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Abstract: Cumulati\'c month ly brmning by ,,'hitc-tailed dee r (Odaco iiells virginiallus) 
on unprotected apical lcaders of oak (Qllerclls spp ,) and s,,'eetgulll (Liq llidalllbar slyra
cifiua) seedlings in plant:llions in South\\'est ,\ Iabama exceeded 100 ';0 pCI' year. Crolnh 
of unprotected seedlings of all species ,,'as sign ificant ly less (P < ,01 ) than mean growth 
attained in secdlings subj ected to G protec til'c trea tmet1t~ " ' ith p Iypropylene mesh tubing, 
Mo rtal ity in unproLected sl\'ecgum seedlings was grea ted than in protected seed lings 
(1' < ,05), !\[onality of oak "'as unaffcc ted by protection, _-\11 treatments protected 
secdlings from brol\'sing deer but some intcrfercd "'ith normal grol\'th due to shading or 
phy ical restr ict ion, S,,'eetgulll secdling~ atta ined thc grcatcst gro \\' th ,,'hen protccted 
by ultral'iolet g reen polypropylene mesh tu bi ng i ,:l cm dia, Oaks grel\' best when pro
tected by I ~,i cm elia, black poh-prolwl enc tuhes, T ota l cos t in 3 x 3 m plantations for 
p rotecting s\\'eetgul1l seed lings with ultr:w iolet green tubes I\' as ~20~ pcr ha , ,,'hereas thc 
black polypropylene tubes installed on oaks costs Si-II per ha, 
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H ardl\'oods const itu te ol'er GO percent of thc sou th CTn co mmcrcial forests (Sternitzke 
19i5) and usc of them by thc forest prod ucts industry is presentl y increasing, Of par
ticul ar interest to the industry are thc hi ghly productil'c bottom land hardwood si tes tha t 
support maturc, hi gh -qu a lity hardl\'oods along most o f thc nuj or southcrn rivcrs, Past 
cutting operations in thesc areas hal'c typically left less desirable trees to form subse
quent stands, 

l\ Iany companies havc sough t to p lant improl'ed growing stock of I'arious hardwoods 
to counter the problems of slow regeneration , lack o f contrCll o \'e1' spccies composition, 
and frcquent fJilurc of pinc (Pinus spp,) in thcsc occasionaly [looded bottombnd areas, 
Ho\\'e\'Cr, thc intensil'c sitc preparat ion, planting and competition control necessary to 
establi sh such tands ha"e grea tly increa sed initial illl'estl1lent costs, To makc hardwood 
regeneraion economicalll' feasib le in these areas, fa ctors that contri bute to a reduction 
in the fi na l tree crop mu t be minimized, 

Con fli ct between \\'hite-tailed deer and the southern forest products industry occurs 
when deer bro\\'sc ncwly planted seedlings or natmal regenera tion ("raisenhelder 195i, 
Denton et al. 1969, H arlo\\' and DOI\'l1ing 1970, J ohnson 19i3) , .-\s intensil'e managcment 
of bottomland hardwoods in creases, hcrds tha t approach or excced the carrying- capacity 
can he expected to havc a detriment al influ ence on hanhmod regeneration, Additionally, 
danuge to some commercial species such as cottonl\'ood (PalJllius delloides) that arc pre
!errcd bro\\'se can be expec ted cI'en in areas of 101\' deer density, 

Pol~' propylene tubes and mesh (\ 'exa r)" produced by £. 1. DuPont De:'\emours and 
Company \\'erc el'aluated ill the present stud~' as a deer bro\\'se deterrent for southern 
hardll'ood s, Tlti, biodegradable plastic i ~ prefcrred ol'er polye thylenc beC:lLIse o f its 
greater durabi lity and se lf,supporting characteri~tic~, [n addition, thc ratc of deteriora
tion of thc tubes ,'aries \\' ith color and fiber thickness, permit ting a predetermined pro 
!cction period, 

,"exar was fir st el'aluated in 196 (.-\non, 1972) as a deer bro"'se deterrent in the 
Pacific :'\ortlmest, \\'here it afforded nearly complete protection from deer damage to 

' ,-\ con tribution of the Alabama Coo peratil'e " 'ildlife Research l'nit , (.-\u burn l'nil'ersity 
Agricultllra l Experimen t Slation, Came Jnd Fi sh Dil'ision, _-\labama Dep artment of Con 
~el'\a ti on and ~atural Resources, thc l'.S, Fish and Wildlifc Sen icc, and the Wildlife 
Man agement In stitute, cooperating), 
I Registered trade mark: lISe of the naille docs not cons tit utc an endorsement. 

239 



seedlinCTs o f D o ug las-fir (T sc lu/o lslIga lII el1 si esii) (Campbell 1969, Campbell and Evans 
El7.'}) _ I t has not been e"aluated fo r h a rd\\'ood s n or in areas o th er than the i\'orthwest. 
The present study \\'as th e refo re designed to e ,"al u a tc \ -e=--ar sheathing "s a bro"'sing 
dcterrent in so utheastern hardwoods. 

T he autho rs " ' ish to ack now l ed~e th e l ·.S. f o rcq Se n 'icc fo r it s finan cia l suppo rt 
[o r the project a nd E. 1. Du l'ont De:\elnollrs and COlllpa n y fo r th e ir do na tio n o f \'e=-- a r 
m a terials . nu chan an lI a rd\\"oods. S CO ll Pape r and .\ lli cd I' '' pc r Co mpanies and the ir 
fi eld repre entat i,"Cs descn e spec ia l thank~ for th e ir cou pe ra tio n and use o f th e ir land. 
Appreciation is e=--pre sed to R. II. R o pe r :lnd F. S . .I ohmo n fo r th e ir contributio n s, 
leconlln end :ll io ns. a lld as> istan cc. 1'. R . KraU' "1 a l a nd C . R . . \ Iull ell re" ie \\'ed th e manu 
~cript and mad e editoria l sugges tions. 

STCD Y ,\REAS 

Three stud y areas were selected "'here th e estab li shl11 e llt o f h ard"'ood pl antations was 
plalln ed in area ,,' ith d ense d eer po pulatio ns. In adequate h a n 'Cs t of d ee r o n all :3 
areas has res lIlted in high po pnlatio ll d en iti e, thaL e =-- reed ca rryin~ ca pa cities. (.-\ lI en 
1975). Th e firs t area. o n th e (I oodpiJin of th e T() lllbi ~bt'e Ri, er \\'es t of Putn am 
(;\Iaren p;o Co unty) _\I abanl a, was plaillcd in sprin p; of I~i :; " ' ith " 'a te r oak (Q. 11 igra) , 
:\-ult a ll oak (Q . 1I11I/allii ) . a lld cll e rn"bark oak (Q. {(dmlll ,·ar. /Jor;orio<'folirr). Th e area 
,,-as an o ld -fi e ld silliatio n th a t had iJ een fOl"ln e rly uscd for COllon produ ct ion. R epeated 
dcpo'i tio n of allu ,' ial m :lt cr ial ha s h e lped to nlJintain its fe rlilit~". This pl ant a tio n "'as 
scheduled fo r a long ro tat io n to produ ce sa " - and , 'C nee r log-s. Tir e seco nd a rea ,,'as a 
s\\'Ce tp;ull1 plantati o n o n tir e .-\I aballla Ri,·e r. IG km so uth o f Carlton (Clarke Co unty) 
Al abama . Estab li, lred in ,\ lI g li sl o f 1976 . th e area ,,'as rcccnth' clea red o f standin g timber 
~nd i> managed for a 15 yr pulp"'ood rotation. Tir e tliird a rea . a s" 'eelgllm planta tion 
on the Tombi~bee Ri,'c r cas t o f ,,[a unt Ste rlin p; (Ch oeta \\' COUllt y) .-\ l:1ba nlJ . ,,'as utilized 
to determ in e in sta ll at io n cos ts o f treatment s uscd in th e . 1l1dy. 

"IETHODS 
\'e=--ar is available in prefo rmed llIbes o f " a rio us di ameters and m esh es as well as in 

flat shee ts. Large l)' o n the basis o f producl a \"a il abilit y fro m the manufac lll rc r. " 'e 
s21ectcd 6 treatmCI1l 'i (Fig . I , T ab le I ) for e , 'a lll a ti o n 0 11 YOUllP; seedlin~s ill reccntl ), 
estab li sh ed pl anta ti o ns. Th e cont ro l, " trea Uli ent 7" consisted of equi" :i1 cnt lltlmbcrs of 
untreated seed lin gs. ,\ block d es ig-n IHe"ioml), t1 sed in t es tin~ ch emical repe ll ents (Dodge 
et a!. 1967) was m od ified to suit specia l conditio ns of thi s stlld y . 
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T able 1. Dimensions. design . and expected durability of 6 treatments of polypropylene 
tubes tested as deer browse deterrents on sout hern hardwoods in sou thwes tern 
Alabama in 1976-77. 

T reatlllent L engt h Diameter 
N umber' (crn) (em) 

I 38. 1 5.1 

2 76.2 5.1 

3 61.0 7.3 

4 122 .0 7.3 
5 61.0 12.7 

6 122.0 1 ~.7 

M esh 
(em ) 

1.3 
1.3 

0.6 
0.6 
0.6 

0.6 

,U es!! 
D esign 

Di amond 
Diamond 
Twill 
T will 
Di amond 
Diamond 

Ex pected 
D urabi lity 

(yea rs) 

3 
3 

1 

10 

10 

' T rea tlllents 1--[ II-e re preformed ultra\-iole t green prop\'1cne and treatments" and 6 were 
black po lypro pylene fo rmed into cy lin ders secured with tll- ist t ics. 

:\ pica l leaders of contro l trees lI'e re examined lllonthly to determine cbmag-e a t tribu t
ab le to deer and morta lity o f seed lin gs \,'as noted . Seedling height \,'as measured folloll'ing 
tcs t installation on th e Cbrke Count y plantation and aft er sprin g green-up in ~[aren go 
County. and again a t the concl usion of the study. Genera l gro\nh form and the ex ten t 
to which apica l leaders escaped la terally fro m tu bes lI'ere a lso noted during final seed
ling measurement. 

,-\ 11 steps in a co mmercial in st:lIlat ion of the treatments lI'e re tim ed at th e third study 
a rea in Choctall' Cou nt~· . This in fo rm aion lI'as cOlwerted to man-h rs per hundred seed
lin gs and cost per ha. Deer population densi t" esti ma tes based on track co unts (T yson 
1952) liTre m ade dur in g each of nin e 2-1 It r periods on OA- and O.S- klll ske tches of d irt road 
ad jacent to the l\!arengo County study a rea. 

RESULTS 
Oohs, M arengo COllllty : Dee r browsing did .no t in crease morta lity o f unprotected 

oak seedlings. TIrO\,'sed seedlings. hOIl"C\'er. II-ere bUlhy and had a hedged appearance 
(Fig. 2) lI'hereas protected seed lings had api ca l leade rs th at clearly shO\,'ed a dom inance 

Fi g. <) H edged appea ran ce of an unprotec ted oa k seedlin g in a pl antation in ~[arcn go 
Cou nt}· . . \I abama. 1977. 
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over other branches. Cumulative browse damage (percentage of seed lings) on unprotected 
oak reached 83.5 percent in 1976 and 1 ~3.5 percent by late August 1977 . Mos t of the 
damage occurred from J anuary through Ju ly in 1976, and after ;,ray in 1977 (Table 2). 

Table 2. Monthly chronology and annual cllmulati\'e bro\l'sing on non·treated oak seed
lings on a r- Iarengo Co unty, Alabama plantation during 1976-77. 

Percelltage of seedlin gs with browsed 

r ear and No. seedlin gs apical stems 

lIlonth' cheched On date examined Cumulative 

1976 

J an. 47 19.1 19.1 
Feb . 97 16.5 35.6 
M ar. 97 12.4 48.0 

J une 86 19.8 67.8 

July 89 12.4 80.2 

Sept. 89 2.2 82.4 
Oct. 92 0.0 82 .4 
Nov. 92 1.1 83.5 

1977 

Jan. 91 2.2 
Feb . 90 l.l ~.3 
r- I ay 82 62.2 65.5 
June 90 38.8 104.3 
Aug. 83 19.2 123.5 

'The plantation was inundated in April and ~fay 1976 an d ;,I arch and Apri l 1977. 

The difference bet\l'een mean grow th of p rotected (13.4 cm) and unprotected (6.5 crn) 
oak seedlings \I'as highly significant (P < .01 ). Seed lin gs protec ted by treatments 5 and 
6 grew a significant ly greater amount (P < .01) th an those protected by other treatments 
(Table 3). 

Latera l escapement in oak seedlings was related to tube diameter. Seedlings with 5.1 
cm diameter tubes (treatments I and 2) had 57 and 58 percent latcral escapement, whereas 
those with 12.7 cm diameter tuhes (treatments:; and 6) had on ly ·1 and 10 percent respec
ti vely (T a ble 3). Data on latera l escapemcnt from treatments 3 and I \lTre not applicable 
because the tubes decomposed prior lO spring green -up . Tube loss dllling the study 
period on the oak pl antati on \I'as less than ·1 percent ;1I1 d e\Tnl)' distributed among th e 
treatments Crable 3) . 

Table 3. Growth , percent apical leade r escapement and tube losses in an oak plantation 
in Marengo County . Alabama hetl,'cen ~7 J une 1976 and 19 June 1977. 

Trcatlllcll t Growth' 
,\ ' /llI/ber (cm) 

I 8.1 
2 11.6 
3 11 .4 
4 11.0 
5 18.0 
6 18.5 
7 (control) G.5 

'.-\ yerage grow th fo r treatments 1·6 was !J.G em. 
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L ateral 
Escapes 

57 
58 

4 
10 

Percelltage 

Tube 
Loss 

4 
3 

4 
4 



Steeetgum, Clarlu Co 1111 t)': C np ro tec ted control seedlin gs were browscd heavily during 
No\'ember and December o f 19i G (58.G and 0.5';0)' 3 months following planting (Table 
4). :\"0 n elV damage was discern ible when seed lings were checked in J an ua ry and febru-

T ab le 4. Mo nthly ch rono logy and cumul a ti\'e an nua l bro" 'sing on non -treated s,,'ee t
gum seedlings on a ClarJ.. e Count y. Al abama pl al1la tion during 19iG-77 . 

Percelltage of seedlings with browsed 

Yellr and No. scedlings apical stems 

1II 0nth' checked On date exam in ed CUlllulative 

19i6 
Sept. 67 3.0 3.0 
Oct. 75 2.7 5.7 
No\,. 75 58.6 6-1.3 
D ec. 72 80.5 144.8 

19i7 
J an. 72 0.0 0.0 
Feb. 7'2 0.0 0.0 

June 50 4.0 4.0 

'Plal1lation inunda ted ~farch th ro ugh ]\ fay 19i7. 

:try 1977. Follo\l"ing spring flooding and green·up . -I percent o f th e seed lin gs ,,'ere found 
bro'" cd in Ju ne. Cn protec ted s\l'ee tgum seedlings average significantly less growth 
(p < .01) than protected seedlings. I •. -1 \'e r us 21.5 Clll . eedlings in treatment 3 exh ibi ted 
significantly greater gro\l·th (P < .03) than in other trea tm ent and tho e in trea tment 
6 significal1llY less gro\n h (P < .05) than those in other tre:lllllent (T able 5). 

Su n 'i\'a l of protected s" 'ee tgulils at th e conclusi on o f th e sw ely was 73.4 percent com
pared to 50 percent in the unprotected controls. 13ct \l'een September 19i6 and J une 1977 
Illonalil\' o f control seedlings (2 ""0) \I'as ignificantly hiRher th an that of treated trees 
which a \"eraged onh' 6 percent dur ing the same period (P < .OJ). L' nprolected seed lings 
were begi nning to ha \'e a h edged appearan ce but not to the d egree of the oaks in the 
M arengo County p lanta tion. 

Lateral escapement o f ap ica l leaders of s" 'eetgum seed lin gs from tubes \I'as inversely 
re lated to tube diamete r. 'Escapement was 40 percelll in th e 5. 1 cm tubes compared to 
onl y O.j percent in the 1'2.i Clll lUbes (Table C). The 10 s o f tll bes in treatment G during 
flooding \I'as 3j percent compared to on ly () percent o r Ie s fo r a ll o ther treatmen ts 
(Table 5). 

T able 5. Gro \nh . percent apica l leader escapement and tube 10 ses in a s\l'eetRum plan -
tation in Clarke COlllllY. :\ labama. I eptember 19iG to 1'2 J une 1977. 

T li'n/lIlcnt 
Xl/ II/Ile r 

1 
2 
:3 
4 
5 
G 
7 (control) 

Growth' 
(cm) 

'22.0 
23. 1 
28.4 
17.3 
22.7 
10.3 
18.-1 

' .\ \·er:lge growth fo r trea tll1ents I ·G \I'a, '20.G cnl. 
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Percelltage 

L ateral 
escapemen t 

44 
36 
14 
16 

1 

0 

T ube 
L oss 

3 
3 
3 
6 
G 

35 



Costs, Choctaw Coun ly: Th e cos t o f treatment mate ri a ls p er seedling ranged from 
SO.OSS fo r treatmen t I to . 1.3-[ fo r trea tment G. Trea tmcnts :; a nd G " 'e re cconomica lly 
p rohib itive because costs e xcceded S500.00 pcr ha. H o ,,·c \·cr. a 7.G cm versio n o f trcat
m cnt 5 cost 533 1.71 pcr ha and m ay be cconoIll icall y fea sibl e fo r pro tcc ting oa k (T a ble G) . 

D eer-track co unts o n din roads (T yso n 1952) an~ragcd 37.6 pe r km. Assuming that 
the a \'erage l inca l' di sta nce tra\'cled by a d ccr in a 2·[ hI' pcriod is 1.06 km (;-I a rchin to n 
19G . Byfo rd 1970). th cse cou n ts " 'o tdd indica te a d cc r populatio n of 42.7 pCI' km ' or 
I pcr 2 .3 ha. 

Table 6 . M a tcria l and labo r costs fo r th e' install a t io n of polypro pylenc m csh tubes o n 
sweetgum sccdlin gs . 

Cost' .Hall-hollrs Jllstal/alioll b T ota l cost ' 
T reatment per Ilet 100 cost per 
_Y lImber tubc tll bes per 100 hectare 

I $O.OG 1.5 <) ~. 50 $ l-J.8 .2G 

2 0. 11 1.5 4.50 202.G2 
3 0.09 2.1 G.21 201.73 
4 0.18 2. 1 6.2 1 292.67 

5 0.67" 741.89 
6 1.34d 1.404.1 2 
5-7.6 cm . dia. 0.25d 1.0 3.06 33 1.71 
6 -7. cm. dia. 0 .5 1d 1.0 3.0G 583.75 

'Ro dger Kc llc r. \'exar Sales. E. l. D uPon t D c ;\cmours and Company. pcrson a l communi
catio n . 1977. 

bH ou r l\' cos t of field labo r tim cs in stall a tion timc. 

' T o ta l cos t pcr hectarc fo r 988 sccd lings spaccd a t 3 x 3 m intcn ·a ls. 

"T ubcs can bc fo rmcd at a r ate o f about 100 pCI' ho ur o r 50.03 each fo r 12 .2 cm lU bcs. 

DISC CSSION 

'\'hen mature h ardwoo d stands are CLlt, coppice a nd n a turally scedcd r egcnera tion 
Illa y be heavi ly bro\,'sce! by dccr in many arcas o f the Sou thcast. Al tho ugh rcgene ratlo n 
is usually suff icient fo r adcCJuatc stocking . particularl y " 'hcn largc t racts arc im·oh ·cd. 
gro\\'r\1 and spccics composition lln)' ne\'e rrhe kss be affccrcd whcre rhe spcc ies in the 

tand a re hig hly palatab lc . Seed lings in culti\:tted plant a tio ns m ay al so sLi stai n bro \\'sing 
d a mage th a t can acl\'e rsc l\- a ffcct gro \\'th ra tc. snl'\·iq l. rrce for m , and s tand dcnsity . 

The maj or cffcc t o f bro \\'s ing o n oa k sccdlings ,,'as thc supp rcss io n o f thci r gro\\·t h, 
If thc present hcrd dcnsitics arc m ainta in cd alld no prot cc ti on is pro \'idcd thc scedling-, 
repeated browsin~ will continu e to rc ta rd growt h " Such re ta rclatio n com bin cd with thc 
hcdgcd appear~ncc obsc r\"cd in 19 77 cO ldcl be lo n g · las tin g (\I c:\ cil 196-1). 

Th c m ost importan t influ en ce ()f bro\\"'i ll )!; o n , \\' cc rg u lll sccdlings ,,'as a signif ica nt 
in crease in sccd ling m ortality (P < .05). Jl ca \ ' ~ ' bl'()\\'s ing in :\o \'ember and D ccember 
rc>ulted in !2H percent mortali t \· in the unprotccted trccs Il\' th c follo\\ 'ing spring as 
opposcd to G.l pcrccnt in thc p ro tccted rrecs. Thc cxtCnt ()( iJrm,-sing a t thi s timc and 
its resulant mo rtalit y may be att rib utable to per' isrcnt lea\TS a nd soft stcms that r c
m a incd succulcnt I() nge r than usua l bcca u sc of Iat c plan ting, 

T he 5. 1 cm d ia . tu bcs of t rC;lImc n ts I and 2 \\'cre h ig hl y susccp t ib le in both SII-CC t
gum and oak seedlings , to Iatcra l pen c t ra t ion hy api e d leadcrs, \\'hi ch cxposcd thcm to 
bro\\-s in r;. T his ,,'as pro babl\' du e to th c rcst rini \'c diam c tcr o f th e t u bcs which combined 
with the Iargc mesh, Illa" h a \'c bccn cont\u ci\'c ro esca pe m ent. O ak sccdl in gs trcatcd ,,' ith 
thcse tubcs cxhibitcd bc lo\\' a \'c ragc gro,,· th. 

S"'cctg um secdl ings artai ncd g rcatcst growt h in treat mcnt 3 tubcs: ho\\'c \' er. g-ro\\·t h 
in oa k sccdl ings \,'as less th a n thc a\'C rage of a ll o rh c r trea tmcnts . .-\ dditio n a ll\·. duc to 
th e rapid biodcgrada t ion ra te o f treatmen t 3. slO\,' ~ro\\' in g specics su"ch as chcrrybark oak 
(5 1 cm in 3 ycars. ;-[c1,ni ght 1% ) \\'cre no t pro \'idcd adeCj u a tc pro tcct ion. S,,·ectg um . 
ho\\·c\"cr . with a poss ible grol,·th rate of I m pCI' yca r (;-[cK night 1 9(j~) m a y rccci \'c 
udc<]uatc p rotcct io n f rom th csc tu bcs to gro\\' abo\'c browsi ng deer p rio r to biodcgradatio n . 
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• , 
Trea tment 4 appcared to.· supprcss swcetgum gro\nh possibly bcca use of a tendcncy 

o f the tube to fo ld ovcr at thc hi ghc> t point of at tachment to th e support , creating a 
ph ysica l barr ier to the secdling. It s rapid biodcgradation limits its effectivcness in pro
tccting slow·gro,,·ing oak seetllings. 

Data from field pcrformance indicate that the black po lypro pylene uscd in treat
ments :> and G i supcrior to ultra\·iolet green for oa ks. Cro ,,·th o f swec tgum scedlings 
may be ad\"Crsely affccted by sl13ding from the ta ller (trcatment G) tubcs (Tablcs .! and 
6). Oaks werc apparcntly not suppressed by the shad ing effcct o f the black tubcs. and 
their grcate r durabi li ty (10 yrs) Il1 akes them bettcr suited for spccics with slow initial 
growth. 

Although oaks in trcatmcnt :> and 6 attained thc bcst ~rowth, costs wcrc proh ibiti\"C. 
Thc smallcr 7.G cm dia. tubes in trcatm ent 3 and 4 causcd no growth retardation at· 
tri bu tcd to restriction o r latcra l cscapcmcn t. Therefore it may bc poss ibl c to obtain 
adcquatc protect ion at a cost of 55.50 per ha pcr year during a GO ycar roration through 
usc o f a sma ll cr (17 .6 cm dia.) \·cnion o f thc tubes uscd in tre:llm cn t .i. If prefo rmcd. 
7.6 cm elia. tubc were a \·ailablc in black pol vpropvlcnc that could be rellScd fo r establish · 
m ent of as many as 3 oak tands. costs could hc reduccd to 5 13·1.36 per ha. This would 
amount to 52.2-~ per ha per yca r o \·cr a GO ycar rotation period . 

Thc ob \·ious solution to typica l bro"·sing damage problcms in oak and swccrgum 
regcncration is herd reduction. and landowncrs that fail to hced hJr\·est rccommendations 
can cxpec t browsing damagc proulcm~ ro pcrsist. For thosc that ,,·i h to maintain herd 
elensitic abo ' ·c carrying capacitics. hardwood rcgencration can be acco mplishcd ,,·ith the 
added cxpensc o f protccti,·c p olyprop\"lcne sheathing until secd lin gs grow bevond the 
reach of browsing deer. Expcri cnce with the long- rangc cffcct~ o f rctarded growth ,,·ill 
probab ly be n ecessa ry to reac h a conclll,ion as to wh cn application of th is protection 
tcchniclue is ,,·arrantcd. At th c pin t whi ch increascd rotation lcng th reduccs the annu a l 
pro fit margin by more than rhc proratcd ann ual cost of protection . th csc protecti,·e 
trcatmcnts become economica lly feasible. 
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