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S U M M A R Y  & C O N C L U S I O N S  

A study was made t o  determine and evaluate some of t h e  natural  
factors  t h a t  a f f ec t  management of mixed oak stands i n  t he  Northern Appa- 
lachian area.  Data were col lected on 71 oak p lo t s  covering a wide range 
of fores t  conditions within the  study area.  

This study shmed t h a t  a knowledge of s i t e  qua l i t y  i s  important 
t o  successful management. The r e s u l t s  ind ica te  t h a t  management systems, 
growing-stock levels ,  and cu t t i ng  cycles should be t a i l o r ed  t o  t h e  s i t e  
f o r  bes t  resu l t s .  To help i den t i fy  s i t e  qua l i ty  i n  t h e  f i e ld ,  t h e  four  
major fac tors  t h a t  a f f ec t  it were ident i f ied ,  evaluated, and presented 
i n  tabular  form f o r  easy f i e l d  use. 

The composition of oak stands, t h e i r  s t ructure,  and t h e i r  repro- 
duction a r e  a f fec ted  by s i t e  qual i ty .  The proportion of oaks i n  the  
stand decreases with improved s i t e ;  the  variety of other  forest- t ree 
species increases. 

Stand s t ruc ture  and t r e e  s i z e  vary with s i t e  qual i ty .  There a r e  
more t o t a l  stems per  acre  on poorer s i t e s .  Most of these a r e  i n  t he  
very small, unmerchantable diameter classes. There a r e  more of t he  
l a rge r  t r e e s  per acre  (over 5.0 inches d.b.h.) on the  b e t t e r  s i t e s .  

Established oak reproduction i s  most abundant on medium t o  poor 
s i t e s .  On the  best  s i t e s ,  oak reproduction i s  i n  severe competition with 
faster-growing species. This of fe rs  a clue t o  t he  opportunity fo r  oak 
management and the  i n t ens i ty  of s i l v i c u l t u r a l  measures t h a t  may be nec- 
essary t o  help es tab l i sh  oak reproduction. 

Tree vigor influences t r e e  growth and may be used a s  a guide i n  
marking. The r e l a t i ve  growth r a t e s  by vigor c lass  indicate  t ha t ,  f o r  
maximum productivity, stands should be thinned so t ha t  Vigor I11 and IY 
t r e e s  a r e  eliminated o r  converted t o  higher vigor. 

Since s i t e  qua l i ty  a l so  influences growth, average growth r a t e s  
were determined by t r e e  vigor  and site-index classes. These r a t e s  indi- 
ca t e  t h a t  on good s i t e s  frequent thinnings may be made because even t h e  
low-vigor t r ee s  can reach merchantable s ize .  On the  poorer s i t e s ,  low- 
vigor t r e e s  may never reach merchantable s i z e  before they d ie  out. On 
these poor s i t e s ,  intensive management can do l e s s  t o  increase stand 
growth. 

The grade of a t r ee ,  that is ,  i t s  product-conversion qual i ty ,  i s  
influenced by i t s  s ize .  There a r e  indicat ions,  however, t h a t  some spe- 
c i e s  c l ea r  up f a s t e r  than others  under i den t i ca l  conditions of age and 
size.  Species appear t o  have a bui l t - in  grade poten t ia l  jus t  a s  they 
have a bui l t - in  growth potent ial .  

The data  on s i t e ,  stand s t ruc ture  and composition, growhh by vig- 
o r  and s i t e  classes,  and t r e e  grades can a l l  be applied i n  p rac t i ca l  
stand management. They provide a basis  f o r  determining the  r e l a t i ve  
value of oak stands growing on d i f fe ren t  s i t e s .  They provide a reference 
point f o r  management. They i s o l a t e  some of t he  basic  na tura l  fac tors  
t h a t  govern the  management of oaks and answer some of t h e  questions t h a t  
confront t he  prac t ic ing  fores te r  today. 
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- 
T H E  P R O B L E M  & T H E  S T U D Y  - 

The oaks a r e  the  most h p o r t a n t  species group i n  the  
Appalachian hardwood fo r e s t s .  I n  West Virginia, oaks pro- 
vide more than half  of t h e  lumber produced i n  t h e  S ta te .  I n  
addit ion,  they provide a l a rge  port ion of t h e  mine timbers 
and spec ia l ty  products. 

Some general  recommendations f o r  stand-improvement 
methods a r e  ava i lab le  (a) .' However, information on t he  
s i l v i c u l t u r e  and m'anagement o.f oak stands i s  incomplete. In- 
formation i s  lacking on how t o  determine t he  product ivi ty  of 
oak s i t e s ,  how t o  make r e l i a b l e  estimates of growth, and how 
t o  determine which oak species a r e  bes t  adapted t o  eachs i t e .  

Thus a study was made of oak stands i n  the  Northern 
Appalachian sec t ion  of West Virginia and western Maryland. 
The r e su l t s  of t h i s  study give some clues t o  t he  basic fac- 
t o r s  t h a t  a f f e c t  growth, composition, and qua l i t y  of oak. 
These f indings w i l l  help answer many of the  fo r e s t  manager's 
needs. Because t h i s  study area i s  s imi la r  t o  mil l ions  of 
acres  of oak fo r e s t s  throughout t he  Appalachians, t h e  re- 
sults should have wide application.  

The stands. --In t he  four counties of northeastern 
West Virginia andwestern  Maryland where this study was 
made, northern red oak i s  t h e  pr incipal  oak. It i s  found i n  
mixture with t h e  othgr oaks and ha rdwoods  ( ; and it 
occurs t o  a l imi ted  extent  i n  mixture with almost pure 
stands of chestnut oak and s c a r l e t  oak along ridges,  on 
southern and western slopes, and i n  rocky areas  of shallow 
s o i l s .  It o f t en  occurs i n  mixture with black oak, white 
oak, and hickory. On moist s i t e s ,  sca t te red  red oak t r ee s  
occur i n  mixture with beech, ,yellow-poplar, black cherry, 
and sugar maple. 

The s teep  topography and broken t e r r a i n  of this area  
produce great  va r i e ty  i n  elevation and exposure ( f ig .  1 ) .  
These i n  t u rn  cause v a r i e t i e s  i n  fo r e s t  s i t e  qua l i ty  t h a t  
r e s u l t  in a complex heterogeneous hardwood mixture without 
clear-cut forest-type l i ne s .  F i re ,  cut t ing,  and t h e  death 
of t h e  chestnut have fu r the r  complicated t he  species compo- 
s i t i o n .  

The major oak species a r e  northern red oak ( ~ u e r c u s  
rubra L.) , and chestnut oak ( ~ u e r c u s  prinus L. ), with scat-  

'Lhderlined numbers i n  parentheses re fer  t o  Literature Cited, page 28. 

%ucker, Randolph, and Preston G u n t i e s  i n  West Virginia and Garrett County 
i n  Maryland. 



FIGURE I.--Because of t h e  rugged broken t e r r a i n ,  
t h e r e  a r e  r a p i d  changes i n  a s p e c t ,  t o p o g r a p h i c  
p o s i t i o n ,  and s t e e p n e s s  of s l o p e .  These f a c t o r s  

make f o r  l a r g e  d i f f e r e n c e s  i n  f o r e s t  s i t e .  

t e r e d  wh i t e  oak ( ~ u e r c u s  a l b a  L. ) ,  and only  small amounts of 
s c a r l e t  oak (Quercus coccinea Muenchh.) and b lack  oak ( ~ u e r -  
cus v e l u t i n a  Lam.). 

.--In broad terms, t h e  ob jec t ives  of t h i s  
To l e a r n  how t o  determine t h e  p r o d u c t i v i t y  

of oak s i t e s  from l and  f e a t u r e s ;  (2)  t o  l e a r n  something of  
t h e  composition and reproduct ion  of  n a t u r a l  oak s t ands  under 
a v a r i e t y  of  s i t e  condi t ions ;  and (3) t o  d e f i n e  and measure 
t h e  f a c t o r s  t h a t  i n f luence  growth and q u a l i t y  of oak t r e e s  
and s tands .  

This  t y p e  of  in format ion  w i l l  he lp  t h e  p r a c t i c i n g  
f o r e s t e r  determine: (1) The comparative va lue  o f  d i f f e r e n t  



fo res t  areas f o r  producing a timber crop; (2) which individ- 
ual  t r e e s  t o  cut  o r  leave i n  marking f o r  a sa le ;  ( 3 )  t h e  
species of oak t o  favor on a pa r t i cu l a r  s i t e ;  and (4) how 
much an area i s  growing i n  volume and value. 

Data were col lected over t h e  study area  on 71 p lo t s  
covering a range of s o i l  and topographic conditions. Stands 
were sampled only if they were well-stocked and even-aged, 
showing no evidence of recent f i r e  o r  grazing, and were old  
enough (usually a t  l e a s t  40 years old) so t h a t  they express- 
ed s i t e  qual i ty .  

R E S U L T S  

S I TE . Q U A L  I TY A CONTROLL I'NG 

FACTOR IN MANAGEMENT 

The data t h a t  follow w i l l  show how t h e  composition of 
t he  stands,  t he  s i z e  of t h e  timber, and growth and grade a r e  
corre la ted with the  productivity of t he  s i t e .  The volume 
y i e ld  and t he  do l l a r  re tu rn  a r e  a l so  strongly a f fec ted  by 
t he  inherent  productivity of t h e  s i t e .  

This makes s i t e  index3a key fac tor  i n  the  management 
of oaks. Therefore, one of the  f i r s t  objectives of the  study 
was t o  devise a r e l i ab l e  and workable system f o r  iden t i fy ing  
s i t e  index i n  t he  f i e l d ,  which would make the  data  more use- 
able  t o  pract ic ing fo res te r s .  

But measuring s i t e  index by.the conventional use of 
si te-index curves i s  l imited.  A l a rge  proportion of exis t -  
i ng  stands a r e  e i t h e r  uneven-aged, understocked, o r  too 
young t o  express s i t e  index. Any one of these  conditions 
inval idates  the  use of height-over-age procedures f o r  e s t i -  
mating s i t e  qual i ty .  For t h i s  reason, a more p r ac t i c a l  sys- 
tem had t o  be devised f o r  est imating t he  productivity of 
fo res t  land (17, 3). 

Analysis showed t h a t  the  four factors  from which s i t e  
qua l i ty  can be estimated d i r ec t l y  i n  t he  f i e l d  were; (1) 
aspect; (2)  topographic position--that i s ,  whether on a low- 
e r  slope, a middle slope, a ridgetop, o r  elsewhere; (3 )  
steepness of the  slope; and (4) s o i l  depth t o  bedrock. The 1 

3 ~ i t e  index o f  oaks is the average he ight  o f  dominant and co-dominant t r e e s  I 
a t  S O  years  of age.  



r e l a t i o n s h i p  between s i t e  i ndex  and t h e  f o u r  f a c t o r s  i n -  
volved w a s  expressed i n  a n  equat ion  ( ~ ~ ~ e n d i x  I). 

For convenience, t h e  s i t e  indexes  o f  a l l  cond i t i ons  
covered i n  t h i s  s tudy  were computed from t h e  equat ion  and 
a r e  given i n  t a b u l a r  form (Appendix I). Table 1 shows i n  
s i m p l i f i e d  form t h e  r e l a t i o n s h i p  between s i t e  i ndex  and t h e  /I ,-. 

( f a c t o r s  a f f e c t i n g  s i t e  q u a l i t y .  These t a b l e s  apply t o  are as^. I 

Table 1.--Generalized relationships between land factors and site-index c lass  

f o r  red oak 

Estimates of s i t e  index 
Total 

Aspect 
Bottdm of slope 1 3 way up slope 2 3 way up slope Upper slope I I d'Eibl I a t  slope percent 0,- 1 a t  siope percent of-- 1 a t  .(ope percent 0,- I a t  slope percent of-- I 

l ~ r e a s  with l e s s  than 1 foot of s o i l  generally have low site-index values (50 t o  30). 

'oak stands seldom occur on these excellent s i t e s  (site-index classes 90 and 100). 

of medium-textured, well-drained s o i l s  de r ived  from sand- 
s tone  and sha l e ,  which cover  cond i t i ons  under which most of  
t h e  oak f o r e s t s  i n  t h e  a r e a  grow. I n  a r eas  wi th  d i f f e r e n t  
geology, s o i l s  o r  c l ima te ,  o t h e r  f a c t o r s  may become b e t t e r  
i n d i c a t o r s  of s i t e  index  (2, 6, &). 

STAND COMPOSI'TION & STRUCTURE 
VARY WITH SITE QUALITY 

Since  t h i s  was a s tudy  of oak, t h e  f i r s t  p r e r e q u i s i t e  
i n  choosing p l o t s  was t h a t  t hey  inc lude  s e v e r a l  oaks i n  t h e  
dominant canopy. A l l  s t ands  t h a t  d id  no t  s a t i s f y  t h i s  con- 
d i t i o n  were pclssed up. Thus i n  a l l  cases ,  p a r t i c u l a r l y  on 
a r e a s  of  s i t e  indexes above 65, t h e  s tand  composition re- 
por ted  i n  t h i s  s tudy  shows a h igher  percentage  of  oaks i n  
r e l a t i o n  t o  o t h e r  spec ies  t h a n  would be shomn by a random 
sample. I n  s i t e  index  80 (75-84) and above, oak i s  not a 
coLmon component of t h e  s tand.  However, t h e  t r e n d  of com- 
p o s i t i o n  wi th  s i t e  index  i s  a t r u e  one even though t h e  de- 





c l i n e  i n  number of oaks wi th  i n c r e a s i n g  s i t e  index, a s  shown 
by t h i s  s tudy ,  may not  be exac t .  For t h i s  phase of t h e  
s tudy,  65 oak s t ands  were sampled. 

Species  dis t r ibut ion.--The average number o f  t r e e s  
p e r  a c r e  by spec i e s  i n  each s i t e - index  c l a s s  ( ~ p p e n d i x  11) 
shows a t r e n d  between s i t e  index  and s tand  composition. 
Tables 2 and 3 summarize some of t h e  more important  r e l a -  
t i onsh ips .  These a r e  i l l u s t r a t e d  i n  f i g u r e s  2 and 3 .  

Seve ra l  conclusions can  be drawn from t h e  d a t a  on 
spec i e s  d i s t r i b u t i o n  ( t a b l e s  2 and 3)  whi le  making due a l -  
lowance f o r  t h e  b i a sed  sample: ( 1 )  The p ropor t ion  o f  oak 
decreases  w i th  i n c r e a s i n g  s i t e  index. (2)  S i t e  index  i n f l u -  
ences s t r o n g l y  t h e  r e l a t i v e  p ropor t ion  of  t h e  d i f f e r e n t  oak 



Table 2.--Stand composition of  t r e e s  5.0 inches d.b.h. and over 

Oaks 
S i t e  Trees 
index P lo t s  Species per acre 

Percent Per acre of t o t a l  

No.  No. No. No. Percent 

40 4 10 126 104 82 
50 5 13  161 132 82 
60 17 27 198 122 62 
70 24 27 203 96 47 
80 1 5  25 185 60 32 

Table 3.--Number of t r e e s  per ac re  by species and s i t e -  

i r  

Site-index c l a s s  
Species 

40 50 60 70 80 

Red oak 11 20 54 69 35 
Chestnut oak 74 32 34 17 12 
White oak 11 38 13  5 11 
Other oaks1 8 42 21 5 1 
others2 22 29 76 107 126 

'scarlet,  black, and p i n  oaks. 

'~rimaril~ hardwoods, wi th  some pine o r  hemlock. 

species found i n  mixture, Red oak increases i n  proportion 
t o  other oaks as s i t e  index increases. Chestnut oak, on the 
other hand, shows a steady decrease as the s i t e  improves. 
Scarlet  oak i s  a l so  defini te ly a poor-site t ree.  (3) The 
number of t r ees  per acre (5.0 inches d.b.h. and over) in- 
creases with increasing s i t e  qual i ty  up t o  about s i t e  index 
70  his statement can be made i n  view of the fac t  tha t  
stand ages averaged approximately the same. ) (4) The variety 
of species increases with improving s i t e .  (5) Among the  
other species, sugar maple, basswood, white ash, yellow-pop- 
l a r ,  and black cherry a r e  bet ter-s i te  species; and hickory, 
red maple, and black locust a re  found over the  range of s i t e  
indexes ( ~ p ~ e n d i x  11) . 

Crown distribution.--The per-acre t r ee  t a l l y  by s i t e  
indexes was separated in to  dominant, co-dominant, and sub- 
dominant (intermediate and suppressed) t r ees  ( tab le  4). The 
number and percentage of t rees  i n  the dominant posit ion re- 



Table 4.--Crown position of t r ees  i n  oak stands. by s i t e  index 

(5.0 inches d.b.h. and over) 

I 1 I Dominant I Go-dominant 1 Sub-dominant 1 I 
index 

- Total 

Trees Percent Trees Percent Trees Percent 
per acre of t o t a l  per  acre of t o t a l  pe r  acre of t o t a l  

- - - -- - - - 

No. No. Percent - N o .  Percent Percent N o .  I 40 4 4.9 3.9 102.3 81.3 18.6 14.8 125.8 

Table 5.--Number of t r e e s  per acre by s i t e  index a t  age 50 years1 

A l l  t r ees  A l l  t r ees  A l l  t r ees  

i%g 0.25 inch d.b.h. 5.5 inches d.b.h. 10.5 inches d.b.h. T ~ ~ ~ ~ e ~ . ~ ~ ~ ~ ~ ~  and l a rger  and l a rger  and larger  

40 802 155 0 647 
50 623 211 1 412 
60 482 252 11 230 
70 374 249 26 12 5 
80 290 222 56 68 

hmm Schnur (E). 

Table 6.--Natural reproduction under oak stands sampled 

Trees Oak reproduction 
S i t e  

Trees 5.0 inches 

index Plots  per acre, d.b.h. and over 
a l l  species 

acre Percent of Relative tha t  a r e  oaks 
a l l  species frequency 

N o .  No. N o .  Percent Percent 

40 4 3,600 1,700 47 1 s t  82 
50 5 4,800 1,480 30 1 s t  82 
60 17 4,2m 1,100 26 1 s t  62 
70 24 3,000 400 14 3rd 47 
80 15 3,000 80 3 9th 32 

Table 7.--Distribution of oak reproduction per acre, by site index 

Site Total Red Chestnut White Scarlet 
index per acre oak oak oak oak 

No. No. No. No. No. - No. 



mains r e l a t i ve ly  constant across t he  range of s i t e  indexes. 
The ac tua l  number and the  proportion of suppressed t r ee s  
above 5.0 inches d.b.h. increases with t he  improvement i n  
s i t e  ( t a b l e  4 ) .  It i s  i n t e r e s t i ng  t o  note t h a t  the  increase 
i n  t o t a l  number of t r e e s  of t h i s  s i z e  with increasing s i t e  
index i s  l a rge ly  due t o  t h i s  increased number of suppressed 
t r ee s .  Apparently the  poor s i t e s  can support few suppressed 
t rees .  When they drop below the  co-dominant posi t ion they 
die  out. 

Diameter distribution.--The diameter d i s t r i bu t i on  of . the  oak stands a t  any age r e f l ec t s  the  productivity of t he  
s i t e .  The number of l a rger  t r e e s  (10.5 inches d.b.h. and 
up) increases with improved s i t e  qua l i ty  ( t ab l e  5).  The 
s i z e  of t h e  t r ee s ,  plus the  d i f f e r en t  growth r a t e  by s i t e s  
( t a b l e  8), suggest a d i f f e r en t  cu t t i ng  cycle  f o r  areas with 
d i f f e r en t  s i t e  indexes. 

It has been established i n  t h i s  and other  s tudies  (12, 
15) t h a t  t h e  t o t a l  number of stems per  acre  (0.25 inches - 
d.b.h. and up) i s  greater  f o r  areas  with the  lower s i t e  in- 
dexes. As shown by t a b l e  5 ,  most of these  t r e e s  on the  poor- 
e r  s i t e s  a r e  i n  t h e  very small unmerchantable diameters (be- 
tween 0.25 and 5.5 inches).  

Natural reproduction. --The kind and amount of natural  
reproduction on each of t he  s i t e s  v i s i t e d  were sampled. 
Analysis shows a t rend between t h e  number and kind of estab- 
l i shed  reproduction and s i t e  index. Since t he  stands sampled 
were composed 30 percent o r  more of oak species,  the  nature 
of t he  reproduction-under them may ind ica te  t h e  opportunity 
f o r  oak t o  become a s t rong component of fu tu re  stands. This 
i s  an important point i n  t he  management of Appalachian hard- 
woods. Prac t ic ing  fo res te r s  a r e  concerned because many oak 
stands a r e  not reproducing themselves i n  t h i s  region. 

Natural oak reproduction, l i k e  the  d i s t r i bu t i on  of 
oak t r e e s ,  i s  more prevalent on the medium t o  poor s i t e s .  
This provides a clue t o  the  s i t e s  on which oak may be ab le  
t o  maintain i t s e l f .  

I n  the  stands sampled, oak forms a decreasing propor- 
t i o n  of t h e  t o t a l  reproduction as  s i t e  qua l i ty  improves 
( t ab l e  6) .  A t  about s i t e  index 65, oak reproduction drops 
from f i r s t  place. It i s  i n t e r e s t i ng  t o  note t h a t  f o r  s i t e  
index 80, only 3 percent of the  t o t a l  es tabl ished reproduc- 
t i o n  was oak, though oak t r ee s  averaged 32 percent of the  
overstory. It may be per t inent  t o  compare the  r e l a t i v e  
amount of oak reproduction by site-index with the  si te-index 
frequency of the  oak stands sampled ( f i g .  8 ) .  Both t h e  dom- 



i n a n t  p o s i t i o n  of oak reproduct ion and t h e  number of  oak 
s tands  sampled s t a r t  dropping o f f  a t  about s i t e  index  65. 

This could  i n d i c a t e  t h a t  under n a t u r a l  condi t ions  t h e  
oaks w i l l  main ta in  themselves p r e t t y  w e l l  on a reas  w i th  a 
s i t e  index  of  65 o r  lower. On b e t t e r  s i t e s ,  competi t ion 
from f a s t e r  growing o r  more t o l e r a n t  spec i e s  make condi t ions  
l e s s  conducive t o  t h e  establ ishment  of t h e  oaks. O f  course,  
t o  t h e  ex t en t  t h a t  management p r a c t i c e s  can modify t h e  es- 
tabl ishment  of n a t u r a l  reproduct ion,  s o  w i l l  t h e  range o f  
oak s tands  be modified. 

A breakdown of oak reproduct ion  by spec i e s  i s  g iven  
i n  t a b l e  7. It i n d i c a t e s  t h a t  some oak reproduct ion  occurs  
over a wide range of s i t e  q u a l i t y ;  wi th  r e d  oak absent  on 
t h e  a r eas  of lowest  s i t e  index  and s c a r l e t  oak absent  from 
t h e  b e t t e r  s i t e s .  This  i s  a gene ra l ly  accepted r e l a t i o n s h i p ,  
and it i s  borne ou t  by s t and  t a b l e s  of  t h e  a rea .  

D i s c u s s i o n  Of  S t a n d  C o m p o s i t i o n  & S t r u c t u r e  

A s  A f f e c t e d  B y  S i t e  Q u a l i t y  

The r e l a t i o n s h i p  between s p s c i e s  and s i t e  index  pro- 
v ides  u s e f u l  gu ides  t o  improvement c u t t i n g s  and th innings  i n  
t h e s e  even-aged oak s tands .  Whereas t h e  oaks w i l l  grow over 
a wide range of  s i t e s ,  t h e y  a r e  b e t t e r  adapted t o  m i n t a i n -  
i n g  and reproducing themselves on s i t e s  of medium and low 
q u a l i t y .  I n  making in te rmedia te  c u t t i n g s ,  t h e  f o r e s t  manager 
should cons ider  t h e  s u i t a b i l i t y  of t h e  i n d i v i d u a l  spec i e s  t o  
t h e  s i t e  before  s e l e c t i n g  crop t r e e s .  

The crown d i s t r i b u t i o n  i n d i c a t e s  w h y  th inning;  can  be 
made f r equen t ly  on t h e  b e t t e r  s i t e s  without  l o s s  i n  growth. 
The b e t t e r  s i t e s  c a r r y  a preponderance o f  sub-dominant t r e e s  
t h a t  have very  slow growth r a t e s .  Cu t t i ng  t h e s e  t r e e s  does 
not  reduce t h e  a b i l i t y  of t h e  s t and  t o  make f u l l  use of the 
s i t e .  Many t r e e s  w i l l  reach merchantable s i z e  before  t h e y  
d i e  out .  Under management t hey  can  be salvaged. On t h e  
poorer  s i t e s  most of  t h e  sub-dominant t r e e s  d i e  out  before  
t hey  reach  merchantable s i z e ;  t hus  unless  t h e r e  i s  a market 
f o r  ve ry  small m a t e r i a l ,  it may no t  be p r o f i t a b l e  t o  remove 
them. 

The d iameter  d i s t r i b u t i o n  i n  oak s t ands  i n d i c a t e s  
t h a t  i n  a d d i t i o n  t o  t h e  inc reased  number of merchantable 
t r e e s  p e r  a c r e  on t h e  b e t t e r  s i t e s ,  t h e r e  w i l l  be a l a r g e r  
number of  b igger  t r e e s .  This w i l l  permit  more f requent  
in te rmedia te  and ha rves t  c u t s .  



G R O W T H ,  Y I E L D ,  & V A L U E  
O F  O A K  S T A N D S  A R E  R E L A T E D  

TO S I T E  Q U A L I T Y  

Estimating growth and y i e ld s  of stands.--Available 
y ie ld  t ab l e s  t h a t  ind ica te  t h e  r e l a t i v e  y i e ld s  of stands by 
site-index c lasses  provide a usable bas is  f o r  determining 
those s i t e s  on which fo res t  management w i l l  y i e ld  t h e  great- 
e s t  dividends. As t h e  need f o r  f o r e s t  products brings 
pressure f o r  b e t t e r  f o r e s t  management, it i s  log ica l  t o  be- 
l i eve  t h a t  t he  system of management w i l l  eventually be re- 
l a t e d  t o  s i t e  qual i ty ,  s ince  it so grea t ly  a f f ec t s  t h e  y ie ld  
over a period of time and thus influences t he  frequency of 
cut  and i n t ens i t y  of management. 

As oak fo r e s t s  a r e  put under management, t h e  need f o r  
t a i l o r i n g  t h e i r  management t o  f i t  t he  inherent  l imi ta t ions  
a s  well  a s  t he  p o t e n t i a l i t i e s  of each s i t e  w i l l  become more 
apparent. Table 8 gives y i e ld s  per  ac re  a t  50 years f o r  
d i f fe ren t  s i t e  indexes. These a r e  y ie ld - tab leva lues .  
Though t h e i r  use i n  predic t ing ac tua l  y ie lds  i s  subject  t o  

i 
Table 8.--Growth and .yield per acre  a t  50 years,  

1 I 
by site-index classes1 

' ~ d a ~ t e d  from Schnur (a). 
'~rowth of merchantable stand, including bark, t o  a 4-inch top 

ins ide  bark. 

S i t e  
index Yield Mean annual growth 

-2 ~3 -4 ~2 m 3  -4 
f e e t  - f e e t  f ee t  f e e t  

40 1,060 1,400 12 21 28 0.25 
50 1,600 3,250 19 32 65 .38 
60 2,230 6,300 26 45 I26 -52 
70 2,830 9,750 33 57 195 .67 
80 3,450 13,750 W 69 275 .81 

3 ~ n t e r n a t i o n a l  rule ,  1/8-inch ker f ,  t o  a 5-inch top inside bark, 
including a l l  t r e e s  having a t  l e a s t  one l k f o o t  log. 

485 cubic f e e t  pe r  cord including bark, t o  a 4-inch top  outside 
bark. 

considerable e r ror ,  it i s  believed they do ind ica te  r e l a t i ve  
yie lds .  There a r e  l a rge  differences i n  volume between s i t e -  
index c lasses :  from s i t e  index 50 t o  70, the re  i s  a 200 per- 
cent increase  i n  board-foot volume. Table 8 a l so  shows t h e  



differences i n  productivity between s i t e s  i n  terms of growth. 
These growth and y ie ld  f igures  a r e  t h e  average fo r  unmanaged 
stands. 

Estimating value of stands.--The values given i n  
t ab l e  8 become even more meaningful when t rans la ted  from 
volumes i n to  do l la r s .  An approximation of the  r e l a t i v e  value 
of timber stands on d i f f e r en t  s i t e s  was made by converting 
t he  volume and grade of t h e  individual  sawlog t r e e  i n  t h e  
stand t o  a stumpage value. Three s teps  were included: 

1. The number of t r e e s  i n  each diameter c lass ,  and t h e i r  
volumes, were taken from avai lable  stand tab les  and vol- 
ume tab les  f o r  d i f f e r en t  s i t e s  (w . 

2. The average butt-log grade f o r  t r e e s  i n  each diameter 
c lass  was determined from the  sample t r e e s  taken i n  t h i s  
study. 

3 .  Knowing the  s i z e  and butt-log grade of a t r e e ,  i t s  
stumpage value was read d i r e c t l y  from a t ab l e  prepared 
f o r  t h i s  purpose (4). This t ab le ,  prepared by TVA for- 
es te r s ,  i s  based on  t he  value of factory-grade lumber. 

Using this procedure, 
t h e  r e l a t i v e  stumpage value of Table 9.--~elative stumpage value 

sawlog mater ia l  was determined of sawlog material per acre at 
( t ab l e  9) .  NO stumpage value 100 years of age 

was applied t o  t r ee s  under 
p ro f i t ab l e  sawlog s i z e  (12 in- (Without management) 

ches d.b.h.) s ince  t h i s  com- 
parison was made primarily t o  
show the  re la t ionsh ip  between 
stand value and s i t e  index. 

It i s  i n t e r e s t i ng  t o  
compare t ab l e  9, which shows 
t h e  stumpage value of sawlog 
material  a f t e r  logging cos t s ,  

Site index Stumpage value 

40 $ 0.311 
50 1.77 
60 15-70 
70 56.70 
80 140.64 

with t a b l e  8, which shows av- 
erage board-foot volumes by s i t e  index., The increase  i n  
value with improved s i t e  qua l i ty  i s  many times greater  than 
t he  increase  i n  volume alone would indicate .  

D i s c u s s i o n  Of G r o w t h ,  Y i e l d ,  & V a l u e  

As A f f e c t e d  B y  S i t e  Q u a l i t y  

It i s  recognized t h a t  yield-table values cannot be 
considered absolute ly  accurate i n  predic t ing t h e  growth o r  



value of any pa r t i cu i a r  stand. They a r e  based on p lo t s  
measured only once and i n  the  f u l l y  stocked portions of a 
f o r e s t  area.  For predic t ing ac tua l  values fo r  any one area, 
they may be considerably i n  e r ror .  

The yield-table values were used here only- t o  show 
the  r e l a t i v e  value of stands of d i f fe ren t  si te-index c lass-  
es. They a r e  probably accurate enough t o  show t h a t  t rend i n  
growth and volume. So, although t h e  stand values given i n  
t ab l e  9 a r e  based on averages only, they provide t h e  timber 
owner o r  buyer and manager with a general yardstick f o r  de- 
termining t he  r e l a t i ve  value o'f a piece of property f o r  pro- 
ducing sawtimber, once t h e  s i t e  index i s  known. The values 
given should be considered only as rough approximations of 
the  r e l a t i v e  value of d i f f e r en t  s i t e s .  The ac tua l  conversion 
value of any stand under observation can be computed by 
using a s imi la r  approach t h a t  has been outl ined by TVA for- 
e s t e r s  (4). 

The difference i n  volume and value re tu rn  f o r  each 
si te-index c l a s s  i s  l a rge  enough tha t  f o r e s t  managers need 
t o  consider t h e  inherent  po ten t ia l  of the  s i t e  f o r  bes t  re- 
s u l t s .  Cutt ing cycles,  i n t ens i t y  of management pract ices ,  
road systems, and growing-stock leve l s  need t o  be t a i l o r e d  
t o  t he  po ten t ia l  productivity of t he  s i t e  (9). 

Too l i t t l e  recognition of t he  var ia t ion  i n  s i t e  i n  
t h e  past  has l e d  t o  t h e  purchase of unproductive fo r e s t l and .  
Also, investments have been put i n t o  s i t e s  t h a t  do not o f f e r  
t h e  best  opportunity fo r  producing a re tu rn  on t h a t  invest-  
ment i n  terms of added volume o r  value. 

O T H E R  F A C T O R S  

M O D I F Y  E F F E C T  O F  S I T E  

Although the  data s h ~ w  t h a t  t he  s i t e  qua l i t y  of an 
area  defines t he  l i m i t s  within which management mustoperate, 
there  a r e  several  na tura l  fac to rs  t h a t  t he  fo r e s t e r  can ma- 
nipulate t o  influence growth and value. 

F A C T O R S  T H A T  INFLUENCE GROWTH 

To measure the fac tors  t h a t  a f f ec t  diameter growth; 
increment cores were taken from individual  t r e e s .  Growth 
during the  l a s t  10-year period was used t o  i den t i fy  and 
measure t h e  fac tors  a f f ec t i ng  growth of oak i n  the  area.  For 
only two species--northern red oak and chestnut oak--were 



there  enough individual  t r e e  samples fo r  complete t e s t i n g  of 
growth fac tors .  Too few samples of t he  other oaks were taken 
t o  make va l i d  comparisons. 

Previous work (& L,) indicates  t h a t  t r e e  vigor  i s  
re la ted  t o  diameter growth. Yield t ab l e s  of oaks by Schnur 
(12) and McIntyre (12) show tha t  s i t e  qua l i ty  i s  a l s o  a 
major var iable  a f fec t ing  volume growth of oak stands. The 
re la t ionship  of both s i t e  qua l i ty  and t r e e  vigor t o  the  di- 
ameter growth of individual  t r e e s ,  however, has not been 
measured. I n  t h i s  study, the  r e l a t i v e  importance of each 
fac tor  i n  determining growth was tes ted.  

Tree vigor i s  a  fac to r .  
--Analysis of northern red oak 

Table 10.--Average d.b.h. growth i n  
and chestnut oak diameter- 

last 10 years  f o r  red  oak and 
growth data f o r  the  past  10 
years showed each vigor c l a s s  

ches tnut  oak, by v igo r  c l a s s  t o  be s i gn i f i c an t l y  d i f f e r en t  

( I n  inches ,  i n s i d e  bark) 
i n  growth r a t e  - ( t ab le  10). 
These f igures  a r e  an average 

Vigor 
c l a s s  

f o r  the s i t e s  covered i n  t h i s  
study. Bet ter  comparative f ig-  
ures a re  avai lable  i n  t a b l e l l ,  
which r e l a t e s  vigor c l a s s  and 
s i t e  index. The four vigor 
classes used ( ~ ~ p e n d i x  111) 
a r e  shown i n  Figure 4. 

S i t e  qua l i ty  a  factor .  
--Diameter growth by tree-vig- 

o r  c lass  a l so  var ies  by s i t e  qua l i ty .  Regression analysis  
of diameter growth over s i t e  index showed t h a t  10-year diam- 
e t e r  growth of northern red oak i s  re la ted  t o  s i t e  qua l i t y  
f o r  t r e e s  i n  Vigor Classes I and 11, but not i n  Vigor Class- 
es I11 and I V  (Appendix IV). Average growth values of t r e e s  
i n  Vigor 111 a r e  s l i g h t l y  b e t t e r  on t he  b e t t e r  s i t e s ,  but 
the  di f ference i s  not s t a t i s t i c a l l y  s ign i f ican t .  Trees i n  
Vigor Class I V  show no cor re la t ion  with s i t e  conditions. 
Apparently i n  these  lower vigor c lasses  suppression masks 
t h e  e f fec t  of s i t e  difference. 

I 2.63 1.81 
I1 1.93 1.46 
111 1.18 .96 
IV .46 .64 

Northern 
r ed  oak 

The 10-year diameter growth of chestnut oak i s  re- 
l a t e d  t o  s i t e  qua l i ty  f o r  t r e e s  i n  Vigor Classes I, 11, and 
111, but not I V .  Perhaps the  g rea te r  to lerance of chestnut 
oak a s  compared t o  northern red oak minimized the  e f f ec t  of 
suppression i n  Vigor Class I11 t o  t h e  extent  t h a t  t h e  in f lu -  
ence of s i t e  fac to rs  could be s t a t i s t i c a l l y  detected even 
though the  e f f ec t  of s i t e  on growth i s  s l i gh t .  Table 11 
gives t h e  10-year diameter growth of northern red oak and 

Chestnut 
oak 





chestnut oak by both vigor cla.sses and s i t e  index. 
I 

Species i s  a factor.--The diameter-growth r a t e s  f o r  
northern red oak and chestnut oak were t e s t ed  and proved t o  
be s i gn i f i c an t l y  d i f f e r en t  ( t ab l e  10). Northern red  oak 
grows s l i g h t l y  f a s t e r  under t he  same s i t e  and vigor  condi- 
t ions .  Insuf f i c ien t  samples of the  o ther  oaks (black, white 
and s c a r l e t )  were ava i l ab le  t o  permit analys is  f o r  d i f f e r -  
ence i n  growth ra tes .  Figure 12 shows t he  growth r a t e s  

9 

graphically f o r  t he  two species by s i t e  index and vigor 
c lasses  (Appendix IV) . 

* 

Table 11.--Average d.b.h. growth f o r  northern red oak and chestnut oak 

i n  l a s t  10 years.  by v i ~ o r  c lass  and s i t e  index 

(In inches, ins ide  bark) 

Table 12.--Effect of t r e e  s ize  on d.b.h. p w t h  of Vigor I northern red oak 

i n  l a s t  10 years,  by site-index classes  

( In  inches, ins ide  bark) 

. 

Tree size.--The e f f e c t  of t r e e  s i z e  on diameter 
growth of northern red oak was measured by regression analy- 
sis. The r e su l t s  of  ana lys i s  ind ica te  t h a t  t r e e  s i z e  i s  a 
f a c to r  a f f ec t i ng  diameter growth of t r e e s  i n  Vigor Class I 
only (~ppend ix  IV) .  rowth of Vigor I t r e e s  de- 

\ \ 

16  

> 

vigor 
c lass  

I 2.87 2.63 2.38 2.12 1.88 2.46 2 .U 1.81 1.48 1.16 
11 2.20 1.94 1.68 1.42 1.16 1.92 1.69 1.46 1.22 .99 
111 1.19 1.18 1.18 1.17 1.16 1.07 1.02 .97 .92 .87 

I V  .48 .48 .48 .48 .48 .64 .64 .64 .64 .64 

S i t e  
index 

Northern red oak a t  s i t e  index-- Chestnut oak a t  s i t e  index-- 

80 

80 3.27 3-11 2.95 2.79 2.63 2.48 2.32 
70 2.91 2.76 2.60 2.44 2.28 2.13 1.97 
60 2.56 2.40 2.25 2.09 1.93 1.77 1.62 
50 2.21 2.05 1.89 1.74 1.58 1.42 1.26 
40 1.86 1.70 1 .  1.38 1.23 1.07 .91 

D.b.h. ( i n  inches ) 

80 

10 

50 50 40 70 

18 

40 70 60 60 

20 16 12 22 14  



creas- t r e e  s i z e  inc reases .  Table 1 2  shows t h i s  r e l a -  
t i onsh ip .  Yellow-poplar s t u d i e s  (10) showed a s i m i l a r  re-  
l a t ionsh ip .  No s i g n i f i c a n t  growth d i f f e rences  could be 
de tec ted  f o r  t r e e s  i n  Vigor Classes 11, 111, and I V .  Trees 
i n  t h e s e  v igor  c l a s s e s  show a cons tant  growth r a t e  f o r  each 
v igor  c l a s s  over t h e  range of diameters s tudied .  There was 
i n s u f f i c i e n t  range i n  diameters of ches tnut  oak f o r  t e s t i n g  
f o r  d i f f e rences  i n  growth due t o  t r e e  s i ze .  

D i s c u s s i o n  Of F a c t o r s  

T h a t  I n f l u e n c e  D i a m e t e r  G r o w t h  
1 I 

For t h e  two oaks t e s t e d ,  t h e  most important f a c t o r s  
i n  t r e e  growth, opera t ing  wi th in  a  species ,  a r e  t r e e  v igor  
and s i t e  qua l i ty .  This r e l a t i o n s h i p  i s  a very l o g i c a l  one. 1 
S i t e  q u a l i t y  i n d i c a t e s  t h e  amount and q u a l i t y  of n u t r i e n t s  
and moisture ava i l ab le  t o  t h e  s tand.  Tree v igor  i n d i c a t e s  
t h e  r e l a t i v e  amount t h e  ind iv idua l  t r e e  ge t s .  A Vigor I 
t r e e  i s  "hogging a t  t h e  trough." I f  the  meal i s  n u t r i t i o u s  
it grows f a s t e r  than  i f  it ge t s  a  l e s s  nourishing d i e t .  On 
any s i t e  t h e  d ispropor t ionate  share  enjoyed by t h e  high- 
v igor  t r e e  r e s u l t s  i n  f a s t e r  growth than  f o r  i t s  less\vigor- 
ous n e i g h b ~ r s  in. &he same stand. +.-. 

/- .- \ 
i '.- :I ,' 

S i t e  q u a l i t y  i s  most l o g i c a l l y  thought of  i n  r e l a t i o n  
t o  t h e  s tand;  v igor  i n  r e l a t i o n  t o  t h e  ind iv idua l  t r e e s .  The 
p r a c t i c i n g  f o r e s t e r  can do l i t t l e  t o  a f f e c t  s i t e  qua l i ty ;  
h i s  realm of in f luence  l i e s  i n  modifying t h e  environment of  
t h e  ind iv idua l  t r e e  (and i n d i r e c t l y  i t s  vigor) .  To success- \ < f u l l y  p r a c t i c e  i n t e n s i v e  f o r e s t r y ,  he must know t h e  poten- 
t i a l  growth limits of h i s  s i t e s .  Then, wi th in  t h e s e  broadly 
f i x e d  l i m i t s ,  he manipulates t h e  vigor-growth re l a t ionsh ips  ,/ 

&-individual t-ree-s _ so a s  t o  fol low t h e  most prof i t a b l e  s i b  -' 
-L _.-- 

v i c u l t u r a l  p rac t i ces .  --- -- -- - - - - - - - 

Ind iv idua l  species  apparent ly  have a b u i l t - i n  growth 
po ten t i a l .  One species  w i l l  grow f a s t e r  than  another  when 
given t h e  same opportunity. That nor thern  r e d  oak grows 
s l i g h t l y  f a s t e r  than  ches tnut  oak i s  probably a  r e s u l t  of 
inherent  growth c h a r a c t e r i s t i c s  over which f o r e s t  managers 
have no cont ro l .  However, t h e  f o r e s t  manager can con t ro l ,  
t o  a  c e r t a i n  ex ten t ,  t h e  species  composition on a s i t e .  



E S T I M A T I N G  V O L U M E  G R O W T H  
O F  T R E E S  

The growth data from cores were a l so  used f o r  e s t h a -  
t i n g  volume growth ( tables  13 and 14).  Since the  pract ic ing 
fo r e s t e r  deals d i r e c t l y  with volume, diameter growth by 
site-index c lass  and tree-vigor c l a s s  was converted t o  vol- 
ume growth. Volume growth i s  af fected by height growth a s  
well a s  diameter growth. Thus these t ab les ,  which take 
height growth i n t o  account through s i t e  index, should be 
more meaningful t o  t he  fo r e s t  manager than diameter growth 
alone. 

The s teps  involved in converting diameter growth t o  
volume growth a r e  described i n  Appendix V. Br ief ly ,  they, 
are :  (1) Converting diameter growth ins ide  bark t o  diameter 
growth outside bark: t h i s  puts growth f igures  on t h e  con- 
ventional  bas is  of growth a t  breas t  height outside bark. ' 

(2) Estimating diameter growth i n  next 10  years: growth i n  
t h e  fu ture  i s  more important i n  s e l ec t i ng  t r ee s  t o  leave 
than growth i n  t h e  past .  (3) Converting fu ture  diameter 
growth t o  volume growth. 

Table 13.--Estimated average volume growth f o r  northern red oak 

t rees  i n  next 10  gears. by vigor and s i te- index classes  

( In  board fee t ,  Internat ional  1/8-inch ru le )  

Vigor 
c lass  

59 70 82 94 104 111 I { "  44 33 38 52 44 63 68 52 76 57 -- -- 
50 22 26 32 34 41 -- 
40 16  18 -- -- -- -- 

44 50 61 69 78 102 
31 38 44 49 54 -- 

I1 { ! 22 27 30 36 40 -- 
50 15 17 21 23 28 -- 
40 9 11 12 -- -- -- 

20 23 29 32 38 W 
15 19 21 27 28 32 
13 16 18 21 24 26 

50 10  12 15  17 19 20 
40 8 9 10 -- -- -- 

6 7 9 9 11 10 
4 5 6 8 8 9 

5 5 6 7 8 
3 4 4 5 6 6 

40 2 3 3 -- -- -- 

S i t e  
index 

D.b.h. ( i n  inches) 

10 12 20 14 16 18 



Table 14.--Estimated average volume growth f o r  chestnut oak t r e e s  

i n  next 10 years. by vigor and s i te- index classes  

( In  board fee t ,  Internat ional  1/8-inch rule)  

D.b.h. ( i n  inches) 
Vigor S i t e  
c lass  index 

10 12 14 16 18 20 

47 54 63 70 76 85 

I { i! 33 38 45 49 55 61 
23 26 31 34 -- -- 

50 14  16  20 - -- -- 
40 8 10 -- -- - -- 

34 40 47 54 57 65 

I* { 26 30 36 38 44 48 
19  21 25 28 - -- 
12  14  17 -- -- -- 

7 8 -- - -- -- 

15 20 22 25 27 30 

I.1 { g 12 15 17 20 23 25 
10 11 13 16 - -- 

6 9 11 -- - - 
40 5 6 7 -- -- -- 

8 10 11 13 14 16  
7 8 9 11 12 13 
6 6 8 9 -- -- 

50 4 5 6 7 - -- 
40 3 4 5 -- -- -- 

F A C T O R S  
T H A T  I N F L U E N C E  G R A D E  

The b u t t  l o g  of each sample t r e e  was gr&ded i n  ac- 
cordance wi th  U.  S. Fores t  Products  Laboratory grades  f o r  
f a c t o r y  logs  (IS). Log .grades were t a l l i e d  s o  t h a t  t hey  
could be r e l a t e d  t o  t r e e  d iameter  b r e a s t  high, s i t e  index, 
and t r e e  age by spec ies .  Previous  s t u d i e s  have shown a gen- 
e r a l  r e l a t i o n s h i p  between bu t t - l og  grade and d iameter  (& 4 ) .  
The t h r e e  new v a r i a b l e s  t e s t e d  i n  this s tudy  were s i t e i n d e x ,  
t r e e  age, and spec i e s .  

One of t h e  important  v a r i a b l e s  known t o  a f f e c t  grade 
--degree of stocking--was preswnably he ld  cons tan t  because 
grade samples were taken  on reasonably well-stocked, even- 
aged s t ands  undisturbed by c u t t i n g .  However, it i s  probable 
t h a t  t h e  r e l a t i o n s h i p  between grade and t h e  f a c t o r s  t e s t e d  
was in f luenced  by p a s t  d i f f e r e n c e s  i n  s t and  h i s t o r y  and den- 
s i t y .  

Tree size.--Log-grade s t u d i e s  have shown a r e l a t i o n -  
s h i p  between t h e  s i z e  of t h e  t r e e  and t h e  grade of  6he b u t t  
l o g  (2, 4, 2). Since  t h e  grading  r u l e s  themselves a r e  par- 



t i a l l y  based on s i z e ,  it l o g i c a l l y  fol lows t h a t  l a r g e r  t r e e s  
have t h e  p o t e n t i a l  of b e t t e r  grades.  I n  our  s tudy  t h e  pro- 
p o r t i o n  of t r e e s  i n  t h e  b e t t e r  grade c l a s s e s  i nc reased  rap- 
i d l y  wi th  i n c r e a s i n g  d.b.h. For example, while  ches tnu t  oak 
t r e e s  14 inches i n  diameter  had a n  average but t - log  grade of  
3, p r a c t i c a l l y  a l l  ches tnu t  oaks over 20 inches  d.b.h. had a  
grade 1 b u t t  l o g .  Trees damaged by i n s e c t s ,  d i s ease ,  f i r e ,  
o r  wind a r e  except ions.  A s i m i l a r  t r e n d  between d.b.h. and 
bu t t - l og  grade holds  f o r  nor thern  r e d  oak and wh i t e  oak. 

There i s  a s t anda rd  d e v i a t i o n  of approximately one- 
h a l f  a  grade w i t h i n  a d.b.h. c l a s s .  Though probably only  
v a l i d  f o r  t h e  s t ands  sampled, t h e  grade-d.b.h. r e l a t i o n s h i p s  
developed provide  a  measure of  t h e  i n h e r e n t  v a r i a t i o n  i n  
grade by diameter  f o r  unmanaged s t ands .  

Site-quality.--Butt-log grade appears  t o  be  independ- 
e n t  of  s i t e  q u a l i t y  f o r  t h e  oaks s tudied .  S i t e  a f f e c t s  l o g  
grade only  t o  t h e  e x t e n t  t h a t  t r e e s  grow a t  d i f f e r e n t  r a t e s  
on a r e a s  of d i f f e r e n t  s i t e  q u a l i t y .  To t h e  e x t e n t  t h a t  t h e  
growth r a t e s  on b e t t e r  s i t e s  a r e  higher--and t o  t h a t  ex t en t  
alone--is s i t e  index  c o r r e l a t e d  w i t h  but t - log  grades.  

&.--The g r e a t e s t  e f f e c t  of age on grade i s  t h a t  
w i th in  a s i t e - index  c l a s s  and wi th in  a  v igo r  c l a s s ,  t h e  
o l d e r  t h e  t r e e  t h e  g r e a t e r  t h e  d.b.h. However, age  a l s o  has 
an independent e f f e c t  on l o g  grade, which may be a s s o c i a t e d  
with h e a l i n g  of branch s c a r s .  Given two t r e e s  t h a t  a r e  
otherwise s i m i l a r ,  t h e  o l d e r  w i l l  have a b e t t e r  bu t t - l og  
grade on t h e  average. For wh i t e  and ches tnut  oak t h e  e f f e c t  
of age i s  very  small; f o r  no r the rn  r e d  oak, it i s  g r e a t e r  
bu t  s t i l l  s l i g h t  i n  ove r -a l l  importance. 

Species.--Tests ivere made t o  determine i f  bu t t - log  
grade d i f f e r e d  by spec ies .  Red, white ,  and ches tnu t  oak 
were t e s t e d .  Analysis  showed t h a t  both ches tnu t  and wh i t e  
oaks c l e a r  a t  sma l l e r  diameters  t han  r e d  oak. Between 
chestnllt  and wh i t e  oak no grade d i f f e r ences  could  be de t ec t -  
ed a t  any common s i z e .  I n  both wh i t e  and ches tnut  oak, few 
t r e e s  l a r g e r  t h a n  20 inches  d.b.h. were sampled. S c a r l e t  
oak gave a poorer  bu t t - l og  grade than  any of t h e  o t h e r  t h r e e  
oaks a t  a l l  common diameters  up t o  20 inches  d,b.h.  Above 
t h i s  s i z e ,  s c a r l e t  oak sample t r e e s  were unavai lab le  f o r  
t e s t i n g .  

I n  t h i s  comparison between spec i e s ,  it should be made 
c l e a r  t h a t  t h e  c r i t e r i o n  i s  but t - log  grade and not  lumber 
grade. Butt- log grade i s  based on t h e  e x t e r n a l  appearance 
of t h e  log .  The Fores t  Products  Laboratory,  i n  s t u d i e s  cov- 
e r i n g  a  number o f  spec i e s  i nc lud ing  whi te ,  ches tnu t ,  and 
no r the rn  r ed  oak, has shown t h a t  t h e  lumber grades  obta ined  



from but t  logs  of a given grade a r e  not the  same f o r  a l l  
species (19). 

Thus a No. 1 but t  l o g  of red oak produces a higher 
percentage of high-grade lumber than a No. 1 but t  l og  of 
white o r  chestnut oak of t h e  same diameter. It has a l so  been 
shown t h a t  within a d.b.h. c lass  t he  lumber conversion 
grades vary by species. Red oak, f o r  example, produces a 
higher percentage of the b e t t e r  grades of lumber a t  16  in- 
ches d.b.h. than white or  chestnut oak. Thus butt-log grades 
alone cannot be used as  an index of lumber grades when sev- 
e r a l  species a r e  compared. Reference must be made t o  t ab les  
of lumber grades by butt-log grades f o r  each individual  spe- 
c ies .  

D i s c u s s i o n  Of F a c t o r s  

T h a t  influence G r a d e  

Results of t h i s  analysis  indicate  t h a t  the re  i s  a 
normal and inherent range i n  t r e e  grades f o r  any f ixed diam- 
e te r .  A measure of t h i s  range can serve t o  indicate what 
grades one may reasonably expect--even i n  a managed stand. 
There i s  considerable t a l k  about t he  "low-grade hardwood 
problem," a s  though i t  were something t ha t  could be solved 
through one swif t  gesture. From t h i s  study and fores t ry  ex- 
perience i n  Europe, where stands have been under management 
f o r  hundreds of years, it appears t ha t  t h i s  "low-grade hard- 
wood problem" w i l l  always remain with us. Apparently it i s  
a r e s u l t  of t he  inherent  var ia t ion  i n  the  grades within any 
one species and any one diameter c lass .  

1 
' I 

It therefore  appears t h a t  management can improve 
grade i n  only two ways, excluding pruning and improvement 
through genetic se lec t ion  from e l i t e  parents. One way is  
through t h e  elimination of t h e  lower grades within each di- 

other way i s  t o  push t r e e s  i n t o  l a rge r  diameters f a s t e r  and 
m e t e r  c lass  through continuous improvement cutt ing;  t h e  

thus encourage up-grading a l i t t l e  fas te r .  

Log grades can a l s o  be used t o  determine t h e  r e l a t i ve  
merits  of leaving d i f fe ren t  t r e e s  i n  t h e  stand t o  grow. 
Several  tree-grade s tudies  have pointed t o  t h e  use of butt-  
l og  grade a s  a basis  f o r  economic guides t o  cu t t ing  (2, &). 
Foresters have devised quality-index tab les  t h a t  permit an 
appraisa l  of t h e  do l l a r  value of any t r e e  i n  t h e  stand once 
t h e  butt-log grade, diameter, and t r e e  height a r e  known (4, 
9).  I n  conjunction with estimates of growth and loggirlg - 
costs,  t h i s  system provides a method f o r  determining which 
t r e e  t o  cu t  o r  leave. 

Such economic appraisa ls  o f fe r  excel lent  guides t o  



prof i t ab le  management. However, the  present study would 
suggest t ha t  caution be exercised i n  applying any system of 
removing only p rof i t ab le  t rees .  I f  t h i s  concept were ca r r ied  
t o  an extreme, it could ea s i l y  r e su l t  i n  high-grading the  
fo r e s t  by removing the  best  and most p rof i t ab le  t r e e s  with 
each cu t  and leaving t h e  poorest f o r  growing stock. Qual i ty  
index provides a most useful  t o o l  f o r  t he  fo res t  manager 
when modified by the  knowledge t h a t  some t r ee s  may always 
remain unprofitable because of poor grade and growth qual- 
i t i e s .  These must be removed f o r  the  sake of t he  future .  

A P P L Y I N G  T H E  R E S E A R C H  D A T A  

A br i e f  discussion of the  s i l v i c u l t u r a l  and manage- 
ment implications of the  r e su l t s  follo:r~ed each subject .  
Taken together,  these  discussions point out the  p r ac t i c a l  
applications t h a t  f o r e s t  managers can make of the  data. 

I M A N A G E  BY SITE INDEX 

The data show t h a t  management of oaks must be adjust- 
ed t o  the  s i t e  f o r  best  resu l t s .  Economics demand it. The 
amount of money t h a t  can be invested i n  land and improve- 
ments i s  re la ted  t o  the  a b i l i t y  of t h e  s i t e  t o  produce a re- 
t u rn  on t h a t  investment. One of t he  e r rors  of t he  past  has 
been a f a i l u r e  t o  recognize differences i n  s i t e  productivity 
and t o  manage fo r e s t  land accordingly. The volume and value 
of timber t h a t  can be grown per acre  should be the  yardstick 
f o r  determining t h e  amount of e f fo r t  t h a t  can properly be 
put i n t o  management. 

Yield t ab les  t h a t  show the  po ten t ia l  of t h e  area  may 
be used a s  rough guides. On poorer s i t e s  only t h e  simplest 
improvements can be p rof i t ab ly  made. Larger investments i n  
cu l t u r a l  work can be made on b e t t e r  s i t e s  t h a t  have a higher 
growth po ten t ia l ,  have b e t t e r  species,  and can produce bet- 
t e r  grades a t  an e a r l i e r  age. These s i t e s  o f f e r  an oppor- 
t un i t y  fo r  l a rge r  and quicker returns on t h e  investment. 
Better  s i t e s ,  therefore,  c a l l  f o r  more in tensive  management, 
higher growing-stock levels ,  

\ " 
SILVICULTURAL GUIDES 

1 

Under management, t he  s i l v i c u l t u r e  t h a t  i s  practiced 
i s ,  i n  t h e  long run, strongly influenced by t he  s i t e  poten- 
t i a l .  The species composition, t he  ease i n  ge t t i ng  reproduc- 
t ion ,  and the  number and s i z e  of t r e e s  i n  t he  f i n a l  crop a r e  



a l l  l a r g e l y  dependent on s i t e  q u a l i t y .  

I On a l l  s i t e s ,  th innings  should be made a s  f r equen t ly  
a s  &he p roduc t iv i ty  of t h e  s i t e  permits.  The i n f e r i o r ,  de- 
f e c t i v e ,  and mature t r e e s  should be cu t .  These th innings  
w i l l  c r e a t e  favorable  condi t ions  f o r  e s t a b l i s h i n g  oak seed- 
l i n g s  by c r e a t i n g  openings f o r  overhead l i g h t .  Large c l ea r -  
cu t  a reas  a r e  undesirable;  they  regenerate a s  sprout  f o r e s t s  
and on poor s i t e s  encourage t h e  invas ion  of i n f e r i o r  spe- 
c i e s .  On t h e  o the r  hand, s ing le - t r ee  s e l e c t i o n  t h a t  main- 
t a i n s  cons tant  shade on t h e  a r e a  usua l ly  favors  t h e  more 
t o l e r a n t  species .  Thus a  system of frequent  c u t s  t h a t  c r e a t e  
s u f f i c i e n t  l i g h t  t o  e s t a b l i s h  small even-aged groups of re-  
production dur ing  t h e  removal of mature t r e e s  isrecommended. 

I n  beginning management i n  many of today ' s  de fec t ive  
s tands ,  however, t h e  f i r s t  p r a c t i c a l  s t e p  i s  t o  make a con- 
d i t i o n i n g  c u t .  Here t h e  e l iminat ion  of worthless  ind iv idua l  
t r e e s  takes  precedence over o t h e r  measures t o  inc rease  
growth r a t e ,  e s t a b l i s h  reproduction, o r  improve species  com- 
pos i t ion .  For s tands  t h a t  a r e  hea l thy  enough so  t h a t  more 
i n t e n s i v e  management p r a c t i c e s  can be i n i t i a t e d ,  t h e  d a t a  
c o l l e c t e d  i n  t h i s  s tudy supply some s i l v i c u l t u r a l  guides. 

One of t h e  f i r s t  aims o f  management i s  t o  b u i l d  up a 
d e s i r a b l e  growing s tock  of vigorous t r e e s .  . A knowledge of 
t h e  r e l a t i v e  growth of t r e e s  by v igor  and species  w i l l  a i d  
t h e  f o r e s t  manager i n  dec id ing  which t r e e s  t o  cu t  and which 
t o  reserve.  I n  marking f o r  improvement c u t s  o r  thinnings,  
t h e  ob jec t ive  should be t o  develop Vigor I and I1 t r e e s .  

Larger t r e e s  can be grown more p r o f i t a b l y  on t h e  bet- 
t e r  s i t e s .  It fol lows then  t h a t  t h e s e  a r e  t h e  s i t e s  bes t  
s u i t e d  t o  growing sawtimber and veneer logs.  On t h e  poorer 
s i t e s  t h e  ob.jective should be t h e  production of small t r e e  
products such a s  pulpwood. 

I n  marking, those  species  t h a t  t h e  s tudy shows a r e  
bes t  adapted t o  t h e  s i t e  should be favored. There may be 
exceptions t o  t h i s  genera l  r u l e  because of high market val-  
ues f o r  c e r t a i n  species .  However, g r e a t  r i s k  i s  o f t e n  in-  
volved i n  t r y i n g  t o  maintain species  on s i t e s  nhere  they  a r e  
a t  a  disadvantage i n  competition wi th  species  more s u i t e d  t o  
t h e  area .  3elow a r e  suggested guides t o  f o r e s t  management 
f o r  d i f f e r e n t  s i t e s :  

S i t e  index 80 and above.--The land i n  t h i s  c l a s s  has 
t h e  h ighes t  p o t e n t i a l  f o r  growing f o r e s t  crops. It n i l 1  
c a r r y  a  r e l a t i v e l y  heavy c a p i t a l  investment i n  c u l t u r a l  
measures and phys ica l  improvements. 



Since growth r a t e s  a r e  high, in tens ive  management 
pract ices  a r e  economically desirable.  This land c l a s s  can 
carry  a high growing-stock level--around 60 square f e e t  of 
basal  area  i n  t r e e s  10 inches d.b.h. and larger--without re- 
ducing annual growth of individual  t r e e s  o r  r i sk ing  a high 
morta l i ty  loss .  After  stands have been under management long 
enough f o r  t he  c u l l s  t o  have been removed and a good diam- 
e t e r  d i s t r i bu t i on  t o  become established,  they can be cut  a t  
frequent intervals--every 10 years o r  even more frequently. 

These a r e  moist s i t e s  and they provide su i t ab l e  con- 
d i t ions  f o r  growing t he  more demanding hardwoods. Such spe- 
c ies  a s  yellow-poplar, black cherry, sugar maple, white ash, 
and basswood a r e  common along with sca t te red  excel lent  spec- 
imens of red oak and hickory ( f ig .  5 ) .  

S i t e  index 70. --On the  d r i e r  aspects--south, west, 
and southwest--this s i t e  group i s  found on t h e  deep s o i l s  
and gentle slopes;  or ,  i f  t he  s o i l s  a r e  shallow o r  t he  
slopes steep, it i s  found only near the  bottom of thes lopes .  
On north and e a s t  aspects it i s  found on combinations of 
slope posi t ion,  grade, and s o i l  depth t h a t  a r e  s l i g h t l y  l e s s  
favorable than s i t e  c l a s s  80. 

This c l a s s  occurs on better-than-average fo r e s t  areas. 
A mixture of t h e  more demanding species of ten predominates, 
but t he  oaks--particularly red oak--form a pronounced corn- 
ponent of t he  stand. This land can support a growing stock 
of around 50 square f e e t  i n  t r e e s  10 inches d.b.h. and over. 
Stands can be cut  on a cycle of 1 5  t o  20 years, and perma- 
nent road systems a r e  l i k e l y  t o  be a p ro f i t ab l e  investment, 
as  a r e  cu l t u r a l  measures. 

S i t e  index 60.--Most of t h i s  land i s  e i t h e r  s teep o r  
has shallow soils--in some cases, both. Oaks a r e  the  most 
numerous t r e e  species,  and s ca r lk t  and chestnut oak general- 
l y  outnumber red oak. Black gum i s  frequently found here, 
while sassafras  and black locust  a r e  o f ten  numerous i n  
younger stands. Average un i t  values of t he  wood produced 
a r e  low compared t o  the  b e t t e r  s i t e s  t h a t  support higher 
value species ( f i g .  6). 

Though these  areas  can grow good timber, longer ro- 
t a t i ons  a r e  necessary. In tensive  c u l t u r a l  measures may not 
be prof i table .  These s i t e s  w i l l  support a growing stock of 
about 4.3 square f e e t  (10 inches d.b.h. and l a rge r )  on a cut- 
t i n g  cycle of 20 t o  30 years. 

S i t e  index 50.--This i s  poor hardwood land. Logging 
may be p rof i t ab le  only f o r  small products o r  on extremely 
long rota t ions .  The low growth r a t e  w i l l  permit l i t t l e ,  i f  









any, investment i n  c u l t u r a l  measures. 

The t r e e s  a r e  of  low value  i n  both species  and form. 
S c a r l e t  oak, ches tnut  oak, black gum, and red  maple a r e  typ- 
i c a l  spec ies .  There a r e  ind ica t ions  t h a t  some of t h e  land 
i n  t h i s  c l a s s  w i l l  p r o f i t a b l y  grow pine, but this needs fu r -  
t h e r  explorat ion.  

S i t e  index 40 and below.--This land i s  unsui ted  f o r  
t h e  economic production of hardwood t imber products.  The 
growth r a t e  i s  t o o  low t o  pay t h e  taxes  ( f i g .  7) .  
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A P P E N D  l X 

Site-index.--To determine the  s i t e  index of a stand, 
a number (average 10 per  p l o t )  of dominant and co-dominant 
t r e e s  were sampled on 1/5-acre p lo t s .  Measurements were 
made of t o t a l  height and t o t a l  age of each sample t ree .  Ref- 
erence was then made t o  a s e t  o f  s i te- index curves (15) f o r  
oak. These curves showed t o t a l  height over age f o r  separate 
si te-index c lasses .  The s i t e  index of t h e  s tand was taken 
as  an average of the  s i t e  indexes of the  sample t r e e s .  

FIGURE 8.--Distribution of sample plots 
by site-index classes. 
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To determine t he  fac to rs  t h a t  influence s i t e  qua l i ty ,  
de ta i l ed  measurements were made of a number of s o i l  and land 
features  on t h e  p lo t s .  The s o i l  data co l l ec ted  included 
humus type and depth, s o i l  t ex tu re ,  depth of the  root  zone, 
t a t a l  depth, and percent of stoniness.  Data were a l s o  col- 
l ec ted  on aspect ,  topographic posi t ion,  s lope percent, and 
elevation,  



S i t e  index  may be  computed from 

Y = 1.9702 - 0.0618 X l  + 0.0012 

where Y = s i t e  index  a s  i t s  logari thrnGto t h e  base of 10;  
X 1  = t h e  a s p e c t  a s  t h e  s i n e  o f  t h e  azimuth taken  c1o:kwise 
from sou theas t  and adding one; += t h e  s lope  p o s i t i o n  a s  
t h e  percent  d i s t a n c e  from t h e  r i d g e l i n e ;  X3 = t h e  grade a s  
t h e  percent  s lope ;  and Xb = t h e  t o t a l  s o i l  depth t o  bedrock 
a s  t h e  r e c i p r o c a l  of s o i l  depth i n  f e e t .  Table 15 was de- 
r i ved  from t h e  formula. 

Although t h e  s i t e - index  t a b l e  g ives  t h e  computed v a i -  
ues f o r  ang combination of f a c t o w ,  f i g u r e s  9, 10, and 11 
give  a  graphic p i c t u r e  of t h e  r e l a t i v e  importance of each 
f a c t o r .  Figure 9 gives t h e  average s i te - - index  va lues  aro:lnd 

Table 15 . -S i te  index of oak a s  related t o  aspect. grade, 

and t o t a l  s o i l  depth 1 

Total Grade-percent Grade-percent 
Aspect 

depth 
( fee t )  10 or  30 less  50 70 30 50 70 Or 

less  

BOTTOM OF SLOPE l/3 DISTANCE UP SLOPE 

0.5 58 53 49 44 53 49 44 41 
1.0 83 76 69 63 76 69 63 57 { ;:; 99 90 82 75 90 82 75 68 

104 95 87 79 95 87 79 72 

0.5 50 46 42 38 46 42 39 35 
m-SE { ::: 72 66 60 54 66 60 55 50 

85 78 71 65 78 71 65 59 
3.0 91 83 75 69 83 75 69 63 

0.5 44 40 37 33 40 37 33 30 

{ ;:: 62 57 52 47 57 52 47 43 
74 68 62 56 68 62 56 51 

3.0 78 72 65 60 72 65 59 54 

2/3 DISTANCE UP SLOPE UPPER SLOPE 

0.5 49 44 41 37 45 41 37 34 

{ ;;: 69 63 57 52 63 58 53 48 
82 74 68 62 75 69 63 57 
87 79 72 66 80 73 66 60 

0.5 42 39 35 32 39 35 32 29 
W S E  { 1.0 60 55 50 45 55 50 46 42 

2.0 71 65 59 54 05 59 54 49 
3.0 75 69 63 57 69 63 57 52 

0.5 37 33 31 28 34 31 28 26 

{ ;:: 52 47 43 39 46 43 40 36 
62 56 51 47 57 52 47 43 

3.0 65 60 54 50 60 55 50 45 

'on poorly drained so i l s  reduce tab le  reading by 5 feet .  



FIGURE 9 . - - S i t e  index  around a h i l l  t h a t  has  a 
40 -percent  s l o p e  and 2 f e e t  o f  s o i l .  The v a l -  
u e s  were computed from t h e  r e g r e s s i o n  equat ion .  

a h i l l s i d e  t h a t  has a soil. depth of 2 f e e t  and a s l o p e  o f  40 
percent .  It demonstrates t h e  r e l a t i v e  importance of  a spec t  
and topographic p o s i t i o n  s i n c e  s o i l  depth and s l o p e  a r e  con- 
s t a n t .  North and e a s t  s lopes  have s i t e s  about 1$ s i t e - index  
c l a s s e s  h ighe r  t han  south and west s lopes .  A l l  o t h e r  t h i n g s  
be ing  equal,  t h e  oaks a t  t h e  bottom of t h e  s lope  w i l l  be 
about 2 s i te - index  c l a s s e s  b e t t e r  t han  those  a t  t h e  t o p  of 
t h e  s lope .  

Figure LO shows how s i t e  i ndex  changes a s  t h e  s lope  
percent  i s  increased  and decreased. S i t e  index  decreases  
about 3 f e e t  w i t h  each 10 percent  i nc rease  i n  s lope  of land. 
F igure  11 shows how s i t e - index  va lues  change wi th  s o i l d e p t h .  
Notice how the  s i t e  q u a l i t y  i n c r e a s e s  r a p i d l y  wi th  i n c r e a s e  
i n  s o i l  depth up t o  2 f e e t .  Af t e r  t h a t ,  t h e  i n c r e a s e  i n  
s i t e  q u a l i t y  w i th  an i n c r e a s e  i n  s o i l  depth i s  more gradual.. 

4 ~ i t e - i n d e x  va lues  for  oaks a r e  normally grouped i n t o  10-foot  c l a s s e s .  S i t e  
index c l a s s  40 inc ludes  a l l  s i t e  indexes  from 35 t o  44; s i t e  index c l a s s  5 0  i n -  
c ludes  s i t e  indexes from 45 t o  54; and so on. 



FIGURE 10.--Site index f o r  20-, 40-, and 60- 
p e r c e n t  s l o p e s  when s o i l  dep th  and a s p e c t  a r e  
c o n s t a n t .  T h i s  g raph  i s  based on 2  f e e t  o f  
s o i l  on a  n o r t h  aspec t .  The v a l u e s  were com- 
pu ted  from t h e  r e g r e s s i o n  equa t ion .  
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FIGURE 11.--Site indexes  f o r  d i f f e r e n t  s o i l  
dep ths ,  o t h e r  f a c t o r s  b e i n g  c o n s t a n t .  T h i s  
g raph  i s  based  on a  40-percent  s l o p e , a  t h i r d  
o f  t h e  d i s t a n c e  from bottom t o  top ,  on sou th-  
e a s t  and nor thwes t  a s p e c t s .  The v a l u e s  were 
computed from t h e  r e g r e s s i o n  equa t ion .  



Stand composition and structure.--To g e t  a measure o f  
spec ies  composition, diameter d i s t r i b u t i o n ,  and n a t u r a l  re- 
product ion w i t h i n  each s i t e - index  c l a s s ,  a d d i t i o n a l  informa- 
t i o n  was taken  on t h e s e  1/5--acre p l o t s .  Spec ies ,  diameter 
and crown p o s i t i o n  were recorded f o r  each t r e e  5.0 inches  
d.b.h. and l a r g e r .  Reproduction ( inc lud ing  seed l ings  and 
sap l ings )  was sampled on 5.--milacre p l o t s  randomly s e l e c t e d  
w i t h i n  each 1/3--acre p l o t .  

Table 16.--Number of t rees per acre by species and site-index class 
(5.0 inches d.b.h. and over) 

I 

Si t e  index 
Species 

40 50 60 70 80 

Red oak 11.2 20.0 53.5 69.2 35.3 
Chestnut oak 73.8 32.0 34.1 16.7 11.7 
White oak 11.2 38.0 12.9 5.4 11.3 
Scarlet & pin oak 2.5 40.0 18.5 4.4 1.3 
Black oak 5.0 2.0 2.6 .8 -- 
Hickory 1.2 4.0 4.7 5.2 6.3 
Red maple 6.5 1.0 18.8 17.3 9.3 
Sugar maple - -- 5.0 8.5 11.0 
Yellow-poplar -- -- 2.6 10.6 16.7 
Black cherry -- -- 5.9 11.7 14.7 
Black birch -- 4.0 4.1 5.6 21.3 
Black gum -- 3.0 1.8 1.0 .7 
Cucumber -- -- 3.2 2.5 3.3 
Sassafras -- -- 4.1 4.0 
Beech -- 7.0 4.1 8.3 5-8 4.0 
Hornbean -- - .3 .2 .3 
White ash 1.2 -- 1.2 4.2 3.7 
Butternut -- -- - .6 .7 
Soumood 7.5 1.0 2.6 1.0 -- 
Yellow birch 6.2 -- .3 .4 1.0 
White pine -- 3.0 -- -- -- 
Mountain magnolia - -- 3.0 5.8 8.0 
Moosewood -- -- .6  .4 -- 
Ironwood -- - -- .2 -- 
Basswood -- - 4.4 7.9 -- 4.3 
Serviceberry -- - .3 1.3 
Dogwood -- -- .6 .2 .3 
Virginia pine - -- .3 - -- 
Pin cherry -- -- -- .2 .3 
Hemlock -- -- -- .6 3.3 
Black locust -- 5.0 8.2 8.7 11.0 
Pitch pine -- 1.0 -- -- -- 

Total 126.3 161.0 197.7 203.4 185.1 

Number of plots  4 5 17 24 15 
- 



Since vigor  c l a s s  has been established (10) as an im- - 
portant  f ac to r  i n  growth of individual  t r e e s ,  a l l  diameter 
growth measurements were catalogued by vigor  c lass  a s  wel l  
a s  site-index c lass .  The vigor of each sample t r e e  was es- 
timated and recorded before t h e  increment borings were made 
t o  determine growth. 

The vigor c l a s s i f i c a t i ons  t h a t  have been developed 
f o r  d i f f e r en t  hardwoods d i f f e r  somewhat i n  emphasis depend- 
ing  on t he  species. However, they a r e  a l l  based on s i z e  and 
shape of crown, bark charac te r i s t i cs ,  pos i t ion  i n  the  stand 
and other  minor features .  The vigor  c l a s s i f i c a t i on  of Hol- 
comb and Bickford (10) was used a s  a guide, modified by t h e  
c l a s s i f i c a t i ons  of C d n g s  and Zarger (&) and Burkle and 
Guttenberg (L). The following four vigor c lasses  were used: 

Vipor I.--A t r e e  i n  t h i s  v igor  c l a s s  has a large ,  
healthy, f u l l  crown i n  a dominant o r  co-dominant posit ion.  
Half t h e  crown o r  more i s  exposed t o  d i r ec t  sunlight .  The 
crown i s  dense, with no evidence of d isease  o r  in jury.  Crown 
qua l i ty  and posi t ion i s  more important than t o t a l  length. 
The bark and twigs have good color  and vigorous appearance. 

Vigor 11.--A t r e e  i n  t h i s  vigor c lass  has a f a i r -  
s ized crown i n  a co-dominant position. Less than half  t h e  
crown i s  exposed t o  d i r ec t  sunlight .  The crown i s  l e s s  dense 
and not so  per fec t  a s  t h a t  of a Vigor I t r ee .  This c l a s s  
may a l so  include a large-crowned t r e e  t h a t  f a i l s  t o  meet t h e  
requirements of Vigor I because of mechanical in ju ry  o r  dy- 
i ng  limbs. 

Vigor 111 . - -A  t r e e  i n  t h i s  vigor c l a s s  has a medium 
t o  small crown us i a l l y  i n  an intermediate posit ion.  Only 
t h e  t i p  i s  exposed t o  d i r ec t  sunlight .  The crown may be 
open, with some dead o r  broken limbs, o r  t h in ly  fo l ia ted .  
This c l a s s  a l so  includes t r ee s  with f a i r  t o  large  crowns i n  
a co-dominant posi t ion t h a t  cannot meet t h e  requirements f o r  
a Vigor 11 t r ee .  

Vigor 1V.--A t r e e  i n  t h i s  c lass  usually has a small 
crown i n  an overtopped posit ion.  Tnis c lass  includes a l l  
l i v i n g  t r e e s  t h a t  f a i l  t o  meet t he  requirements of higher 
vigor c lasses .  



Growth by s i t e  c l a s s e s  was one of t h e  major v a r i z b l e s  
t o  be t e s t e d .  Rad ia l  growth of  t r e e s  i n  a l l  v i g o r  c l a s s e s ,  
determined from borings,  was converted t o  diameter  growth 
f o r  two per iods  : t h e  growth f o r  t h e  l a s t  10 y e a r s ,  and t h e  
growth f o r  t h e  l a s t  20 yea r s .  These da t a ,  by spec i e s ,  were 
grouped by s i t e - index  c l a s s e s .  

Regression of diameter  growth ( i n s i d e  bark) over  s i t e  
index  f o r  r ed  oak and ches tnut  oak of d i f f e r e n t  v igo r s  f i t s  
t h e  gene ra l  eqaa t ion  : 

Y = a + b x  

where Y i s  growth i n  d . i .b .  d u r i n g  l a s t  10 yea r s ,  a + b a r e  
cons t an t s ,  and x i s  s i t e  c l a s s .  The growth equat ions  : 

Vigor Vigor 
c l a s s  For  r e d  oak c l a s s  For ches tnu t  oak 

NORTHERN RED OAK CHESTNUT OAK 

40 50 60 70 80 40 50 60 70 BO 

S ITE  INDEX 

FIGURE l a .  --Diameter growth o f  northern red  oak 
and c h e s t n u t  oak i n  t h e  l a s t  10 y e a r s ,  by v i g o r  

c l a s s  and s i t e  index .  



Tree s i z e  i s  a fac to r  t h a t  a f f ec t s  diameter growth i n  
Vigor I t rees .  The regression of diameter growth (i .b.)  f o r  
northern red oak by s i t e  index and d.b.h. i s  expressed i n  
t he  following equation: 

Y = 1.2373 + (0.0352) XI - (0.0788) ~2 

where Y i s  10-year diameter growth ( i . b . ) ,  x l  i s  s i t e  index, 
and x2 i s  d.b.h. Table 18 shows t h i s  relat ionship.  * 

Correlation coeff ic ient  (R)  = 0.89, which i s  s ign i f i -  
cant a t  t h e  1-percent l eve l  a s  defined by Snedecor (16). t 

The standard e r ro r  of estimate i s  4.8 percent. 

v 
The growth data from cores were a l so  used f o r  estima- 

t i n g  volume growth. The following three  s teps  were involved 
i n  converting diameter growth ins ide  bark t o  board-foot vol- 
ume growth. 

1. Diameter growth ins ide  bark was converted t o  di- 
ameter growth outside bark.--Growth i n  bark mas added t o  t h e  
growth i n  wood. This put  the  growth f igures  on t he  conven- 
t i o n a l  bas is  of growth a t  breas t  height outside bark. This 
was done by f i t t i n g  a regression equation of bark thickness 
over diameter and ge t t ing  t he  growth i n  bark f o r  any uni t  of 
diameter growth. Separate bark-thickness curves were com- 
puted f o r  northern red oak and f o r  chestnut oak. These 
average bark-thickness curves were used t o  compute growth 
r a t e s  by species, vigor c lass ,  and s i t e  index--outside bark 
a t  breast  height ( t ab le  17). 

Regression of bark thickness over d.b.h. f o r  northern 
red oak: I 

Y = 0.23 + 0 . 0 5 ~  
A 

Regression of bark thickness over d.b.h. f o r  chestnut 
oak : 

Y = 0.26 + 0 . 0 8 ~  

i n  which Y = growth i n  bark and x i s  diameter breas t  high. 
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2. Determining diameter  growth i n  next  1 0  gears.--  
The d a t a  i n d i c a t e  t h a t  t h e  diameter  growth of  i n d i v i d u a l  
t r e e s  i n  unmanaged s t ands  w i l l  be s l i g h t l y  lower i n  t h e  next  
decade than  t h e  average given i n  t a b l e  18 (which i s  t h e  av- 

Table 17.--Average d.b.h. growth f o r  northern red oak and chestnut oak, 

i n  l a s t  10 years.  by t r e e  vigor  and s i t e  index 

( I n  inches, outside bark) 

Vigor Northern red oak a t  s i t e  index-- Chestnut oak a t  s i t e  index-- 

class 
80 70 60 50 40 80 70 60 50 40 

I 3.05 2.80 2.53 2.26 2.20 2.70 2.35 1.98 1-62 1-27 
I1 2.34 2.06 1.79 1.51 1.23 2.10 1.85 1.60 1.34 1-09 

111 1 . 7  1.26 1.25 1.24 1.23 1.17 1.12 1.06 1.01 .95 
I V  - 5 1  -51 51 -51 51 .70 .70 .70 .70 -70 

Table 18.--Average d.b.h. growth of Vigor I 

northern red oak i n  l a s t  10 gears 

( I n  inches, outside bark) 

S i t e  D.b.h. ( i n  inches) 

index 
10 12 1 5  16  18 20 22 

80 3.48 3.31 3.14 2.97 2.80 2-64 2.47 
70 3.10 2.94 2.77 2.60 2.43 2.27 2.10 
60 2.72 2.55 2.39 2.22 2.05 1.88 1.72 
50 2.35 2.18 2.01 1.85 1.68 1.51 1.34 
40 1.98 1.81 1.64 1.47 1.31 1.14 .97 

erage f o r  t h e  p a s t  decade).  S imi l a r  r e s u l t s  were obta ined  i n  
a growth s tudy  w i t h  yellow-poplar (10). 

Thus, i f  a f o r e s t e r  i s  i n t e r e s t e d  i n  e s t ima t ing  in-  
d i v i d u a l  t r e e  growth i n  t h e  next  1 0  y e a r s  i n  unmanaged 
s tands ,  he should use t h e  diameter-growth f i g u r e s  g iven  i n  
t a b l e  19.  These va lues  were obta ined  by averaging  growth 
f o r  t h e  last  1 0  yea r s  and t h e  previous  10  yea r s  by s i t e  in -  
dex and v igo r  c l a s s ,  and determining a r a t i o  between t h e  
two. This  r a t i o  was a p p l i e d  t o  t h e  average growth f i g u r e s  
obta ined  over  t h e  l a s t  1 0  gea r s ;  it approximates . the  expect- 
ed growth dur ing  t h e  next  10-year 



Table 19.--Estimated d.b.h. growth fo r  northern red oak and chestnut oak 

i n  next 10 years.  by t r e e  vigor and s i t e  index 

(1n inches, outside bark) 

vigor Northern red oak a t  s i t e  index- Chestnut oak a t  s i t e  index-- 
c lass  

80 70 60 50 40 80 70 60 50 40 

I 2.44 2.24 2.02 1.81 1.60 2.16 1.88 1.58 1.30 1.02 
I1 1.87 1.6! 1 . 4  1.21 .98 1.68 1 . 8  1.28 1.07 .87 
111 .89 .89 .88 .87 -86 .82 .78 .74 .71 .66 

I V  .26 .26 .26 .26 .26 -42 .42 .42 .42 .42 

3. Converting f u t u r e  diameter  growth t o  volume 
growth.--TO es t ima te  volume growth from t h e  diameter-growth ' 

da ta ,  volume t a b l e s  t h a t  cons ide r  merchantable he ight  by d i -  
ameter and s i t e  index  a r e  needed. Volume  t a b l e s  by Schnur 
(1) were used. Tables 13 and 14 g ive  es t imated  volume 
growth i n  t h e  nex t  1 0  yea r s  by v i g o r  and s i t e  index. These 
growth es t imates  assume t h a t  t h e r e  w i l l  be no change i n  t h e  
v igo r  dur ing  t h e  next  1 0  yea r s .  
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