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THINNING POND!3RCEA PTNIF: I N  T E  PACIFIC NORTETEST 

Deschutes Research Center 

INTRODUCTION 

Proper th inning of dense young stands of ponderosa pine increases 
t h e  growth r a t e  of remaining t r e e s  and thereby shortens t h e  time re-  
quired t o  grow t Wer o f  any desired s ize .  The extent  of  improvement 
i n  grovrth i s  shown by th inning s tudies  i n  the  Pboific  Northwest coverc 
ing periods of 10 t o  24 years. These s tud ies ,  together  with general 
experience and research i n  other pine regions, a r e  summarized i n  t h i s  
paper. The discussion i s  l a rge ly  confined t o  stands of prmerchantable 
s i ze ,  which now meam stands not y e t  producing saw logs a t  least 8 
inches i n  diameter. 

Yhv Thin? 

To understand why thinnings may be needed i n  young pine stands 
c a l l s  f o r  a b r i e f  desc r ip t ion  of the  developnent of "pine thickets." 
K i t h  t h e  r i g h t  combination of good seed years,  favorable seedbed con- 
d i t  ions, and s u f f i c i e n t  moisture t o  br ing t h e  seedlings through the 
f i r s t  c r i t  i c a l  years,  ponderosa pine reproduces abundantly on most 
s i t e s .  This combination has occurred i n  many p a r t s  of t h e  P a d f i e  
Northwest, e spec ia l ly  during t h e  1890's and ea r ly  1900's. '&ere deep 
l i t t e r  o r  heavy vegetat ion hindered reproduction, a mo e favorable 
seedbed was  often provided by f i r e ,  heavy grazing ( 1 ,  o r  a combfna- - 
t i o n  of t h e  two, 

Grateful  acknowledgment i s  made t o  t h e  many s t a f f  members of t h e  
Experiment S t a t i o n  and of t h e  Chelan, Deschutes, Fremont, Malheur, 
Ochoco, Umatillw, and Tihitman National Forests  who a s s i s t e d  i n  t h e  
planning, establishment, remeasurement, or  analys is  of t h e  severa l  
thinning s tudies ,  Spec ia l  o r e d i t  i s  due W. G. Dahms f o r  a ss i s t ance  
on remeasurements and f o r  severa l  of  t h e  recent  progress repor t s ,  and 
E. Skinner f o r  ana lys i s  of recent  data. 

9 Figures i n  parenthesis  r e f e r  t o  L i t e ra tu re  Cited, page 23. 



Protection during the  past f i f t y  years has prevented the destruc- 
t i o n  of these young t r e e s  by f i r e  and they have developed into  seedling, 
sapling, o r  pole stands, Occurrence, s i ze  and density of these young 
stands v a q  widely, depending on the  s i t e  and par t icular  his tory of eaoh 
spot and on the amount of overwood, Where the mature stand was very 
dense, few pine seedlings have survived, But where -the stand was more 
open as a r e su l t  of f i r e s ,  bark beetles or other causes, reproduction 
has pften grbwn in to  dense patches of sapl ings  or  poles. I n  many places 
t he  young growth has now been f u l l y  released by Logging of the  overstory 
tree-s; elsewhere it i s  s t i l l  held back by the  remaining overstory. 1 

I n  moat of the ponderosa. pine zone s o i l  moisture i s  too limited to 
permit good growth i n  dense stands t h a t  may contain 10,080 o r  more t r ee s  
per acre, Even though ponderosa pine i s  intolerant ,  such dense stands 
of ten f a i l  t o  t h i n  themselves naturally,  'Ahere young t r ee s  are  too 
olose together and of similar s ize ,  they tend t o  stagnate, and growth 
remains negligible f o r  many yews (fig.  1 ~ ) .  Even where there  i s  a 
greater  range i n  t r e e  height and a be t te r  expression o f  dominance, 
en t i r e ly  too many t r ee s  pers i s t  i n  crowded groups. As a resu l t ,  growth 
of t h e  few individuals t h a t  w i l l  be came merchantable crop t r ee s  i s  
great ly  retarded, 

Mature s tands . ra re ly  contain more than 100 t r e e s  per acre,  but a 
much larger  number i s ,  of course, needed a t  e a r l i e r  ages t o  allow fo r  

' accidental losses, t o  promote be t t e r  tree form and quali ty,  and t o  pro- 
vide fo r  intermediate harvest cutt ings,  

Conditions other than overcrowding sometimes c a l l  f o r  improvement 
cutt ings i n  young s-bands to  be t t e r  the  composition and qual i ty  of the  
future  timber crop. On cer ta in  s i t e s  pine i s  crowded out by less  
desirable species. White f i r ,  f o r  example, often reproduces abundantly 
i n  mixed-pine stands but has a lower value and i s  subjeot t o  heart  ro t  
a t  an ear ly  age, Elsewhere t r e e s  badly deformed o r  injured by mistle-  
toe,  porcupines, or f i r e ,  are a detriment t o  the  stand. S t r i c t l y  
speaking, the  removal of weed species o r  diseased, defective, and 
deformed t r ee s  i s  not a thinning, but i s  usually a par t  of the  thinning 
operat ion, 

Extent of Pine Thinnings 

Confronted with overstocked spots, poor form, and competition from 
other species, ponderosa pine fores te rs  have been repeatedly tempted t o  
t h i n  dense stands and reap the benefits  demonstrated by European 
practice,  But both practice and research on methods and resu l t s  have 
been limited and spasmodic i n  a l l  the  western national fo re s t  regions, 
Thinning on private lands has been negligible. On most ponderosa pine 
s i t e s ,  growth and potent ia l  y ie lds  seemed re la t ive ly  low, cal l ing f o r  
long rotat ions  and thus doubtful returns from intensive practices i n  
young stands. 



The f i r s t  reported pine thinning vas  on a small t r i a l  p lo t  i n  
Idaho i n  111 ( )  Ysveral other t e s t  p lo t s  were thinned f ron  1925 t o  
1931, but t k e  cxicf a c t i v i t y  cane during the  Civ i l i an  Conservation 
Corps Fro:,rarn of 1953-41, I n  t h i s  9-pear period, 21,986 acres  of young 
pine i n  t h e  Fac i f i c  iiorth7;rest were given "stand improvement," which 
included thinning,  pruning, m d  general cleanup o r  s a n i t a t i o n  cut t ing .  
This c o v ~ r s d  only a f r 2 c t i o n  of t h e  arza t h a t  could have been t r e a t e d ,  
n ~ h o  yost extensive t h i m i n ~  o f  pondcrosa pine was i n  the  Black H i l l s  
(181, -*.kers some 250,003 acr-s  l-r..x covered. - 

TT:IIl3TY3lG S TUD 1 3  IN T KE FPLC IFIC  NORTH!^ T 

Effec t s  of %himind; h s v 3  been studied on 25 permanent sample plo t s  
i n  e a s t s r n  Oregon and Tfashington, Xos-t; of t h e  o lder  p lo t s  were estab- 
l i shed by na t iona l  f o r e s t  personael a s  adn in i s t ra t ive  s tud ies ,  beginning 
a s  ea r ly  as 1927 on t h e  !'!!itqan znd Frmont  Fores ts ,  I n  order t o  har- 
monize methods o f  mensurement a d  analys is ,  t h e  Pac i f i c  Nortb~rest  Forest  
and 2ange Experiment S t a t i o n  has taken a leading pa r t  i n  recent  remeas- 
urements and compilation f c r  a l l  of the  p lo t s ,  Detai led progrsss 
repor ts  on growth and other chanzes following thinning have been pre- 
p a r d  per iodical ly  f o r  esch s e t  of p lo t s  (14, 22). In  t h i s  Fzper t h e  - -  
r e s u l t s  of t h e  va.rious t e s t s  c re  brought tose the r  f o r  the  f i r s t  t i n e  t o  
see ~7:hat ~ c n e r a l  conclusiozs can be drawn, 

Kind and Degree of Thin?% -.. --.M -I-- --- 
The s tudies  covzr two general types of thinning: (1)  coaplete o r  

area  t h i m i v s ,  i n  rihiclz stems a r e  r3moved throughout t h e  stand, and 
(2) crop t r e e  re l sase ,  i n  v:hich competing t r e e s  s r e  removed only around 
se lec ted  t r e e s  t h a t  are  ju2;ed 1ikel:r t o  3aka ug the  f in21  crop, 
Unthinned ? l o t s  o r  unreleaszd t r e e s  provide check rneasur3ments i n  each 
locat  ion. 

Ib:os"co," the car- le te  thinnings ~iio,llci Se classed as  lo::: t h i m i n g s  
4"- - 

of a h e n v  (c)  o r  very heavy m F a d e ,  as  coAmonly dei'ined (6 o r  17)  
Some were a cony-mise beinreen t y p i c a l  lopi th innincs  and n e c i ~ % i c a l  
thinnings (uniform spacing), On two p lo t s  (~ remont  IJc. 3 and !lalheur 
No. 6) a mechanical spacing was followed r e t h e r  c lose ly  (f ig.  1 ~ ) .  The 
number of t r e e s  l e f t  i n  t h e  severa l  thinned stands var ied  f ron  455 t o  
1,172 per acre. This is  equivalent t o  spacings of about 6 x 6 to 9 x 9 
fee t .  One p lo t  (Fremont No, 4) represents  s t r i p  th inning i n  a small 
saplin2;' stand; here c lsared lanes C f ? e t  wide a l t e r n a t e  mith &-foot 
s t r i p s  of t r e e s ,  

The c r o p  t r e e  th innings  very c h i e f l y  i n  t h e  amount of r e lease  - 
given each t r e e ,  which ranged from t h e  removal of only t r e e s  m i t h  
i n t e r l a c i n g  crotnms t o  t h 3  cu t t ing  of a l l  t r e e s  whose crowns were wi th in  
abcut t h r e e  f e e t  of t h e  crop t r e e ,  



Figure 1A.--A stagnated stand of ponderosa pine on the Malheur National Forest, Oregon (unthinned 
plot No. 7 ) .  In spite o f  h e a v  losses from snow bending, there are s t i l l  more than 3,000 l iv ing  
trees 'per acre. Although 65 years old, average diameter and height correspond to a normal stand. 
only 25 years old. (photo in 1951) 



Figure 1B.--If the  stand shown i n  1A had been, thinned t o  a 6 x &foot spacing i n  1930, it would now 
resemble t h i s  adjoining stand (thinned plot  No. 6). These t r e e s  have been growing twice as f a s t  
i n  diameter as comparable t r e e s  i n  the  unthinned stand. They are  also growing f a s t e r  i n  height 
and have added more vo.lume per acre than all of the  t r ee s  i n  the untreated stand, 



Age and Size of Trees 

Most of t he  stands studied originated from about 1885 t o  1900 and 
were from 31 t o  53 years old a t  time of thinning, Several of them had 
been par t ly  surpressed by overstory t r e e s  f o r  a number of years. As a 
r e su l t  of tkr2.s suppression and overdensity, 'trees were f a r  below normal 
i n  s i ze  and. development fo r  t h e i r  age. Three s e t s  of plots ( ~ h e l a n  1-2, 
Fremont 3-5, and Umatilla 2-3) s t i l l  have a soattered overstory of large 
t r e e s  which has doubtless reduced growth and affected thinning results .  
Trees ranged i n  or iginal  s i ze  from an average of only 5 f ee t  high on 
Fremont plots 3-5 t o  5.8 inches d.b.h, and 28 f ee t  high on Pringle Fal ls  
plot  40. The com~le te ly  thinned stands were mostly i n  the  sapling 
stage, with t r ee s  averaging from 2 t o  4 inches d.b,h. S i t e  qual i ty  of 
a l l  study plots  was within the range of poor t o  good s i t e  IV, when 
based on height of nearby overstory t rees ,  This i s  the  prevailing s i t e  
i n  eastern Oregon and 'Kashington. 

Results of Area Thinnings 

Effects of complete thinning are presented i n  two ways, for  the  
en t i re  stand (table 1 )  and for  selected larger t r e e s  ( table  2). The 
100 largest  t r ee s  per acre were used t o  represent the  eventual crop 
t r ee s  i n  the  second analysis, THis i s  about t he  average number t h a t  
may be expected t o  survive t o  an age of 200 years on average s i t e  IV, 

Because of the  var ie ty  of s i t e s ,  t r e e  ages and s izes ,  degrees of 
thinning, years since thinning, and modes of study, it i s  not logical  
t o  av3rage the  data f o r  a l l  plots or even f o r  groups of plots. The 
several  s e t s  of plots do serve, however, as a se r ies  of case studies, 
from which general trends and a range of growth f igures  may be derived, 

Volume Growth -- 
Total cubic-foot grcwth per acre 7.vas greager on the thinned plot  

i n  only one case (I'rrrlheur, t ab le  1). Volume growth was greater on the  
unthinned plots i n  four cases and about equal i n  a f i f t h ,  Annual 
growth ra tes  generally ranged from 28 t o  64 cubic f ee t  per acre;  one 
doubtful extreme of 130 was based on only 1/40 acre. However, periodic 
growth r a t e  has been climbing re la t ive ly  f a s t  on nearly a l l  thinned 
plots ,  For the  m s t  recent measurement period the  r a t e  i s  superior t o  
t h a t  of conpzrablo unthinned plots i n  three out of s i x  cases. Figures 
a re  not available  or t h e  Chelan, Umatilla, and Whitman unthinned plots 
because only p a r t  of the t r ee s  were tagged and the  stand t a l l i e s  were 
incomplete, Total  periodic growth i s  of course not a very sa t i s fac tory  
measure of thinning effects ,  because a large proportion of the  incre- 
ment i n  unthinned stands occurs i n  small t r e e s  t h a t  w i l l  d ie  before 
they reach merchantable size,  

For t h e  100 la rges t  t r ee s  per acre, w l u m e  and volume increment, as 
of the l a t e s t  period of measurement, were greater on thinned than on un- 
thinned plots  i n  every t e s t  except one (table 2). Total cubic volume of 
these t r e e s  was 13 t o  66 percent higher, and t h e i r  increment was 15 t o  
450 percent greater than fo-r c parable t r e e s  on the  unthimed plots. 
The one exception (Yihitman 5-6yls due t o  t he  presence of larger  t r e e s  
on the  unthinned plot  when the study was s ta r ted ,  



Table 1 .--Stand s t a t i s t i c s  and growth d a t a  for ponderosa pine thinninq 
p l o t s  i n  eastern Oregon and Washington, complete thinning8 

Years Inches Number - sq. f t .  Years - Inches - Feet S c ~ ~ f t .  s f & .  

14 9 x 9  46 4 .4 532 54 0 1 1  .65 3 00 45 
Pringle 16 7 x 7 
Fa l l s  

17 Unthinned 46 4 o k  1,604 129 15 * 04 044 2.9 - 56 
Released I 

Chelan 2 dominants - 652 ;& ;:kg - 17 
16 *66 2 09 - .6& - 34 

1 Unthinned 16 - 
I 
4 
I 

1 8 x 8  31 3 02 480 1s 22 3 5  59 
2 Unthimed 31 2*2 8,520 16 22 05 052 5.6 , - 130 , 

Fremont 5 6 x 6 31 . 990 22 .11 l 4 S t r ip  ' 31 - 5,356 - 22 0 07 
3 Unthinned 31 _ - ll,900 4 22 .06 .19 3:42/ 3 d  

:f te% :a 
Bllalheur 6 6 x  6 2,6 1,172 20 

7 ;;& 3 07 41 
Unthinned & 1 ,9 ? 9844 133 . 20 5.8  37 - 

OcMcr, b 8 x 8  3 02 705 40 18 36 
2 Unthinned 2,1 5,000+ 108 18 36 

Released 
3 dominants - 2,6 455 17 21 . 

2 - Unthinned . , 2 . 9 g  - l& 21 ... 
Umatilla 5 Trees under 3" cut - 362 . 20 

4 Unthinned - 20 IL 

7 x 7  33 3 02 812 45 
Unthinned 33 1 ,9 5,664 111 

1/ Averwe diameter, basal area ,  and volume .are  for  t rees  0,6 inches d ,behe and Iarger only on each plot ,  
V 2 This s t a t i s t i c  ii for  taggedWsample of t rees  on unthinned p l o t ,  usually a number and s ize  of t rees  comparabLe 

with those left on thinned plot .  
Z/ For most recent 5-year period only; because o f  small s ize  of t r ee s  o r  other reason data not available f o r  en t i re  

period since thinning. 
Approximte age. - - 



Table 2.-.Size, volume, and increment of 100 largest  
t r e e s  p e r  acre on ponderosa pine thinning 
p l o t s  (data fo r  latest measurement o r  l a t e s t  
5- t o  lQ-year per iod)  

Inches Feet Cu, f t ,  Bd, ft, Inches Cu, ft, 
_. - 

14 Thinned 802 39 502 770 o 15 
16 Thinned 

2404 
7e3 76 382 394 e l 2  19.9 

Pringle  15 Unthinned 7.0 36 338 251 o 09 14.4 
Falls 

18 Thinned 9.0 JU &Q 1312 e l 2  28.3 
17 Unthinned 8,5 39 545 893 dB 24.6 

1 Thinned 9.4 37 
2 Unthinned 7.4 42 

650 
51s 

Fremont 5 Thimed 4.4 16 - - * 22 .p 

4 Thinned 3.4 15 - - 015 - 
3 Unthinned 2.8 14 I - .I0 - 

blalheur 6 Thinned 703 
7 Unthinned 6,5 

Ochoco 1 Thinned 7.9 35 440 602 14 18.8 
2 Unthirmed 6,2 30 265 179 , 08 8.6 

3 Thinned 6,o 28 218 
2 Unthinned 4.7 26 137 

Omat il la 
5 Thinned 702  31 3% 
4 Unthinned 5.9 30 228 

Whitman 5 Thinned 705 39 422 500 009 14.5 
6 Unthimed 8.8 43 700 1.644 0 06 1503 



Diameter Growth 

Diameter growth a t  b reas t  height of a l l  tagged t r e e s  has been 25 
t o  220 percent g rea te r  i n  f u l l y  thinned than i n  unthinned stands, 
Usually the  r a t e  was about 2 t o  3 times a s  much where comparison was 
made with - a l l  t r e e s  of t h e  unthinned plot.Z/ The average r a t e  f o r  a l l  
t r e e s ,  however, somewhat exaggerates t h e  benef i t  f ram thinning, s ince  
e l iminat ion of t h e  suppressed and poor vigor t r e e s  automatical ly 
increases average diameter growth. This i s  t r u e  whether o r  not  th in -  
ning accelera tes  t h e  growth of the  reserve t r e e s ,  Where only pa r t  of 
t h e  t r e e s  on t h e  unthinned p l o t s  were tagged ( those o r i g i n a l l y  compar- 
ab le  i n  number and s i z e  wi th  reserve t r e e s  l e f t  on t h e  thinned p l o t )  
a f a i r e r  comparison i s  obtained, But even t h i s  does not aln-ays c r e d i t  
t h e  unthinned stand t h e  bes t  it produces, 

A b e t t e r  measure i s  obtained by comparing t h e  growth of t r e e s  of 
s imi la r  i n i t i a l  diameter, This comparison can be made graphical ly,  by 
p l o t t i n g  e i t h e r  c l a s s  averages or  computed l i n e a r  regressions of 
diameter increment on o r i g i n a l  d,b,h. Graphs f o r  t h e  Ochoco p lo t s  
(fig. 2) a r e  f a i r l y  t y p i c a l  of t h e  d i f ferences  i n  diameter growth 
between thinned and unthimed plots .  Umatilla p lo t s  $ and 5 a r e  an  
exception and t h e  curves for  thinned and unthinned stands near ly  
coincide, In  t h i s  ease o r i g i n a l  d i f ferences  i n  s i t e  and stand s t ruc-  
t u r e  probably have obscured t h e  t r u e  thinning e f fec t .  

Another ? a i r  comparison of diameter grovrth is  t h a t  f o r  t h e  100 
l a r g e s t  t r e e s  per ac re  ( t ab le  2). I n  t h e  l a t e s t  measurement period 
t h i s  r a t e  IYGS f rom 1-1/3 t o  2-1/2 times as g rea t  on thinned as  on 
unthimed p lo t s ;  it was commonly near ly  twice a s  g rea t  (with the  
exception of Umatilla p lo t s  4-5), In absolute terms, t h e  r a t e  was 
0.09 t o  0.22 inch per year f o r  thinned p lo t s ,  0.06 t o  0.10 inch f o r  
unthinned p lo t s ,  

S ince  thinning,  periodic r a t e s  of diameter growth have f luctuated .  
moderately on both thinned and unthinned p lo t s  without any consistency 
o r  spec ia l  s igni f icance ,  The advantage f o r  thinned p lo t s  was usual ly  
evident i n  t h e  f i r s t  ?-year period and held up f a i r l y  we l l  through the 
t h i r d  o r  four th  periods, which a re  t h e  l i m i t s  of avai lable  data.  Some 
unexplained va r ia t ions  i n  t r end  a re  of interes%, For Fremont thinned 
p l o t  No, 1 diemeter growth has declined from 373 percent of t h a t  of the 
unthinned p lo t  i n  t h e  f i r s t  period t o  263 percent i n  t h e  four th  period 
a f t e r  thinning,  But i n  a stand of smaller  t r e e s  on t h e  same f o r e s t ,  
thinned p lo t  No. 3 has increased i t s  advantage over. check plot  5 from 
106 percent t o  323 percent i n  t h e  same periods. The maintenance of a 
comparatively good rate on t h e  thinned p lo t s  i s  encouraging, s ince we 
might normally expect t h a t  accelera t ion would subside as  competition 
increases over t h e  years,  

In  s i x  of t h e  s e r i e s  l i s t e d  i n  t a b l e  1 only se lec ted  t r e e s  were 
individual ly  tagged and measured. 



Figure 2,--Regression of annual diameter groivth (1~j38-48) on 
* 

diameter (1938)s Qchosc thinning p l o t s  1 and 2 

Figure 3,--Regression of annual height  growth (1936-~48) on 
height (1738): Ochoco thinning p l o t s  1 and 2 



I n  ponderosa pine, a s  i n  other species,  height  growth i s  l e s s  
af fec ted  by th inning than diameter growth, Severa l  ea r ly  progress 
repor ts  s t a t e d  t h a t  t h e r e  had been l i t t l e  or no influence on height  
growth, This conclusion resu l t ed  from e i t h e r  a form of computation 
t h a t  did not properly show t r u e  height  grovrth, or too shor t  a  grovrth 
period t o  outweigh e r r o r s  i n  measurement and delay i n  response. For 
t h e  f u l l  period s ince  thinning,  height  growth has averaged b e t t e r  on 
completely thinned than on unthinned p lo t s  i n  every case except 
Umatilla 4 and 5 ( t ab le  1) .  The di f ference  i s  general ly small,  but 
has mounted t o  2 f e e t  or  more over t h e  l F t o  24-year period. 

As wi th  d i m e t e r  gro~r th ,  a  more sens i t ive  comparison i s  made 
graphical ly,  wi th  i n i t i a l  height  taken i n t o  account, The curves f o r  
t h e  Ochoco p lo t s  ( f ig .  3) a r e  a l s o  f a i r l y  representa t ive  of o ther  
se r i e s .  I n  general t h e  d i f ference  i n  favor of t h e  thinned plot  tends 
t o  be g rea te r  f o r  l a rge r  than f o r  smaller t r e e s ,  although. t h i s  i s  not 
t r u e  o f  every pai r  of p lo ts ,  

Acceleration i n  r a t e  of height  growth a f t e r  thinning became more 
pronounced during t h e  l a t e r  periods of measurement, 3uring the  f i r s t  
5 t o  10 years a f t e r  t h i m i n g  only two s e t s  of p lo t s  (Xalheur and 
~ c h o c o )  showed a s i g n i f i c a n t  increase i n  height  increment. O n  other  
study areas e i t h e r  the  thinned and unthimed r a t e s  were about equal o r  
t h e  r a t e  f o r  check t r e e s  was s l i g h t l y  superior. The growth periods 
representing more than about t e n  years a f t e r  th inning consis tent ly  show 
b e t t e r  height  growth f o r  thinned stands (again -xith t h e  exception of 
Umatilla p lo t s  4 and 5). A s imi la r  t rend i n  height  growth was experi- 
enced where a lodgepole pine overstory was removed from very suppressed 
ponderosa seedlings and saplings a t  Pr ingle  Fa l l s .  Durinz the  f i r s t  6 
t o  8 years t h e  small pines grew l i t t l e  b e t t e r  than unreleased t r e e s ,  
but subsequent height  growth has been four times as  rapid (u), 

There i s  a  suggestion i n  these  r e s u l t s  t h a t  promptness and degree 
of response i n  height  growth a r e  g rea te r  where s tagnat ion was most 
evident, and t h a t  where na tu ra l  stand development was more normal and 
dominance was being expresse4, l e s s  acce le ra t ion  i n  height  may be 
expected, 

Comparison wi th  Normal Stands 

One o the r  measure of stand developnent on t h e  thinned p lo t s  i s  
a afforded by comparison wi th  s t a t i s t i c s  f o r  f u l l y  stocked stands as  

given in normal y ie ld  t a b l e s  f o r  ponderosa pine (11). Determining an 
appropriate s i t e  index f o r  t h e  s t u d y  p lo t s  has be= one d i f f i c u l t y  i n  
such comparisons, Heicht sf t h e  young stand,  because of past  suppres- 
s ion,  s tagnation,  o r  o ther  cause, o f t e n  indicates  a s i t e  a s  much as 20 
t o  30 points  lower than i s  indicated  by nearby o lde r  t r e e s .  When the  
l o ~ ~ e r  s i t e  index value i s  used, most &thinned stands were near nonnal 
i n  most respects  and percentages of normalitg have increased slowly 



over t h e  years of measuremento Using the  higher, o r  whst might be son- 
s idered t h e  po ten t i a l  s i t e  index shown by oldor t r e e s ,  the  numbers of 
t r e e s  i n  unthimed stands were usually severa l  times n o r m a l  but basal 
area  and cubic  volume below normal. Using e i t h e r  index, thmned p lo t s  
were, o f  course, f a r  below normal but c .onsistently show a r a p i d  increase 
toward normality through t h e  success ive gro~v-bh per  iocie, %he thinned 
stand pictured i n  f igure  I B  has a basal  area o f  117 square f ee t  per 
acre ,  which i s  62 percent o f  normal based on p o t e n t i a l  site index, o r  
81 percent if based on height o f  t r e e s  i n  the young stand, 

Mor ta l i ty  a f t e r  Thinning 

Since r e l a t i v e l y  few t r e e s  h ~ v e  died in t'ne thinr,sd si~ands, mcr- 
t a l i t y  has had l i t t l e  e f f e c t  upon net  grow'th. In somi: stands a nrn '~e r  
of t r e e s  were k i l l e d  by bark bee t l e s  (TJJ spn.  ) soon after t h i n ~ l n g ,  
and i n  o ther  stands a few were victims of snowbreak OX" ~ n u s u a l  accident 
such as  breakage by a f r i l l ing  snag. Thinned ponderose  pine stands 
usually s u f f e r  l i t t l e  snow damage except where sptndiy t r e e s  are  l e f t  
and heavy wet s n w s  occur before t h e  t r e e s  h a m  t i m s  t o  develop a more 
sturdy form, 

Losses i n  t h e  unthinned p lo t s  have r o r i e d  vsidely. On Fremont No. 2, 
f o r  example, losses  during t h e  22-ysar per iod.  Triart. equivalent to 5,400 
t r e e s  per acre ,  o r  63 ~ e r c e n t  cf the  o r i g i ~ i r l  number, During t h e  same 
period not  one t r e e  died cn the  adjacent  thinreil. plot  Ho, 1, Losses 
were l a rge ly  from suppression and snov.rbibrcak, Qn the  other hand, Ochooo 
unthinned p lo t  No. 2 l o s t  only 7 tagged t r ses  p e r  acre  (p lus  an unknown 
small number of unttigged t r e e s )  i n  18 years o u t  o f  a  t o t a l  stand of 
about 5,000 t r e e s  per 3cre. Failure of stnnds t o  thin themselves 
n a t u r a l l y  may be evidence of con-t inuing stagnation,  

Other Ef fec t s  of Thl= 

Some r e s u l t s  o f  thinning a r e  not supported by measurement data bu t  
a re  evident from photographs and f rom notes by various o b s e r ~ e s s ,  In 
some stands thinning has d e f i n i t e l y  rel ieved stand s tagnat ion and stimu- 
l a t e d  t h e  expression of dominance t h a t  i s  considered e s s e n t i a l  t o  good 
growth. luTost t r e e s  have l a rge r ,  denser, and more vigorous crovms than 
before th inninc  o r  i n  compnrison with t r e e s  on linthinriod plots. Similar  
but l e s s  s t r i k i n g  impro~ement i s  a l s c  shown by some o f  t h e  unthirmed 
p l o t s ;  others show l i t t l e  progress i n  t h e  development of good "crop 
t rees"  ( f ig .  1.A). 

Boles of t r e e s  i n  thinned stands tend t o  develop no re  --DsVrp- ‘. taper  than 
those i n  comparable unthinned stands, No stem measuranents have' been 
taken but t h e  change in  he  ight-dianeter  r e la t ionsh ip  shotvs t h e  trend.,, 
Because diameter grovrth a t  b reas t  height  responds more  quickly and 
pos i t ive ly  than height  growth, t r e e s  of a given diameter a re  shor te r  on 
t h e  average i n  thinned than i n  unthimed stands, 



T h i n n i ~ g  has generall!i resulted i n  an appreciable increase i n  the 
density and vigor of ground vegetation - brush, grass, or  weeds. This 
change might be s ignif icant  'in parts of the  ponderosa pine type where 
livestock grazing i s  an important use of fo re s t  land, However, improve- 
ment in  palatable forage species hag been so s l i gh t  i n  t h e  stands 
studied t h a t  t h i s  possible benpfit can be given very l i t t l e  w i g h t .  
gumpet it ion from other vegetation generally tends t o  reduce growth of 
trees, but f u l l  control of untiergrowth i s  not feasible ,  Iqilen stands 
are opened up dnough t o  permit rapid growth of ponderosa pine t reea 
they are  a lso .open enough t o  favor a t  l ea s t  some understory vegetation, 
The e f fec t  otl forage an8 other  plants I s  stf 11 an open quest ion and 
needs more systematic study, 

Results of Crop Tree Release - 
Thinning around only selected crop t r e e s  has accelerated diameter 

growth 8 t o  43 percent i n  t he  re la t ive ly  f e w  studies where t h i s  'method 
was t e s t ed  (table 3). Un lPhitman plot  8, which i s  the  most cleat-cut 
test, released crop t r e e s  grew a t  an average r a t e  of 0.10 inch in 
d.l;,h, Ter ye%r  c o ~ n a r e d  t o  0.07 inch f o r  unreleasedatrees over a 13- , . 

gsr.r period.  T?'r, ": :ad' thinning here consisted af ' the removal of a l l  
t r e e s  v&ose c . - , - .~ . s  r,'3re within about 3 f e e t  of t h e  crop t r e e  crown, 
The "moderate" th;mi-; was similar,  but l e f t  the poorer intermediate 
and suppressed trees. 

Table 3,-9Stand s t a t i s t i c s  and growth data for ponderosa 
pine thinning plots in eastern Oregon and 
Washington: "cror, t r e e  release'' or  mot  thinninns 

Years Inches Years Inches Feet - - 
Heavy release 43 5.8 10 -m'&- 0.53 

Pringle  40 194 Mod, release 53 5.6 10 2 3  A1 
Fal l s  No release 53 508 10 .12 .63 

Heavy release 40 402 3.3 . lo .60 
Nhitman 8 1938 Mod, release .!@ 309 13 .lo 3 9  

NO release 40 309 13 066 

Ilkitman 7 1932 Spot release - 1e4 19 01.3 053 
No re lease  - 1.5 19 e l 0  0 6  

I/ Diameter and increment s t a t i s t i c s  a r e  f o r  tagged crop t r e e s  only. 



Apparently the  t r e e s  i n  t h e  lower crown c lasses  had l i t t l e  e f f e c t ,  s ince  
crop t r e e s  grew a t  about the  same r a t e  under both degrees of thinning. 
The smaller advantage shown f o r  released t r e e s  on Pr ingle  F a l l s  p lo t  40 
i s  due i n  pa r t  t o  an unintended e f f e c t  o f  th inning upon check t r e e s ,  
which were located t o o  close t o  t h e  released t r e e s ,  Whitman p lo t  '7 is  
i n  a mixed stand where white f i r  and other  species were cut  i n  spots  t o  
re lease  crowded o r  overtopped ponderosa pines, Although diameter growth 
has averaged b e t t e r  f o r  re leased than f o r  nonreleased t r e e s ,  t h e  spot 
treatment was not extensive enough in  many places t o  insure cont inusd 
dominance of t h e  pines, 

Although spot  thinning seems t o  have resu l t ed  i n  s l i g h t l y  lower 
height  growth on a l l  t h r e e  study p lo t s  ( t ab le  31, the  d i f ference  i s  not 
s i g n i f i c a n t  f o r  a l l  p lo t s  and subperiods, Furkhermore, an eoentual 
reversa l  of t h e  e f f e c t  i s  indica ted  on Thitman p l o t  7, where t h e  adjus- 
t e d  height  increment was  s l i g h t l y  g rea te r  for released t r e e s  during the 
l a t e s t  6 years of i t s  19-year record. Thus, t h e  lack of a pos i t ive  
accelera t ion i n  height  growth, a s  contrasted wi th  complete thinning,  
may be pa r t ly  a delay i n  response, but  a l s o  must be re la tad  t o  other 
f a c t o r s  such as t h e  f a c t  t h a t  these  t e s t s  of crop t r e e  re lease  resul -  
t e d  i n  a very l i g h t  degree of thinning i n  the  stand as  a whole* 

A much more comprehensive study of crop t r e e  th inning was recent ly  
s t a r t e d  i n  the  Xetol ius  area  of t h e  Deschutes National Forest  (p lo t s  
12-15), A wider spread i n  degrees of thinning and va r ia t ions  i n  spac- 
ing o f  crop t r e e s  a re  being tes ted .  Ef fec t s  of overstory t r e e s  w i l l  
a l so  be i so la ted ,  and measurements w i l l  be taken of t o t a l  s tand as  we l l  
a s  individual  t r e e  groivth, The Snoqualmie National Forest  has i n s t a l l e d  
another new study t o  t e s t  heavy crop t r e e  re lease ,  These new s tud ies  

. should g rea t ly  strengthen our knowledge of crop t r e e  thinning i n  
ponderosa pine. 

Results  o f  S t r i p  Thinning 

The one t e s t  of th inning by s t r i p  cu t t ing  (~rernont p lo t  4) showed 
a l i t t l e  benef i t  i n  both diameter and height  growth, e i t h e r  f o r  a l l  
t r e e s  o r  se lec ted  l a r g e r  t r e e s  ( t ab les  1 and 2). Growth i s  probably 
being retarded by sca t t e red  mature t r e e s  on and near t h e  plo t ,  If 
t h e r e  were no overstory t r e e s  present ,  t h e  response might have been 
stronger,  This i s  a -weak bas i s  f o r  a general  conclusion on t h e  meri ts  
of s t r i p  thinning,  which might be done by running a t r a c t o r  back and 
f o r t h  through a stand,  3ut  the  p rac t i ce  appears of questionable value, 
There might be an added advantage jus t  i n  t h e  p a r t i a l  breakup of a  
stagnated conditon which s t r i p  th inning seems t o  provide, 



Cost of Thinning by Hand Xethods - 
Although some 8,000 acres  of young growth have been thinned on 

t h e  na t iona l  f o r e s t s  of eas te rn  Oregon and 'tiashington, the work w a s  
mostly done by the  C i v i l i a n  Conservation Corps p r i o r  t o  1942 and pro- 
vides very few cost  da ta  useful  a t  t he  present time, Recent complete 
thinnings on t h e  Ochoco National Forest  cost  fron $10 t o  $17 per  acre, 
On the  Snoqualmis Forest  two small projec ts ,  vrliich includad some prun- 
ing, cos t  $15 and $25 per acre. b o  reason f o r  t h e  var ia t ion in c o s t s  
was the  d i f ference  i n  densi ty  and d i s t r i b u t i o n  of the sap l ing  and small 
pole stands wi th in  t h e  projec t  areas,  Complete th inning on t h e  Fremont 
Forest ,  in  continuous stands of small pole s i z e  where most t rees  were 
f e l l e d  with a power saw, o u s t  about $39 per aors, Spo t  th j -nn iags  on 
two other areas o f  t h e  Fremont Forest cos t  $5 and $17 p e r  acre, here 
only 18 and 25 crop t r e e s  per acre  were released,  \Tithoat a detailed 
considerat ion o f  t r e e  s i z e  and stand d i s t r i b u t i o n  and cornposit io~,  both 
in  spots and over t h e  general  area,  and o f  methods, crew eff ic iency,  

'pay rates, and working conditions, these  gross a.c.$rag%s Trre POL; to:, 
meaningful, but  give a t  Least a rough idsa o f  42-16 range 02 t a t a l  cur-  
r en t  cos ts ,  

On the  Deschutes cooperative study area 64 ccres of th inning c o s t  
$34.77 per acre,  About 80 percen'c of the  area was occupied by a dense 
young stand, Crop t r e e  diameter averaged 3.4 inches f o r  the e n t i r e  
area but varied from 2.6 t o  5.1 inches by 4-a.cre subplots. Four ~ n t e n -  
s i t i e s  o f  crop t r e e  re lease  were applied. The heavies t  ( o u t t i n s  a l l  
competing t rees  i n  a c i r c l e  15 f e e t  i n  diameter around crop trees 
spaced abou"c5 f e e t  a p a r t )  was p r a c t i c a l l y  a complete thinning,  and 
cos t  $41.78 per acre ,  The l i g h t e s t  (10-foot c i r c l e  of  r e l ease  and- 
3O-foot spacing) c o s t  $18.& p e r  acre. A l l  cutting was done w l t h  axes 
during the  winter ,  mostly when snow was on t h e  ground, Cut trees were 
l e f t  where they f e l l ,  Disposal of thinning s l a s h  i s  des i rable  from 
t h e  standpoint of f i r e  r i s k  and appearance but i s  t o o  expensi-ve f o r  
general p rac t i ce  i n  th inning operat ions,  S lash  d isposal  may, 9f course, 
be j u s t i f i e d  on roadside s t r i p s ,  and near h a b i t a t  ions and ca~pgrounds,  

Although no l a rge  unusual expenses were incurred oc this operat ion,  
only 54 percent of t h e  t o t a l  cos t  was spent f o r  actual. man-days of t h i n -  
ning work i n  t h e  f i e l d .  Average ra te  of pay mas $12.22 pcr  man-day. 
Average f i e l d  time per acre was 1.44 man-days. O f  t h i s  field time, 72 
percent was "net th inning the"; t h e  o ther  28 percent was  used mostly 
i n  t r a v e l ,  supervision, aad warming periods, Average net thinning 
t ime per crop t r e e  was 7,9 minutes, This included t r a v e l  beelreen t rees ,  
normal shor t  r e s t s ,  and an estimated l m i n u t e  per  t r e e  f o r  pruning the 
lower dead branches, Average ne t  time per t r e e  cut was 37 seconds, 

Any s izeable  operat ion can be expected t o  involve supplemen-tary 
and overhead cos ts  comparable t o  t h i s  one, But i f  these  overhead cos ts  
could be avoided o r  reduced o r  i f  cheaper labor (of  equal e f f i c i ency)  
were avai lable ,  t h e  t o t a l  might be held down t o  much less %ban f o r  t he  
Deschutes operat ion,  A woodlot owner, f o r  example, might do his o m  



work a t  spare times with no outlay of cash. For condit ions s imi la r  t o  
those i n  t h e  Deschutes area, h i s  investment i n  t h i ~ i n g  might be placed 
a t  not more than t en  o r  f i f t e e n  do l l a r s  per acre, G ~ o d  thinning 
p rac t i ce  requires s k i l l ,  thought, and care ,  however, and should not be 
l e f t  e n t i r e l y  t o  untrained workers wi th  t h e  in ten t ion  of merely doing 
t h e  job cheaply, 

The r e s u l t s  o f  th inning by the control led  use of f i r e  have been 
measured on only one permanent p lo t  i n  the Northwest. This study was 
es tabl ished by Tl'e~ver (19, - - 20)  on t h e  Colv i l l e  Indian Reservation in 
1942, The burn was e f f e c t i v e  i n  reducing the  nlnnber of stems in denss 
sapl ing t h i c k e t s  from an average of 2,430 t o  690 per acre, but r e s u l t s  
were f a r  from u n f f s m ,  The f i r e  burned Loo hot  in  some spots and not 
hot enough i n  others. During t h e  6 years since burning, annual diameter 
growth of se lec ted  crop t r e e s  averaged 0.25 inch, compared t o  0.18 inch 
f o r  crop trees in  an  adjacent unburned stand. Height growth of unsoar- 
red t r e e s  was  s l i g h t l y  greater  in  the burned than  in t h e  unburned area. 
F i r e  scars  were noted on 22 percent of the crop t rees  a l i v e  i n  1950. 
Some of these  scars  w i l l  eventually lead t o  a loss i n  value of a t  l e a s t  
t h e  butt logs by causing deformity, degrade, and heart ro t .  Such l o s s  
was observed a t  Pringle F a l l s  during t h e  recent logging of a 105-year- 
o ld  stand which had been accidentally. thinned by f i r e  a t  an e a r l y  age. 

Teaver (20 )  rapor ts  t h e  cos t  o f  control led  burning on t h e  Colvi l le  
p lo t  as  $1.22Ter acre, but bolieves it can be done f o r  much l e s s  (1942 
d o l l a r  values) .  Vrescribed burning would thus appear t o  be a cheap, 
quick, wholesale method, but  i n  pract ice  it i s  d i f f i c u l t  t o  get  exact ly  
t h e  r i g h t  i n t e n s i t y  of f i r e  t o  accomplish t h e  desired thinning. Proper 
weather conditions for s a f e  but  e f fec t ive  burning a r e  infrequent9 and 
f o r e s t  f u e l s  vary widely from spot t o  spot. The method needs f u r t h e r  
systematic t e s t  and study of r e s u l t s ,  

DTFOBif AT ION FRW OTHElR S TUD PES 

Two a d d i t i o n a l  sources of infosmatfon a re  ava i l ab le  f o r  comparison 
ldvith r e s u l t s  obtaincd i n  t h e  Pac i f i c  North'~n~est, The thinning s tudies  
most d i r e c t l y  comparable a re  those wi th  ponderosa pine i n  o ther  western 
regions. A second source i s  t h e  general  l i t e r a t u r e  on t h e  subject  of 
thinning,  

Tests  of thinning ponderosa pine i n  o ther  p a r t s  of i t s  t road  range 
have furnished r e s u l t s  s h i l a r  t o  those in  Oregon and 7fT~shington, The 
age and type  o f  s t ands  and degrees of thinning t e s t e d  about the  
same as  i n  the North~vest. I n  t h e  Southwest, Pearson (15) reported t h a t  
crop t r e e s  i n  a 40-year-old, completely thinned stand F e w  an average 
of 1.3 inches i n  diameter i n  t h e  f i r s t  10 years compared t o  0.8 inch 
f o r  s imi la r  t r e e s  i n  t h e  unthimed stand, In  the  second PO-year period, 



following a l i g h t  and heavy rethinning on.port ions of  the  .same plot ,  
Krauch (9) noted t h a t  crop t r e e s  i n  the  twice thinned stands grew 1,13 
and 1.17-inches respectively,  while t r e e s  on unthinned p lo t s  grew about 
t h e  same as  before, 0.81 and 0.84 inch, For t h i s  second period height  
growth averaged about 2 f e e t  g rea te r  on t h e  thinned than on unthinned 
plots .  In  another Arizona study (7), s imi la r  increase in  diameter 
growth resu l t ed  from thinning t o  a50u-b 10-foot spacing, but a s l i g h t  
gain from thinning t o  7-foot spacing was not significant;,  

S t u a r t  and Roeser (18) showed t h a t  diameter groT&h of remaining 
t r e e s  was near ly  doub ledfor  a 6- o r  ?-year period a f t e r  thinning on 
t h e  Harney and Black H i l l s  National Forests ,  On a fair s i t e  (IT) i n  
western Montana, Fahnestock and Wellner (3) found t h a t  f o r  the  f i r s t  
5 y e a r  period, diameter growth of comparaFle t r e e s  was  60 percent 
g rea te r  in a l i g h t l y  thinned and 80 percent g rea te r  in a heavily th in -  
ned s tand than i n  t h e  adjacent wathinned stand, A moderate thinning 
i n  the  same area ,  however, f a i l e d  t o  show b e t t e r  growth, On a poor 
site (vI), l i g h t  and heavy thinnings resu l t ed  i n  42 and 125 percent 
g rea te r  diameter growth than f o r  t h e  comparable t r e e s  of the  u n t h h e d  
p lo t ,  Ef fec t  of thinning on height  growth was negl ig ib le  i n  these  
Montana s tudies ,  but not much response would be expected in  the f i r s t  
5-year period, 

Thus, s tud ies  i n  o the r  l o c a l i t i e s  confirm both t h e  general. na ture  
and magnitude of response found in t h e  NorShwest, They strengthen con- 
f idence i n  the  wide a p p l i c a b i l i t y  of l o c a l  f indings ,  They also point 
up loca l  va r i a t ions  t o  be expected; i n  t h e  Black H i l l s  study, f o r  
example, response was found t o  be b e s t  on limestone s i t e s ,  poorest on 
coarse g ran i t e  s i t e s ,  

Other S necies 

The general  subject  of thinning,  i t s  benefkts, and e f f e c t s  in  
Europe -and t h e  United Skates a r e  we l l  summarized in f o r e s t r y  textbooks 
such as Hawleyt s (6). Some of t h i s  general information appl ies  t o  
ponderosa pine, buF t h i s  species i s  not we l l  adapted t o  the  standard- 
ized systems, ru les ,  and schedules of thinning t h a t  have been developed 
f o r  o ther  species and types. This i s  due l a r g e l y  t o  i t s  intolerance,  
the patchy nature  of i t s  stands, and t h e  dry s i t e s  on which it grows. 
Another bas ic  d i f ference  i s  t h e  lack of  markets f o r  small t r e e s  szch as 
permit repeated thinnings a t  frequent i n t e r v a l s  i n  European f o r e s t s ,  
We hoped t h a t  measurements of growth and y i e l d  f b r  thinned stands i n  
European f o r e s t s  which heve been ca r r i ed  through t o  f i n a l  harvest  would 
ind ica te  what could be expected from ponderosa pine stands,  But the  
nature  of fore ign species and t h e  management o f  those  stands a r e  so 
d i f f e r e n t  t h a t  comparisons a r e  meaningless. 

The l i t e r a t u r e  does give some h i n t s  on c e r t a i n  th inning e f fec t s  
which a re  s t i l l  i n  quest iop f o r  pondgrosa pine. Thus inleidemann (21) 
shows t h a t  moderate t o  heavy thinnings o f  pine, spruce, and beechTn 
Germany increased height  growth, but t h a t  a l i m i t  was reached above 



which f u r t h e r  reduction i n  stand densi ty  did not increase t h e  r a t e ,  
With extremely wide spacinz, t h e  r a t e  of height  grovrth begins t o  f a l l .  
For stends about 100 f e e t  high, t h e  d i f ference  i n  h e t ~ h t  f o r  various 
thinnings was general ly not more than 3 f e e t ,  Since Tfeidemann was 
comparing heavy with l i g h t  thinnings ra the r  than unthinned stands, a  

.g rea te r  degree of improvement should r e s u l t  from thinning stagnated 
ponderosa pine th ickets .  Iiavvley (6) holds that th inning should produce 
a s i g n i f i c a n t  gain i n  height as we71 as  diameter. 

Only a few s tudies  of e f f e c t  of thinning on form of t r e e  bole have 
been reported. %eyer (10) showed t h a t  form c l a s s  of o lde r  ponderosa pine 
t r e e s  tends t o  move t o G r d  a narrow c e n t r a l  range a f t e r  re lease  by 
p a r t i a l  cut t ing ,  but concluded t h a t  t h e  change was not of p r a c t i c a l  sig- 
nif icance ,  The change i n  height-diameter r e la t ionsh ip  of ponderosa pine 
a f t e r  thinning i s  a2parently common t o  n ~ s t  coniferous species,  
Bickerstaff  (2) has shown t h a t  th inning resu l t ed  i n  a s ign i f i can t  in-  
crease i n  t a p e r  of  red pine ~ ~ i t h i n  5 gears. However9 Gehrhardt (4) 
claims t h a t  d i s t i n c t  iacrease of t a p e r  occurs only when thinning Ts 
very severe. Other European s tudies ,  as reviewed by Behre (I) ,  ind ica te  
t h a t  over a period of severa l  decades heavier  thinnings did %t r e s u l t  
i n  de te r io ra t ion  of form, Thus, increase of t aper  map be more o r  l e s s  
temporary, but  general izat ions a r e  not sa fe  without f u r t h e r  evidence. 

As a general  ru le ,  proper thinnings increase t o t a l  usable wood 
production and i n  many oases, t o t a l  vo1um.e production. But the re  i s  
l i t t l e  agreement on what "proper thinnin<t should be i n  terms of type, 
.le?r.?e, an5 tLninz gvnn 9 f t e r  experience and study covering f u l l  ro ta-  
t i o n s  i n  2urope ctnd rc;riods un t o  40 years i n  the  United S t a t e s ,  Not 
only opinion but  s t a t i s t i c a l  evidence i t s e l f  i s  contradictory as t o  
yo:..kh ~ n d  yie ld  untler d i f f e r e n t  forms of thinning,  As f o r  other f o r e s t  
pract ices ,  the re  i s  l i t t l e  hope f o r  universal  ru les  or guides. Howsver, 
f o r  given species and s e t s  of sconomic an3 biological  conditions, 
des i rable  t!.inning pract ice  can Se defined wi th in  a f a i r l y  narrow range. 

A few inferences f o r  ponderosa pine r.ay: be drnxn f ron  r e s u l t s  wi th  
o the r  species,  but even these  need t e s t ing .  For example, Yensen (4) 
found t h a t ,  over a 29-year period following a s ing le  thinning i n  17- 
year-old red ~ i n e ,  ,-:rowth and y i e l d  i n  t o t a l  o r  merchantable volume YJas 
bes t  f o r  6 x 6-foot spscing, compared t o  4 x 4, 7 x 7, 3 x 9 and an 
unthinned s%,nd, This i s  a wider range o f  dens i t i e s  than i n  any of t h e  
s e r i e s  of rondercsa pine study p lo t s ,  Hor~ever, it coul-l not b e  con- 
cluded -c.ritho-~t checking t h a t  6 x 6-foot spacing would be ks~': f ~ r  pan- 
derosa piae,  because t h e r e  a r e  d i f ferences  i n  c l i m ~ . t e ,  rat:: cf r~fi~j,if;h 

and 2rcspects  f o r  earLy cc) ,~nerc ia l  thixcing,  



S'CALVATIO!: OF BTJhE3FITS RND PROFITS 

Eventual r e s u l t s  of th inning can be rourkily es-tin?-ted by sxtension 
of measured growth r a t e s  and trends,  using nql.mal y i e l d  t a b l e s  f o r  
ponderosa pine (11) as a p a r t i a l  guide. Tringle F a l l s  p lo t  14 (9 x 9- 
foo t  s p a c i n g ) w i l F ~ e  used as  an axarnnle. The 100 l a r g e s t  t r e e s  per 
ac re  now average 8.2 inches d,b,h, ~ lnd  havs grown 0.8 inch more i n  15 
years than corresponding t r e e s  on -anthinned p lo t  15 ( t a b l e  2). Past 
t rends  ind ica te  t h a t  +,his d i f f  crence i n  diameter growth may reasonably 
be expected t o  continue f o r  about 30 years more, o r  u n t i l  the stand 
a t t a i n s  a normal basal  area  and number of t r e e s ,  After  30 gears 
diameter growth can bs assumed t o  proceed a t  a normal r a t e ,  A f u r t h e r  
gain would a l s o  r e s u l t  from b e t t e r  height  growth i n  t h e  thinned stand, 

Under these  assumptions t h e  thinned stand should reach t h e  s tage  
where sawtimber t r e e s  (those 12 inches and l a r g e r )  average 18 inches 
d,b,h, i n  a b o ~ t  150 years from time of thinning, The unthinned stand 
would require  about 55 add i t iona l  gsars t o  reach t h i s  s ize .  A conser- 
va t ive  value of $20 per t h o u s ~ n i  bonrd f e e t  o r  $700 per acre  could be 
assumed f o r  t h e  f i n a l  timber orop, Discounting t h e  gain i n  time when 
t h i s  r e tu rn  w i l l  be ava i l ab le  indicates  t h a t  an expenditure of a s  much 
a s  $23 per acre  f o r  thinning can be expected t o  r e t u r n  about 2 percent 
compound i n t e r e s t  on t h s  investmeat, The cos t  used i s  near average 
f o r  recent  complete t h i n n i ~ g s  by hand methods, Further saving would 
r e s u l t  from t h e  reduced period ovsr which costs  of protect ion,  admin- 
i s t r a t i o n  and taxes  would have t o  be paid, This kind of evaluation of 
f u t u r e  benef i t s  cznnot be ot?r:r precise,  of course, a s  none of' the  
s tudies  havs been c a r r i e d  through t o  the  time of stand harvest ing o r  
even t o  the  aze when c o m e r c i a l  t h i m i n g s  might be feas ib le .  

I n  t h i s  examnle no f u r t h e r  thinnings o r  igtermediate harvest  cu t s  
were contem>lnted, TJnder ac tua l  manage~ent,  thinnings of merchantable 
t r e e s  ~ ~ o u l d  be made long before f ina1 harves t ,  Comercia l  th ianings  
could be vnde sooner i n  the  thinned stand and might help repay the  cos t  
of t h e  o r  i ~ i n a l  premerchantabls khinning. This consequence of inten- 
s ive  management can be predicted i n  general  terms wi th  f a i r  confidence, 
but  t h e  ca lcu l s t ion  of estimated r s tu rns  i s  complicated and would 
require  too  nany assumptions as  t o  stand development, y i e l d s ,  and 
values o f  products, 

The example used i s  not  an extreme one, The gain depends largely  
upon the  increase i n  growth t h a t  may be a t t r i b u t e d  -to thinning,  
S imi la r  computations f o r  some of the  p lo t s ,  such as t h e  1:Zalheur and 
Ochoco , would ind ica te  a g rea te r  advantage from thinning;  others,  such 
a s  t h e  c rop  t r e e  re lease  p lo t s ,  would show a much smaller gain, Of 
course t h e  investment i n  a crop t r e e  re lease  th inning i s  a l so  lower. 

For computing prof i t s ,  both t h e  th inning operat ion and computa- 
t i o n s  can, of course, be based on a wide v a r i e t y  of assumptions, A 
lower rate of i n t e r e s t ,  o r  none a t  a l l ,  would increase t h e  p r o f i t ,  On 
a large  f o r e s t  property, cos t  of thinning might be considered a current  
expense necessary t o  maintain maximum production ra the r  than an 



investment being carr ied fonvard a t  in terest .  Different assmptions could 
also be made on future  stumpage values o r  probable trends i n  growth and 
yield. Lf ghter degrees of thinning should be cheaper but would lower the  
gain i n  growth. The development of cheaper methods o f  thinning which 
would s t i l l  provide adequate release o f  good crop t r e e s  offera one of the- 
most promising avenues f o r  incrsas ing prof i t s  from thinning. 

THINNING AS A TOOL OF FOREST lvf!?IANAGQ9EXT 

On the  basis of what we know now, what par t  w i l l  premerchantable 
th imings  play in  the management of our present and future ponderosa 
pine fores t s?  Unf'ortunately, the  answer i s  not simple o r  unqualified, 
extremely dense stands where $stagnation has reduced growth almost t o  a 
s t a n d s t i l l ,  thinning i s  obviously i n  order. Even where young stands are 
overdense only i n  patches, the  possible shortening o f  ro ta t ion  i s  a 
potent argument f o r  thinning. Under sustained yield  management, i f  we 
can shorten the rotat ion age of young stands through thinning, there 5s 
an immediate benefit since we can also s t a r t  cut t ing our mature fo re s t s  
a t  a more rapid rate. But t ~ i n g  t o  say just what t h i s  means region- 
wide o r  even f o r  a given working c i r c l e  o r  property reveals a serious 
gap in our knowledge: we do not know enough about the  l i m i t  of s tand 
density above and below which thinning w i l l  or w i l l  not= substant ia l  
L 

benefits. Evan i f  t h i s  were known, w e  do not now have an inventory of 
young stands and reproduction class  i f  ied as t o  density, 

Nevertheless, action need not await the  accumulation of this de- 
t a i l e d  informtion. For a given fores t  area s br ie f  reconnaiss&nce w i l l  
show where the obviously overdense young stands a re  located and some- 
thing of t h e i r  extent. Current growth rates of probable crop trees may 
be measured and the possible degree of  improvement roughly estimated by 
comparing with the ra tes  given f o r  study plots i n  this report. Thfnnings 
mag then be undertaken for  stands with the greates t  promise of benefit. 
Doubtful areas should usually be deferred u n t i l  we gain fur ther  infdnnr- 
~ ~ B X I  and experience, 

The increasing practice of pruning young ponderosa pine has brought 
t o  new a t ten t ion  the unsatisfactory growth ra te  of many otherwise 
prunable crop t rees .  Thinning done e i ther  a t  the same time as pruning, 
o r  preferably ea r l i e r  i n  the  l i f e  of t h e  stand, would increase the 
growth r a t e  of selected t r ee s  and help assure t h a t  they would l iw 
thmugh to merchantable size, thus making the pruning investment nrom 
prof i table.  The problem o f  combined treatment needs careful anaf$rsis 
and further trial, 

A s  fo res t ry  becomes more intensive, restocking may be so controlled 
that a minbum of premerchantable thinning w i l l  be reguired, Ho't.vevsr, 
perfect  control  of stocking w i l l  probably be rare ,  and it is 8180 ques- 
t ionable whether holding number of seedlings down t o  the minimum needed 
a t  merchantable size is r ea l ly  desirable, The developent  of a large- 
scale  market for  smaller trees would allow profitable thinnings to be 
wrde a t  a younger age, and thus in same standsreduce the need f o r  pre- 
merchantable thinnings, o r  in other stands provide added incentive fo r  



th inning in t h e  sapl ing stage. Th9 increased use of smaller t r e e s  mag 
come r e l a t i v e l y  sloyvvly f o r  ~ o n d a r g s a  pins,  because of sca t t e red  loca- 
t i o n  of young stands,  dis:;anca f rom ,mrk- t s  m d  pulp and hardboard 
plants ,  and low production pcr acre. T ~ I I S  it. appears t h e r e  w i l l  be a 
place f o r  e a r l y  thinninys f o r  a long t i m  . in to  t h e  future.  And, of 
course, knowledge or' thinntn: e f f e c t s  ~ r i : - I  apply whether the  cut 
ma te r i a l  i s  used o r  

As n t o o l  of xar,agment, t h i m i ~ g  shogld be planned and executed 
wi th  f u t u r e  f o r e s t  p rac t i c ss  an3 the snd prgdl~ct  i n  mind, Our b e s t  
guess i s  t h a t  saw 13:s 7 t r i l i  be the  p r i m r y  product of ponderosa pine 
f o r e s t s ,  and t h a t  i n t e m e d i s t e  harvest  cu t t ings  w i l l  be made t o  obta in  
m a x h m  ~ r o d u c t  ion, A reasonable a i m  might be t o  make t h e  f i r s t  in te r -  
mediate c u t t i n g  .:hen a fair number of t r s e s  have produced a log 16 f e e t  
long wi th  a minimum  to^ dlametor of 8 inches. O r  o ther  standards of 
minimum merchantabil i ty could be assumed. To f i t  into t h i s  general 
scheme of management, t h e  main purpose of a premerchantable thinning in 
an  overly dense stand should be t o  bring t he  stand t o  t h e  s i z e  where 
commercial thinnings o r  j.;iterned Late  harvest  cut t ings  can begin i n  a 
reasonably shor t  time. I n  most cases one f a i r l y  heavy premerchantable 
thinning should s u f f i c e ,  Further research i s  needed t o  t e s t  t h e  c o s t s  . 

and advantages of repeated e a r l y  thinnings. 

Assuming t h a t  one e a r l y  th inning of overdense stands is  believed 
adequate, t h e  most advantageous t i m i n ~  of t h e  operat ion becomes an 
important matter. Iilost pine thinnings have been made i n  stands where 
t r e e s  average 2 t o  6 inches d.b.h. The bes t  age o r  s i z e  c lass  f o r  a 
s ing le  th inning i s  probably below t h i s  range, s ince stands only S t o  5- 
f e e t  high could be thinned much more cheaply and perhaps jus t  a s  
e f fec t ive ly .  The one small sample of such a thinning,  Fremont p lo t  5, 
i s  promising but t h e  data a re  not adequate f o r  general conclusions. 

Of course, we must work wi th  what we have, and f o r  overdense stands 
already i n  t h e  sapling o r  small pole stage,  thinnings should be made as 
soon a s  f e a s i b l e  t o  avoid f u r t h e r  s tagnation,  For o lder  pole stands 
t h e  existence of  an upper l i m i t  of t r e e  s i z e  f o r  p ro f i t ab le  premerchant- 
a b l e  th inning should be recognized., although such a l i m i t  xas  not 
es tabl ished by the  s tudies  reported here, iPIith increas ing t r e e  s ize,  
it may be reasoned t h a t :  (1) cost  o f  th inning increases ; ( 2 )  a more 
dangerous and l a s t i n g  f i r e  hazard i s  created by th inning s l ash ;  (3) 
more stems c.ro s a c r i f i c e d  which might bs  marketable i f  l e f t  a few years 
longer: and (b) t h e  time i s  reduced over which growth gains occur 
before c o m e r i c a l  thinnings begia, Thus, i f  even pa r t  of the  c u t  t r e e s  
might be u t i l i z e d  i f  l e f t  standing f o r  a few years,  immediate thinning 
may be urnvise, Inere o the r  benef i t s  may accrue, such as re lease  of 
pruned t r e e s ,  a e s t h e t i c  improvement, o r  correc t ion of a deficiency i n  
age c lasses ,  thinning of l a rge r  t r e e s  nay s t i l l  be jus t i f i ed .  

Research and experience have provided some useful  information on 
des i rab le  method and degree of  thinnj-ng f o r  ponderosa pine, but  a - 
number of bas ic  questions remair, t o  be answered before a guiding policy 
f o r  bes t  p rac t i ce  can be formulated, The need f o r  standards of s tand - 
densi ty  has been menticned. Another inpor tant  quest ion is :  Should 



thinning favor dominants and "super?ominants" i n  a stand, o r  should thin- 
ning eliminate these two classes and favor a larger  number of codaminants, 
as i s  done in  pa r t a  of. Sweden? There are val id  arguments f o r  either side 
of the question and t h e  answer w i l l  have far-readhing implicatiatls in 
pine management, 

S u n J J Y  AND CONCLUSIONS 

The f ac t s  and conclusion$ on prenerchantable th imiag  in panderoaa 
pine of the  Morthvrest are s m r i z e d  as fo l lows :  

C 

1. Overstocked stands are  not growing sa t i s fac tor i ly ,  but through e 

thinning diameter growth of  crop trees can be increased a b u t  30 to 150 
percent, T h i ~ i n g  usually also accelerates height growth, bwk %a Q 

l esser  degree than i i i~meter  growth,, Trt?es of poor form o r  undesired 
s p e ~ i e s  nap also be e l b i n a t s d ,  

2 ,  Eventual r e s u l t s  of  thinning are  not yet proved, but  rough a a l -  
culat ions based on measured %rends indicate that c o s t  o f  early thinning 
may well be repa id  'by shortening of  the t i m e  required t o  grow merchant- 
able -t;ress, 

3. The long duration o f  releasa effect  and the cost  of prmerchant- 
able treatment suggest that one ear ly  t h i ~ i n g  should be emugh t o  bridge 
the period until first commeroial thinnings can be made, 

4, Although not enough i s  y e t  known t o  enable us t o  prescrfbe 
exact methods and schedules o f  thinning, studies have indicated that8 (1) 
pract ical ly  a l l  f o m d  and degrees o f  thinning t e s t e d  have been benef ic ial i  
(2) degree o f  thinaing should be f a i r l y  radical where only one operation 
appears feasible f o r  Beveral decades; and (3) i f  possible, thinning 
should s t a r t  when s t a h d s  a r e  only 2- t o  5 .feet high t o  lower coets and 
avoid stagnation, 

5, The area and B X ~ C ~  condit ion of pine stands which aould be 
thinned prof itably in the Pacific Northwest are not known. The most  
c r i t i c a l  areas o f  overstocking are rather localized, but even these would 
make a substant ia l  t o t a l ;  additional large areas are overstocked ih spots 
o r  patches,  

6 ,  In sp i te  of all the u&mwns and uncertainties,  +he need f o r  a 
continuing supply of good ponderosa ~ i n e  sawtimber warrants: (1) con- . #  

t i m e d  research t o  f i l l  the many gaps in our knowledge, and (2) applica- 
tion of th inning t o  a t  least t h e  unmistakably overstocked areas now. - 
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