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Abstract 

P. H. Cochran 

Repeated r a d i a t i o n  f r o s t s  caused no apparent harm t o  t h e  
m a j o r i t y  o f  lodgepole p ine  (Pinus c o n t o r t a  Dougl. ) seed1 i ngs 
p lan ted  on a pumice f l a t  i n  south-centra l  Oregon. For  most bu t  
no t  a1 1 o f  the  ponderosa p ine  (P i  nus ponderosa Dougl. ) 
seedl ings p lan ted  w i t h  t h e  lodgepole pine, however, damage from 
r a d i a t i o n  f r o s t  r e s u l t e d  i n  reduced he igh t  growth. 

Keywords: Rad ia t ion  f r o s t ,  pumice s o i l ,  lodgepole pine, Pinus 
contor ta,  ponderosa pine, Pinus ponderosa. 

lnt roduct ion I n  the  pumice s o i l  r eg ion  o f  south-centra l  Oregon, lodgepole 
p ine  (Pinus con to r ta  Dougl. ) usual l y  occurs i n  pure stands on 
f l a t s  a a s i n s ,  where c o l d  a i r  accumulates a t  n igh t ,  whereas 
ponderosa p i  ne ( P i  nus ponderosa Laws. ) domi nates the  adjacent  
h i  gher ground. Stand boundaries a re  o f t e n  abrupt, c o i  n c i  d i  ng 
w i t h  s l i g h t  changes i n  topography. Reasons f o r  t h i s  d i s t r i -  
b u t i  on p a t t e r n  i n c l  ude super i  o r  f r o s t  t o1  erance o f  devel op i  ng 
1 odgepole p ine  cones (Sorenson and M i l e s  1974) and germinants 
(Cochran and Berntsen 1973) over  ponderosa p ine  cones and 
germi nants. 

Occasional ly  lodgepole p ine  stands on l e v e l  topography have an 
understory o f  younger ponderosa pine. Mod i f i ca t i on  o f  the  low 
temperature extremes a t  t h e  s o i l  sur face by t h e  lodgepole 
canopy probably a1 lowed the  ponderosa p ine  t o  become estab- 
1 ished. A few scat te red  mature ponderosa p ines do e x i s t  i n  
some lodgepole p ine  f l a t s .  These ponderosa p ine  t rees  are  much 
o lde r  and t a l l e r  than t h e  lodgepole p ine  and may have s t a r t e d  
as understory t rees  beneath an e a r l i e r  lodgepole p ine  stand. 

P. H. COCHRAN i s  a s o i l  s c i e n t i s t ,  S i l v i c u l t u r e  Laboratory, 
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1027 N. W. Trenton Ave., Bend, Oregon 97701. 



Further Comparisons 

Table I--Differences in height of lodgepole and ponderosa 
pines in four "frost pocket" locations in south-central Oregon, 
fall 1974' 

Range i n  height 

Year 
ponderosa Planted Natural 

p ine ponderosa lodgepol e 
S i te  Location Elevat ion planted pine p ine 

Feet - Feet - Feet - 
Snow Creek S1/2 sec. 10, 

T. 20 S., R. 8 E. 4,545 1934 8.0-15.0 26.0-33.0 

Pipel ine f l a t  5112 sec. 2, 
T. 25 S., R. 8 E. 4,460 1963 1.5- 5.0 8.0-15.0 

Shevlin we l l  NW1/4 sec. 20, 
T. 28 S., R. 9 E. 5,025 1955 6.5-10.0 20.0-33.0 

Shevlin yard NU114 sec. 20, 
T. 28 S., R. 9 E. 5,150 1955 2.5- 6.5 11.5-13.0 

l ~ l a n t i n ~  dates f o r  ponderosa pine were obtained from USDA Forest Service records o r  
estimated from r i n g  counts o f  t ree  sections taken a t  ground l ine .  Lodgepole pine a t  each 
s i t e  was 2 or  3 years younger than the ponderosa pine, ind ica t ing  t h a t  2-0 o r  3-0 
ponderosa pine stock was planted. 

Planted seedl ings do n o t  germinate on t h e  s i t e  o r  need t o  
produce cones. Fur ther ,  t h e  f r o s t  res i s tance  o f  2-0 o r  l a r g e r  
seedl ings o f  e i t h e r  species i s  thought t o  be high, prov ided t h e  
dormancy cyc le  has been c o r r e c t l y  managed i n  the  nursery  (Cleary 
and o thers  1978). Therefore, p r a c t i c i n g  f o r e s t e r s  p e r i o d i c a l l y  
i n q u i r e  about t he  possi b i  l i t y  o f  p l a n t i n g  ponderosa p ine  
seedl ings i n  c lea rcu ts  on f l a t s  and basins p rev ious l y  occupied 
by lodgepole pine. Such p lan t i ngs  have been attempted i n  
several locat ions,  bu t  lodgepole p ine  has seeded in,  over topping 
the  ponderosa p ine  ( t a b l e  1). Where ponderosa p ine  seedl ings 
survive, they are deformed o r  severe ly  suppressed; f r o s t  damage 
t o  the  needles i s  apparent du r ing  some growing seasons. 

Th is  paper presents f u r t h e r  exp lo ra to ry  comparisons o f  t h e  e a r l y  
development o f  ponderosa and lodgepole p ine  seedl ings p lan ted  
together  on s o i l s  developing from Mazama pumice. Care should 
be taken i n  e x t r a p o l a t i n g  the  r e s u l t s  t o  o ther  s o i l s  and areas. 

For  t he  l o c a t i o n s  shown i n  t a b l e  1, t he  ponderosa seed source 
i s  unknown and may n o t  be adapted t o  the  s i t e .  Would t h e  
performance o f  ponderosa p ine  from appropr ia te  seed sources be 
s a t i  s fac to ry?  To p a r t i a l  l y  answer t h i  s  question, we p lan ted  
100 ponderosa p ine  and 100 1  odgepole p ine  seed1 ings  i n t e r -  
changeably a t  a  12- by 12- foo t  spacing on a  "pumice f l a t "  
surrounded by 1  odgepole p ine  (NW1/4 sec. 31, T. 22 S . ,  R. 11 
E., Wi l lamet te mer id ian) .  E l e v a t i o n  o f  the  area i s  4,120 
feet .  The s o i l  i s  an ashy over loamy, mixed Typic Cryorthent.  



Year 
F i  gure 1. --Hei gh t  growth per yea r  f o r  
1  odgepol e  and ponderosa p i  ne seed1 i ngs 
p l  anted i n  Apr i  1  1971. 

The 3-0 ponderosa p ine  stock was r a i s e d  i n  the  Bend Pine Nursery 
of the  USDA Forest  Service, 28 a i r  m i l es  from t h e  p l a n t i n g  s i t e ;  
seed had been c o l l e c t e d  a t  t h e  4,000-foot e l e v a t i o n  w i t h i n  18 
m i les  o f  t h e  p l a n t i n g  s i t e .  Lodgepole p ine  seedl ings were 
obta ined from roadsides w i t h i n  10 m i l e s  o f  t he  p l a n t i n g  s i t e  
because nursery seedl ings were n o t  avai lab le .  The p l a n t i n g  was 
done over a  2-day pe r iod  i n Apr i  1 1971. Average he igh t  growth 
f o r  t he  f i r s t  growing season ( f i g .  1) was s l i g h t l y  g rea ter  f o r  
ponderosa pine, poss ib l y  because o f  the  nursery f e r t i l i z a t i o n  
program. From 1972 through 1983, however, he igh t  growth o f  
lodgepole p ine  was super ior .  A t  the  end o f  1983, t he  60 
su rv i v ing  l o d  epole pines averaged Y f e e t  i n  height ,  9 s i g n i f i c a n t l y  t a l l e r  than t h e  3.9-foot average f o r  t h e  27 
s u r v i v i n g  ponderosa pines. O f  the  s u r v i v i n g  ponderosa p i n e  
trees, none was t a l l e r  than t h e  average he igh t  o f  t h e  lodgepole 
p ine  trees. Hei ght  growth ra tes ,  however, have accelerated 
w i t h  t ime: 11 o f  t h e  27 ponderosa p ine  t rees  grew more than 8 
inches i n  1983, al though the  bes t  h e i g h t  growth o f  ponderosa 
p ine  was n o t  equal t o  t h e  average he igh t  growth o f  t h e  
lodgepol e  p i  nee 

l ~ s e  o f  t h e  word " s i g n i f i c a n t l y u  i n  
t h i s  note means t h a t  a  t t e s t  has been 
app l ied  us ing a  5-perceFt l e v e l  o f  
p r o b a b i l i t y  t o  accept o r  r e j e c t  
d i f f e rences  as rea l .  
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Figure  2.--Height growth per year f o r  
lodgepole and ponderosa p ine  seedl ings 
p lan ted  i n  A p r i l  1975. 

To o b t a i n  another comparison o f  species performance, we 
a l t e r n a t e l y  p lan ted  100 2-0 seedl ings o f  each species a t  a 
12- by 12- foot  spacing i n  t h e  spr ing  1975, on t h e  pumice f l a t  
adjacent t o  t h e  p l a n t a t i o n  es tab l i shed  4 years e a r l i e r .  The 
seed came from zones compatible w i t h  t h i s  p l a n t i n g  s i t e ;  t h e  
seedl ings were r a i s e d  i n  the  Bend Pine Nursery. A severe f r o s t  
(17 O F  minimum temperature i n  a standard weather s h e l t e r  a t  t h e  
s i t e )  on June 19, 1975, caused no apparent harm t o  lodgepole 
p ine  seedlings, bu t  there  was obvious damage t o  52 o f  t h e  
ponderosa p ine  seedl ings. Height  growth f o r  1975 was n o t  
measured. A t  t h e  end o f  1983, o n l y  35 ponderosa and 40 
lodgepole p ine  seedl ings remained. Average he igh ts  o f  t h e  
s u r v i v i n g  lodgepole and ponderosa p ine  seedl ings were 5.2 f ee t  
and 1.9 fee t ,  respect ive ly ,  i n  t he  f a l l  1983, and he igh t  growth 
r a t e s  f o r  t h i s  second p l a n t i n g  have been s i g n i f i c a n t l y  
d i f f e r e n t  s ince  1976 ( f i g .  2) .  



E a r l y  j u v e n i l e  growth o f  lodgepole p i n e  has been cons idered 
supe r i o r  t o  t h a t  o f  ponderosa p i n e  on comparable s i t e s .  We 
decided t o  compare d i f f e r e n c e s  i n  growth r a t e s  on t h e  pumice 
f l a t  w i t h  growth r a t e s  o f  t h e  two spec ies p l a n t e d  e a r l i e r  on 
s l o p i n g  topography nearby. Seed c o l  l e c t e d  f rom t h e  p l a n t a t i o n  
s i t e ,  7.3 a i r  m i l e s  west o f  t h e  f l a t ,  was germinated i n  t h e  
greenhouse i n  t h e  spr ing .  The seed l ings  were kep t  i n  t h e  
greenhouse u n t i l  m id -w in te r  when t h e  greenhouse temperature was 
s l o w l y  lowered t o  match o u t s i d e  temperatures. Next t h e  seed- 
l i n g s  were taken ou ts ide ,  then p l a n t e d  in te rchangeab ly  i n  A p r i l  
on a 6-percent s lope w i t h  a  west-southwest aspect. The so i  1  a t  
t h i s  p l a n t a t i o n  i s  ve ry  s i m i l a r  t o  t h e  s o i l  o f  t h e  pumice f l a t .  

A f t e r  s i x  growing seasons i n  t h e  p l a n t a t i o n ,  over  300 undamaged 
seed l ings  o f  each spec ies remained. The lodgepole p i n e  seed- 
l i n g s  averaged 2.7 f e e t  i n  he igh t ,  and t he  ponderosa p i n e  
seed l ings  averaged 2 f e e t .  For  t h e  seed l ings  s u r v i v i n g  a f t e r  
s i x  growing seasons on t h e  pumice f l a t  a t  t h e  end o f  1983, 
average h e i g h t s  were: 

F i r s t  p l  a n t i  ng Second p l  a n t i  ng 

Lodgepol e p i ne  
2.4 f e e t  

Ponderosa p ine  
1.2 f e e t  

Lodgepole p i n e  
2.4 f e e t  

Ponderosa p i  ne 
0.96 f e e t  

A t  t h e  end o f  1983, 8 o f  t h e  27 s u r v i v i n g  ponderosa p i n e  f rom 
t h e  f i r s t  p l a n t i n g  and 8 o f  t h e  35 s u r v i v i n g  f rom t h e  second 
p l a n t i n g  i n  t h e  pumice f l a t  resembled s tun ted  bushes and 
appeared damaged f rom repeated r a d i a t i o n  f r o s t s .  None o f  t h e  
1 odgepole p i  ne t r e e s  d i  s p l  ayed reduced h e i g h t  growth t h a t  
seemed r e l a t e d  t o  r a d i a t i o n  f r o s t  damage. Two o f  t h e  ponderosa 
p ines  f rom t h e  f i r s t  p l a n t i n g  were over  6.6 f e e t  t a l l ,  and an 
a d d i t i o n a l  n i n e  t r e e s  appeared t o  be h e a l t h y  and have been 
growing over  8  inches a year. E i g h t  o f  t h e  35 ponderosa p ines  
from t h e  second p l a n t i n g  a l s o  appeared f a i r l y  r e s i s t a n t  t o  
f r o s t  damage and may grow t o  s i z e  s u i t a b l e  f o r  harvest .  

Most o f  t h e  m o r t a l i t y  f o r  bo th  p l a n t i n g s  on t h e  f l a t  has been 
caused by  pocket  gophers (Thomomys spp.). A few t r e e s  have 
a1 so been destroyed by  porcupines (E re th i zon  dorsatum Linn.)  . 
There i s  no i n d i c a t i o n  t h a t  pocket  gophers o r  porcupines p r e f e r  
one species over  t h e  o ther .  Crouch (1971) a l s o  noted no d i f f e r -  
ence i n  t h e  s u s c e p t i o i l i t y  o f  ponderosa and lodgepole p i nes  t o  
pocket  gophers. Some o f  t h e  t rees,  p r i m a r i l y  lodgepole pine, 
have been a t t acked  by t h e  lodgepole p i n e  t e rm ina l  weev i l  
(Pissodes t e r m i n a l i s  Hopping); b u t  i n  every  case, a  l a t e r a l  
branch rep laced  t h e  dest royed te rmina l ,  and t h e  h e i g h t  develop- 
ment of t h e  t r e e  appeared t o  be reduced s l i g h t l y ,  i f  a t  a1 1. 



Conclusions Ponderosa p ine  p l a n t e d  on f l a t s  and bas ins  i n  t h e  pumice s o i l  
r e g i o n  o f  sou th -cen t ra l  Oregon w i  11 s u f f e r  va ry i ng  degrees o f  
r a d i a t i o n  f r o s t  damage. Some o f  t h e  t r e e s  w i l l  be so severe ly  
damaged t hey  w i l l  n o t  grow t o  s a l a b l e  s i z e  i n  a reasonable 
l e n g t h  o f  t ime. Most ponderosa p i n e  t r e e s  w i l l  e x h i b i t  reduced 
growth r a t e s  because o f  repeated f r o s t  damage, b u t  some o f  t h e  
t r ees  may groN normal ly.  

The da ta  and observa t ions  presented nere i n d i c a t e  t h a t  pumice- 
mant led f l a t s  and bas ins  should be managed f o r  lodgepole p ine.  
Because a sma l l  percentage o f  ponderosa p i n e  seems t o  be 
r e s i s t a n t  t o  r a d i a t i o n  f r o s t ,  some seed l ings  c o u l d  be p l a n t e d  
on f l a t s  and basins.  The s c a t t e r e d  ponde'rosa p i ne  t r e e s  
e x i s t i n g  i n  some o f  t h e  f l a t s  m igh t  p rov ide  a seed source f o r  
t h e  p l a n t i n g  stock. These p l a n t i n g s  cou ld  e s t a b l i s h  a 
p o t e n t i a l  f u t u r e  source o f  seed f o r  g e n e t i c i s t s  t o  use i n  
develop ing ponderosa p i n e  t h a t  i s  more r e s i s t a n t  t o  low 
temperatures. 

Metric Equivalents 1 i n c h  = 2.54 cen t imete rs  
1 f o o t  = 0.30 meter 
1 m i l e  = 1.61 k i l ome te rs  
OF = 1.8 (OC) + 32 
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