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Abstract: Allegheny b a r d w d  stands in the Pennsylvmia p o ~ o n  of the type fxqrnentiy 
contain dense understoPies of undeskable species such as hayscenkd fern (Denmtaedfia 
punctikobula (Mickx.) Mwre), New Yo~k  krn (Tke lyp~~r i s  P Z ~ ~ V ~ ~ Q M C ~ M ~ S  L.), gasses and 
sedges (Carex spp.1, s ~ p e d  maple (Acer pensylvanicm L.) md k s h  ( F ~ g a  gr~gdq~l ia  
Ehrh.). Once eseablished, they interfere with the establishment of advance =generation of 
kskable species. The use of herbicides is a practicd mems of conmiling this vege~ticrra. 
Initial small-plot studies show4 rhat Rounldup con@oXld all of d.se undesirable species. Under 
conarnercid applicadon conditions,  can^-01 of vegetation sometimes was less &an predicted 
from the small-plot expe~ments, Three problfems developed as a result of applicabo~~ 
techniques anad subsquent s k l t e w d  cutting ira @ea&r% stands. First, the use sf 
vehicle-anaunted sprayers resulted in regeneradon sf ferns in the vehicle Wdcks ft-orn small 
segments of fern rhizome broken off by the treads cduffirag; herbicide applica~on. When these 
stands were subsquendy shellterwd cut, the fern plants spread ~apidly, complenefy 
revegetating the stand within a few years. Second, forest floor &smbmee created by 
sheltenvood cutting dso  stimulated gemination of grass md  sedge seed in the forest floor 
seed bank, precluding regeneration of desirable Rardwds. Third, sgped maple Ell was 
frquently less than expected. The fern, pass, md sedge regeneration problems were sofved 
by using Bust, either alone or tank mixed with bundup. Control of s ~ p d  maple was 
increased by impraving coverage of striped mapie crowns with Roundup. Cunent guidelines 
recommend the use (of Oust done when ferns or ferns and a grass md sedge seed bank are 
the primmy target s p i e s ,  Roundup alone is recommnd& where s ~ i p e d  maple and beech afe: 
the primary targets. W e r e  &ere is a combination of w e t  species, a tank of Roundup 
and Oust is recomended. These herbicides are us& in combinaeiopa with severd euxdng 
techniques to obtain regenera~on of Allegheny h d w d s .  

The cherry-maple or Allegheny h d w d  type is a v ~ e n b  of the nafiem h w d w d  type 
found dong the Pennsylvmanaia-New York boundq,  south &ough the AppakacEms t~ the 
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nortbern mountains sf West Vkginia and adjacent m a s  of M ~ l m t i ,  and in nonheas~m 
Ohio. Second- armd fhid-gowth stmds in this type are coeapgosd prmn(<wilgr of black c h e q  
[Prunra~ serotinra Ehrh.), red [Acer r d ~ r m  L.) and sugar maple (Acer saccharm Maxsh.), 
white ash (Frhwinus amerieapzcb L.), yellow-pnplz (Lirit?&n$ron rlalipfera L.), md beech. In 
the Pennsylvania portion sf  the type, more than hdf of the smds  have dense ~ F E P U ~ ~  coven 
of her'baceous ferns, $s;ssses and sedges, or w d y  undesto~es of s ~ p d  mapie and beech 
root suckers, and rue typically dimcult to regenerate. Despite the presence sf desirhle species 
in the overstory, Nlegheny h x d w d  stands usually lack the bee-high to wdst-high 
rcgenerdtion commonly forand in other eastern h a r d w d  forest types. 

This cofidieion is a result of continuotls bmwsdng since the 1920's by a large populaaion of 
white-tailed dcer (BQocoilelas virginianus virgiraicirnw (Bddikert)). Deer browsing has hd 
three effects or8 forest vegetation: the numbers nf seedlings are rduced, suwiving s d l i n g s  
me smaller, and species corngosidon is altered (Muquis and Brennemm 1'1981; Tilghman 
1989). Deskable species such as the maples, ash, and yellow-popla are highly prefemd by 
deer and tend to be eliminated when they are seedlings. Since black cherry is interne&&& in 
f d  preference, any large desirable advance regc~eration usually is black cherry. The ferns, 
passes and sedges, strip& maple, and beech we law in fwd. g ~ f e ~ n c e  and tolerant of 
understoq shde. Thus, they not only remain in the understory but also expand into the 
gowing space fomerly mcnapied by desirable regenemion. 

Expansion of undesirable plants also has been encouraged by ahinnings which tmk place in 
many stands dufing the late 1950's and 1960's. Whizom &velopment of hayscented and New 
York fern and short husk p s s  (BaachyyeEytrt&ri erectrm Schb . )  is greatly accelerated in the 
pmial shade of thinned or sheleemood seed cut stmds. Sadlings of sPmiped maple, which can 
remain in the undepstory for nlany years, grow rapidly whew aaitional light is made 
available. Tule~int beech root suckers sustained by an older aost system make slmq~singly 
r;ip'kd p w ~ h  in partially cur stands. Once rlnesa: unksirable plmes mcupy the understory, they 
interfere sm>ngly with the regeneratiotr and est&lishment of ksisable species, even when 
deer are excludled (Harsley and Maquis 11983). hte&erenace by hayscented and New Yo& 
fern is pmicularly serious because they f o m  dersse gound covers rapidly and the low 
iratensiq, high far-red shade light beneath them results in poor s m i v d  of black cherry md 
other desirable Allegheny Bnipyd~md species (1Honley 1986). 

h%en the quantity of inoedefing plants b~omzes toa great [for guidelines see Mwuis  et d 
1991) steps must be t&ea tu remove them before ~ g e n e r a ~ o n  can be estabIishd. Neither 
mecharaicd tmetfids nor f i ~  an: effective in the Allegheny h d w d  type; however, 
herbicides are rm effec~ve, ecoraonnicd, and safe means of removing inkdemng plmrs and 
 h hi mi zing their regeneration so that deskable h d p d w d  s p i e s  c m  k a m e  esmblishd 
(Horstey et a1 in press). 



THE INITlAL PRESCR.ImON 

Initial small plot seu&es with sev~ra! herbicides show& that the herbicide Roundup, 
maaxnfactu~.ed by Monsanto, ca;tnmlled hayscea~ted auld New Yark fern, shart husk p s s ,  md 
striped maple, and bewh, and that the time of applicafion was i m p ~ m n r  in detemining &e 
application rate requhd for effecdvs: control (Norrley 1981; I-Iorsley md B j o ~ k b m  1983). 
$his was pmiculxly me ar %ow rates of 3pplicati~n. Fm exmple, 95 percent or be$ter 
coneof of 1- to 5-foot striped maple cuutd be achievsii with I, 2,  or 4 qvacre of Roundup in 
early August or early September applicadsras. But, 2-4 qt /acre were requixd to achieve &is 
level of contrell if applications were made in early June or early July (Table I). 

Table 1.--l%learn percent kill of 1-5 foot striped maple by Rsundug applied at. &ffe~wt rates 
md times.' 

Application Rate Month of Applicadon 

(quacre? Jun 9ul Alag Sep 0 ~ 8  

1 53 ef 81 a-d 95 ab "4 ab 57 cd 

"Means followd by the same letter were not significmlaady &Ee;r@nt at; P 2 0.05 using Duncms 
New Multiple Range Test. 

By restticring the application of Roundup to the time between early Aargus~ md ew1y 
Segtenrber, the amount of herbicide needed could be mhimized. This is impoflmt from both 
an economic and aaa environmental standpoint. The same sensi~vity to d m  of appBicaGon was 
sibsewed when the I qu'acrf: rate was applied to s ~ p e d  mpie stems s f  increasing size. More 
&an 986 percent c o n m l  of ~ e e s  less than 1 foot taXf cabaalid be ob~neeE, with any appgca~on 
date between early June and early October. However, cora@ol of larger was s ~ o ~ g l y  
dependent on applicakisn erne; optimal control was achievd with early August to early 
Sqtember applicafioas atad was less at earjier or later times of applic.eaa-io11. 

Weather csn&eions ealy in the gowing season affect pBmt Qevebgnrent. merefore, 
differences in susceptibiliy no control by an herbicide can vary due to mud &fde~nces in 
weather conditions. For exmple, hayscented fern fiorrd devePspment is slower in a cml 
spring than in a w m  spfing (Tabhe 2). Thus, early June applica~g~ns sf Roundup made in a 
year with a cool spring resulted in less control than a s i ~ l ~ e ~  application in a w m  spring. 

Sensiaivity to h i n g  of Roundup applica~ora also was obscemed at the end of the gobping 
season. W e n  leaf yellowing begins, uprake and ~ ~ m ~ l o ~ a ~ o g l  sf herbicik declines. Roundup 
applications after this time gmvidd less cone01 of 1811 species we tested. The of l e d  
yellowing, which mcuns in mid-September in aaorshwes~m F"enrasyfvmia, is a pmcticd 1 s t  
to Roundup application. 



Table 2.--Air rcmpramre, bayscented fern frond height, and hayscanted fern can?t~ol by a 
June 1 application sf 1 qv'acre of Roundup. - -.- -. 

Year May Air Temp ("F) Fmr:d H-jeigkr (in.) Fern Cornwo1 (761 -- - .... 
Max Mii3 Mem May % June 1 

.- ----"."*- - 
1976" 67.7 43-4 55.6 0-2 82 68 

"From Climatological Dara 81(51:4, Wmen, Pemnnsyhvania Station 
"From Climatological Data 82(5):4, Wmen, Pennsylvania Station 

Our studies suggest that a high level 5sf plant cons01 can be achieved with 1 q u ~ m e  of 
Rouradit~p by res*cting etne time of application. Optimum dates for control of hr~yscented fern, 
New York fern, and sbm husk grass are from early Jaly until leaf yetlowing in 
mid-Seyilten~ber. For striped maple, the optimum ckates of applicaeon are from early August to 
leaf yellowing and for beech $hey are froan early August to early &tober. 

Once interfering plants are removed, the regenem~on process can continue. W e %  intesffesing 
plants are not present, the most impc~rtmt hctor dctemining success of regenera~on is the 
establishment of iarge numbers of desirzrble seedfiangs before the final rernovd cut (Grisez and 
Peace 9973). A sheltekwd seed cut leaving residual overstory stmking of about 68 percent 
hastens the rdeveioprnent of large nta~l~bers of small seedlings (Morsley 1982; Mxquis 1379). 
These seedlings do not grow ~merch becausc the overstov is still dense enough. to provide a 
light liimisrption, However, where deer impact is high, this is an dvmaage because the 
seeaiiings arc lcss as~active to deer. Within 3 to 5 yeus, large numben cpf seealiings usudly 
beconre established, though the precess car] take longer. 

Bl%k cherry rand red m;tple usually prizdo~inat~: ian  northwestern PennsyPvmia stands and the 
speed with which adequate regeneration develops &pends upon she basal area of black c h e q  
greater than X inches dbh. Staods with at least 25 square feet of basal wedacre in black 
cheny usually develop adequate regeneration withill a few y e m  after the seed cut; stands 
with lcss black cherry often require a Isnger time, Once adquate regenem~on has &,veloped, 
the relnaining oveBnory can be removed. In s tads  where herbicik has bee11 applied, the 
overstory should be removed as swn as adequate regeneraticpa develops to m i n i ~ z e  
reestablish~nene of any insen$ering plaints that remaia. glonce~gzdon of cutting in an m a  also 
reduces the impact of deer browsing (Horsley et ail in press). 

Commercial applicaeion of Roundup in arm herbicide-shelamd cut system began in 1979. 
These applications used air-blast spray equipment m o u n ~ d  on wackd or mbber-&red 
vehicles. During the first 5 years i t  became agpaseaas that ~Snemrats were requkd. Three 
probiems deafeIuped as a result of applieatim techniques rand sarbsequernr shel teawd cutting 
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in txeated stands. '%'he first was that fcms were inadecjnateky con~olled in the area ~aversed 
by the vehicle c w i n g  the sgmyer; instead "'fern tracks'' were fomned' Appaendy, the metal 
cleats on tracked vehicles and the sharp edges of new rubber tires break off small sements of 
fern rhizome at the time of Ipealment, preventing ~anslwation s f  Woundup into them. Oven a 
period of 4 to 6 years iox s h e l x e w d  cut stands, new fern plants regenerate and can sewcupy 
the unhrstory before &sirable hud%roscl regeneration becomes esrablished. This prwess is 
abetted by variable numbers of smrdli, isolated fern plants that develop from single aa&ililed 
rhizome buds: pmbabBy as a result of incomplete coverage sf foliage with herbicide or 
incomplete Wanslwafion of hen'bicide within the plant. 

The second problem was that, following the shelaemad seed cur, the samd sometimes 
=generated to grasses md sedges rather khan nee seeaings. The forest floor of nnost 
Allegheny hardwad stands contAns a seed bank of gasses and sedges that geminate after 
disturbance. The skidding activibes asswiated with the shelterwax4 seed cut prwided the 
stjmullrs for germination in &stusbed areas (Table 3). The greater the propordon of forest 
floor that was disturbed, the greater the amount of @ass and sedge &at develop&. Litde p s s  
md sedge developed on ran&sturbed mas,  even where a Page seed bank was present. 
Typically, grass and sedge seeds genminated in the growing season dter &shnrbmce. Ground 
cover by thcse small plants was low in the first year, but daring the second vowing season 
after disturbance they grew to full size, greatly expm$ing in pound coverage. There was 
little expansion after h e  second year. Once a gass and sedge pound cover &veficaped, the 
regeneration process was sbwed so bmaticrzlly that iiitde =generation became established 
under our conditions that include an extxe~nely high deer population. 

Table 3.--Mean percent ground cover by newly geminated grass aid sedge ow c%istur5ed and 
uradistrtrbed plats 1, 2 and 3 years after disturbaracc." 

DistllFba~ce Yeas after Treament 

B 2 3 

Rode tte 

Disturbed 1 3 ~  2 20 a 0.4 2 0.5 bcd O 5 0.2 tscB 
Undisturbed 1 +- 2 bc 0.4 2 0.5 bcd 0 2 0.3 %d 

Mane 

Disturbed 45 2 28 a ld 2 0.4 b 

Undistmbed 2 + 2 b 421  1.1 

3isturbmce by yeas nfter treatnsent means at a locarion faOI11owed by the same letter were not 
significantly dif'erent at P 2 0.05 using the Bonfenoni prweduxe. Each value: is shown 2 one 
standad deviation. n = 63. 
' ~ a c h  disturbance by year aftm tredttnent vdue is the mean of 21 sbseku~fioans. 

The third problem was that, under commercia4 operaGng con&fions, striped mple stems were 
not always contro!ld by RauneHenp as well as might be p r d c ~ d  from sma-plot expehents. 



*, . . r hc prir'rrlr:ms c > i '  " f ~ m  rsack" ; s ~ d  grit54 : i t i t !  ~ ; c : c I ~ c  R i n ~ a ~ i o ~  \h,e:c Y O J V C C X  h y  rile iricitirloli iaP 
, . 

t?ac rcsin.l;~aE l!r.ri,icitli: Clus:, r~-ranti4;iclturt:if 11y f h ~  farni-ir, En lailk. ii:.ix witir M ~ s ; r n ~ l i l p .  A :-ate art(:! 

tinlc: rrxg~crirneni tt, evalxiati: &c e.i'f~;i:ctia~c:nci~ of K{~rindirg in. rauk rnix wtth 0';s: an..! Sui-finn 
in a?,inirnizlrrb; rciissahiEsl~rr.ri:~~t <sf gr;js";;r.s~ij, yedg,r o n  diutirkeij sites slruwcd rhi :a  X ; t i  -1 
o;p;iiie-se uf Ottsr o r  2 to 4 qtiact~, of Sarrl%;lra rcirii:t:ri ~ir\i.;?sitrr; by gr;tss ,irih! e.:!gccxigiz:~slnp 
in tht: foresr I'loor seed bark lijr 2 cw 3 ye.;irs. rr:$;grcctivcly (ffz,rufzy, 199Cib). Oust rww h;is ;iii 

EPA ~egistr;i?i<zrr for tf~ili LE'IC, S $.~ri'I~lri t k ~ t s  r i o t .  

?'fie strally also jminled out rhat 6.m ?aiteh W ~ C T G  p s ; w  :bnd szaige seeti bikstk:: were Irtrgc, 
herhiciiic alonr: was Zna<Jc.cj:r:u:ite lia rctlr,~eing rcil;v:asiora ; a i ~ r _ ?  !friar steps were rcquiwd 8.0 rredmcg: 
the arsar)u:lr crf hn-csr flmx- rlisnurbaalcc txr, these ~ 1 : ~ s .  Another. srite and ~inrf ex;xri~i.ient with 
Oust alirnc sl-rojvc.caf nhaa 2 ozdacarc prc-ervitkd xxar?>: ccrnrpierc cs:miti.a~l of ha.ysr:ar?mcd a~sd Nesv 
York k r n  whcn rij.aplie(3 ktwccn carry Jtt?y i111d c;tr!y d;.lctoi~er Cr'abfe 4) !HHc?rs!cy 1988). 

"Fabtc 4.--Rrcenc cox.ivb;,l of hsysccn:etl and Ncw Y:rrk fern arzci shor-i husk ~ M S ' ;  2 years aflsr 
t ~ a t m e r \ f  with 2. '9+ o r  X (vI;r~air of 0ti';t. 0tis1 was iipp6icd :I: thc btrjinrsing on" c;icI~ rnontll. 
tjntrcarct erararrol picrts witfn whic..Ht ~rcs?cr_l g;!r?ic u.crc ~:ocrjr;ire\.if faail I iX!  pctccnf grcbniid cover 
hy ttlc target sg!c:cic?;." 

"--."-,",-,""--,.--~-~.--"4~.--,~-~-~...-,-,%*.---.-w-----~-.---.---& --*-.---- -."....-*,- 

i-tart. of Piiimth of hppiicatittn ---- -.-----**-~'. .".." -..,-..-""".,".." ... --..".- 
i2~8plic;rrlon M;ty Juii Jtel Ara g St::" [.'I,C I Nirv 

-*--%*" -------..--.,,,,.-.-, ~ *.<. "" .,-* ~" -*.,. "* ., .. ,.." ...,*-,..-.,.,. ," ..., "-" --.--.-----*-.---" m-------.-.-...-..----- - 
I l;aysccr?ri:il :uld Ncw B'ork Ircrct 

"Mr~tinii. by rate of appIic3i.li)gx zt.lt";at~s l i ~ r  c:te:il sltccics fulfowcrd by time snrnt: lcrzer wcr t  a;ot 

i c y  ~~iifcrezaa an P 2 0,04 using rhe I3&11%fenctni p r txe l lu~ .  

Applicradont; r t f  Qrisr mi$de e;zrtier cx 1:tti.y ah;i.ix tl2cse dates provided ic~lss conrrol and re-rsuiss 
were rrrttc-deg~rilt?cnt. t7)use did not  gravitle a:iequane pwr efk~ergez~t cta~itraf of nlidtii3,~ % S h d ) ~ 7  

husk grass plrt~:ts, a~:g;anift:ss r9f  rlzc rial: ( 2  &o X ozhcre) rrr nisxc (cnriy Mzy rn e:irly 
N~vclnb: r j  trf r!gpiir:;;aion ('9':tbic .I), rrcPs d?i% i t  ~ I E L V ~ "  liri)' ef;L"i'i Oil S U ~ I X " ~ ~  ~ t ~ i t i 2 J ~  O F  bet:l'h 
4d.m rltri; sticrwxr 1. 



Efi):~\; rrt increase thc activity of Routsdup on striped nh3ple by the *dditior~ of adjuvants or 
other t~crhizidcs inme the tank mix showed that none pa.ve hex:efer ~stikrs thm Roundup. n8one 
fTabie 5 )  (Ilorslcy l%&la). Addition nzf adjrivniars s i ~ h  as ;~~arnrno;rpiurnr iikalfit'ate or EDTFa ao 
remirirr h3rd rviaica ions rhar t~zigh; bind the giypi~osate n.16jteculc did n;,r in~cres,se Roundup 
activity. Adjuviints :hat I~~ceast: !~erbicide wertit~g ;zrad wisf~"s'te&a~.ic~;~ of iesvrs, suck ;as X-77 
?7bpre;i(iifr, X;'rig;s.rt: AgScu!tur;sf Ailjrvxmr. and SorbicilSe Wcrhik.ldl: Adjuvant, :il~63 did not 
incrciisc c~tt?.ri>l i ~ f  srripeci rz~zaplc ahcrva: that <.rbl:air~ed wi~fn Rozxa~dtip aiz~ne. lfirHusion of 
Sorbicidr: ~:diii:cd herhiciclc cfft:ctivenes?:. 'I'xzk ns~ising Esam with Roundug~, gave the same 
scsuit.5 as Rotendup nb;onc, and n iiink mix of 2,4-0 amine with Rounaaiap rcsralbd in less 
ctsnEc'11 of striped maple than Roiandmp al i~nc. 

"Pcrcenr ki l l  tr,ir:xns fe>iEowed. by $he %mat. ictlcr werr: ns9a significarmtly difkwxar at P -) 0-05 
using the B<SFI~C~TOTI~ prmcdurc. 
%or:ndklp was appiied at the ralc r ~ f  j qdacri: in rail tre:ttnlenrs. 

"Fhc most irxapctrtnne factor cantrolling the prrspor.t.ion c'tf s ~ g ~ d  n~aipKe seems; BxiFBed by 
Rountlirp was tlirtribxtrion ctf the hcrbiciile. 'f't-te dilemma in ground spray bdpraiions with most 
air-bias! spray cegtripment c u ~ e n t l y  lased. irt tifc Aitcg'iaeray hardwop:~! region is that the sprayer 
vol~t l :  ~ ~ n k y  i l l f ~ . ~ ~ ~  the nmln blast of  spray ro fw3 &irecad scp vege~d"bioak ir! a iirniied vc.8.tical 
space. Airniaag rllc vulaite !rt>aixlnbaiiy results in g d  coverage of vegetation gag to abcjur Ifg 
feel in height. Aiming the volute ;it an upwad  angil: rp=slairs in gmxi coverdge of vtgeation 
from about 5 to 20 feet in heigiar, SfaoflRk:r vegetation i s  not well ccpve~d h c w ~  mrrch of the 
spmy is inrercepted by the larger vegetation. 

Recentky, Iianlsnermill (Ha~tcrnaaEonaX) Paper Crt. purchased a Fricsd air-&taut sprayer, 73e 
vofute on the %.riealct has a vertical $tack; of ~ l o z x ! e ~  that fiifs ahc air space with spray fmma she 
grc>u~d a hcigh! of about 21) kc?. f.:xccjatior~;afly grxwi corltn>1 of boeh short ztnd tsil 
vegexatio~~ in this space hais k e n  c~btaineif. in commercial spray operatir~ns using PI q&~crr: of 
Roelnrlmp in 25 gallons of water. 



ECONOMIC C0NSIDERA'P"BONS 

The decision to use herbidde in Allegheny h m d w d  stands i s  *igger& by andcrsto~ 
stocking (n-iore than 39) percent) with ferns, grasses and sedges, striped maple, m beech 
(Mxquis et iPI 1991)- From a biwlagicd ~wndpoint, Oust will effec~vtly conkrot. ferns and 
will provide preemergent reduction of gounrf cover by gasses md sedges o~ginmathg h m  
tbe forest floor seed bmk on disturbed seas. Bust has no Xbgvity on striped mapb or beech. 
Roundup will control dl of the inate~ering plants present in Allegheny h x d w d  stands but it 
has no residual soil activity, and will nor provirfe prwnaergent coa?l~oB of grms and sedge 
o~ginating in the foxst floor seed b,mk after soil ~s turbmce.  

In commer~ial opemtions, fern tracks also are a problem when bundug is used alone. In 
stands with ferns alone or with ferns and a grass and sedge seed bank, &$last pmvides the most 
effective contfwil at the bast cost. In stmds with intedefing s ~ @  maple mdor  b w h  
understodes, Rot~ndup is the herbicide of choice. Roundup should be applid at the rite of 1 
q~dc re  and Oust at the rate d 21acre. Most seands have a 6:~)mbinarion of ferns, grasses md 
sedges, striped maple, md beech. Hn these, Roundup and Oust should be tank mixed with 0.5 
percent of a non-ionic s u k t a n t ,  such as X-77 or Frigate. When a conlbination of innslFe~ng 
plants is present, the decision to use one herbicide 0s a ank  mix is an economic one based on 
the stand value; at matufity lost by not adding the second herbicide to controt inteHEering 
plants not eonwolleb by the first herbicide. Wr exmple, let us assume that the cost of 
applying a single herbicide, including both the chernicd and application costs, is $BW/acre 
and that the cost of adding ;a second herbicide brangs the total cast to $1 15bacre. Fufihemore, 
]let us assume that Allegheny %~xdwocxi stands are manahjed on an $[)-ye= rotation, have 
values ranging between $1W a d  $fi(X#I/ac~ teat that age, and that red (no infaeon, no 
&ter-inflation i~~cnease in timber prices) interest rates r~mge from 3.5-5 percent. Under these 
conditions, the tiifferenee in discounted cost between using one md using two herKcides is 
$235/acse at 3.5 percent inmest rend $743/mcre at 5 percent interest over 80 years. For stmds 
valued at $Sm!aclt.t:, $250/acre is bst for every 5 percent of stmd area bs t  to plants not 
killed by the first herbicide;; for saands valued at $106)0/acre, $58 is Host for every 5 percent of 
rkre stand area lost to plan& not Glled by the f i t  herbkide. A high-value stand ($W/acre 
at maturity) needs less than 5 percent of the area cove& by unkilled interfesing plmts to 
wment use of the second herbicide if the interest rate is 3.5 percent, hsr 15 percent of the area 
covered by unkilled in~rfering plants to vbiarrenat lase of the second herbicide if the interest 
rate is 5 percent. Coqarable values for a low-value stmd ($%W/acse at maturity) are 23 
percent and 75 pexent, respectively. Consideration of the wide m g e  d conditions 
encounte~d in the Allegheny forest region suggests &at the second herbicide should be added 
when more than about 15 percent of h e  regeraemtion sample plots have htePfering plants &at 
would not be killed by the fist  herbicide. 

COMBINING HERBICIDE WITH3 CUmING PROCEDURES 



In rriost cases, herbicide is sprayed h {the uncut srmd, followed by a s t ae l t ewd  seed cut. 
g%oweve~$ where large gass  and sedge seed banks t t , ~  present. iserblcih done was nab 
effective in preventing revegera~on of the site (HorsBey 1390b), Reducing the amount of 
&s&rbance in addition to jtsing herbicide is required in this sirnation. Mdifyirag the herbicide 
and cutting sequence uscd to regenerate the stand is an effective wzy to minimi= grass and 
sedge ~generariorr. Since shelrerwd cutting is the p ~ m w  sowce of disturbmce that 
stimulates grerss and sedge =generation, rcvewimg the herbicide and cun3ng sequence 
(sheltenvood seed cue then herbicih) induces gass md sedge regeneradon before the 
he~bicide is applied. The herbicide removes these inte6e~ng plmts. Since no more 
&sturhance occurs in the snmd, regenerrition develops unhindered. When &is pmeQu~6: is 
used, seeps must be taken to keep slash close to the ground so that it does not intedere wit31 
movement of the sprdyer in the sand. 

Another alkmative is to delay any cutting in the stand until regenera~on is establish&, &en 
make the final removal cut. This procedure is useful in stands with less than 75 percent 
overstory stocEng, since there is enough ligl~t to dlow desirable seediing esaablishment. It 
also avoids soif dCsturbance which might allow intet-fe~ng plants such as grasses andl sedges 
to recapture the stand before regeneration becomes established. When the f ind removal cut is 
m d e ,  the well-established tree seedlings rapidly outsow any inte~efing! plants that have 
developed. 
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