
SILVICULTURAL POTENTIAL FOR PRE-COMERCIAL 
TREATMENT IN NORTHERN FOREST TYPE&/ 

by H. W. Hocker, Jr . ,  Professor of Forest  Resouqes,  University 
of New Hampshire 

Abstract 

It i s  proposed t h a t  pre-commercial th inning  of young nor thern  
hardwood, oak, white  p ine  and spruce- f i r  s t ands  be c a r r i e d  ou t  us ing  
appropr i a t e  s tocking  guides t o  r e g u l a t e  s tand  dens i ty .  Thinning should 
be c a r r i e d  out  when s tands  are-between 1" and 2" dbh. Pruning of eas t -  
e r n  white  p ine  is  recommended, while  pruning of spruce and yellow b i r c h  
seems f e a s i b l e ,  markets f o r  t h e  b e t t e r  grades must be present .  Applica- 
t i o n  of n i t rogen,  phosphorous, and potassium f e r t i l i z e r  does not  appear 
t o  warrant  genera l  use a t  present .  More research  i s  requi red  t o  de- 
termine growth response of t h e  va r ious  spec ie s  on d i f f e r e n t  s i t e s  t o  
N ,  P,  K app l i ca t ion .  Present  high c o s t  of n i t rogen f e r t i l i z e r s  appears  
t o  be a major l i m i t i n g  f a c t o r  t o  t h e i r  use.  
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In t he  th ree  northern New England s t a t e s ,  t he r e  a r e  approxi- 
mately 7 . 8 m  acres  of seedling and sapling stands,  about 30% of the  
t o t a l  commercial f o r e s t  acreage. (Ferguson and Kingsley, 1972; 
U.S.D.A., 1973; Kingsley, 1976). I present  these  s t a t i s t i c s  t o  you 
t o  point  out t h a t  the re  is a s ign i f i can t  po ten t ia l  f o r  increased 
management a c t i v i t y ,  in tensive  s i l v i c u l t u r e  i f  you wish, which can 
be ca r r i ed  out i n  exis t ing stands.  Stands which, f o r  the  most pa r t ,  
represent  a minimal investment t o  date ,  and w i l l  not r equ i re  such 
large  cap i t a l  cos t s  a s  those incurred with a r t i f i c i a l  regeneration 
of f o r e s t  s tands.  Nature has done the work of regeneration on 
these  young natura l  s tands,  and i f  some s i l v i cu l t u r e  can be applied 
t o  them, it can be expected t h a t  t h e i r  value can be enhanced. 

The pre-commercial s i l v i c u l t u r a l  p rac t i ces  which w i l l  be con- 
sidered here a r e  the  intermediate p rac t i ces  ca r r i ed  out  i n  a stand 
before a commercial volume of timber can be removed. The p rac t i ces  
can be designed t o  increase e i t he r  y ie ld  o r  qua l i ty  of a stand, o r  
both growth and qua l i ty  of individual  t r e e s ,  and a s  a r e s u l t ,  an 



increase i n  f inanc ia l  r e t u r n  a t  a f u t u r e  date ,  o r  they w i l l  shorten 
t h e  time required t o  produce a f i n a l  crop, which a l s o  represents  an 
increased f inanc ia l  r e tu rn .  Speci f ica l ly ,  the  p rac t i ces  t o  be con- 
sidered a r e  pre-commercial thinning, pruning, and appl ica t ion of 
f e r t i l i z e r .  

Pre-Commercial Thinning 

A t  t he  present  time, pre-commercial thinning implies a thinning 
which does not r e s u l t  i n  the  production of a marketable product; 
however, with the  r a t e  a t  which technological changes a r e  taking 
place i n  harvest ing and u t i l i z a t i o n  systems, we may be required t o  
r e v i s e  our concept of whether the re  is  such a p rac t i ce  a s  a pre- 
commercial thinning.  

Stocking, s i t e ,  age a r e  f a c t o r s  which determine growth of in-  
d iv idual  t r e e s  i n  a s tand.  Age and s i t e  f o r  a given stand can be 
f ixed and t h e  e f f e c t  of stocking on growth can be determined. I t i s  
primari ly diameter increment which is  involved. Chisman and Schu- 
macher (1940) showed t h a t  stocking of  individual  s t  nds can be 
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number stems per a c r e  and d is  dbh of individual  t r e e s ) .  Trimble 
(1969) found a l s o  t h a t  t h i s  stand re la t ionsh ip  bes t  defined growth 
of individual  t r e e s  within a stand when compared t o  severa l  in-  
dividual  t r e e  measurements. E a r l i e r ,  Buell (1945) used the  r e l a -  
t ionsh ip  t o  def ine  growth i n  un-evenaged stands of oak and mixed oak 
pine. 

Gingrich (1967) using the  Chisman-Schumacher re la t ionsh ip  and 
da ta  from Schnur (1937) developed a stocking guide f o r  evenaged 
mixed oak. Gingrich showed t h a t  a s i n g l e  stocking guide could be 
u t i l i z e d  f o r  a v a r i e t y  of s i t e s  and ages; t h a t  t r e e s  on t h e  b e t t e r  
s i t e s  enter  d i f fe ren t  s tages  of growth e a r l i e r  than did  t r e e s  on 
t h e  poorer s i t e s ,  and a s  a r e s u l t ,  it was pos i t ion  within t h e  stock- 
ing guide which separated stands on t h e  b e t t e r  s i t e s  from stands on 
poorer s i t e s  and, therefore ,  it is not necessary t o  have d i f fe ren t  
guides f o r  d i f f e r e n t  s i t e s .  Further,  t r e e  diameter r e f l e c t s  the  
age fac to r  and as a r e s u l t ,  a s i n g l e  stocking guide w i l l  serve f o r  
s tands of d i f f e r e n t  ages. 

To e s t a b l i s h  stocking l e v e l s ,  it is necessary t o  s e t  the  upper 
o r  f u l l  stocking ' A '  l eve l  and a lower o r  minimum stocking, 'B' 
l eve l .  I f  s u f f i c i e n t  space f o r  only dominant and some codominant 
t r e e s  is  accepted a s  B l eve l  stocking, t h i s  l eve l  can be used t o  de- 
f i n e  t h e  lower l i m i t  of stocking of s tands t o  be accepted f o r  
management (Figure 1 ) .  ' A '  l e v e l  i s  s e t  by values from f u l l y  
stocked stands,  which a r e  obtained from normal stand t ab les .  The 
r e s u l t  of t h i s  process is  t h e  production of a stocking guide which 
can be used t o  measure t h e  stocking l eve l  of any stand whose spe- 
c i e s  composition matches t h a t  of  t h e  species  f o r  which t h e  guide 
was developed. 



TREES PER ACRE 

Figure 1.--Stocking guide for  even-aged sapling stands of paper 
birch.  From: Solomon, D .  L. and W. B. Leak, 1969. 

Before a decision can be made whether t o  t r e a t  a stand re -  
quires  t h a t  an estimate of stocking be made. I t  is important t o  
know, for  example, what proportion of a stand is made up of de- 
s i r ed  stems of desired species,  and whether t h i s  component of a 
stand i s  adequate t o  u t i l i z e  t he  s i t e  i f  the  remaining stand, o r  
a pa r t  of t he  remaining stand, is  removed. A stocking guide i s  the  
primary tool  f o r  determining stocking leve l  of a stand. In addi- 
t i o n  t o  the  oak stocking guide, stocking guides have been developed 
fo r  paper birch (Marquis, Solomon, and Bjorkbom, 1969) ; fo r  nor- 
thern hardwood (Leak, Solomon and F i l i p ,  1969) ; fo r  spruce-fir  
(Frank and Bjorkbom, 1973); fo r  white pine (Philbrook, 1971). 
These guides provide a means f o r  making a decision of which stands 
t o  t r e a t  i n  a thinning and which stands require  more d r a s t i c  
treatment such a s  conversion. Note needs t o  be made of t he  f a c t  
t h a t  t he  minimum mean stand diameter, MSD, fo r  the  guide fo r  oak 
i s  3"dbh, spruce-f i r  S t t ,  and white pine 5". 

Using several  sources, a compilation of dens i t i e s  was deter-  
mined f o r  stands with MSD below those given i n  the  stocking 
guides fo r  northeastern species (Table 1 ) .  Number of t r e e s  per 
acre  i n  young stands is  an adequate expression of stocking s ince 
basal area  does not d i f f e r  a g rea t  deal among stands having la rge  



Table 1. Number of acceptable stems per ac re  required t o  
meet a SwMSD 'B t  l i n e  stocking l eve l .  

Northern Hardwoods 
Paper A l l  Comrn. In to le ran t  Spruce and White 

MSD Birch Species 6 Intermediate -- F i r  Oak Pine 

d i f ferences  i n  number of stems. Note i n  Figure 1, t h a t  f o r  paper 
b i rch ,  a 1" MSD stand with 2000 stems per a c r e  has -a  basal  a rea  of 
11 s2; while a s tand with 1250 stems per ac re  has a basal area  of 
7 f / ac re  - a d i f fe rence  of  only 4 f 2 .  

A s  valuable a s  the  stocking guides a r e ,  they do not ind ica te  
whether a stand a f t e r  thinning w i l l  respond s u f f i c i e n t l y  t o  ca r ry  
the  cos t  of  treatment, o r  how long it w i l l  be before another th in -  
ning can be made. For t h i s ,  it i s  necessary t o  be ab le  t o  est imate 
stand growth with and without treatment, more exact ly  it is neces- 
sa ry  t o  be ab le  t o  est imate value increase  a s  a r e s u l t  of  t r e a t -  
ment. 

Murray, Russell ,  and Barre t t  (1975) have developed a computer 
program t o  est imate stand growth f o r  several  species groups u t i l i z -  
ing stocking guides and growth equations f o r  each species group. 
This program, c a l l e d  "MIXUPfl, est imates growth of  white pine,  
spruce-f i r ,  oak, northern hardwood. The program pro jec t s  growth of 
a stand through t h e  stocking guide f o r  each species using stand 
pos i t ion  before thinning with respect  t o  a fully-stocked condit ion 
t o  est imate mor ta l i ty .  Growth of a stand i s  es tabl ished using a 
stand morta l i ty  predic tor  t o  determine number of  t r e e s  and basal  
area  increment with and without thinning.  

I f  a stand is  t o  be thinned, i ts  growth and f i n a l  condit ion 
can be estimated, assuming t h a t  the  thinned stand has t h e  same 
growth p a t t e r n  a s  an unthinned stand of the same c h a r a c t e r i s t i c s ,  
and the  f i n a l  volume compared t o  t h e  volume est imate f o r  t h e  stand 
if it is  not thinned. Marsh and Burgers (1973) conclude t h a t  t h i s  
method f o r  predic t ing growth of thinned stands is sound; however, 
t h e  time i n t e r v a l  between thinnings should not be ca r r i ed  beyond 
f i v e  years f o r  species  i n  South Africa.  

There a r e  two major linttations i n  t h i s  approach t o  simulation. 
One i s  the  accuracy of t h e  estimated morta l i ty .  To be a b l e  t o  pre- 



d i c t  volume a t  some f u t u r e  time requ i res  t h a t  mor ta l i ty  of t r e e s  
of d i f f e r e n t  s i z e s  i n  t h e  stand be estimated. YM1XUPt1 can e s t i -  
mate total-number of t r e e s  which d i e ,  between periods,  but  not 
mor ta l i ty  on each s i z e  c l a s s .  There is  a need t o  improve the  a b i l -  
i t y  t o  est imate mor ta l i ty  so  t h a t  f u t u r e  stand s t r u c t u r e  can be 
estimated more accurate ly .  I t  i s  important t o  es t imate  the  number 
of t r e e s  which survive i n  t h e  d i f f e r e n t  diameter c l a s s e s  t o  be 
a b l e  t o  est imate stand volume accurate ly .  I t  i s  toward t h i s  end 
t h a t  research is  being d i rec ted .  Dale (1972) has developed a pro- 
gram f o r  mixed upland oak. 

A second l imi ta tb in  t h i s  llMIXUP" simulator i s  t h a t  it w i l l  not 
permit es t imates  of growth f o r  stands l e s s  than 5" MSD. A s  a r e -  
s u l t ,  t h e  program does not meet t h e  need f o r  stands which requ i re  
pre-commercial treatment.  

I f  stand s t r u c t u r e  can be s e t  e a r l y  i n  the  l i f e  of a new 
stand,  say i n  t h e  l a t e  seedling-early sampling s tage,  then t h e  
chance of increasing production is  increased over t h a t  of stands 
i n  which treatment i s  delayed u n t i l  pole s t age  o r  l a t e r .  Ging- 
r i c h  (1971) showed t h a t  young oak stands when thinned a t  age 10 
years,  had g r e a t e r  production than stands thinned a t  30 years o r  
o lde r  o r  were l e f t  unthinned. By shaping s t r u c t u r e  of young 
na tu ra l  s tands ,  it i s  poss ible  t o  dup l ica te  some of t h e  e a r l y  
rap id  growth which occurs i n  p lan ta t ions .  Young t r e e s  when r e -  
leased a r e  a b l e  t o  expand i n t o  t h e  space ava i l ab le  and f i l l  out  
t h e i r  crowns and extend t h e i r  r o o t s  i n t o  t h e  area  formerly occu- 
pied by competing growth. Young t r e e s  have the  capaci ty  t o  make 
rap id  growth and because they have not been suppressed, a r e  a b l e  
t o  take immediate advantage of t h e  addi t ional  growing space. 
Q u a l i t y  of growth should be b e t t e r  because the  young t r e e s  have 
not been suppressed too long under t h e  domination of l e s s  d e s i r -  
a b l e  but more vigorous stems. 

Dale (1972) suggests t h a t  i n  young oak stands stocking l eve l  
be reduced t o  about t h e  60% l e v e l  (near t h e  l B 1  l eve l )  a s  soon 
a s  poss ib le ,  and t h a t  because of d i f fe rences  i n  stand s t r u c t u r e ,  
it i s  not necessary t o  adhere s p e c i f i c a l l y  t o  t h e  60% leve l ,  
t h a t  it may be e n t i  e l y  s u i t a b l e  t o  reduce stand basal  a rea  of 1 young oak by 10-20f . Gingrich (1971a) indicated t h a t  a t  age 
20, unthinned oak stands would have 2 basal  a rea lac re  of 55-70f2, 
and thinned s tands  would have 35-46f /ac .  The conclusion t h a t  
volume production i s  b e t t e r  with e a r l y  o r  heavy thinning agrees 
with t h e  conclusion of Johann and Dollanschutz (1974) f o r  Norway 
spruce. 

Heavy e a r l y  thinnings repeated a t  frequent i n t e r v a l s  can r e -  
s u l t  i n  stands which mature e a r l i e r  than s tands  which a r e  kept a t  
moderate stocking l e v e l s .  Burton and Shoulders (1974) repor t  t h a t  
a l o b l o l l y  pine  stand which was f i r s t  heavi ly  thinned a t  age 9 t o  
100 t r e e s l a c r e  followed by two more thinnings a t  age 19, leaving 
76 t rees /ac re ,  and age 24, leaving 64 t r e e s l a c r e  pr6duced, a t  age 
27, a volume of 11.9Mbf/ac. with a MSD of 14-15 iqches; compared 
t o  a stand which was thinned every 3 years t o  85f /ac .  which pro- 
duced 5300 bf /ac .  with a MSD of 10 inches. Mann and Lohrey (1974) 



s t a t e  t h a t  southern pine stands with 5000 o r  more stems per ac re  
should be mechanically thinned a t  age 3 years so t h a t  the re  a r e  
between 500 and 750 stems per acre.  Such a densi ty  w i l l  not r e -  
duce y ie ld  and treatment can be ca r r i ed  out a t  a minimum cos t .  
Wiley and Murray (1974) a f t e r  a s tudy of pre-commercial thinning 
i n  Douglas f i r  found t h a t  t h e  increase  i n  merchantable volume i n  
t h a t  species  i s  s u f f i c i e n t  t o  warrant adoption of e a r l y  thinning 
a s  a standard p r a c t i c e  on Weyerhaeuser lands. 

Not a l l  of the  repor t s  of e a r l y  treatment ind ica te  t h a t  the_ 
e f f o r t s  a r e  long l a s t i n g  o r  necessar i ly  favorable.  Della-Bianca 
(1975) reported t h a t  a r e l e a s e  ca r r i ed  out i n  a 11 year o ld  mixed 
hardwood stand showed a f t e r  10 years t h a t  the re  was a 46% increase 
i n  diameter and 38% increase i n  basal  a rea  of released t r e e s ,  but 
t h a t  the re  was no s ign i f i can t  d i f fe rence  i n  production f o r  cleaned 
over uncleaned stands.  This brings out the  importance i n  t h e  need 
t o  consider the  volume u n i t s  which a r e  used t o  measure production. 
I f  board foot  production i s  t h e  c r i t e r i a  f o r  measuring production, 
then e a r l y  thinning t o  ge t  t r e e s  t o  a 9 inch dbh a s  soon a s  possi-  
b l e  may show s a t i s f a c t o r y  r e s u l t s .  I f  cubic foo t  production is 
used t o  measure growth, stand volume di f ferences ,  due t o  t r e e  
s i z e  may not  be so l a r g e  with the  r e s u l t  t h a t  s tands i n  which par- 
t i a l  r e l e a s e  i s  ca r r i ed  out w i l l  not be shown t o  be disadvantaged 
from re leased stands.  

Thinning Methods 

Early r e l e a s e  can be accomplished e i t h e r  mechanically o r  on 
an individual  t r e e  b a s i s  a t  a cos t  of $25-40 per acre .  A t  t he  
present  time, it would appear t h a t  s tands on b e t t e r  s i t e s  should 
be t r ea ted  f i r s t ;  t h a t  i f  e a r l y  r e l e a s e  is t o  be e f f e c t i v e  on a 
cos t  bas is ,  s i t e  index of northern hardwood should be g rea te r  than 
60 f e e t ;  eas tern  white p ine  65 f e e t ;  oak 70 f e e t ;  spruce-fir  
46-50 f e e t .  McCauley and Worley (1969) and Webster and Meadows 
(1971) ind ica te  a need t o  consider s i t e  q u a l i t y  when considering 
intermediate operat ions i n  paper b i rch  and oak stands;  on t h e  bet -  
t e r  oak s i t e s  (70-90 f t  .), they est imate a r a t e  of  r e t u r n  of 7.8% 
f o r  pre-commercial thinning i n  oak s tands .  

Method of treatment w i l l  vary with ownership. On p r iva te  
non-industr ial  land t h e  tendency is f o r  treatment t o  be applied t o  
individual  t r e e s  e i t h e r  by chemical o r  mechanical g i rd l ing ,  o r  by 
f e l l i n g .  Various est imates of  cos t  have been made ( for  example, 
Ashley, 1975). ACP and FIP per ac re  r a t e s  average around $40/ac. 
I t  can be expected t h a t  axe g i rd l ing  with herbic ide  treatment w i l l  
r equ i re  6-12 man-hours per a c r e  (average 9 hours) - about 1 acre/  
man day. 

On la rge  i n d u s t r i a l  ownerships and on publ ic  lands,  treatment 
may be done with a bulldozer,  a drumchopper, o r  a "thinning machine." 



Current p r a c t i c e  i s  t o  mash down, t o  chop, t o  c u t  s t r i p s  (Wilton, 
1971) o r  t o  cu t  and chip t r e e s  a t  i n t e r v a l s  i n  t h e  stand leaving 
intervening i n t a c t  s t r i p s .  I n  jack pine,  7 foo t  chopped s t r i p s  
with 7 foo t  intervening s t r i p s  r esu l t ed  i n  a 40-50% increase  i n  
growth of trees adjoining t h e  s t r i p s  when the re  were 12M stems/ 
ac re ,  but  t h e r e  was no improved response i n  a stand where the re  
were 24M stems/acre (Bella, 1974). I n  very dense young s tands ,  
i t  i s  apparently necessary t o  r e l e a s e  t r e e s  wi th in  t h e  i n t a c t  
s t r i p  when mechanical thinning i s  ca r r i ed  ou t ,  

The P a l l a r i  Busharves t e r  (Hakkila and ~ i k e l a ,  1975) which i s  
being developed i n  Finland may make it poss ib le  t o  u t i l i z e  r a t h e r  
than des t roy the  mate r i a l  when mechanical thinning young stands 
(Figure 2). Even though the  y ie ld  per ac re  from an e a r l y  harves t  
may not be s e l f  s u f f i c i e n t  i n  c o s t ,  a p a r t i a l  r e t u r n  might be suf- 
f i c i e n t  t o  reduce the  present  cos t  of bulldozing which i s  around 
$25/acre. 

Pruning 

I f  i t  can be shown t h a t  pruning increases  grade recovery of 
lumber i n  a s p e c i f i c  time, then pruning w i l l  probably pay o f f .  
Hocker (1973) using lumber grade recovery f o r  d i f f e r e n t  tree grades 
of eas te rn  white pine, showed t h a t  i t  appears q u i t e  poss ib le  t o  
ea rn  a high r a t e  of r e t u r n  from pruning. The r a t e  of r e t u r n  f o r  
a $0.65 pruning cos t  per t r e e  ranged from 9-14% depending upon 
es t imate  of value increase  and length of ' t i m e  required f o r  trees 
t o  reach the  des i red  14" dbh. 

McCoy (1976) i n  a more thorough study of pruning eas te rn  
white pine, showed t h a t  t r e e s  having the  b u t t  log (12 f t .) 
which graded 11 o r  111 had t h e  b e s t  p o t e n t i a l  f o r  retuning re la -  
t i v e l y  high r a t e s  of r e tu rn ;  t h a t  the  r a t e  of r e t u r n  begins t o  
decl ine  f o r  investment periods beyond 30 years f o r  Grade 111 trees 
and age 40 f o r  Grade I1 t r e e s  (Table 2) .  It would appear t h a t  
pruning t o  a height  above 12 f e e t  r e s u l t s ' i n  a reduction i n  r a t e  
of r e t u r n  i f  the  grade of the  second 12 f o o t  log i s  the  same a s  
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a. Fel l ing and chipping i n  clear-cutt ing of small-sized hardwood. 
Recovery of chips i n to  the  container of the  bush-harvester. 

be Fel l ing and chipping i n  corr idor  thinning of a young pine 
plgntation., 

Figure 2. Illustration of the Pallari Busharvester (from 
Hakkila and ~akela, 1975) 
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Table 2 . - - ~ e s t  combination f o r  pruning white pine t r e e s  based 
on t r e e  grade, pruning height ,  and investment period 
(taken from McCoy, 1976) . 

Years 
from 
pruning 

20 year 
30 

Grade 
1 2 '  

bu t t  
log 

ROR 
pruning 

0-9 

Grades 
2'd 12' 
log 

ROR 
pruning 

0-13' 

Grade ROR 
2 'nd 12 pruning 

log 0-17' 

the  grade of t he  f i r s t  log; e.g. Grade I1 - Grade 11. If the  
grade of t he  second 12 foo t  log is lower than t h e  f i r s t  12 foo t  
log, i . e .  Grade I1 - Grade 111, then the  r a t e  of r e t u rn  from . 
pruning increases f o r  t r e e s  pruned t o  13 o r  17 f e e t .  The study 
showed t h a t  a t  no time does r a t e  of r e t u rn  fo r  Grade I 12 foo t  
bu t t  logs compare with pruning Grade I1 o r  Grade I11 t r ee s .  Ap- 
parently,  it does not  pay t o  prune Grade I t r e e s  unless  the  a l -  
t e rna t e  r a t e  of re tu rn  is  6% o r  l e s s .  The study assumed a $50 per 
day cos t  of pruning and an assumed diameter growth of 0.3 inches 
f o r  pruned t r e e s .  

I t  would appear t h a t  s a t i s f ac to ry  r a t e s  of r e t u rn  could be ob- 
tained fo r  yellow birch i f  the re  is a good p r i c e  d i f ference between 
lumber grades. Whether it pays t o  prune spruce, I cannot say. 
This would depend on the  value di f ference f o r  the  d i f f e r en t  grades. 
Berry (1964) d id  f ind  t h a t  it required twice a s  much time t o  prune 
white spruce (9 minutes t o  17 f e e t )  a s  it d id  t o  prune white pine 
t o  t he  same height;  however, he did  ind ica te  t h a t  where a market 
d i f f e r en t i a l  exis ted  f o r  pruned spruce, t h a t  pruning did  seem feas i -  
b le .  

The r e s u l t s  of the  white pine analyses do show t h a t  it is im- 
por tant  f o r  t r e e s  once pruned t o  maintain a rapid diameter growth 
r a t e .  A t  l e a s t  0.3 inch annual diameter increase i s  required; if 
diameter growth i s  l e s s ,  r a t e  of r e t u rn  is  l e s s .  



F e r t i l i z a t i o n  

Here t h e  p i c t u r e  is  blurred.  Reports of s i g n i f i c a n t l y  in-  
creased t r e e  growth i n  o ther  regions a f t e r  appl ica t ion of n i t r o -  
gen and/or phosphorus a r e  accepted. When we look a t  r e s u l t s  f o r  
loca l  s tud ies ,  t h e  growth responses a r e  not always encouraging. 
Hendricksqn (1976) showed t h a t  average annual volume growth of 
white p ine  t r ea ted  with 400 lbs. /ac.  of N; 50 lb . /ac .  of P; 
100 lbs. /ac.  of K was 10% over 5 years compared t o  7% f o r  control .  
There was much v a r i a t i o n  i n  the  da ta  and the  increase i n  growth 
was s ign i f i can t  only a t  t h e  5% leve l .  Safford and F i l i p  (1974) r e -  
ported t h a t  f e r t i l i z i n g  4 years a f t e r  c l ea rcu t t ing  a northern 
hardwood stand st imulated growth of  p in  cherry so much t h a t  growth 
of the  more valuable stems i n  the  stand was suppressed. Van A l -  
then (1973) recommended t h a t  f e r t i l i z e r  not be used a t  t h e  time 
of regenerat ion i n  northern hardwoods. A southern repor t  (N. C .  
S ta te ,  1976) indicated t h a t  t h e r e  was no response of n a t u r a l l y  r e -  
produced hardwood stands t o  N.  and P. appl ica t ions .  

Leaf (1970) summarized the  r e s u l t s  of t h e i r  s tud ies  with po- 
tassium on con i fe r s  growing on a Hinckley s o i l  i n  New York. Red 
and white pine and red and white spruce showed responses t o  appl i -  
ca t ions  of K,  while Scots pine d id  not show a response. The 
response of red  pine was bes t  a t  110 t o  165 Kg/h (98-147 lbs . /ac . ) .  
A response t o  K was reported f o r  p ine  growing on wind blown s o i l s  
i n  Europe (Bruning and Krolikowski, 1973). S t ra t ton ,  Safford and 
Struchtemeyer (1960) note t h a t  white pine responded t o  K 100 lbs. /  
ac .  .on a droughty s i t e .  

Gagnon, Conway and Swan (1976) s t a t e  t h a t  f o r  white spruce 
addi t ions  of o ther  elements a s  well a s  ni trogen seemed t o  produce 
l i t t l e  added response i n  closed stands.  They did  f i n d  t h a t  addi- 
t i o n  of potassium as potassium sulphate a t  r a t e s  of 100 t o  200 lbs . /  
ac.  r e su l t ed  i n  an increased wood value i n  1975 of $18.00 f o r  a 
$2.36 cos t  (an ROR of  approximately 16%). They ind ica te  
t h e  1975 nitrogen c o s t s  have reached a l eve l  where it is  not feas-  
i b l e  t o  consider using urea f e r t i l i z e r .  

Weetman (1975) reported t h a t  black spruce responded t o  both 
thinning and f e r t i l i z e r  appl ica t ion.  Best response was t o  50-e- 3 duction i n  basal a rea  and appl ica t ion of 400 lb. /ac.  N (29.7f / a c e /  
yr.) but t h i s  was not d i f f e r e n t  from 100 lb . /ac .  of N (29,0f3/ac./ 
yr . ) . This would compare t o  an increase  i n  growth r a t e  of 50f 3/ac ./ 
yr. f o r  white pine receiving 400 lb . /ac .  N (Hendrickson, 1976). 

Weetman e t  a1 (1974) reported on a number of s tud ies  involv- -- 
, black and red  spruce and jack p i  e where growth increased 7-24 9 ac.  f o r  black spruce, and 20-22 f /ac.  f o r  jack pine a f t e r  appl i -  

ca t ion  of 100 t o  400 l b .  N/ac. Best response f o r  black spruce 



again a s  the  50% thinning and appl icat ion of 400 lb .  N/ac. where 
3 growth response of 37.8 f /ac ./yr. was noted. 

Although the  responses t o  N f e r t i l i z e r  appear s ign i f ican t  , 
growth increases reported t o  da te  do not appear t o  warrant a 
great  amount of enthusiasm when they a r e  considered i n  a cost /  
u n i t  growth context. For example, i f  t he  response of white pine 
t o  an appl icat ion of 400 lb . /ac .  of N .  i s  considered, f e r t i l i z e r  
would cos t  $78.80/ac. (spring 1976 cos t  of N a s  NH NO3 = $0.187/lb.) 
f o r  t he  N.  Over a 20-year period a t  a 6% ROR, t h i t  cos t  would in-  
crease t o  $239.89 I f  stumpage is  worth 0.176/cu. f t . ,  a growth 3 S response of 1363f i n  20 years (PA1 = 68f ) would be required t o  
r e tu rn  the cos t  of f e r t i l i z e r  alone. Using t he  estimate of Cromm 
(1974) f o r  determining del ivery and appl icat ion cos t s ,  and adding 
these cos t s  t o  t he  cos t  of N reduces the  ROR t o  4.4% over 20 years, 
assuming growth increase i s  sustained fo r  the  20-year period. , 

I t  is qu i te  important when applying f e r t i l i z e r  t ha t  growth 
increase be placed on t he  larger  t r e e s  i n  the  stand (Moller, 1971); 
t ha t  none be wasted on small unmerchantable t r e e s  o r  on understory 
vegetation. Therefore, stands t o  receive f e r t i l i z e r  should be 
ones where there  is an adequate stocking of commercially valuable 
t r ee s .  

Although s i t e  qua l i ty  has not been d i r e c t l y  re la ted  t o  fe r -  
t i l i z e r  appl icat ion i n  the  Northeast, Handley and Pienaar (1972) 
note t ha t  growth response of Douglas f i r  t o  N appl icat ion in- 
creased with increase i n  s i t e  index and with appl icat ion of N up 
t o  300 lb . /ac .  Perhaps the lack of a re la t ionsh ip  t o  s i t e  qual i -  
t y  and N appl icat ion i n  the Northeast is  t he  r e s u l t  of s i t e  quali-  
t y  not having been measured d i r e c t l y  i n  each study. A s i t e  qua l i ty  
growth response can be implied on excessively drained s o i l s  (low 
s i t e )  where responses t o  K a r e  recorded. Responses t o  N have 
been recorded on the  well-drained t o  somewhat poorly-drained (med. 
t o  good) s i t e s .  P r i t che t t  and Gooding (1974) indicate  tha t  es- 
tablished stands of s lash  pine on poor t o  somewhat poorly-drained 
s o i l s  may need appl icat ions  of N and P, o r  N-P-K; on moderately 
well-drained s o i l s  stands may requi re  appl icat ion of N; on ex- 
cessively-drained s o i l s  stands may require  N only. 

Summary 

I t  is important when contemplating any intermediate s i l v i cu l -  
t u r a l  treatment t ha t  consideration be given t o  stocking and t o  
s i t e  qual i ty .  Stocking guides a r e  avai lable  f o r  most of our com- 
mercial t r e e  species.  Value increase per un i t  of production 
should be the c r i t e r i a  used t o  measure response t o  treatment. Be- 
fo re  a treatment can be considered fo r  operational use, un i t  cos t  
of treatment should r e s u l t  i n  a marginal re tu rn  su f f i c i en t  t o  pay 
the  cos t  of treatment. I t  would seem t h a t  when research r e s u l t s  
a r e  reported, response would be bes t  measured a s  periodic annual 
increment, i n  cubic foot/acre/year.  By doing t h i s ,  it is  possible 
t o  make estimates of marginal value increase.  



Pre-commercial thinnings should be made a s  e a r l y  a s  poss ib le  
a f t e r  stand establishment, probably when stand MSD is between 1" 
and 2". Thinnings seem f e a s i b l e  where stand composition can be 
a l t e r e d  so t h a t  the  more valuable species  a r e  favored on the  bet -  
t e r  s i t e s ,  and where stocking l e v e l s  f o r  young stands exceed t h a t  
required t o  meet the  ' B t  l i n e  l eve l  a t  5" MSD. Pruning can be con- 
sidered f o r  white pine, white spruce and yellow b i rch  where the re  
i s  a premium f o r  c l e a r  wood. 
,- 

More research is required t o  determine where f e r t i l i z e r  app l i -  
ca t ion  has a place i n  the  Northeastern f o r e s t .  We a l s o  need t o  
improve computer simulation programs t o  permit more p rec i se  e s t i -  
mates of growth and est imates of r e tu rns  f o r  intermediate prac- 
t i c e s ,  pr imar i ly  from d i f f e r e n t  thinning methods. Eventually, 
computer programs should be developed t o  take  i n t o  account prun- 
ing, f e r t i l i z a t i o n ,  and use  of gene t i ca l ly  improved t r e e s .  
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