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SOIL MOISTURE AND THE DISTRIBUTION OF LODGEPCLE AND PONDEROSA PINE 

(A Review of the  L i t e r a t u r e )  

Robert F,  arrant 
Pac i f i c  Northwest Fores t  and Range Experiment S t a t i o n  

Despite a number of published s tud ies  and observations of the  
f a c t o r s  a f f e c t i n g  t h e  d i s t r i b u t i o n  of lodgepole pine (pinus contor ta  
va r ,  l a t i f o l i a )  and ~ o n d e r o s a  nine &inus ~ o n d e r o s a ) ,  some misunder- 
standing s t i l l w  e x i s t s  a s  t o  th;! s ignif icance of the 'extensive stands 
of lodgepole pine in t h e  ponderosa-pine zone of Oregon and Washington. 
4% times the re  even have been proposals t o  des t roy the  lodgepole "weedw 
stands and rep lan t  the  a reas  t o  economically superior  ponderosa pine. 
These proposals were based on t h e  assumption t h a t  lodgepole stands a r e  
the  d i r e c t  r e s u l t  of f i r e  and represent  encroachment onto ponderosa pine 
s i t e s ,  

A roundup of. pe r t inen t  published information on lodgepole-ponderosa 
pine re la t ionsh ips  should help el iminate some common misconceptlons, The 
growth hab i t s  of these two species have been s tud ied  i n  some d e t a i l ,  and 
many sound observations have been made, Because of t h e  many d i f f e r e n t  in- 
v e s t i g a t o r s  who have worked on t h e  subject ,  however, the  f indings  have not  
been brought together  in a manner b e s t  s u i t e d  t o  p o h t i n g  out  the  more 
h p o r t a n t  f a c t o r s  involved in th s i t e  requirements f o r  each species ,  
This paper w i l l  attempt t o  summarize and draw conclusions from published 
knowledge of the e f f e c t  of mil  moisture on Podgepole-ponderosa pine 
occurrence, Since the  mater ia l  is about evenly divided between observational  
information and t h e  r e s u l t s  of systematic study, the  ideas of observers w i l l  
be discussed f k s t  and then compared with f indings from more formal studies.  

OBSERVATIONAL STUDIES 1913-1 94'7 

* One of the  e a r l i e s t  references  i s  t h a t  of Kerr (5) who repor ted  on 
the  d i s t r i b u t i o n  of lodgepole and ponderosa pine in the-walker Basin a rea  
of south cen t ra l  Oregon i n  1913. Kerr observed t h a t  both lodgepole and 
pondei.osa pine have a deep t aproo t  and make t h e i r  bes t  growth i n  a loose, 
sandy o r  g rave l ly  s o i l ,  He noted f u r t h e r  t h a t  ponderosa pine always is 

. confined t o  s lopes  and other  s i t e s  where drainage is excel lent ,  while 
lodgepole pine w i l l  grow under almost any condit ion of drainage. From 
these  observations, Kerr concluded t h a t  ponderosa pine d i s t r i b u t i o n  in 
t h e  Walker Basin a rea  is dependent almost e n t i r e l y  on the  depth of the 
water table--that is, t h i s  species w i l l  not  t o l e r a t e  condit ions of excess 
moisture i n  t h e  r o o t  zonee He s t a t e d  t h a t  where lodgepole pine does 
occur on well-drained s i t e s ,  i ts growth i s  l i m i t e d  only because of the  
g r e a t e r  age, height,  and f i r e  r es i s t ance  of t h e  ponderosa pine overstory, 



Lodgepole pine areas were held t o  be increasing somewhat because of 
f i r e s  and subsequent more rapid establishment of the mi l i t an t  lodge- 
pole. Kerr a l s o  held the  view t h a t  it is unlikely t ha t  ponderosa 
pine w i l l  retake any of i t s  former areas once lodgepole pine has be- 
come established,  

A good general summary of t he  s i t e  requirements of ponderosa 
pine is quoted from Hunger (8) - : 

Western yellow pine (ponderosa) grows and th r ives  on 
nearly every var ie ty  of s o i l  within i ts  range; it is  
one of the  f i r s t  t r e e s  t o  get  a foothold on the dis-  
in tegrat ing recent l ava  flows of cen t ra l  Oregon and 
i ts  a b i l i t y  t o  t h r ive  on almost s o i l l e s s  s teep t a l u s  
slopes is remarkable, It grows a l so  on loamy clay 
s o i l s ,  on loose sand and on the deep, l i g h t  fragmental 
pumice stone of cen t ra l  Oregon; but on cold, peaty, o r  
heavy, moist so i l s ,  such a s  those adjacent t o  meadows, 
it i s  usually not found. It grows well on land which 
i s  too dry f o r  any of i t s  associates,  It seems t o  pre- 
f e r  well drained, loose s o i l s ;  but an increase i n  
moisture, provided the  s o i l  i s  well drained, makes f o r  
more rapid growth. Occasionally, but not usually, it 
grows on s i t ua t i ons  where the water t ab l e  is  within 4 o r  
5 f e e t  of the surface during the  growing season, It is, 
therefore,  uncommon on f l a t s  and bottom land, and is dis-  
t i n c t l y  a t r e e  of the  slopes. Exceptions occur, notably 
the form which occurs west of the  Cascades i n  t he  Willa- 
rnette Valley and which inhabi ts  moist r i v e r  benches, 

A statement by Lo F. Henderson ( 9 ) ,  Curator of the  University 
of begon  Herbarium, gives fur ther  ins igh t  i n to  the  s o i l  require- 
ments of the Willamette Valley type of ponderosa pine: 

dl remarkably strange thing is  the  way the  ponderosa 
pine e x i s t s  i n  sca t te red  spots throughout the WFlla- 
mette Valley . . . . . . . Wherever they e x i s t  I have always 
found the  s o i l  of a very gravelly nature and well sui ted 
Lo the growth of t h i s  pine. 

In 1947, Leighty (7)  made a p a r t i a l  survey of the Pringle 
Fa l l s  Experimental  ores st-in south cen t ra l  Oregon. From observa- 
t i ons  of vegetation and s o i l  types, Lsighty concluded that ponderosa 
pine does not th r ive  on s o i l s  having a f luctuat ing high or  moderately 
high water table.  He reasoned t h a t  ponderosa pine possibly can ad- 
jus t  i ts  roo t  system t o  a permanently high water t ab le  t h a t  fluc- 
tua tes  very l i t t l e ,  but  t h a t  on such s i t e s  lodgepole pine competes 
more successfully, 



When the natural  hab i ta t  of the two species i s  considered, 
Leighty observed, Lodgepole pine seems t o  have a higher -ntoi+ure re- 
quirement than ponderosa pine, The natural hab i ta t  of lodgepole pine 
under well-drained conditions i s  a t  higher a l t i t udes  above the pon- 
derosa pine b e l t  (about 5,500 f e e t  in the area  studied), where pre- 
c ip i t a t i on  is higher and where more r a i n  f a l l s  during the  summer. 

In the areas occupied by lodgepole pine a t  elevations ranging 
between 4,500-5,000 f ee t ,  conditions of greater  s o i l  moisture exist 
than on areas  of like elevation normally dominated by ponderosa pine. 
These a r e  held t o  be natural. lodgepole s i t e s ,  

Leighty concluded h i s  observations by questioning the theory 
t h a t  f i r e  is the  cause of the pure lodgepole pine stands i n  t h e  
P r b g l e  Falls meas 

In the area  mapped no ce r t a in  evidence was found t h a t  
would indicate t h a t  f i r e s  have had a pr incipal  influ- 
ence on the d i s t r i bu t ion  of these two species, If 
f i r e s  have had a material  influence, the  d i s t r ibu t ion  
of the two species should be more haphazard in r e l a t i o n  
t o  the  s o i l s  and topography, 

Completion of t h e  Pringle Fa l l s  Experimental Forest s o i l  sur- 
vey by the  wr i te r  (12)  strengthened the  observation made by Leighty 
t h a t  occurrence of a e  two pine types i s  affected by s o i l  drainage 
( table  1), 

The fnabUf%y of ponderosa pine t o  compete on natural  lodge- 
pole s i t e s  may be seen in several  plantings on the Desehutes &tional  
Forest  i n  cen t ra l  Oregon. Failure of the  plantings came not so  much 
from seedling mortalfty a s  from the  intense compet%%ion offered by 
encroachen% of lodgepole pine. ponderosa pine was planted i n  1928 
on the  old Odell Ranger S t a t i on  site on the  L i t t l e  Deschutes River, 
i n  1934 and 1938 a t  Snow Creek, and on the Crescent Siding Burn i n  
1944. In the  th ree  older plantations,  volunteer lodgepole pine has 
come back onto the site i n  numbers far exceeding those of the planted 
stock, and eomple%ely overtops it, Om the  Crescent Siding Burn, 
na tura l  lodgepole regeneration has already gained numerical superi- 
ority ovar the planted ponderosa pine, is making much more rapid 
height growth, and will soon euppress the planted t rees .  



Table 1.--Soil conditions a s  they a f f e c t  lodgepole and ponderosa 
pine occurrence on the  Pr ingle  Falls &perlmental Forest  

Lapine Poetmy Pumice over brown Very rapid  through Nearly pure p o w  
coarse sand stony loam a% pmf ce g moderate derosa pine; a few I 2 - 7 percen-b 33 - 5& inches through lorn.  No : sca t t e red  lodgepole 

coarse sand do, 
15 - 25 percent 

slope 
Lapine loamy 

I some sugar pine on 
higher nor th  

Pumice over bsd- 

coarse sand pondesosa pine, 

pumice. In te r -  

slope 
Lapine Zoaqy 

over compact 
subso$% 0 - 2 

0 

coarse san urraf ce, Intermit-  
cemented l aye r  

water t ab l e  ev iden t  

I a mixture, 
do , do , , Predominantly 

slope 

p i  nee 
Pure ponderosa; 

! l a y e r  a t  60 high water table .  
inches o r  l e s s  Moderate through 

1 s i l t  loam l aye r s  

loam 
0 - l perce'nt 
slope 

I constant e f f e c t  1 I 

Marsh and muck 

I of shallowness I I 
-L- 

Dilman s i l t y  c lay  I S i l t y  clay loam Very poor 

sugar pine and 
white f i r  on high 

aver heavy c lay  
layer a t  1 3  - 2b 
inches 

No% timbered, ' 

I ] nor th  slopes. 
Not timbered, Variable, Water 

t ab l e  causes 
Very poor 



One of the most intensive studies was carr ied on by Bates (1) 
who dealt w i t h  t he  pwyrsiologfcal requirements of Rocky Mountain trzes.  
He studied the  problem from several  approaches; by measurements of 
water used ia sa~la ts lon t o  growth and l ea f  exposure of 3- t o  9-year-old 
t r e e s $  by comparisons of sap density; by measurements of s o i l  moisture; 
and by observing the e f f e c t s  of temperature and winter drought. T h  
foll.owing Ps a summary of Bates' f indings and must be considered 
applicable only t o  the seedling stage of development. 

seedlings of lodgepole pine are small and f r a i l  and i n  the 
first two o r  three months develop scarcely more than half the root 
length produced by ponderosa pine. Lodgepole pine shows f a r  l e s s  
bough% resistance than does ponderosa pine, 

On dry, hot s i t e s  where moisture f luctuates  rapidly, ponderosa 
pine i s  pre-eminently adapted--by reason of l a rge  seeds which produce 
l a rge  sturdy seedlings and by its prompt deep-rooting character is t ic .  
Considering i t s  xe rcpwt i c  tendencies, ponderosa pine i s  an extravagant 
user  of water, Probably t h i s  comparative extravagance helps protect  
the seedling from excessive heat. Survival i s  dependent on the roo t s  
reaching a l aye r  of s o i l  which does not dry out dangerously through 
insolation,  Ponderosa pine cannot grow i n  competition with t rees ,  
grasses, and herbs t h a t  draw heavily on moisture in the upper s o i l  
layers.  The large mofsture demands of ponderosa pine, which grows 
where prec ip i ta t ion  normally i.s low, can be supplied only i n  open 
~ t a n d s  which permit f i r  st a deep penetration of the roo ts  and l a t e r  
t h e i r  extension %rite a la rge  a rea  of s o i l ,  

Lodgepc:Le demands a great  deal of l i g h t  and moisture during 
the grow2.1~ period, but it; does not have the prompt germination and 
deep root ing hab5.t~ of ponderosa pine. Lodgepole pine, therefore, is 
adapted only %o s1'tes wi%h a steady supply of moisture, 

Pearson (lo), in a greenhouse study of the  t ransp i ra t ion  hab i t s  
of con%fe8r seedl.Ggs, observed t h a t  within th ree  months a f t e r  germina- 
t i o n  the taproot of ponderosa p h e  seedlings had reached t o  a depth of 
from 6 to 90 inches in ,$he ss3,1a His conclusion was t h a t  'chis aggres- 
sive deep-rootfng charac te r i s t i c  of ponderosa pine was a chief reason 
%or %%s suitabUfty f o r  extremely dry  s i t e s ,  

Of a l l  f a c t o r s  which f igure  in survival  on a dry s i t e ,  
dep&h of root  penetration during the  seedling stage i s  
undoubtedbly the most important, 

Earsen ( 6 )  stud9.ed the  climatic controls conditioning the 
f o r e s t  %ypes of-the Northern Rocky Mountains. He s e t  f o r t h  the  
follow,N.ing cl5matf c requirements f o r  the two pines under discussion: 



Ponderosa pihe Lodgepole pine 

Mean annual temperature range b0 - 50' F. 35' - 4 . 0 ~  Fo 

b u a E  average r a i n f a l l  range 17n - 22" 2 0 H  - 2S* 

In addition t o  these climatic requirements, Larsen found tha t  
ponderosa pine requires a growing season of 180 - 241 days, but for 
the subalpine lodgepole-Douglas-fir type length of the growing season 
is usually l e s s  than 150 days. Growing season was defined as the 
period during which the  mean a i r  temperature averages above 4 3 O  F. 
The temperature figures g5ven here may shed additional light on the 
preference of ponderosa pine f o r  sloping ground which besides being 
well drained is warmer than the  more level ,  moister areas on which 
lodgepole pine grows best. 

In 1931, Howell (4), in California, made a study of the reason 
for  the occurrence of smzll patches of lodgepole pine, a few square 
rods t o  several  acres i n  size, in an otherwise pure stand of ponderosa 
p b .  Ha s t a t e s  t h a t  the lodgepole pine stands were clearly - not the 
result of fire. Soil sampling revealed impeded drainage beneath the 
lodgepole stands. The perched water table  was caused by a s l igh t  
topographic depression and clay accumulation. Howell concluded with 
the statement o 

Western yellow pine (ponderosa) cannot endure any excess 
of moisture. It wfil not survive in saturated s o i l  
whereas lodgepole pine can survive and reproduce under 
such conditions. 

Roeser (11) studied the t ranspirat ion capacity and heat injury 
of coniferous s=dliAgs under controlled conditions of heat and mois- 
ture. He condludedf 

Western yellow pine (ponderosa) seedlings are  ( the) most 
cons i s t en t  in t ranspirat ive functioning during the first 
year. Because of rapid growth and ear ly  development of 
protective stem t issue,  they are bet te r  protected than 
are Ihe other species against excessive heat, Most impor- 
tan% is tha t  t h i s  species, i n  very ear ly  age, is apparently 
more quicU.7 stimulated t o  increase i t s  t rampira t ion  under 
conditions of extreme exposure ( to  heat) than a r e  the seed- 
lings of any of the other species. Since it (ponderosa pine) 
seems t o  endure prolonged exposure more successfully than the 
others, size and bulk appear t o  be the determining fac tors  
when such conditions exist. All things considared, Western 
yellow pine (ponderosa) is well adapted t o  meet the demands 
made upon it in ear ly  l i f e  by the xerophytic conditions of 
its natural  habitat* 



The dist r ibut ion of lodgepole pine was studied by Gail and 
Long (3) in 1935 by both f i e l d  study and greenhouse methodology. 
Since This is om of the few studies i n  which lodgepole pine was 
the primary species, the following conclusions a re  of special  
in te res t  : 

The taproot of the seedlings of lodgepole pine grown in 
saturated s o i l  appeared inhibited, but there were maw short, stubby 
l a t e r a l s  just  below the surface of the water. This would seem t o  be 
an adaptation t o  oxygen deficiency. 

Lodgepole pine has a shallower absorbing system and l e s s  ex- . 

tensive l a t e r a l s  than .has ponderosa pine, 

The t ranspirat ion r a t e  of lodgepole pine was increased by wind 
much more than was that  of ponderosa pine. 

The t ranspirat ion r a t e  of lodgepole pine was less than tha t  of 
ponderosa pine when both species were i n  a quiet  atmosphere. 

The l a t e r a l  roots of ponderosa pine were inhibited when seed- 
lings were grown i n  saturated so i l ,  possibly because of the e f f ec t  
o f  the low oxygen content of the soi l .  

The submerged organs of ponderosa pine grown i n  saturated 
s o i l  developed excessively a t  about the junction of the root and 
stem, just below the water level.  

The usual l imi ta t ion  of lodgepole pine t o  sheltered s i t e s  
appears t o  be due t o  i ts  shallower and l e s s  extensive root  systeia, 
and t o  t h e  excessive increase in i ts  r a t e  of t ranspirat ion when sub- 
jected t o  wind, 

Fowells and Kirk (2)  studied the ava i lab i l i ty  of s o i l  moisture 
t o  ponderosa pine. In  a d s t i o n  t o  showing the adverse e f fec t  of root  
mutilation on seedling survival, they found tha t  ponderosa pine seed- 
l i ngs  shoued no evidence of wil t ing a t  a condition o f  l e s s  than 
4 percent soil moisture, although the accepted wilting point f o r  the 
soil i n  question was about 7 percent. From t h i s  study, the authors - a 

concluded tha t  planted ponderosa pine, once established, can survive 
even when the s o i l  moisture content f a l l 8  f a r  below the accepted 

w wilting point, 



Because much of t he  foregoing research was done outside the  
ponderosa pine region of t he facif i c  Northwest, l i t e r a l  appl icat ion 
of 8x1 the findings cannot be made t o  this par t  of the country. For 
Instance, the  temperature and prec ip i ta t ion  f igures  given in  table 2 
do not apply exactly t o  a l l  of the  f a r  western pine region. There w i l l  
be found other exceptions t o  the  general conclusions, a s  m a t  be ex- 
pected in attempting t o  analyze data gathered outside the region. Yet, 
throughout a l l  of the  l i t e r a t u r e  runs the  connecting l i n k  of the  impor- 
tance of s o n  moisture conditf ons fn determining the  occurrence of the 
two pine species. U1 of t he  findings t o  date indicate  t ha t  ponderosa 
pine i s  p a r t i a l  t o  well-drained s i t e s  and lodgepole i s  p a r t i a l  t o  more 
poorly drained s i t e s ,  

In  the pine region of Oregon and Washington there  a r e  l a rge  
areas  of what might be ca l led  ~%ransi t ionaln condition, where the  
influence of s o i l  moisture i s  not suf f ic ien t ly  strong t o  mark the  s i t e  
posi t ively  a s  being su i ted  t o  one species or the other. In te rpre ta t ion  
of conditions in these areas i s  d i f f i c u l t  because of t he  lack of loca l  
ecological  study; but from the clear-cut examples of s i t e  preference 
found a t  e i t h e r  limit of the  s o i l  moisture range, it is evident t h a t  
moisture condition of t h e  s i t e  i s  an important factor  i n  the develop- 
ment of the  pine types. If young t r e e s  of both species a r e  present, 
the  best  guide as t o  which is  the  most desirable species f o r  the  s i t e  
is the  condition of t h r i f t  and crown growth r a t e  of the young t rees .  

Despite the scarc i ty  of basic ecological information, it is con- 
sidered t h a t  the development of a fo r e s t  s o i l  c l a s s i f i ca t i on  f o r  the 
p3ns region of the Pacific Northwest would iden t i fy  s i t e s  most favor- 
able f o r  lodgepole pine, ponderosa pine, o r  f o r  a mixed-species type. 



Table 2.--Discussion of reported charac te r i s t i c s  
of lodgepole and ponderosa pine 

Seed and seedling s i z e  1 Large seed. Large I Small seed. F r a i l  

Character is t ic  Ponderosa pine 

inches i n t o  s o i l  with- germination produces 
i n  first 3 months a f t e r  scarcely one-half the  

Lodgepole pine 

hoot type 

So i l  preference 

of continuous high s o i l  I I 

gravelly,  roclg., t h i n  
t a l u s ,  Well drained 

Topography preference I Sloping 
polerenee t o  condit ion I I n to le ran t  

moisture I I 

germinat ion I root  l eng th  of ponderosa. 

sandy with poor drainage. 

F la t .  
Very to le ran t .  

brought res i s t ance  1 High - .  I . --. Comparatively . low. 

Deep taproot  and wide- 
spread deep l a t e r a l s  
Loose sandy o r  "' 

Water requirement J High "extravagant user  1 High 

Deep taproot  and re-  
s t r i c t e d  l a t e r a l s .  
Clay, wet gravel ly  o r  

r e  quirema n t Y  
Transpirat ion character- 
i s t i c s  

Reported f o r  Rocky Mountain conditions. 

Transpires r e ad i l y  - 

under conditions of 
extreme exposure - 

Less than t h a t  of pon- 
derosa i n  qu ie t  atmos- 
phere but four  times 
the  r a t e  in wind. 




