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Abseacs: TWO upland hardwmd srands were clexcut im I978 and three WanGsents to coaaad 
the unmesclaamable anaor cu?l trees were applied. The treatmenis applied to the residual 
trees were chainsaw felling, herbicide injection, md s eesnaol, where residud taxes were left 
shmding. Regenera~on was sampled 10 years after the cutting. V ~ a b l e s  such as total 
number of stems, number of free-to-grow sterns, and number of free-to-grow c o m e r c i d  
species were used to evaluate the effect of the treatments. Stadstical ana!ysis showed that 
hsdwood regeneration is promored by ccm~ol8ing residual trees. Toad number of sterns, 
number of fxe-to-grow stems, and number of fi-ee-to-gow commercid species of the large 
regenemdon class (stems 24.5 ft helgllt) were significantly increased by the cfa~nsaw and 
injection txeatments. Controlling residtaals significantly increased sproudng of all species 
(ifiebuding commercial and non-commerciaf), the number of free-rc.i -@ow @ees,and the nrrnrber: 
of comercia1 species and free-to-gsow commercial species with respect to h e  6;on~~T: 
treatment. The number of oaks heialg regeneri~t~d was nse dfeeted by either c~attt~ent.  The 
injection treatment did slot resure in a sigxlificrmt increase of the seedling component in the 
~generiition. Diffextltial mortality was observed among the maamnats from yeas  five to 
Ben, resulting in the attentration of treatment &fferences, especiafly between the chknsaw and 
injection Bearments. A shift towards early successisraal species was obsemed deer the 
hawest, bur ehe specific colmposition was undfccred by the @earmetmrs. Ten years after the 
clexcut, the chaiarsaw &eatnaenrc as xcomraaendcd as a neians of conmIIiang ~ ~ B d r r d  mes. 
This mtatrnent pronjc~ted adeyurste Ili~rdwt~ad regeneration, and compared $0 the injcctioaa 
matmenr, is easaer to aolinplenrtcnx, cheriper and acsdretica1ly nrrlre pleasing. 

INTRODUCTION 

Comtne~cial clearcutring results in the reaaaoval of all wrchaxltable trees leaving saplirmgs, 
small poles and cull tree5 standing. J f  residual trees me left uncut they may develop into 
wolf trees and seriously interfere with the regenesatic~n of cornms.reia18y desirable species 
(Trirr-rl~Xc 1972; Marcguis 198 la). 

Regeneratiora guidelines rect~rnme~ld the removal of those msidua& trees when clearcutting 
(Ke18ison et aB. 1981, Roach and Gin@ch 1968). Co~ml f ing  residrmds cm be dome in several 
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ways. t xge  culls can be deadened or felled, and the smdl ~s idua l s  can be ie.je~te&% or 
sprayed with chen%cals, lopped with saws or axes or reduced by shea5ng or &urn chopping 
(Beek 1980). 

In this study, two methods of conmlling ~s idua l s  were chosen to e x m i m  the response of 
hardwoo6 regeneration: chainsaw felling and herbicide injection. They were compared to a 
commercial clearcut in which the residuals were left stm&ng. Deadening of the aresidud 
trees with herbicide has the intention of prornoGng the seeding origin component in the new 
s m d  as opposed 10 chrp.;nsaw felling of residuals which should favor the stems of s t u q  
origin. This paper repofis the differences in the quimtity a d  qualitg.. of rhe regenemHion 
among the different methods of contrslling residuals; ten years fo:O1Xowing clemcutthg. 

METHODS 

The two study sites (the Robe-rtson and the Willits tracts) a= included within the Chestnut 
Oak Forest region and are locared in westena North Cuolina on lands &at belong to 
Chan~pion International Gorporddon. The Willies tract is Iwated in Jackson Coun~y on a 
nortlr to northeast respect with a red oak site index of 80 ft on a SO year base (go& site). 
Robertson tract is 1cxated on a north to northwest aspect with a red oak site index of 70 ft 
(average site). 

Poflions of the forest on the Willits tract were in pasture or cultivation around the turn of the 
century, while the Robertson tract was always forested but subjected to repeated hig&gra&ng. 
Both stands were experimentally clearcut in the winter to evaluate alternative methds of 
controlling residuals. The installation of the study was done by Champion International 
Corpnratiot~ in cocsperafioaa with the Moxh Camliraa State University H a r d w d  Resemh 
Cwperative, and followed the study design found in Keilison and Gwhlraer (1977). 

At the time of cleatcut~ng, the Willits tract had a mrchanabie basd area of 69 square feet 
per acre in 124 trees per acre aged 60 to 80 years. The trees we= m&nly red mple  {Acalcer 
adrum La), yellow-poplz (Lirioderdron t~kipiJem L.), cucumkr magnolia (Magnolia 
acuntintatre L.), hickories (Carya spp.), white oaks (Queacm alba L., Quercm psinus L.), 
sweet birch (Betilia 1etari.z E.) and red oaks (Quercm mbra L., Que8-cw coccr'nea Muenchh., 
Quercus vvelutina Lam.). The Robeason tract had 114 gner~hrn~ble trees per acre aged 75 to 
150, and a basal area of 74 square feet per acre. The primary species at the Robenson tract 
were white and red oaks, hickories and red maple. 

Twelve plots of 1.25 acres were established on each site to dlow for 4 reglica~ons of t h e  
treatrments in a randomized complete block design. In each plot, fow 0.W4 ac subplots were 
established for regeneration subsampling. $he Beaemewts applied, to corm~ol the residual trees 
were: 

1.- Control: all residuat nees left stailding to repmsena the; typic& condiGon following 
commercia% clearcurring with a diameter limit of 6 inches dbh. 



2:- Ciainsaw: ~Ieasfclling ail resihiual srerns bigger rhm 1-in rSbh tgdith chai~ssaw:;, 

3.- Injection: injecting dj. residual sterns bigger than i-in dbti with the herbicide 
TQRD0N E 01" using hypo-hatchetsK. 

Tfrc origlilal s~abptoz center5 were peananently marked regeneratioxl sampling. Effects of 
the pxeat~laents were evalrrated five years after the clearcut by Petri-uncio (1985). 

Ten year regeneration was measured during the summer of 1988. Lmge regeneration or stems 
2 4.5 ft tdpll were samp!ed on etllarged subplots of 0.02 acres having as a center the smaller 
0.004 ac subplots. Species, dbh in inches, height in feet and okigin were record& far every 
stem. Origin was classed as seeding or sprout. h the case of spmuts, only one donainant 
stem was measrared, but total number of sterns per clump was rsorded. No cf i s~nc~on was 
made between seedlings and seedling sprouts. In ad&tion, stems were judged whether they 
were oversopped by competitors or free-to-pow. 'Frees identified as present prior to the 1978 
harvest vderc not included in the analysis of mgeneration. On the basis uf fiber and timber 
values, species were classified as cornmercia! and nrPn commercial. Alf oaks (Quercsls spp.), 
hickories, pines (Pinids spp.), maples (Aeer spp.), yellow-poplar, cucumber magnolia, 
&jackgum (Nyssa sylvi~fis'cn Mxsh.), beech ( F c ~ g a ~  graradifc~lia EEhrh), sycmore ($loranus 
~cciLf~(tz~It'.c L.), sweet birch, black: cherry (Prunus serutitzia Ebrfi), white ash (Frckwinia 
uraaericursa L.), eastern red cedar (.lunipcrr~s virginiarm E.), ycjiow buckeye (Acrcrcclslus 
ocruntlr~ Marsf\.), hernHock (T.cuga crtnad~!tt!rtsi'~ Can.) md basswood (Tiliu heterophykl~ Vent.) 
werr corisidered co~.s~mercial. AIE. other species were coasidered as having non-commercid 
value. 

To analyze trezmrrent effects rial regerrner;itio~~, rlurlrber of trees, which is cons ide~d to be 
acccprable in stands lcss than 15 years old (Girnk?-ic&, 19671, has been used as a measure of 
starad density. Tlac statistical analysis was dorte on the square root aansfomationa of the data 
to titnbilize the va~ance (Rawlings, 1988). Gt~aBysis t z f  vuiance was us& rand planned 
compa~sons among the greatments were done at the 18 percent signikance level. 

RESULTS AND DISCUSSION 

At the tirnc of harvest, the conlrtpl plots had a ~ s i d u d  basal area of 30 dt? per acre an both QF 
the tracts. Ten y e a s  after the clearcut, the residmd basal m a  was 33 ft on the Willits &act 
and 22 ft? on the Robertson tract. Frort~ years 5 to 10, residud me rwostdity was 32 percent 
on rlaa: Willits trace and 20 percent on she Robertson. Although msrkdity has beera greater on 
the Willits wact. the surviving residuals hxve been able to wi&stand the severe eon&tions of 
sudden exposure better than the ones in the Robet-rson tract. QuaEty of the residual @ees 
varies and many show signs of crown dieback and epicomic brmching. The high rate aP 
residual mortality suqasses what Marquis (1981) repofied for the ~ s i d u d  mes in the 
Afiegheny taardwcxMSs. This mortality may be due to the fact that these trees were not 
selected in any way fox species or quality. Olz the injection plots. many of the trees that were: 
herbicidcd were still. sta~ding as dead snags. Tile herbicide maemene was a3msst 100 percent 
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effective oat the Rsbefison tract; however, the Willits tract some trees sslsk.ivehB aeld at year 
ten accounted for 7 f? of the basal area per acre. Where mortdiey s c c m d ,  Injecfion 
resulted in rotaH kill of she tree with no subsequent sprt3uting. 

Luge regeneration 

Besides analyzing the effects of the matment on the tord number of stems of the luge 
regeneration class (stenzs 2 4.5 ft tall), several species groups were dso  arlalywd sepmtely. 
Free-lo-gow stems were analyzed because they have either a dominmt m cdom;iaaant 
position in the cmopy, commercia! species and fxe-to-@ow c o r n e x i d  species were 
analyzed because of their econorm~lc impofimce, and finally oaks wem malyzd  due to the 
interest of silviculitus;ists and the public to promote their mgeneration in the Southern 
Appalachians. 

On both tracts, there were more stems per acre of the lrarge xgenembon class when the 
residi~al trees were conwolled, either by chainsaw felling or by herbicide injection, than when 
the residuals were left standing. In general, the chainsaw treatment resulted in more stems 
per acre than the injection areatmen1 for the two sites (see Tables 1 and 2). The statisticd 
analysis fop- the Willits tract (Table 1) revealed that when dl large: regeneration stems were 
considered together, no significant differences arose among the Eeatments, but there were 
significantly more freeto-grow stems in the chainsaw and injection treatments han  in the 
conaol treatment . The number of stems per acre sf comercidly deshble species was not 
affected by the treatments. The injection treatment produced significantly more free-to-grsw 
commercial species with respect to the contrsf treatment. Peanancics (1985) reposted a 
significant increase in the number of seeding origin sterns of comercial species on the 
injection plots compared to the control plots. The ten year results showed that this trend has 
not persisted over time and ha t  the number of seedling-ofigin stems was tmd'ected by the 
txeatmenfs. On the other hand, the propoflion of sprout origin stems was significantly 
increased by tihe chainsaw and injection Beatmenas cornpad  to the control treatment. This 
significance was found for the total stem regeneration, free-to-grow stems, c o m e r c i d  species 
and free-to-grow commercial species. 

Oak regeneration was examined separately from the other species because of poor oak 
regeneration among the rreatnnents, although the injection plots provided a slightly higher 
number of oaks per acre than the control and chainsaw plots. 

On the Robenson tract, stem density of the large regeneration class was Iowes &an on the 
Wilfits tract, but the number sf free-to-grow stems and the n u d e r  of free-to-grow 
comn~ercial species were greater than on the Willits tract (Table 2). Again, this reflects the 
&fference in site quality between the two tracts. Since the Willits @act was able to sapport se 
greater stem density, by year ten it had aliredy reached cmopy closure. Although, the 
Wobertsorz track had fewer stems per acre and canopy c los t s~  was not fully reached, the sine 
had more stems per acre that were not overtopped, eompaed to the Willits aact. Ovesdl, 
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few significant differences were detected, even ~6ough there was a tendency f c ~  the ckrainsaw 
plots so have higher =generation densities than on the other pIots. 

Table I.--Mean density (s%mslacre) of large regeneration stems (24.5 f height) on the Wi1Hits 
tract. 

Tv-t "-- 

Control Chainsaw Injection 

ABI species1 
Total stems2 
Seedling stems 
Sprout stems3 

Free-lo-F row stems 
Doxxlinmt stems4 
Seedling sterns 
Sprout stems 

Conmercial species 
Total stems 
Seeding sterns 
Sprout sterns 

Commercial species free-to-mow 
Dominant stems 
Seedling stems 
Sprout stems 

Oliks - 
Total sterns 
Seedling sterns 
Sprout stenas 

Means designated with different Iettcrs are significanltiy different at 61.18 significance. level 
%AII species include commercial md non-commexiaf species. 
2T<>tal stems include a11 sterns per sprout clump ph~s seedlings. 
3Spro~outs include only one dominant stem per sprout clump. 
4Drsminanr stems include one dontinant stem per clump plus seesilings. 

The control plots had significantly less total numbers of stems per acre than either the 
chainsijw or the injection plots. This difference was also observed for the number of sterns of 
sprout origin. The nurnber of firee-to-grow stems per acre was increased by the chainsaw 
areattllenar when c m p m d  to the control treatineiae. ?he chainsaw matment also increased h e  
total number of saetns of seedling origin, rand the nurm2ber sf stems d sprout origin fsr  the 
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Table 2.--Mean demity (stemslacre) ~f large regeneration stems (24.5 ft height) on the 
Robenson tract. -.. 

All species" 
Total stems2 3309" 
Seedling sterns 1772" 
Splrout stems3 42Za 

Free-to-grow stems 
Dominant stems4 869" 
Seedling sterns 566 
Sprout stems 303" 

Commercial species 
Totd stems 2381 
Seedling stems 1328 
Sprout stems 269 

Free-to-grow commercial species 
Dorninmt stems 629 
Seedling stems 413 
Sprout ste~ns 216" 

g& 
Total stems 856 
Seeding stems 313 
Sprout stems 1 47 

Means designated with different letters are significmdy different at 0.10 sigsificance level 
'A11 species include commercial and non-comercial species. 
qotai  sterns include all stems per sprout clump plus sed1ings. 
3Sprouts include only one dortainant stem per sprout clump. 
4~orninant sterns include one dominant stem per clump plus seedlings. 

free-to-grow class in comparison to the control neaments. It is interes~ng to note &at the 
injection treatment significantly increased the number of sprout origin stems of free-to-grow 
commercial species with respect to the control eeament. Also the injection t reatent  did 
not have any effect on the number of seedling-oG&w stems present in the ten yew 
regeneration. 

The analysis of the five year regeneration (Penuncio,l985) revealed significmtly higher 
quantities of comerc id  species in the chajinsaw Eeament than in the con~01 matmeat, and 



Table 3.--Mean ciensity (stemslacre? of large regeneration stems (24.5 fe height) for the Willits 
tract and the Robertson m e t  combined, 

All spccies' 
Total stems" 3623" 
Seedling stems 1633" 
Sprout stems3 61 1" 

h e - t o - n o w  stems 
Dc~minant stems4 772" 
Seedling stems 436" 
Sprout sterns 336" 

Conlnlercial species 
Total stems 2589 
Seedling sterns 1236 
Sprout sterns 352" 

Free-to-mow commerciaI species 
Domi~amt stems 545" 
Seedling srems 339 
Sprout stems 20@ 

Oaks 
Total sterns 767 
Seedling stems 282 
Sprout stems 155 

Means designated with d;dferent fetters are signifiemdy diiffeznt at the 0.10 significmce 
level. 
'(411 species include commercid and non-cornmexial species. 
Votal sterns include all sterns per sprout clump plus seeaings. 
'Sprouts include orily one do~ninmr stem per sprout clump. 
4 Dominant stems include one dornirnarle stem per clltnnnp plus seedings. 

a sgraificant decrease in ehe number of oaks of large md snail regeneration classes on the 
injection plots with relation to the contho1 plots. None of these &ff'erences have persisted. 

To determine if the neatnlents react differendy at both Imraticms, a combined analysis of 
variance of the two study sites was done (Table 3). 
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The control matmeat presented significantly less total nrsmber of stems, free-to-pow stems, 
and free-to-grow stems of commerciaf species than the chainsaw and injec~on matnaerars 
The chainsaw md injection weatments s~gr~rficantly increased seedling kP$igin and spmut origin 
stems of the total large regex~er'rttia~m and free-to-@ow regetlerafican with respect to the conmi 
plots. The propopeion of bprout origk stems was also significmtly increased by the chkr~saw 
and injection a-eatments in she commercial species, and the eee-to-@ow comnwercial species, 
compared with the control treatment. The lack of difference in I ~ U Z B P ~ ~ S .  of sprout origin sterns 
of conmerc~ai species between chainsaw and injection geztrnents is probably a result of the 
treated residual sterns being of non-commercial species. 

Neither the number of oaks, nor the seedling or sprout coraiponents in the 06& regenemtion 
was affected by the nreatments. As verified by the Eeatment rneans analysis for every 
Iseation, the injection aeatmena did not promote the seedjing component nor did it decrease 
the number of sprouts present in the regeneration. 

Stand composition 

Free-to-grow stems have reached a dominant or c&omin,m% position in the canopy so they 
provide insights into the stand composition for the immediate future. Treatment dis~bution 
of the most important species coupled with their sprout percentage is shown for both tracts in 
Tables 4 and 5. 

On the Willits tract, four species, red maple, yellow-poplar, sweet birch, md black locust 
(Rofriniu psedoamcira L.), accounted for more than 45 percent sf the toad stscking and 
together with the non-commercial goup dominated the srmd (Tabb 4). Yellow- poplar was 
the tallest species in every itreatment averaging 22 feel in the conmE and latjecrion pfsts and 
26 feet in the chainsaw plots. Red maple, sweet birch and black locust followed in height 
respectively, without marked differences mong  them. Red rxsaple was by Par the most 
prolific spsouter, averaging 10 stems per clump on the c o n ~ o l  plots, 6 on chainsaw plots md 
only 3 on the injection plots, 

Both Wendel (1975) and Lmson (19'36) demonsmted for h a d w d  stwads such as these, 
where a high propoaion of the regeneration i s  of sprout origin, that usually one sprout. per 
clump will develop into a good quality tree in the new stand. Sweet birch and yel low-pop~~~ 
were usually the only species that could geminate from seeds and grow fast enough to 
occupy the canopy. After clearcutring in the Southern Appalachirans, black Bwust sften foms 
dense thickets that can severely seduce p w t h  of other cornmercid species (Beck and 
McGee, 1974). This is why black Iwust was not considered to be a comescia1 species in 
this study. Nonetheless, the effect of black locust an the stand was not seen as d e ~ m e n t d .  
Black locust sprouied from root suckers and was d s ~ b u t e d  In smdt clumps of 2 to 3 
individuals scattered throughout the plots hut did not form dense: rhickcrs. In addtion, as 
Bosing and Swank: (11984) have poi~~ted out, black Pwhsst's short life span coupled with its 
capacity of increashg soil nimgen throtrgk TaatEcsn provides con&titans which may facilitae 
forest grow& and successiond species replacement. 



Tiable 4,--Number of free-to-pjw stems per acre and sprout percentage by species and 
Qeatmenr on the Willits tract. 

Species Coahu-01 ~eatmenn Chainraw macmene Injection veatmenr 
Stemsjac Sprout 5% Sscmsiac Sprout % Stemdac Sprout % 

Red mapie 
Yellow- 
poplar 
Norihern 
red oak 
Red o&s 
White oak 
Sweet birch 
BBack locust 
Other 
commercia 
Other non- 
commercial 

Tot-al 

Table 5,--Number of free-ta)-grow stems per acre and spmur percentage by species and 
@en!ra~cnt on the Robertson tract. 

Species Connoi trreaament Chainsaw ~eaanneraa: Injection matmenr 
Stexmslac Sprout 8 Srems/ac Sprout 5% Stemsfac Sprout 5% 

Red nsaple 200 
Yellow- 
poplar 115 
Red c3aks 48 
Chcstnua rxk 122 
Whiaeogkk 44 
Dogwod 1(BO 
Other 
cornmcrciali f70 
Oxher non- 
coan~naercial 168 
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h ~ d  oaks predonninated rhe oak regenera~on. The mounr of rtorlhem red oak (Qzaercgs 
rabr~a: L.) present in every EeatmcEt was much peaten. ithail the density reported by McGee 
md Hooper (1975) in  a ten yeax sla cfewcut on the: Bent G e e k  Expefisnexrtal Forest (North 
Cwolina) uf higher site quality. 'Ftae aaahors f o ~ n d  only I0 he-to-grow red n& stems per 
acre contgastiplg with what is reponed here; 32 sterns pcf- acre Ixa kSle con~oE: wearment and 78 
stems in the chainsrnw and injection matlnenrs. Beck and E3axrper (19861, %evaluating the 
same sraartl as nr.8 the previous study. sepoaed that %O yeas haer oaks comprised less than 4 
percent of the stand's basal area and northern red oak was jess than i pmcent. The noahem 
red odk trees present in this study were 4 to 6 feet shorter than yeflsw-popla, &lore ahan 55 
percent of ellit: c h ~ ~ ~ s a w  and in~jection subplots and 17 percent of the control subplots haad one 
or more norpikern red oak seem present, The uoce,;-rainty that rem;Eins is whether these red 
oaks are going to be able to ezmainr-zira their present po!iithon irm thc canopy. Oliver (1,980) 
thinks that red c~&s will eventually out COaHlpeE the orher species and iom~ the dominant 
canopy. Beck and Hmper (1986) and Loftis (1988) believe than titis wil",'t not cxcar an high 
quabity sites in the Southern Appalachizbn h x d w d  forests where yellow-popls is the major 
compedeor. Species included in the non-ct~mmcrcick% jgaup, irnclu&ng P a o g w d  (Gram 
$Isrida L.), sassafras (Sa.s.6;afrm cgdbidm (Nurail) Necs), ax_rrd s c ~ u r w t d  ( 0 q d e ~ t S i ~ ' ~ m  
carbores~m (1.) DC), are expected to be smm rcttegrtte-d to the understorgi. These lower saatunm 
species can zct as a "wdiners" (Ross ef af. 1982) and keep the upper s'iraeum Bees well grunnd 
(Oliver, 1980). 

On the Robertson tract (Fdble 5 )  black locust and sweet birch were absent, in the c8omjnant 
strata. laze csmmercidly don~inafnt species, rcd maple, yel!cpw..popbr, white oaks (especially 
chestntrt oak (Quercus prirr~s L.)) and r ~ d  oaks, compsised 64 percent of the: free-to-grow 
stems in the conrol plots, 50 percent on chiiinsaaiv and 56 percent an the inject pleats. 
Yellow-poplar had t~u~grown chestnut oak by 6 feet on. the control plots. On the other two 
Eeatmencs, chestnut ozk was the tallest me,  although it surpassed yellow-poplw and red 
maple by only 4 to 2 feet. Because the Robefison tract is OF lower site quality than d ~ c  
Willits trdct, yellow-poplx was not able to compete as aggressively as it had on the Willits 
mcr. When eonsidefing dl species together, sprouting percentages were generally lower on 
the Robenson tract thaw on the Willits tract. Red maple wnns of sprot~t origin made up 774 to 
93 percent of the: fme-to-gow stems on she Willits w ~ b ,  but csn the Rohefison never exceeded 
42 percent. This may ~ s u l t  from ollder mes being logged on the Rabertsm tract, which 
would decrease the sprouting capacity of the stumps (Wendel, 1975). 

Of the no~l-cummercid free-to-gow species, d o g w d  nwde up more than 37 percent of the 
stems, but it was 6 to 12 feet shoner thaxp the tallest dominant tree. Onher species that 
comprised the non-eommercid g w p ,  mainly sassafras, soaxwwd and Cardinil silverbell 
(Halesics carolin~k E.) were dso slxohter than the d ies t  wee. These species will conbnue to 
lag behind the overstoy and can regulate sspraut c l ~ m p  competition from the side, ss they 
will not expand and dodnak large areas fRc>ss ct 31. 1982). 



St,tand development 

The total number sf stems i w  the large regeneration class, including ail sams per clump plus 
all seedlings, have declined over time for both tracts (Figimre 1). From years 5 to %0 both 
tracts had ctsntrtt't plot mornalairy rate'; n s x  91-30 percent. The chainsaw plots had mcsagdity rates 
of 44 and 27 perceat on the Willits and the Rober~son &acts, respectively. The injection plots 
laact Iess than 10 percent moxliaiity on both tracts. ,%oaality rates have dec~ased the 

\Tillits tract Robestson tract 

Figure 1. Change: in the total wrrmber of stems per acre of the large regeneration class 
(r;tcrr1>4.5 A hcight) from year 5 to ye:tr 10 fc31lowirag clearcuaaing, by treatnxent and site. 

dafferences ;Lalong Lmatanents, especially among thc chainsaw and inject treatments. Figure 2 
foikows sprout-origin (includes only one stem per clump) evolution over the years. Sprout 
origirn stems have dec~ascd by more ahan 550 percent for every treatment on the Wllits and 
the Roberzsan tracts with the excepaion of she inject treatment on the Robertson m c t  which 
had only a 22 percent sprout dccre:ise. Again, the &fferences at year five, particulaisly among 
the ctzairrsaw and the inzjecrit~n treatments, have been attenuatd to the point &at an analysis 
of valiar~ce only detected sigrmificant differences among the con&ol md either the chinsaw 
and injection taatments but not between the chainsaw and the injecpion matments (see Tables 
1 and 2). A higher reduction of the sprout component was reponaed by G 
for a seven ye= o?d hadwuoc9 clezrc~lt in southern Michigm where only 22 percent sf  the 
sprouts swvived. By ctmtrast, seedling origin sretns have increased kmapicdly over time 
(Figure 3). This increase c m  be atrndbuted to sever& factors: seedings growinrg over 4.5 feet 
and moving from the snwdl to the luge regeneration class, ndtwfnH &inning and heding of 
stems sprouting from stems of smdl stumps (that at yeas ten were inekisdnguishable from m e  
seedlings), and gemi~at ic~n  of new seedlings that con~nue  to reprduce since the cut (as is 
the case nf yeIlcbw-popla, -Mincklcr and Wcperheide, 1965). From y e w  5 to 10 after 
cfc:ircnttirrg, thu rliffercncc in the number of sccdlirrg-o~gin stems between the chainsaw and 
injection zeaemerrrs has decreased for both a-acts, contrasting to %Re control Beatmnt where 
&ffe~ertces have increased in relation 10 the other two eatments. 



Willits Bract Roberbon tract 

Figure 2. Change in the total number of sprout origin stem per acre (only one stem per 
clump) of the large pegeneration (stemsz4.5 ft height) from year 5 to year 10 folk>llowing 
clearcutting, by treatment and site. 

Years after cBemEkg 

Figure 3. Change in the total number of seeding origin sterns per a m  of the Exge 
regeneration class (stenns>L5.5 A height) form year 5 to yew kB) followilag ckacuttiwg by 
@eatmen& and site. 



The absence of many sf the significant differences Chat were obserwed in thc evduatiun of the 
study fave years ago was a consequence of the differentid mogality rates presented by the 
&eatmenas. ahis mosfdity had especially attenuated the elifferences between the chainsaw and 
injection ueatmenns. After BO years, the amount and quality of regeneration. promot& by the 
chainsaw weatment, coupled with its economic and aesthetic advantages over the iiajection 
treatment, indicated that chainsaw fel'elling the residuals is the most desirable management 
option when h-egenerating hardwood stands of g o d  to average prductivity in the Southern 
Appalacbims. 

Natural thinning is expected to continue in the years to come as a result of competition, md 
as Rcck and Hooper (1986) ~por ted ,  the decline may be more rapid in the next five y e m  
than what has been observed until now. A follow up of this study is necessary to determine 
the degree and intensity of the treatments at the end of the rotation. 

Besides timber values, other considerations concerning the removal of residuals have to be 
examined, for example, the economic implications of the watments. Chainsaw felling the 
residuals either at the tiale of harvest or after, is considered to be less expensive than 
herbicide injection of the residuals (Brenneman, 1988). In regard ta aesthetic values, the 
standing dead trees left by the injection treatment, which persist for at least a decade after 
logging, can have an adverse impact on ihe scenic beauty of the stand ( V d &  et al. 1985). If 
wildlife is a matter of concern, leaving chosen residual trees will provide nesting cavities, 
sorrme mast, and vertical stsatification (Smith, 1988). Ultimately, landowner objectives, 
whether timber oriented or others, will dictate whether and how to remove the residual mes. 
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