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CHAPTER ONE

Research Background

1.1 Introduction

Urbani zandenagbsausb st ant i al gl obal ismurlpgeger ti n r
the i mperative need for efficient movement of
2010). The environmental impact of infrastruct

from thesiithea tad@arnstornuct ooal ppasepdt handpepopacti u

demol i tion. Whil e the construction period 1is
environment al consequencestapeydamdr a@easahd 20
1992) . This transformative devel opment has |
hydrol ogical, and vegetative features of | and:
soil erosi o020 2(1Ri \Beaimsorse o naland Macdonald, 2007)

The conversion of natur al | andscapes into
sur facemwboas s, buil dings, dams, and oatrhesrsy engi n
undergo intentional or unintentional compact.i
clearing, topsoil removal, | a n dM oghraandm andgs, h i cruat zti
al ., opebnin; et al ., 2013) . Compadctisamulcasirieed¢ RIi
202d) mini sh soil porosity ((Shrede¢fa&kl canelt Balss e,

reduce stor mwkldoleammaands HitrraaWo baéte had e, 2010) , [
|l eading to greater runoff, stream fl ows, and
et al., 2011; Line and White, 2007; Konrad et
sever al order svioh imaégwit feadlél o m gr oibdd o wmany pmst

devel opment | andscapes (Schuster et al ., 201
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practic

NRCS, 2
sedi men
vary ba
cases,
eroded
profoun
Sedi men
MARC ( 2
in agr.i
al . (20
Water e
The abs
rai sing
2008) .
i mpedin
and Lic

with gr

r, root growth in compacted soils mig

es (Rivers et al., 2021; Randrup and D
erosion, a natur al process involving
rt of soil particles due to weathering
10), i's significantIMohaexxmamadarsthatreed i bytc
000) . Annual l vy, construction activity
ts, contributing to widespread environ

sed on dgilt & ycpoersd i ttiypn sc2ddyt s gaagamndop
reachi ngNGPEQ®, 0 B@OD3MNoorntsh/ aCar ol i na, a s
soil ,-3_&ngiimsg trmonmpdbted to critical

d i mpac-t eloadt edo nesrtasuican oan valuabl e ec
t polldutioomaiusee $tlibmadt é | i on in damage
017). Moreover, Vice et alsi ohl3B@I)p adeEc
cul tural, grassland, and forested area
05) reported that construction site er

rosion ias i oewmordotrmat ed nich udi ng spl ash,

ence of vegetation cover exacerbates t
vulnerability to erosion by di minishi
Splash erosion, as a secondary &effect
g stormwater infiltration and -Ka&isail tin

ht, 2005). Sheet amad sphasesmreddsi @am oadn «

ound cover recognized as an effective

(Haan et al ., 1994). Gully erosionussalbifymen ct



on exposed sl opes, drainage ways, and brokel

gradient s, rainfall intensity, |l ack of veget
heightened gully formation (Seutloali and Bec

Concentrated runoff from i mpervious | andsc
downsl| ope, ul ti mately i mpairing nearby -open w

Scharron and Macdonal dl,h e2 OWOn7i;t eFdo rSstyatthe se tE navli.r,o
Agency has identified soil erosion and stor mw
poll ution, especially in urbacranadedukupnbanna
turbidity | evels i mEPrAec €i0vii9n g wantpeerd i bnogd ipehso t(ols
adversely affecting aquatic-ladganiwamsr ( MQAA,"
contaminants such as heavy metals, nutrients,
water queas i {YPYalvrisey and Smith, 2007; Davis el
demonstrbhueg@ietploant s m)d cereadd migr wsat es decreased
l evel s, potentially affecting the popkhati on
di scovered that greater turbidity diminished
Additionally, elevated turbiditgilkssbbalvaska

snapPaegrus )ape @iCaasmmi ng and Herbert, 2016). As

and | and use continues to evolve through wurb
erosion minimization remains of critical i mpo

Numer ous county, state, and feder al agen
construction site sedimentation and soil erosi

pl ace to ptacem. cbhetshoeti on managememt!| ium easc tgil

construction enttaoalmncseedismdnt fheanscien, sridck dsii | t



sedi ment trap, et c. ( NCDEQ, 2013) . Per manent
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p e

adg

n

c

u

signed tepropercdt ecopgmpdtet i on, primarily focu
cluding grass and wil dfl ower sd. UMcicfoorrdmi nRge | tooc
sistance Act of 129 &7 h(i MMWRAA)l,ankledcarpalng pr
clude planting of native wil dfl owerqusaeretdesr o
one percent of psreo j @rcd o pendisf yfionrg tthhiast pau r\
emption (Bergeron, 2008) . The United State:

12) mandates that a consistent 70% vegetat

rmanent-t gr fsd eorndb ccroght r o | and this has been
encines wuadi nNgort h Carolina. Failure to achiev
rsistent high soil erosion and complication

Despite optigmad wicnogn dif eag etnathiaon enges such
mpaction, fertility |l oss, salt pollution, a
ese chall engesribcyh rteonposvoiinlg, nnuetcreisesnitt ati ng t h

get ad stoamblries hment (US sER&yhi2OWS] . a Pmaxi mum

getation cover, falling short of North Car
Laughlin, 2019) . Moreover, excessive c¢chemi
aching -mindh nuu mo fefa,u sp cntge retuita lolpyhi cati on i n d
address these chall enges, this project e X |
hancing stormwater infiltration, benefiting
trientsexberdedanperiod. Organic amendment s
rcumstances where topsoil is |l acking, soi | s

high (NCDHQ@weZ®X¥3) appropriate compost rates



have been -rneeciotrhdeerd wieolrl establi shed experi ment .
This study investigaftes B2amdkiatoBeicronit mpac tmears u
revegetation of native plant communities and

outlined by the North Carolina Department of

1.2 Research Objectives

The overarching goal of this research i s t
vegetation establishment and stormwater infil
i n const rSupcetciiofni csiotbejse.cti ves include:

fTTest different compoetr iPiatébteddisoppepromper

effects on | eachdtelwatmermangual iatyy iomm soil s
fQuantify the enhancement in infiltration ra
compost incorporation in field scales.

TAssess the potenti awi lodff |wiwedifsli amgexritsomaagnsd yg rcea
from an unmanned aaseralatle rvneahtiicviee erUoAsVi)on cont
practi eaerxdi &1 cslUDpes.

fAssess the i mpacts of amendment compost and
i Bi mul at eddveroa2 syaar s .

fEsti mate the effects of amendments on root
soi |l profil e.

TfTExami ne t he ef fneucltcihv eanneds se xocfe Ihsyidorro gr ound <co
vegetation cover establishment.

The successful achievement of t hese obj e



approaches for vegetation cover establ i shmer
facilitating faster and denser overal/l cover
significantly decrease soil eroabom,j zedhaoaodei
on construadvoiremvemr Q] d difetsle @oratcrtiilcetse t o a sutk

stormwater runoff to stormwater systems by in
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CHAPTER TWO
Compost I ncorporation I mproves Water-Anfiltr.

Potential Stormwater Management Pr a

Abstract

Urbanization can result in highly disturbed ar
heavy constructioni ne@uipmmddbtis.d ns@ab epso s na y al |l e
compaction and increase water infiltration, a
of compost incorporation oA osoodi Ilwahsytder aauddi o opurl

food waste compostesamemaeadmickag Wobbam sbits at

volume and an infiltration study wdaycobontecvarl
After six mont hs, bul k and particle densities
and plant available water increased with each

effects for most of these properties were obs
types had enoshoemipadtt rani on rates gradually sta
due to reduced compost decmfmplotsh siwieiooen dmalthee a it |

50% compost, followed by @B%%eandnehi%, amd Itdw

i nf il trwetrieotna dhkdayt e5 and 1.5 times Debatitef sbmMme
carbon |l oss occurring84¥aofdecamposi va®snretbdbion
after 6 mont hs. Di ssolved organic carbon (DO

compost rates initiall yYpOCbuatf ten!l ¥ tmoethG% rTahtee
t hat a minimum of 30% compost i ncorporation

infilrtelagdtieodh soi | properties i f compost 1 s apr
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2.1 I ntroducti on
The Uni ted St ates Environment al Protectio

stor mwater runoff as the primary nonpoint S 0

suburban areas (US EPA, 2003) . Urbanszatirooi u
such as roads and buildings, can | ead to seve
compacted to i ncrease i ts strength or uni nt

machinery (Mohammadshi rMczKe nezti ;e@rl ezy®M0OBO 1gt; Bla.t e

Compaction makes both the surface and subsurf

runoff wvolume (Violin et al ., 2011; Cogger, 2
2010; Al biach et al ., 200@mmamdd hi edazcedti mfi |
et al ., 2006) , hydraulic conductivity (Ol son

porosity (Shestak -amnadd8ftiekd, eR20@b; ulomdawer T
cayrsredi ment | oads, toxic chemical s, and nutr.i
har ming water guality (US EPA, 2003) . The
Protection (PA DEP, 2006) described thhallabo
becomes surface runoff under naaRanmmdy lcwehrdiiadi o
po-devel opment, up to 95% of the rainfall tran

Sever lonpdgstwdtli onmnagement strategies have
vol ume and pollutant ahdlafdsguar dtwatmevat egualsiytsy
through infiltration, evapotranspiration, fil
source (Wilson et al ., 2015, Spowanstzrs@adi €o d
managememtt egl ede organic amendment applicatio

Rivers et al ., 2d0t2 11 Mo hanma)dshuseazofCoasgahee
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Pl &in

Davi s

compo

sites

evide

natur

stabi

2005) .

(2022
but wu
studi
Evany
pot en
infil
Ap
have
Mo s t
types
Cogge
Yagho
compo
2016,

consi

son, 2011) , and filtering systems, e. g.,
, 2016) and permeabl e pavement (Kayhania
st amendment has attract edd wpadseisspirreuacd i iol
, WwWhere swift stormwater infiltration 1is
nce suggests that onesmpastt i amp luirdatni croiil rs
al functionsiofmg s®oills hhwdoaghi ¢ ncomréGuct i v
l' ity and reducing bulk density (Kranz et
However, detailed research on dompost
) described that six hundr ed ruehsi2elaOc,h ar
nfortunately, only 10% addressed soil hy
es only address shialflaccve icroanpropdr aatpipd n c(altc
|l o et al., 2016; Mandal et al ., 2013), al
tial to alleviate subsurface soil compa
tratadahi(m™Mohiament al ., 2017; Chen, 2015; \
propriate compost rates and compost type
been -rneeciotrhdeerd wieolrl est abl i shed experi ment
compost incorporation st urddtees a&md/ esiomdlye ¢
, namely yard waste (Mohammadshirazi et
r et al ., 2008) , sbicdgda | € Samaenruviel | (eRaesto
ubi , 2010) . Di f foerrteendt tshtautdi @i |s etpeax tau red
st rates can greatly affect the function
Mohammadshirazi et al., 2016; Cannavo e

dersed ewhiilngg compost rates for applicat.i
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However, Barzegar et al. (2002) examined the |

i mpr ovement in infiltration rate, aggregate s
year , rlswatsot vear i ati bned et werpeagsat it dtiegspge ss o i. | pr oj
Al t hough Kranz et al . (2023) studied the eff

conductivity and water retention on th+tee so
compost bl¥dmwdsHawrQ. apmlying compost at the f
is not feasible.

Incorporated compost decomposes ovear tasme a

di ssolved organic carbon (DOC) with |l eachate
(Wright et al ., 2008; Wright et al ., 2005) . /
addition was reported iaotgsumnod fr evaeievi ndpas umfe:
groundwater quality (Kranz et al., 2023; Croh
SOC might i ndial ectollye plnaystaorwmwtat er infiltrat
permeability by increasing soil pore spaces,

better water and air movement within the soil

deermination of car bon in soil and | eachat e
However, previous studies did not address how
the release of carbon into |l eachate water.

Roadways and highways are being constructe

and ol der ones are being regularly maintaine

Through théeste wotlidibarcesmore soil compaction |
cause increased runoff volume and water pol |l u
chall enges, it S cruci al t o i mpl ement ef f

17



hypot hesi ziedc otripaotr as ed|l compost woul d potenti a

i ncrease water infiltration; however, t his
Additionally, there wil!/l be fur tthher renhea mde me
application increases. This study aimed to de

di fferent rates torempredeswiatepropértiesat aan

| eachate wament POCabeoprat éhreynt .

2.2 Materials and Method

2.2.1 Soil and Compost Sources

Thi s ussteuddyt wo types of composts that were prod
Compost Facility and Research Cooperative ( Ra
coarse) was a mixture of 50% wood cdhomppsosatnd
(relatively fineypowas$ r gaoonmi ofs0eé8d owalsht@%s i |t | o a
clay | avemes ciulppl i ed by | owaneprneasdcscapet veanwifoo
si ffedl mat er i aslo.i | Bh ea navelcledmgaioesd sf or t wo weeks
through a 2 mm stainless sdfeedoisli ewas ddred patr
hydrometer method of USDA s(t2r0 1b8u)t,i oann do ft hceo nppaorst

the American Geophysics Unions (AGU) classif

system, | arger -9c dmpme)t ap er tdiedliensed( 2as fine gr a
(O 2 mm) are cwiazese. deriodotkcsei atloay es | nc. ( Ne
conducted the carbon dmdabyei 2.df) .soil s and co

18



2.2.2 Column Preparation

Al umi num core columns of 15 ¢cm in height and
a drilled end cap at the bottom. About 0.5 c¢cm
were placed at the bottom ofest hem ddleurmmptso amrd
and compo6Fi garRadh etsype of compgddgt |wasn minxde ¢ |
soils at 0, 15, 30, and 50% rates on a vol ume
was prepared ba chlaenadn nplxasntgi consheet . Then, t h
homogenous mi xture of test samples and compact
falling from 10 cm height 10 times to eli mine
wad added until packing resulted in the compl e

An additional alumedmum2comed{ athetenr hewgbtatt a

filled soil column with rdbbearmattules tfeasrn sh o |Ed
replicated three times, and columns were pl ace
st (dFyi g.Th2. I1)n.i ti al bul k densities of all/l t he

mass of-cdrmpposstoimi xtures and the volume of the
densities of 1C and 2C3 comppetssiilytélIgoa m nadn d . c3I
so{ll.sA#2 and3 1r24pgcemvely) foll owi ngk tdeen ssiatmee ¢
were used to estimatedthe ¢ diedoinnpiasatmillcl seomd b oinr

col umns, 8estrbohbhed. Pno6.

2.2.3 Studied Parameters
2.2.3.1 Infiltration Rate
A water depth equivalent of 10 c¢cm (~65% of

columndawti da 6@aovmmd esc Utoirve mont hs and deter mi ne

18



wat

hii s

col

eweptr ewith a 2 c¢cm water depth 3 h prior to
iltration rate, time was recorded from the
the soil surface (i .eerl® em af . wat2®dr20wa A
trast to the modified ASTM C1701 method, w
e water on the surface, we calculated the
er on t meg dSwrrf doed,t eai mii mi ng precision. The
iltration depth (9 ¢cm) divided by the ti me
d at the top of the soil col umme tion fliilmirta
chate was coll ected at 4, 5, and 6 months
ction 2.2.7.

After completion of the experiment (i.e.,
e (water column) from the ¢oloumnt haen ds orielc ow
umn (compared to the original packing heigl

ention, bulk density, particle density, an

. 3.2 Bulk Density and Particle Density
For bulk density determidnaedomat d40B5ACs&dmRRL!
stant weight was recorded (~48 h). The foll

sities of the column samples at si x months

Bul k dendy++vy——(g—-em

Where, r is otBetber-eommpasatusmiohlhei ght i n co
l oss in soil height (i.e., distance from t

umn after sSsi X mont hs.
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The particle density of the samples was de
et al ., 2022; AmoozegawWretdalsamp2@232 werEhel he
chamber and kept overnight. Theupektd thg, mahk

dry mgsswa(sMrecorded and placed on the gas pyc

USA) . The inert helium gas was used as the di
measured the se¢gilofs al ipdi evgd I@u rsea me & |, i ncluding
standard deviation. The foll owing formula was

Particle 9Yermsity—(g—em

2.2.3.3 Water Retention

Samples were taken at the end of the stud
retention at field capacity (33:radhglkPp)y esrsd rvei
extraction (Klute, 1986) . Aboubbda0OOrigngfomaah
pl ate and saturated for 2 days due to the higl
were placed inside a pressure chamber and eq!
Samples were dricur sataealdgdted fioor ok8ehr to calc
Vol umetric water contents at field capacity a
wat er content with final bul k densities. Fi i

subt rwaiclttiingpg poi nt water content from field ce

2.2.3.4 Soil Organic Carbon
Soi |l organic carbon was determi %28 CN Amal yszt

(Michigan, USA) at the Environment al and Agr.i
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North Carolina State University. wdeasureme ted
understaediimg ti al composition of the mixtur e:
carbon over time. JYhd nmashse «foidarcndmu mnhksg was d
per cemnrtg@ari ¢c carbon (% OC) contents and then
density) (agmdcm conversioft d alkly.omTd fldrOMul(ag u
calculating the storage of SOC is as foll ows:
SOC (% ¢t=m AOKAT OEOWN N

Moreover, to estimafe itnhd h®OC nddntad ntmd x(t kug
the soils and compost (g) were used. The form
SOC (¥Xg+m# Al | PADOOENU O A/ # O EAT OEXU Oi A

Since SOC in the initial soi l and compost

density and % carbon content i n témeonddisl. and

2. 2.3.5 Ltee¥OItat e Wa

The US EPA methods 415.3 (Potter and Wi m:
di ssol ved organic carbon on6Q@ hml | @facthtae ec avlalt e«
was filtered i n a Millipore wvacuum filter h
(WHA1821025, Gr adan G/ B oaier csliese,) lo.vler a ni tr
(Merck Milliporem SALIJF®rleHd5si De)d5 I n this stud
prefilter to retain heawem) ytihmeo al deeadc hfait ree amalr ty
clogging of the nitroc®lsdsaudlosed mempas ameadarnl b a

using a Shimadzu TOC Analyzer in the EATS Lab
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2.2.4 Statistical Analysis

R version 4.2.1 was used for all|l t-waystat.i
analysis of variance (ANOVA) was run to eval
types, compost types, and composityat eateegar

and SOC after Téhemoenrtrhosr otfersm uidy shhe | ANQYAR analo

type 1 colmprsdaplriaddt i omhere the treat nBeinmtcse wer
infiltration r at eatmelabssr icimeleSt gtalmmsex mo@t hs
montohns )t he same set of columns, a Repeated Mes

of the time factRepedbasdonfel ANOVAowasatenduct e
where we default compound symmetry chAvairmmlne e
|l inear regression was run for compost rates &
identified in ANOVA were further iafsfsersesreade u(sH S

testd. 0Pp) .

2.3 Results and Discussion

This study investigated the influences of
compost rates, along with the influence of ti
included bul k density, par taitelre dvaddiitnyy, ppodrnd
avail able water, infiltration rate, and soil ¢

di ssol ved o0rgabiaemdcnabthis@m vat i ons

2.3.1. Bulk density, Particle Density, and Po
The resul ttday fANDWA tehimeaeleysi s highlighted t|

soil types and compost rate on bul k density al
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(Table 2.2). The intemaositveypefoapwssoi las eiylp e

density and porosity indicated that the i mpac
rate in different soil adnrelxyt uswebsst adHotwieavlielry, doeaprs
rates. These interactions implied that soil t
influence the shaping of these three interdep

The relationship between?=c  OmpPdsdta mdadOeparntdi
densit y0Q.(%mesgati ve and linear in silt Podam anct
0.91 and 0.92) the relatiofsihi P2ewdxnl posbuil ke c
and particle densities were decreased, and po
ratsi litmriocd amslbbo&dam compared to the 0% compost t
was reduced at 30 and 5Q0% gompo2), rpaesi wl ehd
at 50% compibkts diala m&@F iBg . Moreover, we observe
the porosities with 30 and 50 % -400f% giihhet acdodmegpm s t
127 %cilmmy sloaddm ( Fiigncr2e.ads)e.d Tphoer osi ti es and r e
densities are |ikely due to HYheanldowmilghl lordyams

content (43.2 and 28%, respectively) of the <c

Kranz et al. (2022) found an insignificant
in the wupper 15 c¢cm of sandy |l oam soil s. Smal |
reported by Castellini et al m?c(oPpox)t iim c3l0a ycr
soi |l boxes. Ri vier et al . (2022) studied the
addition and they reported an incr-daS8% nThas

present stu89omplisad et matgha be needed to char

significantly.
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2.3.2 |1 MRatketration

Soi | type and compost rate sii gniaflil c aanhtel yst.
events, while compost type affected neither e
type with soil type and compost rates for a

showed that the main redtfectandftisme | emgmpeed ca

f act

unde

t hes

ever

rat e

Then

caus

posSs

| ose

char

Addi

near

ors (Table 2. 4) . -rTahtee-tii nsteeiriancattieom &t ielnsed iwle e |
rscored the musieddc  md £d mph axit ek toHe tihmpor t
e factors holistically for a comprehensi ve
tot al of 13 infiltrati octhhaiymwmemrmtval wetr(dirgur
y i@ ent rvaatliuoers rweetree hi ghest for 50% compo
15%, and | owest for control (0% compost)

s wer enofnotuhn dmnpadtt hO..B8Svielnttagiad aany sloodm, respect
jntfhetsadeonenatd for up to 2 months and

ost rate. Compar ed ntfoi |tthrient®intere oreadtreny , a p hre

6, anhdr 16 momebsabf the experiment in bo
s, respectively. Hoiwrefvielrt, vaathieemarmgatad U de o m|
higihletrs diimlamt hawyn. i @ampost decomposition in
e empty spaces inside the columns that in
i bly due to soil consolidation and reduce:t
nfiltriant i tomeemfait (s nmont h) could be the de

acteristics due to the excessive drying
tionally, the stable antecedent water con

l ey wsnt sadvtinufrialttesdat hohheatater events.
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Inf il treatdiolnt arhadileeary sloodm i1 ncreased signific
50% compost rates in al/l the events compared
mi ni mum of 30% compost amendmemfidateatm®wviea a
studies assessed the impacts of incorporated
types and stated incr eaamenngd eidnfsiditlrsat (i Monh arnan aec
2017; Logsdon et Caolg.g,er20elt7 ;alCh e n2 0 (0289;d SAagnavsassi €
increase or no change (Weindorf et al ., 2006)
additi ods atnucrraetaesde hy dr a @ lbio3u6t.ci5o%h dsu d tti v iofayn (skosi)l

Scontrolled porosity.

2.3.3 Water Retenti on

Both soil type paodiecfofuepcotsst ornatfei enladd capaci
point (WP) water content (Table 2.2), while or
(PAW) . However, specific nympacof ooommeste diod
The interactive effects of soil type and comp

findings demonstrated that compost rates may
with silt |locmam temnxd ualeasy.

The relationship betwaepm@ ampaBd ©0ad¢) anpl
avail abl’?e @a®d®0 (8 nd wilting ?%=0i0nt8 98aatneds r Ge. o4n t
positive and |inear in silt | oam and clay | oarl
Overabkl | tamhalaany sloodm exhi bited a trend of inc
with increasing compbdstsodoioaimes nCbrgor 2t 606n oh

increase in FC, wi t h enhanckmenltEBy%b, r aanngdonegxt f r o
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15,,a8B8 50% compost rates, respecticvalyyslomaGgmpar
showed a similar increase at 15 and 30% compos
rates, with -2200%.i nTchree aisrec rod & sl-&6F 0i AlnlE4AMJ6 (aBt5 15,
and 50% compost treat menrdtas svoerhaend nhdartne dijta@ng 8 u n c
1220, ar’n0d%)6. 1

Further mor e, the study reveal ed coinlttr alsda m

andl ay sloodam6)(SHilgsbDblamexhi bited an intagabbam

soi l di spl ayed a decreasing trend cwiatyhslolidagnh e r
are |likely attributable to improvement in por
and macroepotediolamoanly 50% compost rate incre;

and 50% compdbsdhamdes icrautseay s lopama meotwervse ri,n P,

increased at 30 and 50% in both soils. These
compost rates and soil properti esvatiemp ldyinmgni tc
Compost is known to increase FC and PAW cor

2006 ; Curtis and Cl| aawnasteer, p2@@5bry aondscanemstulpy
Logsdon et al . (2017) and Sax et al . (2017) f

Curtis and Claassen (2009) recorded a 20% dec

soil s compar e dcd atnad sd comter qplarbeanvti mmpt er i al
2.3.4 Soil Organic Carbon
Soi | organic carbon significantly varied w

As expected, SOC content s riamwérseha suesdi magi R=<ho m pnocsrt

0.91 HaddoCOmMPRos@am@d8Dn7both soi(lFsi,f.r s p ¢ miait e e
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SOC in initial mixes ar e -337umncaa s bzbetch nidra8Ra bl e
carbohayslooamwere released within 6 months <co
SOC bece&@met | 2rseissl tianh d5a &t | neelsa yi slodd m-50 6r cdBhpost
treatments compared to 0% treatments. This in

application and C was | os/tCHromstb@Cswilhel ¢éhae

(Lim et al ., 2018; VUVWhhdewkexoedt alg.a,n28A lar bon
soi l particles into aggregates, and thus, t hi
increase stormwater infiltration in construct

The appl ippdsicteimpalsyted and restored the tot
ranged from | aboratofyrtmo fHioawledeandthleontat eas
studies varied depending on compost types anc
obsehwaed at si ngle application of 9 compost typ
3.5 years after the application. They concl ud
even though the sQ@Qlne &t ralt e Wa® 2,2 )pYpul aBre lddti aelt. a

and Darby etsatibd®20&6mmpost application as a

enhancing carbon and nitrogen in the soil. S
stormwater infiltration and erosion c¢dmntlrkol v
density and increased infiltration rates, soi

2.3.5 Leachate Water DOC
Compost applicatdoespnaves drdanntl canben c
water, i ncreasing 8wbhud tcomplhestcomplee XiFdiggi.lof2 .1 1

type, compost typéorc@®@fCoswer ai spyadmndetdi MOC d:
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for only compost types and compaddalaanyaslesdmt 4

separ(dtigly 2. 1Lhe. t AmMergstudi ed events, the hig

mont hs in al/l the compost rates and soil type
trend in the subsequendarsSmoamedr &l inroanttihosn r althee r
to the decreasing trend of DOC in the | ater e
rates resul t@dcomcerdtervattiealn DIOn | eachate water

significantly higher DOC after 6 months. Sinc
poll uti on, the results suggested that 30% co

stnowat er infiltration.

2.4 Conclusion

This column study aimed to determine the ef
type, compost type, compost r-aeekbat acids adii Imepr
Compost application reduced bpwlrko sandseépsatrithi odal oet
andl ay slooam si x months after the experiment.
30% and 50% (6 and 10 X, respectively) compos
amendment is neceaessafyihdébrlitmptooemeate. Addi
increased field capacity and plant availabl e

attributed to reduced bul k and particle den:

i ncartporn . However, compost amendmenssl t ntoaams
soi l but dlexy essboadnh diure t o adding macropores a
decomposition. Co mpmaesd tteinahpapnlyci ecda t 9 @inl s aldgrggeasntiicn gc
i mproved soil qguality. However, some carbon |
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The high organic matter content of compost r e:

water, but this effect may be mitigated in so
Overal-bp%ac@m@post i ncorporatsongdapegé¢@psmenpdb &
management technique for stor mwater BMPs, as
i nfilrtelaagtieodh properties. Careful consideratio
di fferent soil typmpr oovemehi eventbdbeodmwatred B
potential i mpacts on water quality. Further c:¢t
constswe¢tlisomn o determine the ideal compost inc
stor mwater BMPs while minimizing potenti al i m
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Tabl es and Figures
Tabl eCaz.bloon, nitrogen, and particle size
Soi

Propert Silt | Clay L Lab/ Met hod

Chemical Compog¢g Brookside Labor g
Organi « 0. 95 2.01
Tot al | 0.03 0.05 Combustion Ana
C/ N r ai 31.6 40. 2

Particle size d USDA (1951)’.EATS

Uni versity
Sand (! 26 21
Si It (¢ 6 2 41 Hydr omet er Met
Clay (! 12 38
Compost
Prope Compos Compos Lab/ Met hod

Chemical Compog¢ NCDA&CS Agronomi ¢
Organi « 43. 2 28
Tot al | 2.29 1.41 Oxygen combust
C/ Nat i« 18. 8 20

Particle size dLane 1947; EATS | ab
O 2 mm 30 50 Sieving
>29.5 mi 70 50
Tabl el h-vezey ANOVA for soi | @nnoynstihcsa.l properties

Bul [Part FielWi It Plant a
Factor Poro ,
dens dens capa poi.l water

SOII * * % NS * % % * * % * * * NS
Compost NS NS NS NS NS NS
Rate * * % * * % * * % * * % * * * %
Soil T Com * NS * NS NS NS
SOII T Rat * NS * * * % * * * * * *
Compost I NS NS NS NS NS NS
SoiCormpost NS NS NS NS NS NS
*, **  and *** are significant at O0.05, 0.
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Tabl eMo2n.t3h.t - way ANOVA

for [

nf-6-rhda mtah .i on

rates fr

Factor Ti me (mont h)

o 0. 1 1. 2 2. 3 3. 4 4. 5 5. 6
SOII * % 3 % * 1 * * NS * * 1 % % - % * % * % * * * % * * * *
Compost NS NS NS NS NS NS NS NS NS NS NS NS NS
Rate * % 3 k% * 1 k% % 1 k% % i Kk k% 1k *  * * I % * * % * * * % * % * %
SoiCompo NS ** NS NS ~* * NS NS NS NS NS NS NS
Soq Rate * % 3k k= * * NS * * * NS * * * * * * * NS NS
CompoRat ** NS NS NS NS NS NS NS NS NS NS NS NS
SoFIComp ., \s NS NS NS * NS * NS NS NS NS NS
3Rat e
*, **  and *** are significant at 9Di @rbi,f i0c Omnlt, .

Tabl eReZp.eda.t ed Measur e

ANOVA -Gnoorn tihn.f i

Factor I nfiltratmph
Bet ween Subject Effects
Soi l * ok
Compost NS
Rat e *okox
SoiCompost NS
SoiRat e R
CompoRrRat e NS
SoiCompoRat e NS
Wi t ISiurbj ect Effects

Ti me *okox
Ti m&oi | xR
Ti M€ompost NS
Ti m&Rat e R
Ti mM&oiCompost NS
Ti M&oiRat e xR
Ti M€ompokRat e NS
Ti A"&oiCompoRdt e NS

*

and *** are s0g0h0Iilcanel mat NS O05s amat

l tration r

signi fi
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Tabl el hr-veley ANOVA for soil adbgpang & car bon stor

Factor Soil orga(nkg)r

Soi |l ok ok

Compost *oxox

Rat e *oxox

Soil 1T Compost NS

Soil T Rate NS

Compost I Rate * ok ok

SoiCmpost I R NS

*** js significant at O0.001 | evel. NS i s not

Tabl eEs2.i6oBatidd cmgadbbnéEf erent compost rates in |

Soi |t Compost Compost r SOC (%g
0 13.98

Compost 15 27.15

30 43.05

50 62.58

Si |t L 0 13 39
15 22.94

Compost 30 32. 44

50 46.54

0 22.02

Compost 15 34.85

30 49. 30

50 68. 31

Clay Lo 0 22.02
Compost 15 30.12

30 38.91

50 52. 34
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Water Column|

Iron-net & Cheese
cloth Layer

Fi g.S@helndataiger am ({ceofmplosdangpackield i nfiltratio

m Sjlt Loamm® Clay Loam o Silt Loam e Clay Loam
157 a 15
' b § y =-0.012x + 1.464
1 c ‘ R2=0.94
] d d [ ° ...
i {é\ i ...... ’o....
= . € S1n.l Tl : “ee,
% 1.0 e Q 1.0 '-‘... .’...
s - . |
2 2
@ 3 y =-0.010x + 1.268
g 1 X R2=0.95
>
X . o
> =
2 05 - @ 0.5
‘S
(,‘) -
0.0 - 0.0
0 15 30 50 0 15 30 50
Compost rate (%) Compost rate (%)

Fig.Ef2f.2ct s of compobul mpgpédmnmsiat ¥y ohoamtafstdeoral avy
6mont hsetters indicate sitgyaedadoarngpmtsti mtadrea  tTiukre
p < 0.05).
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3.0 -

3.0
1 a
] a
] b
25 c | [XLTITPPRI -......... .. i
£ ] < y =-0.005x + 2.649
2 20- G 20 R2=0.89
> ] 2
2 2
S 15 £
s °
= ] S
g 1.0- €10
S ] o
wn ]
0.5
0.0 - 0.0
0 15 30 50 0 15 30 50
Compost rate (%) Compost rate (%)

Fig.Ef2f 8cts of compoptrappl ectdeomabhesy.t@®es eiomd i ¢
signidfiifctaemtecncgegmpostTulkey' s HSD; p < 0.05).

0.8 - m Silt Loam = Clay Loam 0.8 e Silt Loam e Clay Loam
1 s b a y = 0.003x + 0.522
o | R2=0.91 ' ............ l
5 1 . c ¢ 061 . ' .....................
o | d | R S |
2 d P $
g | g . .......
E_ 0.4i 204
3 | e
_ @ y = 0.004x + 0.442
2=
0.2 - 02 R2=0.92
0.0 - 0.0
Compost rate (%) Compost rate (%)
Fig. ERRf lct s appkoomapbBssbon |r aptoersonsamtihesatf ¢ es i ndi ¢
significant intgpadtcompoamongteo(lTukey's HSD
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Compost rate (%) : =#= 0 == 15 == 30 -o= 50

Clay Loam Silt Loam

|
100 - a

=
=
S
(]
©
c
o

® b
E

c

%%i\\!bmbg E
0.d C Ccc¢C C c

0051 152253354455 6 0051152253 354 455 6

Time (month)
Fig.l f.iSl.trati on rates .atBadrisf faerree. hsettatnedfasr|di nearirk
significant i ntgmpadticompoamon@teoi(lukeryVv at iHST
ti mes under the same square bracket have the
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A m Silt Loam m Clay Loam 0.4 - A @ Silt Loam e Clay Loam
0.4 ab T y=0.003x+0.239 g ..o !
= ] R2=0.93  _...-g
s B gos TN ¢
£ 03" ¢ Tl e * l
T ] g g
[ 1 ceo®®
2 ] d 0.2 -
202 g d Z g o
> ] 3 T y = 0.002x + 0.159
S : & R2=0.94
© ] 3] 4
S 0.1 - I sol
t ] o
3 ] [ ]
L g 0.0 . . .
0 0 15 30 50
Compost rate (%) Compost rate (%)
T 020 B ®Sitloam =Clay loam T 020 5 esitLoam eClaylLoam g
1 a .9
‘\% 1 a z%, y = 0.0014x + 0.0965 ,
% 0.15 : :q:) 0.15 R2 = 0.8886 ..l"'::...
g : d d C bC g B . o0 ® -:
) ] 2 010 .,...-"" ' oot
g 0.10 - d g - ¢ y=0.003x +0.036
] ] = ..‘ 2 =
% : % ..'., : Rz2=0.94
£ 0.05 - z 0052 .-
3 1 s *
o o [
0.00 - 0.00
0 0 15 30 50
Compost rate (%) Compost rate (%)
u Silt Loam m Clay Loam c @ Silt Loam @ Clay Loam
Aam- —
& o 0.24
5 : i
o 1 e @.....
5 ] :ELL BRI ‘ ........... !. .......... ‘
016 T 016 y=-0.001x+0.203
2 ] g ] R2=0.43
g g
S 1 o
> S el
S 0.08 - £ 0.08 - .m'mumut
= 2 9 y = 0.001x + 0.063
| ] R?=0.89
0 0.00 -
0 15 30 50
Compost rate (%) Compost rate (%)
Fig.A)2.Ki.el dvadcdaempd cB) ypl antandv aG)l avbil let cwoagttegot nt
af tbemontlhest.t ers i ndicate significant i nteract

(Tukey's HSD; p < 0.05)
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Soil organic carbon (kg /)

Fi gi.Ef2f.ect s
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g8 L&achate water di s snmoolnvtehd {o4 Mtam i%5-Mdatrtblomd a6
M) Bar s ar eslsettatnedrasr di nedrircoart e significant inte
te widhbsdser teeafcthokey ' 0 HBED), . p
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CHAPTER THREE
Compost I ncorporation and Wildflower I ntrodu

ErosCaomtrol Vegetation Cover Establishmen

Abstract

Urban and suburban devel opment frequently

and infiltration ratedse,vepopmegt clvalgleemageée onf @
contributing to soil erosion.cdmpesstudygoi poe
enhancing stormwater infiltration and vegetat

treat ments ecesopmpirti speldota dsepsliigt-mudb it hgaomune xceVv sl o

pl ot , veget at iloonwemisx, -Wagirdhfsdsroavensi 4 )Jdfas subpl ot ,
compost and nos uwhoprpootstf)acatsorssub Wi |l df |l ower i nc
recognized ecol ogi cal benefits, incloadsey aes

systems. Vegetat usnngOREBewlag enppygxea gys aldhads eAd ¢ G
supervised i mage c-maeshfipeat iodn. bQVv&r d&ngdity
penetration resistance, vegetaedonResvuwletrs aingl
t h@Gtmpost taemdimetnd rdtulyk rdeedni2t@¥y | s ovielr edenet r af

resi sutnadnecre 2 MPa-capabiothw-séanebavadeconditions,

i nf il t rbayt3i2otni meast ecNo-Qprap cedte &8 b mé&/retget ati on cover
revealed rapid establishmewt!| &wflbow80%mammppet
initial 12 months. Subsequently, all the treat

95 00 %. mpGttr eathmeldntss gni friacoatn trhaysveht dygehmesrit thy t op 1

No-Comppsbompost dadldinotoml ter the beyond 15 c¢cm
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root devel opment and topsoil stabilization. T
and including a-wwillddfloweer mox agqppesars to be
stor mwater infiltration and rapiids heepoossitam ¢
constil aantdisecmapes.
3.1 I ntroduction

Urbanization and roadway construction, dri
demand of growing popul ation, permanentl y al't
urban | andscapes, resulting ilni tgy eaft emre asroby wea
(Mohammadshirazi et al ., -3ohdrr ®omchptd Macddne
Exposed Ssubsoil s ar e usual ly compacted pur p
inadvertently by constrattioga04B8teOtsahfiet @K
2006) , which is further exacerbated wunder w e
compaction provides stability for urban infras:c
runof fe vamldumoi | erosion, and | eads to poor pl
2022a; Kranz et al., 2022b; Mohammadshirazi e

Vegetati on edvercti sreecanacom sgge lefr osi on contr ¢
recognized as theemopsaperfdaeachi ver I sngbilizin
Vegetation acts as a shield by rielduacgianign swa treari
wind impacts in the short term (Wu et al ., 20]
increasing infiltration and influencing the w;
Pl eguezuel o, 200@mot iAdgli s oiolnapeérwymeability, st
macropore formation, reduction of-dseurfvaede cag bl

49



are all benefits of robust vegetation cover i

al ., 2011; Bronick and Lal, 2005) . Tur fgrasse
veget aRiiggodtWaoyn si nce the 1930s (Friell and WatKk
2003) . I n recent decades, both the federal a
especially North Carolina, FIl ori da, Texas, a

wilwdwét® into roadecsompl ipshandingessd oSanma g e naenndt

Schacht, 2019; NC DOT, 2017; Hopwood et al .,
Wil dfl ower meadows, known for their ecologica
pol brnatabi mptovements in soil guality, and cl

Hopwood, 2008; Norcini and Aldrich, 2004). De.
roadsi de areas and wurban | andscapesyeaeanboyf Al
wil dfl owers and grasses on stormwater infiltr
Moreover , hawsseéssedst he -wadtddntoiwelr aorfi xgruases as
cover and for stormwater infiltration.
Construction site runoff poses a substanti
ranging20 rtoimmd$92add0l1lt 0OmM@é&s compared to agricul

EPA 2005). The US EPA (2012) mamdakegmt aeimpe) a

seeded areas wuntil 70% vegetation cover i's e
Various ground cover s, i ncludi ngmwhelt anhdawpo
chips, are used f orcotvempdruariy gervegiedmtd omt recslt
areas (Lee et al ., 2018; Sidhu et al ., 2015;
of f eresf fceocstti veness and easier application usirt
seeds experitment al plots (Sidhu et al ., 2015;
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seeds wimuH chydrcaal |l ed hydroseeding, often enc

negative i mpacts on germination at | ow moi stu
2004; Merlin et al ., 1999). moveaerhetsheandle eaxcdted ,
undergone significant technological advanceme

as an efficient and widely used erosion contr

hydmwl ch and excel saitaronmuelscchabonsivegrt shoul d

especially in the early stages.

The incorporation of organic amendments su
has been recognized as <cruci al for maintainir
(Kranz et al ., 2022a; Kranz et alonh, c2020; bAad
i mproving soil hydraulic properties (Kranz et

2000) and enhancing vegetation growth and roo

al ., 2017, Evanyl o ,et20all3),. 2H0lwse v eMa,n dtahl e seet satl L
root growth up to the depth of compost incorp
subsequent | ayer s. Existing research has post
stremigndhesoi |, with fine roots reinforcing it

providing anchorage and protection against st

Zhang et al ., 2019; Hossein aeduédhifrgezaevabDaag
penetration resistance and root growth is <cr
hydrol ogi cal i mpact of compost Il ncorporation
the effectivenesspphsedepempgensnt pat edheamd it
(Rivers et al ., 2021, Logsdon et al ., 2017, |
Understanding t he intricate i nteractions bet
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essen
contr
As
espec
contr
veget
pl ot s
wh | e
i mpor
vehic
ef fic
t empo
wavel
camer
appl i
fores
al .,
et al
in -po
Th
i ncor
wi t h

intro

tial as this method gains popularity for
ol measur e.

sessing vegetation cover is vital for mo
ially to meet the | egal requirement of &
ol i n const2rOW@t)i. o Mositt ed (tWRERA udi es i n
ation cover by <clipping method (biomass
(Kranz et al ., 2022a; Mohammadshirazi e

pl ot bi oma sesl |hbeetregr oagnedn eV & ryb r(uSgcghe n , 2014)
tant when mixed species are introduced t
| eb a(sAlV)RGB i magery and supervised | mage
i ereplandhebhekrogeneity assessment of vege
ral resolution (Hunt et al ., 2013) . RGE
engt hs, is known for their accestsndli | it
a (Furukdwafete a)t. aRedenktOl1ly9, these i mage
ed to various ecosystems for vegetation

ts (Ruwai mana et al ., 2018), juniper eco
2 0 1e8 )a,r elaasn d(sFluirdu k awa et al ., 2021), and a

, 2 W0Vleh)y. fHowesvteirdii ss alpprveo ached or veget at

8 6t dlauncdtsicoanppes, wandppti waul dnbéen this stud
e present study involved a combined app
poration on stormwater infiltration and

wil dfl ower s, -ggraassss ensi,x ean a tl tnd Iftéhi jpse wkdme nt |

duced 30% compost incorporation based on
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i mproved infiltration rate and r el awieldd fsloawe rh
mi xture as constructi on site erosion control

Previous studies c¢ond-8cty eMcrlLsanu(ghoa ritnh AdGs haold.a,m a2 |

202909)owed t hat only a | imitedl) nwenber e otf a bMi il dif
commerci al seed mixhttAmer i ecvaviw. Mma)d o wha in cnle a dva w
compri s-2@6l ®opedires. Consequently, we chose a c
4domi nant species from earlier studi ebsasfeadr t h
RGB i magasruypearnd sed i mage classification metho

software to assess vegetlaotti chreteacwagre neo n i, d enrhii
i mportant for uneven vegetation st anrdes tsouc(hi )a
guantify the enhancement in infiltration and e
i ncorporation anao wa nfdi @ r)e nats sweesge ttahtei ocnover pr

and awiglrafslsower s mi xture as alternative erosi

3.2 Materials and Methods
3.2. 1ASealedygri ptPrepanati on
This field experi ment was established at

(35.738866281533) in Raleigh, NC, USNRCSBnNn Serp

(2019) <classification, the study site compris
parent materi al derived fr €mcsgerrareist ei,s gcnheairsasc,
Fine, kaolinitic, thermic Typic Kanhapelgudownl ts

of North Carolina. Subbtei bgspwermeaxpbsedteobpr

existing vegetation. Subsequentl| vy, the subsoi
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and then tilling about TlhS scem sd eogpe svind nma crkeetda ra
roadsi .deAfstt opempobsiage, sscamptmswéremcoOl!l | eeted t ¢
establ i shment soi l tedXtheresoahd text urentwast adt
hydr omet er metUSdDdA d eBbcbr@ikbseiddebyLabor atories, 1n

USA) performed a basic initialTabhleemi3c.all) and n

3.2.2 Treatment Description

The experimental tr-eptimenpkkocodesiged( Bi gp
(2 types), vegetation (3 types), and compost (
or hmdlroh (Hm), and vegetatitnuneg pEeG) cowisli difelr @
(W), or a combinati ew |daff | momelr, mdern atreed (aGsW)gr a
treat ment 1 ncl uodmepdp s3bOy% vcod nupmoes t( ~( & . 5 c¢cm hei ght
wi t hout No-Gomppopsstt Hivest t ypes were randomly assi
each main ploBswhap!l di ¥y, dend i @t oW, and GW seed
these subplots as split plot f agt oarnsd. cFoimpaolslty
assigned i n r andsounb pdrod-esmp laisé sttpl@st®@r sub Thi s des
3bl ocks and resulted i nexapetratneeln ttafile lu2wietirse @t e ¢
wer e: -GCo mpEx{ rW-XTo mrkpxp s f i-G\W o nExp(sitv »G-EBommp p s v)
HmW-Compps({viGWCBmpps({ v-GiNpCoExxp pst{ viWM-NoCo BEpp st
(1 xGWHNewCo mpp s xGNdDompps ¢ x-W)NoBarmppsand -GWi i) Hm
NoCo mpo st

The Excel sior erosion control bl anket ( Am

USA) was made from aspen f i bemul cahn dwassy nstdchuertd ec
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Profile Products LLC (Buffalo Grove, I L, USA)
wood fiber (70%) anbheeddmposte dtibleirzsed 3i08) t h
North Carolina State University Compost Facil |
This compost was derived from a combination ¢
ani mal b edoddi nwa s taend Af obasic initial chemical

samples was completed,atl nBrrod Neiwd 8r leanamr, a tOHr, i
Tabl eFo¥. 2 he selection of vegetation species,
namely t&¢hedaeayamnas)(n as esa acsooonl gr as sEraem cdd rotai |
ophi uy oandde sBlyrnmouddoan )d actsyelaasscsan grasses. The pol
mi x ¢ o mQulifarngaepppy Eschscholzia californidaa n d sul f uCosmaeso s mo s

sulphureus as annual s a llance ¢eaf worebpsi€Cqreepsie lanteoladp sa n d

Indian blanket flowefGaillardia pulchellg . Fowi gdfalsewer mi x, a ratiao
40% wildfl ower from the aforementioned mixtur
rates, and |ifecycle information can be found

3.2.3nRltat | ati on

This experiment was iTnhset ael xl peedr -si one pS eapt t sesnubler r ¢
m in |length and 2.5 m in wedth, pr @visdimngvi a e
mai ntained between each plot to facilitate mc
collection. According to the NC DOT (2015) re
in roadway areas,pplliimad was auni fpdacmésy aan d4 ,gér 8a3
fertilize?2 @df-R@WKeOJe whBatussebddlragesvain grass a

wil dfl ower plots with no compost. A rate of 3C
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pl ot s. Subsequent Ityi,| laldl vtihae aplroatsarwertei Irleer
amendments into the soil. Foll owi-wigl dfolidwenr epe
mi xes were manually sown oeadowitthle tpphettsop Thesn
a garden rake, ensuring proper seeding depth
either excel sior matting anchmurlecch wiatsh ampeptlal
hydroseederlraatt ed3nbvixtelbhg wiaa e (Fiagt. a3n 18 :.1 Frodtlioowi 1
mowi ng height guideline of NC DGmo(O2&&bnes gr a
yearly), and wwi lddfilooveer amldotgs awsr e mewed @anc
hand str.ing mower
3.2.4 Meaasaurredder s

Prior to conducting measurements, each plo
3 m I 1.25 m sizes. All measurements for a spc¢
within the same subplot. | mpod tfamrt |syyb s ehgeu esratm
times to avoid disturbed sampling areas. For
measurement was recorded per plot. The measur
the years 2021 and 2@Pri2ng camd espromei ngr ¢ Wi n d e
This comprehensive sampling approach all owed
Various soil and vegetation properties were a
( BD) , vco | wanteerr i cont ent ( VWC) , soi l penetratic
( RMD) , root di stribution (RD) , and vol unt eel
Measurements were initiated 8 nmamtbH sa tdhtemrpill
(September 2021) and continued at 12 mont hs (
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mont hs (August 2023). This extended observat.i
four distinct sampling dates. Additionally, m
percentage of vegetation covierwrsiognhttshei nptloothsow

cover evolved in respoBd4embont bbaofhi hgesshbadns

3.2.4.1. Soil Bul k Density and Volumetric Wat

To determine soil bulk density (BD) and vol
obtained from the upper 10 cm of the soil prof
American Fall s, | D) at randomcmooftieand wambpi

excludegrevent compaction from the sampler's
subject @dd yticmgowmsgtidnta wei ght was achieved at
water cont ent ( GWC) wemet tiatc cwhateed.coRt ralt | w

mul tiplying the GWC with the BD of the soil

3.2.4.2. Soil Penetration Resistance

An el ectronic soil compaction meter (Field
Auror a, | L, USA) was used to determine soil p
instalAwdgustn 2023). The meter was equipped wi
and a 30A field view angle from the shaft. Th
25 ¢cm (10 inches). We determined thet SERs ad

conditions to exami nehotulgen enfef edcitds nooft nmoeiasstuurree
content, we designated field capacitst ressad |

condition after a consecutive 10 rainless day
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including average air temperatur e, soi l t en
precipita?26oAufuesm 2@23, are summarized in Fi

from the North Carolina State Cilt mar el Orhifli e ef, 1

experimental field.
3.2.4. 3. Infiltration Rate

The constamt ngeaacfsilngloenet er met hod, as de
was employed to measure the infiltration rate

PVC pipe reservoir with a hetiegrhto fof1 0L 58onf c(m- 1hdi,

water vol ume). Pl astic tubing connected this
inserted into the soil to a depth of 7.5 c¢cm b
thin | ayer of ¢dhavesloiwWasuplfacedtonprevent an
infiltration stages. Mai ntaining a pressure h
of falling water in the reservoir wds |Inatted eat
3 successive readings of similar infi-6®@ratio
mi nut es . The calculation of Il R was done follc

Elrick (1990).
It was observed that t-dhteatte wieRe dortiabmdg yt e
2022 (8 months, Apr 2022) compared to the spr

finding prompted us to extend trloexi dnant &tliyorl . &f

hours in an attempt to gain deeper insights i
the underlying issues remained unresot veg. T C
measur ement s, we nieiaesludr ecda ptahcei tlyRsc ounnddietri ons ( z
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during fal/l 2023 (August 2023) . Additionall vy,
si nrgil eg anrdi dg uibdfei I t r omet er s weppee riddeivpxl totyierd s |

the same experi ment al pl ots, allowing us to c

3. 2. 4 Ma sRonosti tRo oBindt ri buti on

Root mass density (RMD) waisn snie adsduraitridgp aAf ut geurs
2023. Soil core samples were collected to a d
di ameter of 7.30 ¢cm and a height of 60 c¢cm and
core samples were colilensewi fhom ewohdpbot nci
were segmented into fivig.d <inhdadiBdkelEd can,r &2mM2g |

30 cm,-48ndm30Subseagquypdrnmrt lun,deagavemts separ ate was

(Fi sher Scientific Company, Chicago, I' L) wunde
2017). Roots retained on the sieve were coll et
at 65 8A® f(Brmid4 et al ., 2000). After the dryin
all owed to equilibrate at room temperature fo
dry root mass. The calcul ati omalofdeptoh s may sd id\w

root mass (kg) bydtkersespoondiagvolbumachmi nt e

The root mas®%s densi+ty (kg m

Root distribution was calculated by dividi

tot al root mass for the entire sample of 40 c

Root distr4+but+oen—"—%)r—=pnmn
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3.2VégbBtation Cover

The monthly wvegetation cmooretrh watsBdessitdo sanan g
instruments and software: i) unmanned aeri al
iii) ArcGlIS Pro sof-GrweRlreu e)Fiigma g3e.r3y) .c oRABe c¢(tReedd
ARTKIAV (DJI, S h ef nl zohwenn , wiv@dls nRABkK d f or mont hly
vegetation cover. The data acquisition proces:
survey at a mowoaathitede olé!| rRdbs oldlhtyishnagplpr o@athi
to evaluate the effectiveness of UAV i magery
strategically schedul edsiarbeandmagesn. tAl tmh ovu gnh

(2019) mentioned an 80% forward and 60% si de

pattern between i mages for both forward and s
dat a. The subseignuge nti nicnaugdei npgr opcheostso al i gnment
mesh,tdli gelevation model , and orthomosai c, |
Professional 2.0.3 software (Agisoft LLC, St
sufficient image overlap after ali grmi rug eidndiovi
processing the images included:

fPhot o alpieghmemed at a 30,000 tie point and 1
to ensure precise alignments of 1 mages.

fCoordinatTdhi sy stampyr ajseadt ed ¢ oorNarntaht eA nseyrsitcea
Datum of 1983 (NAD83) as a reference system
USA, Canada, Centr allhEREB&Er @S 4used Mexi dNorth
fDense Hilgludl ity setting (point color and ag

This resulted in a detailed and accurate poli
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TfDigital el evabDEMnhnwamsedbéli ( DEMBsing the dense
1TOrt homgeareferenced aeri al i mages subsequen
mosai c bl ending #rodd iangd neent ahboldesd wealee chosen
fTMes&d: mesh was generated using the 3D surfac
sparse point c¢cloud. The mesh had a high ffac:¢
fTextutexturwsimags abai btending mode for ensur

accur ate representation.

TExpor Al | resulting orthomosai c, DE Ms , and 3
further analysis in ArcGlI S Pro.
Orthomosaic i mages were analyzed in ESRI Al

USA). The mamagebbwefrerenced in ArcGlI S Pro wutil
control reference indicators that were easily
boundardiegi twiez @dA M ;b gagnrdy hseaved as a fporl yfgwmt H el
anal ysis. Addintsh adfed ket yt ghreaneeCaw®esdm ar ound each pl
all ey area.

A supervised classification approach usi n
empl oyed to quantify the vegetation cover in
fDevel eptngsefctbkeammasi ng the training sampl e mal

feature classes wermrorregseeangetd at goneenf VvVewerati

classes served as categories for classifying
fTraining mampl pbe t r aiidea mtgi speddeycgaosnds fiveornre e ac

each featAfteecl bbse di fferentiation of each c

61



schemas were savededndlheesbstgoani by proces:
sampl es trheepruensegrute spectral signature for ea
TCl ass:it hgeicrdg fi l es serve as mddehg fbe thai B¥I
and saBemport VedtSd&/ml) Mascshifneati on was empl o
Esri Classifier Definition (.ecd) file for
and .ecd files were used to execute the act.
T Attributent aliltei bute table was generated
"Tabul ate Area” f unctA omo naaflt erra sttheer calnaasl syis
calcul ate the area ofZemalh dppar atriecorc | aaslsc ul
based oncegllospwi ofi the same value contai ne:q
TExportt teabdtet:ri bute table data were exportec
Thi s -bpisxal anal ysis facilitated thencrabewmnl!l at
opbi gsedrresponding to eaacah mbemitaoadenchl 9T boitby

provided an estimate of the percentage of e:

3.2.4.6 Volunteer Plants Identification and Q

Si nacneyeget ati on helps reduce soil er osi on,
volunteer pl ants Thetealdurmtfeewe em! acnotvseri.n t he
identified at each plot using the PictureThis
identified species were captured using a dig
i magewereaeddit yorealidftihr oughN ©Ghedener Pl ant T

(https:// plants. ces). ntcos uc.oendfui/rind etnhtei fcyo namopnl aanntd/

3.4) . Quantification of the percentage of wvol
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https://plants.ces.ncsu.edu/identify_a_plant/

summer of 2022 and 2023. A team comprising fi
the plots and menpsuc eodft Bvjoel vamptpereorx ipmaatnet s r el at
vegetation helps reduce soil erosion, we refe

i nstead of weed cover.

3.2.5 Statistical Analysis

All theasahybsesesi wale condRcCerdei heRmxe2d2 2)
Repeated Measures Analysis of Variance, which
density (BD), infiltration rate, atnidmev oilnutneertvrai
while soil penetration MDes i sanadncreq otr odit s tnraisbsu
measured onmentaht. tMoer ed4 er |, changes in veget

monitored mont hl"%Ymorstthararn c ge Hidomg ht.ehteR é2h ea t2etd  r
ANOVA were conducted for ithhfe |degmdamodieanne avwaerci anbal
cont eRbr vegetegpteiad re d;dcNo@dsNs ,wraess per formed for da
223 monHhsmmon#l Bs mo Bt & smo "2t A, meomd hxs . Thei sGrerenh
and Hmreglndht corrections were applied when Maucl
resulrtesp efad re dA N@e/aAshuer edef aul t compound symmetry
SPSS was uaeprdeasi Atbovmensesured dependent variab

spkptit plototheeirgmat.i olmn etamihsh desi gn, ground ¢

pl ot , vegetation as t he usbypHd pltotf,acdmd sc o nmphaes ter
| evel of analysis were as foll ows: ground co
repligmrouomg @svesmubpl ot error gramnddcecmoyp@st [ vie
as -swkbpl ot error. Wheneweméounndepegdsebhascesdat i a
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on thépgb. DéMeans were separated by Tukey's Ho
test¢tc0Oa®05p I n cases where no si gmiefaitaoreemtt sef fdead

combined with the main treat menablaensd subseque

3.3 Results and Discussion
3.3.1 Soil Bul k Density

The resubspbi bf pskpt i ANOVA and repeated meas
compost significantly abnud k c odnesnissitteynt (p © e du
measurements (Table 3.5 and Table 3.6). On avc¢
2 4, 20, 19, and 19% at these respectivé ti me
1. 167%gnoctipd steat ments, cohtd4asSigheCompibsteat m@2hit s
(Fi g.). 3Nodt abl vy, t he | Goveprgddtotbsi | kemainsed yst aabl e
mont hs of monitoring, shomomtgh nwa lcithea.n gheo veeovrepra,|
siganflyg increased from 8 months to subseqguen
No-Comppstttributed to settlingstallllatdi ssiggiglesst &
compost incorporation effects on BD can persi
compared to the effects of tillage -apbne phon
ANOVA showed signidgetaatti o mtwitamt cho mpnals tg v aotu n&d
at -mbht h samplingsraAdbmpughepessifbkegts were
measures ANOVA, in which only the-moomho stt uldy
period (Table 3.6).

Th@ mpaoagsttat ments r educ ddCoBrip ecodantpraorle,d ptoos stihbe

the | ower bulk density and higher organic mat
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(7]

tudies in the |iterature reported that till a

urban soil s. Kr an zp oestietfaflveec t(2 022 agd o mph S %Wiewnc or

-

ates (15 cm deé&e@)mpcoosmptarroeld. tMo hhahmremads hi razi e

the i mpacts of tillage alone at one site and
the Piedmont region of North Carolina. Their
reduocnt i n towl ikn deompacted soils, which persist

Additionally, their findings indicated that t|

in BD in both study sites when compared to th
3.3.2 Soill Penetration Resistance

The soil penetration resistance (SPR) incr
3.5). Even aftens?®a4l hhahhet brme aonf SpPlRotval ues r e mal

threshold of 2 MPa for root penetration sugge
(2018). They set the threshold SPR value at 2
to smallctriomr2, MREBatirlmdi cates a | inear increase
represents st rAodndg triooonta Irleys,t rKiecetsi o(n22005) descr.i
reduced root growth at soil strength of arounc
2.5 MPa SPR. This was observed within tche til]l
slightly beyond 15 c¢cm unldrerc dnter as-dctarpeascs etdy (W \ &S
conditions, SPR i ncr @amspeantio-Chmpg amnteaamept $ nat
dept h. Mor eover, mean SPR exc€8de@0tlBe Marti

Shaykewich, -I1®9&m dNogtmmgdgteat ment s, wher eas i
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threshold onl y oanp alg3 actrmednetpst.h Goomp oGt tr eat mer
SPR from 2.5 ¢cm to 12.5 cm depNo-@o mmadset a Wde © D 1 (

These results suggest that compost incorpo
more favorable growth medi um, facilitating vi
remedi ation of disturbed urban c&otid .vdarhieowsrfi
namely organic matter content, soil moi stur e
Aggel i des and Londr a, 2000) . Since compost a

statistical anal yss sdevatsh .c olhadwe v erd,-2Ibke ddawyw tadreep

presented for visual assessment . Mohammadshir
SPR, but compost did not affect it. However,
when dactoa Iwecrteed. Our study showed that the ef

soils can peNo€mpaeswatgreent ©rainn both FC and WS

3.3.3 VoNaurgehteaot

Ground cover type,0mpegdt atnifdmm etnycpee, tared v ol
(VWC) of the soi lognpabtts te8a trmoenntthss ,wiwthhe reex cCel si or
and wradsl ower vegetation types retained mo |
subsequent -mdntBOstadygy &évent s, only compost ¢
di fferencew, efredadtietdi AMead/dAu riemp | i ed t hat VWC va
compost, time, and their interaction (Tabl e 3.
were included in Fig. 3.6, di spl ayi ngnomdrhpostt
data separately in Fig. 3.7, i ncorporating gr

for i tsretgmtwatmercapacityw,y adompao atd uhad 4 yt hbseu popd |
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(Crogger, 2005) . I n our study, compost incorp
32, and 30% at-madBnohl 20,b s2e0r,yv adrecop2z4ti meely (Fig.
fairly dry sunmmoenrt hd uervienmgp ¢tshieh €1n2€ n t exhibited
suggesting that c anepaossto pgthoyo rnpoorrea twaotne rmatyo Vv e g
|l andscapes, even under rel at i voempyod sdie &yt memtds td a
be associated withciianlclrye amesio ppoorreoss itttygat els@led
(Aggelides and Londra, 2000).

The i mpacts of compost i ncorporation on V\
construction sites, have been | argely overl ool
t hat i ncorporated different rat etsi omfs @mommdp ousrtl
| andscapes, ranging from |l awns to roadways (L

al ., 1999; Curtis and Claassen, 2009) and fou

3.3.4 I mRatketration

Significant i ncreases i n i nifmolnttrmdn2dnm, rand
24nont h evedbt)s. (AldadbReepeanb b OANME@WEA ur esuletdsheri ghl
effects of compfisl t ra@Tda &dnemre aHoanse v e r nei ther g
vegetationi nhfyiplet ma& f eemtyedadtme evenitrsf.i [CtorBgptoisan e
3 times throughout t he stNo€ymppeessthodolc,o mpart k d
ranging f20m i@ ®s@nd 157..018 licmo-Compasteat ment s
(Fi3g). The enhancements were possibly from un

We f ounadmpdisatt r €as e dt ratt i teimenrtlar eesvent and ex

interaction with grdwfd |dccadd-nmodnfF kr jatthee a smor ed i
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2022 (Summer 2022), were tompe e tetaitmeesnthsi o hhearn o
data measured in Aprili n2022t.rnaé & soune éroeetee S sWO S ¢
under field capacity conditions in the Summer
previous day. This approach rnedulltteddmpanaddre
to Summer 2022. However, these rates varied f
and remained 81% anldy .4 2% iemifhgi Hoahrepaet & soenp & dattiesse s u r
could be from greater root mass density duri
temperatur e. Dufer otrrao Bitnheno mz Ghs t-reeonmedy h 2 2 ven't dat
separat el y -moenptolr teevde ntth ed altza f r @Bf bhet hesé i nte

Compared to our study, Yarfg | amdnt Zdoeavegr aatl2 0pl
devel opment areas to The Ilaefs latgheaehpio@nt rda thenh r e
conducted compost i ncorporation studies, i ncl
( Al shr aah, 2020) , Mohammadshir &bi t éehtngale.r (t2h@GIn
we observed in this study. This discrepancy ¢

Al shta@ah0) in theegratstandewcrdbkedwenhanceme

explained the |ikely reasons by altering soil
meani ngf ul di fferences or trends among-the Ve
wi | defrlsow Compost incorporation toi mafidletprt &t iodn

in the current studyNog€Compastadatmentse Ibhggmst i

as a beneficial management practice, especi al
study by Mohammadshirazi et al. (2016) . Mor eo)
due to its chbstyand mapyaotbea settings with
(Chaplin et al ., 2008) .
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3.3.5 Vegetation Cover

Total vegetation cover showed temporal fIl u.
mont(lODxct 2023)%otfo 1@BSemmn2hdB)%, ofwi t h a not abl e
stable cover duoi ngGpib h@B2mabheBL=PEF) gdSubsequen

vegetation cover remained reld{tAweg!l,¥0r&dicfho rnng

>
()
Q

r{1¥Y 0%5 Ground cover showed signifi&8ant mai

o
c
—

ing the initial 2,h 3yywurwth 4 xwmeeretdhsg( @gxCeld s’
and 12 %, res3sfgectiThel yocBi ¢l e reason for these
from spramulngh hfyalciol it ating enhanced and rapi
excel sior blanket hid the vegetation wuntil it
Compost incorporation at a 30% rate supported
US EPA mandated 70% t hr e Nb-Golndp desftd aetr me3rdt ngd nrt ehgsu,
mont hs to readhOMdbdwe viearr .k K-t kgo c p smpNa-Goendp oasnt d
treatments exhibited24 ompratradl @0 ®)otver(s95F rom 1
Further mor e, compost aided rapid moqodrmer at
survey (March 2023). These findings implied 1t/
and wildfl ower cover establidkementvei suurflaagre |Is
control. Differences in vegetation cover betw
10,2Q,7 and 22 mongrhassisl Mbr eweer mi kheomgsieattemt |
vegetation covemnmdtwahdf hewgbassxmbdFmBghdnt hs
Both grass and wildfl ower covers weéel@oaghbhally

period. A det aivlegdc teaglogneng € t afa ngmea@wewdse pi ct ed
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i n

Fli2y,. revealed their seasonal variation, alt

Hi gher green covers appear eMaleucre mbgedt)lde c3P wraisre

as

ob
Ar

(2

r

(0]

2

S

c

0

winter approached, reachlirny tMaeich laomwe svti c
nmamnvier . The fl ower abundancepovaidowdmgcreass$
wing periods and fwionmear dtoo ica gnpé@id dehm@&Env eh%b (
2). The repeated 38e ashwpvedicAN®@A ionf Tahbree on
er -24 omorths and individually exhibited i
et ati on tgyrpoeasn.& eMo raenodv evre,get ati on t ytpetsals how
etati on3&)o.veHowelhaerl,e due to the complexity
ualize these interaction data separately.

The Awxd@ls$Smbhigedviwacadmpyar e do wi ¢ ihnidihaedReéGB a't

h event any -mlivad siaftidcrati nat mine ® a s svihfearseat i or
er vetdr,aiwee d eR6GB mamgieg iamcall arsasn ftihceaT™ h e no raigqii ma |
@ln:al yzed i mages at 2, 3, 6, QA4 1Rur ama

19) found tih@ampc aGrogpeyk chPhai{e®e d g Wae setbi Sriaaptde d

through supervised i mag2a. T acfs i-f Hcead ri mena & larnegme

Th

f o

e

r

accuracyAwfaselkde sB@EBr vi s edvairmagle bdld &séseinf i8c

green -1eQe&t aor obarUIs diolrs dermadd Smat t er i n

Japan (Furukawa et al ., 2021). They al so ment |

t o

3.

3.

the misclassi frieasat wbhre nwictolmp &lg & dianve gRdddBt h e

6 Root Mass Density and Root Distribution
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The split plot ABANOYWMowed Tabhé eef fects of cov
and their interacti odnesptohn. RSMDnh cfeo rc oergcohs td iwsatsi n
top 15 cm the total dept t mya sanddd Gsiuchres)b i il o t(alsss ®
effects of compost beyond incorporation dept
i ncreasi ngess pafh trheegagrrdodund cotvyepe Five gevartagea,
decreased from3fSodm@ aotd Of 6dmk§. B9 oNo-€o Mp 45t k g
treatments at i2ndstrag Fi8d B AP f Ebmpost i ncorpor a
positive i mpdacbt ehdd RMD5deptOhs; however, below
no effects of compost incorporation. Compost
the total soi l profileldq 40ma8MFB)p.ndGrtooupnsdoi ¢ o vd
vegetation type did not show any differences

Al t hoammheo £Ce at ment s i ncreased the RMD in its
t he overall root distribution i n tGCoanpsamitdl pro
No-Compdstteat ment s we+d7e 5wicimh d3dpit)he (Thhoeg pOr opor ti or

to abBbdwtadD 306m dept hs. Mor ecCo emp @antab o WOt% &3F % rromc

No-Compadsteat ments were within the topsoil of 15
Gr as s, wil df wawedrfd ,owaend greages ati on displ a)
across depths, contrary to our-wek@gecowéer o®sn wo

provide a greater RMD than grassyawkisclnudl triem
soi |l erosion (Al shraah, 2020) . However, we o0
wil dfl ower and gr ascsqgarwheetriengwi(l>dflnmeirrs diaame

dept h, but the grass had awerty rd)o darmsoritd crwosott e nmsg
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cm dehdppmeg md)i.x Further research should be done
characteristics on soil erosion and infiltrat

The significantly higher RMD and its distr
attribut edDt @éSrdh er e somletri ng from compost 1 ncor j

wi t h Al shr aalo h(a2ronfadd)s hand z)i, edemalnst n2t0dd t h.

incorporation reduced BD, creating &ifnscogolr abl
BD below 15 c¢cm depth was not measured, a dire
established. However, socCatapéemaeatxdtait eingise gir € a

SPR below 15 cm depth compared to the top 15
SPR positively depends on BD (Al shraah, 2020;
to higher BD.

Further mor e, the incorporated compost l i ke
cm, favoring healthy root development rel ati ve
in the top |l ayers raiged,etafrathot bng rabgetben

Studies by Alshraah (2020) and Mohammadshira

wildfl ower root density -inmc80Opamated!| edeanuche 3
compared with Addpacobedl|l tgnt eakl i er research
more pronounced and increased grassroots cont
to core aeration and compaction. Numer ous stu
edgsion reduction, highlighting their efficacy
both physical and hydrol ogical soi | propertie
Donn ,2@14) .Fan et al ., 20 1le6 ;f iModsiandgdse gohfi tehti sals.:
that compost incorporation can be an effectiwv
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stor mwater infiltratioinpnfialst raviiamndreadt ehp gt a tnic

establishment, and increased root mass densit

3.3.7 Volunteer Plants Cover Assessment
Depending on treatments and tim80%tbe vVbel
total veget a3liOon cCoovrepro s(tTabnlceor porati on did no

growimbnt&h); however,campt8t ahddr@dmmbmhstheser pl

covenrdlaComptoseat ments. Likewise, ExoodIlusitcererg rpdLL
covaetr ormoynth0 event. Addimoindrmalelventat, 20 asrsd adh:
el evadlednt eer, ptraspetcyveFurther mor e, there w;

volunt eerampdmntr eeglviearlalt i omur me as3dilr0eme nfe pde rdi a
observe any smwmdainftieert pd sy icwaerparticul ar t
volunteer plant growth. We did not find clear
gr owt h. vPorloubnatbegeyrpo wat lhasratre pa mel a , season, managerm
l evel of maint enalnwcret swlirt ep litahedratnidfcisecdme mt i f i ¢ n
|l i sted34n Ambhe thel udeeeiffipvkednstpeci es were d
pl ot s, naranoepll yeratPd iamt(a g o ) Whintcee 0 faid fae e p)¢lems s e r

t refTaiilf o( i Unlardgueb i ywenl [Voiw i ae tgghdban i t Flerfiafid! i (um

campelAtternlenitvéVieita ht ¢ terssepeTtrmadfodiilym dabdi ur
large yelViowi saegrawdgr £l doami nant I-wi | wdi f1 dofw eorw eprls

The others were similar in both vegetation pl
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3.4 Conclusion

The results of this study provided valuabl
incorporation on soil hydraul i i muobodp ése tuirebse da
|l andscape. Compost i ncorpoamd i onc rl eoaveadk dwastodar
highlighting i-ter moseint i madnagemehbnpgracti ce.
BD were sustained for 24 mont hsmoawmtd tthoe 1r9e% uac
mont hs comMm@o mpdrsetat ment-3f.ol Whei nZr ease i n i nf
underscores the potenti al i mpacts of compost
Al t hough there were no significant di f-ferenc
wil dfl owen wvepew dtddrd awser mi x provided signif
during some of the iIinitial mont hs as wel | as
cover assessments groamidt rraestgeedn etrlfae i omaptidcili
reaching 70% threshold afteNeC8B8mmbree asmenmmpar w!
is crucial for preventing soil erosion and pr
t hrough root mass density and distribution, i
devel opment i n thehtop 1% owmsofi ntbepeonated.
vol unt eer plant cover va30d%®), awirtols scdampag tmetnnt e
hi gher vol umtte eom Ipjb @ thte d@wmeioimpe sevemtc.or por at i
as a sustainable and effective management p
enhancing infiltratifas}t efenreds eg fowidn g gwse gmnatya thied
on sustainable urban soil restoration practic

in creating resi | ipeorstb nasntdl w@eectbd@ogp ecsa.l |y sound
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Tables and Figures

Tabl eCh3e.nli.cmlt raine@lnt an-ahgtasdialf.i bhe pr e
Mean value/

Property Method Reference
conc. (mg/kg)
TEC (ME/100 g) 6.63+0.48 TEC by summation Ross, 1995
pH 5.63%0.05 1:1 in water McLean, 1982
Organic C(%) 1.95+0.09 Combustion analysis Nelson andsommers, 1996
NOs-N 5.93+0.71 :
NHa-N 2 0540.75 1 N KCI reduction Dahnke, 1990
Available P 24.00+£12.62
Available S 15.25+0.96
Available Ca 656.50+62.05
Available Mg 121.00+7.35
Available K 59.50+12.87
i‘([ 2:;?;';6‘ g:zgigzgg Mehlich I Mehlich, 1984
Available Fe 209.75£54.43
Available Mn 11.50+1.29
Available Cu 11.42+1.21
Available Zn 8.16+£3.35
Available Al 726.50+62.68
Al | the units are in mgAkagl wnileswasotdhemevi 6 a
Laboratories I|Inc., New Bremen, OH.
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Tabl eCh3e.nti.cal and nutrient analysis of compost
Property Mean value/ Method Reference
conc. (%)
pH 6.23+0.41 1:2 in water Ross, 1995
Organic matter 48.95+2.99 550°C ashing oven McLean, 1982
Organic C 23.58+0.66 -
Total N 1.23+0.27 Oxygen combustior Eé:eliln(egggé:/ilggl\él)ax
C/N ratio 19.78+4.29
Total P 0.29+0.04
P20s-P 0.67+0.08
Total K 0.60+0.05
K20-K 0.72+0.06
Total Ca 0.95+0.11
Total M .23%0.
Total Ng 85?1883 Acid digestion EPA Method 3051
(US EPA, 2007)
Total S 0.18+0.02
Total Fe 0.71+0.08
Total B (mg/kg) 6.19+1.45
Total Mn (mg/kg) 255.59+21.71
Total Cu (mg/kg) 39.40+2.41
Total Zn(mg/kg) 84.82+8.73

Al'l the units are Amalwysios hwawideneneintt i tolme dBr
New Br emen, OH.
Tabl eCo3nnmBb.n name, scientific name andplsazretdeéd g
in September 2021
: - Application Life
Vegetation Common Name Scientific Name Rate (kg ha? Cycle
Tall fescue Sc h e d carundinacea 56.0 Perennial
Gn:?xss Bermuda (unhulled]  Cynodon dactylon 40.0 Perennial
Centipede Eremochloaophiuroides 11.0 Perennial
Lance leaf coreopsii Coreopsis lanceolata 2.5 Perennial
iforni i ' i Annual
Wildflower California poppy | Eschscholzia californical 5.6
mix Cosmos Cosmos sulphureus 5.6 Annual
Indian blanket Gaillardia pulchella 56 Perennial
flower
Grass Grass: Annual
Wildflower All of the above GrassWildflower Wildflower = | Perennial
mix 60:40
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Tabl el d3e.ndt.i fi ed volunteer plants with their i
| mage Common | Scientifi Domi nan

Narr owl

olant a Pl antago | Grass p
Horse Erigeron ¢ Al l
Large Y

vetch Vi ogiraandi f Gr ass

Little ¥ Trifolium Gr as s

Lentil . . Wil df | owe
Viciha teth ywi gt ow

9C



Johnson

Sorghum hz: Al
Crimson| ¢rifolium Al
White ¢ 1rifoliun Grass p
Willd ¢3  paucus ce Al
hCOarrSoeIni( Sol anum c¢ a Al |
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Curly ¢ Rumex cri Al l
Hairy ci| Digitaria Al
Hairy Sy;niplhg;)lj;] Al
Eyeban Euphorbia Al l
Yel | ow Setaria Al
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Tabl eSp3sig@.i t pl
water content

ot ANOVA fo

rr soil bul k density

(VWC) at 8nstalJladj oand 24 mont

Factor April 2022 (8 Month) August 22 (12 Month)
BD IR VWC BD IR VWC
Cover NS NS * NS NS NS
Vegetation NS NS * NS NS NS
Cover x Vegetation NS NS NS NS NS NS
CO m post *k%k * *k%k *k% *k% *k%
Compost x Cover NS NS NS NS * NS
Compost x Vegetation ** NS NS NS NS NS
Compost x Cover x Vegetatig NS NS NS NS NS NS
Factor April 2023 (20Month) August 23 (24 Month)
BD IR VWC BD IR VWC
Cover * NS NS NS NS NS
Vegetation NS NS NS NS NS NS
Cover x Vegetation NS NS NS NS NS NS
CO m pOSt *k%k *k% *k*k *k% *k% *k%
Compost x Cover NS NS NS NS NS NS
Compost x Vegetation NS NS NS NS NS NS
Compost x Cover x Vegetatig NS NS NS NS NS NS

*

, **, and * % *

Tabl e Repeat ed

watceornt ent

i ndi cat e (sTi

ugknei yf6i sc ath& D )a.t NS O0i5s,

measure ANOVA for bulk density

( VWC) .

Factors BD (g cn1d) IR (cm hY) VWC (cm®cm?)
Between-Subject Factors
Cover NS NS NS
Vegetation NS NS NS
Com pOSt *k*k *kk *k*k
Cover x Vegetation NS NS NS
Cover x Compost NS NS NS
Vegetation x Compost NS NS NS
Cover xVegetation x Compost NS NS NS
Within -Subject Factors
T|me *%k% *%* *%%
Time x Cover NS NS NS
Time x Vegetation NS NS NS
Time x Compost NS NS *x
Time x Cover x Vegetation NS NS NS
Time x Cover x Compost NS NS NS
Time x Vegetation x Compost NS NS NS
Time x Cover x Vegetation x Compo: NS NS NS

** and *** jindicate significant at O0.01, and

significant.
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Tabl e Bodt slpy idplpiltot ANOVA for -2mbal(iOeegtO2tli
TAug 200f23past all ati on

Time (month)

Factor Oct Nov Dec Jan Feb Mar Apr
Cover o * * NS NS NS NS
Vegetation * NS * NS NS rxk *

Cover xVegetation NS * * NS NS NS NS
Com post *k% *k%k *k% *k% *k%k *kk *kk

Compost x Cover *x NS NS NS NS NS NS
Compost x Vegetation NS NS NS NS NS NS NS

Compost x Cover x Vegetation NS NS NS NS NS NS NS

Time (month)

Factor May Jun Jul Aug Sep Dec Jan
Cover NS NS NS NS NS NS NS
Vegetation * *x NS NS NS NS ok
Cover x Vegetation NS NS NS NS NS NS NS
Com pOSt *k%k *k%k *%* **k%k *k% N S *

Compost x Cover NS NS NS NS * NS NS
Compost x Vegetation NS NS NS NS NS NS *

Compost x Cover x Vegetation NS NS NS NS NS NS NS

Time (month)

Factor Feb Mar Apr May Jun Jul Aug
Cover NS NS NS NS NS NS NS
Vegetation * ** * NS * NS NS
Cover x Vegetation NS NS NS NS NS NS NS
Compost NS * NS NS NS NS NS
Compost x Cover NS NS NS NS NS NS NS
Compost »/egetation NS NS NS NS NS NS NS
Compost x Cover x Vegetation NS NS NS NS NS NS NS
*, **  and *** jndicate significant at O0.05,

i s not significant.
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Tabl e BefBeated meadaourad

ANQ\EA aft@rob 21cd;V 8&2r

224 moonft kpsost al | ati on.
Time (month)

Factors

2-3 2-6 2-12 2-18 2-24
Between Subject Factors
Cover el * NS NS NS
Compost *kk >k Tk *kk *kk
Vegetation NS NS * * *
Cover xCompost *x * NS NS NS
Cover x Vegetation * * * * *
Compost x Vegetation NS NS NS NS NS
Cover x Compost x Vegetation NS NS NS NS NS
Within Subject Factors
T| m e *k% *k% *k%k *k%k *k%
Tlme X Cover * *% *k% *k% *k%k
Tlme X Compost *k*k *k*k *k% *k% *k%
Tlme X Vegetat|0n * *k*k *k% *k% *k%
Time x Cover x Compost NS NS NS NS NS
Time x Cover x Vegetation NS NS NS * *
Time x Compost x Vegetation NS NS NS NS NS
Time x Cover x Compost x Vegetatio NS NS NS NS NS

*,  **  andgi**n* fiinccinaatag 0. 05, O0.01 and

i s not significant.

9%
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Tabl e SpmWwliitt pl ot ANOYAsfoyemasodtudmasils dept hs ar
density f ord Ot octma)l, -dtBopptsho)i (10 a4 0 scmpoaft ¢l 524 n
poshstall ation

Depth (cm)

Factors Total  Topsoil  Subsoil

0-7.5 7515 15225 22530 3040 (0-40)  (0-15) (15-40)

Cover NS NS NS NS NS NS NS NS
Vegetation NS NS NS NS NS NS NS NS
Cover x Vegetation NS NS NS NS NS NS NS NS
Compost i i NS NS NS o o NS
Compost x Cover NS NS NS NS NS NS NS NS

Compost x Vegetation NS NS NS NS NS NS NS NS

Compost >Cover x NS NS NS NS NS NS NS NS
Vegetation

*, **  and *** jndicate significant at 0. 05,
i's not significant.

Tabl e 3olOnteer plant covers (-%staal IBatil@n 20
Time (month)

Factors Levels
8 12 20 24
Cover Hydro-mulch 12 10 23b 18
Excelsior 13 9 28a 19
Grass 12 13 32a 15b
Vegetation Wildflower 13 8 20b 24a
GrassWildflower 12 8 24b 16ab
Compost Compost 13 8b 29a 18
No-Compost 12 1lla 23b 18
Letters indicate significant differences betw
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CHAPTER FOUR
Effects of Compost I ncorporation on Nutrient

on Disturbed Sites

Abstract
Urban soils are highly cegrhadetli motthe eaiBs

poses chall engeessiflore neas tvaeebglettreahitrbgh st adgr i nVY BB 6

potenti al o f compost i ncorporation fcoonternohlanc
vegetation establishment along with wusiengof wi
practices in urban | andscapes. A split -plot d
wildfl ower, aved e wmahheafslpdwearf)our amendment treas
compfosrtti |l i zer npoCH)egrtcompest -f(eCriNgFet, (nNCFQ q mpaors

comprostf erti |lweztedre (NCINgFI) ot factors. Significan
properties (pH, CEC, humi c matter) and macr on
found with compost i ncorporation even after
infl uMmcand Zn availability whil e30de cr@aanp onsgt
incorporation increased organic carbon 2.5 ti.
to ~10, i nded anii ngogarstminer ali zati on and car
extendedh@Eri €@UF, treatméntsNMeSuited in significantly higher vegetation

cover up to 13 months compared to NCNF, reaching abe@8%% coverage. Except during the

first winter, the three vegetation types had similar total vegetation cover, suggesting that
integrating wildfowers into urban landscapes for erosion control is vidble.l unt eer pl ant

was higher in unamended plote®h swgge sntoitn gn etcle
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promote volunteer plant infestation. This st ut

as a sustainable urban soil management pract
vegetation cover establishment.
4.1 I ntroduction

Urban | andscapes, particularly roadside soi

di sturbance resulting from construction and

dredgi ng, and utility installcamisonder@bHWACh2a0
restoration, often exhibiting compaction and
Human t ered | andscapes undergo heightened ero

runoff water, thusbddgeadi(Kgyadpaaenetwate, 2
et al ., 2005; NRCS, 2000) . Many regul atory ac

practices to minimize WSimlare¢r @ ido rsHehmadcahrit s d n2 0dit

al ., 2016; ; NODOEQ® .23®18 hough regulations and n
|l ocation and sites, a common approach is est al
stabilization (Lee et al ., 2018; US sEPafs, azn0 1.
economi carleneemd ngelsfol uti on for stabilizing sol
| andscapes. Vegetation anchors soil t hrough r

sl ows down runoff velocitoy Bywucanopy ecowaedr , ( E

1974). The establishment of vegetation may ap
tixmensuming and intricate process that may r e:
and plannimg.a Asucegssful establ i shment deper
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management practices, and site characteristi

Vicente et al., 2011).

After construction activities, surface soi
mi crobial activity, making vegetation cover e:
et al ., 2010; Muskett andayonreesagpdloi8ed, rTexeult
subsoils with poor conditions for plant growt

(Barnett e, 2020; NCDOT, 2017). Addressing soi
nutrients thmaddh zehemiaogeael cfoemmon practices.
recommend various types of fertilizers, e. g.,
( NCDOT, 2017) -2@0oe20he88s6(-)0, tri ple s4dpler phos
and ammoni t-0-@f edd@dndi ng on the nutrient requi

supp!l y3ombtyrilents for the short term and do n

mo s t subsoil s (Larney and Angerst,al20rlo2l)e iSn |
i mprovement of soil quality and functions, <co
for urban | andscape reclamation (McLaughlin e
1994) by improving dg9diilt yhe alatrth,0 nn wsterqiuesrstt r au a ic
and activity, and soil water retention (Wrigh
Curtis and Claassen, 2009). Numerous studies |
soi |l sdednewi th compost, but ' i mited informatic
compost in constructed | andscapes and its sul
organic matter. Di sintegration arnd idneec oomapyo sdiitr
affect nutrient availability and supply to pl
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Feder al and State Departments of Transport
di verse management-Smamal samnacd $bdlea dJISA, (2Mul 9; NC
et al ., 2015; NCDOT, 2012; Norcini aettt eamp.t,s 2f00(
roadsi de areas |l ed to colmpleagetoatbinmtdSpaci €

l egumes and 2 herbs (Boeker, 1970). Since adyv

mi xtures for roadsi des, fsowed hcad®ree fbuel elny asdevl oecca
(McLaughlin et al ., 2023; Frieldl and Wat ki ns,
wil dfl owers in urban | andscapes, studies eval
are | acking.

We hypot he empaskidcorgodatort wowld not only improve soil physical
properties gee Chapter 3 but act as a slowelease fertilizer, gradually releasing multiple
essential nutrients for an extended time, supporting vigorous vegetation growth for erosion control,
and eliminating the need for chemidale r t idluir Zz @gs pl ot Oiums toalj leattii orre ¢
study WwWeasséosithe effects of amendment (comp
availability and ii) evaluat ewitlhdef | eofwfea c tvievgeente

erosion coditstolawebdeapae .

4. 2 Materials and Met hods

4. 2.1 Study Site Description

The experiment was established at the Sedi mer
Facility, Ral ei g8, 6N8143%) 7861l &GB&Hpt ember 2021
experiment al site involved sever aderst apsno vihe
subsoils were tilled (15 ¢cm depth) via a rote



sampl es were -coldmcdemgt f rorangPe from random | o
comprehensive initial soi l chemical composi ti

Brookside Laboratorie®hi oncUSAs(Tabtedd4i bh) New

4. 2.2 Experiment al Design and Treatments Desc

The study was -pllaoitd doeusti gaisa bah €&/l bhdtwin tihni s de
two primary factors were investigated, namel
vegetation type was designated as 8d#groumms.n al
grass mixture (G), a wi l-dif ll dfwleo wanri xmiux teu r( aV) ( (
amendment type was a sdgbrpoluopts :ffaecottoprb stzheart (cQFn)s,i
no fertilizer -f(eCNRH)I,i zeramod ®GfFPpptsEndi |l i zer ( NC
exper iameenatsaldi vBhlleadck smtawand each bl ock3maasn furt
pl ot s. I nitially, the vegetation types were r
main pl ot wadss udbipy iod sd ifrmttld owed by a random &
treatments to thesetsdbpighsreTbakpedipinéntaalt oL
(Table 4.2). As this experiment and the exper:
Septembeamd202k)ati on, we utilized the same ve
and rates described in Chapter 3 (Section 3.2
rates, and | ifecycle infommatiadncareeniicml Tamlde
of the compost samples were conducted by Broolk

(Tabl e 4. 3)
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4. 2.3 nBltatt | ati on

The subplots were 6.0 m by 2.5 m, and a 0.5
subpl ots. The 5i.6i3t,i dlndd cialt i pplgd weoder ate aci di't
was applied latate 4n4@a3 |l kgpllwas (NCDOT, 2017).

at a rate of 30% by volume in CF and CNF trea

kg 'ha CF and NCF treatments. TNhoer tcho mpaorsa | iwnaas
University Compost Facility aodmReseanghw€odp
food wastde,wast e, ani mal .beThd ngu btsaengdu edncloap | vo

procedures mimicked nt hGCeh ampe telr o d3se X dSeequdt ri iwbre d3 s @ d .

excel sior ground matting from American Excel s

4. 2.4 Studied Parameters

This study involved the assessment of sev
nutrients, and vegetation cover in different
properties and available nutrientrselwmds veor du

i nst adflmd iplnot s, speci fically at 6 months (Feb
(Aug 2023). The assessment of vegetation cove
was conducted montmbht astartoinedg Gthong heo Rt pes

install ati on

4. 2.4.1 Available Nutrients and Chemical Prop
Soi | core samples were collected randomly to

chemical properties in the soil. These sampl e:



of 7.6 ¢cm manufactured by AMS I nc. (Ameri can
dried (105A C for 48 hours), sieved through a
Chi cago, I L), and sent for chemecnal oanaAgyrsiicsul

Consumer Services (NCDA&CS).

4. 2.4.2 Vegetation Cover

The percentage vegetation cover -noonntphl octysc | aen dw
estimated using a combliKiAYi 6bPJlof PHRénAPhem,t ot
Met ashape Professional 2.0.3 software (Agisof
version 3.1 (ESRI, Redlands, CA, USA). A det ai

iprovided in Chapter 2 (Section 3.2.4.5).

4. 2.4.3 Volunteer Plants Quantification

Vol unteer ©plant cover (VIPCY) 2Wasardfuamsh d i pds td
i nstal ITahtei drdent i fication of volunteer plants
app and-verirfoisesd using t he North Car ol ina

(https:// plants. ces)..ncBat.he douc€t deged s rn a e @Smd taind

3.2.5 Statistical Analysis

The statistical analyses for this study were
primary anplgsiasnalaysipsiof variankme t ANOVRADPI| wt
desivgmet atwaosn tthyep emaime npingppeawds t he subpl ot

error terms for each | eegkbkttayfpiearnespllyisciast i wenr ea sa
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https://plants.ces.ncsu.edu/identify_a_plant/

er raome,ndmehtr eppeeqdtitay)pied@rs s u bTpol ocetx pdrorroer t he e
time on available nutrients and percentage ve
conducted jnwh&iVefSdPdBl®p ound symmetry covari anc:
The Greéehosssese &#mddHuyxmhmrections were applie
Sphericity yielded significantDat as uwlrtespat at i @
visualization were carrlednduR ssfhwabet h WMen
treatment effects wehecohsatyedsi waBANPWV¥Af op me |

test¢cO0atds5p

4.3 Resul t and Discussion

I n this study, nutrient availability (P, K, C:
CEC, humi c matter), soi l organic carbon, t ot 8
cover were assessed. Thel bwndgngecharengs.i sBuas
fertilizer that contained only N, P, and K ni

CNF, NCF, and NCNF) for P andv Kl,unatse ewe.lpll aanst

However, nitrogeh asmdvesyemoberetiakhesoup by p
denitrification, |l eaching, and runoff water i
2012). Moreover, the values of CF and CNF tre:

NG and NCNF for the rest of the parameters.

gr ouipé mpotsrteat ment and MNEF MPOEtNENME mest s .
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whi

pos

Sal

ef

f

1 Soil Chemi cal Properties
1.1 Carbon, Nitrogen, and C/ N Ratio
Soil organic carbon and total nitrogen si gi

compost aftdarns2da( maltidi)bn \Odg etl @otti on taeitdl not
r,ogaennd a@/ind di d not have any interaction wi
orporation increaveadl SOCtdbypgiemés timedakbime
rvoagleune s wer e 3. 00 and b mdh%haCGodm plo. s26a tamedn tOos.,
pecti vddl)y (TTHheabICd dNo nrpaatriad | @ansp wasntl@€ dimp o st

at ments. Compost incorporation decreased s
er 2 yeaantsal dTahtipdomitndi cates that compost wi
eralized and release nitrogen for plant upt
shermes et al ., 2010pCo mmitedraetsnieinntg lwa,s trheed u
ch was 58% and 21% I|Cowsrp stelatdsmetnthes p end ttii vad | )

sibly due toNehdipmg taittmeondgesn firmm mowed v

etation, and dead roots decomposition.
The increase of SOC and TN in soil i n resp
ensively in agricultural soils (Wright et

n and Kal amdha, 2020; Wr il pmtd,s c2a2@@3) ,( Dmunti f v
azar et al . 2009) . The findings in this

ectively i ncrease SOC and TNpaantnsrtediwcctda o

| andscapes.
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4.3.1.2 Soil pH, CEC, and Humic Matter

Compost incorporation | mpdobot,edl ddiolugmH tater
not able differences at 12 and 24 months. With
was hi gohneprpditmt sC at !o Bt H n{7MHehlel SBbsequent | y, p H
si mi |l arCometawbtieCho mptorsé at ment s, stabilizing arou
and values were 6.7 and 6.9 at 12 mpmft htsheand
incorporated compost might contribute to the
compost on pH might be di minished, and the a
mai nt ai ni ng aCohmpgahsedicCp iptome domént s t han i n the
et 2a022)( f ooatimubusicdmpost application for 3 years increased the soil pH around
0.49 0.75 units, while Cogger (2005) demonstrated increases in pH between 0 anoh Theamit
soils

Compost incorporation significantly increased the humic matter content in soils by nearly
2 times at all three sample times, with the highest humic matter found at 24 niortHsA(7 €
However, there were no significant differences between vegetation type and no amendment
vegetationinteractiors (T a b | e Hufnic Matter represents the chemically active fraction of
organic matter that will significantly contribute to the physical, chemical, and biological soll
properties (Adani et al., 2007; Varanini dititon, 1995; Chen and Aviad, 1990). The lifetime of
humic matter in soil is relatively long because of its slow biodegradation rate (Qualls, 2004),
contributing to soil carbon storagd.i nd ar i et al . (2018) reported
c o-d B r ihwnmecdnattea nd CEC, wher e CE-@e c ihmécdnatter wander ¢

significantly higher than in compost and manu
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Soi l CEC significantly varied onl y46i)n amer
Compostincorporationincreased soil CEC by approximately 67, 46, and 70% at 6, 12, and 24
months, respectively, comparedNo-Compostreatments (Tablé 7). Theimprovement of CEC
over the pranstallationsoil (6.63 cmol/kg) folCompostreatments was sustained throughout the

2 years of this study. The sustained CEC, pos

organic materials over ti me, results in highe
more available for exchangedhblbee coatthieornwsi sad sior
mi nenrianler al contacts and cementMatieonefTi phieng g
and phenolic hydroxyl functional groups i n hi

directly contri butpiarg ttyo (Matmmidamiexdthange Q&€ 18
al . (2013) unexpectedly discovered a favorabl
studying the relationship between P availabil
compogtpoirmddE®&muuggrest potential benefitBhifor th
aligns with findings from various researcher

foll owing compost application (e&taial et 2002) .2

4. 3.1.3 Macronut(rRendt #ot(AE)e $ pmor us

Substantial variations in soil phosphorus (P) and potassium (K) concentrations were found
among the 4 amendment types across all observed time points4Bbldowever, no statistical
differences between vegetation type and its interaction with amendment type were found. There
were no discernible effects of vegetation types on P and K availability at any of the studied times.
At 6 months, there was a signdiatly higher concentration of P and K in CF treatments than in

CNF, although the differences dimghed at 12 and 24 months, except P at 24 months4Eig.
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and Fig.4 2). The concentration of plant available K were higher across amendment treatments
than preestablished soils at 6, 12, and 24 months.

Moreover, except at 24 months for K, the NCF and NCNF treatments posed similar P and
K concentrations, which were significantly lower than those in the CF and CNF treatments (Fig.
41 and Fig4 2). In the CF treatments, the maximum concentrations of P and K were observed at
6 months, while in the CNF treatments, the peak levels were recorded at 12 months. The
application of chemical fertilizer alone did not cause a substantial increase in aod R
availability at 6 and 12 months. This suggests thatripact of chemical fertilizers diminished
during the very initial stages in urban landscapes, and only compost continued to supply the
necessary P and K in the later stages of the study. When comparirgthlg 12month, and
24-month values of NCF aridCNF treatments with the piiastallationsoil value for P (24 mg/kg)
and K (59.5 mg/kg), it suggests that there are some impacts of established vegetation on P and K
as well as other nutrients availability likely from the decomposition of dead and mowed
vegetations. A single compost incorporation practice may serve as a sustainable source of P and K
availability in urban landscapes and support the establishment of vegetation cover.

Wright (2007) conducted ayear experiment in a turfgrass field and reported increased
concentrations of P and K in soils with compost incorporation. Larney and Janzen (1997)
demonstrated that manure was more effective in restoring degraded soil pitydoathpared to
chemical P fertilizer, possibly due to the immobilization of fertilizer phosphorus by elevated
calcium carbonate on the soil surfaces. Delgado et al. (2002) emphasized the positive correlation
between an increase in humic substance coatahthe enhancement of available phosphorus in
soils. Their study highlighted the role of humic substances in forming strong interactions with

anionic phosphates via cationic metals bridge. (Riggle and von Wandruszka, 2005).
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4.3.1.4 Macronutrients: Calcium (Ca), Magnesium (Mg), and Sulfur (S)

Calcium, Mg, and Svaried in amendment types except at 6 months for S (Ha8@)e
Moreover, Ca hadrainteractionwith amendment and vegetation types, specifically at the 24
month event. A positive effect of compost on available Ca and Mg concentration was seen
compared to the prmstallation soil and No-Composttreatments. The maximum average
concentrations of available Ca and Mg were found at 12months (Fable

An opposite trend was observed for S, where minimum S was found at 12 months for both
Compostand No-Composttreatments. This observation was likely linked to higher microbial
activity during summer months, and an adequate C/N ratio might have favored the SO
immobilization into ester sulfate andlionded SRandl et t et al ., 199 2;
Additionally, mineralized S could be integrated into organic matter through covalent bonding

(Saggar e tApeak immohilZaidn yate during sumer (AugustSeptember) and lowest

occurring during late spring and winter were also reportedtyan k et al . (1985) .

4.3.1.5 Micronutrients. Manganese(Mn), Zinc (Zn), and Copper(Cu)

The main plot factor, vegetation, did not affect any micronutrient at any time point (Table
411). HoweverCompositdemonstrate@ositiveeffects for Mn at 6 months and 24 months and at
all samplings points for Zn and Cu, witlo@postincreasing Mn and Zn but decreasing Cu (Table
412). On average, @nposttreatments had an elevated concentration of Mn by 37.7, 24.3, and
49.3% than th&lo-Compostireatments, whereas the increases for Zn were 52.9, 34.4, and 52.7%
at 6months, 12months, and 24nonths, respetively. The incorporated compost might

decompose over 2 years and supply a higher availability of Mn and Zn. An increase in available
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Mn and Zn content in vineyards due to compost application was also reported by Pizzeghello et
al. (2021). There were no interactions for micronutrients between vegetation and amendment.
The 30% compost incorporation decreased the Cu availability in soils by 17.3, 28.9, and

24.5%, respectively, for the three studied times, with the lowest values found at 24 months.
Phosphorus (0.29%) and iron (0.71%) rich compost could also immobilizesGil.iThe hydroxyl

and phenolic groups in humic compounds, identified as chief ligands (Yang et al., 2021), might
form insoluble complexes with Cu (orgdmoetal complexes), thus reducing the bioavailability of

Cu (Zhang et al., 2017). Compost signifidgrtecreased Cu availability by 8 times compared to

the control, as reported in previous studies (Li et al., 2021).

4. 3.2 Vegetation Cover

The splitplot ANOVA presented in Tabld 13 indicatesdifferencesin total vegetation
cover concerning vegetation types at 2, 3, 6, 7, 17, and 19 months, amendmerit3yqnad218
months, and interaction at 2, 10, and 17 months. However, there was no definite trend in vegetation
coveramongvegetation types. At 2 and 3 months, wildflower exhibgeghtervegetation cover
than grass. Moreover, grass and gragdflower treatmentshowed greatecover compared to
wildflower vegetation during winter at éd 7 months and during the start of winter at 17 months.
Additionally, grass had the lowest plot coverage at thend8th event. Since vegetation seeds
were sown once during the initial plotstallation the utilized vegetation mixtures were self
regenerated, providing ~100% cover in the second year. The performance of grass, grass
wildflower, and wildflower were similar in total vegetation cover, except during the first winter
(Fig. 4.3). Wildflowers cald be introduced in the Piedmont region of Northdllaa, where

sufficient spaces in rightsf-way and other urban landscapes are available. McLaughlin et al.



(2023) described the efficiency of wildflower vegetation as an alternative to current grass practices
in North Carolina rightof-way.

Compared to no compost or fertilizer, compost anéédilizer incorporation provided
greater vegetation cover for up to 13 months, reaching abe@8%5coverage (Fig. 4.4).
However, no differences were observed froni 2dd months (nearly 9100% coverage in all
treatments). The CF and CNF treatments eigtbsubstantially greater total cover compared to
the NCF and NCNF treatments during the initiad thonths (pravinter) and at & months (post
winter), with the lowest canopy observed in NCNF, which was also significantly lower than NCF
treatment. From & and 1013 months, the three amendment types showed similar vegetation
cover, only substantially varying from the NCNF amendment. The interaction between vegetation
and amendment types indicated that gragdflower and wildflower with compost had great
vegetation cover at 2 months (Fig. 4.5). But at 10 and 17 months, grass andlilgiftmser with
compost and/or fertilizers exhibited greater vegetation trends that significantly varied from
wildflower. Vegetation growing patterns changed between gregetationn o-qqr een v,eget at
and flowers, although total vegetation cover remained similar throughout the second year (Fig.
4.6, Fig. 4.7, and Fig. 4.8). Tineo-gp r evegetation cover increased or exceeded the green cover
during winter (67 and 1719 months; JaiMar) and during summer (1112 and 2324 months; Jul
Aug).

Our findings indicate that compost incorporation (CF and CNF) provided more rapid and
robust vegetation cover that reached the required threshold of 70% whhinofiths S EP A
2 0 1 Zontrarily, fertilizer treatment (NCF) and control (NCNF) required 9 and 11 months to
reach 70% marks, respectively. The incorporated compost was rich in macronutrients,

micronutrients, organic carbon, and humic matter that aided rapid vegetationskstahli.
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Compost incorporation resulted in significantly higher nutrient availability, potentially supporting
robust vegetation even after 2 years of jpigtallation This contrasts with the findings of Gale

and Biesboer (2004), who reported that compost incorporation in Minnesota roadways did not
significantly enhance native species canopy within two meters of the roadside due to competitive
weeds and severe droughtpnditions, despite improvement in soil physical and chemical
properties.

Serouart et al. (2022) used RGB images and a support vector machine (SVM) model for
green vegetation (chlorophydictive), dead vegetation (nonactive vegetation), and background
fractions. They reported a 94, 70, and 73%yv&ues, respectively, with a 1% error interval for
green, versus 2.7% far o-qn r eardr2.1% for background at 95 % confidence interval. Furukawa
et al. (2021) studied vegetation cover changes. They described that Multisp@dfralas better
suited for characterizing dead matter, greegetation, and bare soil classes, while RGBV

delivered consistent results for vegetation cover assessment.

4.3.3 Volunteer Plants Cover

We obsaergureedat of nAmeedment type at 8 and

12

24 months, -amendmget at noear action #1412, TRO,tat

volunteerr phgaed -3t efrolr0 a me nd nBe3n% ftoyrp ev eagnedt altli

across the 4 #dl®me. pegpeoidfsi ¢ dlalbby e t he NCNF ame

volunteerapl|l a2t mecoves (27%), 20 months (30%),

indicate a greater snifestra¢atomemwmtf s veheme ero
These findings challenge the notion that C

volunteer plants. Il nstead, it was found that



vegetation cover fails to establish effectiv

depend on factors such as initial seed ger mi
management practices. [ For andet aiilned uldii sitg d fh
and scientific names, .refer to Table 3.4 in C

4. 4 Conclusion
The findi ngoesntohf stthudsy 2Mi ghl i ght the signif
incorporation on soil nutrient availabidity a

treated plots consistently exbi bntedaserbdancegd

tot al nitrogen, humi c matter, and i mproved
application positively influenced the avail ab
potassium, and mionesaubandenitbsg¢, | c&ert mabhgtaing

s o Cdmpost incorporation with or without fertilizer provided similar but faster vegetation cover

that reached the US EPWandated threshold of 70% permanent vegetation cover witbin 4

months. However, chemical fertilizer application and control treatmequgee 9 and 11 months,

respectively, to reach the 70%. Grass, greitdflower, and wildflower treatments performed

similarly regarding total vegetation cover, with variations noted ddhiagnitial winter period (6

7 months), where wildflower had lower cover than the other two vegetation types. The initially

sown vegetation seeds in the plot selfjenerated, resulting in approximately 100% coverage in

the second year. The findings sugghe suitability of introducing wildflowers in the Piedmont

region of North Carolina, particularly in available riglfsway and other urban landscapes.
Contrary to concerns about volunteer plant

pl ant cover was more prominent in untreated p
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not necessarily |l ead to undesirable plant i nf

compost as a sustainable soil management pr a
nutrient availability and rreesseialricehn tr eveegael teadt it ohi
i mpact of compost i ncorporation on wurban soi

foundation for sustainable and effective urba
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Tables and Figures
Tabl eChde.nli.cal and nut r-i mitt adadnialtl.iyem s of t he
Property cgﬂniérzr;l/gllligi) Method Reference
CEC (cmol kg') 6.63+0.48 TEC by summation Ross, 1995
pH 5.63%0.05 1:1 in water McLean, 1982
Organic C(%) 1.12+0.07 Combustion analysis
Total N (%) 0.05+£0.005 Combustion analysis Nelson and Sommers, 199¢
C/N ratio 22.4+0.81 Combustion analysis
mgj:m S 1 N KCl reduction Dahnke, 1990
Available P 24.00+12.62
Available S 15.25+0.96
Available Ca 656.50£62.05
Available Mg 121.00+7.35
Available K 59.50+12.87
/X(/ Tigbblfe’\éa g:zgigzgg Mehlich Il Mehlich, 1984
Available Fe 209.75154.43
Available Mn 11.50+1.29
Available Cu 11.42+1.21
Available Zn 8.16+1.35
Available Al 726.50+62.68
Unl ess ot herwise mentioned, al | uni ts ar
Laboratories Inc. (New Bremen, OH).
Tabl eExdp.e.i ment al-pl ayodésifomn. spl it

Blocks Amendment Vegetation type
type Grass (G) Grass'Wildflowers (GW)  Wildflower (W)
NCF CF NCNF
CNF NCNF NCF
I Amendment CE NCE CNF
NCNF NCNF CF
CNF NCNF NCF
NCNF CNF CF
Il Amendment NCE CE NCNF
CF NCF CNF
NCF CNF CNF
CF NCNF CF
1] Amendment NCNE NCE NCE
CNF CF NCNF
CF is €empos$ti zer , -n&€NFei si lciompro teNGH |iisz emrq
i's no -compestilizer.
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analy

for

Tabl e ndi.t3.al chemi cal and total nutrient
Propert Mean value/ Method Reference
perty conc. (%)
pH 6.23+0.41 1:2 in water Ross, 1995
oM 48.95+2.99 550°C ashing oven McLean, 1982
oC 23.58+0.66 .
TN 1.23+0.27 Oxygen combustior Elementar Vario Max CN
, ——— (AOAC, 1990)
C/N ratio 19.78+4.29
Total P 0.29+0.04
P>Os-P 0.67+0.08
Total K 0.60+0.05
K20-K 0.72+0.06
Total Ca 0.95+0.11
Total M 0.23+0.03
Total Ng 0.21+0.02 Acid digestion EPA Method 3051
—— (US EPA,2007)
Total S 0.18+0.02
Total Fe 0.71+0.08
Total B (mg kg') 6.19+1.45
Total Mn (mg kgh) 255.59+21.71
Total Cu (mg kg) 39.40+2.41
Total Zn (mg kg') 84.82+8.73
Al | the units are i n %, ot herwise mentioned.
Tabl eSpdlpildtot anal ysis of wvariance ( ANOVaA)d
C/ N rati o at -i2zndstrmaolnltahtsi oonfn pos't
Soil organic carbon Total nitrogen :
Factors (%) (%) C/N ratio
Vegetation NS NS NS
Amendment Frk *k NS
Vegetation x Amendment NS NS NS

* *

and * * *
significant.

ar e

significant
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Tabl eSod4i.I5.o0rgani c

Soil organic C(%) Total nitrogen (%) C/N ratio
Compost Compost Compost
Vegetation CO NC Mean| CO NC Mean| CO NC Mean
Grass 295 113 204 | 028 0.11 0.20 | 10.63 10.33 10.48
Grass Wildflower | 3.04 1.18 211 | 0.28 0.13 0.21 | 10.93 9.17 10.05
Wildflower 297 130 214 | 024 0.14 0191281 9.17 11.00
Mean 299a 121b 0.26a 0.13b 11.45 9.46

Letters
compost .

i ndi cat e

carbon,atbddmamont ismesgtard dlagati d1

signi f¢Dc 8BQY .idd fdempeansete sa n dl uNkC

Tabl eSpdpiltat ANOVA for pH, cation exchange cap:
at 6 months (6), 12 monthsis(tlad) ,atdamh 24 mont h
pH CEC (cmolkg!) |Hu mi ¢ rhaa)
Factors
6 12 24 6 12 24 6 12 24
Vegetation NS NS NS |NS NS NS | NS NS NS
Am e nd m e nt *k%k N S N S *k% *k%k *k%k *k% *k% *k%
Vegetation x Amendment] NS NS NS | NS NS NS | NS NS NS

( CEC)

*** significant differentd0ed§NdRti OD.MDOt1 diegreil f i(cTe
4. Mean soi l pH, cation exchange capacity
mont hs (12), and-i2dstnaolnitahtsi o(ln24) of post
Factor pH CEC (cmol kg?) Humi c rta)t
6 12 24 6 12 24 6 12 24
G 6.2 6.7 6.4 9.0 9.6 8.7 | 0.65 0.60 0.76
GW 6.1 6.7 6.5 8.3 9.0 86 | 0.61 0.57 0.76
w 6.1 6.9 6.4 8.4 9.5 86 | 0.63 051 0.73
CO 6.3a 6.7 6.4 10.7a 1l1l.1a 10.9a| 0.80a 0.70a 0.97a
NC 6.0b 6.9 6.4 6.4b 7.6b 6.4b | 0.46b 0.42b 0.53b
G xCO 6.3 6.6 6.3 111 11.7 108 | 0.85 0.77 1.00
GW x CO 6.3 6.7 6.5 10.2 10.8 105 | 0.75 0.69 0.91
W x CO 6.2 6.7 6.5 10.7 108 11.3| 0.8 0.65 1.00
G x NC 6.1 6.8 6.5 6.8 7.4 6.6 | 0.45 0.43 0.53
GW x NC 6.0 6.7 6.5 6.4 7.2 6.8 | 0.48 0.46 0.60
W x NC 6.0 7.0 6.4 6.1 8.2 59 | 046 0.38 0.45
Letters indicate significant di £0.e0Ge)n.cse sg rhbaestsw

GW

i s-wgil adgd ower ,

w

IS wi

|l df |l ower .

CO i s

13t

compo



Tabl eSpMpil8to t

ANOVA

for

avraontatbd eno@®)t eI K2 at

mont hs (24pxtafl | @meston
Factors P (mg kg™ K (mg kg")

6 12 24 6 12 24
Vegetation NS NS NS NS NS NS
Amendment Fkk Fkk Kk Kok Hokk *kk
Vegetation x Amendment NS NS NS NS NS NS

* * * |S

significant

®dn

di ffelenddb .ats 0oOO0OBilgaveél c

Tabl & pdpilaat ANOVA for macronutrients (Ca, Mg,
and 24 monthsastad) avi omost
Ca(mg kg*) Mg (mg kg) S(mg kg?)
Factors 6 12 24 | 6 12 24 | 6 12 24
Vegetation NS NS NS | NS NS NS |[NS NS NS
Am e nd me nt *k%k *k%k *k% *k%k *%* *k% N S * *k%
Vegetation X Amendment NS NS * NS NS NS |NS NS NS
*, **  and *** are significant differences at
significant.
Tabl eMdadnOavail able concentrations of Ca, Mg ,
24 mont hs -i(n2s4t)aladfatp oosnt
Ca (mg kg*) Mg (mg kg™) S (mg kg')

Factor

6 12 24 6 12 24 6 12 24
G 1051.3 1136.1 992.0 | 256.8 317.3 2895|334 14.1 283
GW 930.7 1054.3 986.1 | 244.2 2975 292.0| 34.3 18.3 30.3
wW 950.1 1117.2 9718 | 231.8 334.1 273.6| 357 14.0 322
CO 1233.6a 1312.4a 1246.3a] 305.3a 355.7a 360.7a| 34.5 26.8a 34.4a
NC 721.1b 892.6b 720.3b| 183.2b 276.9b 209.4b| 34.4 14.2b 26.1b
G x CO 1321.3 1403.8 1245.0a| 316.2 367.5 353.8|32.0 155 31.8
GW x CO | 1158.7 1285.0 1192.3b| 302.2 340.7 3575|345 19.0 33.3
W x CO 1220.7 1248.5 1301.0a| 2975 358.8 370.7 | 37.0 15.8 38.0
G x NC 781.2 868.3 739.0c| 1975 267.2 225.2 | 34.8 12.7 24.7
GW x NC | 702.7 823.7 751.3c| 186.2 254.3 2265 |34.0 17.7 27.2
W x NC 679.5 985.8 670.5c| 166.0 309.3 1765 | 34.3 122 26.3

Letters

ndi cat e

GW

i s-wgil add ower ,

significant
W is

wildfl ower .

CO i s

13¢
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Tabl e Sp4pillolt. ANOVA for micronutrients (Mn, Zn,
(12), and 24 wmoarsttlad |(@24)onof post
Mn (mg kg?) Zn (mg kg?) Cu (mg kg")
Factors 6 12 24| 6 12 24 |6 12 24
Vegetation NS NS NS NS NS NS |NS NS NS
Am e nd m e nt *k% N S *k% *k% *%* *kk *%* *k% *
Vegetation x Amendment | NS NS NS NS NS NS NS NS NS
*, **  and *** are significant differences at
not significant.
Tabl eMdad2avail abl emiccornocne(btnryiacfmtysnsn@ fi@ant hs (6
mont hs (12), and -i2nds tnaolnltahtsi o(n2 4 of post
Factor Mn (mg kg~) Zn (mg kg”) Cu (mg kg7)
6 12 24 6 12 24 6 12 24
G 25.4 22.5 26.0 9.1 9.1 7.5 97 9.8 7.2
GW 20.7 16.8 20.6 9.2 9.3 86 | 105 103 7.9
wW 23.6 20.0 24.8 8.7 9.4 78 | 104 101 7.4
CO 26.9a 219 285a| 10.9a 10.6a 9.6a| 9.2b 8.4b 6.4b
NC 195b 176 19.1b| 7.1b 79b 6.3b| 11.2a 11.8a 8.5a
G x CO 30.3 26.1 323 | 104 109 838 8.6 81 5.9
GW x CO 23.7 19.1 253 | 114 103 99 9.8 83 6.7
W x CO 26.5 20.5 279 | 109 10.7 103| 9.3 8.7 6.7
G x NC 20.4 18.9 19.7 7.8 7.3 6.3 | 10.7 115 8.6
GW x NC 17.6 14.5 15.9 7.1 8.4 74 | 11.3 123 8.9
W x NC 20.5 19.5 21.6 6.5 8.1 53 | 114 115 8.1
Letters indicate significant di £0.e0Ge)n.cse sg rhaestsw
GW i s-wgdaldd ower, W is wildflower. CO is compo
Tabl e Spdpil2o¥. ANOVA for ( Wergethd2 momt kisnwdafra lploastti or

Time (month)

Factor

2 3 4 5 6 7 8 9 10 11 12
Vegetation o ¥ NS NS * *» NS NS NS NS NS
Am e n d m e nt *k% *k% *k%k *k% *k% *k%k *k%k *k% *k% *k%k *%
Vegetation x Amendmen  * NS NS NS NS NS NS NS * NS NS

Time (month)

Factor 13 15 16 17 18 19 20 21 22 23 24
Vegetation NS NS NS * NS * NS NS NS NS NS
Amendment Frk NS NS NS *™ NS NS NS NS NS NS
Vegetation x Amendmen NS NS NS * NS NS NS NS NS NS NS
*, **  and *** are significant differences at

significant.



TableSpliod. pl ot analysis of vari d8ge 8ANODOYA) 2
and 24 mo#atisg adfl apo Din

Time (month)

Factors

8 12 20 24
Vegetation NS NS NS *
Amendment NS Hkk * *
Vegetation x Amendment NS * NS NS

* and si*gniafriecant differences at 0.05 and 0. 0C
significant.

Tabl eMdada5vol unteer plant cover {{%statl | &tiba,
Time (month)

Factors
8 12 20 24

Grass 12 24 19 20b
GrassWildflower 11 18 26 24b
Wildflower 13 19 31 33a
CompostFertilizer CF) 12 16b 22b 18b
CompostNo Fertilizer CNF) 11 18b 25ab 19b
No Compost-ertilizer NCF) 12 20b 23b 30ab
No CompostNo Fertilizer NCNF) 10 27a 30a 37a

Lettadscate significant differetBc685)between t

13¢
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gni ficant differenobsebebm&ekey o e .HBB)N.t B Wi
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200 -
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g. AMai2l. abl e K concentrations in soils. Err

gni ficant diffewendhbsoebebm@&@eokey o el HBD)N.t p
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CHAPTER FI VE
Wil dfl ower and Grass Cover Establi shmest for

oiWayEvaluating 3:1 Type Fill vs. Cut

Abstract

We conducyear af iteMod experi ment to assess t
(hy-thubch and excels(igora)s sa nwii xvdefgheotaastsi omi X , and
mi x) in mitigating erosion antdhGmratsdradi rPd as mi Is
on a cutthPg leadpn® ndt si t e. Experi ment al pl ots wer
randomi zed block design. Monthly photographs |
for assessing fvegedtZamoointhdsdoveonally, root m
di stribution, and bul-&0 deem sd & pyt havse rrizesivtdd @yt éea nnse naef
Coast asli tPel.aiTnher e wer e c oQd a satdaa o tReRansoNLLE € 0 ME s €
Pi ednsointte experienced heavy soil erosion and se
i n hygulroh pl ot s, resulting in peadbr dwaggetaft i p
i nstal ITahtei ornunof f from the upland forested ar
site abandonment. This failure emphasized the
in phatl lantiotne e pletr hGolasp ead | tPd ,amuniycdhr or esul t ed i

vegetation cover than excelsior blankets duri

grasswi gdabeswer , and wildfl ower treatments we
exceeded t hled 700f% ptehrrnmeasnheont s oi | stabilization
the viability of-wiwidlfdfolwoewe r miaxneds garsasear osi on
| andscapesi | héeowe asganiexateeohxitbi ifnee ddi amet er) den

145



wil df | oawleonemi xsuggesting their potent-Ba&bPbo for
roots were conceR/t.rbatcend duwiet Itiod dtolehtsteorpp r® ¢ o mp
durifmdg !l i agnsatnrodufctn wdithe findings underpeaxcdrfd ct |

considerations and preventative measures to e

term effectiveness in mitigating erosion risk
5.1 I ntroduction

Establishing veageeftfaetcitoinv ec oavnedr siuss taa icnoashtl e s
and controlling erosion in urban settings aff

NC DEQ, 2008; Faucette et cdl aga2zW®@&) soVegetrats
runoff velocity and dispersing raindrops (Gys:s
i mprove soil physical and chemical properties
root systems QBBG5Onick and Lal, 2

Since the 1930s, turfgrasses-~aktaws-sdnwganygihdt e
in the USA (FHWA, 2003) , of fering multifacet
trapping, stor mwatoamdf ialetsit dnteito &r, d mmdllsycad®kex2 ;K
Wat ki ns, 2021; MOAlrd mrha dasah2 0 Za@ 2 0,;We2i0nlg3r)o.f f The hi
significance of | andscape management was r ef
(presently known as the Texas Department of Tr

in 1933 to beauti fyrame 00&)e.' sT hhda gihmtaryosd u cBteir o

ofways occurred in the early 1960s when the F
cri msonTrcilfoovleirun) iocmc atrbneatsuthrat e hi ghway, -sour ce
an evenrtedoansitdhee first i ntroduction of wildf]
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Foundatteos; / / www. f | awi Il df-g roamgdmiasm) o gd/efcdbatdi ng t

Surface Transportation and Uniform Rel-aiccati on

hi ghway | andscaping projects are required to
seedlings, wi t h a mguwa rnfiuaro nael | poecract e notn ooff pornoej €
purposeeamdying that a waiver is necessary fo

Il n recent decades, both the federal (Hopw
Depart ment o f Transportation (North Carolina
Nebr aska,, Wisscsoontsh)ienthseavned i ncr easingly integrat
pl antings, aligning with diverse management C

Car obDemar omedAtr ansportation since 1p918abn homhNGEGDOT
only provide ecologicals bewtonalns ah achcanBtdrt ibbeustser at
et al., 2022; Blackmore and Goulson, 2014; Po:

i n ur bsmdwaryi chatn provi de habitat, ffooprdl Ebnatess

pot enmii mil miyzi ng urbanization's negative | mpac
(Billeisen et al ., 2022; Gaston et al ., 200
wil dfl ower addi tion i nto roadsi de arde asn and
establishment on flat or very gentle sl opes, |
wildfl owers on steeper slopes, particularly 3

Construction site runoff poses a substant.i
resulting from erosion (US EPA 2005). The US
control -wegetrat(inwen) must be appdieeénotn!| esaedad
washout. Over t he decades, hydraulically api

significant technological advancement and eme

14¢



vegetation establishment and erosion control

Mohammadshirazi et al ., 2017; Wi lson, 2010).
Vegetation <cover assessment i s cruci al f
practices, especially to meet the | egal requi
erosion control in construction smdrets t(dJSh EIPAuU
often f ail foeladsbsomadadhies heterogeneity (Sche
However, using unmanned aeri al vehi elfdd c(i @AY)

and -metmilrme approach for aws €bsihng hv dgeaetpatriad n

resolution. While this methodol ogy is success
Davidson et al ., 2022SackHeinsgt 8t edl .al .20 2220;2 1B
construction svidgest aftarone vcaolvueart iinsg a novel ar e

previously.

This field experiment examineswitlhde | ppomeearst in
as ground cowedfvayi withe 3rilghtype fill and c
effectiveness against tradit2comanlongnt &@snp omiax .y |

covers, excel si-mul ara,t tiim ge s@inallg khitysllrioong t Y ees .

5.2 Materials and Methods

5.2.1 Study Sites Description and Preparation
This experiment was conducted at two disti

in the Piedmont physiographic regions of Nor

designated as the "Coast al Pl aki ni"n sTiareb orwa,s MC

(35. 9830/L63%5H,08TBMNiI s site featured a 3:1 type fil]l

14¢



as the "Piedmont" s540Ck, wtaer ®tsdtad | Hischtewda yatc d m<
NC, USA 6(3ZB0DH,J84adxd exhi bited a 3:1 type cut
construction zones duirn diws toruira |l Hosdwset | adivyir ntRghinat o m g

5)1 and hi ghwatyi ekrpdmtg i o BC o02a)s.t aEh ¢Pé awas ori gi t

residenti al area evacualTlkee CoaetsalabPli aihnaml o nh:
in April 2021, while the Piedmont plots were ¢
situated on a fill sl ope created as an access
sitecwa®d on a hilly forest that was <cl eared |

of both sites and theilr (& CEs a0é&8)llustrated
Prior to seeding and amendment applicatior

underwent a series of CpaspasgiatPtéaywmieals uhad . al

vegetated, the existing vegetation was <carefu
sl opes were smoothed wusing a bulldozer to cr
bull dozer was rur tp ameéadewgrblbees!| pprpendic

tracking. This is auocofmmornmepoacti €l tosdreesdl td
prienst addialt i omar actehirsti compbsenehseitesampl e
three points (top, mi ddl e, and bottomOk®ction
cmfThese samples were analyzed at the North Ca
Services (NCDA&CS) to determine soil chemical
detailed results of this analgnideepr soprlescomted
were also collected fr-omstagsdialpi mwl K7odBersd mima t

710565 cnm,2.155 c¢InQ @m,.-8ndm30Gept hs.



5.2.2 Experiment al Design and Treatments Desc

The experiment employed a compl et2glrpumando
cover mat3eegatataaoad types. The ground cover i
mul ch, while the vegetat i-winl dfylpcewe rc ormpx ,i saendd gw
The completely randomiémad nbltoelkt desitgroeménena
Excel siorHydmpl &h asdi il df 6bawesl si o Wi |idf ) o@reas s
Hy dmo!l ch, v ) +BW d @lf 4§ ioavrew e vHiy)d-mwWil Icdf | o

Each study aredblwacksdiandetdhemteacho6bl ock

individual pl ots measuring 6.8 . mEiach!| ¢emgtah me
randomly assigned within each block, ensuring
across the experiment al area.

The excelsior erosion control bl anket was

(Arlington, TX, USA) and made from aspen fiber
mul ch was produced by Profile Prodsteéd afilCa (B
of thermally refined virgin wololde fgrbaegs (nmi0xXoe)u
for both sites wasSacheaenpasarduds) fn a © @ EHtr iefmeostehul €o a(
ophiuyoiamrsd beCymuaddaagnm adasovhylcdn i s what NCDOT p
types of slCompesd . abFPhat S®@ut heast Pollinator v
(Ameri can Mehadlobw rinnec,. ,WewasnempU&®Red as wil df
(Wi I dfl owenri sMinki x1)i ncl uded 17 wialndfdladrwefeiarsspte c i
bl oom and 8 perenni al s53f)Atr tsheddsmdiptient ayeass o]
pollinator wil dfl ower California peppysEschsahodlza califomigaor por a

sul f ur Cosmesnsalghurels,ance leaf coreopsi€Coreopsis lanceolaja, Iladad
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blanket flower(Gaillardia pulchelld s peci es. A ratio of 60% gr ass
weight from the respectiwel oif Xxesvsewasmi ut i Diez ad

and application rates are provided in Table 5

5.2.3nBltat | ati on

As previously noted, each plot at both exp
wi de dir, r espondi ng 2t ofhaditate mowirgaopemfionsiaid data collection, a
0.5 m wide alley was maintained between eachpdob TheCoast adi tPd aexihi bi t ed
strongly acidic condietdinsmamis!l (exdh i4b i6t36¢d mdd dreatt &
Moreover, both sitegower e Foll d Dwii fnige NCDODTn u tercio
and fer-2iRI0i marade)0 wer e apghblbed k§laPrae g me ot iovf e 14
to the plot sspréed  NCDWOSTi,n@ 0d 5))i.m&No fertilizer
pl oftse seeds werenspAppeiad bD§2hap8oastal Pl ain)
with the grass and wil df-Wolwdf sowewnpbkepar aAbet
seeds, and/or fertilizers, the soil was raked
surface of the soil. T hx»c epll soit osr -mnvaelr deh ht phideano kced v
i mmedi ate erosion control aakédtseavdrpr anedtoir@en.
with metal sodmsltaplwas pgrheparyaed oby mi xing it
a hymurlecphr eaddr was then uniformly applied to t

recommendedkghalt e of 3100

5.2.4 Studied Parameters
To evaluate the effectiveness of the applie

surveys were run mont hlfyr a4 Zraprture. vAetgett lae | ®



mont hs monitoring period, the root mass densi
deter mCoadPtl ail ot . These soil parameters provi

treatments on soil conditions for root growth

5.2.4.1 Vegetation Cover

The vegetation cover was assessed using a
ArcGl S software. The process involved sever al
a DJI PRaKWDdJdmM,4Shenzhen, China) UAV eQruwiemped \
Bl ue) wavelength camera. The choice was made ¢

to multispectral cameras. -mUAVI Dhit ghts mivelda y c «

shadow effects. An 80% fotwandbabhwesndé!| oglet
comprehensive and detailed image coverage.
Secondl vy, the hundreds of aeri al i mages ¢
Agi soft Met ashape Professional (Version 2.0..
Petersburg, Russia). The processingr atiepns, i med
creation, digital elevation model (DEM) gener:

American Datum of 1983 (NADS8S3, EPSG 2264) was
spatial dat a.

Finally, the orthomosaic i mages were i mpor
devel oped by ESRI (Redl andBhe CiAma qJeSsA) we roe o eua
and aligned utilizing |l and features within th
a support vector machine (SVM) algorithm was

orthomosai c i maigfeiser Twaes St\rMaicneads son a represen

15C



effectively distingui snlodpn gveengeet tweeteino ng,r efelno weergse,

pixels in the orthomosaic I mages.

5.2.4.2 Root Mass Density and Root Distribut:i

Soil sampkes were collected to a depth of /
sampler (diameter 7.30 ¢cm and height 60 cm) t
experi mehAmpeBpdJioXwo core samples were coll ect
within each plot. The intact core sampTtTes wer.
cm, -15. 5cR2,2.55 c&) e, BO&NaEmM30 The subsequent wa:

calati on methods for rodti maddhtadpaeresi Ry (Sredtaroe

5.2.4.3 Soill Bul k Density

To quantify BD, soi l cores were collected
depth of 40 ¢cm using a 7.6 cm diameter core sS:
cm of each sample was excluded ta davwei d ndamga
sampl es wer e Tis7e pmeciihbe de WiBRt. 155 - 2, 51&n &k m3 0
intelSubdlsequentl| vy, t h-ér isednpates 1Wedr ACoveni l a

achi eved, and soil BD was calcul ated

5.2.5 Statistical Analysis
Statistical analyses were performed using
To evaluate the effectsomwmkeggtatndncoveger andou

and bul k dwaysiarmnwal asitsvoof wivtalm i & ncved d( IANEOHVIAD M e (
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The

Coa

202

t o

coyv

Ma u

Mi c

De s

ef f

t o

no

wi t

er iarhitseatywoANOVA was ground cov-&pl.nl tvheeg et
st al Pl ain site, vegetat264nmecwontvies -Madasyhazdg 2
3) from the same exmeriepent &ld mpeatsar etsh AN
assess the impactiofl BMmMEPBS wseffjewateofcol
ariancdhet Gueahseypse -EertidHugophrections wer
chly's Test of Spherf arietpye ayt ieaA N ua ed i f i ¢

rosoddf tBmertreed wd esditath @ zeesul t s.

Results and Discussi on
Th€oastabhndleBimnmintt e s wer e established f ol l
ommended by North Carol i HowkRepar,t meviot do ff f el

e found in theseCotansot ald o ¢cPaltaieonhs bi Wieidl s ufcltc @ ¢

—

a | Iteheed oBaintte experienced vegetatimnat dlali duir @
topogr aphys apnrdo dvidtireyc hfar agit leed immintt € s  fod a tt threi

tantial forested area atalp t bhleeexmpetrheaenenh s

(7]

is site received 15.04 cm nosft arlaleastpiaotn abbver ~

rainf ad3l7 WatfgBedgd 93 ®022) (Fig. 5.3). The he
sion and seed was-moluth @gaovendd@Ampp dBRIiIixn hy
pite thaf ermrcees echexei gonfed t o diCwearstt ad htPe mii my s
ectiveness was compromised during this int
this failure. (Fig. ibednsointtEowseequeprnhtdgr etdh:t
further data coll ection occurred at this s

h excelsior ground acuotvhebrFibgyy t5h e5) cCoormasktt rabcutgi
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Pl asiint e received an intensive-5rnaidmfyasl,| nefgl algo
erosion and seed washout noticed due to effec

The experiencecedmeinth wthderPscores t he i mpor
environmental f actionrsst atlhlpagtritoang ui snpbhgt opl otut s
i mpl ementing an earthen berm at the top and/ o
of the plot might be a preventative measure a
7@B0% evteagt i on cover i s achieved. Ot her critioc
considered for sukicesménti oregetaéeposl eseabare
intensity and patterns, season, vegetation ty
may mitigate the risk of erosion and seed Ww:
s ucscfewsli mpsltoail i adrn @ans characteri zed ®oa ssttaele pRlIrai

site in the subsequent sections.

5.3.1 Vegetation Cover

Vegetation <cover -2wlasmoang shess-siedia 0r208n2 12 f pl
install ati olmh ewred&prfieiren@cZeisal v b g e twareahuonnd ccoovveerr
treat menb5 smémtoims 2( Tabl e 5.5), but after 5 mo
vegetation cover were observed. Vegetation ty
affected by the two tempbharytgdpurndanulabdlirens
treat mgmnteselgead ati on coverl sinorcompeaat memmttdh of rex
obser (&tiiganss. 7) . The mean values ranged from
hydmwl,chcontrast-irbg waehleehwe@PO®ments during th

Two factors | ikely <contri bunmuldc ht oaptphesceatdiofnf

15¢



facilitated elevated moisture | evels (not de

germinati on si rndfes rtshti sr astietfea (rDe.cBA veemd) and cumu

in the initial 19 days (Fig. 5.6). Second, t
took 5 months to fully emerge from under the |
70% value seootr pyerm@b@ntf soi l st aibnisltiaad taadino nwi
treatments. degleitragd oaf tcorved mont hs due t o the

could not anal yze tlhle nvoddg aht saFt@idd 2 0c202v) e ry Eareorm t h
study period, the total-wvkedetaweon aodewilf odfl
comparable trends, mai ntaining | evels exceedi
underscores thé vihabkil itthy eef vegehadbi on mi xes

establ ipdhenemdst i matdiscmapeyg, o p@hmaiycul ar |

5.3.2 Root Mass Density and Root Distribution
There were noroditf frrearsesm ¢dhesnnsiint get ati on and
treatments in the total delpy hdesyph idbOi tcend (dTiafbfl eer

RMD between vegetat-toh ¢medémehtandnsiymiatad i

dept hs. Nonet hel ess, there were no groood cov
mass defMdhiet yot al root mass density in the 40
m3f or gr awsisl,dfd roaves |, and wildfl ower vergedtati or
mass demdsibtivt ed a steep declineowitt madoiridddespt

7.5 cmOtem3@epth decl i néfdorf rgprm $s ,0 89f.tc0 Qf.rdlas0s k1
wil dfl ower, andf @&r. 50i It df 100 viedr k(QF inp8 6 % . ®fB) r. 0 Atp:

were concentr at7eedS winm hdienptthh e( Ftiogp. 05. 10) . The
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shall owest depth may be attributed to high so
fillirnngadancdonstruction. Vegetation roots contr
shear strength of the soil 6ifieeotu wh | @ifd w22 2’
gragseatments on 3:1 fill slopes suggests that
stabilization (Table 5.7). The fine grassroot
network vhaBhy eéefiestobrces and strengthens the
deeper tap wildflower roots would act as anc!|
bol stering its resi straomde saygawdmsdd fldeagmeage. ml lgih

also be a viable strategy for improving the o

5.3.3 Soil Bul k Density
Neither cover type nor vegetation type pos

Sobul k dewrcsietaped with increasdtA7g05s ocim tdde plt. h6 8f

at 40 cm (Fi g. 5.11). However, there weulek no ¢
densintgandy |l oam36or!|l piang fréewth, cmritical r
1.633%g aamul esoot cting V(@Mwkhdpsadlhy8ady getcmal ., 2 (

Pierce et Coladt Rlioa8idnu.lskAitdheassintewar |l y at the rest

hi gbhelrk dvamssiptoyssi bly one of hahee er ¢ @0d r1s6.i18nh d th e

cm dept h. Randrup (1997) conducted bul k denc
revealing variations TPatngtiom 40 oom 1d &5t o, 1w
with our study. Additionally, Shober and Den

|l andscapes can exhibit %a trangrxt famal yn ol grap a o t:

providing further context to the observed soi

15¢



5.4 Conclusion

The study, conducted on 3:1 type fill sl opce
encompassed a range of analyses, including UA
root mass density and root disdttryi, buwtnidorc,onmea alse
environmental f aosoab|Tehtep adatvienrgg epnlto to@id asotmeels o
Pl aa mdi eRRmeint es underscore the compl ex nat ur e
construction sliCopes al sWitilelaedmetmoenstrat ed SuUCCE

establ i shed mbintet eex peri enced failure due to di

r unwaftfer from atop forest area. Preventative m
a horizontal coconut/ excelsior berm in the mi
reaching newly established sl opes were clear|l

Veget at iassms es,cvreemal yzed through monthly UAV
significant wvariations amongnugcbundeaowment &r ¢
hi gher vegetation cover during the early mont't
withkhltettgetation cover exceeding uhi0% 2Hr emomd ll
for gr awisl, d fd roavses , and wil dfl ower treat ment s
emphasi zes the viabilitsy fofr telr eosg oednth mcsotert ur aotdie di
| andscapes, somvawan!l yTheotdughatnesed (i ne roots) of
and wrasél ower holds promise for enhancing r o:
topsoil and acting as anchors to I mprove fric
density anahgséesfindncat @eédom ground cover or
observed with i ncr easuilrkg dssnyslintajee@ t b é s tgrhieavtthdndg

hi ghlighting the i mportance of considering so

15¢



emphasi zed t he -sipmgarftiancceo nsfi deirae¢ i ons of rai

environmental factors for successful vegetat:i
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Tabl eBi gundes

Tabl eStbu.dly. sites soil characteristics (NRCS,
_ _ Study Site
Experimental Site : :
Piedmont Coastal Plain
Location Garner, NC Tarboro, NC
County Wake Edgecombe
Physiographic Region Piedmont Coastal Plain
Textural Class Sandy Loam Sandy Loam
Soil Series Wedowee Norfolk
Parent Material Saprolite residuum Loamy marine deposits
Taxonomic Class Fine, kaolinitic, thermic Typic Fineloamy, kaolinitic, thermic
Kanhapludults Typic Kandiudults

Tabl eRPriégn.s2.agpHydiiomanl and chemical properties

Properties Study Site

Piedmont Coastal Plain
Physical Properties
Bulk density (g crd) 142 1.80
Moisture content cicm?) 0.19 0.23
Chemical property Content
Humic matter(g/100 cm) 0.18 0.04
Cation exchange capacit
(CEQ (emol kg%) pactty 4.6 3.63
Base saturation (B%Yo) 89.0 31.3
Acidity (cmol kg?) 0.50 2.50
pH 5.95 4.63
Available nutrient Concentration (mg kg?l)
P 33 1.3
K 81 75.7
Ca 513 45.3
Mg 162 88
S 11 447
Mn 43.4 3.5
Zn 1.1 0.23
Cu 0.60 0.30
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Tabl eCobmnBo.n n ame, botani cal name, l'ife cycl e,
in Southeast Pollinator Wil dfl ower Seed MiX
Common Name Botanical Name Life Cycle | Bloom Season

Butterfly Milkweed Asclepias tuberosa Perennial | Summer

New England Aster Aster novaeangliae Perennial | Fall

Siberian Wallflower Cheiranthus allionii Perennial | Spring
LanceLeaf Coreopsis Coreopsis lanceolata Perennial | Summer, Fall
Plains Coreopsis Coreopsidinctoria Annual Summer, Fall
Wild Cosmos Sensation Mix | cosmos bipinnatus Annual Summer, Fall
Sulphur Cosmds Cosmos sulphureus Annual Summer, Fall
Chinese Forget Me Not Cynoglossum amabile | Annual Summer

Purple Coneflower Echinacea purpurea Perennial | Summer, Fall
Indian Blanket Gaillardia pulchella Annual Summer

Rose Mallow Lavatera trimestris Annual Summer, Fall
Sweet Alyssum Lobularia maritima Annual Spring, Summer
Four O'Clock Mirabilis jalapa Perennial | Summer, Fall
Red Poppy Papaver rhoeas Annual Spring, Summer
Clasping Coneflower Dracopis amplexicaulis | Annual Summer, Fall
Black-eyed Susan Rudbeckia hirta Perennial | Summer, Fall
Scarlet Sage Salvia coccinea Perennial | Summer, Fall

ISpecies incl

californica).

uded in the
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Tabl eVebg.edt.ati on seeding and amendment applicat

Vegetation/Amendment Type Application Rate (kg ha?)
Grass Mix

Tall fescue & ¢ h e d carur@inaved[cool-season] 56

Hulled BermudaCynodon dactylonjwarm-season] 40
CentipedgEremochloa ophiuroidggwarm-season|] 11

Wildflower Mix 1 (Coastal Plain Site)
SoutheasP o0 | | iWild#iotveo Seed Mix 50

Wildflower Mix 2 (Piedmont Site)

California poppy 12
Sul dgmos 13
Lance leaf coreopsis 5
Indian blanket flower 12

Grass-Wildflower Mix

Grass: Wildflower 60:40
Amendment

Fertilizer (1620-20) 560
Lime 4485

Tabl eTweawadby. ANOVA for toi &lboaveqétaPLidomoad her
(May -mMar12023) of plot installation in April

Time (month)

Factor May Jun Jul Aug Sep Oct Nov Mar Apr
Cover * FRE ek ok NS NS NS NS NS
Vegetation NS NS NS NS NS NS NS NS NS
Cover x Vegetation NS NS NS NS NS NS NS NS NS
Factor Time (month)

May Jun Jul Aug Sep Oct Nov Dec Mar
Cover NS NS NS NS NS NS NS NS NS
Vegetation NS NS NS NS NS NS NS NS NS
Cover x Vegetation NS NS NS NS NS NS NS NS NS

* andr®*®significant at 0. 05paOd.0H0i0d netvedi d

l6¢



Tabl eTweawaby, ANOVA for root m@blar de2Bagt altl 2di
(Coast al Pl ain site).
Depth (cm)
Factor
0-40 0-7.5 7.515 1522.5 22.530 3040

Cover NS NS NS NS NS NS

Vegetation NS * NS NS NS NS

Cover x Vegetation NS NS NS NS NS NS

* Significant at 0. l evel (Tukeyodos HSD

Tabl eRo%0.t7 .ma s sc cdaarmss®itt ya nadf f i ne

test

r eionts taat(l C2ed Srtoaari t h

Pl ai site).

Depth Grass GrassWildflower Wildflower

(cm) C o a rostle Fine root | C o a roste Fineroot| Co a roste Fine root
0-7.5 0.11 5.97 1.56 7.84 2.41 6.18
7.515 |0.05 0.54 0.17 0.40 0.17 0.61
152250 0.42 0.10 0.36 0.08 0.42
22530 |0 0.30 0.03 0.26 0.03 0.12
3040 0 0.15 0 0.17 0 0.10
'Fine roots di amareet <dilameit and>1

Tabl eTweava8y. ANOVA for bul k density
Factor Bulk density

Cover NS

Vegetation NS

Cover x Vegetation NS

NS is not significant at p O 0.05

mm measured

(Coast al

(Tukey's

Pl

HS

~
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CHAPTER SI X
Conclusion and Future Research

1 Conclusi on

Construction contractors face challenges |
partment of eToanm&Epmeérewageobatfioon peovarnagqd st a
ut rpiceonrt c o n sdarcu mtsiso M ogitthe Car ol ina. The poor
nt st bus ei | erosion and sediment | oad in run
getation cover can cause additional financi
ate of North Carolina.

e major objectives of this project were to
rough compost amendment i ncorporation and
nstruction sites i n Nort h Caroalaitrea. cAdrpiotsit
or mwater infiltration and nutrient availabil
d led to sever al key conclusions:

fTWoodchopd waste anfdo@oduwa ssenmaarnppomsat i on at

50% riant elsaboradempnsetaitedsthe potenti al t
porosity, andhwheéeéedeceéeasitngnbul k density af
30% composcitpwasatiequi red to observe any sig
properties compared to the control (0% c omrg

water and gaseous foofm,cmslbauesaaneédawi phopo

fl'ncorporating 30% compost in the f-28B%WH, was
alleviating soil compaction (below 2MPa cr
infil t3 atimes).2 This approach alsooVedage, r
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reachi9®8§ Wbt hi nofl2pInootntihméi tladlfllaotw-eorns dBhdwegrnr e
(60: 40 ratio of grass and wildfl ower) mixes
compared to convenptorsobnnasit dt@ertdiggar@amsess .mi X o0 n

fCustomi zed wildfl owetremi a@d Niamnfed YyosutCasp é or as
(Eschschol zi)a csallif f u€po sarmsamosul(phamees | eaf C
(Coreopsis),l aanacecol attaanGabll drmak elt)a fdpaanv elthee [ V ia a
alternlatmemeti @dfl ower species mix in North C
5 species gnutwshyewaveur number of wildfl ow
on geographic I ocations of the construction

fCompostorporated treatments exhibited signi

incorporaitbomcmdeptrled to control s. However,
per cernatoatgedi stri bution in the 40 cm soil proc
TA 30% compost incorporation, with or withou

properties (pH, CEC, humic matter) and nutr

year period compared to f eerntoi |fiegdretri daralteyne &

Compost also facilitated sustained nNitroge
Further more, compost i ncreased Mn Lnud Zn
availability.

fVolunteer plant cover showed mixed results
showedp exabirfeinegd|l unt eer aglaanntotchoevrerexper i ment
Volunteeriplanamended pl ots i-inndorapdryatbaud pI
some studied ti mes. It I's worth mentioning

i ni tMalldmnyt,eeri pl aat aopeoblem and vice ver se

17¢



TfTThe | ast experiment assessed-nuhlec hefafnedc teixvceen
and vegetati onwitlydfelsowerr,asasnd gwialsdsf | ower mi X
cover and enhancing soill stabilsity)om@and: T ut
(Piedmont site). While the Pi36dndoanyts sd uee teox
rainfall and upland runoff water, the Coast
and wradsl ower mi x esverss esonwsaijooghnhNoo nthr €Clar ©®d |
fBet ween the exmelshoer asnidorhydenulrconl porl cawmikdee
hi gher vegiethe S6nmomeés. This suggesbs t hat

mont hs to tfhuld lyeheemec glesi or bl anket .

Even under i deal environment s, vegetatior
considerable challenges. There is a prevalent
can be accomplished within a few smewrdky,r enceedli

that the timeframe required to meete tmoent h® %
depending on specific soil conditions preval e
i mportance for contracetxaresndand eprtajnmeedti nrma nvahgee

scheduling construction projects.

6.2 Future Research Direction

fFuture research should explore strategies t
70% unviefgoertoeotvieaom geonstruction sites
fConducting additional studies to explore th

sl opes is cruci al

17¢



flnvestigating the comparative effects of su
vegetation cover establishment and nutrient
TWhi | & niotvhias compost supplies nutrients to p
|l ohgrm sustainability of the effects foll ow
studi es -5 pyaaarinngarde recomumemiderdt tanded viel i mnd
TfTExamining thecobpareebidends imiéei gatdi ng concentr
across diverse soil types and compaction | e
fCustombzesgpedi 26 wvpecilds wildfl ower mi X sho

geographic regions.

These future research on continuous I mpr
establishment techniqgques is essenti al for enh
within the construction industry.
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of

rriant si nufsii [ntgr osme

Al. Measur ement nfi | tdroauthiloen
A2.Fi nec aande®t s of vegetations n the 40
Grass Wildflower GrassWildflower
Depth  Compost . . .
(cm) type Fln? Coarzse Fine Coarse Fine Coarse
root root root root root root
0.75 CO 1.53 6.52 2.77 4,93 2.47 6.35
NCO 0.66 4.86 1.03 4.69 1.10 4.42
7515 CoO 0.25 1.56 0.37 1.29 0.29 1.09
NCO 0.09 0.59 0.15 0.98 0.14 0.73
1522 5 CcO 0.00 0.90 0.18 0.96 0.10 0.69
NCO 0.00 0.60 0.10 0.87 0.06 0.53
92 530 CcO 0.00 0.76 0.10 0.62 0.00 0.70
NCO 0.00 0.41 0.00 0.72 0.00 0.37
30-40 CcO 0.00 0.49 0.00 0.64 0.00 0.48
NCO 0.00 0.31 0.00 0.65 0.00 0.39

fine root

(< lfomarcedi édmét emG @ aind i @moneOaest) .and

nae omptorsegat ment s
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