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W c t i o n s  of S o i l  Organic Matter 

The organic mater ia l  supplied the  f o r e s t  s o i l  by deposi ts  of 
needles, deadwood and roo t s ,  and s o i l  insec t  remains, decomposes t o  form 
humus, defined a s  the  p lan t  2nd znimal residues of the s o i l ,  f r e s h  sur-  
f a c e  l i t t e r  excluded, which a r e  undergoing evident  decomposition (2). 
This decomposition is necessary before the  n u t r i e n t  elements contained 
i n  the  organic l i t t e r  can become avzi lable  f o r  use by plcnts .  

Organic matter  i n  the  form of h&us has v i t a l l y  important physical,  
chemical, and biological  e f f e c t s  on the  f o r e s t  s o i l .  It influences such 
physical  s o i l  proper t ies  a s  color ,  s t ruc tu re ,  consistency, moisture- 
holding capacity,  and permeabil i ty t o  water and a i r .  Forest  s o i l  humus 
increases the  a v a i l z b i l i t y  of n u t r i e n t s  t o  the  p lant ,  a f f e c t s  s o i l  
a c i d i t y  o r  a l k a l i n i t y ,  and provides c e r t a i n  growth-promoting hormones 
and vitamin-like substances. The humus l ayers  of a f o r e s t  s o i l  a l s o  
contain f a r  g rea te r  numbers of microflora and microfauna than any of 
the  underlying mineral s o i l  horizons. In  shor t ,  organic matter  a s  humus 
is a key const i tuent  of the  f o r e s t  s o i l  (I-, 2, 2, 4, 2) - 
Functions of S o i l  Nitrogen 

I n  combination with carbon, hydrogen, oxygen, and t o  a l e s s e r  ex- 
t e n t  with o ther  elements, ni trogen forms an e s s e n t i a l  const i tuent  of a l l  
p l a n t  t i s s u e s  and plays a m ~ j o r  r o l e  i n  the  development and functions of 
protoplasm (2, 5). Nitrogen a f f e c t s  p l s n t s  both by encouraging 

Full c r e d i t  is  given t o  Mrs. Edge1 Skinner, s t a t i s t i c a l .  Clekk, f o r  
the  analys is  of data.  
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above-ground vegeth t ive  growth and by s i d i n g  i n  t h e  formation of s t rong  
r o o t  systems, P len t s  denied s u f f i c i e n t  n i t rogen hsve f i b r o u s  and under- 
developed roots--a r e d  obs t ac l e  t o  t h e  establ ishment .  of t r e e  seedl ings  
(2,  5). , High contents  of n i t rogen  a r e  found e s p e c i a l l y  i n  t i s s u e s  con- 
cerned ' in ,gr.owtd and reproduct ion,  end t h e  element i s  regzrded as a 
r e .gu la to r , i n  t h a t  i t , gove rns  t o  z c e r t e i n  ex ten t  t h e  u t i l i z a t i o n  of 
po'tasl~; phosphdrici a  i d ,  and o the r  s o i l  cons t i t uen t s  through i t s  profound F in f luence  dn the'%evelopment of t h e  p l a n t ,  Wilde ( 5 )  r e f e r s  t o  n i t rogen 
a s  "the balance wheel i n  p l a n t  n u t r i t i o n . "  

Sources and Losses of S o i l  Nitrogen 

S o i l  n i t rogen ,  e s p e c i a l l y  i n  humid regions ,  is  c a r r i e d  almost wholly 
by the  organic matter  ( z ) ,  m d  becomes a v a i l a b l e  t o  p l a n t s  oniy .after t h e  
organic mat te r  has decomposed t o  humus. I n  add i t ion  t o  t h i s  msin source 
of supply, smal le r  amounts of t h e  element a r e  added t o  t h e  s o i l  i n  t h e  
snow and r z i n f a l l  and through t h e  a c t i o n  of n i t rogen-f ix ing  mici-oorganisrns. 

S o i l  n i t rogen i s  l o s t  through removal of p l ~ n t  growth, through burn- 
ing  o r  o the r  removal of organic mat te r ,  through the  a c t i v i t y  of d e n i t r i -  
fy ing  b a c t e r i a ,  and i n  s o l u t i o n  i n  t h e  run-off o r  seepege water of t h e  
s o i l ,  

The Stud2 

The*close r e l a t i o n  between organic mat te r  and t h e  n i t rogen  supply 
of Douglas-fir region s o i l s  i s  shown q u e n t i t a t i v e l y  by a r e c e n t  s e r i e s  
of chemical bnelyses of Douglss-fir  s o i l s  of varying s i t e  q u a l i t y .  Five 
d i f f e r e n t  a r e a s  were s m p l e d :  The nor th ,  c e n t r a l ,  and south  por t ions  of 
t h e  west s lope  of t he  Csscade Mountains i n  Oregon and Wsshington, c s a s t a l  
Oregon, and c o a s t a l  Washington S o i l  szmples were taken i n  dup l i ca t e  
i n  t h e  A1, A2, and B horizons2P where p resen t ,  r e s u l t i n g  i n  a  t o t e l  of 
102 analyses  of organic mat te r  and t o t a l  n i t rogen,  

Of t hese  s o i l s ,  those having high organic mat te r  content  always had 
high t o t a l  n i t rogen contGnt ( f i g ,  1) ; t h e  c o r r e l a t i o n  c o e f f i c i e n t  of 
t h i s  d i r e c t  r e l a t i o n  was .%, and t h e  s tandard  e r r o r  2Q40 
- - ~- - ---------- - - - - - - - -.-" ..-- - - --" - - - - -. -- .- ---"-- 
2/ A1 horizon: The l a y e r  of mixed humus and mineral s o i l ,  General ly - 

found i n  t h e  f i r s t  2 inches of Douglas-fir  reg ion  s o i l s  but  some- 
times absen t ,  

A2 horizon: The leached mineral horizon developed immediately be- 
low t h e  k l  horizon o r  sometimes immediately below t h e  humus l a y e r  
of t h e  s o i l ,  Generr l ly  found between 2 inches and 6 inches i n  
Douglas-fir  region s o i l s ,  

B horizon: Commonly c a l l e d  " s ~ b s o i l . ~  Usually found between 8 
inches and 1 8  inches i n  Douglas-fir reg ion  s o i l s ,  
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The analyses a l s o  emphasize the  f a c t  t h a t  most of the  nitrogen- 
organic matter content is  i n  the upper $ort ion of a  f o r e s t  s o i l :  

S o i l  kv. ni trogen Av. organic Ratio: % nitropen 
horizon content matter content % o r g ~ n i c  mstter  

26 2 

A1 049 14.80 .a27 

*2 18 6.75 .026 
B . 10 3.50 .028 

Average -027 

The r a t i o ,  ni trogen , sllown i n  the  t a b l e  above can be used 
orgznic mztter 

as a conversion f a c t o r  t o  obtain a f a i r l y  accurate f i g u r e  f o r  t o t a l  n i -  
trogen when the  value f o r  organic matter is  knoum. Wilde (3) s t a t e s  
t h a t  when s o i l  o r g ~ n i c  metter  expressed ~s percent is  mul t ip l ied  by 
.025, en approximrte measure of the  percentage of s o i l  ni trogen is ob- 
tained.  This conversion f a c t o r  i s  usuzl ly  es tzbl ished on the  bas i s  of 
l o c a l  experience due t o  va r ia t ions  i n  the  carbon-nitrogen r a t i o  i n  d i f -  
f e r e n t  s o i l s .  Results of t h i s  study show t h a t  when the  organic matter 
percentage of mineral horizons of Douglas-fir region s o i l s  is multi- 
p l i ed  by the  conversion f a c t o r  -027, s close  est imate of the  s o i l  
ni trogen is given. Since the  labora tory  determination of organic 
matter is much simpler thzn t h a t  f o r  t o t a l  ni trogen,  t h i s  method of de- 
termining t o t c l  s o i l  ni trogen w i l l  f a c i l i t a t e  n u t r i e n t  determinztion 
when r c lose  approximztion w i l l  su f f i ce .  

Discussion - 
The importznce of s o i l  orgznic matter a s  a  suppl ier  of ni trogen i n  

the  s o i l s  of the  Douglas-fir region hzs been shown. Since organic 
matter is  concentrated neLr the  s o i l  surface and i ts  chief  source i s  the  
f o r e s t  f l o o r ,  any des t ruct ion of the  i i t t e r  an6 humus l zyers  of a fo r -  
e s t  s o i l  a l s o  destroys the  g rea te r  port ion of the  organic matter and 
nitrogen supply. Once destroyed, s o i l  organic matter  cannot be res tored 
u n t i l  a succession of' yes r ly  p lan t  growth has deposited a l i t t e r  6nd 
de&d r o o t  mater is l  znd the slow process of breaking down cozrse, raw 
orghnic mztter i n t o  f i n e  humus p a r t i c l e s  is  accomplished. 

kppl ics t ion  of t h i s  knowledge i n  obtaining the  bes t  s i l v i c u l t u r a l  
p rac t i ces  is  & d i f f i c u l t  mstter .  The s i t u a t i o n  might be summed up t h i s  
why: We know t h a t  humus i n  the  s o i l  i s  highly des i rab le  but we don ' t  
know the  minimum quzn t i ty  required f o r  s a t i s f a c t o r y  regeneration i n  a 
given l o c a l i t y .  How f z r  need we go i n  t ry ing  t o  mzinthin condit ions 
which promote good s o i l  orgsnic matter r e la t ionsh ips?  Here a r e  some of 
the  quest ions we need t o  znswer next .  

J u s t  what is  the  function of ni trogen i n  the  l i f e  cycle of the  
t r e e '  species  of t h i s  region? What is  the  e f f e c t  of burning on the  s o i l  
orgsnic matter and avai lhble  nitrogen? Is the  e f f e c t  the  same on a l l  
s o i l s  and s i t e s ?  How much of the  crea  of z s l z s h  burn is  burned 
severe ly  enough t o  des t roy organic matter  i n c o r p o r ~ t e d  i n  the  mineral 



s o i l ?  What a r e  t h e  q u c n t i t a t i v e  n i t rogen requirements of coniferous seed- 
l i n g s  during t h e  establ ishment  period? Wlzt add i t ions  of n i t rogen t o  
t h e  s o i l  cLn be expected i n  t h i s  reg ion  from p r e c i p i t a t i o n  zind t h e  a c t i o n  
of n i t rogen-f ix ing  cover p l an t s?  These and msny o t h e r  r e l a t e d  ques t ions  
must be answered before the  f u l l  s t o r y  of t h e  e f f e c t s  of var ious  s i l v i -  
c u l t u r a l  p r e c t i c e s  on t h e  s o i l  organic mat te r  can be known. S tudies  a r e  
now under wsy end more a r e  being planned t o  f i n d  t h e  answers. 

Summary 

(1 )  k s tudy hes been mede of t h e  r e l a t i o n  between organic mat te r  and 
s o i l  n i t rogen i n  f i v e  a r e a s  of t h e  Douglas-fir region i n  Oregon and 
Washington. The d i r e c t  c o r r e l a t i o n  between organic met te r  and s o i l  n i -  
t rogen i s  shown f o r  t h i s  region. 

(2)  Resul ts  of tshe s tudy emphasize t h e  f a c t  t h a t  most of t h e  n i t rcgen-  
organic mat te r  content  i s  i n  t h e  uppermost por t ion  of t h e  f o r e s t  s o i l .  

( 3 )  k r zp id  means of determining t o t ~ l  s o i l  n i t rogen i n  Douglaa-f ir 
region  s o i l s  is  shown. When t h e  percentage of orghnic mat te r  of mineral 
horizons of Dougles-fir region s o i l s  i s  mul t ip l i ed  by the  conversion 
f a c t o r  .027, En zpproximtte ]nebsure of t h e  tot8.l  s o i l  n i t rogen  is  ob- 
ta ined .  
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