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ABSTRACT: Effectiveness of filter strjps may change over a period of years because key soil and

vegetation conditions change after conversion of cultivated farmland to permanent vegetation.

Themainobjectivesofthisstudywereto:1)determineifeffectivenessofafilterstripchanges
over years since establishment, and 2) determine if temporal €hange depends on vegetation

type. Four vegetation treatments were replicated five times in 3 x 2.5 m (ro x z5 ft) plots. Plots

containing all-grass (New Grass) and grass with trees and shrubs (New Forest) were established

in spring of 1995 among otherwise similar plots that contained eiiher grass since ca. 19Zo (0ld

Grass)orwerere-cultivatedandre-plantedannuallywithgrainsofghum(Crop).0nceeach
summer, in ry95, 1996,1997,2oo3, and 2o04, identically prepared solutions containing
sediment, nitrogen (N) and phosphorus (P) fertilizer, and bromide tracer were applied to the

upper end of each plot during a simulated rainfall event oF 2.5 cm (1 in) in 30 minutes, and the

load and concentration of runoff components were measured in outflow from the plots.
Retention of solution components and reduction of the'r concentrations by the New Grass and

New Forest plots improved from effectiveness similar or less than the Crop plots to effe.tiveness
similar to the 0ld Grass plots wjthin three growing seasons. lmprovoment coincided wilh lhe

development of denser vegetative ground cover and a slower rate of runoff flow through the

plots. Change in infiltration accounted for most ofthe improvement in overall effectiveness.

There was no evidence of divergence in the performance of New Grass and New Forest plots. We

conclude that fllter strip performance improves over a period ofyears since establishment. Most

of the change occurs within three growing seasons after establishment. InFiltration
characteristics account for most of that change. Grass and forest vegetat;on are equally
effective as filter strips for at least 10 growing seasons after establishment.
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Property designed fitter strips can hetp
mitigate potlutant transport from agicuF
tura[ crop land to streams and lakes.
Fil!c'r ltrips [U.S. 1)eparurenr of Aqriculture
(USI)A) pnctice code No.3931 :rre inst;rlled
bv converting a porrion of culrivared 6eld
near it. rrrrr!in to perrrr,.rnrnr v<--e..rL'orr

(USI)A. 1997). l)ollution control is pravirlerl
bv natulal proccsscs oi vcgct.rtion ar)cl \oil
char inrmobilize and trar)sibrnr pollutants rn

ficlc1 runoff, includirrg sedinrent. fertilizers.

and pesricides. Other buffer practices, such :rs

riparu r 6r,^r bullcr (odc J'rl\ .,rd rlJ' 'r
herbaceous cover (code 391)) arc ,lso
designed to function irr this rvay.

Thc levrl ofpo.itir, rrrrpr.t rl 't filLcr .rlu
installation rvill havc on agricultural r'unoll

depcnds on nr:lrv tilctors. A corrrprchcnsive
revieu of prevrons rcscarch (l)osske\', 2ool)
identifi ccl scvcral inrporunt vlriebles rei$eLl
ro sitc conciirion (e-g., soil qpe, slope) .rnd

fi1cet ,-lesign (e.g., vegetetion rvpe, uidth).
Holvever, even :rfter accounting lor these

varirrbles. c*inr.rter of prob.rblc cffcctivcncss

still vrrlv r.r.iilch. ,lLrc. ir p.rrt. to othcr poLrn-
tirrllv irrpor tmt plorcsses lrrl irrrpact rovcrn
ing r,ar ilblcs tlut.rc rot rvcll-rrrdcrstLr< .
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One of thosc potenrially irrportant
valiables is tinrc silce estlblishnrent of
fie ihcr srrip- For r givcn site md fiher
design, elleccivenes may change over a period
.r'1r.'r, dur ro ,h;ne.. rr .orl propcrn,'
and vegetation condition char alter the
processcs tha! irnmobilize and transfonn
pollutrnts in runol]-.

In gencral, soil rnd \,cgetati\,'c propcrtre\
chenge ovcr tinre rltcr cessation oftillage and
est.rblishnrent of pcrrrrrrcnr vegcirtior) (l)icl
et:r1., 1991;Lull, 196:l: l)arr ancl ljcrrrantl.
1960). Soil structulc rrrcl l)licroporosiry re-
develop afier cess;ltion of rilLge (Echvarcls ct
rl.. l9llil; Hu).g el:rl..20{)2; M:rzul.rk er al..
1960; l{hoton, 20{X); Weinhold ancl Tanaku.

20O0). Such ch:rngcr arc caused prinrrril,v br
the .rction ol roots irnd soii ln:lcro invcrtc
brates (Eh1ers, 1975; Caiser. 1952; Hopp and
Slater, l9'+iJ: Zachnrrnn er al., 1987). Chrrgr
in infihr';rtion clrlr.rctcfi\tic( of soik occur.
gladuallv over ur:rDy _rerr\. but rigrlificarr
change ha\ beer rre;r,;r.rlccl rvithirr lour
ycars (M.lzunk ct aI..196(); Weinhold ;rn,l

Tanaka, 2000).
Vegcgrion propcrries .rlso chanqe ovcr

d e. l3iorn:lss of planr roors, shools, and
surlace debris increare over rime. llapicl
nr.rtrient r.rptake patternl in early years mod-
erate as pcrrn3nent veqeration esrablishes

conplete coverage of a sjte and nutrienl
r,., rr,. i t, rl r.r (V.lrtr\. I')ol). \rrrierrr
..,turJt orr Jnd c(i\JLron of llct )rutrir,rL
ul'.rls h) reu-r;tiun .rllcr .svcrr' vcr. , t

nutricna tr'rpping has been suggestetl
(Croffi an et ll., 1992; Hanson et al., 1994,

Osborne and Kovecjc, 1993: Vanek, 1991).

C)veI lo ger periods. nauiral succ0ssiol ol
pl.rrrr .pr'crc, lc.rd' ro charrsc. rn vclctJlr\.
conlpositions, usually roward donrination of
sites by lreds, arrd subscqucnt changes in soil

infiitration propcrdes (Autcn, 1933; Coile.
I9'+0; Mc? ard l)oug1as, 1959;Wood, 1977).

Cr.rJJ.rl "h"rrsc rn ,u l .rnd \(-cr rl|o I

condilions rDirv rher dre function rd effec
rjvcne\s of vcgctrri\c filte'rs. Inrprorccl sorl

structure rnd nr:rcroporcsi!) shoul.l cnhancc
inl'llo-ation ol runoli \\'ater and dissolvcil
pollutrn$. Incre$cd infilt rion rvill pro-
rrrutc .cJrrrrcnt Jcpo.rtr.'n b1 ,.ducir':
.sf.rrrcnt tr.rnl'o-t cJl Jjit\ u' Llr( rrrr rr'1rn l
Iunoff (Haves ct rl.. 198,1: Lee er )1.. 1989)

atrcl pronrorc dilurion of dissolved polluranrr
bv rainfall on rhc fiher bv reducinq volume of
!he renlaining runoff (Overcash et al., 198l).
Mocieling studies suggesr thar increasing the

density of vegetation and debris on the soil

rur'facc rvill rc.lucc runof] vclocit),, drercbv

enhr cinq infiltretion rnd dcposition withil)
a liko srrip (Barfie1d et al.. 1979: Kao .rrrd

llarlield, 197tj; Willi.rnr an(l Nicks, 1{)tl8).

Nutricnts lhat were previoudy sequesterccl ir
soil and vegetation nray releasc to subscquent
rulolFir'r incrcasinq arnounlr as site\ becorle\
nutricnt rich (Magette cr al., 1989;Youttg et

al., 19t10).

llrevious rcscarch orr lllter srr4)s has not
cxperirDeDtelly tes[ed lbr chlni]c irl theit
efleclivcncss over time. M:inv publisheci

studics do no! report the agc of the illfur
\trip\ th:rt werc cxanrined (Arorl et J.. 1996;

llarfielcl et:r1., 1998;Coyne et il.. 1995, 1998;

1)illlh.r ct al.. 191J9; Magcrte et al., 191J9;

llobinson et r1., 1996). C)rher srudies ex.lr-
ined filters a! onc rnor)th to fi\'e yerrs irfter
csublishnlent on previously culfivarecl
ground (Cleusen et rl.. 200(| Lce ct r1.,200{);
Lo\!r:rncc et:r1., l9c)7: I)ir[y ct.rl.. 1997:

Schnritt $ J.. 1999i Shcridrn et ;r1.. 191)9:

Unsi- Kirnppl cr rl.,20(X)). l)ircct conrp.rr
ison ofdrcsc studies does r)ot providc cluc\ to
chJIgc ilr litnctior] olcr tilnc bccxuse of\\iLle
rmqinq diffcrcnccs rnong thenr in odrer
inrportant site and dc\ign lactors.

l)illlrent rypes ofvegelrtion rDiry pronrote
chrnqes irl filter eilectivcness to different
degrees. InfiJrration capacity in soils offiher
strips !ha! contained !r$s and tlees wiis

grerter than in gras onll strips wilhin fivc

\ears (llharati ct al-,2oo2) rnd six ycan (Seobj

ct rl., 2005) atirr c\trblishrncnt. Horvever', no
,r..rifi, .r r JilTe e".c, :n 

lrnllur,rnr rtrcrrrlorr
betrvcen grass anLl fblesr qpcs havc bccn
rcportcd after three years (Udau,att.r et.rl..
2002) and seven ycars (Uusi l(:inrppa et Jl..
2()0{)). The posicive influence th.rt trccs hrve
on infihutiol propcrrics of filter srrip solh
nuy irccruc ovL'f rllanv years as trecs lact l:trg-
er rnd rrore luliy occupy rhe ,iite. C)n the

olhcr lrand, Iarqcr trces will suppress gr'.lsses

rnd fbrbs that provide the surace roughnc\s

to slorv mnolF llorv and pronrore sedinrent
dcposltlon rnd runoff inllltrition. Fasrcr'-

grcrvirg trccs prrh.rblv c)iert thesc int'lucnces
sooner thirn slorvel grouing spccics.

This stud,v cvilllratcd dre irlportance ol
lilr.' 'rIi1' . s. .r. r r rrirbl< tlr.rl J!t(l|[fi1 .

rh, r fT,, nv, r ,r. of filrrr 'url\ ror rrirs.rr L

suface runoll from:rgriculturrl tlclcls. Thc
specific objective\ !\,crc to: l) deternrnc
if eflectiveness of fiher srrips chanqcs over

year.,in,e c,t rL,li.hrrrcnr. ,rd ll drrcrrrrirrr
if temporal chanqe jn ei'ilctir,eness deper)d\

on vcgctative conlposilion- Further rn.rlvsis

rvrs r.urrlcrt.rkor k) rletrnni,rc h()\\ chilr,ic ln

flltcr cilecti!(]rrc\\ f.n titioD\ :|r)orrq thc illlr
.lrrrrer r'1ro.r.,,. rr.:L.rr,'r.. I,r..' r. ..

rnd dilution.

Materials ard ilethods
Sndy ara and.fitld plo6. A plot \tud\ \\,ti
tronLlLlctfil rt rhc Ullivcr\itv of Ntbr.l\k.l\
Aglicultru.rl I{c'c.rrch .rnrl l)cvrlopnrcrt
Cllrrrrer iD erst centfal Nebril\k.r rcar l\4t.r,1.

In dris frgion. tine ternred vrils fbrrrrrJ
liorr locss .rrc inrensivelv firrrcrl prirrr.rrrlv

fur corn, ur'.rin solghunr. .urtl sovlrc.urs.

Ar)nu.rl frcc4)ltitlon i\ xboLrt 69 cnr (27 irt

'rr.l 
ll.lf 1'rrr". rrlr .h."rr'1 .l'rr .L r r.'rlr. rr.

\prinq alrd slrrrllrrct.
The plots rvere colrslrucled.tbou! T rtl

(23 tt) clou,ndopc fionr the nurgin of :r con
r^ur-, r. rr..r-c.i fi. l,' ir .. ro..'. .'r of ;r.' .

sorghunr [So1q,a ,iro1,rr (L.) Moench] rnd
sorbcns lC4,rrrrr ,,r,rr (L.) Mefrl. Thc plor
rrc.r h.l1 plt'viorrsll'bcer) vcqctrred wrth
rrri\cd gr.l\srs thit ucrc h.l]\rsteJ .rnnu.rll!
fbr h.r) li)r .lt lorst f5 vear\. The plots *cre
loc.rtcd .rlo )u -1o{l r)) (1.312ii) of ficld nr.rrgrn

hrrrng ,r six to \cvcn fcrccrt dope. Soii
.r thrs site is cl,rssiiletl .rs rrcll-rL.rrrc,l.
Sh:rrpsburg sihv cl.rv Io.rnr (frrf, rllonlrror ll
lonitic, rrrcsic Tvpic ArgiuLloll). Surt:tce \orl
rc\ture (top 21 cn ol ii rrr) rvrs rttc.tsrrred irr

c\crv plot.rrrrl chrlgcd fio1rr \rlN chv lo.ull
(3(l pcrcfrrt c1.ry) to srnilr lornr (1.1 pcrcrrrt
clry) rloui; tlrc lcngt| ofthc llcld rrrlglr

L"11 1,1,,r n1 . ,-r.rl'1. . ., Ll'c,t'".,r
r,,. r, rrr .l lir,'r, r' ., r . ,

collrpo\itioll\. e.lch .lt t\Vo djilelent sizes. l)lot
sizcs of3 x 7.5 nr (10 \ 25 fi) .rrcl -1 r 15 rr
(11) \ 50 i-r) rcprcscirtcrl 7.5 rr (15 ti) ,ul11

la ..r i, ft, r'.1< nl.,r .r'1... ll,, ( \l.fl
nrenrrl (lc\igrr rlrs .r rlndonrizerl conrplete

block rvith :r 2 x -+ lactorial (rvidth x vcgct.t-

uion conrposirion) r.vith cach block of eight
plots rcplic:rlcd flvc tinrcs-

E\isdng vegetation lvas killed \\,tth
l{,'ur.Lrl' 'Mo,. 'r,(o 

( u l\.n\. sr. IoU..
Mlssolrri) in nrid-April 1995, cxcepr on orc'
-.i rrr 1ir rr7 .rr^l .,rrs 1 ,q" t.l tl t l
e:rch block (lcsipr.rtc,:I dre "C)ld Crrss"plott.
ln nricl Ma}: fic plots to be nculv pl.urtcd

werc plowed to 2l cnr (lJ in) rleep, t|crr
rotolilled fi)ur trnrc\ to 15 dr (6 irr) Llecp LI,cr

r trvo rreck period ptior- to pl;Lnting. .rr,l
rhcrr ukecl vrooth. All flo$ \vcrc (nicr)tc.l

on thc dope to prolnote drcet flow dowrl d)c

plots. Boftlcrs alon!l thc \rdcs lrrrl clo*rrhill
cnd ol .r11 plots \\cre lirre.l wirh grlvrnizctl

'lrcct nrcnl buried 10 cur (-1 irt) dcel' .urd
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pr1lcc ns I5 c,rr (6 in) .rtrove dre roil su(ice
Ill o(lrr t() cor)tJin w.ltcr tlor,v A lO rnt
(-1 in)-dianreter l)VC pipe c.rrr.rerl plot ot,t_
tlow to a collecrion rlt)k. A rlinirnurit of
3 nr (11)f$ of rlown grilss separured rhc plor\.

Thc tillccl plors \r,crc phnrccl in mid_JLrnc
of 1995 ro cidrcr nri-\cd grusses (dcsili :rred
"New Grass"), half grlss rncl half rreer .rnd

'hrtrlx (dcsiuureJ Nt..,v Forc*'1. or gr:rrn
\orghunr thilt rv* re-dlled and re,phnlccl
lnnualiv (designared "Crop").

The New Grass plots were bro:ldc t
phnred rvirh srvitcherilss (pa,ti t,t vi1otl tL.
var. Lllackwell) ancl rall flscue (Fcstr.na arrrttii-
,,aira Schrcb. vrr. K-31). Volunreer csrablj,ih_
rrcnt of addirional grasses and loros :trso
occurred, includin!l snloorh brolllc (B/o,,rr-r
rrrrri-r Lvess.), wild buckwheat (polyXonnt
tonuolu us L.), cornnron lantbqulrters
(Clttkopallhutt albunt L.), fieJd pennycrcss
( l hla-rpi dtuc st L.), ud foxHi) (&fan, spp.).
I),v rhe end of rhc drird qrowinr: season, lhe
lorb componcnt had clinrinishcd lnd grasses
hld beconre dontinant.

Thc Nerv Forcst plots consislcd of an
uphill half of c.rch plot pllnrcd in nrrrccl
gr-.Nses b_v lhe sulltc nterho(ls ils rhc New
(;r.rss ploLs, .rnd l clorvrrlrill half l.,lanrc(l ro
r,nt. of 'hrub, ll'Lr'h horr,,,,.r,,.kh: 1/.,,r,Lrn
uaotkii) a.:ll uoldcn curran( (Ribt: dutcuur)l
rnd list-growing trce\ leirsrern cottonu,.(Dd
(l\puhr delnthlcs l\.trcr.) .rnd si[.er nr.rplc 1.r,cr-
id(clldriitthtl L.)1. The.3 x i5 nr (lo x 50 fr)
plors hid rwo mws ofshrubs (threc shrul.rs per
ruu,) planted ac{jtcen! !o dte qrass and trvo
ro\ts of necs (two per row) plantcd on the
lower end of rhe p1ot, while rhe 3 x 7.5 nl
(lo \ 25 ft) plors werc planred wirh orrc |'o\.v
of lrccs and onc row of s]trubs (Figurc i).
The trees and shrubs rvere 30 ro 60 cnr (12 ro
2.1 ir)-tall bareroot nursery srock obrained
lrorrr rltr USI)A Forcrr Scrvicc Nunrrl in
H.rlse1,. Neb:.ask.r. Volunteer qrasses rnd
lorbes bccan:e establishcd inlong (hc lrees
arrd shrubs and were ntorvecl periodic.rliy
during thc' initial rhrcc qrowinq seasons.
After dtar riDte, the woody vesetelion ovcr
toppecl and retanlcd rhc gowth of herba_
ccous ve{:etation in thcse portions of the
Ncu, Forest p1ors. By the tenrh grorving rca-
son, thc drrub\ htrl srtrrvn to 1 to 3 nr (3 to
lo fr) high wirh dense crorvns.rnd the n.ees
$tre 3 ro lJ rn (1{) to 2(r ft) crll.

The Crop plors \\,erc rorclillecl anll con-
tour plitnted u ith trairr sorghunr f.Sory/rrrrrr
birolor (L.) Moench] in cach offie tlrsr lhrcc
s(r\on. of rhi. rruJr Nrr rirtrlrzers or |trri-

tigure 1
Schematic diagram ofa 3 x 2.5 m New Forest plot showing the positions ofvegetation and the

::ll_:??ll*,1"1 ""0 
*rflow coltection systems. Grass piots were the same sire anJ siope as

rorest ptots, but were entirely planted in grass.

0 1m
Runoff
murng
tank

C

Trees Shrubs

Pump

cidcs werc :lpplicd_ Bctwcen f'lll of 1997 al)d
sprinr 20{)3, rhese plots rvere uDmanascd:utl
developcd : voluntrrr covcr. , onsr,rrnrl
prinrarily ot sn)oorll bronte ;.rrs. Iu sprirrrl
2(i03, rhese plo$ werc re-trceted wirh
lloundup@. They were rorolillcd scveral
tirr)c\ rnJ l)lan((.1 ',ri(h cr.tin sorrhurrr.
Tilhsr anJ repl.rntilg ua< rcperrrd agr.r in
l{nH l') .rll !crr\. rr)drvrduJl rorrlturn pl.rrrr,
rvcre sp,rced irt ilbout l0 plancr nt'l lcnree
phDN li') irr drc rrxv rvith srand.rrd 76 cnr
(-lo irD torv,spacing. Wecrls were rerroved
llunr lrenrecn rhe rolr,s h1 pcno(lii Il(,(.iDF.
I)l.lnrinq wJs clonc il nticl-Julc of 1995 rrtrj
lr rnid-May ofall odler ycars.

Field expeifiefital procedares. ln August
1995,July 1996,Julv t997.July 200j. rn(r

July 20(J,1, rvhen the sorehunr wir six ro eighr
weeks old and 50 ro l0{) crr (20 ro-l(} in)
high, a single runoff even! wrs sinrul.rted on
each plot rnd rhe subsequenr ourtlotv rvls
nleasured. The event silrtulated ruintitli r d
field runoff li.onr onc \ear rcrurn fiequcrcy
storD) in the study arca antountiltrr to 2.5.+ cnr
(1 in) of rain in .10 nrinutes (Henhficltl,
1961). Sirrrulated rainfall was applied to p)ots
u\iDg an overhcad {prinkler systenr consrsrmq
oi I polyvinyl chlor.rdc (l,VC1 prpr, lm rc
fined rvirh 7 Wearhermatico nlodel .l0,lSF
'jet irrigaror" nozzles (Wealhernraric, l)all$,
Texat and a 207 Kl)a (30 psi) prcssurc rc!+r-
lator Each sprinkler unit provided fairly
unrlbrrr covcrJge and propcr irrtrn,irr tirr a

3 x 7 5 ur (10 x 25 fr) plor (566 L or 15{)g;rl).
Tuo units ar-e used on 3 x 15 nt (jo \ 50 fi)
plors (i 1.32 L or 3{){} !..r1)). Warcr fror:r locrl
well,i wrs usecl lor sintul.rted raintill.

SinrLrlatcd ficid nrnotf uas creatcd rrr a
polycrhylclre !:lnk tbr applic:trior) ro rhc
uphill c'rrcl of clch plot. The rcquircd vol-

Runoff
aPPlication
manifold

urrre of \i lulillc(l r.unofl. lll87 L (5t)lJ q.rl)
w:|s dtri!.(i u\in{ lhc USI)A (ilrvc Nu|rl)cr
n)(tlro(l (USl )A lt,7') ti,r uur nur , jr,rdr\ \
ur)\lsr ionLlrfi(nt{ rhrL rls.rrl'c rhc Lrp-:r,r,ir-
cDt crop fielcl .tt our \ite: contou,. ro\\, !rup,
hldroloric.orl rrn'rrp l)..rnreccdent.oil ,,tor,-
turc cvlrc' III (>5.33 cr)) or 2.1 ir] ofrainfall in
thc prior fivc d:rys),:rncl:n rbove-buffcr field
lcngth of81 nr (2{16 f-t).

Agricuitulll chelllic.lls al(l seclirnenr rvcre
.tdtled to dre \inluhtcd r(rnoff \ralcr ro
.tppfo)itrintu pc'ak trnccrrtrlriorrs of corrrrrr_
itr,rrttr tlrlr rrr.rv lrc l,rrrrr.i rrr rurxrti lrollt,l
corn tlell durinu I po\t-pljlr rhur)derst()nl;
Iti.,) lL: (ll r, llrt ,1.. ,r..,*1,, ,,1 .(1i rrflrl
(sanrc source cach yetr; l2 per.cent slnd.
-3{) pcrccnr alir\,. J.o pcrccur orcranic nurtcr):
2tl7 r (ll). I oz) ofrn]rtnniul]t nitr.rte ferrilizer
(.1.1-{r-l) 5 7 { /tl.:r) ozr ol \ufrrplx,\fhJlc
l(rull/LT fll-Jlj {1. .uJr{,. l\,^\(l!.r.: lr I {
(1.(l oz) ofPot'rssiulr brorrrielc ((r7.I pcrcenr
l}). t i'r,.11111.111,r'. oi.c,irrlt.rrr .rr)... lr(.rrr.
cll corlportrnts iu thc r.rnk ntixtLrrc *crc
rrrc)\ulo(i il sJlrrlllc\ aollccrcd lionr scrrr.irl
t,r)ks .r! rhr tirrrr' of_rPplic.rrion to rhc l)lors(llble I).

Thc pot.rssiult brontirle w,rs ldclcrl ro tttc
r))ixru,c r\ lt col)\clv;tti|e tr..tcer (lilrr t.ut.
'()l?-ll tr' di.trnSurrlt b<rr,,srn rrrrk,oluuurr
;tnd siltulat*l r:rinfall conrributions ro out-
tlow 6om elch plot. The t:rnk soluciorr was
prepared bv addinq pre-measured arDounts of
tlrtilizcn, \eclinrenr, and poussiult brontide
ro thc lank weter rnd vieorousl.t. nrixing lor
one hour using i ga\oline-powerecl pLrnrp
(2.6 KW or -j.5 hp) and circuhtion qr.stcnr.

Thc circullrion \ystcl:l w.rs tlcrigned ro prc-
duce 2Jo 27o L ||rinr (61 to 72 q.rl rrirri)
dow drrnuqlt 1(r plirs ofspu1, lcrr locrtctl in
rhe bottorr oi rhr' r.nrk in ordcr () prc\cnr
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Table 1. Volume and component concentrations of the tank solution that was applied to
the plots as simulated field runoff.

Component Volume ot concentration

Sediment (TSS)

Tota nitrogen {TN)

Nitrate plus nitrite nitrogen (NN)

Tota phosphorus (TP)

Tota dissoved phosphorus (TDP)

Brorfide (BR)

1487 L

10,000 rng Lt
68 mg Ll
36 rng Ll

4723 uE t'
523 ug L1

9.7 mg L1

scttling of \edinrent particlc\ and ro carr,v

thcrrr ;llonq $'ilh the solution to the surfl]cc rrl

a boiling motion. The solurion continucd to
be nrixecl throughout thc subscqucnt applicr-
tiorr pcr'iocl in ordcr to n]:linurin ::r rc:rsonrl'rlv

honrogeneous nrj\tule ltnril all of the con
rents of .r t.rnk uere.rppliecl to;r plot.

Application of siurulatecl runoll !o the
plors was perfbrnred by diverting a porrion of
rhe circulating tank nlixtule cvenly across lhe
upp(r rnO !t' ln( p oL "( ) I lrr'lr iz'r Lp

nlin r). Thc rrriiture w:rs:rppliecl through r 3

nr ('lr) ft) lonrrection of2.5 cnr (1 in)-oranr-
eter l)VC pipe h.rving 6 nrrr (0.15 iD) clrr.

hu r' .p.. cJ
lcngth (Figure 1). Thc .rpplicrtlor rrrc
l'ro.lu'..1 rur).fi l'.r'o,l ,'t.rh,'rrr l. r'rrr
Florv nrett'n (Multi jeto, Mastcr Nleter. In...
Longvierr; Tlxes) rvcre u,ied to nrcirsurlc irnd
rlldritor xpplicatior) riLtcs :rr,:l volurrcs ol_

sirnulatecl tunofl.rnd lainhll.
Each plor rvas preparcd lor evJuadon by

irrig{dng with 1.9 crr ({).75 in) ofsillrulared
rainfall at four diffcrcnr dnres over fdur
days prior ro evaluation (total of 7.6 cm or'

3 nr). This rvm done to wct dre su lcc $il
to the antecedent condi!ions that were
specifieci ir the runoff volulle r]lodcl. Al]y
natural rarnfall dret occurred wi$in thn + c
window rv:rs colsidcred plrt of drc 7.6 .rlr
(3 in) rcquironrert.

The siurulaterl event wils dcsigncd ro
nrilnic rhe progression of n:rural raintill and
runoff during a typical spring storm. Fi$t,
riurulat<d rainfall uas initirtcJ. Alicr lt'rnin
ures of rainfall. applicarion of lank soluoon
was ;ritiared to the uppcr end of the plot.
llainlhll corrrinued on rhe ploa for another
2(l rrinurcs (rpproxurretelv) until 2.5i1 cl]l
rl.'t rn, h.'d beerr .rpplre.l. farrL 'olrrriorr
.urrL"rr..l r, l', .'l'tJr..l l;'r.rrr, tlr.r frrr rlil
utcs (rpproxinr.rt.ly) urtil thc entirc nri\turc
wrs cnrpricd 6onr the t:rnk. C)Lrttlo*'fionr
piots uor nr.rllr stoppcd nithin tlvc nrinutcs
eltcr ccsution ofrpplicrrion liorrr $c t;rrrk.

W:rter that flou'ed f_rom the lorver cn.l ol
exch plor w:rs collected in a 2700 L (715 g.1l)

steel tank. The outllow solution rva\ stirrcd
rigorou'ly u'irg o, irr.'lrriorrp-rrrp rrrJ rrrir-
ing manifold as gmb sampics wcre collected
l-6r ,naly'r. .i tdu.rcrr' r)d thr vJnor.
chenricel con\dtuci$. The rotal volunrc of
ourflou frorrr c.clr plor rr n nre.'.Lr-.J u'i"!
florv rlcter as the soludon w:ls punrpcd out ol
the collection |:}nk.

E:rch ye:rr. s;rnrples of fie sirnul:ltcd runofl
(tnk solution) :rntl rhe sinrulated r:rniall (uell

24 JOURNAL OF SO L AND WATER CONSERVATION IIT2OOT

Table 2. Pairwisscontrasts of the four vegetative compositions and the codes used in
Figures 2, 3, and 4 to indicate statistical significance.

Significance code

Contrast P < 0.05 P < 0.01

Crop vs Old Grass
Crop vs New Grass
Crop vs New Forest

0 d Grass vs New Grass

O d Grass vs New Forest

New Grass vs New Forest

I
2
3
4
5

6

L
2
3
4
5
0

Table 3. Toial rainfall at the study site for the twcmonth period prior to the Iield similaiions
in each year of the study, and mean bromide (BR) mass retention during field simulations
by Old Grass and Crop plots in those years.

Year of field experiment

1995 1996 1997 2003 2004

Rainfall (cm)

Bromide mass retained (%)

O d Grass plots
Crop plots

5.9
99+

75

32.5

53

23.4
89

a0

20.0
74

45

9.3
94

a2

Table 4. Pvalues of the F-test for each tank component across all vegetative composi
tions and times (main effects) and their interaction. Significance is indicated where
P < O.O5.

Main efiect P

Veg. x Time
lntehction PComponent

Vegetation
composition

Mass

Bromide (BR)

Total suspended solids (TSS)

Tota phosphorus (TP)

Tota nitrogen (TN)

Tota disso ved phosphorus (TDP)

Nitrate plus nitrite nitrogen (NN)

Concentration

Bromide (BR)

Tota suspended solids (TSS)

Total phosphorus (TP)

Totai N (TN)

Total dissolved phosphorus (TDP)

Nitrate plus nitrite nitrogen (NN)

Through-iow time

0.05
<o.01

o.o2
o.o2

0.03

0.03

0.64
<0.01
<o.o1

o.L4
0.77
0.65

<0.01

<0.01

<0.01
<0.01

<o.01
<0.01

<0.01

<0.01

<0.01

<0.o1

<0.01

<0.01

<0.o1

<0.01

<o.01

<0.01
<0.01

<o.01

<0.01

<0.01

0.66
<0.01

<0.o1

0.10
<0.01

0.81

<0.01



water) were collecced at one randootly-
selected plor frorn each of rhe five blocks of
plors. Field b1:rnks were prepared and periodic
cluplicate sarrrples were collectcd for qualiry
conrrcl evaluation.

Al1 slrplcs rverc collected in acicl rvashed
polvelhylene (LI)PE) botdes rnd storcd
inllcdiarcly on ice in the 6eld.

IAboratory pficedufts. A11 un4rles $.ere

analvzed lot rotal suspcnded solids (TSS), roral

niflogcn (TN), nirate plu\ nihitc nitrogen
(NN), lotal phosphorus (TP), roral dissolved

phosphorus (Tl)l'). and bronlide (llll).
At the end of each d:rt'. sanrplcs to bc anr-

'v.,ed [6r rh<,li*olved,orr.ritu.rrt' rrirrrtr
plus nitrite nitrogen, totrl dissolved ll .rnd

bronride, rl,ere filtered through t).,15 prnr

(2.1 x 10 4 in) Ce|nan CN nrcnrbr-anc fillcrs
(Celnran Sciences, Inc., Ann Arbor, MI), )nd
rhe filtrates stored frozen ac 1i)'C (1.1'F)

undl analysis. Sanrpics for analysis of toul
su,rpcnded solids lvere transferred directly ro a

cooler ar 4'C (39'F). Sanrples for analysis of
tolai P and total nitrogen were rnnsferred
dirccdy to a lreezer at -10'C (14'F).

Ilrunrrdc analy.r. \a p(rformcd u'rng
ion chronr:uography (USGS, 1985). Toel
suspended soli& was detern, ined by residue-
on filtration ol.cnrirc contenrs ofeach 125 rnl
(7.6 inr) sanrple botrle using Gelrrlarr A/E
glass-fiber filters according to Al)HA rnerhod
25.+01) (APHA, 1992). Nirarc plus nitlite
nitroqen was clctcrnrined by hydlazine reduc-
rioD (l)owncs, 1978). Toral phosphorus and
!o$l clissolved P were derermined by penul-
lete digestion (Menzel and Corrvin, 1965)

and colorinrcfi-y (Murphy rnd lliley, 1962).
Total nitroqcn was deternrined by persulfate
digesrion (l)'E1ia et:1.. 1977) nd Uv-spcc-
oophotonretly correcaed lor ol!Fnic rDatter
(APHA, 1992). Colorirnetric and UV tcsts

fbr tocal nitrogen, nitrate plus nitrite nitrogcn,
lotal l), and roral dissolved l) were perfornred
using :r UV-VIS spcctrophotolneter.

Dara analysis pftrr€lr/rcs. Ihr rff(cr\(-
ness ofeach plol was quantjficd by calcularing
rhe amour]r of cach runoff conlponent fronl
the tank mixture that was rerained (mass) and
modified (concenrrarion) by rhe plor durrng
the field experiment. EfI;ctiveness was

calculatecl a\ the difference betwecn !he tank
applied amounr and rhe nleasured ourflow
enlounl expressed as 3 pcrcentagc ofrhe t3nk
applied arnount.

The concenlrations of chenrical corrpo-
ncnts ir1 ou*:low liorn each plot lvere adjusted
to ilegrrc .ontlibutions frotr the well water

tha! was used lor simulated rainfall. The
adjusrments were rnade using tbe bromide
cmccr rc.ult( dnd a rwo componeu( rrixins
model (Sklash, 1990). The mass of each

component in outflow from a plot rvrs calcu-
lated as the product ofouttlow volume and
rhe edjusted concentretion-

Two h1porh..c. ,'r.rr rc.trd: lr tffc,rivc
ness of new filter srrips chanqcs over ycars

since establishnrent, and 2) Tcmporal change
in effecriveness ofa new fiker strip depends

on vegclation conrpo\ition ofthe filterqtnp.
Conffibutions of lnajor fllter s!rip proccsses

!o ovcr3ll eflects ofdnre ancl veqetation rcrt-
lr)ent wcre cvaluatcd by rhe following reli!
rionships: Net l)eposition = toral su\pcnclccl

solidq nrAss rctAincd;l)ilution = bronride con-
ccntmtion reduction; Infiltr:rtion = brorriclc

Sutisticrl rnalysir wn perlornred on the
data fronr onlv thc'7-5 rrr (25 fr)-1ong plots.
Too lerv of thc 15 nr (50 ft)lorlg ploLc pro

)lF 2oo7 VOLUMT 02 NIIVBER r 25

Figure2-a,b
Average percentage ofcomponent mass from the tank source that was retained by the 7.5 m-

length plots as a function oftime since plot establlshment: (a) Bromide or BR, (b) Total

suspended sotids orTSS. Also shown for each time point are: P-value ofthe overallF-test,
significanc€ level indicators for the ind ivid ual treatm ent contrasts, and the pooled standard
erfor (SE) for multipte compa.isons. The numeric codes for indicating signiflcance of individual
contrasts are disolaved in Table 2.
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Figurez-c,d
Average percentage ofcomponent mass from the tank source that was retained bythe 7.5 m'
length plots as a function oftime since ptot establishment: (c) Total phosphorus orTB (d) Total
nitrogen orTN. Also shown foreach time pointarer P-vaLue ofthe overall F test, significance
level indicators for the individual treatment contrasts, and the pooled standard error (SE) for
multipie comparisons. The numeric codes for indicating significance of individualcontrasts are

disolaved in Table 2.
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duced outflow to provicle adequare sanrple

sizes lor a robust statistical evaluation. For
rxample. outllorv ,.,.r. olrrarrrcd frorrr only 'rx
orlt of25 rests on the 15 m (50 ft) length Old
Gr:ss p1ots, our reference trcatrnent. Clearly,
thc arnounr of sinrulateLl runoff water and
rainfali used in rhis study q'as not much
greater than the infiltration capacity of rhe
15 nr (5{) fi)-1ong plors. In conffast, measLlr-

able outflow was obtained fiom 19 ouc of
25 tescs on the 7.5 m (25 ft)-1ong OJd Crass

plots and 1t)3 out of125 rotal tests anrong all

vegetation treat ents. The 7.5 (25 ft)-
long plots retained a lairly bigh lracrion of
tlre .irrul;ted runoll. but not unlikc h'F"
values reporred in other studies (Aror:r et al.,

I996; Badield et al., I99il; Covne et al.. 199ti;
Lee et a1.,2000; Patty er a1., 1997; Sheridan

et al., 1999).
Efhcrrcrrr..' of rLe Jifl(rrnt v.L(r rroa

compositions and lheir relationships to years

sjnce establishnenr were evaluated by rcpear-

ed rrearures ANOVA over the lop ofa ran-
donized conrplete block design using rhe
l)roc MIXEI) procerlure ofSASo l{elease 8.1

(SAS lnstirute, 2000). The ploccdurc wts
clcsigrcd ro accou t for unbel:rnccrl s:urpJe

sizes in rhe conccnlr.]tiu1 datr r;.ruscd bv the
occasion:rl irbsence olplot outllow to s.rnlplr.
Fi$t, a lest was ;rerfornrecl ircrcs\ ;lll vcllct;l-
tion con\rositions and tirDes lor nrlin cl]i'cts
oi vr,.ct.rtron. rrDlc. JnJ tlrcir irL(-rcLio
Then. arr ore'all l-rc,r rnro'rr: rcLr'rar'on

'onrpo\ruon\ \ -. |crlornr(d Jr (dch tirrl(
pornt. follo\ cd br rndividu.rl p r'r rvi.e
LonUd.r. Of (h(- vcLrrJt u , r Otttpo.t O||(
(six contmsts at e)ch rinre poinc;Table 2). In
rlr< fint tr... I .:.rifi.ar r \r-(r rrion \ rirrc
interuction (P < 0.05) inclicNell rhrt thc fch-
tionship rnronq rhe vegeratiorr conrposrtons
changed over tinre ancl rhat intlivicluirl vege-
t:rtion conrpositions rnu\! bc conrprleL:l irt
each tinre poin!. Experinrent wise errcr r'.rte

;rt each tirnc poii)r w)s conrrollcd b\' irrtcr-
prcting significance of a spccific contrast
oltl rf rhr ovrr"l f-rc.r'br r\"r rrrrr p^r)r
was significanr ar .P < {).01 (cquivalcnt to a

Bonlerroni-adjusrnrent ro.P < 0.05 over
five rreasuremcnt times). Sig'nificance of a

contr,lst \{?s indicrred b,v a Tikc_v Kramer
test aclju\tccl P< 0.01.

Lfli. t,vrrrr* rc'ult' lor r.r.lr r'<cclJr.rrl
conrposition rlcrc plorted as r funcfion of
tiIre. M)ss :rnd co centl:rtiol] results fbr c:lch
collrponena were gr]phed scprluteir' (Figurcs.

' .rrJ J,. S -r'rfi. rr. , of thc ort rll I -rr.
anll rndiviclual contrasLs at erch tilre poln! are

indicate,:l in each graph. Signiicrnce of indi-
vidual contr;rsrs is denoted according to rhc
coding system shown in Table 2.

Interpretltions of changc in eflecrivencxs

over yerrs focused on wjchin-ycar contnsts
betweer the newly-established filter plots
(Nerv (irass and New Forest) and lhc lwo
rel'ercnce rrslments (Crop.rncl Olcl Guss).
Thc Nerv Grass and New Foresr plots rvere

expectetl to shorv a rrajer:tory ofchange fionr
silnilafity to thc initill cultivarcd conrlitioll
(Crop) torvrrd silnilality to an Llltinrate col
dition (Old Grass). New Cras\ ar)d Ncw
Foresr plots werc con asred to decernrine if
trgrr.,uon colrpo\ition i. rn irrp.rrtd_r. \.rr i

ablc in temporal relationships.

Results and Dlscussion
Va atiotr itr efectiueness oJflte$ ovet lcdts.
Fiiter effcctivcness ofrhc rtlercr]cc p1ocs, O1d

Crass and Crop.'"r'as nor cousrilnt over dre aest

period. ()ld (itass lntl Crop rvcrc :rssunred to



Figurez-e,f
Average percentage ofcomponent mass from the tank source that was retained by the 7.5 m-

length plots as a function oftime since plot establishment: (e) Totaldissolved phosphorus or
TDP, and (f) Nitrate plus nitrite nitrogen or NN. Atso shown for each time point are: P-value of
the overallF-test, signiflcance levelindicators forthe individual treatment contrasts, and the
pooted standard error (SE) for multiple comparisons. The numeric codes for indicating
significance of individual contrasts are displayed in Table 2.

(2e)
<O.OO1 NS NS

2345none none

<- Overall significance )
<- Significant contrasts )

NS <0.05

none 2

100

s

o

F

80

60

40

20

5

Time (yl)

(2tl
<0.001 NS

2345none
NS

none

< Overall significance -)
<- Significant contrasts --)

NS

none

<0.05

2

s
o

o
lh

zz

100

80

60

40

20

0
5

Time (yl)

-+ old grass \.
----<)---- Ne,,! grass .y
--t-- Lrop

- .-A - New forest

*1sE- I I

-Y

____+_ Otd grass

---O--- New grass

--+-- Crop
. d New forest

,+1SE -+ I

Y

I

have lairly consistent soil rncl veger.rtive

.ouditiorr.. UuL .hrir <ffccrr<rr<', in rct..rrr

iDs runoffancl its various components varicd
subscantially among the five vears that we
samplcd. For c)iampic, thc efledir,enes of
the Old Grus lreatnen! ranged from 64 to
99+ percenr for bronride mass; 95 to 99+
per.(nl lor ror.rl 'u.Jrrnded 'olrdr nrJ'.: .rnd

l5 ro 25 psrcsnr for L,rorniJs Lor)!ent.rr'on
.rnong lhe five measurement rimes 0.2, 1.1,

2.1 , 11.1, and 9.1 years after plot establishment

(Fig'ures. 2a, 2b, and 3a, resper:tivel,v). The
effectivenex of the Crop lrcatnrent ranged
frorrl .15 to li2 percent lor bromide mass; 79

ro 95 percent for roral suspendcd solids mass;

and 13 to 21 percen! for bromide concentra
rion. l{etention of bronride rnass, a rreasure

of infiltrarion of tank rvacer and dissolved

cornponens, wes lhe mosl rariable of all

corrponcnrs. Mos! of this variation rppears

!o have a cause that is expressed on an inrer
annual basis. Intra annual variablliry such ar

that caused by consecutive runoff events

throush irs cflcct on antcccdcrrt soil moisture
and remobilization ofpollutan$ frunr rvithin
a liker strip (Coyne et a1., l99u; Mage.re er

al., 19f39). rvlrs nriniurizccl in this sruclv Thc
plo ' ucr. rrrrS.rrd rrrthL 'rrrrc r.,Inrcr prol
to each sinrul:rtion cvent rncl the plocedures

uere conclucted only once per lear to nrrnr
nrize rer:robiliz.rtion of blonri,:1c rr'.rccr rnd
other cornponcr)ts b-v \ubsequent sirrrul.tr,.>rx.

The inter-annu;rl variation t>bserverl in
both OLI Crass:rnd Crop plots lollorved r
paltern lhat nrav be relatecl to larqe annual
clifferenccs in soil r]roislur,l condinons.
Antecedent soil rroisture is an inrportrnr
drn r trtin.rnr ol- InllrrJrror, r..r, rrr fiJtcr 'n rp.
(Arura ct al-. 1996; Mlrioz-C,rrpena et el.,

1999). Higher retenlion of bromide mass

\\"s associalecl widr dricr welther in 1995 e d
1997 (nlble 3). Furrhernrore,ln lhe verv drv
\ull llrr of lLrq5.\orl, rr, I' r. 'lr:< a.' 5. rrr

(1 irr) rvitlc er)d 70 cD (2il in) dccp \\,crc
notcd i rorr-Crop plots thrt probrl'r1v rlso
enhanced infiltrrtion. An annull partern
siurilar to bromide nra.ss was xpparent lor dre
nrrsses of all runoff cornponcrrts (Fig"urc 2),
probablv drle to inflltration ofrunoffwaler.

1)eposition and djludon processes lvere
nor ,r' v.rr'.rblc ,lllrorlq v(rr\ a. ttrfiltr,rtor.
was. l)eporitior, rs inLlicated by tor:rl sus-

pcndcrl solids nrrss ria:lined, wes consistcndl
high in rl1 vern (Fig'urc 2b)..lur in par t to the
gcncmlly high infilo-.rrion fiat occurred.
I )ilution. :rs indicrted bv brcnridc concen!r:l
tion reduction, wirs consistendv rrrinol in ,rll

years (Fi$irc 3it).
Iorrgrr-trtrtt l(rlbrlr.-r,(r ol i:ltrr'trlp.

c.n bc redu.rd b1 .cdirrrrr. .rL(ur,u,lior'
lhat bury grass vegetation ancl creale non-
unilbrm runoff flow (l)illaha e! al., 19139).

However, signiflcan! sedilnent accunrulatrons
were not observcd ir our p1ors. The rest

loads drat rvele used rvere snrall and runoff
seclirncnt lrour thc adjacent crop field
appearecl to be nrostly oappcd b,v the
7 rr (23 l$ of grass border benveen the
field nrergin ud the top of thc plots. This
.rr.,,lr .Id nor r.l,l ,'...drrrrcrrr . .lrrrulrtior)
a d non-unifornr flo$, factors on tillcr
snip performance-

The concentration of nitratc plus nitrite
nitrogen was rclarively enriched in plot out
l1ow leadir,g to negrative reduction of niffrte
plus nitrite nitrogcn concen!r:r!ion in rhc first
sc$on ofthis expcrimcnt (Figurc 31). We do
not hrve a clcaf explarraliorl fbr this observa

rion. Others hlvc tcported lunoff enrich-

lll2oo7 voLlJME 62 N UI'ABER 1 27



Figure3-a,b
Average percentage reduction in concentration ofcomponents from the tank source after passing

through the 7.5 m-length plots as a function of time since plot establishment: (a) BromideorBR,
(b) Totalsuspended solids orTSS, Also shown for each time point are: P-value ofthe overall
F-test, signiflcanae level indicators for the individuat treatment contrasts, and the pooled

standard eror (SE) for multiple comparisons. The numeric codes for indicatingsigniflcance of
individualconlrasts are disolaved in Iable 2
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ment by fiter strip plots (l)illah:r et al., l9U9;
Uusi-K;rnppl et a].,2{10(D and attributed it to
llobilizarion of contaurinanls lronr rvithin
plors (Magertc et al., 1989). Bu!, this pattcrn
was not apparcnt for anv othcr corlponcnis
thac we tested (Fig'ure 3) nor was it linriterl to
any particular ser ofploc t1pes. Thrs anonraly
occurr-ed sinrilariy for both nerv filrer treat-
mencs and reference plots alike, iucluding the
O1d Grass plors-

Change it effectiurcss oJ neu filter sttips

orel /e46. Ag.linsr the backdrop of ,vear to
year variabi)ity, rclationships amonq the
different regetarive conrpositions changcd
over time. l)iflerences in efiectiveness betrveen

vegcLative conrpositions depended signifi-
cantly upon tilne fbr nrosr r unolfcomponents
(Table,1). The cxc.'prions included conccn

c,uor. of bronride. torrl nrnogcri.,rrd nitrdt(
plus nitrite nitrogcn, rvhere some ovenll
change (increase) in eflectiveness over tnne

rves dctectcd, bur a dillerence between vegea-

tivc cornpositiolrs could noa bc distiDrui$ed.
T\r'o months after establishDlenr (0.2 yea$),

rhe \su Crr* ,nd Ncu Forr.t fi]t.r *r.p'
p.rforrrrd.r5'rlc,.,r tly rror e r' .rr O.l t,',n'
and Crop- The New filrer strip plots retained
significantly less runoff rvater (indicared bv
bronlide nlass) and nr:sscs of all conrponenc,i
rhan O1d Crass plots rnd of some con4ro-
|re rs rhan Crop plots (overrll P < o-(J1 rrrd
,orrrr',r,r l 'llr :lrL.Lrc )\. ( or..crjL'|l:..rr\
of ruroff conrponenrs in outllon t,'onr thc
Ncw filtcrs, holever, lvcre Dor siltriilc.urtlv
diflercnt ftonr the relcrencc pld\ (Figurc -l).

IlclJtivcl), poor eflectivcncss of thc Ncrv
filters could h:rve resultcd lrorn rhe slorv
esurblishment of vegetativc cover on these

plots. There was only 20 pcrcc t .ovcr afier
2 rnonths due to drougbr irr 1995. l\unoll
flowed quickly over the s oothcLl. rcl:rtivclv-
bare ground of the Nerv filter plo$ (Figure
.1). By corlparison, che clerrser qrourrtl cover

:rncl higher infiltratiorr in the O1d Cirirss plots

were very eflective at irrrpccling r unoff11ow.
I)uring fie second grorving se:rson. ;rt 1 .I

y.,r' afr.r .'r..hli.lrrlcnt. th( (lliLr\( ,er' ,1

the New fllte* urs not clit'Icrcnt th:rn Crop
(co.trrst P > 1).01), exccpr lor gleater sedi

menr deposition as indicated by grearer
recluction of total suspended solids concen
trrtio| (overall P < 0.001 and contrast P <
0.01). By dris timc,the New filters had |rear-
ly conrplctc eround cover and the rlte offlow
rlrrourh Lhc p oL' rr " ,irrr .,r .,' Cr.'l' 'l rrrr,
,1). The effectivcness ofthc Ncrv flLcn rvrs

less than Old Cr:rss lol onl,v toral suspended

solicls irncl total I) concentr:rtiols (ovcrrll
P < {) 01 and conoast .P < 0 0l; Figufe\ 3L)

,rnd 3c7. Thr 'rrrril:'itr l,crrtetr, r.rrlr. r,'r

total suspenclecl ,;olirls .rnd tot:rl l) is probrbly
because rnost !o[xl l) $as scdiment bound.
Analysis ofthe tank solution shows th:Lt only
1 1 percent of torrl l) rv:Ls in dissoh'ed (TDP)
fornr (Table 1). l)eposition rvould alllcc torll
suspencled solids end total l) simil:L11y

(Schrrrrrt rt rl l()aq) Bv . orrrJ\.. "ll rio"{(
plus nitritc nitroqen rnd bronridc are

dr*olvcd. rrd ,t lcr.t h.rlf , rr''r" "irmrcr i'
dissojvecl nirrate plus nitritc nibogen. Mosr
of rhr' rrnr,rr,rnr tor.l niroierr i. "r ' r',.ti-
unr N rvhich is cxpccted |o be bound to sed

iments b,v cation .'xchrnge. The Nerv filters

rvcre equall,v eflecdve as Olcl Gr.rrs lbr
dilurjon and infiltration processes which
affect concenrration and mass rcducrions of
dissolvcd components, such as blorrride and

nitrute plu\ nitrite nitrogen.
131, the rhird growing season, 2.1 years afrer



Figuret-c,d
Average percentage reduction in concentration of components from the tank source after passing

through the /.5 m-length plots as a function oftime since plot establishment: (c) Total phospho.
rusorTB(d)TotalnitrogenorTN. Also shown for each tim€ point arer P-value ofthe overall
F-test, signifrcance level indicators for the individual treatment contrasts, and the pooled

standard error (SE) for multiple comparisons. The numeric codes for indicating significance of
individualcontrasts are disolaved in labte 2.
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establishment, rhere were no significanr dif-
ferences detected berween the New filter
plots and che Old Crasr plors for anv of the
parenlete$ thar we mexured (concrasr P >
0.05; Fillurcs 2, 3, 4). ln fact, all of the
veeetative compositions appeared to perlornr
,irrril,.rr\ {orer.rll P - r) r)1. Tlrc qu,rntirdtr\e
results lbr Crop total dissolved l) concentra-
tion were anornalous, since Crop reduced it
much more than any of the filter strip treat-
ments (Figure 3e). This resuh was relatively

consistent among the five replicate Crop
p1ots. There was no corresponding anonr-
alous resuit for total It concentration, proba-
b1y becausc total dissolved P is only a snrall

fiacrion of total ll
In the ninth growing season, u-l ycrrs aficr

esrablish ent, !here werc no siqnificanr
diflerences between Nc'n' fikers and Old
Crax (overall P > 0.01 and/or contrast P )
0.05; Figrres. 2,3,4). The New 6lter plots

rcduced ror.rl rLr'p. ndrd .olid. (on, rntrrLion

solnowha! nrore [h:rn (}op plots (or'era11 P <
0.()(l1 ilnd conrrust P < 0.o1; Fiqurc 3b), but
rhrs Jrrlcrrncr u r. .'or rrflc.red ir. -<tr, ri.,n
oftoral supendcd soli.h r :rss (Figr.uc 2b).

ln rhe tenth growinq season, rt 9.1 vears

;rfrer establishnrent, the New filters and Old
Crass perforned simihly in cverv respect

(concrasr P > 0.{)5; Fi!F. 2, 3, ,+). Further
nlorc, rhe New flllers peformed significantly
bettcr than thc Crop trc:rolrent lor tolal
suspcndecl solids .rnd total I) nrasses and total
suspencled solids concenlration (ovcr;rll P <
0.01 Jnd contrast P < o 01). rrrrl pcrhrps also

t,r ror ,l rrruo:, ' rrr*.ror.l l'.nrr,,rrr'.rriorr.
throuqh florv tinrc (or'cral1 P < (1.01 .rrrd con-
ffasr P < 0.05), anl] totrl nirrogcn concerrrrr
rion (overall P < 0.01 :rnd contrast
P < 0.01, but vcqetatio| \ tirre P = 0.10;
Table 4). Signilicant differences betrveen
Crop and the 6ltel strip trcetrrents seenred to
appear ablupdy in tenth scason ofthis expcr
ir,rcnL rr-irrl1 .luc to 'tccp Jr..Inc irr

perforirlrrcc of Crop plots. A substirnnel

reducrion in lurrrcrv and ridge nricro rclief
6om the nindr to rhe tenlh sr-o$irrLr seiison

coulcl cruse this rc\ult. blrt r,'e ,:licl ror rr:rkc
tDls lltcJsLuc]ltc L

The concenonrion of nitr:rre plLrs nitrite
nilrogen rvas rhe onlv pararneter drat clicl not
show arry evidence of a diilerence in change
ovcr time arnong any ofthe vegetation treat-
nlents (vegctation x ri e .P - 0.81 and P >
0.05 for overall and individual contr;rsrs at :rll
tine pojnts; Table ,l and Figure 3t].

Questionable relarionships wcrc detcctcd lor
totrl nitrogen conccnlration (vegetation x
tiDre P = o.l0:Table ,+) :rnd brcrDidc concen-
triuion (vegetarion x rirne P = 0.66rTable 4)

for vuhich sonre potenrirl divcrllcncc $rs
indic:ted benveen thc Ncw fi1tcr strip plots

and fie Crop plots:rt 9.1 vr (Figules 3d.rnd
3:r, respectivelv). ln generirl, horvcvcr, thc
vegetdlion conrposirions thilt we tcsred did
not distinguish rhenxelves greatly in their
eflects on concenlrations ofdissolved compo-
nens ofrunoff

T-lcn ror:crlrcr. tl'c rs'c,lr' tbr "ll rrrr'.
poinrs shorv.r piLttcrn $rt eflecriveuess of
New filters irnprovell over 10 ),!'rrs 6onr an

effectiveness level wone rhat Oop anrl ()ld
Cras to a level bettcr th:rn Cr.op rrrd sirnilar

to OIcl (lrass. Most of dre ch:rnge torvard
sirnilrriry ro Old Crass occurled rvithin rhc
firs! lhrcc qrorvinrr sersons :rfier estrblirlrrrre'rrt

of rh, rr,rv filrrr'. InfilLr-tror p u1'e-r c'
changed the mos!, and had .l latge inpact on
dre amount ofrunofwater and the masses of

!r zoo-i vot.rv" o.z NJvecq zg



Figureg-e,f
Average percentage reduction in concentration ofcomponents from the tank sourc€ after passing

through the 7.5 miength plots as a function oftime since plot establishmenti (e) Totaldissolved
phosphorus or TDP, and (f) Nitrat€ plus nitrite nitrogen or NN, Alsoshown foreach time point
are: P-value ofthe overatl F-test, significance level indicators for the individual treatment
contrasts, and the pooled standard error (5E) for multiple comparisons. The numeric codes for
indicating significance of individualcontrasts are displayed in Table 2.
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runoff corrponents. Smaller inrprovenrents
u, r, oh.rrv.d r'r .o_rponr'rl .()1.(nlrJ(io'r.,
mairiy related to deposirion of sediment.
I)ilurion changed litle, if ar all, in the New
filters over cinre.

fhc.c rL'ulr' confrm that tl'src r'
r'rrprov.rlrrnr rn rhc tuncnnn ot fi1rrr 'rnp'
over a period of years thar is associared wlth
change in soil properties and vegetation after
conversion fionr cultivation. While our test

stonn event rvas sn, all con, pared to those that

probably conrribute nrosr of rhe pollutant
load to streans (Larson ct al., 1997), relaove

dillerenccs :rnrong the treatnlents should be

sinrilar reg:rdless ofstornr size (Arora et al.,
1996; Lcc et al., 2{)00; Misra er al., 199(r.
Large stornr eventt, howcvcr, nray or nrey no!
prcduce substantially smaller relcntion per
centalles than measured in chis srudy deperd-
rng on hou nruch l;rgcr rhr .torrrr rrenL i'
and what kind of contaminant is being eval-
uated (Arora et al., 1996; Helmers et aI.,2002;

Jin :rncl llonrkens 2()()1; Lce ct i!]..2000: Mi\r.r
er a1., 1996).

Neu' gfdss ,efixs nas Jorest. l)ivergcncL
in che eilecciveness of Ncw Clmss rnd Ne$
Forest fiter strips wi\ not detectc,:l anonq
any of rhc peramcters th:rt u,ere measured.

Contrasts belween Ncw Cus\ a.d New
Forest plors for rerention ofwrtcr (as indicated
by Br Inas!) an.l conponent rl]lrsses (Figure 2)

and reduction of component concenlraaron\
(Figurc 3) wcre not \ubstanti:rlly clilTelcrt. nor
were thcre any apparent trends to lhat elfcct
(overJl P > 0.05 and con!ri$! P > 0.05).
Thcsc lcsults cld.rrlv irr.lic.ltc thrt withir) dre
jniti.ll 10 vcars after filtcr su ip establishnrent,
therc w:Ls no dillirence betNeen the ljrass iurd
for..r v.trr.-rriorr, ourpo'itrorr. for fi ltcring,
;qricu1l,..r' rurroff lf 'orrrr rlirrr5cr',,
be[ween these vcgetatior compositions cven-
tually occurq, !hen ir would occur more than
1{l growing seisons alter estrblish|lent ofdre
fi1tcr strips.

Lack of divcrqencc betrveen Nerv Crass

ancl New For-r:st plots nrry bc .rto ibutcrl ro
irlport.nrt sirlil.lritics ir) qround co\'cr conLli-
tion. Hcrbiccous ground cover csteblishcd

sinrilarly in bodr vegeution trciltrncn!\. llv
iJ.1 yeirr\. there rva,i tlcrtse qllsr irr the Nerv
Q6r' por.,rnd t\c uppcr h.rrf o \.\ 1.1.1
plots, and only parti)l suppression of ijrass
underne.rth the shrubs (1 to 3 m or 3 to I (l ft
high) and trees (3 ro 8 nr or l0 to 26 ti high)
in thc lower portion ofthe New Forest plots.
Only ulderneath the bush honeysuckle
shrubs was herbaceous gro\vrh conlplctely
:lbsent, anlounling to onlv a I to 2 Dr (:J lo f)

ft)portion ofthe 7.5 rr (25 f$ length ofNerv
Fu-('r l'lor'. so..lc.l'ir, r\, r 'ur'11 r'hvic,rr.

dcvelopnrcrt offhsr grou'irrg trees and shrubs

on the Nelv Forest p1ots, conditions .rt the
ground surircc nele rrot clillc'renr crroulrh to
create sigrific:rnt differences in eiiec! on sur
face runofI.

This srudy did not directlv conrpare trees

ro llrass vellctation- The intent \\,a! to conr
parc a ljra,is filter srrip (USI)A, 1997) ro a

nrulti-specics forest buffer desig'r (Wekch,
19c)l : Schultz et Al., I995). ln pmcdcc, it rnrv
be difllcLrlt to cstrblish r trec-only llker
becruse of the propensitv lor voluntarl'
herblceous underqrowth !() bccor))t tlt.rb-
lishecl lrrorrg thc trecs. irs h:rppcnctl in our
plots. Consequendy. r conrpiuison bctwecn
trees (alone) and grdss nlay bc acaclcl]ric,.r d

oul rcsuks are nlore broadly applicabJe to
lorest and grass filters.



Figure 4
Time elapsed for the leading edge oftank solution to flow from the top ofthe 7.5 m-length p{ots
to the outflow Ohrough-flow time) as a function oftime since plot establishment. Also shown
for each time point are: P-value ofthe overallF-test, significance level indicators for the
individualtreatment contrasts, and the pooled standard error (SE) for multiple comparisons.
The numeric codes for indicating significant individualcontrasts are displayed in Table 2.
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Summary and Conclusion
Fronr chis analvsis, rve conclude rhat:
Eflc.tivencss 6ltcr str\rs cer varr substantirlly
fionr yeal to yeilr, duc il) pirt to elru:rl
cliiler-ences in anlecedent soil nroisrrlft alLl
rchted procc\sc\. Effectiveness of nervl,r'

est:rblisbed filters inrproves substarti:rlly ovcr
sevcral vears. ln this 10 veirr study, ncw fikcr
soips reached nearlv full efiictivcncss with-
in three erorvine seasons rfrer esrablish-
nlent. If vegetative coler is not esgblished
quickly ]rowever, iilitial peformance may
be r'"orre than having no fi1ter srrip at all.

lnfiltr:rtion-related processes accoun! lor
nroJ! of lhe inrprovenrent. Finally, grass and
fbftst vegetation t1.pes are equally effecove as

filrer strips for at lcasr l0 erorvilrq se$ons
:Lfter establishDrent.
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