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A Method Of 

Evaluating Forest Site Quality 
From Soil, Forest Cover, And Indicator Plants 

Marinus Westve ld ,  Princzflai  s i  l v i c u l  t u r i s t  

Nor theas te rn  F o r e s t  Experiment S t a t i o n  
F o r e s t  S I N I C O ,  U.S. D e p t .  A g r i c u l t u r e  

FORESTERS HAVE OVTFlLOOKD too  long t h e  importance of 
s o i l  as a f a c t o r  i n  successful  timber production. Greatest  
production i n  amount and qua l i t y  of wood a t  t h e  smal les t  
cos t  can be a t t a i ned  by growing the  t r e e  species t h a t  a r e  
be s t  s u i t e d  t o  t he  cl imate and t he  s o i l ' o f  t he  l oca l i t y .  i n  

I n  appl ica t ion,  however, t h i s  p r i nc ip l e  i s  a l l  too 
f requent ly  disregarded. The numerous p lan ta t ion  f a i l u r e s  
encountered show nhat  happens when it i s  disregarded. Plant- 
i n g  species  outs ide  t h e i r  na tu ra l  range o r  on s o i l s  t o  which 
they a r e  poorly adapted has l e d  t o  ser ious  s i l v i c u l t u r a l  and 
pes t -control  problems. Such mistakes, besides beinp cost ly ,  
c a s t  se r ious  doubt on the  soundness of re fo res ta t ion  pro- 

European experience points  up the  need f o r  giving 
more a t t e n t i o n  t o  so i l - t r ee  re la t ionships .  I n  p a r t s  of 
Gelmany and Switzerland continuous cropping of spruce on 
na tu r a l  hardwood s i t e s  has se r ious ly  harmed both f o r e s t  and 



s o i l .  Successive rota t ions  of pure spruce deplete t he  s o i l  
of c e r t a i n  elements e s sen t i a l  t o  t h e  heal th  of t h e  s tand 
(5) ' .  The problem there i s  t o  br ing back su f f i c i en t  num- 
bers of soil-enriching ha.rdwoods t o  res to re  s o i l  and f o r e s t  
t o  t h e i r  o r i g ina l  productivity.  

But .we need not go t o  d i s t an t  countries f o r  examples 
of t he  e f f ec t s  of f o r e s t  mismanagement. I n  New England to-  
day we have.widespread Nectria canker i n  many northern hard- 
wood stands (6 ) .  This may wel l  be due t o  the  f a c t  t h a t  
these  stands occupy s o i l s .  t h a t  were o r ig ina l ly  occupied by 
pure softwoods o r  softwood-hardwood mixtures. Foresters now 
face  the  d i f f i c u l t  t a sk  of reconverting these  s i t e s  t o  t h e i r  
o r i g ina l  cornposi t ion.  

\ 

Another example i s  t he  clamage done t o  red pine by t h e  
European pine shoot moth and t;he Tympanis canker when t h i s  
species  i s  planted south of i ts  na tura l  range (1). Another 
i s  t he  stagnation and chlorosis  encountered i n  pine and 
spr-uce planta t ions  on ce r t a in  worn-out ag r i cu l t u r a l  s o i l s  i n  
northern New York - - a t t r i bu t ed  t o  pota.ssium deficiency (2). 
I n  other  regions obscure dise;ases such a s  l f l i t t l e l e a f f f  i n  
shor t l ea f  pine (a, 4) and "pole b l igh t"  i n  second-growth 
western white pine (7) may be due t o  a disturbed b i o t i c  con- 
d i t i o n  of t h e  s o i l  ,r t o  a lack of balance among t h e  esserl- 
t i a l  elements. 

Many of these  t roubles  o r ig ina te  i n  man's f a i l u r e  t o  
grow t h e  species best adapted t o  t h e  s o i l .  Because basic 
s o i l  conditions a r e  not given a,dequate consideration,  s i l v i -  
c u l t u r a l  goals a r e  of ten s e t  t h a t  a r e  a t  variance with t he  
inherent  t rends  of the  s i t e .  This f ac t  has been a t t e s t e d  
repeatedly i n  t he  well-known e f f o r t  t o  maintain white pine 
a s  a dominant species i n  t,he mixed-hardwood stands of 
southern New England. On t h e  l i g h t e r  s o i l s ,  under s k i l l f u l  
s i l v i c u l t u r e ,  t h i s  highly p r ized  species can be maintained 
with r e l a t i v e  ease. But on Lhe heavier s o i l s  t h a t  charac- 
t e r i z e  na tura l  hardwoo'd lands t he  cos t  of maintaining white 
pine i s  prohibi t ive .  

To t r y  t o  grow species  ill adapted t o  t he  s o i l  i s  
of ten an open i n v i t a t i o n  t o  inroads  by damaging pests .  Na- 
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t u r e  p r o t e s t s  vigorously against  v io l a t i on  of her laws, 
Disregarding them can lead only t o  serious trouble.  

Some v io l a t i ons  of t h e  p r inc ip le  of f i t t i n g  t h e  t r e e  

I 
t o  t h e  s o i l  a r e  due t o  de l ibera te  attempts t o  gain an eco- 
nomic advantage. But many a r e  due merely t o  lack of sound 
s i l v i c u l t u r a l  guides.. What t h e  f o r e s t e r  needs i s  a simple 
y e t  dependable guide t h a t  w i l l  enable him t o  d i r e c t  h i s  sil- 
v i c u l t u r e  toward t h e  production of those species t h a t  a r e  
b e s t  s u i t e d  t o  t h e  s i t e .  

T H E  C C I M A X  F O R E S T  A S  A G U ' I D E  

Such a. guide can be found in climax-forest associa- 
t i ons .  A climax fo r e s t  i s  Nature's ve rd i c t  of t h e  t r e e  
spec ies  o r  combination of t r e e  species be s t  adapted t o  t he  
s i t e .  Climax f o r e s t s  a r e  i n  complete harmony with the  s o i l  
and t h e  p l a n t  and animal l i f e  they suppdrt. They a r e  inher-  
e n t l y  heal thy.  Under good management they a r e  e a s i l y  main- 
t a i ned  i n  a high s t a t e  of vigor. and productivity.  They have 
a n a t u r a l  capac i ty  t o  r e s i s t  damage from in sec t s ,  d isease ,  
and o the r  de s t ruc t i ve  agents. 

One should not i n f e r  t ha t  t he  composition of t he  ~1%- 
max f o r e s t  i s  t h e  ult imate toward which management should 
i nva r i ab ly  be d i rec ted .  The high i n t r i n s i c  value of  c e r t a i n  
subclimax spec ies  such a s  white pine, Douglas-fir, white 
b i rch ,  and black cherry may d i c t a t e  otherwise. Nevertheless, 
compositions c h a r a c t e r i s t i c  of climax associa t ions  should be 
used as guides  f o r  s e t t i n g  up s i l v i c u l t u r a l  and management 
goals .  Such a n  approach i s  bas ica l ly  sound. 

Often i n  t h e  pas t ,  management p rac t ices  have been 
based upon cu r r en t  t r e e  composition alone. But present t r e e  
cover may no t  be a r e l i a b l e  index. Through man's a c t i v i t i e s  
ex tens ive  f o r e s t  a r ea s  have undergone marked changes i n  com- 
p o s i t i o n  and s t ruc tu r e ;  thus t h e i r  t r u e  nature i s  masked. 

A s t r i k i n g  example of t h i s  was noted i n  t h e  .course of 
f o r e s t  survey work i n  New York S t a t e  ( f i g .  1 ) .  h q u e t t e  
Lake Town, which l i e s  wholly within t he  Adirondack S t a t e  
Park, suppor t s  a p r ac t i c a l l y  v i rg in  f o r e s t  of mixed spruce- 
hardwoods. The adjacent  holdings, which a r e  p r iva te ly  owned, 
were c u t  f o r  s o n i f e r s  only, leaving the  a rea  possessed by 
nor thern hardwoods. Although the  two ownerships o r ig ina l l y  
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F i g  u r e  1.--The s h a r p ,  s t r a i g h t  boundary  be tween  f o r -  
e s t  c o v e r  t y p e s  shows how man's a c t i v i t i e s  change  
f o r e s t  c o m p o s i t i o n .  The lower  a r e a  o n  t h i s  map, 
p a r t  of t h e  Ad i rondack  S t a t e  P a r k ,  is c o v e r e d  by 
$ r a c t i c a l l y  v i r g i n  f o r e s t  of mixed s p r u c e  and  
hardwoods.  The  upper  a r e a  is  p r i v a t e  l a n d  f rom 
which  t h e  c o n i f e r s  were  c u t  f o r  pulpwood. 
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supported fo r e s t s  of  xhe same composition, cu t t inp  on t he  
p r iva te  lands converted a former mixed conifer-hsrdwood for-  
e s t  i n t o  pure hardwoods. 

Other s t r i k i n g  examples a r e  t h e  scrub oak fo r e s t s  of 
Pennsylvania and t h e  aspen fo r e s t s  of t he  Northeast and Lake 
s t a t e s .  Such modified or  temporary types a r e  usually poor 
ind ica tors  of the  p o t e n t i a l i t i e s  of f o r e s t  s i t e s .  So the  
f o r e s t e r  must be able  t o  i n t e rp re t  s i t e  fac to rs  properly 
regardless of the  present f o r e s t  cover. 

D E T E R M ' I  N ' I N G  C + L I  M A X  T Y P E  

A N D  S ' I  TE CtLAS S 

Since climax fores t s  provide the  key t o  successful  
management, t he  f i r s t  s tep i n  placing t h e  s i l v i c u l t u r e  of a 
region on a sound basis  i s  t o  c l a s s i f y  the  fo r e s t  land i n t o  
climax-forest types. Three approaches t o  t h i s  t a s k  mer i t  
consideration.  

1 In t e rp re t a t i on  of 
present  f o r e s t  cover 

ample, t he  condit ion and t h r i f t  of such species a s  sugar 
maple, beech, and white-cedar a r e  ind ica t ive  of s o i l  type 
and s i t e  qua l i ty .  But ufifortunately much of t he  Northeast 's  
f o r e s t  cover i s  a hodge-podge of temporary types i n  various 
s tages  of succession following disturbances by f i r e ,  heavy 
cu t t i ng ,  ,and epidemics of insec t s  and diseases.  Thus we 
need t@ know how t o  i den t i fy  climax-forest associa t ions  re- 
gard less  o f  t h e  cover the  s i t e  now supports. This leads t o  
t h e  second approach-- 

2 Use of c e r t a i n  
i nd i ca to r  p lan t s  f '  

whereby s i t e  q u a l i t i e s  can be i den t i f i ed  i n  terms of na tura l  



f o r e s t  types. However, indicator  p lants  a r e  not i n f a l l i b l e .  
Radically disturbed areas  may defy c l a s s i f i r s t i o n  f o r  an  
indeterminate period. This points t o  the  need f o r  t he  t h i rd ,  
and supplementary approach-- 

3 Use of s o i l s  
as ind ica tors  

of climax-forest associa t ions .  I n  general,  major fo r e s t  
a s s o c i a t i o k  m i l l  be found t o  coincide with s o i l s .  For ex- 
ample, t he  climax spruJce-fir fo res t s  of t h e  north country 
occur on>poorly drained bottomlands reaching back from lakes 
and streams and a l s o  on the  shallow and droughty s o i l s  of 
.steep mountain slopes.  The beech-birch-maple types, on t h e  
other  hand, c lo the  t he  deep, f e r t i l e ,  well-drained s o i l s  of 

% t h e  lower mountain slopes and low ridges. Pine fo r e s t s  
character ize  t he  droughty coasta l  sand areas,  outwash r i v e r  
val leys ,  and outwash te r races .  I n  the Piedmont P la teau . the  
shade-enduring oaks, gums, and hickories cons t i t u t e  t h e  
climax associa t ion.  I n  f ac t ,  s o i l  and timber a r e  so c losely  
associa ted t h a t  e a r l y  s e t t l e r s  used t r e e  composition a s  
guidas i n  choosing land t o  c l ea r  f o r  crops. 

Within these  broad physiographic regions a r e  s o i l  
typas t h a t ' a r e  bes t  su i t ed  f o r  the  growth of p a r t i c u l a r  t r e e  
species  o r  groups of species. Thus, s o i l s  should be d i f k  
f e r en t i a t ed  on t he  basis  of t h e i r  r e l a t i ve  s u i t a b i l i t y  f o r  
t h e  production of spec i f i c  timber species a s  wel l  as f o r  
t h e i r  growth po t en t i a l  -for these species. Further,  they 
should be c l a s s i f i e d  on the  basis  of t h e i r  inherent  teriden- 
c i e s  f o r  t h e  productj.on of spec i f i c  climax-forest 
associat ions.  

T E S T ' I N G  THE T H E O R Y  

A f i e l d  t e s t  was made t o  determine i f  i t  i s  p r a c t i c a l  
t o  combine p r e sen t .  t r e e  cover, minor-vegetation data ,  and 
s o i l s  data a s  guides t o  t he  climax type. A port ion o f t h e  
Milan quadrangle i n  northern New Hampshire was chosen f o r  
t h e  t e s t  because both cover-type and s o i l  maps f o r  it were 
avai lable .  Each map provides the  bas i s  f o r  developing sepa- 
r a t e  climax-forest-type maps f o r  t h e  area.  

The f i r s t  climax map, developed by Westveld, w a s  
based on h i s  i n t e rp re t a t i on  of present forest-cover type. 
The second map, based so le ly  on so i l s '  data,  w a s  prepared 



indepeadently by W. H. Lyford, s o i l  s c i e n t i s t ,  New Hampshire 
College of Agriculture and Agricul tura l  Experiment S t a t i on ,  

Compared on the  ground, the  two maps coincided rea- 
sonably well.  Disagreement amounted t o  l e s s  than 40 per- 
cent ,  and disagreement was consis tent ly  between the  same two 
climax types. 

Later  discussion resolved half  the  con f l i c t  between 
t he  two maps, and approximately 80 percent agreement was 
reached. However, fu r ther  study i s  needed t o  br ing t o  l i g h t  
add i t i ona l  fac to rs  t h a t  w i l l  assure  correct  i d e n t i f i c a t i o n  
of q u e s t i o z b l e  areas as  wel l  a s  d i f f e r en t i a t i on  of climax 
associa t ions  i n t o  s i t e -qua l i ty  c lasses .  

This f i r s t  t e s t  demonstrates t h e  possible value of  
t h e  method. Although ne i ther  t r e e  cover, minor ve te ta t ion ,  
nor s o i l s , a r e  by themselves i n f a l l i b l e  a s  ind ica tors  of c l i -  
max type,  t h e  th ree  used together w i l l ,  it i s  believed,  pro- 
vide t h e  basis  f o r  r e l a t i ve ly  accurate determination of 
climax type. 

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

To be useful  t o  t he  p rac t ic ing  fo r e s t e r ,  t h i s  kind of 
information about s o i l  and s i t e  and climax type should be 
prepared a s  a un i t  map. The s teps  i n  preparing such a map 
are i l l u s t r a t e d  i n  f igure 2. The four small maps shown i n  
t h e  f i gu re  a r e  a l l  of the same area .  

Here t h e  pert inent s i t e  fac to rs  found i n  s tud ies  of 
t h e  present  f o r e s t  cover, t he  ground-vegetation i nd i ca to r  - 
plan ts ,  and t he  s o i l  types a r e  in tegrated i n t o  a s ing le  map 
(eig. 2 ,  I)) t h a t  shows s i t e  q u a l i t y  and climax-forest type. 
Each map port rays ,  with varying degrees of success, t he  basic  
boundaries of t he  climax associat ions,  which presumably a r e  
expressed most accurately i n  map D.  This hypothetical  map 
shows how present t r e e  cover, minor-vegetation data ,  and 
s o i l s  da ta  can be combined a s  a s i l v i c u l t u r a l  guide f o r  
growing the  r i gh t  t r e e  on the  r i gh t  s i t e .  It i s  a basic .  
forest-marmgement map. 

I n  t h e  hands of a fo r e s t e r  such a map i s  t he  equiva- 
l e n t  of a land-use map. I t s  value i n  terms of b e t t e r  f o r e s t  
management can scarcely be overrated,  I n  f ac t ,  such a map 



A. FOREST INVENTORY MAP 

PRESENT 
FOREST- COVER TYPES 

SPRUCE-FIR 

0 SPRUCE -FIR-HAROWOODS 

n HARDWOODS-SPRUCE-FIR 

0 NORTHERN HARDWOODS 

PAPER BIRCH 

ASPEN-GRAY BIRCH 

0 NONFOREST 

I MILE 

B. MINOR VEGETATION MAP 

GROUND-VEGETATION - 

TYPES 

VIBURNUM-OXALIS 

OXALIS -VIBURNUM 

OXALIS-CORNUS 

CORNUS-OXALI S 

CORNUS 

CORNUS-MAIANTHEMUM 

MAIANTHEMUM -HYPNUM 

HYPNUM-SPHAGNUM 

F i g u r e  2 . - - S t e p s  i n  mapping s o i l - s i t e - c l i m a x  t y p e  

i n f o r m a t i o n .  P e r t i n e n t  s i t e  f a c t o r s  shown i n  d 
 r resent f o r e s t  c o v e r ) ,  B (g round  v e g e t a t i o n  i n -  



C. SOlL SURVEY MAP 

SOlL TYPES 

A - I  

n A - 2  

I A - 3  

B-  I 

rJ'J 8 - 2  

F".l B - 3  

B- 4 

cz3 B - 5  

8 - 6  

0. BASIC MANAGEMENT MAP 

CLIMAX-FOREST TYPES 

SPRUCE- FIR 

RED SPRUCE- 
YELLOW BIRCH 

RED SPRUCE- 
SUGAR MAPLE- BEECH 

SITE-QUALITY CLASSES 

SlTE I 

SlTE II 

€3 SITE m 

d i c a t o r  ~ l a n t s ) ,  and C ( s o i l  t y p e s )  a r e  i n t e g r a t -  
e d  i n t o  a  b a s i c  management map,  D. The f o u r  maps 
are a l l  of t h e  same a r e a .  



would have g r e a t  p r a c t i c a l  value i n  a l l  phases of r e sou rce  
management. I t c o u l d b e u s e d e f f e c t i v e l y  I n a s s e s s i n g t h e  
va lue  of  f o r e s t  t ypes  f o r  f lood 'and  e r o s i o n  c o n t r o l ,  f o r  
game product ion,  o r  f o r  r e c r e a t i o n ;  a.nd i n  a s s e s s i n g  l a n d  
va lues .  Such a map should a l s o  prove va luable  i n  f o r e s t -  
p e s t  p reven t ion  and  c o n t r o l ,  s i n c e  t h e  ex t en t  of d i s e a s e  and 
i n s e c t  damage i s  c l o s e l y  c o r r e l a t e d  wi th  s i t e  q u a l i t y .  

Probably t h e  most important  long-range use o f  such  
maps i s  a s  a b a s i s  f o r  s c i e n t i f i c  management of  e x i s t i n g  
f o r e s t  s tands .  Ul t imate ly  f o r e s t e r s  must be a b l e  t o  p r e d i c t  
t h e  kind, y i e l d ,  and q u a l i t y  of t imber  t h a t  can be produced 
under v a r i o u s  systems of s i l v i c u l t u r e  i n  each group of  s o i l s  
and s e t  o f  c l i m a t i c  condi t ions ,  and the  in f luence  of  t h e s e  
management systems on t h e  long-time p r o d u c t i v i t y  o f  t h e  

*.. s o i l s .  

A s i t e - t y p e  map provides t h e  needed index t o  t imber- 
y i e l d  p o t e n t i a l s .  A t  t h e  same time it provides t h e  b a s i s  
f o r  proper  o r i e n t a t i o n  of s i l v i c u l t u r a l  goa ls .  .Knowing 
where t h e  most favorable  s i t e  types  occur  f o r  t h e  growth of 
s p e c i f i c  t r e e  spec i e s  i s  one of t h e  p r i n c i p a l  p r e r e q u i s i t e s  
of  p r o f i t a b l e  t imber  production. Once a p rope r ty  has been 
thus  mapped, t h e  t a s k  of c l a s s i f y i n g  s i t e s  f o r  v a r i o u s  
l e v e l s  of f o r e s t r y  p r a c t i c e  commensurate w i th  t h e  p o t e n t i a l -  
i t i e s  of t h e  s i t e  f o r  growth and p r o f i t a b l e  r e t u ~ n s  i s  made 
i n f i n i t e l y  e a s i e r .  

M O R E  I N F O R M A T I O N  N E E D E D  

Fundamentally, then,  sound s i l v i c u l t u r e  t o  a  l a r g e  
degree r e s t s  on  a thorough knowledge o f  t h e  re la . t ionsbips  
between t h e  s o i l  and t h e  t r e e s  t h a t  erow on it. S p e c i f i -  
c a l l y ,  s k i l l f u l  s o i l  and f o r e s t  management c o n s i s t s  of ( 1 )  
s e l e c t i n g  t h e  r i g h t  t r e e  spec i e s  f o r  a given s i t e  o r  
choosing t h e  r i g h t  s i t e  f o r  a  given spec i e s ,  (2)  main ta in ing  
t h e  s o i l  s o  t h a t  it remains s u i t a b l e  f o r  t h e  t r e e  s p e c i e s ,  
and (3) modifying t h e  s o i l  where p o s s i b l e  s o  t h a t  it becomes 
even more s u i t a b l e  f o r  t h e  spec ies .  

  he method suggested here  i s ,  o f  course ,  a  concept 
t h a t  has not  y e t  been p u t  t o  p r a c t i c a l  use.  The p repa ra t ion  
of bas i c  wnagement  maps l i k e  t h a t  shown i n  f i g u r e  2 has 
been done on ly  on an experimental  b a s i s .  I n t e g r a t i n g  i n f o r -  
mation about  p r e s e n t  f o r e s t  cover ,  indicat .or-plant  communi- 



t i e s ,  and s o i l  types requires fu r ther  study, experience, and 
t ra ining.  

To f u l l y  and e f fec t ive ly  use such a method i n  manag- 
, ing  our fo r e s t s  c a l l s  f o r  more knowleage about so i l - t ree  

re la t ionships  than we now have. To obta in  t h i s  information, 
both basic and.applied research a r e  needed. Some of t he  
problems : 

1. To determine s o i l  proper t ies  t h a t  a r e  s ign i f ican t  
t o  the  growth of the t r ee ,  and t o  determine what modifica- 
t i ons  a r e  neeessary i n  present methods of c lass i fy ing  s o i l s .  
Such information i s  needed before a soil-type 'map can have 
f u l l  meaning, because t he  present c l a s s i f i c a t i o n  of s o i l s  
and s o i l  groups has a strong bias. toward s t r i c t l y  agricul-  
t u r a l  uses. 

2. To develop methods fo r  iden t i fy ing  and mapping 
fores t - s i t e  types and s o i l  types i n  t he  f i e l d  and t r ans l a t -  
i ng  t h i s  information i n t o  un i t  maps showing climax-forest 
associa t ions  by s i te-qual i ty  c lasses .  

3. To evaluate, by pilot-plant  operations, t h e  re la-  
t i v e  economic and s i l v i c u l t u r a l  advantages of (a)  various 
systems and leve l s  of fo res t ry  pract ices  f o r  various s o i l  
types and (b) the  re la t ive  advantages of d i f f e r en t  pract ices  
o n t h e  s a m e s o i l t y p e .  (s tudies  o f t h i s  k i n d h a v e a l r e a d y  
been s t a r t e d  on several  experimental fo res t s .  ) 

4. To i n t e rp re t  t he  above data i n  t e rn s  usable t o  
t h e  timberland owner and fores t  manager i n t e n t  on maintain- 
i n g  and increasing the  productivity of h i s  f o r e s t  land. . 
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