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I n  at tempting t o  f i n d  poss ib le  means of combating recurrent  

epidemics of the  spruce budword' i n  the  Northeast, research has shown 

t h a t  f o r e s t  management has considerable promise. Reduction i n  t h e  

proport ion of balsam f i r  t o  spruce and at tainment of the  highest  possible 

propor t ion of rapidly  growing t r e e s  a r e  expected t o  r e s u l t  i n  a l e s s  

severe outbreak and a higher percent  of recovery following defol ia t ion .  

These p r inc ip les  of s i l v i c u l t u r a l  con t ro l  have been discussed i n  

d e t a i l  by Graham and O r r  (2)2/, Balch (L), Westveld (5), and McLintock (2). 

The recommended p rac t i ce  now being t e s t e d  on a l a r g e  sca le  i n  

t h e  spruce-fir  region i s  a s ing le  t r e e  s e l e c t i o n  system on a s  shor t  a 

'cut t ing  cycle a s  possible--no longer than 25 years  and preferably  15 o r  

20, o r  even shor te r  i f  f eas ib le .  This of course, means marking the  

t r e e s  t o  be cu t ;  and it requires  a considerable degree of ca re  and s k i l l  

The spruce budworm ( ~ r c h i ~ s  fumiferana Clem. ) i s  a d e f o l i a t o r  
t h a t  feeds p r i n c i p a l l y  on balsam f i r  ( ~ b i e s  balsamea Mill . ) ,  white spruce 
(~icea glauca Moench. ) , and red spruce (P. rubens Sarg. ) . Epidemics 
seem t o  run i n  30- o r  35-year cycles,  t h e  l a s t  outbreak having been be- 
tween 1910 and 1920. A t  t h a t  time, stumpage conservatively estimated a t  
100 m i l l i o n  d o l l a r s  was destroyed i n  Maine alone. The outbreak nos 
devas ta t ing  t h e  f o r e s t s  of eas te rn  Canada again th rea tens  t h e  Northeast. 

2/ Numbers i n  parentheses r e f e r  t o  L i t e r a t u r e  Cited, p.  7. 
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i n  s e l e c t i n g  the  t r e e s  t o  be l e f t  f o r  the  next cu t .  Thus the  need f o r  a 

simple t r e e  c l a s s i f i c a t i o n  t o  enable rapid  ocular  evaluation of r e l a t i v e  

"r fskn of spruce and f i r  of d i f f e r e n t  s i z e ,  age, and condit ion becomes 

immediately evident. Mhdhile t h e  decisior. t o  c u t o r  leave a t r e e   ill of ten  

be c l e a r l y  ind ica ted  by i t s  s i ze ,  presence of defect  o r  damage, over- 

maturi ty,  o r  some other  obvious condit ion,  t h e r e  a r e  as m,ny borderl ine 

cases  where more ca re fu l  eonsiderat ion of the  fa,clors t h a t  influence 

growth i s  c a l l e d  for .  

An e a r l y  attempt a t  such a c l a s s i f i c a t i o n  zas made on the  b a s i s  

of v igor  a s  expressed by exter,  21 fea tu res  t h a t  ;$ere ind ica to r s  of 

vigor--or grovkh rate--in t h e  t r e e .  Thus, 3 vf gor I spruce o r  f i r  has 

a dense, we l l  developed croivn, usually--but not necessarily--symmetrical, 

with f o l i a g e  and bark co lo r  t y p i c a l  of a i ~ e a i t h y  t r eee .  It shoirs no 

evidence of d isease  o r  o ther  damage and i s  making rapid l a t e r a l  and 

terminal  growth. V i g o r  I1 t r e e s  a r e  usually of t;io types: those of good 

form and i n  apparently healthy condit ion,  but  making considerably l e s s  

terminal  and l a t e r a l  twig groxth t h a c  the  vigor I ;  and those making good 

twig growth, but having r a t h e r  t h i n ,  poorly developed o r  one-sides crodns. 

Vigor 111 t r e e s  a r e  those ::ith m2.rkedlj poor crowns, .rhether because of 

slow terminal  yo-iith, ovematur i ty ,  spasse o r  ye1lo:rinp fo l iage ,  t runk o r  

crown deformity o r  damage, o r  any o the r  p::y-sical ~ i a n i f e s t a t i o n s  of an 

unhealthy o r  dying t r e e ,  

Arbi t rary  1 i ;n i . t~  of +.i~r:eter ; x c  1t; f o r  5- ar!d lO-,?.~ear periods 

believed t o  coincide these    rip or c l a  s s s s  .iere es tabl ished,  follo-ding 

examination of 2,bout 1,800 spruce and f i r  increment cores ( k ) .  F i e l d  

checks ??ere t h e n  car-ried out t o  de te r r~~ lne  the  a c t u a l  degree of corre1a.- 

t i o n  between appraised vigor  and a c t u a l  groi:;th. It soon became apparent 

t h a t  one o r  two other  f a c t o r s  o f t en  exerted more irLfluence upon grovth 

than the  c h a r a c t e r i s t i c s  of v ipor  enunerate? 8bove. For example, s ince  

spruce and f i r  a r e  both t o l e r a n t  species,  2 t r e e  : t t h  a l l  t h e  fea tu res  

of a v igor  I but  intermediate i n  croviri c l z s s  frequently had t h e  gro-i~th 

r a t e  of a v igor  11. Similarly,  a dominant o r  co-dominant n i t h  a high 

crown r a t i o  o f t en  made diameter growth t y p i c a l  of a vigor I, although 

appra i sa l  on t h e  bas i s  of ex te rna l  c h a r a c t e r i s t i c s  made it vigor 11. It 



x a s  observed t h a t  t h e  v igor  c h a r a c t e r i s t i c s  vere  most dependable ?rhen 

appl ied  t o  t r e e s  up t o  t h e  point  of maturity. A s  t h e  t r e e s  reach matur- 

ity, t h e  appearance of  bark and fo l i age  becomes l e s s  r e l i a b l e  a s  a n  

index of groxth. A t  t h e  same t i m e ,  t h e  pos i t ion  of the  t r e e  i n  rela ' t ion 

t o  sun l igh t  (crown c l a s s )  and the  r e l a t i v e  extent  of i t s  food manufactur- 

i n g  p lan t  (crown r a t i o )  exerted more inf luence  upon gromth. 

Growth records confirmed t h e  basic assumption t h a t  i n  general,  on 

a given s i t e ,  growth r-ate v a r i e s  d i r e c t l y  ~ 5 t h  t h e  l e v e l  of vigor,  crown 

c l a s s ,  and crown r a t i o ,  Table I presents  5-year diameter growth averages 

measured on increment cores  taken from 188 balsam f i r  and 330 spruce, 

c l a s s i f i e d  according t o  the  th ree  c r i t e r i a  mentioned, For convenience, 

crown r a t i o  has been expre'ssed i n  whole numbers ra the r  than percent  

(i. e. ,  crown r a t i o  of 4 means length  of l i v i n g  crown i s  49 percent  of t h e  

t o t a l  t r e e  height),  and has been divided i n t o  t h r e e  l eve l s ,  a s  ind ica ted  

i n  the  t a b l e b  

Table 1,--Five-gear diameter ~ro-i i th f o r  spruce 

and f i r ,  average b,y cro-,rn r a t i o ,  

v igor ,  and croqJsn c lass  

Inches Inches . 

Item 

Crown r a t i o  :: 
High (7 - 10) 0.70 0.76 
Medium (4  - 6) 52 -60 
Light (1 - 3) 33 . 39 

Vigor: 
I 
I1 
311 

Red spruce 

Crown c lass :  
DorrrEnant and 

co-dominant . 58 ,68 

Balsam f i r  

Intermediate 
Overtopped 



Table 2.--Five-:year diameter growth f o r  spruce and f i r ,  shutring 

i n t e r a c t i o n  of crown c l a s s ,  o r ,  and cro-:in r a t i o  

Inches Inches Inches Inches Inches Inches I 1 

Vigor 11: 
CR 7 - 1 0  
C R 4 -  6  
C R 1 -  3 

Vigor 111: 
CR 7 - 1 0  -- -- -- -- 4- -- i 
C R 4 -  6 .60 0 24 .15 0 59 037 -- 1 
C R 1 -  3 0 30 0 14 * l 4  -- el4  0 12 

i 
1/ Blank spaces ( - 1  ind ica te  t h a t  da ta  .from feae> than 4 sample 

treesdwere not considered applicable.  I 

However,& p r a c t i c e  t h e  concept of r e l a t i v e  growth i s  associa ted  

with i n t e r a c t i o n s  of d i f f e r e n t  crown c lasses  with d i f f e r e n t  l e v e l s  of 

v igor ,  and with i n t e r a c t i o n s  of both of these  x i t h  va,rying degrees of 

crown ra.tio. No one of the  t h r e e  taken ind iv idua l ly  provides a s  r e l i a b l e  

a n  est imate of r e l a t i v e  growth r a t e  a s  a l l  th ree  considered a s  a  complex. 

To permit evaluation of the  r e l a t i v e  r a t e s  of growth of two adjacent  

t r e e s  t o  determine which i s  the  b e t t e r  r i s k ,  the  combined values of the  

th ree  f a c t o r s  must be considered. Thus, i n  t a b l e  2 diameter g r o ~ ~ t h  

averages have been ref ined t o  represent  each f a c t o r  i n  tehns of the  

o ther ,  and a t  each l eve l .  

The l imi ted  scope of the  data ,  however, and t h e  f a c t  t h a t  no pro- 

v i s i o n  has been made f o r  d i f ferences  i n  groi~ing s i t e s ,  do not allow 

l i t e r a l  i n t e r p r e t a t i o n  of the  growth averages. The means can be accepted 



and used i n  a r e l a t i v e  sense .only, and not .as  ind ices  of absolute growth. 

~ h i s ' d o e s  not c o n s t i t u t e  a weakness i n  t h e  present  summary as only a 

r e l a t i v e  evaluation i s  desired.  The alinement of  growth averages i n  

both t a b l e s  1 and 2 merely a o n f i m s  the  o r i g i n a l  hypothesis t h a t  a 

d o d n a n t  t r e e  i s  genera l ly  a b e t t e r  r i s k  than an  intermediate,  a vigor 

III a poorer r t s k  than a v igor  11, and so on. 

It now remains t o  sfmplffy t h i s  sca le  one s t e p  f u r t h e r  t o  provide 

a r u l e  quickly and e a s i l y  appl ied  i n  the  f i e l d  by t h e  man wi th  t h e  mark- 

i n g  ax o r  pa in t  gun. A t  the  present  s tage  of our knowledge, it must be 

assumed t h a t  an equal inf luence  upon growth i s  represented by the  th ree  

var iables :  vigor, erown c l a s s ,  and c r m n  r a t i o .  Thus we may say t h a t  

on t h e  same s i t e .  a vfgor 111 f i r ,  intermediate i n  crown c iass ,  and with 

a erown r a t i o  of 7, can be expected t o  have approximately the  same growth 

r a t e  a s  a v igor  I f i r ,  overtopped, and with a crawn r a t i o  of 4. I n  

o the r  words, corresporiding l e v e l s  of  each va r iab le  express the  same 

r e l a t i v e  growth ra te .  A simple r a t i n g  system may be s e t  up by which 

a t r e e  i s  given from one t o  t h r e e  po in t s  f o r ' i t s  p o s i t i o n  i n  the  s c a l e  

of each of t h e  var iables ,  a s  follows: 

. 

Crown c l a s s  Dominant & Intermediate Overtopped 
eo-dominant 

Crown r a t i o  7 - 10 4 - 6  1 - 3  

The f h s t  t r e e  mentioned above would be rated. one point  f o r  vigor, 

two points  f o r  crown c lass ,  and t h r e e  f o r  crown r a t i o ,  a t o t a l  of  six. 

The second t r e e  would be ra ted  t h r e e  f o r  vigor, one f o r  crown c l a s s ,  

and two f o r  crown r a t i o ,  again a t o t a l  of six., 

With t h i s  a s  a basis ,  a F l  growth measurements were pooled f o r  spruce 

and f o r  fir, and each t r e e  was ra ted  according t o  t h e  system j u s t  described. 

Then mean diameter growth was ca lcu la ted  by species fo r  each numerical 

r a t h g ,  The r e s u l t s  a r e  shown i n  t a b l e  3. 



Table 3. --Five-gear diamet e r y a i t h  f o r  o r u c e  arid 

t e  r a t 5 ~  - 3f c~*o0ir, 

r a t i o  -- 

__llp------- I I I , 
Spruce ) Balsam f i r  

Mean 
I gro.rth : I _--",--- i 

1 Number IncI-~essS T-na?.'ser -___ __ . _--- Itches , 

It i s  again ernpi~a,sire< t>-t, . . ':~c-rci. c? z.cc.urnci7 2 s  fiat 

claimed f o r  t h i s  r a t i n p  sca l e ,  bu t  t..e ;c 2-c - n - - e : q  the  purpase f o r  

which it was intended: t o  p e r l i t  or; 2. ;,:ire'-: s te yel:J.tI~-fe evc.luation 

of  t r e e  r i s k ,  a s  expressed by yro.itl, T,-te, 2 ;le?.i.s of t h ~ e e  e ~ s i i y  

estimated va r iab les .  It i s  a workirLg t c o l  a ~ d  :-uide f o r  p r a c t i c i n g  

fo res te r s ,  timberland 0-mers, and o t h e r s  .;ho kave occasion t o  mark 

spruce .and f i r  f o r  s e l e c t i v e  cu t t ing .  
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