronomic rate (46.5
$/halyear). For the case of the aerobically dagkstiosolids, it is also profitable for all
land application rates investigated. However, igfe$ agronomic rate resulted in the
highest return (73.1 $/ha/year). From all thettremts and all the rates; the treatment
that brings the largest economic benefit is aeallyidigested biosolid for 20 times the
agronomic rate.

If the rangeland will be used with the purpose ad leasing following land
application of soil amendments to increase stockiatg, then the application of
amendments is not profitable. Under these circantss, it will be better to use the land

without any soil amendment land application.
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CHAPTER 5
BIOSOLIDS APPLICATION INFLUENCE ON INFILTRATION, UNMATURATED

HYDRAULIC CONDUCTIVITY, AND WATER DROP PENETRATIONTIME

ABSTRACT

In December 2004, three types of biosolids werdieghpn a rangeland located in
Skull Valley, Utah. The impact of biosolids applion on the soil properties (first two
years after biosolids application) was analyzedoil $roperties analyzed were the
unsaturated hydraulic conductivity, cumulative lindition, infiltration rate, and water
drop penetration time. The study used three tygeliosolids (aerobically digested,
anaerobically digested, and lime stabilized bi@§olhich were applied at 1, 5, 10, and
20 times the agronomic rate based on the nitrogguirement. The results demonstrated
that there is no statistical difference between ¢batrol (where no amendment was
applied) and the other soil treatments regardirgaturated hydraulic conductivity values
at any biosolids/manure application rate. Thedtmafion test analysis showed a similar
result, with no statistical difference observed westn the control and the other
treatments. In addition, the water drop penetnatime indicated that all the treatments
are classified as wettable solls.

Biosolids are the final solid products from theatreent of the municipal
wastewater (USEPA, 1991). Biosolids can be beiadtfijcused or land applied for
agriculture (USEPA, 1994) as a soil conditioner &exdilizer because they are rich in
organic mater and nutrients. The western rangelandUtah suffer from high

overgrazing. The land application of biosolids nieey used to improve forage quality.
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Both environmental regulators and land owners nfuky understand the impact of
biosolids land application on soil properties itgatial environmental problems are to be
avoided.

Some researchers had shown that the applicatiamosblids can modify the
physical properties of soil (Khaleel et al., 19&untal et al., 2006). These physical
properties change according to the type of thessaihere the biosolids are applied
(Aggelides and Londra, 2000). Infiltration ratemcsignificantly increase after biosolids
application (Moffet et al., 2005; Tsadilas et &005). In addition, some other
researchers had shown that unsaturated hydrauhductivity decreases as rates of
biosolids addition increased (Gupta et al., 197@ther studies have demonstrated that
no tilling results in higher infiltration rates cpared to tilled plots (Bruggeman and
Mostaghimi, 1993). In the current study, untilj@dts were evaluated.

The objective of this field study was to documem tthange in unsaturated
hydraulic conductivity, water drop penetration tigVéDPT), cumulative infiltration, and

infiltration rates associated with biosolids langbkcation on disturbed rangelands.

MATERIAL AND METHODS

This field study was conducted at Skull Valley, €@ County, UT, at test sites
located at the following coordinates 40° 27’ 06’ NL2° 44’ 42” W. The predominant
surface texture of the soil is sandy loam. Its maanual air temperature fluctuates from
7 to 10C (USDA-NRCS, 2000). The average mean precipitatib the site is 382.5
mm/year. This precipitation value was calculatsihg two of the closest weather

stations to the study site which are “Grantsvill&/2 and “Johnson Pass” stations over a
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period of 51 and 34 years, respectively (GIS Clanaearch, 2006). The average mean
precipitation at the site was calculated extrapodathe values of these stations to the
study site using the “Inverse Distance Weightingthod (Gao, 2006). Table 5.1 shows

the precipitation in millimeters per month over thentioned periods.

Treatments

Biosolids were surface-applied on 0.13-ha (1/3-)a&st plots separated by buffer
strips. A control area where no amendments weidiesb served as a treatment
performance baseline.

Biosolids were taken from three different WWTPsheTbiosolids applied were
anaerobically digested, aerobically digested, ané ktabilized biosolids that came from
Central Valley, Snyderville Basin, and Tooele CHMYWTPs, respectively. These
treatments were applied in the middle of Decemid@42and land application rates were
determined based on the plant nitrogen requirembatkground nitrogen concentrations
and nitrogen content of biosolids. These parameter used to establish the rangeland’s

agronomic rate as depicted in Eq. [1] (McFarlar@G)D).

. adjustechitrogenrequiremeh(ANR) (ng
. metricton) _ ha [1]
AgronomicRat h = "
a plantavailablenitrogenper tonof biosolidsmanur{g__j
metricton

Table 5.1. Extrapolated mean precipitations for stdons “Grantsville 2 W” and
“Johnson Pass” over a period of 51 and 34 years, spectively, expressed in
mm per month.

Name Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec
Grantsville 2 W 170 216 324 38.0 329 216 191®.2 241 274 248 209
Johnson Pass 38.8 39.7 446 441 524 247 29.08 289.3 34.6 36.3 34.2

Working Site 305 328 400 418 450 236 253 233 273 319 319 292
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_ ANR
“[(NO,) + K, (NH,) +K

(N,)JLO

min

where:

ANR  Adjusted nitrogen requirement (kg N/ha)
NO; nitrate concentration in biosolids/manure (kg Rirc ton)
NH4 ammonia concentration in biosolids/manure (kg &tfia ton)

No organic nitrogen concentration in biosolids/ma&nfiotal nitrogen content found in
biosolids/manure minusitrate plus ammonia content)
Ky volatilization factor (0.5 if biosolids/manureeamottilled into soil)

Kmin organic nitrogen mineralization rate (assumedet@13) (McFarland, 2001)

The ANR was determined based on the estimationatihaialthy rangeland in this
area would exhibit a nitrogen demand of approxitgai€8.5 kg nitrogen per ha (150
Ibs-N/acre). It is known that, on average, theaptaomass in this area is approximately
1123 kg/ha (1,000 Ibs/acre) (USDA-NRCS, 2000). oAlg was assumed that the
nitrogen content of the biomass was approximat&$o I(Desai, 2006). From these
values, the total nitrogen needed by the planpm&imately 168.5 kg-N per ha (150
Ib/acre). Soil analysis indicated that there wiasaaly approximately 112 kg-N per ha
(100 Ib-N per acre) of available nitrogen. Givdre tavailable background nitrogen
levels, the nitrogen that needed to be applietieasite was around 56.1 kg-N per ha (50
Ib-N/acre). Table 5.2 summarizes the differeniesatpplied for each one of the
treatments based on the analysis described above.

To facilitate the selection of random samples, eaftthe 0.13-ha subplots was
divided into approximately 144 sections having ptgisdimensions of 3 by 3 m (10 by

10 ft). After this, a random generator was usesklect the random plots.
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Table 5.2. Application rates for the three different biosolidsand manure.

Dry Metric tons per hectare

Agrlgg?emic Central Valley Snyderville Tooele
(Anaerobically Digested) (Aerobically Digested) (Lime Stabilized)
1 2.9 3.4 19.7
S 14.3 17.2 98.6
10 28.6 34.4 197.3
20 57.1 68.8 t394.5

T 20 times agronomic rate for Tooele biosolid wasapplied because it was considered to be impaddt plant
growth because of its thick layer.

On 12 and 13 July 2006, three test plots were weleandomly in each subplot.
Four unsaturated hydraulic conductivity tests wpegformance around each selected
spot. A total of twelve tests per subplot were suead. On 13 July 2006, the WDPT
experiment was tested over the same three chosempltgs. Ten water drops around
each chosen test plot were tested.

On 15 and 16 May 2007, a double ring infiltratioxperiment was conducted.
Random test plots were chosen for each test. fifiération test was done for the
control and for twenty times the agronomic rate @entral Valley and Snyderville
treatments. Six tests were run for the Centraleyareatment. For the control and for

the Snyderville site, four tests were run for epld.

Statistics

The experimental design was based on a pseudaagph method because of
budget and time constraints. The main factorsright affect the final results were not

affected by the lack of a replicated design. Bameple, temperature and water content
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were assumed to be the same for all treatmentsreldre, these factors should not affect
the outcomes of the experiment.

Basically two statistical methods were used in #dperiment. Since it was an
unbalanced design, a fixed-effect analysis of vexeawith one treatment factor by using
contrast statements to isolate comparisons ofasteras used. This methodology was
used to compare if each subplot from the diffetesdtments are statistically different
than the control. The subplots were considerdaktsignificantly different if the level of
confidence was 95% or more. This methodology w&esl dor the unsaturated hydraulic
conductivity and for the analysis of the cumulatividtration as well as infiltration rate.

For the analysis of the cumulative infiltration aftite infiltration rate tests,
specific times were chosen. The cumulative irdtlon was recorded for each infiltration
test. In each test, the cumulative infiltrationsrevrecorded for different times. Specific
times were chosen, and the cumulative infiltrativett did not match for the chosen times
were interpolated. As mentioned above, the sarmas@istital analysis used for the
unsaturated hydraulic conductivity was used fos ttase for each specific time. The
control was compared with the Central Valley anthvthe Snyderville treatments for
plots that received biosolids at rates equivalentaenty times the agronomic rates for
each specific chosen time.

A statistical analysis was not used for the WDPSt teecause the average time
that each drop took for infiltrating the soil fdt the subplots was less than 1 second. All
the subplots soils were characterized as wettabbause each drop of water takes less

than 5 seconds to infiltrate.
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Unsaturated Hydraulic Conductivity Test

For measuring the unsaturated hydraulic condugtiat minidisk infiltrometer
was used. This device had a suction of 4 cm witloatside radius of 1.27 cm. This
minidisk infiltrometer has an air-inlet tube abdbe base.

The data needed for using this method is the volomeater infiltrated as a
function of time as can be seen in Eq. [2] (EqueddZhang et al., 1997a).

| = CotY? + Got 2]

The parameters .m s*?) and G (m s?) are related to the sorptivity and the
hydraulic conductivity of the soil. | and t repeas the water infiltrated and the elapsed
time, respectively. The hydraulic conductivity waand using Eq. [3].

K(ho) = C/A(ho) 3]

The “A” value was computed from Egs. [4] and [2}héng et al., 1997b)

A 11.65(n°-1—1)(exr1[)§§2(n-1-9)aho] h> 19 4]
ar

0o

1165n°" ~1)exg 7.5(n - 1.9)ah,

A = (ar )0.91 n< 19 [5]
where:
lo, radius of the porous disk (1.27 cm)
ho suction head (-4 cm)
n anda van Genuchten parameters (1.89 and 0.075, regpbti

The parameters n ara change according to the soil texture. The soitue

measured in all the treatments was Sandy loam. nTdrea were classified according to
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this soil texture classification (Van Genuchtengoaeters were taken from Carsel, and
Parrish, 1988).

For the calculation of unsaturated hydraulic coniditg, four minidisk
infiltrometers were operated simultaneously. Anowative methodology developed at
Utah State University was applied for running thmidisk infiltrometer (Madsen and
Chandler, 2007). Infiltration information from dwaof the minidisk infiltrometers were
recorded in real-time by a data logger HOBO U12 -&h Computer Corporation,
Boston, MA). Figure 5.1 shows 3 minidisk infiltreters connected to a HOBO U12
data logger

Variations on the volume on water in the minidislerev registered by the
variation of voltage. The different voltages wel@vnloaded onto a laptop computer

where they were converted to volume of water irdikd using Eq. [6].

Vol.(t) =Vol._used-| (Volts_t — Volts_min)* Vol._used : [6]
Volts_max— Volts_min

where:
Vol.(t) = Calculated volume infiltrated at a sfectime.

Vol._used =Volume used in the minidisk infiltrotae
Volts_t  =Voltage at a specific time.
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Fig. 5.1. Three minidisk infiltrometers connectedo a HOBO U12 data logger.

Volts_max = Maximum voltage that the data loggedseat the beginning.
Volts_min = Minimum voltage that the data loggeads when the minidisk infiltrometer
is empty.
Once the volume infiltrated is known, the waterilirdted is determined by
dividing the volume by the cross section area & thinidisk infiltrometer. The

infiltrated water and the time recorded were useddq. [2], and the parameter, @as

found. A total of 12 readings were obtained fackeaubplot.

Infiltration Test

For these tests, a 30 cm-ring infiltrometer diametas used. To achieve a
vertical infiltration, a circular soil berm was ltuaround the ring infiltrometer using a
shovel and water was poured in it. Also, a metallier and a stop watch were used for

the measurements. Each infiltration test was anrapproximately 2% hours. Four tests
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were run for the control and Snyderville Basin.(iaerobically digested) biosolids test
sites while six for tests were conducted on th@seeland soils that received Central

Valley (i.e., anaerobically digested) biosolids.

Water Drop Penetration Time

Water drop penetration time is the time that itemkor a drop of water to
completely penetrate the soil. This methodologsidadly measures the hydrophobicity
of the soil (Mainwaring et al., 2005). For perfongp this test, a standard medicine
dropper was used. Table 5.3 shows the seven dlitferlassification levels for water
repellency that have been established accordinigetdime that a drop takes to infiltrate

into the soil.

RESULTS AND DISCUSSION

Unsaturated Hydraulic Conductivity

Previous research has shown that unsaturated Hgdcanductivity decreases as
the rates of biosolids application increases (Gugtal., 1977). Fig. 5.2 indicates that
there is no statistical difference in hydraulic doativity between the control and each

subplot.

Table 5.3. Repellency classification of the soiBekker et al., 2001)

Class Description Time
0 Wettable <5s
1 Slightly Water Repellent 5-60s
2 Strongly Water Repellent 60 - 600 s
3 Severely Water Repellent 600 - 3600 s




Table 5.3 (Continued)
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4 1-3h
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6 >6h
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Fig. 5.2. Unsaturated hydraulic conductivities vsestimated agronomic rate based

on nitrogen.

Infiltration Test

Cumulative Infiltration Test

Figure 5.3 shows the average of the cumulativdtiafion tests measured in the
control as well as those sites that have receiezdbically digested (e.g., Snyderville

Basin) and anaerobically digested (e.g., CentrdeYpbiosolids. The statistical analysis

applied at each specific chosen time shows thateth® no significant statistical

difference in cumulative infiltration between thentrol and the other treatments.
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Fig. 5.3. Cumulative infiltration depth vs. time with its respective standard errors.

Infiltration Rate

Some studies have reported that infiltration rate significantly increase with the
application of biosolids (Moffet et al., 2005; Tdad et al., 2005). Figure 5.4 shows the
average of the different infiltration rates for thentrol as well as rangeland test sites that
have received Snyderville (e.g., aerobically digdst and Central Valley (e.qg.,
anaerobically digested) biosolids. The statistan@lysis applied for each specific time
shows that there is no significant difference betwehe control and the other two
treatments at the 95% confidence level. One plese#lason for this is that the soil below

the biosolids is highly impermeable and it decrsdke infiltration rate.



70

Water Drop Penetration Time

Table 5.4 shows that the WDPT is lower than 1 sea@maverage for the control
and for the other treatments. The repellency ilaason for the control and for all the

other treatments is classified as “Wettable.”
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Fig. 5.4. Infiltration rate vs. time with its respective standard errors.

Table 5.4. Water drop penetration time for all thetreatments with respective
standard errors.

Control T1X T 5X T 10X
0.65 + 0.07 0.62+0.07 0.41+0.08 0.64+0.05
SB 1X SB 5X SB 10X SB 20X
0.51 +£0.05 0.32+0.020 055+0.04 0.51+0.03
CV 1X CV 5X CV 10X CV 20X
0.76 £ 0.09 0.39+0.03] 0.40+0.02 0.51+0.06
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CONCLUSIONS

Three tests were applied to determine whethergoperties have changed as a
result of biosolids land application. The differesoil moisture parameters that were
evaluated as part of the field included the unsatar hydraulic conductivity, the water
drop penetration time and the infiltration. Fronalkeating these three parameters, the
following conclusions were obtained:

The unsaturated hydraulic conductivity test indddathat there is no statistical
difference between the control and those sites tkatived biosolids at the 95%
confidence level. The infiltration test analys@uulative infiltration and infiltration
rate) also indicated that there is no significaiffiecence (at the 95% confidence level)
between the control and sites that received SnijltieRasin (e.g., aerobically digested)
and Central Valley (e.g., anaerobically digestadsdlids at rates equivalent to 20 times
the estimated agronomic rate. From the WDPT thetrepellency soil classification for
the control and those soils that received landiagfdiosolids was wettable. This finding
indicates that all the treatments are classifiedamshydrophobic soils.

The solil properties were analyzed one and two yafes biosolids applications.
It is entirely possible that more significant chaagcould occur if the same tests were

applied after a longer period of time.
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CHAPTER 6

SUMMARY AND CONCLUSIONS

This dissertation presents the analysis of therenmental and economic benefits of
utilizing biosolids on disturbed rangeland. Thexdaapplication of three types of
biosolids was analyzed. Each biosolids type wasied at rates equivalent to 1, 5, 10
and 20 times the agronomic rate based on nitrogedshof the vegetation. Among the
studies performed are forage quality analyses, awil forage mineralogical analyses,
economic analyses, and soil property changes afteolids application. From this
study, the following conclusions were obtained:

The land application of biosolids results in highgiomass growth, which
increased the stocking rates or the animal carrgapacity of a rangeland compared with
the control area. Higher application rates incedabe carrying capacity. Forage quality
was improved, which could be seen in higher CPasltcompared to the control. The
forage quality, based on the CP and IVTD, makegrectdimpact on the daily gain in
livestock weight. This impact is reflected in agier daily weight gain by livestock
utilizing the forage grown on biosolids-amendedyelands as compared to the control.

The application of biosolids did result in a sigraiht Na increase and K decrease.
The other soil mineral concentrations did not shaignificant statistical differences
compared with the control. These results sugdedtthe application of biosolids on the
environment had a minimal impact, even when ap@iagites equivalent to as high as 20

times the estimated agronomic rate.
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Some copper, calcium and sodium supplement mabdeat to ensure a healthy
cattle diet. Forage analyses indicated that adl mhinerals levels were below the
maximum tolerable levels for cattle consumptiorhe3e results suggest that the risk to
livestock health due to an increase in mineral eatr@tion in vegetation is minimal
when biosolids land application is utilized in rafgnd restoration activities. The land
application of beef manure could be problematicabse it results in a significant
increase in soil molybdenum. The problem of exeees/bdenum, however, can easily
be overcome by supplementing with extra copper.

Land application of biosolids to enhance forage dpombion increases the
profitability of the rangelands. The highest cbstiefit analysis was calculated for each
one of the soil treatments. The highest finan@&lirn was obtained for lime stabilized
biosolid at 1X agronomic rate (17.7 $/hal/year),oberally digested biosolid at 20X
agronomic rate (73.1 $/halyear), and anaerobiddithgsted biosolid at 1X agronomic
rate (46.5 $/halyear).

If the rangeland were leased by ranching interexgiplication of biosolids may
not profitable. The collection of tipping fees cha a significant source of financial
revenue for land owners and can make biosolids Epplication profitable with or
without the enhancement of forage production.

The application of biosolids had no significant sxpon a number of important
soil parameters including unsaturated hydraulicdaetivity, cumulative infiltration,
infiltration rate and the WDPT. Finally, the inese in vegetative density will help to

reduce the soil erosion of the rangelands.
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Inverse Distance Weighting Method

This methodology is used when there is not avaslalaita on the study site. In order to
obtain the data in the required site, data fromdbsest stations are used. The stations
that are closer to the working site will have manfluence or more weight into the
working site. The following lines show the proceslwsed to calculate the data in the

working taking the precipitation from the 2 closstitions to the working site:

n=2
P(xy) =) W, *P
i=1

P(x,y) = precipitation at the working site.
i = stations
P, = Precipitation of station i

Wi, = It is the weight for the individual location

W, =R
o= 1
e

For this study R was considered equal to “1”.

d; = distance from station | to the working site

R
n=2
(—j = Addition of the inverse distance of each statmthe working site.
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Pseudo Replication Design
Pseudo replication design is a form on non-indepenhdeplication in an
experiment that may be due to sub-sampling on @xpetal units or measuring

experimental units over time.

Unbalance Design

An experimental design is balanced if all combioiasi of factor levels have equal
numbers of observations. All other designs arealariced. For the present study, it is
considered an unbalance design because basically Hre 5 different treatments and
they do not have the same number of sub treatnaaniscan be seen in the following

figure:

control

Anaerob|f:al|y‘D|gested Manure Control L|me‘Stab‘|I|zed Aerob|c§1lly I?|gested
Biosolid Biosolid Biosolid

Most of the treatments have 4 different sub treats)ebut the control and lime

stabilized biosolids have one and 3 sub treatnresisectively.
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Statistic for Propagation of Measurement Error

The propagation of measurement errors for calagathe standard error was used for
calculated for the dry biomass and for the stockeig. The following procedure was
done for the calculation of the standard error hed tiry biomass for manure 1X the

agronomic rate.

Calculating the Dry Biomass (DB) as kg per ha fortte Manure 1X;

DB =WB*DM +S_

DB = Dry Biomass (IbsA}

WB = 0.0233 Ibs/ft(Wet Biomass)

DM = 0.3563 (Dry Matter)

S— = Standard Error of the Dry Biomass

DB

2 2
DB=(O.0233”)—SJ*(O.3563*( it j *(10000m J*( 1kg j

ft2 0.3048m tha | (2.2lbs
DB = (o.ozssi?-f} *(0.3563* (4892691t - kg/ha- Ibs)

DB = 406.8 kg/ha

DB=406.8+ S

The original equation taking into account the cleaafjunits will be:

DB =48926.9* WB* DM

Calculating the Standard Error of the DB:

a) Calculating the total variance:

{2 s {2




=48926.9* DM = (48 926.9)*(0.3563) = 17 432.9

= 48926.9* WB = (48 926.9)*(0.0233) = 1 141.6

SéB =Variance of the Dry Biomass
Sig = 0.00005
Sty = 0.0020

S, =(17432.9% * 0.00005+ (11416)° * 0.0020
Sis =191261

b) Calculating the Sandard Error:

1 1 1/2
S = +
o8 SDB(nWB nDM ]

Sﬁ; = Standard Error of the Dry Biomass

Spg = Standard Deviation of the Dry Biomass

N,s = 6 (number of samples taken for the wet biomass)
Ny, = 3 (number of samples taken for the dry matter)

1 1 1/2
S.. =«/191261(§ +€j
S..=97.8

So, the total dry protein for the control will be:
DB =406.8 £ 97.8kg/ha
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Fix effects analysis of variance with one treatmerfactor

The fixed-effects analysis of variance model isli@olpwhen there are several treatments
to the subject of the experiment and when we waset if there is any change with the
response variable. By this methodology, the rasfgesponse variable values generated

in the population as a whole by the treatment eaadtimated. Vita
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