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Abs~act :  A clearcut in souhem Michigm was pBLmted to 2-88 no&em red o& {Qtrercm 
r d r a  I,.) seecQings iaa the spring of 1987. Exlr treatments included: con~ol  (clewut harvest 
only), wmdy brush coxs~ol, plastic m e  seedaing shel~as 122 cm tdl, and w d y  bmsh 
cone01 plus tree sedling shelters. After three grc>wing seasorts, the seedings piairat& in me 
shelters were 53 cm tdles than unsheltered seedlings. Sheltered swdkgs grew 18 cdyeah 
more than ransheltered seedkgs over that same pen&. Over 65 per cent of s h e l k ~ d  
seedlings were 12'2 cm ti011 or taller dfer three growing seasons camp=& to only 8.5 pezent 
of unsheitered seediings. The height growth aE shelter& seeaings was rehatd to ~ke  increased 
extension of the inithl gowth flush. The number of pow& flushes was s i ~ l m  for sheltered 
md unsfaeiite~d seedings. Tree shelteffs thus accelemted the @ow& of plmt4 red oak into 
don~inant and raddox~nafit pisssifions on this cfedscut site after &ree g s ~ a a g  seasons. The 
increased elongation may result: from seedlings mdifygring their ~ O W F ~  habit, sather than an a 
result of increasaf stem dry weight. 

INTRODUCTION 

Ranting oak as an dtemative ta natural regeneration has often ~ s u l ~ e d  in F&Iusrs caused by 
the slow p w t h  of plmted seedings relative to the rzpid p w &  of c o q e ~ n g  vege~tiora. 
(Johnson et a]. 1986). However, release of planted oak see&$liinags from compting vegehtion 
allone does not gu tee success (=it 1977). Johnson et d. (1986) recomead& that w e  
planters corat~of, t~amdesirable w d y  vegetation before harvest, esQblish a m&um density 
sheaeltemd, use lwge-&a=etie~ oak sdipags, and =move the oversto~ &tear &ref: yews. 
Tuley (19831, working in Great Bait&n, used in&vidud tree shelters s i ~ 1 u  as those shorn in 
Figwe 1 to esbblishr plmtd oak seeding$. Tree shelters gmtect plmteied fgwdwd sedirngs 
from animal damage md improve seding suwivd and height pw&. One nleasm of their 
effectiveness is ~ R e c t d  in the estimated number of tree sheliters us& iw Great B ~ t a b ,  which 
increased from 80 in 1979 to over 6 6Eion in 1986 (Po t s  1987). 

This study inves~gaed o& planting with me shelters as a me&& of esthlishing oak in a 
clearcut. hntagne et aH. (1WO) reported increased p w t h  of nodern red (;PA in tree shdbrs 
in a southern Micfaigm clearcut after two years. This paper IpEsents 3-yea results of that 
study. 
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The wudy was established in an o&-hickory forest at the W,M. Kellogg Expesi~~enrd Forest 
in southem Michigan. Soils were predominantly smdy (AkEsaEs) &ueloped from stony 
glacial drift on a rolling, well hfraind site, Average red 0& site: index (base age 50) for the 
study area was 66. The study area undeweat a she l t emd  seed cut i ~ a .  1954 and a removd 
cut in 1964 as pars of a previous oak ~gcaeratiun study (Rudolph md k & e n  1976). 
Before ehe study was established, all stems > 5 cm dbh were ~emoved in a whole-= clearcut 
harvest in the fall of 8886. All xmaigtinag seems > 2.54 em dbh were removed by hand. 

Figure I. Tops of I-Zm-tdl tree. shelters in a w d y  bmsX1 conm1 plot rafter two 
$rowing seasons. 

A 2 X 2 factafial combination of veatmenes was replicakd on four 0.5 hectare blocks in a 
split-plot design. A 0.1-hectare buffer zom was established aound each 'Irlwk. E;eeh 0.4- 
hectare block was split in half to s t e c o m d ~ ~ e  bmsh con~oF. treaments (main plots). Each 
r n ~ n  plot was then split in half ts acconam&tclate tree shelter matmenes (split pliofs)- The four 
trearrnents were: control (no woody hmsh con&ol, no shelters); w d y  brush control only; 



shelters only, and w d y  brush eonml and shelters. All weameats were ra.sdorx%ly qplled 
within mplications. 

Wwdy brush conml mcumd in five steps, two before lamest md tkxe after harvest. The 
fmf seeps were a prescflked bum in the s p ~ n g  of 1986 and a basal aapgllfcafiorn of viclopy~ 
and oil to non-oak species in the sparnnler sf 198b. The Gnal three steps were pkast-h;4~est 
basal applications of rriicIopyr and oil to non-oak speies during the summers of 198'7, 1988 
md 1989, 

Plastic shelters were cansmcted from 5 1 X 422 X 8.63 crn sheets of corngated polyethylene 
plastic. Each sheet cast about $1.50. In&vidud sheets we= bent md sQpiied to 2.5- % 2.5-cm 
stakes driven into the grourd next to plmted s& seeding$. Shelters were platted as close as 
possible to the soil surface but were not seated at the soil surface s r  dong the stake used for 
satgpm. %rakes were also driven i n t ~  the gourad next to all urashelterd secdings. 

Northern red oak acorns colbceed from the study site in the fall uf 1984 were 'nrnmersd in 
water. "Sidcers" were collected and 86 per squxe meter werz sown in a prep=& glunev bed. 
hllowing the first p w t k  flush in June 1986, sedings were undercut at 22 cm to erncowage 
development of a. fibrous rmt system. The 2-0 northem mf oak seedissgs were lifted in mid- 
April 1987, sorted to a aminimlgm 1-cm rmt collar &anletera root p ~ ~ n e d  to 20 cm, wrapped 
and stored at 1" C until planthg. Seedings were plrerated over :r two &y p e ~ &  in Bate April 
"187 with. dibble bars at a 3.4- X 3.4-meter spacing for a tstd of 90 oak sseeaings per 
treatment. After piiat~ring, swdlisngs were clipped 18 crn above the ground-tine. Tree shelters 
were then installed. All work was completed by May 1 -  1987. 

Six 4 m2 pemment regeneration survey plats were rmdomly placed in the areas without 
brush control. Seedlings and spr~uts cri' dl raanurally mcunrirrg w d y  species in the swvey 
pbts were counted at the end of the 1988 grswing season. Heights of all plmtecf n o ~ e m  red 
oak smdlings were measured in the ?dl of 1989. Number arid length of flushes were 
measwed on 40 trees in. three of the four brush ccsn&o1 plots in the spring of 1990. Twenty 
mes above 125 crn were rmdomly selected from the shelikr plots and the 20 tallest mes 
faom bmsb-contfol-only plots. 

Analysis of v i ~ ~ a n c e  and Duncan's new multiple range test wenu: ersed to test for signiEcam 
&fferences among matment means. Suwivd percentages were ~;nqsfomed with the arcsine 
procedure and growth flush data with the square rocst prxedrare (Little and Hills 1978). Chi- 
square analysis was used t~ test for differences in height chss dsaibaatiora between the 
sheltered and unsheitered seedlings. 

Totat vegetative cover averiged 85 to %rO percent across dl seameat plots d ~ n g  the first 
three gowing seasons. The predonni~ant species Induded RilPrua; spp., goidem& (Solidago 
nemamlis Ait.), wild grape (Vililis spp.), asre: (Aster pilosm WifBd.), poke~leed (Phyrob@cca 



americrem L.), dz+isy fleabane fErigcrcs$a strt'go~w S:Muh'l.) m d  bull ehlstle [Civssrm v&tlg~$ic~a;s 
(Savi) 'Fenore). Two years after clearcut harvest, there was &E average of 1.61 f azamral ohf-k 
seedlings per hectare. Non-o& reprduction averaged over 12,429 sterna per hectare, 

Brush ct,ntrol had no sigsnific,mx affect on total height of p l a n ~ d  red rgak (P = 0.251, bur 
heights of sheltered and adnsheltemcf trees d i f fe~d  signrificaaixly (P < $P.tWjl)(Tabte I). 
Seedling s w i v d  m d  height for shelter& seedings weye significaaray greater than uunshefkerd 
swdings (TabHe 2). The height increase of shelternil mes  was 2.7 dmes greater &an thst of 
unshelterd trees. 

Table 1 .--Arndysis of v&ance for total wee height for plant& trees. 
P;&cacfars DF Mem Sqam F Ratio 

M;nin Plots 

Replication (Rep) 3 249.74 

Bmsh Con~oB (BC) 1 23.01 0.67 
Rep X BC (Enor a) 3 102.98 

Split Pbts 

Shelters (5 )  

E C X S  

Ems 6 56.8 1 
** ---,-- 

Table 2.--Effect of sheltes and brush csn~rol un sumival and Eleight of planted northern red 
oak swdlings after the third ~ c j w i n g  season.' - 

'F~atnlents SBIW~VS! %tali Eeight Height increase2 
--(%)-- ---fcm)--- ---(cm)--- 

No Brush Control 95a f 02( 1 .S)a 25(1.2)a 

Split P1ats 
Shelter 98a 130(1.7ba 34(1.2)a 

No Shelter 90b 77(1.4)$ 20(l.O)b 

' ~ e a n s  ( s m h d  emors) withirm the colums follow& by the same letter are not ~ig~canady 
aferenat (p < 0.05) using Duncm's New Multiple Range Test. 
%eight increase was detemlined by sbnbaacfing 1988 total height from 1989 total height for 
each ineiividiual s e d i n g  measured. 

Figure 2 illhnsmtes the effect of shelters on seedking height cIass dis~burion. MQR skltered 
&an ansheltered seeaings were in the luges height size classes. h Chi-$*ant= malysis 



indicated that the dclisdbtaGons were significmsntly &fEe~nf (P < 0,WI). After thee g o w i ~ l g  
seasons, over 665 percent of the sheltered seedlings were above shelter height (122 em), 
compared to only 8.5 prcenr of unsheltered seedlings+ 

Sheliar 

@& Mo Shelter 

I 

1 Total Height Class jcm) 

Figure 2. Height &saributions of sheltered and lanshelterd norahem red oak see&ngs 
after the third p w i n g  season. (Disrsibutions of the two classes of seeamgs differ 
significslntlly based on Chi-squae (2 = 487, p < 0.WIS. 

Analysis sf  va~ance  in&cated that shelters increased the numkr of g o w h  Basks in 1987 (P 
= 0.B)W) and I988 (P = 0+088), but not in 1989 (P = 0.423). The average Imgth of the initial 
gowth flush was dso affected by shelters in 1988 (P = O.W2) and 4989 (P = 00.0116). These 
initial flushes averaged 13 emgreater in 1988 and 12 cm p a t e r  in l"99 &can unsheltereaf; 
trees (Table 3). The average lieng;eh of secondq ~ w h  flushes &d not differ significmtly 
between sheltered md \ansheltered trees. 

DISCUSSION 

Tree shelters can improve both sumivlxt and heit;ht grow& of oak sseedlhgs (Tuiey 1983, 
Lintagne et dnii. IBO). This was reaff-med by the thkd year da?a,whi~h show& a g~$:ate:r 
increase in total height and DOW& for sheltered seedings than for nnsbelterd controls 



Table 3.--Effe,ct of shelters and brush cson&ol on the number md length of groa~~ttt ~ ~ P Z S ~ G S ;  of 
planted northern red oak seedlings for the first three growing seasons. ---- --7 

'Bkeatnlents Number of ~ltashes' h~.ngth of First  lush" 

Brvsb cor~uol only 2% 28b 36a 1% 2% 27b 

P Means wen: derived by counting the total number of flashes Em twenty trees for each 
Eeatment in each of thee replications. Means within the columns followed by the same ieaer 
are not significantly different (p < 8.1) lasing Duncan's New Muldple Rrmge Test. 
2Neans within the columns followed by the same letter are not significalady &ffexnt (p < 
0.05) using Duncan's New Muldple Range Test. 

(Figure 3). Sheltered xed oak seedlings averaged 53 cm rdler ththaan urnshelter4 s d i n g s  after 
three p w i n g  seasons. Average height increases aver the past t h e  @wing seasons show 
that sheltered seedlings grew 18 cntlyea more than ulashelrerd sedings (Figme 3). This 
W t i o n d  growth has placd over 65 percent of the sheltered sedings in a dominant crown 
position in areas with w o d y  bmsh suppression rand the same percentage in an insenmediate or 
cdominant crown position in :Ereas with unsuppressed w d y  vegetation. Only 8.5 percent of 
unsheltered seediitings reached an equivalent height of at least 122 crn after t h e :  $sowing 
seasons and most were in a subordinate carropy position. 

The increased w w t h  caf sheltered seedings over mnsheltered seedlings has been attPibutec& to 
several possible fsxcroas: ( I )  a microeravironnaerak that gronlotes multiple flushes, (2) a 
reallaation of growth from rcx~ts, stem caliper and branches to the te al leader iand (3) 
physical pmtectitan from breakage and animal browse (hntagne eet &. 1998). 'Fhe data. 
showed that the increased growth of the initid remind flush was more irnpomnt to tot& 
height gowthuf $he treedlitlg than an increased number of flushes. During the second and 
third growing seasons, sheltered trees averaged 12.5 cnn/yea more elongation of their fixst 
growth flush than unshelterd trees. 

Sheltered mes  exhibit r k  physicd stem cfnaracterisGcs which unsheltered trees do not 
exhibit: longer sterns, few, if any brzmches and limited caliper growth. These chwdcte~sties 
in&cate that increased height @owah of sheltered s d i n g s  may not be synonymus with 
Increased stem dry weight. Rather, sheltered seedlings may simply be m d f y k g  their height 
gowtta at the expense of smtceuml stability and brmch fernaeon. As a consquence of bss 
stem caliper, mes  must be sanpponed for two years after exiting the shelters. The dfect of 
shekterrs on r w t  grovr~th has not been stu&ed. Howeven; Johnson (1979) working with no~ern .  
red oaks in a r o ~ t  regeneration study found no reducdon in the rate of rwt  gowth d u h g  
perids of s%P~ot elongation. Therefore, increased shwt elongiltion of shelter& sedings may 
not be negatively inp~cting root system establishn~ent. 
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Figure 3. Means Heights of surviving planted nox7hem red oak ings. (All seeOXings 
were top pruned at 18 crn above the groundline irnmd8tely following planring. 
Sheltered seedlings were signihcaltiy ~ d e r  at the end of each m k n g  seaon.) 

Many sheltered mes grew into dominmt and cdoaninmant crown lp~si~cans, w h e ~ + h s  few 
other plmted seedings m naturd oak repr&uction did. The ~nechanaisrn for inmeas& growth 
is not a result of increased nmber of growth flushes, but ;9n increase in the mount of 
elongation of the initial growth flush. This increased elornga~on may result from s 
d i f y i n g  their growth habit, sather than an a result of increased stem dry weight. The cost 
and environmental issues associated with the use of plastic m e  shelters for oak regeneration 
have to be evaluated and &scussed as additicond growah data is coUect&. 
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