




Introduction 1 

Methods used in the study , a 3 

Present condition . 4 
Silvicdtural treatments * 7 

I 

,Saw-timberstands r 8 
Pole-t-er stands 15 
Seedlhg-and-sapling stands + 15 

L 

Literature cited 3.8 

Definitions of terms , 19 
Supplementary tables . + 22 



PENNSYLVANIA 



- T Tho re& oak - v,rk.iLe oak forests ~f %ha f ' a~$~~c . i , i ; e  :~agion 
eccupy a a*bLbst;an%ia1 yo1:tf;fol1.--2I~ 6 pox cent  o r  15,200 acr~s-=-  
of the region's 3,198,400 acres of f o r e s t  laEd, Tkese fumsts 
have been so hea~~iXy cut f o r  lumber and mine timbers durinz the 
93oi; 1044 years and, have been so bait& ra~mgecb by f i r a  f c l l o v ~ f n ~  
these hea7rj ctxtS;% jags tihat in their ~233s en t c onC it ion %ley urci?: a 
pan asset to the regiono 

Only 2,8 ~;ercerm.t or 26,000 ecmo can be t=lassifl,eC as 
satvr-$;~s-~bek ama, thzt i a :  an areu om ~;hl.cl?, e:f.:.- =i~ i;re?.s 09 B~?Y--  

1 7  , t : . ~ i n ~ r  s i z e  can be foun3 to ;Suati$y a loggin, ..;pwa~lo;z, J-LO 

' th.ci~saud boas& f eeB per  ii ere i s  genemlly contiidersd t h o  nxLnkmrl. , 

q,~i~nttdity necessaq- t o  t t~rs~~at  cutt;ir?,g f ~ r  S ~ W L O ~ S ,  XE con*%rcst 
G o  tt,is, 97,2 per&ent or 889,206 acres fall. i a  the catagory of 

r t  pale-timber =it. saplfw am&s, ~ k i . 3  acrezge La ccvs~wd %;irk 
T ~ I T I F ~ ~ P  t o o  sml-1 to m k s  .mr:,*hg~ O ~ P  ijom U: t contain t he  2,00C 

f sat pep acm ~entkofm3. U ~ C V G ,  

resources , laad w e ,  land. clpb%srahip, a16 indu.~ t r y  ttjls 
h t b a c  i%e Reiegioc divides no.Curally in.% s Chwe econoxnjx st;bregion ig/ a 
%he aoal. f i e l d s ,  %ha faming a m ?  6 ,  and tlze sxrta:is ive rerests ,> 
Each s~lbregioa d i f f  nrr, g~.%ntly Pror.1 t he  otters; each aul~recion 
has bLs o ~ m  chame;.4;eristffc pr~bhsma~, ,Ths  a.mst i .~~or ton"cd i ; f f e r -  
ence m o ~ g  the three subregions is the ty2c  02' O I " ~ O T S ; I ~ ~  tk& 
domins"r;es each, In t he  coal f telds %lr?.ost; "i;%"o-.f;hl.&.s of t h o  farest 
land belongs to the coal campmies,, , B % ; m t  of t h o  f o ~ e s t  zn the 
f~-mifx area is in sma11. t rac ts  a ~ , d  bs2ongs eb.Lbper t . ~  famg32"s 
OF LQ stber prixm'i;e ~me~s,,,Tkte 6-aensiure t."ozzs.t; area 13 szW,- 
relatively large t rac t s ;  about a th i rd  of it is publicly armed. 

l/ Equfva1en-k to the red oak - black oak - white cak typa of 
the SZ f orest-type classif i ~ a t i o n , ~  

heson ,  F, ... .; Perrea, hi, - , 3116 fiobinson, C; 1' .  

&isl.thracite Forest  Regiw--A &oblexl h a ,  1945, (L, process 
oi publfcatian by U, S, Dspt, kr, 1 



The lamast part ~f the rsd oa9r - white oak foreats i a  in 
%he efienaior, Porest subr'qqion (42,l percent) a& in the fanr 
amas (38.1 percent), Wcdlbnda in them two eubregione, whi l e  
Mavily a t  and burned 19 the past, ham not been eubjectd t o  
the m$tlng a d  fknraetatlng f i rss  pmoalmt b the coal 

I 

f i ehd  area, 19,8 pa~semti of this  foreat  type I s  found in 
proxizdtg to the aoal fieIda, 

I 

Table lo--Aeateage and volume dlstributian of the red oak - rrhite oek 

3 by stan4-.iee OlaBeed 

a 

I tem Ummrobantabl~  i saw timber Pole timber (8eedling dr saplwpe) . 
8 . . . 

Acres 
Percent ' 

Sawlog raaterial 
Tfiou8aha waft* 
Pero ent 
T h o m a  bdait, 

per ecm 

Other material : 
Tons 
Perc en% 
Tom per acrs 

A l l  material: 
ThoUeand ~ ~ e f ' t ,  

Percrant 
~ o u 8 a n d  a.ft4 

per acre 

beson, F, A,, Terree, Bd, J., and Robimon, D, B4 The Anthracite Borest 
Region-4 Problem Area, 1946, (In prooees of publication, ) Northeastern E'orsst 
kperiment Station, Table data are for the entire 15-cmty area, The percentaes 
and volume-per-acra figurea should not be confuaed or compared with the actual plot 
rigurea which follow, 

holtadea tracts of eaw timber an8 pole timber l e s s  thaa 10 acme in size. 
The classlfioation waee81iag and saplingn used elaeeere in this paper does not 
include these tracta, 



Volume figures ( table 1) S ~ ~ J ' I  t h a t  tho  red oak - xhite oak 
fo res t s  are relat ively insignif ic=t 13 thef r volume of sawlog naterf a> .  
Yet, t h i s  valuable forest type,  which i s  the second largest in the 
region, shorild be one of the  regionBs major sources of high-quality 
lu'iiber, It can be if present cu t t ing  practices ars  greatly improved 
and if fires are eliminated, 

This paper sets f o r t h  the present conditions of these forest stands, 
and suggests silvf c u l t u r a l  t reatnents t h a t  v i i l l  result i n  greater produc- 
t i v i t y  within n relatively sho r t  time, These sitggested. treatments are 
based on the best in fo r r aa t im  available at present, but, are subject ts 
revis ion and greater refinement as fur ther  research brf pgs a d d i % i c . ~ a 2  
factors t o  l i g h t  and makes more definite conclusions possible, 

LrnH0L)S :BED R4 TEE STUDY 

The red oak - white oak areas s t u d i d  were classif isd l n t ~  t h x e  
sites ma, within each s i te ,  three atand-size classes, Five represent&- 

. t ive  sample plots  tvere then mezsured in each c a t e g a ~ j ,  and detailed 
information t4ai3 collected on each p l o t ,  Ne smpXes were taken on 
s i t e  111, as it occupies a lfmfted acreage ia the rod oak - r:~k%te 

.oak: type, 

k 
Thirty widely-distrfbuted sample p l o t s  were selected in t h o  C Q U I - G ~ : : ~  

of? Luzerne, ~ o ~ u h b i a ,  and Monroe, Tn the sav-timber and pols-t  imber 
stands s a ~ i l e  plots  vare varied i n  s i z e  from 0 3  acre t o  3 3 5  acre S.n 
ordcp t o  include a r&nbnm of 75 l fvfng Lroes 3,6 inches d,b,;h, acd, l a ~ g s r  
on each plo t ,  In t h e  se6dling-an4-xap1ing s t a d s  each aaxpls plo t  
0,3 acm in size, In addi t ion t o  these aart.lyle plots, four pemmenP - 
growth p l a t s  established in Luzerne Co-mty in 1906 by the Pemsylmnia 
Department. of Forests and Vbters were re-masured, and the i n f o n ~ t i o n  
was used t o  cheek and supp3Lerment the data taken cn the  other  p lo t s ,  

For each p lo t  was mcordedz exact locat ion ~f the p lo t :  emexr- 
ship; fs&st t ype ;  forest  site; stan&-size class ;  age of stand; 
herbaceous material on the  forest f loor ;  mount  and kind of trees 
0,l-33 inches d,b,h,; estimate of reproduction; h i s t o ry  cf t r a c t  as %o 
grazing, fire ;inti past cut t ing;  general soil type; and estimate of 
t h e  amount, of natural mortali ty in the pas% IO yoarse For ea,ch l ive  
tree 3.6 inches d,b,h, and larger, the species, debah,,  vigo$ cpass, 
estimate4 percentage of cull,  or ig in  (seedling o r  sprout ) ,  tree form 
(good or POI) , and the past 10-year m..dial growth as determined f r c ~ m  

Sncrenent core recorded, U s e ,  each p lo t  was ~rarked for 
cutting in accordance with &at vas considered the mst pract ical  
s i l ~ i c u l t u m l  treatment, 



In order to simplify analyses for sites and stand-size classes 
the sample plot data were summarized on a plot basis  and an average 
Sumnary made for the f ive plots in each category. In this manner 
it was possible to make an appraisal of the present condition f o r  
each p lo t  and also f o r  the average of each five-plot unit. In 
additzon, the annual growth rates for  each site were correlated 
with vol-per-acre of growing stock. The volumes-per-acre 
(table 2) do not necessarily reflect the  average volume-pewcre 
figures f& t he  Anthracite Region (table 1). In selecting the 
plots inthefieldanattemptmsnytde t o g e t a r a n g e i n ~ o l m  - 

in each stand-size class from the lowest to the  highest so tkt 
in  making growth determinations this range in volume-per-acre 
classes would be represented, 

\ 
PRESENT CONDZPION 

The red oak - white oak stands on site I are quite similar 
t o  ;those on s i t e  I1 ( t ab l e  2). They are young and ewn-aged, a8 
a result of very heavy cutting during the past century and of 
fires which often followed the logging operations, 

n The low volumes, light stocking, and the high percentage 
of poorly-formed trees and trees of sprout origin on both sites 
are due t o  the misuse these stands have suffered In the past. In 
volume, white oak, red oak and red maple prsdominate; black o&, 
chestnut oak, and hemlock rank  second. A large number of other 
specios--principally yellow poplar, white ash, black birch, sassa- 
fras, and aspen--appear as minor associates. 

Although reproduction is ample where grazing does not occur, 
non-commsrcial species such as shadbush, witzh hazel, m y  birch, 
ironwood, and blue beech are most numerous. Of the commercial 
species red maple is most abwant ,  

Wider spacing and relative freedom Prom competition between 
trees above 3*5 inches debehe makes the seedling-and-sapling stands 
appear t o  be more vigornus than either of the other two stand-size 
clwsos, 

Cull volume, as might be expected, is highest in  the saw- 
timber st8]i19s4 Fire-damaged trees and defective hold-overs account 
f o r  most of it, especially on s i t e  I1 where these trees are more 
pmwlent. About 80 percent of the cull volume on both sites is 
in red oak, v~hf te oak, and red mple, 

Mortality is fairly low, Of all the stems that die naturally, 
over 86 percent are in the 1-to 3-inch diameter classes. Non- 
comolercial species, red maple, and t o  a lesser extent white oak, 
constitute most of it. 



Table 2.--Swmag or condlt1ona on typical red oek - white et8nda 

Average . oondlt ion . . . 
: Site  I : Si te  XI : Si te  I : Si te  11 : Si te  I : Si te  I1 . . . 

Volumswracre.. . .Cubicfeetm~ 2,363 e,Otil 1,315 1,OM 401 209 
TOPBI. 72 62 a 51 12 6 

Board feet.. 7,544 6,162 It= 369 .c -- 
............. Avera~e we Years., 70 85 50 63 90 37 

r w ( 3 . 6 u  d.b.h~ 1 
an8 larger am.......O Wber.. 236 232 308 858 316 160 

Seedl- and eapling , 
(0.69.5~ dobeha) ... Number.. 638 891 848 1,009 5,768* 3,286' 

BB d u c t i o n  ........... Degree., Bmple -19 h b  h)b Ample laodes 
< - k i Z x 5  1 n  high) ate 

............... Percent Quality 
or t o t a l  CU.-ft. V O ~ U ~  
in poorly formed trees.. 29.8 32.6 36.6 38.0 46.5 59.8 

O r k b  ................ Percent 
of t o t a l  cu.-ft. volume 
in aprout-origin trees,. I3 05 17 .5 23.9 51.8 40.6 45.5 

. VI&O& ..........8.... Percent Y- 
in pigor ~ l a 8 8  1. . l3.9 14.2 12.8 ll.4 17 05 31,O 

vlgor elass 2.. 25 *8 20.1 25.2 58 00 39.6 20.2 
vigor class 3.. 38.6 46.8 38.8 43.4 32.8 41.5 
oigor elsae 4,. 21.7 18.9 23.8 14.8 10.1 7.5 

* 
cull .................. P8m310t 

of total c~,-fto ~ 0 1 ~ n m . o  5.4 10.1 3.8 2.6 3.7 3 05 
O? t o t a l  W,-itm V O ~ U J ~ . .  4.3 14.7 2.6 0 03 -- -- 

AlmxJsl mortelltg 0.. a b i c  fee t  
per acre.. 9.1 2.9 4.3 6.2 0.1 0 

\ 

Percent 
oi t o t a l  4.5 4.3 705 19.0 0.3 -- 
.... *-a1 aro~& mbic teat.. 67.0 55.0 59.0 40~0  30.0 18.0 

per acre Torn*. 1.9 1.6 1.6 1.1 0.8 0.5 
Boardfeet.. 289-0 212.0 48.0 25.0 -- -- 

.............. %men% k = * h  
of annual cum-ft. increwe.. 2.8 2.4 9 .2 8.2 f69 06 36.8 
of annuel bd.-ft, increase.. 39.9 43.1 75.7 92.0 - -- 

v 

For def init lone see appendix. 
2 &rtelity dedncted. 

Pigures include trees down t o  0.1 inch d.beh. 



h w t h  m*er an, mdemte. Aa mnml* g p l t h  %B dependent 
on the rolune of grO.i2lg atoek, the high-mlwm p u t s  ahow the 
geatest  a m 1  increase&)& Table 3 show8 the earreat manual 
~rowth that m y  be mected rurder lp11tws1 growls$ &*lem for 
differant stand rolunma after dductiw for mztalitJ. -80 
fi(lpre8 in ~ e n e r a l  oopiora quite alow4 t o  th. ~ u b h  rrk. 
detomztined By mfnm(7J. 

-A 

, 1/ artality deducted. 
In tree8 3.5 inches d.b,h. and over. 
In .tree8 ll lnahes d.b.h. and over. 

Converting factor: 33 cubic feet 1 ton. 

Mne ; h u a l  l!gTorf8 Axms4l r n h  1 ' ' : Alumal (crswm 
-: 

Heck : WF -= stsok : pragm atocak : pr aer, 
p"rs : . .per : plrr : 

a e d  : S S ~ .  I : 8~t.t. IS o~~ :  its I : site II a o d  ; 6%- I l sit. n . . 
1 

&ah $ a  CPbio 
Z B & S ! E &  a!!!& 
9 2a 18 
#O 30 25 
600 36 31 
mo 42 36 

1,060 47 40 

1,200 51 4A 
1,400 55 47 
1,600 58.  50 
1,800 61 58 
2,OQO 64 54 

66 55 
8 ,-4QO 68 56 
2,600 70 57 
8,- 72 58 
3,000 73 59 

. . 
- Toaa - Tone - TOM 

6 01 0.6 0 .5 
1201 a 8  - .? 
18.2 1.0 09 
24.2 lee 1.0 
50.3 1.3 1.1 

36.4 1.4 1.2 
am4 1.5 1.3 
48.5 1.6 104 
54.5 1.7 1.5 
60.6 1.8 1.5 

66 07 1.9 1.6 
72.7 1.9 1.6 
7808 2.0 ' 1.6 
81.8 2.0 1.7 
90.9 8 m 1  1.7 

. 

P 

! & s ~  
feet fmt feet  

1,OOo 05 66 
2,000 L65 l l 0  
3,000 195 147 
4,006 m 177 
9,000 E51 BOO 

6,000 274 232 
7,000 2386 am 
8,OOQ 898 2% 
9,000 897 
10,000 299 a29 

-- - -- 
-- -- -- -- -I -- -- -- -- -- -- - 
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Since the major species w i l l  endure only a moderate amount of 
shade, and since these stands are relat ively even-aged, some fonn of 
even-aged mnagement is desirable, A method of pa r t i a l  cutting which 
allows seedlings t o  become established under a l ight  ooerstorg i s  
recommendede !This ia  known as the shelterwood system. Bpraduction 
by sprouting should be discouraged(a. Bonever, the saw-timber stand8 
studied a@ i11 very poor condition. Before ang form of managed hamest 
cutting can be attempted, improvemnt cuts are needed:? 

I 

The saw-timber stands shows i n  tables 6-9 bave-been used fn 
ccrmpiling tables 4 and 5 respectively t o  indicate what m y  be erpected 
when impmcrement cuttings of various intensi t ies are employed. These 
saxe stands were marked f o r  removal i n  the f i e ld  f o r  calculating 

\ purposes, No actual cutting was done. The stems marked were i n  moat 
cases mature, of poor form, inferior species, o r  showed signs of decay. 
Computation of the volume contained i n  the t rees  so msarked showed 
5,500 board feet (37 tons) on s i t e  I and 3,800 board feet (22 tons) on 
s i t e  11 of t h i s  low-quality material that  should be mnoved. httings 
aimed at improving the composition and quality of the stand are fully . 
as important as those aimed primarily a t  obtain- reproduction. 
Several methods may be used t o  remove the low-quality trees marked f o r  
cutting. 

;tL. 

The heow cut,--Use of t h i s  method would complete the improvement 
work in one operation. The i n i t i a l  heavy cut would b v e  a two-fold 
purpose. It would remove a l l  the low-q..lity material f r o m  the stand, 
and it woulcl stimulate seedling reproduction of the favored species. 
Spaeth (2) found that heavy improvement cute sene  as seed cuts. Forty 
years a f t e r  the i n i t i a l  cut on s i t e  I and 30 years a f t e r  on s f t e  11, 
when the stands have attained volumes of 12,000 and 10,000 board f ee t  
per acre respectively, another cut should be mde t o  ramom 50 percent 
of the board-foot volume, In making thie second o r  seed cut care should 
be exercised t o  leave large, well spaced, seed-bearing t rees of high- 
quality species, especially the heavy-seeded oaks. These are needed 
t o  ensure reproduction, and t o  afford protection t o  the areas while the 
seedlings are becaning established, Ten years l a t e r  the seed t r e e s -  
should be removed as a f ina l  cuto  This w i l l  leave a resulting stand 
of desirable reproduction plus well distributed trees which became 
established after the  f i r s t  cut, This method of c u t t h g  I s  suitable 
for extensive forests where large volums is. required t o  meet high 
logging costs, 

The mbderate cut ,--This system would remove the lov+quality 
material in two operations. In  the s i t e  I s t u d  ( table-4) 3,000 board 
feet  (19 tons) per acre would be removed immediately and an equal 
am~unt 15 years later. After 20 yearn, a volume of 12,000 board feet 
per acre all be reached; and the seed and f inal  cuts should be mde 
as described i n  the preceding paragraph. In the site 11 stand (table 5) 
less volume muld be remved in each outtin$ than in s i t e  3. Half of 
the low-quality miterial  (3,400 board fee t  o r  11 tom per acre) should 



be taken out by the first cat and 1,900 board feet or 15 tom 
10 pears later. After 20 years, wbn the a t a d  has attain08 ' 
10,000 board feet per acre, the suoceedlng seed and final cut8 
should be made. This msthod of cutting ahould be prof Itable 
on either farm iomsta or extensive folra%,ts, wherever logging 
aoets do not &emma8 a large volume. It provides financial 
=turns at relative4 short intervals while condl t ionl~  the 
stand for  the final hameat and assuring adequate reproduction 
of desirable species. 

& 

The light a t  .-=Thie maad is euggeeted for faw mod- 
ladl owners who desire yields from their woodl.nds frequenb, 
Wl who can rfnd time t o  do their own mods work during ~~ontba 
jhaa f- work i 8  8la&. Tamr 8nd Mltcbll (g) aecomreb 
that 75 percent of the total value of hardwood loge and 95 percent 
o t  the total value of fwlwood ie in wages and business profit. 

b b e t  o r  this  extra value can be realized by the landowner who 



Pigure 2 , - 4 a w  timber, site 11, 

does hie o m  logging and sells rood products rather than stumpage. 
The light-cut 8~8tent allows small removals at  5-year intervals. In 
the site 1 stand each of the first two cuts would be 800 board tee% 
per acre and each of the next four 1,000 board feet per acre. This 
would remve most of the low=quality material and at the same time 
allow the growing stock to  build up t o  12,000 board feet per acre 
in 30 years. IR the s i te  11 stand the improvement work would be 
completed and the growing stock b u i l t  up to  10,000 board feet per 
acre by maldng six light cute; the first three removing 500 board 
feet eaoh, the next two removing 600 board feet each, and the sixth 
cutting 700 board feet. By properly prorating thsse periodic cut8 
over an entire farm woodland it would be possible for an owner to  
sustain annual employment, The seed and final cuts a h d l  be 
applied when the s t d s  hare reached 12,000 and 10,000 board feet 
per aore on sites I and I1 z-espeotively, This msthod offers frequent 
fb.ancia.1 returns and higher-quality lumberd Eb~mr, its applies- 
$ion m y  cause considerable d m g e  t o  the rennin- tmee  uulese the 
hgg- operations are carefully oonductd. 

1/ UJce States Forest Experiment Station. Light in 
lurdmods show high quality i n ~ r a m n t ~  Lake States Forest St& 
Tech, Hote Xo, 166. 1940. 



One thousand board feet per acre is left after  mking t h e  f i n a l  
cut in each case, It w i l l .  require 30 years for th is  to build up t o  
8,000 board feet on s i t e  1 and 6,000 board feet on site 11, a t  vrhich 
time the same methods can be repeated, During t h i s  period light 
improvement.cuts should be mde t o  reduce the proportion of undesirable 
species where theyypersist, The second rotat ion should produce material 
of high quality, and consequently yield higher financial returns, The 
method of c u t t i n g  can be chaned as desired, provided sufficient time 
is fillowed f o r  growthO Because of the longevity of the oak species, 
par%icularly w h i t e  oak, it may be possible t o  increase the volurne Ier 
acre of mature stands by postponing the f i n a l  cut ,  after t h e  present  
stands have been put in to  good condition, 

Clear-cutt i q ,  --The present pmct ice of cut t ing a l l  t-es down 
to 2 inches d.b.h. is undesirable, and its use should be discontinued. 
It yields considerably less volume over a given number of years and a 
g r e a t e r  proportion of low-quality material than any of the partial- 
cutting methods (.&) , Clear-cut t ing hampers growing condit ions for 
fu tu re  stands i n  s eve ra l  ways, 

1, The site is exposed so that soil erosion and soildrying-out is 
severe o 

2, The f i re  hazard is  increased because of the largo amounts of slash 
l e f t  af ter  logging, 

3, Sprout reproduction is encouraged, 
P 

4, The proportion of red rmple and light-seeded non-commercial species 
w i l l  increase, 

t 

5, D e m e  briar growth often occupies the clear-cut site  and retards 
tho establishment of good species for many years. 

6. It favors the establishment of gypsy moth and other destructive 
insect 

It is interesting to note ( t a b l e s  4 and 5) t F a t  the ~ u n t  of 
material removed over a long period of time is significantly greater 
when the stands are partially cut under the shelterwood system. 
Clear-cutting produces a much smaller y i e l d .  Than, too, the degrees 
of cutting under the  shelterwood sysCem also produce different  yields,  
The lightest cut,  while producing about the same y ie ld  as tp- heaviest, 
does so in a shorter period of t b e ,  This is particularly .true on the 
better sites, 

a 

Spurr, S. H., L i t t l e f i e l d ,  E, W,, and Bess. H. A. Relation of 
fo res t  site condition to gypsy moth abundance and fores t  practices 
which develop resistance to gypsy moth. 1946. (unpublished mauscript, 
mrvard Forest 0 ) 
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Table 5.4-a of faur ~nethods of pmmhg 1tmquaUty material 

tmm thl) red arL - wbdtg oak stsnds, site 1d 

: CIWW t h w  : Moderate : Light 
: &Z/ t eat : =at : mt 

t t : - Bosrd - 
2w.C - feet - feet - 

T 
i 

Total v01ttms t 

zml~~ved 6 s  14,m J4,m 16,700 

L/ Qarth rates sham in table 3 wen, wed. They were W-sed by 8 
Psme13.t *en app3ied t o  the stands after cutting. 

2/ BBorrs all S ~ M S  to %inch drbeh. 



Figure 3.-Pole timber, site 1. 

~igun, 4.--~o1.e timber, site 11. 

- 14 - 



Jn mrldog the pole-timber stands, (tables 10-13) it was 
found that ' there are 190 cubic feet  (6 tons) per acre of low-quality 
material. on site I and 116 cubic feet (3,5 tom) per acre on s i te  11. 
The bulk of it is in def onncd o r  defective white oak, red oak, and 
red maple trees, some of which are large* slow-growing hold-overs 
fron previaw cutting operations, A l l  this material should be removed 
now in order t o  improve t h e  stands so that high-quality stems w i l l  
corst%tuP;e the ultimata sav~-tWer volurcs, k'prof it could be made 
frortl the sale of tbrs cu-t trrees f o r  mine timbers, Phere the large 
hold-seer tress are so highly defective that financial returns viould 
not defray the logging costs, where the damage causd in fe l l ing would 
exceed their ~%3..ues, and where they are obviously retarding the growth 
of va1uabI.e trees they could be elPrainated by girdling, Such stand- 
hprovmeot  work ~tould not only bet-ter the coqosi t ion ,  but it ~ m u l d  a l s o  
incrazse the growth rote on the crop trees, Buell (2) found that 5 years 
after a th8nr,fw and girdling operation in Appalachian hardwoods the crop 

greater growth than for the years 

The stand data f o r  the seedling-and-sapline: plots show a farge 
utunl~er of non-conmorcial species cn both sites (tables 14-17). A high 
p~opcrx%fun of volume on these p l o t s  1s in t r ees  of poor f o m  and spmu-l 
origir: (table 21, The condit ion of these stands can be impmved by reduc- 

m a 3 5  Ing number of non-commercial species and the volume contained in t,, 
of p a r  form and. sprout origin, The nost f a v m b l $  tine to reduce spmuC 
e?w.x2s is before the stands at ta in  pole-timber size (9. Buell  u) dis- 
cmemd that if tho cut t ing  is done during the summer mnths the crop 
trees viill suffer the least sprout c o q e t i t i o n  because stump s p r o u t i a ~  is ,- 
at a mfninrsum during that  season of the  year, This  treatment is needed on 
s i f a  I v~here there are 4,000 stems per acre with large -nunhers of red m p l e ,  
shadbush, witch hazel, thorn apple, etc .  (tables 14, 15). Approximately 
8  an-burs per acre v~ould be mquired t o  do t h i s  mrk  when no attempt 
is mde t c  salvage any of the ~aterial(3). The site 11 seedling and s s p l i ~ :  
3trmds, slthough they contain many undesirable stems, are sparsely stocked 
ant? :~u'=xrrant; hprovcmnt .war::. ?:4y in rare cases, %st c u t t a s  oi' %his 
l ~ a t u r e  w i l l  sequire n d i r e c t  ronetary o u t i ~ y  with no inms~ate  returns. 
%:trcva~, in some of the higher-volume seedling and sapling stands on e i ther  

- s i b  it my be possible to utilize soxc of the mterial as mine lagging, 
~ h i c h   rill hclp def-my the costs of the opemtidn. Nbere stocking ~ l a r r a n t ~ ,  
such cuttings w i l l  inprove the quality of the stands so that increased 

' dividends will be realized ultimately. 



rigan, 5.-Seedling-aqd-sapling etand, s i te  I. 



*t@ction from f i re  and grazing is esssllticl i n  any of 
forest mn~genrer.rt, 

Planting is not necessary in the oak forests ,  kinco natural 
r~pmduc t ion  w i l l  be satisfactory if the pmper silvicultural treat- 
mnts are employed. Bnphasis should be placed on encouraging natural 
regonemtion of forest stands rather  than on planting. 

These aan~gement practices will be beneficial to the naintennncs 
of: wildl i fe ,  since there will be rn clear-cut areas Y J ~ O T ~  s ites uro 
exposed to erosion and forest fires, and a constant overstory of t rees 
is assured, 

If these f o r e s t  managemen% .:zactices are follovred, the red oak- 
white oak forests w i l l  contribute considerably to the  economy of the  
Anthracite Region. It vril3. be poss ib le  to increase the pmsent annual 

- y ie ld  by.at least 20 times and t o  improve greatly the quality of tho  
products, 
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Specific application of terms used in this paper is in accord 
with the definitions given below, 

Forest Sites 

Site I.-This site is characterized by mist, well-drained, 
fairly deep soils frequently of alluvial origin. It usually is found 
in protected coves or along streams or bottom-lands that maintain 
moist, well-drained conditions throughout the year. On northeA 
exposures it ordinarily exbends higher up the slope than on southern 
aposures because of more favorable s o i l  moisture. C l u b  moss, -ay 
maidenhair fern, trillium, sphagnum moss, and fern-leaf moss are fairly 
good indicators, 

Hemlock and yellow poplar often appear in mixture ~ 5 t h  the oaks 
and red maple on this site. In mature stands the dominant and c d o m i n a n t  
hardwood species wi l l .  produce three or more 16-foot logs per tree. 
Conifer dominants and cO--dombants w i l l  produce 35 or more 16-foot logs* 

Site If,--Site I1 areas are characterized by soils intermediate 
in moisture, depth, drainage, and ferti l i ty.  They w i l l  dry out for 
only short periods duriag the year, Usually they are slope types, 
located between the ridges and the coves or bottom-lands.  POOP^ 
drained botto11~-Lands may be of s i te  I1 quality. Ordinarily the site 
w i l l .  reach nearly to the ridge tops. It will reach higher on slopes 
with northern exposures than on slopes with southern exposures* ' 

Trailing arbutus, ground pine, aster, goldenrod, bracken fern, and sheep 
laurel usually indicate  site 11. 

Red oak, white oak, and red maple are the p r e d d n a n t  species .  
Associated species consisting of chestnut oak, scarlet oak, black oak, *% 

sassafras, or American chestnut usually indicate a site I1 condition, 
&I mature stands the dominant and co-dcmbant hardwood species dJ3. 
produce from 2 to 2& 16-f oot logs per tree, nfi i le the conifers w i l l  
yield 221 t o  3 16-foot logs, 

Site 1111-This site is characterized by shallow, rather m, 
stony, or compact soils characteristic of ridges. It w i l l  @%duce 
hardwood trees having less than tm 16-foot logs per tree at maturity, 
On southern exposures it may extend down a slope for a considerable 

- distance, because of unfavorable soil moisture conditions. Dense 
mountain Laurel ground cover or preponderance of lichens often indicate 
site I11 conditions, 



Forest Stand-Size Classea 

Saw-t imber stands .-Stands bearing a minimm volume of 2,000 
board feet per acre, Saw-tixiber volume is measured in conifers in 
the 9-inch deb+ class and over, and in hardwoods in the 11-inch 
dobehe ~ 1 8 ~ s  6iZ#X OVBTe 

Pole-tbber .~!tarrdq~--St m s  bearing a minhm volume of 5 
standard cords per acre in trees in the Pinch dob;llo class and over, 
and less than 2,000 board feet of saw timbero 

S e s d l i ~ - a n d - ~ a p l ~ ~  --Young growth areas of forest land which 
\have less than 5 standard cords of wood per acre in trees i n  the 
&inch dob,he class and over, 

fi this study t ree  vigor is an expresaian of the present growth 
rate of a t ree as conditioned by desnity, size, and position of the 
crown, plus  the general health of the tree as deCermined f r o m  its age 
and thegresence or absence of diseases or mechanical injuries. Four , 

vigor classes are recognized, Trees in these classes meet the 
follo- ~onditi011B0 

Vigor Class 1,--These trees have XePge dense crotftana, am? 
usually dominant or co-dominant with at least one-half of their  
crowns exposed, are free f r o m  diseases or mechanical breakage tend- 
ing to reduce the crown surface, (small mechanical injuries on tree 
trunks do not affect the vigor classification) . They are free from 
old-age stagnation as evidenced by dead limbs in the &horn, and have 
a general healthy and th r i f ty  appearanceo 

Vigor class Zo--These trees have fair-sized c r o w  with moderate ' 

density or large crowns of light density, are usually co-dominant with 
less than one-half the emarm exposed, but with more than the tip in 
the open in well stocked uncut stands, They are f m e  f rozn diseases or 
mechanical breakage tending t o  reduce the crown surface, and are free 
from old-age stagnation. This class may include tihas that are dropped 
f r o m  vigor class 1 because of injury, disease or o ld  age, 

Vigor class 3e-These treea have amall, dense crowns with just 
the tips exposed anli are free from diseases and mechanical injuries 
tensing to reduce crown suxface, They have not reached old-age stag- 
natfon, This class may include trees that are dropped from qigor classes 
1 or 2 because of injury, disease, or odl  ageo 

V i g o ~  class 40-Tbese trees are growing under obvf OW hadioapa,  
such aswsevere suppression, injury, disease, or old age. 



Tree Origin 

Seedline,--Any t ree which at present shovs no unio~:  with a. 3tur.i~) 
o r  other tree and can be silviculturally treated ns 3 single tres, 

S ~ r o u t  --Any t ree which is joined to a stmL~, other  t rae  , 2319 we 
c l a p  of trees, 

Tree Form 

b o d  form,--&y tree v~11ich a t  present has a ~ l a 2 r ,  str3.i@2t 5cl-3 
arrd is a poten t ia l  savr-timber tree, 

Poor form,--tiny tree which at present is so def omed that  its 
potent ia l  use would not exceed that of a nine pro?, 

Other Terms 

Sngrowth,--Volume of sm11-sized trees t%L 'bve ,;rC:wn i n to  tk  
merchantable classes during the past 10 years, 

&rtality.--Number and/or volume of trees which ?ave been lost 
thraugh n a t w f .  causes such as insects, df soase, windf a.l.1, o r  suy,gressn::,:i. 
during the past 10 years, 
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Table 7 . 4 ~ 8 r a ~ e  stand data, site L aadbnber class: 

volume per acre. by species and diameter 

I h  ' r P o o r W :  : Poor : h o d  : 
t form r form t . :  form r farm : 
t t t t t z - Cubio Cubio P e r  Board C h i =  - - - - Board Board 

Species - feet feet cent feet - - feet cent feet - 
Rhlb pips 
Henflock 
white osk 
Red oak 
Chestnut oak 
B r n k  aak 
mite ash 
Basswood 
P e l l a  poplar 
Black cherry 
Sugar ma- 
Red maple 
BLack birch 
Hickory 
Buttermxt 
Sasaairas 
~ o n C - 4  

5i 

TOM 703.9 1,659.2 2,363.1 l.00.0 4345 6,199 , ' 7.544 100.0 
Percent 29.8 70.2 D . 0  - 17.8 82.2 U)O,O - 



# 
Table 8.--Average stand data, site 11, 8an;tiaber olass: number of stems per ac- 

by s ~ c i e s  and diaaaeter 

: : : * ** : " I : t t . . 
D.b.h. : H e  t White : Red : Cheatnut : Black : White t Red : Blaok : Hick- : ; T~ : Pe* (Inches) : Zgck : oak : oak : oak : oak r ash : maple t birch : ory r : oent 

Total - 21 32 zb 32 - 20 329 - 
Percent .- 2 4  3.6 2.7 - 433 891 m.0 2 2  36.9 3.6 - 48.6 m.0 - 

Total 11.0 65.8 33.9 3.9 5.8 32.0 85.4 2.6 3.3 8.4 232.1 100.0 
Percent 4.7 28.3 34.6 1.7 205 5.2 36.9 1.1 I.& 3.6 W . 0  . 

Includes noncrm~srcisl species--%asaafras, dogwood, shadbush, black gum, nltch hasel, chestmzt-totaling 4.28 
atems under 4 inches deb. h. and 71 stems over 4 ,inches d. b.h j and commrcial species+ddte pine, yellow poplar, 
yellow birch-totaling 5 stems under 4 inches d.b,h. and 1.3 stems over 4 inches d.b,h. 



Table 9.4verane stand data, d t e  11, ~~w- tbbr  claas: 

volume mr acre. b~ a m c h  and dhmfer? 

Ittan. : P o a r r G o a d :  t Poor r : 
: fan,, : farm t : fonn : farm : 
t : t t . t - cubic - Cubic ub C i c  ,P 01c Board, Board P e p  

Speclea - feet feet feet cent fwt - 
pias 

Hemlock 
mite oak 
Redoak 
Che8tmlt oak 
Blackoak 
white ash 
TeUm poplar 
Red mBple 
Black birch 
-ow 
r r o a ~ - ] p c d  

- -- -- - - - 

Total 672.5 1,38804 2,060.9 m . 0  1,721 4,441 6,162 UX).O 

Total 672.5 lS38%4 2#060*9 U)O.O lS72l 4 s 4 4 1 ~ - 6 , 1 6 2  100.0 
Percent 32.5 67.5 100~0 - 27.9 '72.1, W.0 - 

Wancom;mrclal species: sassafras, dogwood, sbadbush, black gum, witch hasel. 





Table U.-Average stand data, site I, 1~)1~ tbber  clasa: 

volume rn acre, by species and diameter 

: Poor : Good : : Poor : b o d  ; Item - : form : form : Total : i- t form t 

lmite pins 
white oak 
Red oak 
Chestnut oak 
Black oak 
Searlet osk 
mite ash 
Baemood 
Black cherry 
Red laapls . 
Black birch 
Hickory 
EkP 
Black g m  
Aspen 
Ironwood 
~ o n c  a r m b s r c d  

Total @ l o  5 
Percent 

833.4 Ir3u.9 100.0 124 1,206 1,330 100~0 
36.6 63.4 10o.0 n 9.3 96.7 Im.0 v 

L/ Noncommercial species: sassafras, dogwood, ahadbush, crataegus, m h r k l ,  and 
blue beech, 

t 



Table 32.--Ava -. d t e  IX, m 1 e - t ~ s r  class: number ef stbaa w r  aemL 

by smciea arod 4Samter 

a : t ' : P t  * .  : t 6 

D.b.h. : PVhite : Bed : C L e s b u t  : BUok : Saarlet t Bms- : Bed : Blaak : 
(Inches) : oak r ork : atr : ak : culc : w d  : m a p h : b i r c & r b p n  : . I : t t : . : t t ' . 

i 

Total 170.0 6.0 - - - - 464.8 - - 365.8 laoa8.6 l0O.O 
Percent l6.8 0.8 - - - - 46.X - - 3603 loo.0 - 

Total 97.6 99*4 21.6 7.2 8.0 302 0 9.6 6.4 47.2 3S.2 100.0 
Percent 27,3 27.7 6,0 2.0 2. 2 0.9 lhq2 2.7 1.8 13.2 lD&o - 

&/ boLudes noncommercial species-gray birch, sassafras, shadbush, butternut, chestnut-totpllnl 365.6 st.ur under 
4 inches d,b.h. and 45.6 stems over 4 inches d.b.h.; and ~~rcial species-block cherry, sugar ~p?le-tatal%a# 1.6 
stems over '4 inches d.b,h. 



Table 13,4veram stand data, site 11, p o l e - t b r  class: 

~ C D ~ U I W  per acre, by species and djgaater 

: 

Item . : Poar : Good : : Pow : Qood : 
: form : form : : form : f- : 

* t I - Cubic - - -  Cubic Cubic Per- Board Board B W  Per- 
Specieis feet - . - feet feet cent feet feet - cent feet 

Olhite oak 
Rad wk 
Chestnut oak 
Black oak 
Suarlet oak 
Ba8anood 

/ Black  cherry 
Sugar maple 
Red aap3.e 

I 3la& bjsrrh 
Gray birch 
Aspen 
Sassafras 
Butbrnut 

Total 389 09 63606 1,02605 m.0 U)cZ 257 369 l0O.O 



Table U.-Average stand data, s i te  I. seedllnfand*apLiM class: rider of s t e m  per acre. 

by species lnd ~ C e r  

: w t : 

Deb.h. 1 phite Red ; Cbotrmt I white I BUC* : Swr 1 b d  : ~ b c k  : uck- : Aspa j LUsc4/ r\TQ"l : Per- 
(Inchea) : m* : O& : w h  : c h e m : ~ a p l e :  a p b  z b i m h i  QW : ; cent . ; . e . : t * . : - : 

22 16 8 246 2 4 34 6 
I.,= 1,640 43.7 0.25 

X, 70 30 32s , 8  
u l ,  

642 1,364 36.2 
42 24 20 172 6 8 1 86 

54 12 12 512 13.6 2 S4 8 8 68 
4 3s - Is 48 52 16 6 246 6.5 3 --- 

Total 356 206 82 82 U8 66 U 20 46 IA 1,958 3,762 100.0 
1.7 P . 6  0.5 1.2 0.4 52.1 100.0 - 

Percent 9.5 5.5 2.2 2.2 3.1 
___I 

24 4 - 16 8 8 d 2 4 150 47.5 w r+b 
34 46 8 - - 1 0  6 4 

32 111 2 2 120 38.0 - 0 S - - - * 4 5 4 26 S.2 10 - d - - - 2 6 8 
6 6 c. 

0 - - m - u 1+.4 - 7 - - m - - 2 6 1.9 8 4 

86 '106 0 4 6 S - 30 32 20 28 316 100.0 
To@l 

1.9 10.1 1.3 9.5 6.3 Loom0 e, 

Percent 27.2 33.5 8.9 - 1.3 -- 
y ac,ades now-mhl s ~ y ~ - ~ ~ +  e t c h  ~mb%*, fire chwr. blue d'~Od,  'Iack 

sarsa fw.  and p a y  b i r c k t ~ t a l w  1,9P a d e r  4 inches and 2 st- o w  4 inches d.b.h.; . a d  c ~ W $ - ~ ~  

, . p ~ i ~ ~ - h & o c k ,  buck wk, ~mrlet  ask, basmood, qe.im ~p. &nd l enm b ~ l h - - t b -  26 Older 4 IncTs 
d.b.h. and 18 st- o ~ e r  4 inchss debmh. j 

6 .  



C 

Table 15,--Averam stand data, site I, seedlimg-and-sapling- class: 

volume per acre, by species and diameter 

Item : POOP : Good : 
2 form : form : Total 

* 
Cubic - Cubic - Cubic - Per- - 

Species - feet feet 
U I  

feet  - sent - 
W t e  oak 
Red oak 
Chestnut oak 
Black oak 
Scarlet oak 
Basswood 
Black cherry 
Sugar maple 
Bed maple 
Black birch 

' Aspen 
~oncommerciaU 

Total =?a me6 400*8 IOO,O 
'ti 

1 

D*b*h* 
(Inches) 

4 Wee 26,o 74A =7 
5 55.4 93A U9*2 
6 

37*2 
3704 %a 8  72.2 lsi0 

7 27iO 36.0 63.0 1 5 e 7  
8 13.6 28.0 We6 me4 

T o t a l  U2*2 218e6 W * s  10O0O . 

Percent 45+ 5 %* 5 100.0 - 



Table 16,--Average stand data, s i t e  11, seedling-ad-sapling class: number of stem per acre, 

by species and diameter 

- . . . . : 
Per- D.b.h. : White : White : Red : Chestnut : Black : Yellow : Red : Yellow : Gray : Bick- : u& ; Total . 

(Inches) : pins : oak : oak : oak : oak : poplar : maple : birch : birch : ory : : cent 
t . : . . . 

Total 8 2% 32 8 16 6 64 20 398 3,286 100,O 
Percent 0.2 25.6 8.9 1.0 0.2 0.5 42.7 0.2 1.9 0.6 U e 2  1OoeO 

Total - 72 w 8 28 2 22 - - m 8 LBO 100.0 
Percent - 1 22.2 4.4 15.6 1.1 32.2 I 

- - 4 100.0 - 
Includes n o n c ~ m i s l  species-shrdbuah, dogwood, scrub oak, crataeglm, sassafras, chestnu-ling 582 stems 

under 4 inches d.b,h. and I ,  stems over 4 inches d.b.h.; and caolnercial species--scarlet osk, black birch, aspen-- 
totaUng.16 stems under 4 inches d.b.h. and 4 stems aver 4 inches d.b.h. 



Table l7.-Average stand-data, site 11, seedling-and-saplk class: 

volume per acre, by species and diameter 

I tem : P o  r Good : 
: form : form : Total 

* 
a - a 0 

Oubic Cubic - - Cubic- - Per- - 
Species - feet - feet feet - cent 

I 

Whi te  oak 
Red oak 
Chestnut oak 
Black oak 
Y e l l o w  poplar 
fled maple 
Black birch 
Aspen 
Sassafras 

Total m e 4  9644 208.8 100.0 

D*b*h. 
( Inches) , +. 

T o t a l  m e 4  96*b 208.8 1W*O .% 

Percent 53J3 46*2 LOO.0 . 


