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Growth of Yellow-Poplar 
and Associated Species in West Virginia 

4 4 as a Guide to Selective Cutting 

C a r l  J.. Holcomb, forester, and 

C. A l l e n  B i c k f o r d ,  statistician 

Northeastern Forest ExPeriment Station 
Forest Service, U. S. DePt, Agriculture 

I N T R O D U C T I O N  

YELLOW-POPLAR (~ir iodendron t u l ip i  f era Lo ) has long 
been recognized as  a valuable species. Lumbermen prize the  
long, s t raight ,  c lear  boles. Foresters U k e  i t s  s i lvicul-  
t u r a l  a t t r ibutes .  They also regard well the other species 
t h a t  a re  associated with it: ash, basswood, birch, maple, 
and cherry. 

Yellm-poplar occurs on some of the  most accessible 
forest  areas i n  West Virginia. Since the stands a r e  usually 
located on the be t te r  s i t e s ,  t h e i r  growth ra tes  a r e  high. 

These stands, because of t h e i r  favorable location, 
rapid growth, and desirable species composition, nil1 no 
doubt be among the f i r s t  put under planned fores t  management 
i n  the State ,  Some of them a re  stocked well enough now t ha t  



improvement cut t ings  w i l l  pay f o r  themselves, Already, par. 
titularly i n  t h e  southern counties ~f t he  S ta te ,  t h e  initia: 
s teps  i n  fo res t  management and improved cu t t i ng  practice:. 
a r e  being taken by timberland owners, 

' T h e  S t a n d s  

Yellow-poplar i s  t he  dominant species i n  two ,,,=,t 
types: t he  cove hardwoods type and t h e  second-growth yellow 
poplar type. These two fo r e s t  types occupy approximatel: 
one-fifth of t h e  commercial f o r e s t  a rea  of West Virginia 
They contain 20 percent of t h e  saw-timber volume i n  thr 
S t a t e ;  and one-third of t h i s  volume i s  yellow-poplar. 

The cove hardwoods type i s  found on the  well-drained 
comparatively deep s o i l s  i n  t h e  coves and on t he  moist nortl 
slopes of t he  Appalachian Mountains, The type i s  character- 
i zed  by a mixture of many species: yellow-poplar, ash, bass- 
wood, birch, buckeye, cucumbertree, maple, red oak, and : 
host of o ther  species i n  smaller  numbers. 

The present species d i s t r ibu t ion  of t h i s  fo res t  typt 
i s  explained by t h e  h i s to ry  of t h e  s i t e s .  I n  pas t  loggini 
operations, the  l e s s  valuable species were l e f t  behind, BF! 
usually followed t h e  logging. I n  t h e  mineral ~ o i l $ ~ , ~ ~ V  
ered by logging o r  exposed by f i r e ,  t h e  l ight-loving specie: 
came in. As a r e s u l t  yellow-poplar, which responds favor- 
ably  t o  logged-over conditions, now dominates t h e  s i t e s .  

The second-growth yellow-poplar type, on t h e  othel 
hand, i s  characterized by almost pure stands of even-aged . 
yellow-poplar, The associated species a r e  usually sassafras, 
black cherry, o r  black locust ,  with a s ca t t e r i ng  of t r e e s  of 
t h e  o r ig ina l  f o r e s t  type. These yellow-poplar stands may bt 
found on abandoned crop o r  pas ture  land o r  on almost anj 
kind of f o r e s t  land that favors t h e  germination of yellow- 
poplar seed, While t h e  majori ty of these  stands a r e  founc 
on north and @#~t  slopes, they may a l so  be found on s i t e :  
t h a t  once supported oaks o r  northern hardwoods. 

The la rges t  a rea  of cove hardwoods and second-growth 
yellow-poplar i n  t he  S t a t e  i s  i n  t h e  area generally south of 
t h e  Kanawha River. I n  t h i s  Cumberland Plateau country about 
30 percent of t h e  land a1 rea an .d saw 



these fo r e s t  types. Most of the  other  stands of cove hard- 
woods and second-growth yellow-poplar a r e  i n  t he  Allegheny 
Plateau country. 

- .  
T h e  F o r e s t r y  P r o b l e m  

-. I f  h i s  f o r e s t  land i s  not too badly run down through 
pas t  abuse, t h e  forest-land owner who i s  i n t e r e s t ed  i n  prac- 
t i c i n g  be t t e r  f o r e s t ry  may already have enough growing stock 
t o  begin h i s  f o r e s t ry  work immediately with some form of 
p a r t i a l  cut t ing,  Best r e s u l t s  from p a r t i a l  cu t t ing  a r e  ob- 
t a ined  when each t r e e  t o  be cut  i s  se lected on i t s  own par- 
t i c u l a r  merits. 

I n  deciding whether a t r e e  should be cut  now o r  l e f t  
t o  grow some mo're, t h e  fo r e s t e r  usually considers t h r ee  
things : t h e  t r e e ' s  growth r a t e ,  i t s  a b i l i t y  t o  respond t o  
release,  and the  s i z e  and qua l i t y  of i t s  bole. 

S ize  can be measured; and qua l i t y  of the  bole can be 
ea s i l y  judged from i t s  soundness, s t ra ightness ,  and freedom 
from limbs and la rge  knots. Abi l i ty  t o  respond t o  re lease  
can be judged from species, age, and degree of suppression. 
But determining growth r a t e  i s  not so  easy. 

Past  growth can be measured by using an increment 
borer and studying growth from the  annual-ring pat tern .  But 
t h i s  i s  slow and cumbersome. A need was f e l t  f o r  some method 
by which growth r a t e  can be judged e a s i l y  from external  
evidence , 

To f i l l  t h i s  need, a method was developed, It i s  
based on t he  hypothesis tha t ,  i n  yellow-poplar, vigor 
c lasses  a r e  a r e l i a b l e  guide t o  growth ra'ce. 

D E V E L O P I N G  T H E  M E T H O D  

COLLECTION OF DA'TA 

Stands of cove hardmoods and second-grovsth yellow- 
poplar were sampled by measuring more than 1,800 t r ee s ;  
about half  of them were yellow-poplar. These t r ee s  were i n  



stands sca t te red  throughout t he  S ta te .  The 121 areas  sam- 
pled were located by means of t h e  forest-survey type map f o r  
West Virginia. 

Since the  primary i n t e r e s t  mas '& individual  t r e e s ,  
information was needed on species, d i h e t e r  b reas t  high 
(d.b.h.), vigor c lass ,  and r ad i a l  growth. To t r a n s l a t e  ra-  
d i a l  growth t o  volume growth, data were a l so  needed on mer- 
chantable height, Girard form class ,  and qua l i t y  c lass ,  
Type, s i t e ,  topographic posi t ion,  and aspect of each sample 
a rea  were a l so  recorded. 

Diameter, r ad i a l  growth, merchantable height, and 
form c l a s s  were measured. The other  data were estimated. 

V i g o r  C l a s s  

Since vigor  c l a s s  i s  t h e  basis  of t h e  method devel- 
oped f o r  est imating growth r a t e ,  proper i den t i f i c a t i on  of 
vigor c l a s s  i s  essen t ia l .  I n  developing def in i t ions  of 
vigor c lasses  f o r  yellow-poplar, f i r s t  consideration was 
given t o  crown s i z e  i n  r e l a t i on  t o  t h e  diameter and height 
of t he  t ree .  Almost as  important was crown posi t ion i n  re- 
l a t i o n  t o  i t s  neighbors: dominant, co-dominant, intermedi- 
a t e ,  o r  overtopped, Other factors  considered were crown 
density, color  of fol iage,  appearance of twigs, and occur- 
rence of dead, broken, and dying limbs. The four +irS$or 
classes  used were defined a s  follows: 

Vigor 1 A t r e e  i n  t h i s  v igor  c lass  has a la rge  crown i n  a 
dominant o r  co-dominant posit ion.  A t  l e a s t  half 

the  crown i s  exposed t o  d i r e c t  sunlight. The crown i s  typi-  
c a l l y  dense, with no evidence of disease o r  mechanical 
in jury,  The bark and twigs have good color.  

Vigor 2 A t r e e  i n  t h i s  vigor c l a s s  has a fa i r -s ized crown 
i n  a co-dominant posi t ion,  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 qu i t e  so per fec t  as t h a t  of a V i g o r l t r e e .  This 
c lass  may a l so  include a large-crowned o r  dominant t r e e  t h a t  
otherwise f a i l s  t o  meet t h e  requirements f o r  Vigor 1. 

Vigor 3 A t r e e  i n  t h i s  vigor c lass  has a medium t o  small 
crown of intermediate posit ion.  Only t he  t i p  i s  

exposed t o  d i r ec t  sunlight .  The crown may be open,v:*th 
some dead o r  broken limbs. This c lass  a l s o  includes t r e e s  of 



f a i r  t o  large  crowns o r  i n  a co-dominant posit ion,  but t ha t  
cannot meet requirements f o r  Vigor 1 and Vigor 2. It may 
a l so  include overtopped t r e e s  of a t o l e r an t  species t h a t  
have dense crowns of good color. 

Vigor 4 A t r e e  i n  t h i s  c lass  usually has a small crown i n  
an overtopped posit ion.  This c l a s s  includes a l l  

l i v i n g  t r ee s  t h a t  f a i l  t o  meet t h e  requirements of t he  high- 
e r  vigor classes.  

In t he  study, t h e  vigor c l a s s  of each sample t r e e  was 
estimated and recorded before t h e  increment boring was made. 

R a d i a l  G r o w t h  

Radial growth was t he  chief  dependent variable.  It 
was converted t o  diameter growth (by doubling), which i n  
t u r n  was t r ans l a t ed  i n t o  estimated volume growth. 

The t rend of growth from one period t o  another was 
a l so  considered important; so each t r e e  was bored deep 
enough t o  sample the  l a s t  20 years '  growth--if present. Ra- 
d i a l  growth f o r  each of t h e  last two decades was measured t o  
t h e  neares t  0.05 inch. This was doubled t o  get  diameter 
grodh, which was recorded t o  t h e  nearest  0.1 inch. 

O t h e r  D a t a  

Herchantable height was measured with an Abney l e v e l  
i n  accordance with t h e  Mesavage-Girard def in i t ions  of mer- 
chantable height. 

Girard form c l a s s  i s  100 times t h e  r a t i o  of diameter 
ins ide  bark a t  top of t he  f i r s t  16-foot log  t o  diameter 
breas t  high. Diameter outside bark was measured a t  t h e  
17.3-foot height, double bark thickness was deducted, and 
form c l a s s  was computed f o r  each t ree .  

Qua l i ty  c lasses  used i n  t h e  study were derived from 
the  U. S. Forest Products Laboratory hardxood log  grades, 



ANAL Y S I ' S  OF DA'TA 

I n  analyzing these data, diameter growth inside bark 
during the l a s t  10 years was used as  the  dependent variable. 
This could be correlated d i rec t ly  mith present d.b.h. o r  
with growth during the previous decade. These data were 
then converted i n  turn t o  d.b.h. growth, volume growth, and 
increment i n  value, 

Each s tep introduces new sources of error; so i n  
using the derived averages, the  forest  owner should appreci- 
a t e  tha t  they a r e  subject t o  greater error. 

I D i a m e t e r  G r o w t h :  I n s i d e  Bark  

I n  this study, the growth measured from increment 
cores included only the growth of the wood, These growth 
data were used t o  ident i fy  the  h p o r t a n t  influencing 
factors.  

Average growth i n  diameter inside bark fo r  the last 
10 years was calculated by species and vigor class ( ~ p p e n w  
I ) ,  b e p t i n g  yellow-poplar, no single species was repre- 
sented well enough t o  permit detailed analysis. To overcome 
th i s ,  a l l  other species were grouped. Thus two groups were 
considered: (1) yellow-poplar and (2) associated species. 

With the  data so grouped, a l l  mean differences be- 
tween vigor classes were much too large t o  be random. Mean 
differences between yellow-poplar and the associated-species 
group were a l so  s ignif icant  fo r  vigor classes 1, 2, and 3, 
but not for  vigor class  4. Analysis of growth data within 
vigor classes revealed no important differences due t o  
aspect, slope, stand-size class,  o r  topographic position, 

The poss ib i l i t y  was explored tha t  diameter growth of 
yellow-poplar (o r r i t~n  a vigor class)  was correlated with 
d.b.h. Analysis revealed a s ignif icant  regression coeffi- 
c ient  for  t rees  of vigor c lass  1, but not f o r  the other - 
vigor classes (Appendix 11). No equations were f i t t e d  t o  
data f o r  the associated-species group because the samples 
fo r  individual species were too small and the  pooled data 
were too heterogeneous. 

Regression equations were obtained f o r  diameter 
growth (inside bark) during the l a s t  decade over growth of 



t h e  previous decade. Separate equations were obtained 
yellow-poplar and t h e  associated-species group, and f o r  e 
of t h e  four vigor c lasses  (Appendix 11). A l l  t h e  coei 
c ien t s  were s i gn i f i c an t l y  g rea te r  than zero, but no t e  
were made t o  determine whether they were r e a l l y  d i f f e ~  
from each other.  

f o r  
:ach 
74': - 

It was  notable t h a t  a l l  these coef f ic ien t s  a r e  pc 
t i v e  and l e s s  than 1. This indicates  a tendency: t he  grid 
t he  growth i n  t h e  previous decade, t he  g rea te r  t h e  growth i n  
t h e  present decade. Another tendency shown i s  t h a t  growth 
tends t o  average 35 t o  60 percent of growth during t h e  pre- 
vious decade. 

Assuming t h a t  t h e  growth trend indicated during 
l a s t  20 years i s  constant, these  equations may be usec 
est imate growth during t he  next decade. i's done 
subs t i tu t ing  average o r  measured diamete side ba 
growth i n  t h e  appropriate equation f o r  gromn In t h e  pr  
vious decade, and solving f o r  growth i n  the  followi 
decade, This assumption should be va l i d  i f  the re  i s  
marked change i n  climate and i f  the  stand i s  not disturb-, 
by cutt ing,  f i r e ,  wind, o r  t he  l i ke .  Use of a formula 1 
t h i s  t o  estimate grovvth of a t r e e  t h a t  has been releasec 
cu t t ing  w i l l  give a r e s u l t  t h a t  i s  generallv too small. 

t h e  

D i a m e t e r .  G r o w t h :  O u t s i d e  B a r k  

The data  described above were f o r  wood alone. But 
fo r e s t  m a n ~ ~ ~ e r ,  t o  estimate volume growth o r  value inc 
ment, must have data on growth i n  wood and bark a t  b reas t  
height. So measured growth of wood was adjusted t o  grov,th 

' of wood and bark, 

ion of 
3 measc 
-J2-- T-r 

di- 
r e -  
.-r \ 

This was  done by f i t t i n g  a regression equat: 
m e t e r  outside bark over diameter ins ide  bark tc 
ments of these  diameters taken i n  this study ( ~ ~ p e n u u r  1 1 ~ 1 ,  

It was then assumed t h a t  t h i s  average would be independent 
of time, and growth r a t e s  ( table  1 )  were calcula ted by spe- 
c i e s  group and vigor c lass .  

Since growth of Vigor 1 yellow-poplar i s  s ign i f ican t -  
l y  a f fec ted  by d.b.h., t he  rowth r a t e s  f o r  yellom-poplar 
were ref ined fu r ther  ( t ab l e  2 f . 



Table 1.--Average d.b.h. growth i n  l a s t  10 years,  

by species proup and vigor c l a s s  

Vigor Vigor Vigor Vigor 
Species group c l a s s  c l a s s  c l a s s  c l a s s  

1 2 3 4 

Inches Inches Inches Inches 

Yellow-poplar 3.29 2.56 1.75 1.07 

Associated species 2.22 1.76 1.3% .97 

I n  choosing t r ee s  t o  leave f o r  fu tu re  growth, behav- 
i o r  i n  t h e  next decade i s  more important than pas t  growth. 
So from t h e  data on pas t  growth ( t ab les  1 and 2),  d.b.h. 
growth during the  next 10  years was estimated by species 
group and vigor c l a s s  ( t ab l e  3) and, f o r  yellow-poplar, by 
d.b.h. ( t ab le  l+). 

These estimates of fu tu re  growth a r e  averages ra ther  
than estimates of any individual t r e e ' s  behavior. A par t i c -  
u l a r  t r e e  may vary much one way o r  t he  other  a s  a r e s u l t  of 
factors  not measured and t h e  usual var ia t ions  i n  behavior 
from one t r e e  t o  another. 

Table 2.--Average d.b.h. growth of Vimr 1 

yellow-poplar i n  l a s t  10 years 

Present D,b.h. Present D. b.h. 
d.b.h. growth d.b.h. growth 

Inches - Inches 

16 2,64 
18  2 , lc6 
20 2.28 
22 2.09 
24 1 ,91  



Table 3.--Estimated d.b.h. growth i n  next 10 years, 

by species group and vipor  c l a s s  

Vigor Vigor Vigor Vigor 
Species group c l a s s  c l a s s  c l a s s  c l a s s  

1 2 3 4 

Inches Inches Inches Inches 

Y ellow-poplar 2.89 2.08 1.35 0.66 

Associated species 1.92 1.42 1.04 .61 

Another aspect of d.b.h. growth i s  how long a t r e e  of 
a c e r t a in  s i z e  must grow t o  reach a spec i f ied  l a rge r  s ize .  
Table 5 was prepared t o  answer t h i s  question f o r  Vigor 1 
yellow-poplar, For associated species and other  vigor 
c lasses ,  the  time i n t e rva l s  should be longer. 

Table 4.--Estimated d. b.h. ~ r o w t h  of vigor 1 

yellow-poplar i n  next 10 years 

Present D.b.h. Present D.b.h. 
d.b.h. growth d.b.h. growth 

Inches Inches 

16  2.63 
18 2.51 
20 2.40 
2 2 2.28 
24 2-16 

V o l u m e  G r o w t h  

These diameter-growth data  a r e  useful, but t h e  fo r e s t  
manager i s  more of ten concerned with volume growth. Volume 
growth i s  affected by height growth a s  wel l  a s  diameter 



growth and i n i t i a l  volume. 50 a l o c a l  volume t a b l e  (~ppendix 
V) i s  needed f o r  est imating volume growth from these 
diameter-growth data,  

Table 5.--Estimated number of years needed 

f o r  vigor 1 yellow-poplar t o  

a t t a i n  ce r t a in  l a r g e r  s izes  

i n  
avc --. 

ned Future t o  be at tai  
Present 
d.b.h. 

inches inches inches 

Years Years Years 

O* 23 29 
2 18 24 
4 12 19 
6 6 13 19 

-- 8 
-- 

7 
-- 

13 
10 7 

Seedlings 1 foot  high and l e s s  
1 ,LA,,. d.b.h, 

tntable 
Lass. ------ 

than 

The l o c a l  volume t a b l e  was b u i l t  up from data  taken 
t h i s  study: merch~ 8 height over diameter curve a n d  

?rage Girard form cl It i s  assumed t h a t  increment i n  
merchantable height a a a u ~ ~ a t e d  with present  diameter pro- 
vides an adequate adjustment f o r  height growth. 

Estimates of volume growth ( t a b l e  6) were made fron 
t h i s  l o c a l  volume t a b l e  and t h e  data on diameter growth. I n  
these estimates, no change i n  vigor c l a s s  during t h e  next 
10-year period i s  allowed for. This phase o f t h e  study was 
ca r r ied  out only f o r  yellow-poplar, because of t he  hetero- 
geneity of the  associa ted species i n  form and merchantable 
height. 



Table 6.--Average growth of yellow-pop1ar.h 

West Virginia,  by vigor c lasses  

( I n  board f e e t  , In te rna t iona l  &-inch ru le )  

Present Vigor Vigor Vigor V i g o r .  
d.b.h. c l a s s  c l a s s  c l a s s  c l a s s  
c l a s s  1 2 3 4 

AVERAGE 10-YEAR GROWTH, LAST 10 YEARS 

14  91  83 5 9 38 
16 113 104 75 47 
1 8  L29 125 90 -- 
20 141 -- -- -- 
22 150 -- - - -- 
24 155 - - -- -- 
2 6 156 -- -- -- 

ESTIMATED 1G-YEAR GROWTH, NFZT 10 YEARS 

12 100 68 43 21 
U 119 86 5 5 2 7 
16  12 9 103 67 32 
18 145 121 79 -- 
20 160 139 90 -- 
22 172 156 -- -- 
24 181 -- -- -- 
2 6 192 -- -- -- 

V a l u e  I n c r e m e n t  

I n  some s i tua t ions  a fo r e s t  manager may want t o  se- 
l e c t  which t r e e  t o  leave on t he  basis  of what it i s  earning 
in dol la r s  o r  i n  terms of i n t e r e s t .  A s  a guide f o r  doing 
t h i s ,  t he  current  growth earnings of yellm-poplar t r e e s  
have been calcula ted i n  compound i n t e r e s t  r a t e s  f o r  various 
vigor and diameter c lasses  ( t ab l e  7). 

The i n t e r e s t  r a t e s  were calcula ted from data on qual- 
i t y  of bu t t  logs and expected y ie lds  by lumber grades. They 
were prepared t o  show how qua l i t y  increases value and earn- 
ings, beyond t h e  simple influence of volume. 



As expected, t h e  earnings of yellow-poplar t r e e s  de- 
c l i ne  a s  t he  t r e e s  grow la rger ,  and decl ine  from higher t o  
lower vigor  c lasses .  For example, suppose you considered 
3 percent t he  smallest  worth-while re turn  from your invest-  
ment i n  fo r e s t  management. By r e f e r r i ng  t o  t a b l e  7. you can 
see what s izes  and vigor c lasses  of yellow-poplar f a i l  t o  
earn t h i s  minimum return.  

Table 7,--Earnings of yellow-poplar t r e e s  during 

next 10 gears ,  expressed i n  compound 

i n t e r e s t  r a t e  

(Based on expected average growth) 

Vigor Vigor Vigor Vigor 
Present c lass  c l a s s  c l a s s  c l a s s  
d*b"h. 1 2 3 4 

Per- Per- Per- Per- - 
cent cent cent - cent 

12 7.6 5.5 3.7 2.0 
14 5 0 9 4.5 3.0 105  
16 4.7 308 2-8 1.2 
1 8  40 0 3-3 2.5 -- 
20 3 a 4 3.0 l e 9  -- 
22 3.0 2.8 -- -- 
24 2.7 -- -- -- 
2 6 2.2 -- -- -- 

Applying these  r a t e s  t o  s e l ec t i ve  cu t t ing  would mean 
that t h e  t r ee s  t h a t  do not earn a t  l e a s t  3 percent should be 
removed t o  make room f o r  t r e e s  t h a t  can earn that much. Ac- 
cording t o  t h i s  t ab le ,  t h e  foll.owing t r e e  c lasses  should be 
removed: a l l  Vigor 4 t rees ;  Vigor 3 t r e e s  16  inches d,b.h. 
and la rger ;  Vigor 2 t r e e s  22 inches and la rger ;  and Vigor 1 
t r e e s  24 inches and larger .  

A word of caution i s  needed here. This was primarily 
a grovvth study, and data on qua l i t y  were taken only t o  show 



t ha t  volume alone i s  not enough t o  ind ica te  t h e  t r ue  advan- 
tage i n  growing t r ee s  t o  a l a rge  s i z e  before cu t t ing  them, 

As c l ea r  lumber becomes even more scarce than it i s  
now, p r i ce  d i f f e r en t i a l s  i n  favor of large ,  c l e a r  t r e e s  may 
increase even fur ther .  Specia l  uses and exceptional qua l i t y  
may of ten be more important than average earnings. For 
t h r i f t y  yellow-poplar t h a t  i s  su i t ab l e  f o r  veneer, the re  may 
be no diameter l i m i t  above which t r ee s  should be cu t  so l e ly  
on the  basis  of t h e i r  earding capacity, The fac tor  of in-  
t e r e s t  r a t e  should seldom be decisive,  

P R A C T I C A L  A P P L I C A T I O N  

The fo r e s t  manager can use these data  i n  se lec t ing  
those t r ee s  t o  leave when marking f o r  a p a r t i a l  cut t ing,  
Vigor c lass  can be used a s  a guide t o  diameter and volume 
growth of individual  yellow-poplar t r e e s  ; and %his  ~ o ~ h  
can be t r ans l a t ed  i n t o  increment i n  value, The vigor c lasses  
can a l so  be used t o  i den t i fy  diameter growth of associated 
species, which can l ikewise be t rans la ted  i n t o  volume growth 
and increment i n  value. 

I n  choosing t r ee s  t o  leave when making a p a r t i a l  cut ,  
spacing and soundness may be more important than r e l a t i v e  
growth i n  t he  f i r s t  cut  o r  two. A s  successive cuts  remove 
the  poorest t rees ,  however, r e l a t i ve  growth dl1 become more 
important in se lec t ing  fu ture  crop t r ee s .  

If a choice must be made between two sound t r ee s ,  
equally well  spaced, t he  t r e e  t o  'leave i s  t he  one t h a t  has 
t h e  greater  po ten t ia l  growth. A Vigor 1 t r e e  should be pre- 
fe r red  t o  a Vigor 2 t r ee ,  A yellow-poplar should be pre- 
f e r r ed  t o  most associated species,  A t a l l  t r e e  t o  a shor t  
t r e e ,  and so  on, 

It may be poss ible  t o  make t h e  choice on t he  basis  of 
species and vigor c l a s s  alone. For exunple, a Vigor 1 white 
ash i s  probably preferable t o  a Vigor 3 yellow-poplar, t o  
leave f o r  fu tu re  growth, Sometimes d.b.h, may be important 
i n  t he  choice: f o r  example, between two Vigor 1 yellow- 
poplars. The more a l i k e  t he  two t r ee s ,  the  l e s s  t he  d i f -  
ference which one i s  l e f t .  I n  case of doubt, t h e  t r ee s  may 
be bored and r a d i a l  growth compared. 



Besides guiding t he  f o r e s t  manager i n  s e l ec t i ng  t r e e s  
t o  be l e f t  i n  a p a r t i a l  cu t t ing ,  these  'data provide guides 
t o  t he  desi rable  composition of growing stock. It i s  evident 
that Vigor 4 t r e e s  should generally be cut  i f  the re  a r e  bet- 
t e r  t r e e s  t o  t ake  t h e i r  place. The data show t h a t  yellow- 
poplar i s  generally preferable  t o  i t s  associa tes .  Value of 
t h e  wood should be considere' - - " - 3 gr0d ' -  - -A other  
factors .  

To bui ld  up t he  desir  =, .,owing stock, , ,-,ies of 
p a r t i a l  cut t ings  may be necessary. The object ive  t o  s t r i v e  
f o r  i s  t o  maintain a near ly  complete canopy of full-crowned, 
high-vigor t r e e s ,  A t  f i r s t  t h e  damaged, defective,  and de- 
formed t r e e s  should be remo~ f merchantabl 
merchantable, they should be ed o r  girdled 

red, i 
poison 

lade up 

. . 

gor c l i  
an t  spc 
a l l .  

Next, t r e e s  i n  t he  poorer v i  isses should be re- 
moved, especia l ly  those of i n t o l e r  x i e s  t h a t  may re- 
spond t o  re lease  poorly o r  not  a t  , I n  planning these  
cut t ings ,  the  canopy should be opened only enough so t h a t  it 
i s  reclosed--through normal crown expansion--before t h e  next 
cut t ing.  A se r i e s  of p a r t i a l  cut t ings  such as  these  w i l l  

- --- 
r e s u l t  i n  a growing stock n ~ ~ o r  1 and Vigor 2 
t r e e s  of des i rable  species. 

This building up of a aes l rea  gromng ST;OCK W ~ L L  re- 
verse t h e  de te r io ra t ion  t h a t  r e su l t s  from the  usual cu t t i ng  
pract ices  of t h e  past .  Each cu t t i ng  removes t he  poorest 
t r e e s ,  leaving the  be t t e r  t r e e s  f o r  fu tu re  crop t rees .  Under 
this method, successive cut t ings  w i l l  become m 
prof i t ab le  as  these  b e t t e r  t r e e s  reach economic 

Lore an( 
maturil 

3 more 
ty  
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A P P E N D  I X 



Table 8.--Average diameter mowth i n s ide  bark during last 

10 years,  by species and vipor c b s s  

Vigor Vigor Vigor Vigor 
Species c l a s s  c l a s s  c l a s s  c l a s s  

1 2 3 4 

Inches Inches Inches Inches 

Y ellow-poplar 3.07 2.38 1.64 0.99 

Associated species : 
Basswood 
Sugar maple 
Cucumber t r e e  
Sweet b i rch 
Red maple 
Beech 
Walnut 
White ash 
Northern red oak 
Butternut 
Hickory, shagbark 
Hickory, pignut 
Chestnut oak ' 

Sassafras 
Black gum 
Black cherry 
Buckeye 

Average, a l l  
associa ted,  species* 

35 
. Includes, i n b  additioa.to speoiee listed, b d o c k ,  cot- 

tonwood, yellow birch, white oak, p in  oak, black oak, elm, 
mulberry, magnolia, sycamore, choke cherry, black locust ,  
and sourwood. 



negresslon o x  uamer;er gmwcn (f.b.) over d.b.h. . 

Vigor 1 yellow-pop1 

Adl = 4.096 - (0.091) D 
which /\d7 is gr~wth in d.i6b. during lash uacaua curd D 

i s ,  diameter breast high, 

ill w h i  

I-trend equations for yellow-poplar: 

v f  gor 
class Equation 

as de: fined above and a d 2  i s  grout1 

during previous decade. 

Groath-trend equations for associated specie 



Application of these formulas i s  rather simple: Fu- 

ture  diameter i s  estimated diameter growth added t o  present 

diameter, Estfmated'diameter growth i s  obtaine ubs ti- 

tut ing past growth, i n  the appropriate formula, ror  Ad2 
and solving fo r  Adl. 

, For example, i f  it i s  known tha t  U-inch yellow- 

poplar of vigor class  1 have an average d.b.h. 

an average Ad of 3.0 fo r  the last 10 years, 

.3 and 

a d l  = 0.8604 + 0.596(3.0) = 2.6484 

and estimated d.b.h. 10 years from now i s  14.3 + 2.6 = 16.9. 

The formulas may be used f o r  single t rees ,  but this should 

be done only with the  real izat ion tha t  such use i s  subject 

t o  greater e r ror  than when the  formulas are  used t o  estimate 

the  average of a class.  



To estimate growth in d.b.h. from growth in d.i.b., 

the following argument is used: 

D = A + B d  

in wMch D is dab-h. in inches, d is d,i.b. in inches, and 

A and B are parameters. Then-- 

D + & = A + B  ( d + A d )  

in which &I is d.b.h. growth fn inches and A d  is gruwth in 

d.i.b. Fronthis-- 

For yellow-poplar, fitting a regression equation by 

least squares gave: 

nD = (1.0794) A d  Whence 

This equation was also used to estimate /\D for associated 

species, as shorn below: 



Average 10-year K+-UVVU vy apar;Aaa K~-UW and vigor cL 

in inches 

Species group 

yellow-poplar Ad 

DP 
Associated species /\d 



Estimates of future d.b,h. growth of yellow-poplar, 

based on &l = (1,0794) Ad and assuming no change In vigor 

class. Adk = 4.096 - (0,091) D 

Vigor Class 1 

&-l = 0,8604 + 0.596 adk 
= 0,8604 + 0.596 (4.096 - (0.091) D) 

= 3,302 - (0,054) D 

Vigor Class 2 

Adkwl = 0.6145 + 0.554 Adk 

= 0-6l.45 + (0.554) (2.37) 

= 1.92748 

Vigor Class 3 

adk-l = 0.6704 + 0,357 & 
= 0.6704 (0.357) (1063) 

= 1,25231 # 

= 1.3517 
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