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Abstract

Brasohds | sewage shidgel can be benehcllly applied o degraded
lands toimprve soll cuality. Plnts grown on biosobds amended
sols have distingt concentraions of mocionaeriens and vace
elements, which con be benefica or present a risk 1o humans
and ecosystems Potenthly, blosolids could be blendad with
ather blowastes, such o3 sewdust, to seduce the ritks posed by
rebeilding swcilks wiing biowlidy Mone We sought % deterine
the effect of mixing biosokds and Swdust on the macrenutrient
and race elemont Concentration Of ryagraes ower a 5 mo ponod.
Lobum multflovum was gromnt In a s ferniity sol. nypical far
meeging farm arens, st vas smendled with biosolids (1250 kg
N ha '}, blosobcts + Sraddust 10.5:1] and wea 00 g N Ma ), as
well a2 3 control Bosolids increasad the growth of L musdlonim
from 293 to 494 t b ' This incresse was offsel by blending the
blosokds with sawdus (300 t ha '), Wea applcation kecmased
growth to 493 tha ' The blowaste reatments hcreased N 8 Oy,
Mp, and Zn wlative to the control which misy be berefical for
arng animats Mtheugh blowase applcation cawsed elevated
Cd concenteaations 10.15-0.24 mg kg I five- to eightfold higher
than comral and urnes trestments, these were befow lends that
are bkely to resslt ln unacoeptable concentaations in animal
tissues. Mixing Diosolids with sawdost redeced Cd uptake while
Aill msuking in imcregsed micionutrient concertzatons ¥ 5§ Ma,
Zn, Cus) in plants There were ggnificantchanges in the elemental
vpteke durkg the speimen, which was sttnbaned 10 the
decomposition of the sawdust

Core ldeas

+ Blowasies tbiozolids + sawdustl weee effective In improwng a
ow-fertibty sof

+ The blowadte mexture Inproved growth and gualty of Lolium
multifforum cver S maontha

+ The Biowaste trestments increased NP i A, and 20

« Mizing Blosclich wam sandunt reduced Co ugake

+ Biowaste mduced changes in demental composibon Bcnased
aver the 5-month period
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IOSOLIDS are 4 product of smscipel watewste o
Bmcm. They are peimarily derived from domesic surces
which are combinarions of human feces, urine and gray
water, as well as sl snpots from industry and occasonally
stormwater (La et al. 2002), Biowdids are peoduced a ananoual
sate of 27 Ky pet persan, ansdd dhe b disponal cas beexpensive (eg.
ncinerarion oc (n hindfilk) oc environmental Fdamagng via
legad orillegal digposal lnta waterways (LeBlinc eral, 2009).
Bivsolids provide niiffients and onganic matter. which can
amprove soll structure (Antolin er o, 2005; Singh and Agiwal,
2008), enhance plunr groweh (Misomucer d, Z009; Mok eval.,
2013), and ncreaso 1oll microbial acriviey (Cyoryn exal,, 2011,
The efficacy af biawolide in impraving eil quality depends on
their provenance and meatmot. Biosolds application to sl
can al§izmuse negative effects becanse they can incroduce patho-
gens { Vasoer et @, 1996; Zaloki e al, 2065) and contami-
nant, incloding heaey menls (Oliver e al. 1994 Mizomiao
et al, 200%; Lamans et =l 2010; Lopes exal., 2011) tha may
be huzandois to soil biclogical processes and o haman healch.
Theretare, d@tse of bosolids addition o land Is regalazed
with ropect to the kvels of heny metaly, arganic compounds
and pathogens (EEC, 1986; USEPA, 1993; NZWWA, 2003).
Excovive Tinsolids applications to lind can result in cxconive
runoff oc leaching of plane nurnienes such as sioare (NO, 7 and
phoophaee (PO ) into recciving waters (Agopsowicz et al,
2008; Knowles et al, 2011). Theretore, biosolids are moce swit-
sble for webuilding eroded lind, bow- terrilliry with pooc soll struce
wee, suds a manginal farm aceas {F@squez ot al. 1990; Shadid
und Al Shankici, 2013 ). Such sites are not dicectly linked va the
buran food chain, and the high onganic matter comtents of bio-
solids may be mure effective than miners Fenilizers foc restoring
degraded sods.
Some of the negative effects af bimolxds addron m soil
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byblending the bicsalids with other biowastes nduding baochar
(Knomwles et al, 2001, dignire (Simmber et al., 2033) and wocsd
wiste [Panamshivam eral. 2015). Bugbee {1999) repocred thi
blending blaselids with sowdhest coudd lmprove plane groweh,
whike redocing NO, leaching by increasiag the C/N radio. In
addizion to reducing NO| leaching, wood waste, which can b
expersive il environmentally damagisg ro dispase of, cans effec-
tively sorb heavy metals sughvas Cd Cr Cu, Ni, Pband Zn from
industrial ciffocors (Aymul e al, 1998; Marchow et al,, 2000; Ys
eeal., 2000). Budat and Tez (2007) demonsrated that there was
vaniation in the sosption of indivicial metals (Pb == Cd > Ni),
which wis artzibuted 1o che afinity of cach element co the pro-
tens. carbohydratos, and phenolic compounds in the sawdust,

Sawdust undengoes decompostion when mixed with N-rich
material. Du.ths d::um.rmilinn. dwe cation c-dmn&: up-:itv
of the sswdust Incnases, & moce functional groups form an the
surface of the sawchist parncles ( Jokavs ex al., 1997 Therefore,
itis Jikely that thesorption of metals by soeduse will increase,
least remporarily, is ir decomposes. Siwdest may be beneficial
b conmntees with focery peratives dat produce lage gua
ties of wood waste, which can be espeniive and environmernmally
damaging to dispose of {Rehimon ctal, 2007)

]%iom studics have #hoen that biowlids morcases the
growth of rvegrass {Crush e al, 2006 Sancibanez er al, 2008,
Baosolidsalyo ncredsethe wprakeot Cd Cuand Zn neo the plant
biemnass (Ahumads ex il 2009 Bai cr d. 2013 MugicaAlvarex
etal 2015) Therefoee. cortaminants such 30 Cd may enter graz-
ing andmals arsd resuds in concentrations in excess of foed safery
grandacds (o animad products [Relser ex al., 2014} In coneras,
the increase in Cu and Zn'in the phnt biomass can be beneticial
tothe heakh of grazing animals in sreas where theseelements are
deficiant, e where high Zn isns arc Jed mich a« s
prophylixs co facial eceema (Anderson er ol 2012).

We hypothesee thar mixing $Fdoe with biceohids will
reduce the sability and hasce dhe plant uptake of heavy merale
trom blosolids-amended soll. We aimed to derermigemwhecher
mivmures of Mowastes {osalids + soodust) could be used w
reballd 4 Bows ferrilicy soil withoor resuhing in excessive menl
concentrations in the acral portions of ryegrase Specifically, we
sought to dnddae the effece of biasolids, either alone or mixed
with sawdusz. and area on the groweh and concenmration of mac-
roncients and traceclements in L. mudrfforvm

Materials and Methods

Experimental Setup

The cxpetiment was condscted ac Lincols Univenity green-
howe Eacility (4330420 §, 1722761 E). Lew-fersilivy wil
with now higory of ferilizer addition, was colected from a
marginal farm area pear Bideford, New Zealind (40°4556" §
175°54°42" £}, The xil has been clasified as an orthic brown
soil, and has been chosen as a reproventative of manginal sods
conufianly Famnd arounsd farm stems, Bicalide and condus
were collecred from the Kaikoura Wastewster Treanvent Planc
New Zealand (42°21'37.40" S, 17341°27.35" E}. Blosolsds were
homogenized theroughly after sieving { < 10 mm). Tables 1amd 2
show the properties of the sal, blosolids. and samdust.

Tweryduur 10-L pua (25 cx diun, 29 cm heighs] woee
filled with 10 kgof soil to 4 sail bulk densiry of 13 g em ! Poes
were incebated at ambicnt conditions in the greashons for 14
wk before ereatment application, Three treatment {urea. biasol-
ids, and blosclids + sswdust) and 2 contral were sevup randomly
withsix replicates cach wathin the experimenal setup. The oreat-
menes comprsed urea (211 g dry welght), Biosolids (245 g dry
wright), and the same amoume af biosolids miived with crocdust
(123 dey weight). The applicaticns rates for ures and biosolsds
wete equavalent to 200 and 1230 kg Nha ', reqeciively. wah the

Tabbe 1 Propartics of sadl, biotobds and awdwnt used In the axpenmmnt. Vakues in parnthesos 1o presom standard eoror of » = 5 rephicates.

Sl S ovechant Bioso bas
pH &1 ar AS 00|
Maolsthum contan, e wiw 255 304027 1062 (42|
Dry master, % wow N sosoz @aonl
LM s 143 JIKS(154. 0 10601
Tousd avsiakie Nmg kg ' an nd. (nd)t SuIB (N
CECE, emnl kg ! no ROCON 171 0a)
tomd base saturation, KBS 55.0 Ta2(0H BE3 (301
C%wiw 05 arran| AR A
N, sww o5 L1000 15(05|
P wiw 205 o nd.(nd) 059 Lo
K% wiw 259 MOW 005000 037 0000
S % wn 204 0N uorcnmi 0K 0
Camww 241 oYy 00800 oeson
Mg owiw 220 000 0.02(000) 0.30 (000
ﬁgiﬁg" 90ms; 1902 20701
CuBEKg ' 4200 0800 89310 (.9
Zn.mokg ' 2000 nim 100 (20
M mgkn ' 133529 472008 1849 (45)
Fe,mg kg ' 15461 (108 116(6) 14,534 (92)
Cdma by ! 905 MO0 nd.(ng) 357 007
f-g*:rm detected
3 CEC = Galion eechange Gipasty.
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Tabbe 2. Plaent available [CAINO ) | nuirient and trace aliment condem-
Tralons i losolict and sawd st at start of e expenmuent. Valats o
Darenieses represent standhrd errce of b= 5 eplicates

Sawdust Sosolids
my by '

P 1300 @
P 295 (& T
5 s 1193 [0
My 50 e e
8 nd (ndlt nd IndJ
Cu 006 (002) 8OO 032)
In 610 5307 11201
w¥n 32003 D RS
fe 04 o) 718000
cd 001 000 1.32 10021

fad = notdowcred

application rate of bivsolids cquivalent to 50 tha ' dry woght
The biosolids and biosolids + siwdust mirnifiswore appled 10
the smrface of the poes before sawing, Urea (50 kg ka ! -
Jen ) was sppled foar times during theexperimenal period. Pots Poes
were srvarged in ¢ randomized blsck design.

In Serember 2013, 2 g of £ mdriforwm (“Feast 11 seteaploid
lulizn ryegras) seeds were sown bn dl pors inusediaely after

application. An ated imigation system applicd

arozal of 106 mm of warer 10 exch pot over the expeninental
paiod of 18 wk rognsure optimal plint growth at conditions
near ficd capacity. The wmperatore i the greenhouse ranged
from 9 ro 20rC daring the night {10 pm until & am) and from
14°C 1o 25°C daring the day. The plant blomess was cepeaedly
cur buck o 2 om abave che sl ro simulare grazing, Harvesting
accurred fortnightly over the summer {southern-hemisphae)
starting from 16 Oce 20131029 Jan, 2014

Analysesand Statistical Evaluation

At the end of the expedment. sod and plant samplés
dried ar 70°C unil constant welghn was ebtained. chen ground
nsing a Retch ZM200 grindier. Sail samples were collectod and
passed theough & Sngminless scedd sieve prioe to chemical
asalywes. Soil and plaut C and N cancentratsans were measared
using an Elegiontar Vario MAX CN analyzer, Soil pH was dewo-
mined wigh ;H meter (Merrher Taledo Seven Exy) 14 hafeer
shaking 10 gof soil in 25 il deivized water, Man - availsble cle-
ments was estmated with $0.05-M Ca{NO ), exeracrion fullow
ing Black ot al, {2012), wha repormed that thig rxtraction wax the
most cffective procedure for derermining the plibe-avadibility
of metaly in bivsalids-smmded sod. Inbrick 5 guoil was woghod
into Sﬂ-ml.cmtﬁgrwbond exracted with 30 mi of 0.05 B
CalNO }, after 2h of end-over-end shaking asd ant.ntuglg-
3100 q)mﬁw 15 min (Wihatman 52 fileer paper ), Extracts were
soced i sealed containers undl chemical wnalyses.

Pacudo sotal demensal ansdysis wio yafmmcd aing micre
wave digestion in 8 mL of nitric ristar: #69%). flered
through Whatman 52 Bter paper, un‘ldihmlwidl Fhered
{MilliQ) water to a wodume of 15 ml. Concentrations of B,
Ca, Cd, Cu, Fe. K, Mg, Mn, P S and Zo were derermined
using indocrvely coupled plama oprical emission pectrom-
etry (ICP-OES Varan 720 ES} For quality sssurance, refer
cnce soil and plant material from Waigeningen University, the

Nethadunds {laematianl el saycl Exdung: 921 i

Intematioval Plant smbydcal Exchange 1007 was anadyzed with
the samples. Recoverable concentrations were 81« 11 2% of the
certified valecs,

Significant difterences (o = D.05) berween conernd sodl. e,
Saosolids, and biosolids 4+ sawdust treatmens were determined
by asalysis of vEance (Trilkis eral, 2006). fallowed by Duncan
posthac tests a8 p % 0.05. The analyses were perfanned using
SPSS w22 {IBM. 2013}, Cocrchinon analyses berween dry bio-

man production and <l were performed in
Micrasaft Excel 2013 (Micresoft Offce, 2013),
Results

Figure 1 shows the comulative pasture biomass prochiction
over the L8 wk expenimental period, Conerol erearments showed
a votal average of 1056 g bicenwa dey wegght per pot. cquivalens
10 215 r ha . Urea feniliznion increased che comedatire bio
M o 2419 g, eguivalent to .93 tha . Bisalids spplkavon
also resubted in a significant binmass response (2032 g, oquiva-
kentwaléchat), while mising sawdus with biosolads bwesod
the biomas growth of L sedigioveon compared v bimolids
done {14.72 g, equivalent to 3.00 tha '), Six wecks afier sowing.
significant diferences were detecred in the growth roponsc af £
wvdflorsm ax 2 result of different treatments ranking in cedier of
area > busolids > blesolids + sawdust > ool which remained
enchanpdd throsghout the duration of the expeniment,

Tabk 3 hows that there were significane differences macro-
smtricts uptike b d | 3 he wreatmenes
Baasalick addicion significanely increased the concentrations of
P and §, bue surprisingly not NL relatve 1o the cosmrol. Bassalids
decrcased pluve K concomration. Biosalidy: & sawdhust incremed
both N and 2 Usea spplication oaly caused a sigmificans bncrese
ml\m&mdwvﬁ“dﬂm-m I X and S,

Within treatmens, there were significant differeaces lnn the
aptake of K, P and S over the cxperimensal period (Fig, 2
Wherea K concentratian in the plant biamas showed a docres-
ing wend inall mearments (Flg. 2b), the highest concenmanons
of Pand § were detocead in plane biomass harvested 10 and 12
wh after wowing, as well as ar the end of the experiment (Fig 2¢
and 2d), Forthe control, biawolids, and biosalids + sawdus tree-
mems, the N concentrsuon varied berween 2 and 3% throughe
eur the experimental penod Concemratansat N were berween
3 and 5% during the experiment in wrea meatments, with dramet
peake in the indtial harvest and at the 10wk harver, whercas
N concastrations in control hiosolids and biowlids + awidist
treamenas ranged beeween 2 and 3% (Fg. 2a). Plant P ar indi-
vidwl harvest tme points was pegatively correlated with the
correspondirg biomass in the biosolids and biow|ids + awdus
trunmuﬂ‘(r- =097, ¢S DO0L s = ~089, p < 0.01), s wellus
pth{r:-l)!blpSMlxr:-O 78, p £ D05, deta not shown ).

Theapplication of biosclads znd biosodds = sawduast incresed
the werage plant Zn concantrations up to mine- and sixtodd,
nespecoively. Folar Ca concentrations were increased by up to
0% in the bicsclids, and 70% in die bivsodids + sandasr ura
monts { Tabde 4). Average concentrations of M were increared
by spprovimatcly 50% sfeer bxawlids application compared to
control trearments, Mame Cd concentrations in the bisalids
wreatment were spproxamarely cighefold Migher than the canwrol
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] wwght) in t ha ' equvdent dexing
the 16 whexperimental pesod Each
pointis the seecage of sterephates
0 T T T T T T v v with bars repeesonting the stamdard
4 6 L] 10 12 14 16 "= error of the mean. Non-ovedapping
bars indicate ygrifcant d ferences
time after sowing [weoks] b =003),

and wrca treatmenes, This increase wan ondy 3 fvefold increas
in the biowalicks + cwdust treatment. Urez application did noc
cause significast differcnces n average follar concenstiaton of
any teace clement,

As with the macronurriznes there was significant varadon in
the uptake of trace clements over the 18wk experimeral period
(Fg 3). Ia the hioselds and bicslids + sawdiss rresmments,
the concentrations of Zn, Cd and Cu Increased thoaghp the
experimencal perkod {Fig 38, 3¢ and 3¢). In comrast. there way
litde difference in the Cu concervration berween hiaslids and
biosalids + sawdust trestments {Fig. 3¢l For Cdand Zn. the dif-
ference besween the binsedds and the Biasalids + sewdast wear-
ment increased &ver time (Fig 3b and 3¢). Baween the 6- and
#-wk harvests, the resdts showed 2 pronouncad increase in the
elemental conrentratiuns of Fe, C& Mn and Cu, opecially in
baesalids rreatmens.

Discussion

The rotal biomass production (2-5 ¢ ha ! eguivalent) of L
mltifiornps weer 18 spaing and sammer weeks ander hlosodids

and bdosolids + sawd 31

tre bl bd)t avitagc

Table 3 Aversge comcentration of trace elements in L. maitifiarem oy
th' oapest 1 povimed, Viakeos it X o the sl
dard efror of he average concentiation pet pot (s = 6] theoughost the
e e | = 8.

biomass producoon of 22 and 8.7 t ha !, depending on the
wrawth period, reparted for Feast 1" {Hansoo ex ol 2006; Meir
cral, 2013} Smith and Tibbett {2004) reporeed annual biomass
prodaction of £7, 20, and 29 tha ' In pasteres receiving 4 &
asd 16 tha ' of dricd bicsalids, which iv samendat bwer than
our suedy equaring 1o approximaredy 30 tha * of dried blosolsde
Bivsolids andbiowlids + sandust hence were effocrive in increas-
ing plant growth on a low-fertiliey sod. The roults indicax that
muing sowdust with biasolids sygnibcantly reduced the growsh
increase comparad to biosolids alone and thar nosther biosalads
vor biosalids + spwdise was as effective asurea in increasing bio.
mass. The lower bivotass production of the binwlids + smdust
peatment compaced w the blasalidsalone treament Is conss

tent with sawdust mmmobilinng N. While diFaversge N con.
centration in the biosalids + smdust was not sgnificantly lower
than the biseslids-alene peatmens (Tahle 3), the man that wae
cetracted (biomace % N cancentration) wax sgnificanty higher
torklie biasodds done rearment,

In the conteol treatment, the N concentration in aur stady
was in a simibar range of the value reported for aanwl ryograss
(L mx[nﬂamm) in 3 saly Coun paring, difaem gran species
under ditfereat t& N boading (Moir et al. 2013}, Thar the
wrea sreament |{N) resaleed in & greater increase in biomass than
ather of the bicsolids reatments (N plus a suite of other plamt
putrients) indicares thar other composents in the Basodids, such
w leavy mels, redeced the effectvenes of the addad N In
the biasolids and blanolids + sawdost ereammonts ondy a limiced
amount of the tatal N appladdswith binsalids (1250 kgha 1) was

immediacly phine svailabde, Most ofthe N in biosalids ix locked
up in organic compouncs which need to undergo (microbia )
tansdarmation processes to bggame arailable {(Sammers, 19771,

With the exception of N, the concenmations of macronuari-

Blosobich +
Contol Urea Bioselids ey
® wiw

N 230{0D4) 5t 33SMO0Glc 256005 ab 253101210
- 30100 L 047000 OAZOMNd 035|002
x IV c 15300200 2TI0OGHDL 3001012 ¢
< CUnipDN be D2a00ja  CAOON: DA% M B
Ca 0A0I00N & D7 I0MIbe BFSIOONDL 066002
Mg 02300 0241001bc O23[00OND 021100 a

1 Differvest lowancase lstors inbcae Sonifcen difee noes batweon
NN Al ps 008

m..l our ‘u*m lil.'il. Lol d'“ l'q‘ﬂ"“‘ '.'* rmfu‘l’ f!f—
grass (Marrington ex al, 2006). Even thuogh urea significandy
incressed the biomass. dhe concemrations of other esenchal
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Fig 2 Avernge concentrations of macronitnents over the expermental pemod (n =8), Error bars represent the standard ervor of the mean, Mon-
evielapping enor baes indicate sigm Bcant diffesenoe DEtwoan moas (p s 0051

Tabled Mmgewnmndm:e*mtslnLan over
the Valuer in parsathessc repessent the ctan-
dud-mﬂhmmoumuﬂummm 6) throughout the
experiment (n = 8),

Scsolids «
Contred Urea Biosokds st
mg kg ' dry wi

B naAnobH Re0)» 05PNk 937 (0N oo
Cu 39100 a0l a NIpe)t Br04 b
Zn 261230 19807 » 1S0ABRC 917¢3Nb
My AN 352C0E & M2 5100241 b
fe SELUSIe  POSEOIIDI@ VAT NGl 0SSN0
cd 003 [a0Nab 0O2C0L01a  026P06c  D.13(020)b

1 Oifferant lowerc e betsars ndicate siomifiant e ences betwoen
Ireatemiins a0 < 003,

macranetrienss, naely P, § and K were significandy Jower in
the wrea trearment, ind icating thar these dements weee nec it
mg in the control sol. These elements dropped o nesr defickent
cancenstratsans (McNaught, 1970} i the urea treamnent. pas-
sible due 1o 2 didetion by-gromthietfecs. The biosolids + swdisst
wreamment {Table 3} shawed char the concenmations of K, P, s
§ were hgher than the critical dehaency threshold concentra-
sioas (28, 2.1, ared 1.4 ui‘". respestively) repoctal Fur paaial
regras L, pervane) (McNaaghe, 1970; Smith etal 19853 This
= consistent with using bicsolids and Ixosalids + sawdust not
only to imprave plant growth, but also toenhance plant motrient
aptake in a dow tervilny avwimnment. The concentration of plant
K decresed thueughout the expedimentl period, which coeld
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beartnbuted to a limited suppdy of K from the il soil, aswell
i biosalids and biosolids + sawdus trearments ( Table 2.

L olim sndtlorven growing in the osolds and hivsolidy
+ sawdust wesrments had signiboantdy higher conceatrations
of Cd, Cu and Zn cgiipared 10 contral ind ures treauments.
Mixing sawibint with bivsolids significantly decreased the Cd
and Zn concentradons compared o dhe biowlich ueaunens.
(‘l’.u"y. thiv i besefical o the cawe of Cid; awihine addition
can reduce the entry of thistosk dement into todder and food
phint, I our study. Cd ocentrations were within the range
of acceprable daily intake of Cd concantiition based on bath
food standands of New Zealand (2123 mg ky * foc kadfiey and
<15 mg kg ' for Iiver) and the Turopaan Union (=< L0 mgkg '
tor kidney and 0.3 mg kg * foc liver) [Reser ec al. 2004} The

avcrage Cd coneentrations in oar stndy (Table 3) were lower
compared to others sudies where blosobds had boeo used as 4
soil canditiner ot similar cares L Anteniadis and Alkaway, 2001
Hlacker al., 2012).

Some of tie negative efioces Gifelevated Cd muy be affser by
thc cevated Zn conventrations ((ﬂiv@:d‘ 1994 Khoshgottar
ecal . 2004; Keiser ecal. 2014} Since G is absorbed by the rom
2 eeaneporter, 3 kaw aspply of plant avadable 7 ffmoe Cd
accumulmion by planes {Khoshgetrarer o, 2004). Applying Zn
fertilizer inhibits Cd npake @0 ranslocation. especially in sails
with Jow plare availablc Zn er cval. 1994), Khoshgufar et
{2004 reporred thar when Zn ferrlizer wasapplied (na green-
house experiedrisl. Za concentration in wheir shoot Incrcased
from 26 ta 56 mg kg ', and Cd concentragion was redoced from
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090 to 0109 mgkg . Inour study. foliar Zn concentrations were
simibir tothe 129 to 390 mg kg ' range repoceed by Santibanez
et al. {2008) ad Tord and Lavado{ 2009), who used higher rates
of binsolsds addition (150-400 t ha '} for perenmial ryegrass
Biotass Zo concentrations in L. swwieyforvm in this smdy wore
higher than thow repareed for similar o kweegaes of Rosok
ids addizion in combination with L. peraume |Astanisds and
ABaway, 2001; Ahumada ecal. 2009 Black eval, 2012}, Sence
they coudd have offser Cd upake ifits plant biomass. The high
Zo concensraions bn oar swudy can Eapmnndhydlﬂdmdy
high 7n connt in dhe bisalide, 2 well ax the mildly 10
modersely addic nature of the wil and blosolids reqpectively
{Table 1) The Zn concentrations in L. rwnitifforsm in the asal-
ids treatment were within the range that Anderson et o, (2012)
repored 1o cause a beneficral increase in blood Zn conceantrs
whans In sheep

Alchoegh Cd and Zn were sgnificandy higher in biowlids
compared m bioslicdk + sawduse. plant Cu concentrations in
plant biomass increased atter mixizg biosolids withsswdustcom-
pared o pure biosalids application. Copper defickncy Is a wide-
spread probilem in all sgriashural sysvoves (Sindairand Edwards,
2008; Whize and Broadley, 2009); chus incrsing Cu npake by
plants by mixng biosolids with sawdsnt can provide agriculronal
benefins. Howeves the Cu concentranion i oer study were ges
crally lower than those repdited for L. perenme { Antaniad s and
Alloway, 2001 Ahurmada e al, 2009: Black e al, 2042). Urea
application. cxoed significam diffcraico in upake of B, Ca,
and Zn. lowever. the diferences were sl and unlikely o be of

agriculranl significance.
During the cxperimental peniod, an accumulatan of Zs, Cd

and Cu ws obgtved in L. mdrgforum biomass. An mcmm

these ekmenu at the and ufthe growing season may be relsicd o
decressed merabalic processces and smaller changes in the plamt
biomass, 25 sugzested in studics iovestigating seasonal wariations
in trace metal uptake by Plrgpuites wstradis (Kasratovic et al.
2013; Eid and Shalrour, 20 14 ). This is consistent with the resuls
obtamaed from total omas harvars (Fig 1), which shaw only a
small groweh increase toward end of the cxpenmant. In the b

wdids + sawdust sreatment. Cd and Zin concentrations inereased
ar & bower rate compared 1o the biasalide meatments, indica

ing thar sswdast reduced the mebility of these dements. It wis
likely that the sawdus started to decompme during the cxper-
ment, resslaing in ncrasal metal sarprion. Koswor ecal, {19917
hawed tmar the U/N ratia of fvoar exles awdist decreaced
from 251 ro 62 andy 6 mo aker cresment with nutnent salu

tian. Sawdust decompasitien coskd explain she greaer diffor
ence betwern the bioolids + awdus warment and biosolids
ueatments & the end of the experimens compared w the harvesss
before 6wk, where differonce were minimal,

The applicarion of hiasolids and biosalids mixed with sawdue
improved the growth of L swisiflornay on a low-ferility sed,
while the biowaste mivture (Basolids + cowdust) was Jess effec
Tove In restocieg feeriliny campared to hlosolids alone. Akhaugh
Toss growdh prometing. the advansage of using sawdust was scen
in = reductian o Cd uptake by the planus. There wize signifi
cant changes in the ckmental compesition of the pastere over
rime, with the differences berween the biosodids asd bosalids +
sradust treatments increasing over time to Favorable agranomic

kevels, Cur reardes indicare thar a single harvest of paszure can be
msufficient to determine theeffect of 2 sl treatment on dement
spuake, since resslns highly varywith eovironmennal condinens,
phant growrh, and metabolian. Furnte work could myvalve a fickd
srady o reveal rhe effectof ssmdust decompositian on the losg.
werm fertifity of wils amended with 2 misture of bowastes.
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