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I N  1945 A PARTIAL-CUTTING experiment i n  spruce-fir  
s i l v i c u l t u r e  was begun by t h e  Penobscot Research Center of 
t he  Northeastern Forest Fxperiment S ta t ion .  The Eastern 
Pulp FIood Company of Calais, Maine, made avai lable  f o r  the  
study a t r a c t  of f o r e s t  land , i n  Dyer Township, Washington 
County, Maine. This 20.6-acre t r a c t  i s  p a r t  of a l a rge  area  
t h a t  had been burned over i n  1885. 

The experimental area  was s e t  a s ide  f o r  t he  purpose 
of conducting a cu t t i ng  experiment designed t o  t e s t  t he  fol -  
lowing assumptions : 

That vu lnerab i l i ty  of a spruce-fir  s tand t o  t h e  spruce 
budworm depends l a rge ly  on the  s i z e  and amount of balsam 
f i r  present ,  and on the  vigor  of the  balsam f i r  and 
spruce. 

@ That possible losses  from the  cur ren t ly  impending spruce 
budworm a t t ack  could be reduced by cu t t i ng  t h e  most 



vulnerable t r ee s :  t he  mature balsam f i r  and the  poor- 
vigor balsam f i r  and spruce. 

That stands r e s i s t a n t  t o  damage from a spruce budworm 
a t tack  could be b u i l t  up over a long period by cu t t ing  
methods t h a t  reduce t h e  proportion of balsam f ir  and in- 
crease t he  stand vigor. 

That these cu t t i ng  pract ices  a r e  good s i l v i cu l t u r e  re- 
gardless of spruce budworm at tack.  They c a l l  f o r  a shor t  
cu t t ing  cycle and improvement i n  stand s t ructure .  The 
increased qua l i t y  and r a t e  of growth of the  growing 
stock w i l l  r e s u l t  i n  higher net  y ie lds  than would heavy 
cut t ings  on long cu t t i ng  cycles. 

Since the  spruce budworm has not ye t  reached t he  ex- 
perimental cu t t ing  area,  t h e  f i r s t  two assumptions cannot be 
tes ted.  However, a re-measurement of t he  area  i n  t he  f a l l  
of 1953 does provide information on growth, mortal i ty,  and 
changes i n  composition t h a t  have taken place s ince  the  
cutt ing.  

T H E  S T U D Y  

The purpose of t h e  study mas t o  t e s t  the  effect ive-  
ness of cu t t i ng  methods used t o  accomplish ce r t a in  spec i f ic  
objectives.  These were: 

To reduce t h e  vu lnerab i l i ty  of the  softwood growing 
stock t o  damage by t h e  spruce budworm by removing the  
l a rge  mature balsam f i r  t r e e s .  

To increase stand product ivi ty  by removing defective and 
poor-vigor trees--especially balsam f i r ,  which i s  sus- 
cep t ib le  t o  ro t  a t  an  ea r ly  age. 

To r e t a i n  enough growing stock t o  allow another operable 
cut of about t h e  same volume i n  20 years. 

Trees t o  be cut were marked. The marking ru les  were 
based on t r e e  s i ze ,  condition, and spacing. Diameter guides 
were s e t  up a s  follows: 

Inches. 

Spruce 9.5 
Balsam f i r  7.5 
Aspen 6.5 

Defective and poor-vigor balsam f i r  and spruce t r e e s  below 
these  diameter l im i t s  were marked t o  be cut  so t h z t  the  



B E F O R E  C U T T I N G  vigor  of t he  res idual  
stand would be increased. 
Some t h r i f t y  balsam f i r  
and spruce t r e e s  above the  
diameter l i m i t s  were re- 
ta ined where needed f o r  
proper spacing. Because 
of rigorous specif icat ions  
f o r  aspen, some p a r t i a l l y  
defective t r e e s  of this 
species were not cut ,  Oth- 
e r  species were not mer- 
chantable f o r  t h i s  cut. 
These rules  resul ted i n  a 
per-acre cu t  of 10.0 cords 
of spruce and f i r ,  and 3.8 
cords of aspen. 

A F T E R  C U T T I N - G  
( 1  9 4 7 )  

I n  March 194.5, be- 
f o r e  cut t ing,  a 100-per- 
cent inventory was made of 
t h e  merchantable species 
5.6 inches d.b.h. and 
larger :  red and white 
spruce, balsam f i r ,  and 
aspen. A 20-percent sample 
was taken of o ther  species. 
The stand composition i n  
percent of t o t a l  basal  
area  was: red  and white 
spruce 28 percent, balsam 
f i r  38 percent, aspen 22 
percent, and other  species 
12 percent ( f i g .  1 ) .  Total  
volume was 1,854 cubic 
f e e t  o r  about 21  cords of 
rough pulpwood -per acre. 

An inventory of 
t h i s  t r a c t  i n  Apri l  1947, 

CI 
FIGURE I.--Composition o f  
the  s tand  b e f o r e  c u t t i n g ,  
a f t e r  c u t t i n g ,  and 7 years  
l a t e r .  The f i g u r e s  i n d i c -  
a t e  percent  of t o t a l  b a s a l  
area i n  t r e e s  5 . 6  i n c h e s  

d. b. h. and l a r g e r .  



a f t e r  cut t ing,  showed a t o t a l  pulpwood growing stock of 615 
cubic f e e t  o r  7.2 cords per  acre.  This consisted of 283 cu- 
b ic  f e e t  (3.1 cords) of red and white spruce, 150 cubic f ee t  
(1.7 cords) of balsam f i r ,  and 182 cubic f e e t  (2.4 cords) of 
aspen ( f i g .  2 ) .  These species comprised 72 percent of the  
t o t a l  basal  area of a l l  t r e e s  5.6 inches d.b.h. and larger .  
Red maple and northern whitecedar made up most of  t h e  re- 
maining 28 percent. 
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FIGURE 2.--Development of the residual stand 
between April 1947 and October 1953. 

Seven growing seasons l a t e r ,  i n  October 1953, another 
inventory was made. A t  t h a t  time t h e  pulpwood growing stock 
mas 1,001 cubic f e e t  o r  11.8 cords per  acre.  It consisted of 
445 cubic f e e t  (4.9 cords) of red and white spruce, 240 
cubic f e e t  (2.7 cords) of balsam f i r ,  and 316 cubic f e e t  
(4.2 cords) of aspen. 



T H E  R E S U L T S  

What evidence i s  the re  t h a t  t he  cu t t ing  methods used 
have had a benef ic ia l  influence on t he  development of the  
stand during these  f i r s t  7 years? 

Budworrn Vulnerability 

The r e l a t i v e  vu lnerab i l i ty  of the  stand t o  damage by 
t he  spruce budwom before and a f t e r  cu t t ing  and i n  1953 was 
computed, using Westveld1s r a t i ng  t a b l e  f o r  balsam f i r  by 
diameter. The number of balsam f i r  t r e e s  per  ac re  i n  each 
diameter c l a s s  was mul t ip l ied by i t s  vu lnerab i l i ty  ra t ing.  
These products were added t o  compute t he  vu lnerab i l i ty  of 
t he  stand. The 1945 cu t t i ng  reduced the  r e l a t i ve  vulner- 
a b i l i t y  from 564 (high) t o  63 ( l i g h t ) .  I n  1953, due t o  the  
increase  i n  s i z e  of t h e  balsam f i r  t r e e s ,  t h e  vu lnerab i l i ty  
was 117 (medium). 

C o m p o s i t i o n  

The percentage of f i r  i n  t h e  stand was reduced by the  
1945 cu t t i ng  from 38 t o  20, while spruce was increased from 
28 t o  33 percent ( f ig .  1 ) .  The proportion of aspen was re- 
duced from 22 t o  19 percent. By 1953 t he  balsam f i r  compo- 
nent i n  the  growing stock was only 19 percent. Spruce 
dropped t o  31  percent,  while aspen remained t he  same a t  19 
percent. 

The problem of improving composition now l i e s  with 
the  other  species t ha t  mere nonmerchantable i n  1945. There 
has been an increase  i n  t he  proportion of nonmerchantable 
species from 12 percent before cu t t ing ,  t o  28 percent a f t e r  
cu t t ing ,  t o  31 percent i n  1953. The proportion of merchant- 
able  species has dropped from 88 percent before cu t t i ng  t o  
72 percent a f t e r  cut t ing,  t o  69 percent i n  1953. Removal of 
t he  aspen and l a rge r  spruce and f i r  l e f t  openings t h a t  a r e  
being taken over by other  species, mostly red maple. I n  
some of the  softwood stands cedar i s  f i l l i n g  i n  theopenings. 
This species more than doubled i n  basal  area during t h e  7- 
year period. 

R a t e  Of Gr o w t h  

The net periodic annual growth was 16.5 cubic f e e t  

'westveld,  M. A suggested method for r a t i n g  the v u l n e r a b i l i t y  o f  spruce - f i r  
stands t o  budworm at tack .  Northeast.  Forest  Expt. S t a .  4 pp. (processed).  
1945. 
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(0.183 cord) f o r  red spruce, 6.7 cubic f e e t  (0.074 cord) 
f o r  white spruce, 12.8 cubic f e e t  (0.143 cord) f o r  balsam 
f i r ,  and 19.1 cubic f e e t  (0.255 cord) f o r  aspen--a t o t a l  of 
55 .1  cubic f e e t  o r  0.655 cord per  ac re  ( t ab l e  1 ) .  

Table 1.-Merchantable stand i n  1947 and 1953. wi th  periodic 

annual growth and mortali ty 

(From 1-foot stump t o  4-inch top.) 

Units per acre in- Units per acre per year1 

Species 
April October Net 

1947 1953 
Accretion Mortality Ingrowth grmth 

Cubic fee t  

WNte spruce 69.1 115.9 6.01 0.85 1.53 6.69 
Red spruce 213.9 329.2 13.44 2.84 5.87 16.47 

Total spruce 283.0 445.1 19.45 3.69 7.40 23.16 

Balsam f i r  150.4 240.2 l l .13  7.27 8.97 12.83 
Aspen 182.2 316.0 19.56 4.48 4.03 19.11 

A l l  species 6l5.6 1001.3 50.14 15.44 20.40 55.10 

Rough cords 

White spruce 0.768 1.288 0.067 0.009 0.017 0.074 
Red spruce 2.376 3.657 .I49 .032 .065 .I83 

Total spruce 3.144 4.945 .216 .041 .082 .257 

Balsam f i r  1.671 2.668 .I24 ,081 .lo0 .143 
Aspen 2.430 4.213 .261 .060 .054 .255 

A l l  species 7.245 11.826 .@1 ,182 .236 .655 

l ~ c c r e t i o n  = growth on a l l  t r e e s  t h a t  were measured i n  1947 and remeasured i n  1953. 
For definit ion of other terns see "Forest Terminology" published by Society of American 
Foresters. 1950. 

The r a t e  of ingrowth i s  an ind ica t ion  of the  vigorous 
development of the  younger elements of t he  stand. Ingrowth 
accounted f o r  37 percent of t he  net  growth. It was 20.4 
cubic f e e t  o r  0.236 cord pe r  ac re  pe r  year. Balsam f i r  in-  
growth was t he  g rea tes t .  It was 70 percent of t h e  net  f i r  
growth. Red spruce ingrowth was 36 percent ,  white spruce 23 
percent, and aspen 21 percent. 

Expressed a s  a percentage of t h e  1947 growing stock, 
the  periodic annual acc re t ion  r a t e  has been: 

Percent 
Aspen 10.7 
White spruce 8 7 
Balsam f i r  7.4 
Red spruce 6 - 3  

M o r t a l i t y  

Death of merchantable species from a l l  causes over 
t he  pas t  7 years has been 108.0 cubic f e e t  (1.27 cords) per  



acre,  a year ly  l o s s  of 15.4 cubic f e e t  o r  0.18 cord. Balsam 
f i r  made up 45 percent of t h i s  loss .  Although the  merchant- 
able  volume of f i r  i n  1947 was only about half  t h a t  of 
spruce, balsam f i r  niortal i ty was twice a s  great  ( f i g .  2) .  
Similarly,  f i r  losses  were 35 percent higher than aspen, 
even though the  aspen volume was somewhat greater  than f i r  
t o  begin with. 

These f igures  point  up sharply some of the character- 
i s t i c s  of balsam f i r .  The gmss  volume of f i r  nearly 
doubled i n  t h e  7-year period. However, f i r  mor ta l i ty  of 
50.9 cubic f ee t  (0.57 cord) per  acre  reduced t he  net  growth 
t o  60 percent. This was only 3 percent higher than the  net  
increase  f o r  spruce. F i r  grows f a s t ,  but unless it i s  
managed under shor t  cu t t i ng  cycles ( t o  salvage morta l i ty)  
most of t he  advantage of f a s t  growth i s  l o s t .  

Animals k i l l e d  38 percent of t he  t r ee s  found dead i n  
1953. Two-thirds of t he  aspen l o s s  was from beaver feeding. 
About 13 percent of t h e  spruce and balsam f i r  mor ta l i tywas  
due t o  f looding from beaver ponds. Porcupines were responsi- 
b le  f o r  an estimated 30 percent of t h e  red spruce losses.  
The following shows t h e  volume and percentage of l o s s  by 
cause f o r  t h e  7-year period. 

Cause Loss per  acre  

(cubic fee t  ) (percent 1 

Beaver feeding 21.01 20 
Beaver f looding 15.30 14 
Porcupine feeding 5.40 4 
Other 66.37 62 

108.08 100 

Other causes of mor ta l i ty  l i s t e d  above include t r e e s  t h a t  
died a s  a r e su l t  of competition and weather factors .  

C O N C L U S I O N S  

The 1945-46 cut t ing,  which removed two-thirds of t he  
o r ig ina l  merchantable pulpwood volume, accomplished t he  ob- 
jec t ives  s e t  up i n  1945. It reduced the  probable vulnera- 
b i l i t y  of the  stand t o  damage by spruce budwom a t tack  and 
increased e f fec t ive  stand productivity by e l iminat ing large  
fir and poor-vigor f i r  and spruce t r ee s .  It re ta ined a grow- 
i n g  stock t ha t  should support another operable cut  when t h e  
20-year cu t t i ng  cycle i s  completed. 

However, s ince  nonrnerchantable species Rere not re- 
moved, repeated cut t ings  of t h i s  s o r t  w i l l  r e s u l t  in .  in-  



creasing proportions of these  components i n  t he  stand, wi th -  
equivalent decreases i n  t h e  proportions of merchantable 
species. Yields of merchantable species w i l l  therefore  
progressively decline. The remedy fo r  t h i s  undesirable 
trend,  though not dea l t  with i n  the  experiment, obviously 
l i e s  i n  f inding some p rac t i c a l  means fo r  disposing of the  
nonrnerchantable species. 

A 20-year cu t t ing  cycle may be t o o  long f o r  a stand 
t h a t  has a high percentage of balsam f i r .  Heavy mor ta l i ty  of 
f i r  ( as  compared t o  t h a t  of spruce) points  t o  t h e  need f o r  
shor t  cu t t ing  cycles t o  salvage dead t rees .  
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