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Abstract: Genedly, mame trees on g d  growing sites are seldom thinned or released, 
Instead, at matu.urity the trees are harvested. Data were summarized from noah-cen~d West 
Virginia study areas (northern red oak site index 70 feet md above) where matux trees were 
released on all sides of the crown (full release). Five-year d.b.h. growth md rates of xmrn 
information indicate that several species respond to release. Yellow-poplar and northern red 
oak were the fastest growing species, averaging 1.8 and 1.6 inches d.b.h. Thus, some matwe 
trees will respond and it may be ecmomical in some instances to retain m a t w  trees for 
esthetics, seed production, and so on, while continuing to e m  a g d  sate of return. 

A l  of us have wondered if a particuiady large or " m t u ~ "  sawtimber tree would respond to a 
ahinning. Growth rings from fmshly cut large stumps often in&cate that an individud m 
had perids of fast gowth. There is little infomation about mature, larger h a d w d  trees 
responding to a thinniing and this is expected. Simply, mmaged stands with mature mes  
usudly are scheduled for a harvest cut such as some: f o m  of clearcutting, s h e l t e w d ,  or 
diameter-limit. 

A major problem in eastern hadwood stands is that many trees are about the same age due 
Iagely to activities in the past--especially logging and a s s~ ia t ed  site or fire cPisturbmce. 
These tree s ~ n d s  are now nearing matrarity, Once the trees are mature and approach 
svemtusity they become more vulnerable to insect, disease, and c l ima~c  prablems. One 
way to rnaintdn me-stand-forest health in mattaring and matwe trees is $0 try to stimulate 
pj~ovuth trough a thinning or =lease. A&r.lixtedy, these: sawtimber m s  often are 
economically mature since they may be growing, bur earning less than an acceptable red rate 
of m t m .  Also, some forest mmagers have an underlying belief that larger, maturn trees do 
not respond to refease. 

'Bcjject Leader a d  Econodst, respectively, U.S. Departn~ent of A@cultu~, Forest Service, 
Nrtraheastem Forest Experiment Station, Prarsons, W 26287. 



There are a n~xnlber of concerns wfieil releasing E,z-ger matwe mes. 

i .  Wow much will Bees in the dsnxninmt-cdo~nant erown class positim 
respond? With nomally lager crowns, a'en't these trees ,*eadcgy gowing as 
fast. as possible? 

2. 1s the grrrwth response fix m a t m  uees economic&? A red rate of 4 percent is 
about the breaking point for an dtemative invesment. 

3. Mow long are: the desired species expected to live after release? Options for 
some current management plans rare to grow trees up $0 3.50 to 2m years 
(Sander and Smith 1989). Longer rota~ons may become reality dare to 
landowner objectives or physicat limitations, &at is, tcm much Xmd base for 
available personnel to manage. 

4. What is the diameter breast height (d.b.h.1 response of maruse trees left for a 
short period (sheltenvmd concept), or two-age, or esthe~c management where 
gees could remain from a st~ort to an inkfinite period? 

The purpose of this paper is to report the 5-year d.b.h.-grc>wth msu%ts of released, mature 75- 
to 80-year-old sawtimber Appalachian hxdwcjd trees. 

This study was done on the Fernow Expe~nental Forest (USDA Forest Service research 
forest near Parsons, WV) and an  the Monongahela Natiowal Forest in nsrah central West 
Virginia. study areas (four treated areas, plus three contr08s) were established on g d -  
to-excellerat growing sites with a site index for northern red oak (QU~TCUS ruira L.) of 70 feet 
or higher. Annual precipitation ranges from about 55 to 60 inches. D m g  the early K9W7s, 
study areas were logged using forms of clewcustkg and high grading. 

There were two study Eeatments. Trees were released to a free-to-POW position, that is, me 
crowns released on all sidcs: and tree crowns not deased. Mature, donamtnant- and 
cdominant-crown class Appakaclzian h w d w d  trees were selected as study trees. The 
average number of mature, released trees in the residual stands ranged from 12 to 20 trees per 
acE. Average residual basal s e a  was about 28 f?/.icre with one excepeon of 30 ft2/acre. 
After logging, a stand with released sees resembled a seed-me cut (Figm 1). 

Growth s f  released trees was compared to similar rrees in three Bncut fuUy-stcicked mattare 
stands. 'The EeeS were in areas set aside for non-mmagement (canaol areas), where cuttipag 
was not permitted and were the only available comgafison areas. The thxe areas were on-; 
exceiHent growing sites--nonhern red a& site index 80. Also for comp;aPjison puvoses, the 
overdjl growth rates should generally be higher on the control versus the released areas. 
Thus, any significant differences in results would be consemaitive. Ira general, study trees in 
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Figure 1. Stand with released dominant-edominant, mature 75- to $0-ye=-old 
h x d w d  mes. 

the cc~ntrol area had larger initial d.b,R. than the released sample trees. 'This indicates that 
mes were growing nn better sites and that sorrre trees, such as sugar maple (Acer sacchmm 
Marsh.), red maple (Acer rukunz L.), and beech (Fergm grcandifofica Ehrh.), wex older and 
mare mature. 

Five-year data were collected for I T  Appdachim h a h d w d  species. Sawtimber trees treated 
included hickory (Cava spp.)? beech, white oak (Quercm akba L.), chestnut oak (Quercw 
prinla k,), red oak, yellow-poplar (Liriodendron tudipgem L.), black cherry (Prranw sseotim 
Ehrh.), sugar maple, red maple, basswood ('silica meeicam L.), md white ash (Frminm 
ameri-r'cam L.). hitidly, id1 trees 1.0 inch d.b.R. and larger were cut except the study mes. 
The d.b.h. growth was recorded at the same point on the mes using the Fernow ExpeHimentd 
Forest tsee-ldent=efi@adon wiring technique as iimdcated in Figwe 2 @dimson and Rosier 1984). 



Figure 2. Pemment tree identification md  d.b.h, measu~ng poiat using Fernow 
Experimental Forest technique. 

Data were collected before release and 5 years later for ~ e a t e d  anad unmaad trees. Data 
were analyzed using Analysis of Variance techniques with sigaificmce tested at the 1- or 5- 
prcenr level, and graphics were developed using SYSTAT software. 



RSS B;;L,Z'S 

Average initial d.b.h. for the 742 released gees was 16.5 iurc'nes wisile the 268 non".rr;ieased 
Bees had an average d,b.h. uE 19,8 inches (Table 1). OwraI.4 5-year d.b,In, gr6)wth for the 742 
released trees averaged I .6 inches w81ile si~nilar growth for the 268 non-released trees was 1.0 
inch d.b.h.--a difference of 60 percent. tf tihe current. $p?rw& rakes coxrGnue, within 10 years 
after initial vearment periodic growth of re9eased pees will exceed that of non- leased trees 
by more than 1.0 inch, 3.2 inches compared to 2,0 inches. 

Five-Yew Growil~. 

The faster growing species for the 5-year period were yellow-popis md red oak. A surprise 
was beech, a i101,ed slow grower (Trimble 11969). $%clwever, we had only a few samg%c beech 
trees. 

Five-year results are summxized for individual species in 'Fable 1. FOP the 742 released 
uees, 38 percent (288)  were yellow-poyBm and 31 percerna (232) were red a&. Yellow-popla 
grew 1.8 inches 3.b.h. in 5 yeas with red oak ;it 1.6 inches. Beech grew about 1.5 inches 
d.b.h. Red maple, basswcmd, and white odk were goup& sound 1.4 inches while black 
cherry and sugar maple gmw 1.0 to 1.2 inches d.b.h. Chestnut wak, hickoffy, and white ash 
wem in rhe group with the Lowest 5-year d,b.h., with ;a powah rcspufitae hctwecrl 0.8 and 0.9 
incircs d.b.h. 

FOX. the ncrzl-released trees, the fastcst grcswing species were black cherry (8.2 inches d.b.h.) 
with red maple, red oak, yellow-popla, and white ash averaging akoue 4.0 inch. The slowest 
gowing uees were hickosies. 

The released trees had significantly @eater ck.b.h. growth response than non-=leased trees For 
the foIlc~wililg species--yellow-popIar, red oak, beech, basswcwpcl, md hickoq. Though 
released white oak sees gTew significantly faster khan non-released Eees, we Bad only a 
three-mc sample for noax-released trees. This saxraple size was QefiniteIy too small to make 
any merimaingful c s m p ~ s o n s  between wcatnnents. 1Howeva;r, a numkr of species did plot 
in&cate a significmt d.b.la. growth-response difference between released and non-released 
trees. 'Kese species were red ramaple, chestnut oak, sugar maple, black chew, and white ash. 
Also, in ~1460 instances (black cherry and white ash), the average 6P.b.h. growth response for 
wen-released trees was higher than that for released trees, though not significantly higher (g > 
0.05). 



Table I .--Five-year d.b.h. growth and rate of remrdzi for released and ncn-releas&, saw~mber- 
size hardwcjd uws. 

Species 

Yellow-pop1m 
Red oak 
Beech 
Red maple 
Bass wood 
White oak 
Black cherry 
Sugar mdple 
Chestnut oak 
Hickory 
White ash 

Yellow-goplah 
Red oak 
Beeeh 
R d  maple 
B a s s \ v d  
m i t e  oak 
Black cherry 
Sugar maple 
Chestnut oak 
Hickory 
White ash 

No. years 
No. Initial I3.b.E.a. Rate OF before RR 
trees d.b.h. (in.) ~ o w t h  (En.) return (%) ( ~ 4 % )  

Released 

*;** Indicate average growth for released tree species signi6cmtBy different fmm Ron- 
released species at 5 percent (*) or 1 percent (**) level of  testing. 
"Improved h m  grade 2 to p d e  1 in 5 yeas. 
+ More thm 20 y e a s  
RR=Rate of return 



Table 3.--Differences in 5-year average d.$,h. ggow& among releas& matwe Apgalzschian 
hartSwd tree species. 

Yellow-poplar 
Red oak 
Beech 
Red mple  
Basswad. 
White oak 
Black cherry 
Sugar maple 
Chestnut oak 
Hickory 
M i t e  ash 

*Columns with means having same letter are not significmdy &fferent. Significmce tested at 
the 1 percent level. 

Species growth differences. 

Using ANOVA twhniques and the Tukey HSD for multiple comparisons, differences in 
5-year grcbwth rates were evaluated a m n g  the released species. bsullts indicated d.b.h. 
gowth rates were significantly different a m n g  the foilowing species or species groups (Table 
2). Yelisw-poplar, rr-d oak, and beech grew significanay faster in 6B.b.h. than the other 
s p i e s ,  but growth response was not significmdy different among the t h e  species. Also, 
w w t h  for beech was not significantly &fferent &om any evaluated species. Differences were 
not detected among any other species. 

Ofpen it is easier relating 10-year mwtR response than 5-year (Table 3, Figure 3) and we 
assumed the 10-year growth was twice as much as the 5-year growth. At 5 years, released 
m s  remajmed in a free-to-grow crown position. As indicated, peleased yelbw-paplw, red 
oak, and beech grew 3 or more inches in 10 y e m  while released white ash, hickory, aund 
chestnut oak grew bss than 2.0 inches d.b.h. for tfne same period. Overdl the released trees 
averaged 3.1 inches d.b.h. growth rrnd the non-released trees 2-0 inches growoh, a 56 percent 
increase. 



Compa~ng d.b.h. growth of larger trees. 

In general, trees from the non-refeased areas were 1mger in d.b.h, thag mes  from the released 
seas.  Smaller and sometimes younger trees have a tendency to grow faster than larger and 
perhaps older trees. For this reason, the data were divided into two d.b.Sm. classes, Pees (22.9 
inches and 223.8 inches d.b.b. Five-year d.b.h. goweh for the released mild non-=leased large 
trees (d.b.h. s 3 . 8  inches) averaged 1.9 and 0.9 inches, sespec~vely. Far smdl trees &22.9 
inches d.b.h.), the released trees grew 1.5 inches while the non-.;eleased mes averaged 1.0 
inches d.b.h. Red oak and yellow-goplx were the only species having enough smples to 
make comparisons. For red oak, it was apprarent that when released, the lager trees grew 
mare than the smaller (2.0 compared to 1.5 inches d.b.h.). Rawever, the liwger yellow-pcaplar 
trees grew the same as the smaller sawtimber mes (1.8 inches t3.b.h. in 5 years). 

For the non-released tree species, red oak and sugar maple had abequate samples in the 
diameter-class categories. There was tittle difference in d.b.h. gowth among the two d.b.h. 
categories. 

Table 3.--Tear-year predicted d.b.b. growth jfor released and non-released sawtimber 
hardwoods. 

Released Nonseleased 
D.b.h. D,b.h. 

No. growth No. growth Difference 
Species trees fin.) trees (in.) 

Yellow-popla 
Red oak 
Beech 
Red maple 
Basswood 
White oak 
Black cherry 
Sugar maple 
Chestnut oak 
Hickory 
M i t e  ash 

Wed rates of return (net of inflation) were de tedned  for both relessed and non-released trees 
(Table 1). Individual tree values were detemineed using up&ted tree- value conversion 
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Figure 3, Antieipzlted 10-year growth Information for species of released compared to 
non-releaseti mliature, Appaiachiat~ h a d w d  me: species. 

stmdnrds, whereby tree values itre derived fmm the value of iunaber contained in a phcular  
s i x  and qudity tree (DeSald and Dale 19%), Rate of return over tire 5-year study period 
was based on observed growth, initial d.b.h., and merchantable height, assm~ng mes 
lcgualificd for the highest possible grirf.de in their size ciass. Projected rate of return was based 
on assuming that the ahserved d.b.h. growth would continue in the future; maximum 
merchantiible height was fixed at 2.5 16-fmt logs and wees qualified for grade B beyond 16 
inches d.b.h. 

In general, released urns earned a cornpetitive rnte of return over the 5-year petid,  md we 
expect many of them to earn at lcasa a 4 percent return for more than 20 yews in the future 
(Table I). Mast nsn-released trees emled less than 4 percent over the study period. Et is 
cbar that release improved the eming power of individraml trees, but growth rates must 
continue fm more than 5 y e m  to make release of m a t m  frees a desirable practice from a 
fian;sncial point of view. 

Ff observed Q.b.&, growth continues, several species have the poential to earn cornpetitive 
raites of return for more than 20 years following release. Among releas& m s ,  black cherry, 
chestnut oak, sugar maple, md whits: ash will earn at least 4 percent for about 16) years after 
release. A11 other species will e m  at least 4 percent for 28 yeas w more after release. 



Among non-%leased m s ,  yellow-poplar md red maple will earn at least 4 percent for 20 
years or more. Wer species will earn less &an 4 pexent if not =lease& 

The initial size of released trees influences potential mte of return following release. Elate of 
return decreases as db.h. increases, even though returns can re psitive far large mxs. 
Returns were projected for each species using the observed 5-yew &b.h. p w t h ,  assuming 
hbividud trees were 18 inches d.b.h,, with butt-log grade 1 md m ~ h a n @ b l e  height of 2.5 
logs at the time of release. By projecting value incheases fix trees of similar initial size md 
qudty, we were able to isolate the effect of c3.b.h. growth response to evaluate b&vidud 
species as candidates for release. 

Black cherry, sugar maple, chestnut oak, and white ash do not appear to provide m 
acceptable rate of retwn for more than 10 years foIlswing =lease. Other species studied. will 
eanx at least a 4 percent rate of r e tm for 20 years or more folllovving release. Without 
release, only yellow-poplar and beech promise connpePitive e s for more than 20 years. 

M a e  does this information mean to the forest manager? The b ~ o m . l i n e  is that some 
dominant and codominant sawtimber-size tree s p i e s  on gwd p ~ g  sites wa respond to a 
free-to-grow crown release. For yellow-pplx, the p w t h  response is expected rn be more 
than 3.5 inches 10 years after release. Similarly, no&em mi a&, red mpk, and perhaps 
beech may grow about 3.0 inches d.b.h. Though all sides of the mture tree mwn wem 
released, we Bo not b o w  the response when releasing two at thee sides of the mm. 
However, in s d  sawtimber- and pole-size stands dominant astd csdo-t tree mms 
should be released m at least three sides for a sipificant g o d  ssponw nand 
others 1m). 

R w o m e n M  smd rotation bn@s in the Apphchims arc ofen 80 to 120 y e m  based on 
site index, but in reality, the actual rotations may be 150 to 280. Allso, butt-bg qu&q on 
large mature tnxs is not influenced by rekase (Smith and others 1989). Hn a sample of more 
Phm JOO large trees, 20 trees (less than 7 percent) had a bss  of quality in the butt log due to 
e p i c o ~ c  brranching. Ten of these m s  had e p i c d c  branches 0x1 the tree bole: befm 
release and most of the k d i ~ d u d  trees were b s a s s w ~  

The butt log is the: most vduabb log i~ she tree md at this 5 y e m  after mIease, there is 
little reason to be concerned witla the bss of butt log value due to e p i d c  bmd;Mmg, 
pdcularfy if the tree boles do not have any epic branches kfme melease. Alsov a 
rebase &at is heavy enough to stimulate butt- or second-log epic 
dominmt m s  would &so stirnula@ the es~blishxnent of mpr&ucGon--s h a s h e l t e r n d  
Five years after a heavy release, the reprdus~on in most h d w o a d  stan& grovi&s shde cm 
much of the butt log, atad within 10 yem after release the aowns 0% the f l e x  mgenemgow 
should shade most of the second log ( S ~ &  and others 1989). 



Though ~ 5 e  number of trees released in the study averaged 12 10 22 per acres3, we know that 
for xaaature, fully-stocked, sawfirnbcr-size Appalachian hardwosd sands, we could e.;.*pecr to 
release about 20 to 25 good quality timber uees per acre. Most of these trees would be 
released on at least three sides uf lheir uee crowns. Thinning mature h x d w o d  stands corxid 
become more significanr in the future as starads continue to mature then become 
overmatarre, that is, trees are rnraturisg faster t,"lan $toyers are. willing to harvest &ern (Arncr 

otlsers, this pra~ceedings). 

A very heavy thinning in a mature stand where at least three and pseferably four sides of the 
tree crown are released will most likely stimulate a worthwhile &meter-gowth increase. 
Released trees can earn 4 percent or more for up to 164 years fok;PSlowing =leasea K xhe 
observed d.b.h. growth continues (an unknown at this time), most species evaluated in this 
study wilt earn in excess of 4 percent for 20 years or more. Black cherry, sugar maple, 
chestnut oak, and white ash may hint earn competitive returns beyond 10 years after release. 
For the cherry a~ad oak. frees, 5-yea d.b.h,-growth data inndicated non-released nees grew 
faster than released trees- Since study trees were ccwjominant and the released trees were free 
to gri,)w, it is quite possible these 75- to 80-yecold black cheny and chestnut oak mes will 
not respond to miease. 

Normally, fully stmked, even-aged seallds on good Appabiichian sites with overstory trees at 
least 75 to 80 years old and pole-sawtirunber trees averaging 46 inches d.D.h. can be 
considered xnature and ready for a regeneration harvest cut such as clearcutting. However, 
clearcutting may not be ilcceptahle to the landowner. Besides partial cuts such as single-tree 
selection, diameter-ismits, shelterwoods, ass perhaps no cutting, the forest manager and 
liarmdownes may have another option on gcxd hardwerd growing sites. If an economic cut is 
possible, consider giving the aa~ost desir;ible dominari: and cdominant sawtimber mes in the 
stand room rcr gmw. The rc=cidu;tl stand has a sheltenvcd or seed-tree $ask but these m s  
woaeld not be hiimestd f;or several years. Marly large sees will! respond and become more 
valuable as a result (sf the release. Even if these mes can be released only on two or thee 
sides of the crown and none of the ~rnderstcrry is ~nnoved, there should be a d.b.h. response 
withour Loss of butt-log value due to the release. Tree vigor md perhaps seed proc%uctiora 
wc~uId increase IW. There arc site limitations to consider when qplying this practice such as 
s81altow sisils or soais with frag~pans. Also, at the higher elevations mes may become 
susceyeilrlc to glare-sxac3w damage. AIX cpf these Bimiatatioras could Bead to possible blowdown 
andctr loss of stem q~arelity/value. However, ree,?ining some mature h a s d w d  trees for 
rimber, esthetics and/or sources d seed for wildlife fwd or the regeneration sf  &fGcult 
species such 3s uak, is an option that could hc aecepQhle to some Iandowners. This option 
could become even more acceptable, if contirauing to earn a desirable rate of return is 
possible. 

Dale, Maain li.; DeBaBd, I'iiul S. (in prep:tration). Tree value conversion stmdacels revisazed. 
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