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"Pacific Norta~~best~~ and "+great f w e s t s "  are closelj associated terms 
in the minds of nos$ people. A. ;mat sllara of the regtonal income i s  
derived from forest products, m a n y  towns in Oregon and Waskington being 
estabushed squarely on a base of fo res t  harvests. A prosperous ?Jo~orth.- 
west  depends heavily on continued gr+oTrbln of trees on its large forest 
areas, 

Underlying a l l  timber production is the forest soil. Characteris- 
tics of the soil help de+,emne how rapidly the t r e e  crop is g r o w  and 
the cpali-tiy of the lumber s a ~ ~ e d  therefrom, 

I 

Forest soils of %he Pacific Worll?~est have received but little study 
in the past, mainly because of a, lzck of demand for basic ecological 
data. T h i s  seeming disinterest in the processes underlying tree g o d h  
can be attributed i n  part t o  the ~ o m p a r a ~ i ~ r e  recentness of exploitai;ion 
of the region. U n t * i l  the  past kia.If-century or so almost the width of 
the nation has l a in  between tihe Pacific Nart1nvest and the logger's axe. 
In this half-century, hc-v~ever, the demands of a growing country, a i.arge 
export market, and two world wXs put a heavy dra in  on the resource. 

-4 
kphasis  was on the harvest; +,h~i~gh% of the fuCure tirnber supply F V ~ S  

largely put off  t o  be worried absu% later, 
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l?orr it is "lnter,It and -cri-th a continuring strong demand and steady 
shrinking of timber inventories, sorno at tent ion has shif ted from cutting 
t r ees  t o  gror~n:; them f o r  a ccntinuin;; indcstry. This change in a t t i tude  
focuses in t e res t  on the intoi~sive management of timber lands ~ h i c h ,  in 
turn, emphasizes the importance of learning the relation of f o r e s t  soils 
t o  t r e e  growth, 

This is e s sen t i a l ly  the sane course followed i n  longer-settled for- 
e s t  areas of the United States,  The ill ef fec t s  of exploitation led  b 
eventual i n t e r e s t  i n  be t te r  nanagement. This i n t e r e s t  created the need 
f o r  knowledge of a l l  the factors involved i n  growing t rees ,  and research 
was called upon t o  help provide that knowledge, This i s  the reason t h a t  
almost a l l  f o r e s t  soils research has been centered in the older regions: 
the Lake States, Central States, Mew %gland, southern Appalachian States, 
and the South. All of these regions are deeply concerned vrith fo res t  
derjletion; all are think* of and have turned t o  the study 
of fores t  soils for data basic t o  pe*~ansnt  production. 

aecause the Pacific Iloorthv~est is ex;~eriencin;* r. rapid depletion of 
its timber resource, this re@-on, too, czeds a prozrun of f o r e s t  soil-s 
research t o  help provide nocesscwy j.~i.Zorxat',ol~ $0 kccp iitmber i n  perma- 
nent production. In recogaition of LhJ.1 need, .f,l?r-. VJQI:?~ of t h e  Pacific 
i qo r t l~~es  t Forss t and Tian~e Zxperiment S.$at.i.on has recently been expilnded 
t o  include a comprehensive study of forest soils problem3 i n  Oregon and 
Vashington. 

Previous Forest Soils Besearch i n  the Northmest 
P -- 

In 1928, the need f o r  f o r e s t  s o i l s  investigations was emphasized by 
Uunger (I), who held t h a t  the cooperatj.on of the  soil sc ie rAt i s t  with the 
fores te r  was greatly needed i n  thc  solution of inseparable problems of 
t r e e  ~ o d h  and of so i l .  U s  was reaffirmed by E l l e r  (2 )  who said: 
'~Si lv icul tura l  research of the future Mill take far grzater account of 
the r e l a t ion  of the  s o i l  t o  tilo -tree. I venture t o  s u g ~ e s t  t h a t  soil 
science has potent ia l ly  as much t o  contribute t o  silviculture as to agri- 
cu l t u re  . . soil studies  should include analyses which w i l l  correlate  
the grorrth of f o r e s t  t r e e s  ;Tith the physical and chemical properties of 
the so i l .  It i s  t o  be hoped t h a t  tine organization of every fo re s t  experi- 
ment s t a t ion  and every fo res t ry  school in the not distant future will 
include a department of fo re s t  so i l s e f l  

Research i n  f o r e s t  soils has increased greatly since t h a t  statement 
was made i n  1933, but there  i s  still a great lack of forest s o i l  informa- 
t i on  for the  Pacific Northwest, 
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Early in te res t  i n  the re la t ionship of s o i l  t o  tree production w s  
Z sho~m by Hanelik (3)  who studied the groi.rth and yield of Douglas-fir 

on differen% soils in western tilashington and Oregon. Sone conclusions 
drawn a t  t h a t  time were: (a) Douglas-fir makes bes t  growth on slopes, 
rather than on l eve l  land, and good drainage i s  necessary. (b) The 
best  s o i l s  f o r  Douglas-fir growth a re  medium t o  deep loams with sandy 
or  gravelly subsoils; poor s e l s  are shallow l o a s  o r  shallow sands 
with rock outcrops. (c)  Douglas-fir very  often grows b e t t e r  on bench 
lands and h i l l  s o i l s  than on bottom lands generally considered most pro- 
duc tive from an agr icu l tura l  standpoint. 

Powers (4) at  the Oregon Agricultural Experiment S ta t ion  studied 
some charac te r i s t ics  of several  f o r e s t  s o i l s  representing three major 
timber areas o f  Oregon. He found the  maximum numbers of microorganisms 
and the m a x i m u m  base exchange capacity generally occurring i n  nearly 
neutral  f ementine; (F) o r  l a rge ly  humified (13) layers  containing a p  a 

proximately 75 percent organic matter. The feeding roots  were observed 
t o  be massed just below this organic lager. 

The e f foc t  of burning on fo re s t  s o i l s  was studied by   ow ells and 
Stephenson (5) .  They concluded t h a t  the  temporary e f fec t  of burning 
may be helpful i n  some respects but since the productivity of the  for- 
e s t  s o i l  depends upon gradual mlnera.ltzation of the f a l l e n  l i t t e r  it 
does not appear reasonable t o  expect continu-ous and of ten repeated 
burning t o  improve f o r e s t  s o i l  f e r t i l i t y .  

A chemical and microbiolo@.cal analysis of some Oregon fores t  soils 
was carried out by Pmers a d  Bollen (6) fur ther ing Powerst earlier work. 
The 1935 study found t h a t  the  nutrient supply i s  greatest i n  the  H 
layers,  espec ia l ly  bases and nitrates, and t h a t  micro- and macroorg,anisms 
a re  important i n  humus-mtrogen generation. 

A study mace i n  Alaska, under conditions similar t o  those of the 
PacFfic tTorth~est coastal  forests ,  was published by Taylor (7). This 
invest igator  s t a t e s  tha t  nitrate-nitrogen i s  an important f a c t o r  i n  
the occurrence of S i tka  spruce and Tiestern hemlock seedlings, the  - 
n i t r i f y i n g  power varying r e t h  the oreanic matter source of the  seedbed. 

Vheeting (8) studied the  shot  clay s o i l s  found i n  western Washing- . 

ton. He concludes t h a t  shot clays are f omed under f o r e s t  vegetation 
only, t h a t  thby are bes t  developed where the2e i s  a condition of r e s t r i c t -  
ed drainage, and tha t  shot are a normal d e v e l o p e n t i n  s o i l s  of the area. 

znm The theory of precipi ta t ion and dehydration of soluble i ron  and alum' 
empounds around nuclei  during the dry season i s  supported the method 
of formation. 

Isaac and IIopkins ( 9 ) ,  studying s o i l  changes brough-b about by 
logging and s lash  burning i n  the Douglas-fir region, found evidence t o  
support the growing theory t h a t  burning did not, as so  many landowners 
still believed, make f o r  greater sustained productivity. These 
invest igators  s t a t e  that the  harmful e f f ec t s  of s lash  burning far out- 
weigh the temporary bengfic ia l  effects  of increased avai lable  nu t r ien ts  
i n  the fi.re reiains. They warn t h a t  while a first-year effect of 



heightened p o d h  of grass and other plants i s  evident, over-a  period of 
time burning r e su l t s  i n  lower productivity due t o  leaching of the 
increased nutr$.ent supply in to  the deeper part of the s o i l  prof$le. 

In teres t  i n  the organic matter relationships of fores t  s o i l s  appears 
t o  have been pycdoninant i n  this region. Besides the  work done i n  Oregon, 
Yheeting (10) discussed the importance of fores t  humus layers t o  t r ee  
grodh,  remwking i n  conclusion tha t  the forester  and the s o i l s  man have 
a common d e n o ~ i n a t ~ r  of interes+the s o i l  orzanic matter represented by 
the fo res t  humus layers. 

3-11, h s t  and Don2 (11) have found a correlation between Douglas- 
fir  s i t e  index and s o i l  prof i le  characteristics used as c r i t e r i a  i n  the 
u t i l i t a r i a n  s o i l  survey method employed by the Soi l  Conservation Service. 
Later work by t h i s  same agency has supported these findings as t o  the 
importance of thc physical properties of fores t  s o i l s  as they influence 

.. t r ee  gror.rtk. 
I 

Numerous references t o  the s o i l  are made i n  the course of ecological, 
biological, and other sc ient i f ic  stu6j.e~ cf f lo ra  and fauna of the Pacific 
IJorthmest, but from the standpoint of d i r ec t  fores t  s o i l s  research, the 
fevr foregoing studies summarize the work i n  this region t o  date. 

Proposed Program 

The work of the Pacific Northmst Forest and Range Experiment Stat ion 
n m  includes the study of fores t  soi ls .  Only problans d i rec t ly  concerned 
~ 6 t h  land use dl1 be considered i n  this new program. Fundamental 
research, such as tha t  involved i n  fores t  s o i l  microbiology, s o i l  physics, 
and basic nutr i t ional  problems, i s  congidered a function of the colleges 
and ins t i tu t ions  devoted t o  such intensive work, 

Based on the foregoing premise, the following program, l i s t i n g  
studies i n  order of urgency, i s  proposed: 

I. Primary studies 
A. Soil  and s i t e  factors  i n  t r e e  growth 

1, Douglas-fir 
a) A sltudy of the ro le  played by plant nutrients '  i n  Douglas- 

fir Fgr~wth 
b) A study of physical factors '  of s o i l  and s i t e  affecting 

c )  A study, u t i l i z ing  data from a and k, t o  evolve a nethod 
of s i t e  evaluation f o r  ~ o u ~ T a s - f i r  by use of soil 
infomation i n  combination-with physical s i t e  
characteristics 

2. Other commercial species as  opportunity ar i ses  
B. Soil and s i t e  fac tors  i n  regeneration 

1. Ar t i f i c i a l  regeneration (planting) 
a) Determination of s o i l  requirements of different  t r ee  

species 
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C 1 b) Determination of feasible  planting areas from s o i l  
- standpoint 

c )  Determination of best planting methods t o  use for  
specific conditions of s o i l  and si te  

2. ~ a t u r a l -  regeneration 
a) Determination of s o i l  factors  affecting natural seedling 

establishment 
b ) Assistance i n  evolution of timbermanagement methods 

designed t o  create optimum s o i l  condiidons f o r  restock- 
ing  and growth 

C. Studies of man-caused s o i l  deterioration 
1. Effects of f i re ,  logging, and grazing on s o i l  properties 
2. klethods of prevention or amelioration of damage 

D. Watershed problems--rungoff control 

11. Secondary studies 
A. Nwrsery practices 

I,, RJursery s i t e  selection 
2. Nursery s o i l  treatment practices 
3. Development of stock best suited t o  particular s i t e s  

B. Incidental studies 
1. Forest s o i l  survey techniques and promotion 
2. Localized problems 

So i l  and SLte Iavestigations 
-7- 

Considered the most urgent forest  s o i l  p r o b l a  f o r  the Northwest is  
tha t  of learning the nature of s o i l  and s i t e  conditions which influence 
the ra te  of t ree  growth. There are two ve ry  important applications of 
such knowledge t o  pract ical  forestry. First, i n  attempting ref  orestation 
of unstocked lands, the cost of planting i n  relat ion t o  expected return 
on the investment i s  of great importance. Concentration of f i r s t  plant- 
ing  e f fo r t  on hest s i t e s  i s  obviously the desired practgce, but without 
t rees  present t o  indicate capabili ty of the land t o  produce good forests,  
the task of appraisal is diff icul t .  Second, permanent enterprises d e a -  
ing ppith fores t  lands must forecast yields of timber a t  future harvest 
dates. A logging investment of thousands of dollars must be founded upon 
rather  accurate figures of expected future flelds. Other applications of 
such a method of evaluation of lands for  timber production lie i n  the 
f i e lds  of appraisal for  tax or  sa le  purposes and determination of best  
land use fo r  a ,given si te .  

A method of site-class evaluation based on features of s o i l  and s i t e  
i s  greatly needed i n  the Douglas-fir region, but it cannot be determined 
u n t i l  fundamental knowledge i s  obtained through soi l-s i te  study. 

Douglas-fir, being the  most valuable commercial t r e e  species i n  the 
region, has been selected fo r  i n i t i a l  work, with studies i n  other c* 
mercial species being planned for  the near future. As a f i r s t  step, the 
r o l e  of s o i l  f e r t i l i t y  i n  t r ee  growth has been studied. Soil-nutrient 



level and s i t e  qual i ty  cormla t ion  were investigated throvgh laboratory 
determinations made on a se r t e s  of s o i l  stynples colleqted in Oregon and 
Washington Douglas-fir fo re s t s  of known s i t e  c lass .  Determinations of 
t o t a l  nitrogen, available phosphorous, available potash, t o t a l  organic 
matter, base exchange capacity, and replaceable calcium and ~agnesiurm 
were made i n  the  laboratory. When the r e su l t s  from these analyses were 
s t a t i s t i c a l l y  t rea ted ,  it was found t h a t  there  was no correla t ion be- 
tween these measurable s o i l  f e r t i l i t y  values and s i t e  c lass  (11). 

A study of physical fac tors  of s o i l  and s i t e  w i l l  complement the  
nutr ient  ava i l ab i l i t y  investigation,  A l l  observable charac te r i s t ics  of 
the s o i l  prof i le  and physical features  of the  s i t e  will be studied over 
a wide range of conditions under a l l  s i t e  classes and the data s t a t i s t i -  
c a l ly  compared with tree-growth ra te .  Many permanent growth p lo ts  in 
Douglas-fir fo re s t s  a re  available f o r  sampling i n  connection with t h i s  
work, Some of these plots  have been established f o r  a s  long a s  35 years, 
and afford very accurate s i t e  and growth data. The Douglas-fir region 
w i l l  be thoroughly covered outside these plots a s  well., t o  assure ade- 
quate sampling. As data a re  accwnulated and tes ted ,  s ignif icant  fac tors  
of s o i l  and s i t e  w i l l  be fur ther  developed a s  c r i t e r i a  by which s i t e  
qua l i ty  may be evaluated. 

So i l  and S i t e  Factors i n  Regeneration 
- - - ' s -  

The seqond phase of the  program, s o i l  and s i t e  factors  in regepera- 
t ion ,  i s  intended primarily t o  a s s i s t  in  the  t a sk  of planting or  seeding 
logged or other unstocked lands. In view of a large investment i n  labor, 
equipment, and planting stock or  seed, any areas t o  be a r t i f i c i a l l y  re- 
stocked should be studied f o r  f e a s i b i l i t y  of planting. One of t he  most 
important par ts  of such a study i s  a s o i l  survey t o  define t h e  s o i l  d i f -  
ferences encountered on the s i t e .  This w i l l  a id  i n  planqfng the job, 
including determination of methods of planting t o  be used, and planting 
the most feas ib le  areas f i r s t ,  

4 Considering natural  regeneration, we shauld have information a s  t o  
the  s o i l  conditions affecting seedling establishment. This wif 1 have 
pract ical  application i n  planning timber-management operations and log- 
ging i n  order t o  create optimum conditions f o r  restocking and growth. 

Soi l  Deterioration - 
As the th i rd  basic study i n  t h i s  program, the problems of s o i l  dete- 

r io ra t ion  w i l l  be studied. The actual  extent of s o i l  damage caused by 
slash burning i s  s t i l l  a source of controversy. Some answers have been 
found but more work remains t o  be done before coaclusions applicable t o  
the en t i r e  region can be reached. The study w i l l  be extended over a num- 
ber of years a f t e r  burning t o  learn the  length of time required fo r  
res tora t ion  of s o i l  t o  i t s  o r ig ina l  condition before logging and burning. 
The e f f ec t s  of logging and grazing on s o i l  condition w i l l  a l so  be ob- 
served, a s  a s tep  toward solving some of t h e  land-use problems a r i s ing  . 
from those a c t i v i t i e s ,  



'Itiaters ked Problmis 

.* , ? t 3 ~ " l ? p  --i - , , .A . ,..,. p r o b l c ~ ~ s  ,.sc ~.l~~m;fs olosely connected ~ 5 t h  forest Fan- 
ap. .ent .  &$in, t h e  so i l ,  actin: as a reservoir, i s  the fundmental 
point  of attack. The subject w i l l  be a<>p,proached frora the standcoint of 
the cffec-ts of soil &ma~e  sad corrections therefor, 

S ~ v z r a l  st1:Ctes taldn,- a place second-ary t o  those described above 
should. be mentioned. I:ursery practices Mil become more intensified as 
p l m t l n ~  ?ro.qami established, and the select ion of sites f o r  new 
n~xrseries, as  well as the  treatment of the s o i l s  grom%ng s e e m n ~ s  in 
these nurseries, will be important. 

rror!c ?ro,yresses, incidentals t o  the najor  studies dl1 of coXnSe 
arise. A l l  of thcse cannot he foreseen a t  the be,$.rxaing, but one impor- 
tmt cxm.pIe l i c s  i n  improvjn.?; methods and increasing the extent of for- 
e s t  s ~ i l  survcp. Zxtensior. of soil surveys onto f o r e s t  lancls would 
provide an invaluable too l  f o r  prac t ica l  fores te rs  just as such surveY 
have benefited aivicul tur is ts .  \Tork :vith paVlolo$-sts, entomologists, 
ant? f o r e s t  adinistra. t . tors  nil1 uncover localized problems, the  solutions 
of which be aLded by s o l 1  study. 

If thn foref:oing s t a t m - ~ n t  of studies and a ins  s e a s  ra ther  all- 
inclusive, it 5s because po ten t i a l i t i e s  f o r  forest  s o i l s  research Fn the 
P ~ ~ ? . s i f i c  :hrt'rwr/.rcst a r e  :great. ::or th9.t fores t s  are being ra ised as a 
crQ9 i n  t h i s  re-Jion, imomledq- nust 52 b~ilt u? rapidly to kcep abreast 
of lm8. cso probls~ls. It i s  hoped tha t  this progpm planned by the 
Pacific Ear thweg t Forest and Rmgs Exprinent S t  a t ion nil1 stimulate 
incrcasinl thought 2116 research by other organizations i n t o  various 
phases of the fo re s t  s o i l s  field, 
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