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.g? M17Ks G\t ion  posed by t h e  t i t l e  deserves  comment a t  t h i s  t ime 
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+*a@ s t u d i e s  now underway i n  c e n t r a l  Oregon, have r e s u l t e d  i n  l a r g e  in- 
c reases  i n  ind iv idua l  lodgepole and ponderosa p ine  t r e e  growth. I n  
some of t h e s e  s t u d i e s ,  t h e  s l a s h  was removed a f t e r  th inning .  I n  
c o n t r a s t ,  s l a s h  & not  removed i n  t h e  th inning  ope ra t ions  on National  
Fores t  lands  i n  c e n t r a l  Oregon. Although comparative d a t a  have not  



been c o l l e c t e d ,  some f o r e s t e r s  f e e l  t h a t  t h e  t h inn ing  on t h e i r  d i s -  
t r i c t s  has  no t  r e s u l t e d  i n  t h e  growth i n c r e a s e s  which t h e  t h inn ing  
s t u d i e s  i n d i c a t e  a r e  p o s s i b l e .  Nitrogen d e f i c i e n c i e s  dur ing  s l a s h  
decomposition have been suggested a s  a reason  f o r  t h i s  p o s s i b l e  
discrepancy.  

The inco rpo ra t i on  of o rganic  m a t e r i a l  w i th  a  wide C:N r a t i o  does 
r e s u l t  i n  decreased n i t r o g e n  a v a i l a b i l i t y  t o  h igher  p l a n t s  dur ing  t h e  
decomposition per iod  i f  a  l a r g e  p o r t i o n  of t h e  carbon i s  r e a d i l y  a v a i l -  
a b l e  t o  t h e  mic rob ia l  popula t ion .  The a d d i t i o n  of t h e  r e a d i l y  a v a i l -  
a b l e  carbon provides  an energy source  f o r  t h e  mic rob ia l  popula t ion .  
I f  o t h e r  environmental f a c t o r s  are f avo rab l e ,  t h e  numbers of microbes 
i n c r e a s e  and t h e i r  a c t i v i t y  becomes so i n t e n s e  t h a t  much of t h e  s o i l  
n i t r o g e n  which would o therwise  be  a v a i l a b l e  t o  h igher  p l a n t s  i s  u t i -  
l i z e d  i n  t h e  formation of mic rob ia l  protoplasm. A s  t h e  added carbon 
i s  mic rob ia l l y  a t t a c k e d ,  some i s  g iven  o f f  as C02 and t h e  C:N r a t i o  
g radua l ly  narrows. A s  t h e  C:N r a t i o  narrows, t h e  mic rob ia l  a c t i v i t y  
subs ides  and t h e  n i t r o g e n  r e l ea sed  f o r  h ighe r  p l a n t s  i n c r e a s e s  t o  i t s  
former l e v e l .  The e f f e c t s  of adding t h e  o rgan ic  m a t e r i a l  should be  
expected t o  l a s t  longer  i n  t h e  pumice s o i l  reg ion;  t h e r e ,  low s o i l  
temperatures  and p e r i q d i c a l l y  d r y  s u r f a c e  s o i l  hor izons  r e t a r d  t h e  
decomposition process .  When t h e  meadows i n  t h e  r eg ion  were homesteaded 
i n  t h e  1920's and:1930's, r y e  was a  p r i n c i p a l  crop.  I n  o rde r  f o r  a  r y e  
c rop  t o  be  grown, t h e  land had t o  be  f a l l o w  f o r  a t  l e a s t  1 yea r  a f t e r  
plowing .L/ Therefore ,  n i t r o g e n  was probably no t  a v a i l a b l e  f o r  t h e  
growth of h igher  p l a n t s  immediately a f t e r  t h e  n a t i v e  meadow v e g e t a t i o n  
was turned under.  A 1-year f a l l o w  per iod  w a s  necessary  b e f o r e  t h e  C:N 
r a t i o  of t h e  added r e s i d u e  narrowed and t h e  mic rob ia l  a c t i v i t y  s lack-  
ened, a l lowing t h e  r e l e a s e  of N f o r  uptake by h igher  p l a n t s .  

THE EFFECT OF C:N RATIOS OF INCORPORATED 
RESIDUES ON NITROGEN IMMOBILIZATION AND MINERALIZATION 

Immobil izat ion i s  a mechanism by which micro-organisms reduce t h e  
q u a n t i t y  of n u t r i e n t s  a v a i l a b l e  t o  p l a n t s  i n  t h e  s o i l ;  n i t r o g e n  miner- 
a l i z a t i o n  i s  t h e  conversion of o rgan ic  n i t r o g e n  t o  t h e  i no rgan ic  s t a t e  
(L9 .a 

I n  an undis turbed  s o i l ,  t h e  mic rob ia l  a c t i v i t y  i n  a  g iven  season 
and t h e  C:N r a t i o  a r e  f a i r l y  s t a b l e .  A s  p l a n t ,  animal ,  and mic rob ia l  
r e s i d u e s  a r e  g radua l ly  added, microbes a t t a c k  and decompose a l l  bu t  a  
sma l l  amount of ve ry  r e s i s t a n t  m a t e r i a l  ( p r imar i l y  l i g n i n  and some 
p r o t e i n )  which i s  added t o  t h e  humus complex. The humus complex, i n  
t u r n ,  i s  c o n t i n u a l l y  being a t t a c k e d  by t h e  mic rob ia l  popula t ion ,  and 

- Persona l  communication, Archie  Deadmond, Sf l v e r  Lake, Oregon. 

- 2f I t a l i c  numbers i n  paren theses  r e f e r  t o  L i t e r a t u r e  C i t ed ,  p. 11. 



t h e  amount of n i t rogen ,  carbon, and o t h e r  n u t r i e n t s  added through de- 
composition of f r e s h  animal,  p l a n t ,  and microbia l  r e s i d u e  balances t h e  
amount of t hese  m a t e r i a l s  r e l eased  from t h e  humus by slow and contfn- 
uaP microbia l  decomposition. A l l  of t h e  carbon and n i t rogen  i n  t h e  
r e s i d u e  e i t h e r  passes through t h e  t i s s u e  of t h e  l i v i n g  microbes ( a f t e r  
which some n i t rogen  may be mineral ized o r  some carbon r e l eased  a s  C02) 
o r  t hese  elements a r e  added t o  t h e  humus complex t o  be  eventua l ly  re-  
leased  by deeompostit ion, The o v e r a l l  r e s u l t s  of t h e s e  processes a r e  
t h a t  t h e  add i t f ans  and l o s s e s  of C ,  N,  and o t h e r  n u t r i e n t s  a r e  nea r ly  
i n  balance and t h a t  t h e  C:P, C:K,  and C:S r a t i o s ,  a s  we l l  a s  t h e  C:N 
r a t f o ,  a r e  nea r ly  cons tan t ,  

The C:N r a t f o  of a  s o i l  is  a  weighted average of t h e  C:N r a t i o  of 
t h e  l i v i n g  microbia l  t i s s u e  (4:1 t o  9 : l )  and t h e  o t h e r  organic  mater- 
i a l ,  p r imar i ly  humus, which has  a  wider C:N r a t i o  (9. The C:N  r a t i o s  
of most a r a b l e  s o i l s  vary  from 8:1 t o  15:l  (A). 

Since C:N  r a t i o s  f o r  given s o i l s  a r e  a  r e s u l t  of a  dynamic equi- 
l ibr ium,  a s  decomposition of added organic  m a t e r i a l  wi th  a  wide C:N 
r a t f o  occurs ,  t h e  C:N r a t i o  of t h e  added r e s i d u e  i s  g radua l ly  narrowed, 
Af t e r  decomposition, t h e  o r i g i n a l  C:N r a t i o  of t h e  s o i l  i s  maintained.  
During decomposition, t h e  microbia l  populat ion a s s i m i l a t e s  a  po r t ion  
of t h e  added carbon f o r  genera t ion  of new protoplasm, and t h e r e  is 
a l s o  a  eoncomitant uptake of N and o the r  n u t r i e n t s .  The r e s t  of t h e  
carbon i s  l i b e r a t e d  as C02 o r  i s  added i n  organic  form t o  t h e  humus 
complex t o  be more s lowly decomposed l a t e r .  

The above dfcuss ion  can be i l l u s t r a t e d  by t h e  fol lowing hypo- 
t h e t i  c a l  problem: 

Suppose t h a t  2,000 pounds of wheat s t raw (0.5 percent  N and 40 
percent  C) a r e  added t o  a s o i l  having a  C:N r a t i o  of 15:l .  This  carbon 
i s  r e a d i l y  a v a i l a b l e ,  and i t  i s  reasonable  t o  assume t h a t  t h e  microbia l  
popula t ion  w i l l  r e l e a s e  66 percent  of t h e  added carbon a s  C02, and t h a t  
t h e  o the r  34 percent  w i l l  be added t o  t h e  organic  carbon a l ready i n  t h e  
s o f l  (I-, p. 40).  I n  t h i s  example, 272 pounds of carbon (2,000 pounds 
x 0.40 x 0.34) w i l l  be.added.  I n  order  f o r  t h e  microbia l  populat ion t o  
carry ou t  t h e  decorhposition process  and i n  order  f o r  t h e  C:N r a t i o  t o  
remain s t a b l e ,  18.1 pounds of n i t rogen  (N:272 = 1.15; N = 18*1) must 
be  t i e d  up e i t h e r  by t h e  microbia l  popula t ion  o r  wi th  t h e  slowly de- 
csmposfble po r t ions  of t h e  s t raw which a r e  added t o  t h e  humus without  
being passed through microbia l  t i s s u e .  The nf t rogen content  of t h e  
s t raw i s  only 10 pounds (0,005 x 2,000),  s o  a n  a d d i t i o n a l  8 .1  pounds 
(18.1 - 10) must be suppl ied  f o r  t h e  decomposition process.  There- 
f o r e ,  during decomposition, t h e  amount of nf t rogen a v a i l a b l e  f o r  h igher  
p l a n t  uptake w i l l  b e  reduced by 8 .1  pounds. S imi lar  c a l c u l a t i o n s  can 
be  c a r r i e d  ou t  t o  show t h a t  i nco rpora t ion  of a  m a t e r i a l  w i th  a  narrow 
C:N r a t i o ,  such a s  a l f a l f a ,  would r e s u l t  i n  a n  i n c r e a s e  i n  t h e  amount 
of n i t rogen  a v a i l a b l e  f o r  h igher  p l a n t s .  



THE EFFECT OF SLASH ON NITROGEN IMMOBILIZATION 
AND MINERALXZATION 

When a s tand  is thinned and t h e  s l a s h  is  l e f t  on t h e  ground, t h e  
microelfmate i s  considerably modified. B r i e f l y ,  s o i l  temperatures  
under s l a s h  a r e  cooler  and undergo l e s s  v a r i a t i o n  than i f  s l a s h  is  
removed. Also, evaporat ion from slash-covered s o i l s  f s  l e s s  than from 
a r e a s  where s l a s h  i s  removed. The r e s u l t i n g  e f f e c t s  on t r e e  growth 
a r e  impossible t o  a s ses s .  I n  a corn mulching s tudy,  conducted a t  
va r ious  l o c a t i o n s  throughout t h e  co rnbe l t ,  mulching deereased m i l  
temperatures f n  t h e  nor thern  po r t ion  of t h e  cormbelt and thus  decreased 
corn growth t h e r e  (ti). 

Data now a v a i l a b l e  f o r  pumice s o i l s  do a l low some conclusions 
concerning t h e  e f f e c t  of s l a s h  on n i t rogen  i m o b f l i z a t i o n  and mineral- 
i z a t i o n  f o r  t h e  pumice reg ion ,  The C:N r a t i o  f o r  t h e  combined 81 a d 

37 AC horizons of a  Lapine pumice s o i l  is  a s u r p r i s i n g l y  h igh  22,8:10- 
I f  we assume bulk d e n s i t i e s  of 0.7 g. /cm? and 0.6 g. /cm? and horizon 
depths  of 0-2 inches and 2-10 inches f o r  t h e  A1 and AC hor izons ,  respec- 
t i v e l y ,  and use  t h e  N content  d a t a  given by ~ ~ r n e s s , /  t h e  va lue  of 
824 pounds of n i t rogen  per  a c r e  can be ca l cu la t ed  f o r  a pumice s o i l .  

For woody p l a n t s  i n  genera l ,  t h e  C:N r a t i o s  f o r  wood, bark,  and 
f o l i a g e  a r e  about 500:l o r  more, 300:1, and 50:l  t o  25:1, r e s p e e t i v e l y o ~ ~  
I n  t h e  heav ies t  thinning i n  c e n t r a l  Oregon, more than 58,500 pounds of 
s l a s h  per a c r e  were l e f t  on t h e  Obviously, i f  a l l  of t h i s  
m a t e r i a l  were ground up and incorpora ted  i n t o  t h e  s o i l  p r o f i l e ,  s e r i o u s  
n i t rogen  d e f i c i e n c i e s  would r e s u l t  i f  a l l  of t h e  incorpora ted  carbon 
w a s  r e a d i l y  u t i l i z e d  by t h e  mierobfa l  populat ion.  However, eonfferous 
wood, bark,  and sawdust con ta in  60 t o  70 percent  of i nhe ren t ly  r e s i s -  
t a n t  l i gnoce l lu lose .  This substance decomposes s o  slowly t h a t  r e s i s -  
tance  t o  a t t a c k  r a t h e r  than  a v a i l a b l e  n i t rogen  c o n t r o l s  i ts  r a t e  of de- 
composition (2). Fur ther ,  t h i s  m a t e r i a l  i s  not  ground up, i s  not  in- 
corporated i n t o  t h e  s o i l  p r o f i l e  immediately, and, from some indica-  
t i o n s ,  a  l a r g e  p a r t  i s  never incorpora ted .  

- 3' Dyrness, Chr is ten  Theodore. Soi  1-vegetat ion r e l a t i o n s h i p s  
wi th in  t h e  ponderosa p ine  type  i n  t h e  c e n t r a l  Oregon pumice reg ion .  
217 pp, 1960, (Unpublished Ph. D .  t h e s i s ,  on f i l e  a t  Oreg. S t a t e  
Unfv,, C o r v a l l i s ,  

See foo tno te  3. 

- 5/ Leaf,  Alber t  L. Wood waste: a  va luab le  s o i l  amendment. 8 pp. 
1962. (Unpublished r e p o r t  on f i l e  a t  S i l v i c u l t .  Dep., S t a t e  Univ. Co l l .  
Fo res t .  a t  Syracuse.) 

- 6' This thinning was c a r r i e d  out  i n  1965 i n  connection wi th  a  
levels-of-growing-stock s tudy.  The weight was est imated by t h e  method 
given by Fahnestock (21, 



Fahnestock (3 found that the fine twigs and all the larger 
branches of pine slash were still intact at the end of a 3-year study 
period. He also found that foliage fell gradually from the slash of 
ponderosa and lodgepole pine, and that, 3 years after cutting, sup- 
ported foliage still was an important fuel component, Observations 
of thinnings conducted on the Deschutes National Forest show that 
limbs of 9-year-old ponderosa pine slash in the Green Mountain area 
are st911 intact and appear no more decomposed than comparable dead 
limbs on living trees, Needles were off the slash, but many were 
still on top of the ground unincorporated into the soil profile, 
Other observations of thinnings in central Oregon indicate that needles 
stay on the slash for at least 3 years but are off the slash and on the 
ground at the end of the 5th or 6th year and that slash limbs are still 
above ground at the end of 9 years. Therefore, in the first decade 
after thinning, only a portion of the pine needles become incorporated 
into the soil profile. The question now becomes: What is the effect 
of needle addition on nitrogen availability to higher plants? 

In the heavy levels-of-growing-stock thinning, we estimate, by 
use of Fahnestock's (3) data, that there are 12,400 pounds of foliage 
included in the 58,500 pounds of slash per acre. The nitrogen content 
of ponderosa pine foliage has been shown to vary from 0,51 percent for 
350-year-old stands to 0.79 percent for 100-year-old stands (9) .  The 
carbon content of this material is about 40 percent.g If we used a 
conservative estimate of 0-65 percent N for the folfar content sf the 
levels-of-growing-stock study slash, the C:N ratio of the foliage 
would be approximately 62% If we assume that all 12,400 pounds of 
foliage were incorporated into a profile where the C:N ratio of the 
soil is 22.8:1, the amount of N mineralized or immobilized during the 
decomposition can be calculated by use of the valid assumption (1, p .  40) 
that 66 percent of the added carbon is given off as C02. These calcu- 
lations follow: 

(1) Amount of carbon added in the foliage: 
12,400 x 0.40 = 4,960 pounds per acre 

(2) Amount of carbon retained after decomposition of foliage: 
4,960 x (leOO - 0.66) = 1,686 pounds per acre 

( 3 )  hount of nitrogen which must be used during decomposition: 
1:22,8 = N:1,686 

N = 74 pounds per acre 

C. T. Youngberg, professor of forest soils, Oregon State 
University, personal communication. 



( 4 )  Amount of n i t r o g e n  added i n  t h e  f o l i a g e :  

12,400 x 0.0065 = 80.6 pounds per  a c r e  

(5) S ince  t h e  amount of n i t r o g e n  added i n  t h e  f o l i a g e  
is g r e a t e r  t han  t h e  amount necessary  f o r  decom- 
p o s i t i o n ,  t h e  amount of N minera l ized  o r  made 
a v a i l a b l e  t o  h ighe r  p l a n t s  is: 

8 0 e 6  - 74.0 = 6.6 pounds per  a c r e  

From obse rva t ions  of s l a s h  l e f t  by t h inn ing  s f  ponderosa p i n e  
i n  t h e  Deschutes Nat iona l  Fo re s t  s i n c e  1958 and from t h e  above calcu-  
l a t i o n s ,  t h e  fol lowing conc lus ion  has  been made. I f  t h e r e  is  a d i f f e r -  
ence i n  growth between t h e  t h inn ing  s t u d i e s  where s l a s h  has  been re -  
moved and i n  o t h e r  t h inn ing  ope ra t i ons  where s l a s h  has  no t  been re- 
moved, i t  i s  n o t  due t o  n i t r o g e n  immobil izat ion r e s u l t i n g  from s l a s h  
decomposition i n  t h e  pumice reg ion .  I n t e r e s t i n g l y ,  i n  agreement w i th  
t h e  above c a l c u l a t i o n s ,  Stone and W i l l  (&) concluded t h a t  some of t h e  
n i t r o g e n  i n  t h e  l i t t e r  and s l a s h  from Monterey p ine  becomes a v a i l a b l e  
f o r  u s e  of p i n e  s eed l ings  i n  some a r e a s  of New Zealand. 

What would be  t h e  e f f e c t  i f  t h i s  amount of s l a s h  were added t o  a 
s o i l  w i th  a narrower C : N  r a t i o  of 10:1? The amount of n i t r o g e n  which 
would be  n e c e s s a r i l y  t i e d  up du r ing  t h e  decomposition per iod  would be: 

l : 1 0  = N:1,686 
N = 169 pounds per  ' a c r e  

I f  a l l  of t h e  f o l i a g e  were immediately incorpora ted  i n t o  t h i s  s o i l ,  
t h e  amount of n i t r o g e n  i n  t h e  added f o l i a g e  would n o t  be  g r e a t  enough 
t o  a l low f o r  decomposition wi thout  t h e  immobil izat ion of 88.4 pounds 
of n i t r o g e n  per  a c r e  (169 pounds N per  a c r e  - 80.6 pounds N per  a c r e  = 
88.4 pounds N per  a c r e ) .  However, t h e  per iod  of immobil izat ion would 
be  b r i e f  because t h e  h igh  s o f l  n i t r o g e n  con ten t  would permit  a  r ap id  
bu i ldup  of an a c t i v e  mic rob ia l  popula t ion ,  which would soon decompose 
t h e  f o l i a g e ,  A f t e r  a b r i e f  decomposition pe r iod ,  t h e r e  would b e  an  
fnc rease  of 88.4 pounds of n i t r o g e n  pe r  a c r e  i n  t h e  s o i l  minus t h e  
amount of n i t r o g e n  which had escaped from t h e  p r o f i l e  by l each ing  o r  
v o l a t i l i z a t i o n  dur ing  t h e  decomposition per iod .  I n  s h o r t ,  t h e r e  would 
be  some immobil izat ion dur ing  a  b r i e f  decomposition per iod ;  t hen  an 
i n c r e a s e  i n  n i t r o g e n  f o r  t h e  growth of h ighe r  p l a n t s  i s  l i k e l y .  

I n  t h e  f o r e s t e d  s t a n d ,  t h e  needles  a r e  s lowly incorpora ted  i n t o  
t h e  s o i l  p r o f i l e  by sma l l  macroanimals such a s  s m a l l  mammals, i n s e c t s ,  
s l u g s ,  s n a i l s ,  m i t e s ,  and earthworms (4). Thus, t h e  decomposition 
per iod  i s  lengthened,  and p o r t i o n s  of t h e  added f o l i a g e  a r e  decomposed 
b e f o r e  o t h e r  p o r t i o n s  a r e  incorpora ted  i n t o  t h e  s o i l  p r o f i l e .  There- 
f o r e ,  t h e  amount of n i t r o g e n  immobilized a t  any g iven  t i m e  would b e  
smal l  i n  comparison wi th  t h e  t o t a l  n i t r o g e n  i n  t h e  s o i l ,  De ta i l ed  
in format ion  about  t h e  carbon and n i t r o g e n  con ten t s  of t h e  s o i l s  and 



of t h e  f o l i a g e  and about t h e  l eng th  of t h e  decomposition period is  
necessary be fo re  a  s p e c i f i c  s tatement  can be made about t h e  nf t rogen 
immobilized i n  any given thinned s t ands  

THE EFFECT OF ROOTS OF 
CUT TREES ON NITROGEN IMMOBILIZATION 

The s o i l  environment of a  zone 5 t o  20 mrn. from t h e  r o o t  su r face  
is  unique. Sloughed-off r o o t  c e l l s  provide m a t e r i a l  f o r  microbia l  
development, and t h e  a c t i v e  r o o t  exudes substances which u s u a l l y  en- 
hance microbia l  a c t i v i t y  (L) .  The carbon d ioxide  and oxygen concen- 
t r a t i o n s  d i f f e r  cons iderably  from those  i n  t h e  s o i l  some d i s t a n c e  from 
t h e  r o o t ,  This  zone, which i s  under t h e  in f luence  of t h e  p l a n t  r o o t s ,  
i s c a l l e d  t h e  rh izosphere  (I, 1). 

The microbia l  a c t i v i t y  wi th in  t h e  rhfzosphere is maintained a t  a  
more cons tant  and i n t e n s e  l e v e l  than i n  t h e  o the r  s o i l  r eg ions  (L, I), 
and t h e  number of organisms may be 10 t o  PO0 times a s  g r e a t  a s  e l se-  
where i n  t h e  s o i l  (&>. The ind iv idua l  organisms a r e  a l s o  much more 
a c t i v e  biochemical ly than organisms from o t h e r  p a r t s  of t h e  s o i l  (P, 
p. 446). Because of t h e  competi t ive s t r e s s  due t o  t h e  l a r g e ,  a c t i v e ,  
fast-growing populat ion,  much of t h e  n i t rogen  i n  t h e  rh izosphere  i s  
immobilized a t  any given time, but  t h e  r a t e  of turnover  i s  r ap id  (L, 
p,  451). 

When a r o o t  d i e s ,  an a c t i v e  microbia l  popula t ion  i s  p resen t ,  s o  
t h e  r o o t  immedfately begins t o  decompose. Observations of thinned 
s t ands  i n  t h e  pumice s o i l  reg ion  i n d i c a t e  t h a t  t h e  l a r g e s t  r o o t s  of 
t r e e s  up t o  approximately 5 inches  i n  d.b.h. decompose i n  about 5 
yea r s ,  Smaller r o o t s  decompose much f a s t e r o  The decomposition of 
t h e  r o o t  t i s s u e  occurs  i n  much t h e  same manner a s  decomposition of 
incorpora ted  f o l i a g e ,  Carbon from t h e  r o o t  t i s s u e  i s  u t i l i z e d  by t h e  
microbes, and a  p o r t i o n  i s  r e l eased  a s  C02. The n i t rogen  i s  t i e d  up 
by succeeding genera t ions  of microbes; t h e s e  con t inua l ly  a t t a c k  t h e  
r o o t s  u n t i l  t h e  supply of r e a d i l y  a v a i l a b l e  carbon i s  exhausted and 
only t h e  very  slowly decomposable m a t e r i a l  i s  l e f t .  By then t h e  
a c t i v i t y  of t h e  microbia l  popula t ion  has receded t o  a  l e v e l  comparable 
wi th  i t s  a c t i v i t y  i n  o t h e r  p a r t s  s f  t h e  s o i l ,  and a  po r t ion  of t h e  
n i t rogen  i n  t h e  o r i g i n a l  rh izosphere  becomes a v a i l a b l e  f o r  uptake by 
r o o t s  of o t h e r  p l a n t s  which invade t h e  a rea .  

The uptake of nf t rogen and o the r  n u t r i e n t s  occurs  mostly through 
young, nonsuberized r o o t s  con t inua l ly  being produced when sox1 temper- 
a t u r e s  a r e  above a  c e r t a i n  c r i t i c a l  l e v e l .  These r o o t s  e i t h e r  move 
i n t o  unoccupied s o i l  a r e a s  t o  take  up n i t rogen ,  p r imar i ly  a s  NO3- o r  
NH4+, o r  t h e s e  ions  flow t o  t h e  absorbing r o o t  su r faces  i n  t h e  s o i l  
s o l u t i o n ,  Since,most of n i t rogen  i n  t h e  rh izosphere  of a  l i v i n g  r o o t  
i s  immobilized a t  any one time (L, p. 4511, t h e  dea th  of t h i s  r o o t  



would no t  necessa r i ly  r e s u l t  i n  a  decrease  i n  n i t rogen  a v a i l a b l e  t o  
t h e  remainfng l i v e  r o o t s .  During t h e  decomposition period of t h e  dead 
r o o t s ,  t h e  n i t rogen  i n  t h e  rh izosphere  is  completely t i e d  up by t h e  
microbia l  populat ion.  However, t h e  rh izosphere  a rea  of t h e  dead r o o t  
system con t inua l ly  s h r i n k s  a s  t h e  r o o t s  decompose, and i n  a d d i t i o n ,  
t hese  dead r o o t s  a r e  no longer  extending i n t o  unoccupied s o i l  t o  @om- 
Pe te  wi th  t h e  remaining l i v e  r o o t s .  A s  a  r e s u l t ,  t h e  r o o t s  of t r e e s  
l e f t  i n  a thinned stanei may be  a b l e  t o  t ake  up more n i t rogen  than 
be fo re  t h e  s tand  was thinned.  

One t e s t  s f  t h i s  hypothes is  would be t o  analyze t h e  f o l i a g e  of 
thinned and unehinned s t ands .  To t h e  a u t h o r ' s  knowledge, t h i s  has not  
been done f o r  any western c o n i f e r .  Boggess (2) s tud ied  t h e  in f luence  
of thinning on t h e  f o l i a r  n i t rogen  content  of s h o r t l e a f  p ine  i n  south- 
e r n  I l l i n o i s c  He found s i g n i f i c a n t  i nc reases  i n  f o l i a r  n i t rogen  f o r  
t r e e s  on p l o t s  which had been thinned 2 t o  3 yea r s  e a r l i e r  than f o r  
those  on unthfnned p l o t s .  The inc reases  i n  f o l i a r  n i t rogen  on t h e  
thinned p l o t s  were a t t r i b u t e d  t o  more r ap id  breakdown of l f t t e r  caused 
by increased  s u n l i g h t  reaching t h e  f o r e s t  f l o o r  and t o  t h e  a v a i l a b f l i t y  
of more mftrogen per t r e e  when more than one-third of t h e  b a s a l  a r ea  
was removed, 

THE EFFECT OF CHIPPED SLASH ON 
NITROGEN IMMOBILIZATION 

Thfnnnng s l a s h  along roads ides  and i n  o r  near  r e c r e a t i o n a l  a r e a s  
i s  o f t e n  chipped and l e f t  on t h e  su r face  of t h e  s o i l .  A s  long a s  t h e  
m a t e r i a l  i s  l e f t  on t h e  su r face ,  i t  w i l l  have l i t t l e  o r  no d i r e c t  
e f f e c t  on t h e  a v a i l a b i l i t y  of n i t rogen  t o  h igher  p l a n t s .  No d a t a  a r e  
now a v a i l a b l e  on t h e  r a t e  of i nco rpora t ion  and decomposition of t h i s  
m a t e r i a l G  Observations on t h e  Deschutes National  Fores t  suggest  t h a t  
l a r g e r  wood c h i p s  remain on t h e  su r face  f o r  s e v e r a l  yea r s .  These 
l a r g e  ch ips ,  l i k e  t h e  l a r g e r  log  and limb m a t e r i a l ,  a r e  invaded by 
fung i  and o t h e r  organisms and may be  decomposed p r imar i ly  above ground. 

I n  many p o t e n t i a l  r e c r e a t i o n a l  a r e a s ,  i t  may become d e s i r a b l e  t o  
inco rpora t e  t h f s  chipped m a t e r i a l  i n t o  t h e  s o i l  by r o t o t i l l i n g  o r  by 
some o the r  method and t o  e s t a b l i s h  an a t t r a c t i v e  v e g e t a t i v e  cover .  I n  
t h i s  ease ,  n i t rogen  de f i c i ency  f o r  h igher  p l a n t s  i s  poss ib l e ,  and ap- 
p l i c a t i o n s  of f e r t i l i z e r  n i t rogen  may be  d e s i r a b l e .  

A s  mentioned previous ly ,  i f  a l l  t h e  carbon i n  t h e  incorpora ted  
s l a s h  w a s  r e a d i l y  a v a i l a b l e  f o r  microbia l  u t i l i z a t i o n ,  t h e  n i t rogen  
de f i c i ency  would be s e r i o u s .  However, u n l i k e  f o l i a g e  carbon and n i -  
t rogen,  much of t h e  n i t rogen  and carbon i n  bark  and wood is not  read- 
f l y  a v a i l a b l e ,  Conifer wood bark  and sawdust a r e  so r e s i s t a n t  t o  
a t t a c k  t h a t  t h f s  r e s i s t a n c e  r a t h e r  than a v a i l a b l e  n i t rogen  c o n t r o l s  



the rate of decomposition (2). According to ~ollen,g/ ponderosa pine 
sawdust contains 50 percent carbon and 0.05 percent nitrogen, but 1 
ton of this material contains only 50 to 100 pounds of available carbon 
and almost no nitrogen. Bollen has found that 3 to 5 pounds of ele- 
mental nitrogen for each ton of dry sawdust will suffice for initial 
decomposition. After the initial decomposition, the more resfstant 
carbon will decompose more slowly, and succeeding generations of micro- 
organisms can reuse the same nitrogen. This prevents appreciable 
amounts of nitrogen from being immobilized by the microbial population 
at any one time. Greater nitrogen additions may function directly as 
a fertilizer, but such additions will not appreciably hasten decompo- 
sf t ion sf the sawdust (3) . 

Fahnestock's data (2) show that approximately 80 percent of pon- 
derosa and lodgepole pine slash is composed of bark and wood. Using 
the results of Bollen, 4 pounds of nitrogen per ton of dry incorporated 
slash 

(5 pounds per ton of sawdust x 0.80 = 4 pounds per ton of slash), 

should prevent nftrogen deficiency for the higher plants during the 
decomposition of the wood and bark. Many of the chips are large and 
are therefore even less subject to rapid decomposition than sawdust, 
and a portion sf the foliar nitrogen would become available in pumice 
soils. For these two reasons, 4 pounds of nitrogen per ton of dry 
incorporated slash should prevent temporary nitrogen starvation and 
should even allow some of the added nitrogen to act directly as a 
fertilizer. 

In nonpumfce soils, where incorporated foliar decomposition re- 
quires additional nitrogen, a rough rule of thumb can be used in 
calculating the amount of nitrogen which should be added with the fn- 
corporated chipped slash. This rule.?! states that the C:N ratio of 
incorporated foliage should be reduced to 30:l by adding nitrogen to 
prevent a temporary nitrogen deficiency. The foliar C:N ratio is 
about 62:l. One ton of slash contains about 400 pounds of foliage 
(2,000 pounds x (1,OO - 0.80). The foliar carbon content of this 
amount is 160 pounds (400 pounds x 0.40), and the foliar nitrogen con- 
tent is 6.5 pounds (62:l = 400 pounds:N pounds). The amount of nitro- 
gen that must be added to reduce the foliar C:N ratio to 30:l is 
calculated as foPPows: 

Bollen, W e  B. Artificial manure and composts--proportions of 
nitrogen and other additions per ton of dry material. (Unpublished, 
undated report on file at Miembiology Department, Oregon State Uni- 
versi ty , ) 

- '/ see footnote 5. 



(1) Amount of n i t rogen  necessary f o r  t h e  30:1 r a t i o :  

400:N = 30:l  
N = 13.3 pounds 

(2) Amount of n i t rogen  which must be added t o  ba lance  t h e  
r e a d i l y  a v a i l a b l e  f o l i a r  carbon equals  t h e  amount 
needed minus t h e  amount present  i n  t h e  f o l i a g e :  

13.3 pounds - 6.5 pounds = 6.8 pounds 

For nonpumfce s o i l s ,  t h e  t o t a l  amount of n i t rogen  t o  add t o  
prevent  n i t rogen  immobilization due t o  incorpora ted  chipped s l a s h  
would equal :  

1. t h e  amount necessary t o  provide f o r  u t i l i z a t i o n  of t h e  
r e a d i l y  a v a i l a b l e  carbon i n  t h e  wood and bark  (4  pounds N 
per  dry  ton;  

2. p lus  t h e  amount necessary f o r  f o l i a r  decomposition (6.8 
pounds N per  ton)  o r  10.8 pounds of n i t rogen  per ton  of 
dry s l a s h .  

SUMMARY I 

I f  d i  f f e rences  i n  growth have occurred i n  th inning  s t u d i  e s  where 
s l a s h  has  been removed and i n  o t h e r  th inning  ope ra t ions  where s l a s h  
has not  been removed, i t  i s  not  due t o  n i t rogen  immobilization r e s u l t -  
ing  from s l a s h  decomposftion i n  t h e  pumice s o i l  reg ion .  I n  o t h e r  s o i l s ,  
decomposition of aboveground s l a s h  may r e s u l t  i n  some small  immobiliza- 
t i o n ,  but  d a t a  a r e  not  a v a i l a b l e  t o  confirm t h i s .  

The microbia l  popula t ion  a s soc ia t ed  wi th  decomposing r o o t s  of 
dead t r e e s  immobilize n i t rogen  i n  t h e  s o i l  zone immediately a d ~ a c e n t  t o  
t h e  r o o t s .  The r o o t s  of t h e  t r e e s  t h a t  a r e  l e f t  have l e s s  competi t ion 
f o r  unexplofted s o i l ,  and t h e  amount of n i t rogen  a v a i l a b l e  f o r  indi -  
v i d u a l  t r e e s  may be increased  by th inning .  F o l i a r  a n a l y s i s  d a t a  f o r  
thinned and unthinned s t ands  must be  c o l l e c t e d  s o  t h i s  phenomenon can 
be f u l l y  understood, 

Chipped s l a s h ,  i f  incorpora ted  i n t o  t h e  s o i l ,  could temporari ly 
depr ive  p l a n t s  of n i t rogen ,  p a r t i c u l a r l y  i n  nonpumice s o i l s .  Calcula- 
t i o n s  a r e  presented t o  show t h e  amount of n i t rogen  t o  add t o  prevent  
t h i  s temporary def f c f  ency . 
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