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ABSTKACT 

Mechanical site preparation and its e f f e c t s  were s t u d i e d  on four val -  

c a n i c  ash in f luenced  f o r e s t  s o i l s .  Changes i n  bulk  dens i ty ,  s o i l  p o r o s i t y ,  

rnoiscure c h a r a c t e r i . s t i c s ,  and vo lcan ic  ash th i ckness  were eva lua ted  a t  

t h r e e  slash d i s p o s a l  and one brush d i sposa l  s i t e .  

Areal e x t e n t  f o r  both t r ea tmen t s  averaged 43 pe rcen t  of the total 

areas s tud ied .  Bulk d e n s i t y  i nc reased  a n  average  of 20 pe rcen t  i n  the 

upper 18 cm (7  i n )  of t h e  vo lcan ic  ash horizon and averaged 10  percent t o  

a dep th  of 38 cm (15 in) among all s i t e s ,  

S o i l  dlisplacement averaged 1 3  cm (5 .1  in) w i t h i n  t h e  brush d i s p o s a l  

s i t e  and 6 .5  cm (2 .6  i n )  among t h e  s l a s h  d i s p o s a l  s i t e s .  S o i l  displacement 

due t o  brush removal r e s u l t e d  i n  a 40 pe rcen t  r educ t ion  I n  a v a i l a b l e  water .  

Avai lab le  water  l o s s  averaged 1 2  pe rcen t  amang t h e  slash d i s p o s a l  s i t e s .  

W c r u p o r o s i t y  was reduced 23 percent  i n  t h e  t r a c k  r u t  d i s tu rbance  c l a s s .  



INTRODUCT J O N  

Successfu l  r e f o r e s t a t i o n  of ha rves t ed  f o r e s t  1'1nds by n a t u r a l  o r  

a r t i f i c i a l .  rt~ethods o f t e n  depends upon the removal of competing vege ta t ion  

o r  phys i ca l  o b s t a c l e s  h inde r ing  r egene ra t ion .  Qui te  o f t e n  t h i s  is  

accomplished through mechanical s i t e  p r e p a r a t i o n  techniques ,  Observed 

r educ t ions  i n  t r e e  s e e d l i n g  es tab l i shment  and growth has prompted an  

i n t e r e s t  among f o r e s t  land managers t o  i n v e s t i g a t e  and document s o i l  

d i s tu rbances  r e s u l t i n g  from t h i s  p r a c t i c e .  

The o b j e c t i v e s  of t h i s  s tudy were t o  i d e n t i f y  and e v a l u a t e  a l t e r a -  

t i o n s  i n  t h e  phys i ca l  p r o p e r t i e s  o f  f o r e s t  s o i l s  fo l lowing  mechanical s i t e  

p repa ra t ion .  The s o i l s  s e l e c t e d  have a s u r f a c e  hor izon  of weathered 

vo lcan ic  ash and are known t o  e x h i b i t  r e f o r e s t a t i o n  problems fol lowing 

t h i s  t rea tment .  The volcanic  ash  hor izon  uniformly covers  ex t ens ive  

f o r e s t  l a n d s  i n  no r the rn  Idaho. Changes i n  t h e  p h y s i c a l  cond i t i on  of t h i s  

horizon r e s u l r i n g  from compaction, displacement ,  and p r o f i l e  mixing have 

been suggested f o r  t h e  measured d e c l i n e  i n  s eed l ing  growth. 

H i s t o r i c a l l y ,  much of t h e  l i t e r a t u r e  documenting s o i l  compaction, 

s o i l  displacement ,  and t r e e  s e e d l i n g  growth l o s s e s  has  d e a l t  w i th  post- 

ha rves t  s o i l  cond i t i ons ,  w i t h  l i m i t e d  information per t a in ing  directly t o  

the e f f e c t s  of mechanical s i t e  p repa ra t ion .  This  s tudy  d e s c r i b e s  and 

docunients the changes i n  t h e  s o i l  phys i ca l  p r o p e r t i e s  of fou r  vo lcan ic  ash  

inf luenced  f o r e s t  s o i l s  r e s u l t i n g  from s l a s h  and brush d i s p o s a l  a c r i v i t i e s .  

Four hypotheses were s tud ied :  F i r s t ,  mechanical s i t e  p repa ra t ion  

inc reases  s o i l  b u l k  d e n s i t y  above t h e  n a t u r a l  s t a t e .  Second, t h e  amount 

of logging s l a s h  removed during d i s p o s a l  ope ra t ions  in f luences  t h e  magni- 

tude of s o i l  compaction. Thi rd ,  a l t e r a t i o n s  occur  i n  s o i l  pore space, 
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moist~lre r e t e n t i o n  and water availability. In  a d d i t i o n ,  t h e  r e d i s t r i b u t i o n  

of t o p  s o i l  influences the  magnitude of change i n  these parameters. 

Four th ,  i t  was hypothesized t h a t  the  d e n s i t y  of slash and brush  would 

determine t h e  total area impacted. 

The resul ts  of this s tudy  can b e  of use in t h e  p r e d i c t i o n  of the  

p o t e n t i a l  impacts of mechanical site preparat ion on o t h e r  f o r e s t  soil 

types which are influenced by weathered v o l c a n i c  ash. This study has also 

established a data base which can aid future programs characterizing the 

limpacts of mechanical s i t e  preparation on the  success of t r e e  seedling 

e s t a b  Lisfiment , s u r v i v a l  and growth. 
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LITERhTURE REVIEW 

Crawler t r a c t o r s  a r e  widely used i n  mechanical s i t e  p r e p a r a t i o n  

a c t i v i t i e s  on f o r e s t  l a n d s  i n  no r the rn  Idaho. Shubert and Adams (L975) ,  

d e s c r i b e  t h i s  form of s i t e  p r e p a r a t i o n  a s  provid ing  optin~um cond i t i ons  f o r  

tree s e e d l i n g  e s t ab l i shmen t  and e a r l y  growth. Bene f i t s  inc lude :  increased 

soil mois ture ,  r educ t ion  of p e s t  h a b i t a t s ,  lowering of t h e  f u e l  hazard,  and 

e l i m i n a t i o n  of cvrnpeting v e g e t a t i o n .  The oppa r tun i ty  t o  d i spose  of volumes 

of l a r g e  woody m a t e r i a l  i n  which bark b e e t l e s  might breed r e p r e s e n t s  a 

h igh ly  important  advantage i n  terms of  f o r e s t  management (Smith, 1 9 6 2 ) .  I n  

' ~ d d i t i o n ,  the  churning a c t i o n  by mechanized equipment c r e a t e s  a favorable 

seedbed.  Churning allows f o r  t h e  inco rpora t ion  of s u r f a c e  organic  mater i -  

als i n r o  t h e  s o i l ,  speeding m i n e r a l i z a t i o n  and n u t r i e n t  a v a i l a b i l i t y  

(Moehring , 1.969). 

The  pr imary e f f o r t s  of mechanical s i t e  p r e p a r a t i o n  a r e  d i r e c t e d  a t  

the removal of phys i ca l  o b s t a c l e s  t o  p l a n t i n g  o r  n a t u r a l  r egene ra t ion  

(slash d i s p o s a l )  and t h e  d e s t r u c t i o n  of competing v e g e t a t i o n  (brush d i s -  

p o s a l ) .  Mechanical s i t e  p repa ra t ion  methods are c h i e f l y  used i n  s i t u a t i o n s  

where p re sc r ibed  burning o r  use  of  h e r b i c i d e s  are unsafe o r  i n e f f e c t i v e  

(Smith, 1962).  

S lash  d i s p o s a l  reduces  t h e  p o t e n t i a l  f u e l  hazard and a i d s  i n  t h e  pre- 

vent ion  of f o r e s t  f i r e s .  Mechanical s l a s h  d i s p o s a l  methods a r e  a s soc i a t ed  

with p a r t i a l  c u t t i n g  p r a c t i c e s  and involve  t h e  burning of p i l e d  s l a s h .  

Fol lowing timber h a r v e s t  ope ra t ions  t h e r e  is u s u a l l y  a  h igh  volume of fuel 

d i s t r i b u t e d  i n  such a way t h a t  i t  hampers t h e  c o n s t r u c t i o n  of f i r e  l i n e s  

( S m i t h ,  1962).  Crawler t r a c t o r s  f i t t e d  with modified b l ades ,  push t h e  

logging  d e b r i s  i n t o  windrows o r  i n d i v i d u a l  p i l e s  which are l a t e r  burned 



Figure  1. Crawler t r a c t o r  equipped w i t h  modified b l a d e  used i n  
s l a s h  d i s p o s a l  o p e r a t i o n s .  

(F igure  1 ) .  This  a c t i v i t y  exposes t h e  mine ra l  s o i l  p rovid ing  a  f avo rab le  

seedbed and a  temporar i ly  compet i t ion- f ree  environment f o r  s eed l ing  

e s t ab l i shmen t .  

Brush d i s p o s a l  involves  t h e  up roo t ing  and removal of v e g e t a t i o n  by 

crawler tractors equipped wi th  a brush  rake. The brush  rake removes the 

brush  and r o o t s  from t h e  s o i l  p r o f i l e  wi thout  exces s ive  displacement  of t h e  

s u r f a c e  ho r i zon  (Figure 2 ) .  Openings a r e  c r e a t e d  i n  t h e  brush  canopy by 

removing t h e  v e g e t a t i o n  i n  s t r i p s .  Cleared s t r i p s  a r e  t y p i c a l l y  3-5 m (10- 

15  f t )  wide and spaced a t  6-15 m (20-50 f t )  i n t e r v a l s  (Shubert  and Adarns, 

1975).  



Figure  2.  Crawler t r a c t o r  equipped w i t h  a brush  rake .  

H i s t o r i c a l l y ,  much of t h e  l i t e r a t u r e  documenting s o i l  compaction, 

s o i l  displacement ,  and timber growth l o s s e s  has  d e a l t  w i t h  post-harvest  

s o i l  cond i t i ons .  Therefore ,  on ly  l i m i t e d  informat ion  i s  a v a i l a b l e  a s  t o  

t h e  a d d i t i o n a l  s o i l  d i s tu rbances  t h a t  r e s u l t  from mechanical s i t e  prepara- 

t i o n .  

Garr i son  and Rummell (1951) have r epor t ed  t h a t  c rawler  t r a c t o r s  cause 

t h e  most s e r i o u s  s o i l  d i s tu rbances ,  w i t h  a d d i t i o n a l  s o i l  damage r e s u l t i n g  

when b l ades  a r e  used f o r  pushing s o i l ,  boulders  and stumps. Bul la rd  and 

Burke (1957) found t h a t  t h e  appearance of compacted s o i l s  i n d i c a t e d  h o r i -  

z o n t a l  s l i p p a g e  i n  a d d i t i o n  t o  v e r t i c a l  compression. They observed t h a t  

hard b r i c k - l i k e  cakes of s o i l  formed t o  a depth of 10 cm (4  i n )  between t h e  
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cleats of t h e  c r a w l e r  t r e a d s .  navies e t  a l .  (1973) suppo r t  t h e s e  observa-  

t i o n s  and concluded t h a t  s l i p p a g e  s t r o n g l y  i n f l u e n c e d  s o i l  compaction.  

S t u d i e s  e v a l u a t i n g  t h e  e f f e c t s  of repea ted  rractor  t r i p s  on s o i l  

physica .L p r o p e r t i e s  have demonstra ted t h a t  increased  bu lk  d e n s i t y  reduced 

water i n f i l t r a t i o n  r a t e s  and s o i l  p o r o s i t y .  S t e i n b r e n n e r  (1955) found t h a t  

four  t r i p s  w i t h  a c r a w l e r  t r a c t o r  (18 m e t r i c  tuns), reduced t h e  macro po re  

spiii:e o i  a s o i l  from 26 t o  17  p e r c e n t  i n  t h e  upper  8  cm ( 3  i n )  and t h a t  

w a t l e r  i n f i l t r a t i o n  r a t e s  were  reduced from 80 t o  10 cm (32 t o  4 i n )  p e r  

minute when t h e  s o i l  w a s  d ry .  Ile no ted  t h a t  one t r i p  had t h e  same e f f e c t  

when t h e  soi.1 w a s  wet .  Another s t u d y  by S t e inb renne r  and Gessel (lt355) 

foi-~nd t l ~ a r  s o i l s  on t r a c t o r  logged a r e a s  i n  sou thwes te rn  Washington showed 

a 22.7 percent  i n c r e a s e  i n  bu lk  d e n s i t y ,  a 35 percent: l o s s  i n  p e r m e a b i l i t y  

and a LO p e r c e n t  d e c r e a s e  i n  macro po re  space .  S i m i l a r  r e s u l t s  have  been 

documented on f o r e s t  s o i l s  th roughout  t h e  United. States ( L u l l ,  1959;  

i'latlche.l.1 e t  a l . ,  1970; F r o e l i c h ,  1979 ,  1980; Lenhard, 1979 ;  Bruer ,  1980; 

; l i d  I.)ickerson, 1.97ii) . 
Severa l  s t u d i e s  have documented changes i n  soil..  p h y s i c a l  p r t : )per t i es  

on volcanic a s h  i n f l u e n c e d  s o i l s  f o l l owing  t imber  h a r v e s t  o p e r a t i o n s  

(Dyrness ,  1965; F r o e l i c h ,  1979, 1980; S i d l e  and D r l i c a ,  1981;  Kuennen et 

aL., 1979; Cullen and Montagne, 1981; and Breuer ,  1981-82l)  . These s t u d i e s  

showed t h a t  b u l k  d e n s i t y  seldom exceeded 0.90 gcrn-3 fo l l owing  compaction. 

A l.rll~)u}:ll t l 1 . i ~  v a l  uc olF b u l k  ~ l c n s i . t y  woulc l  not Ii;lrny>c.r roof. pt:nc?tr;it. :iol'i 

d i r e c t l y ,  it lias beer1 sugges ted  t h a t  t h e  subsequent  40 percent:  r e d u c t i o n  

i n  macro po re  space and 30 p e r c e n t  r e d u c t i o n  i n  p e r m e a b i l i t y  would i n f l u -  

1 Rreuer, D .  W .  1982. P e r s o n a l  Communication. S o i l '  S c i e n t i s t ,  P o t l a t c h  
Corpo ra t i on ,  Lewiston,  I D .  
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ence seedling growth and s u r v i v a l .  F r o e l i c h  (1979) r epo r t ed  a 10 percent  

reduct ion  i n  t r e e  growth w i t h  a 15 percent  i n c r e a s e  i n  bulk  d e n s i t y  on a  

vo lcan ic  a sh  inf luenced  s o i l  i n  wes tern  Oregon. Breuer (1981) r epo r t ed  

t h a t  t h e  vo lcan ic  ash  ho r i zon  w a s  more f avo rab le  t o  t r e e  growth than  many 

of t h e  underlying s u b s o i l s .  H e  noted a 1 2  percent decrease  i n  the he igh t  

growth of Pseudotsuga - menz ie s i i  (Douglas f i r )  s eed l ings  p lan ted  where rhe  

volcanic ash hor izon  was less than 1 5  cm (6  i n ) .  

Addi t iona l  s t u d i e s  have r epor t ed  t h e  b i o l o g i c a l  s i g n i f i c a n c e  of s o i l  

l o s s  on seed l ing  growth a s  a r e s u l t  of mechanical s i te  p repa ra t ion .  Most 

of t h e  n u t r i e n t  c a p i t o l  of f o r e s t  s o i l s  i s  conta ined  i n  t h e  l i v i n g  and dead 

organic m a t e r i a l s  of the f i r s t  f e w  c m  of the s u r f a c e  hor izon .  A s  e a r l y  as 

1944,  Lebaron found t h a t  a l though s c a r i f i c a t i o n  enhanced t h e  germinat ion of 

Picca banksiana ( j a c k  p ine)  and P icea  raariana (b lack  sp ruce ) ,  it caused t h e  -- - -- 
seedl ings  t o  grow poor ly  and show s i g n s  of n u t r i e n t  d e f i c i e n c i e s .  Adams 

(1978) r epo r t ed  t h a r  i n e f f i c i e n t  windrowing caused the  removal of 7.5 cm 

(3 rnin) o f  t o p s o i l ,  r e d i s t r i b u t i n g  2360 kgha-' (536 lb sac - l )  of s o i l  n i t r o -  

gen. This  w a s  a 25 pe rcen t  dec rease  i n  t o t a l  s o i l  n i t r o g e n  and a 15 per- 

cent r educ t ion  i n  t h e  t o t a l  p o t e n t i a l  s o i l  volume a v a i l a b l e  f o r  tree root -  

i n g ,  Brendemuehl  (1969) found t h a t  t h e  removal of 2.5 c m  (1.0 i n )  o r  

more, reduced the weight y i e l d s  of Pinus eliotii ( s l a s h  p ine)  by c o r r e l a t -  

i ng  with the  reduced n i t r o g e n  and o rgan ic  ma t t e r  con ten t  of the s o i l .  

Moehring (1970) noted t h a t  s o i l  displacement  u s u a l l y  r ep re sen ted  a perma- 

nent  r educ t ion  i n  s i t e  p r o d u c t i v i t y  because s i t e  recovery i s  l i m i t e d  by 

f a c t o r s  of s o i l  formation.  

Other s i gn i f i c an t  impacts on s e e d l i n g  growth and site p r o d u c t i v i t y  a r e  

related t o  the micro f lo ra  of the f o r e s t  s i t e s .  Harvey (1980) r epo r t ed  t h a t  

rhe symb io t i c  f u n g i  forming mychorrhizae a r e  a s s o c i a t e d  with downed woody 
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materials. This woody material may then b e  removed or brought t o  the 

surface during slash disposal operations. The imbeded materials provide 

oprimum moisture and nutr ient :  reservoirs and when brought to the  surface 

desiccation occurs and microbial activity declines. 

Guild (1.971) evaluated the p r a c t i c e s  of  windrowing slash on forest 

soils i n  New Zealand. He found that windrowing reduced the potential 

pLantable area and creared an ideal habitat for rabbits, increasing the 

damage to young crops. In  addition, the l a r g e  expanse of open country 

would inf luence  t h e  wind-firmness of subsequent timber crops, increasing 

the risk of stand collapse, 



9 

METHODS AND PROCEDURES 

S i t e  S e l e c t i o n  

F ( ~ l l r  s t u d y  areas were located on the  Clearwater  Nntiona.1. ForeLc;t: i l l  

nor thern  Idaho (F igure  3 ) .  S i t e  s e l e c t i o n  was l i m i t e d  t o :  1) s o i l s  noted 

f o r  h igh  timber product ion,  1.83 m3/halyr (160 ft3/ac/yr), 2)  s o i l s  having 

a surface hor izon  of weathered vo lcan ic  a sh  (Fosberg e t  a l . ,  1982) and 3) 

s o i l s  known t o  have r e f o r e s t a t i o n  problems fol lowing mechanical s i t e  prepar-  

a t i o n .  A complete s o i l  p r o f i l e  d e s c r i p t i o n ,  taxonomic c l a s s i f i c a t i o n ,  

phys:ic.al a n a l y s i s ,  and s i t e  d e s c r i p t i o n s  a r e  presented  i n  Appendix I. 

Two mechanical s i t e  p r e p a r a t i o n  p r a c t i c e s  were addressed i n  t h i s  

s tudy;  s lash d i s p o s a l  and b rush  d i s p o s a l .  The s l a s h  d i s p o s a l  s tudy  a r e a s ,  

Rovill, Nan Creek, and Bess Creek, are l o c a t e d  on the  Palouse and P i e r c e  

ranger d i s t r i c t s .  These s i t e s  a r e  Thuja p l i c a t a / P a c h i s t i m a  myrs in i t e s  

(western red  c e d a r l p a c h k s t h a )  h a b i t a t  types (Daubenmire, 1968) and had 

been harves ted  i n  1979 by p a r t i a l  c u t t i n g  methods using crawler  t r a c t o r s .  

The B o v i l l  s i t e  an t h e  Palouse d i s t r i c t  p r i o r  t o  harvest was a dense,  

mixed, uneven-aged s t and  composed of Abies grandis (g rand  f i r ) ,  Pseudo- 

t suga  menz ie s i i  (Douglas f i r ) ,  Thuja p l ica ta  (western r ed  c e d a r ) ,  and 

La r ix  o c c i d e n t a l i s  (western l a r c h ) .  Average b o l e  d iameters  ranged 13  t o  -- 

38 cm (5 t o  15 in). I n  1979  a sa lvage- re lease  cu t  was app l i ed  t o  e l i m i n a t e  

i n f e r i o r  trees and improve s rand  cond i t i ons .  This  s i t e  occurs  on gently 

t o  moderately r o l l i n g  upland h i l l s  a t  an e l e v a t i o n  of 921 m (2800 Et). The 

s u b s o i l  under ly ing  t h e  volcarlic a sh  ho r i zon  has developed from alJ.uvium 

h igh ly  i.nfluenced by Palouse l o e s s ,  Columbia River  b a s a l t s  and s i l t i t e  

(Dechert,  1981).  Slopes range 0 t o  1 5  percent .  



F i g u r e  3 .  1,ocation o f  study si tes ,  Clearwater National Fo res t .  0 B o v i l l ,  
N a n  Creek, * k ~ e s s  Creek, 7k canyon Meadows. 



The Nan Creek site on t h e  P i e r c e  d i s t r i c t  was shelterwood cu t  i n  

1979. This s i t e  was a mixed, even-aged s t and  of Abies g rand i s  and Thuja 

p l i c a t a w i t h  l i m i t e d  r egene ra t ion  i n  t h e  unders tory .  Average b o l e  diame- 

t e r s  ranged 50 t o  7 6  cm (20-30 i n )  and ages 90 t o  110 yea r s .  This s i t e  

occurs  on moderate r o l l i n g  upland h i l l s  a t  an  e l e v a t i o n  of 1121 m (3400 

f t ) .  The s u b s o i l  under ly ing  t h e  vo lcan ic  ash hor izon  has developed from 

al luvium of unknown o r i g i n .  Slopes range 10 t o  20 pe rcen t ,  

The Bess Creek s i t e  on t h e  P i e r c e  d i s t r i c t  was a n  o ld  growth s tand  of 

Thu* p l i c a t a  w i t h  no reproduct ion  i n  t h e  unders tory .  This s i t e  w a s  -- 

she.lterwood c u t  i n  1 9 7 9 ,  The s i t e  occurs  on a s t e e p  mountain s l o p e  a t  an 

e l e v a t i o n  of 1303 m (3900 ft). The s u b s o i l  under ly ing  t h e  vo lcan ic  ash had 

devel.oped i n  g r a n i t i c  pa ren t  m a t e r i a l s  o f  t h e  Idaho B a t h o l i t h  formation.  

Slopes range 20 t o  40 pe rcen t ,  

Canyon Meadows, Lochsa d i s t r i c t ,  w a s  s e l e c t e d  a s  t h e  brush d i s p o s a l  

s tudy  a r e a ,  It had been noted t h a t  s e v e r e  r e f o r e s t a t i o n  problems were 

7 
a s s o c i a t e d  with t h e  g r a n i t i c  de r ived  s o i l s  found i n  this area.- This s i te  

was c l e a r c u t  i n  1966 and p r e s c r i p t i o n  burned i n  1967 .  The h a b i t a t  type  is  

Abies grandis lPachis t ima m y r s i n i t e s  (Daubenmire, 1968).  A s  a r e s u l t  o f  

the  p r e s c r i p t i o n  burn i n  1967 a  dense canopy of Ceanothus v e l u t i n u s  (shiny 

leaf ceanothus)  had s i n c e  developed and dominated the  si te.  P r i o r  t o  the  

brush  d i s p o s a l  a c t i v i t y  the  brush canopy a t t a i n e d  a h e i g h t  of  2 m ( 6  f t )  

and covered 80 percent  of this s i t e .  Two a t t empt s  were made t o  r egene ra t e  

t h i s  s i t e ,  t h e  first i n  1967 and the  second i n  1973. Both p l a n t i n g s  f a i l e d  

due i n  p a r t  t o  heavy brush  competi t ion.  This  s i t e  occurs  on moderately 

1 

+'Wi.l.son, ID. 1.981, lJersorial conununication. S o i l  Scicnrtst , USDA Forest 
Serv ice ,  Clearwater  Nat ional  F o r e s t .  
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r o l l i n g  upland h i l l s  a t  an e l e v a t i o n  of 1394 m (4250 it). The s u b s o i l  

u n d e r l y i n g  t h e  v o l c a n i c  a s h  had developed f rom g r a n i t i c  p a r e n t  m a t e r i a l  of 

t he  Idaho B a t h o l i t h  formation.  Slopes range 10 t o  30 p e r c e n t .  

Tables 1 and 2 provide  a b r ie f  summary of t h e  phys iographic  c o n d i t i o n s  

and t r e a t m e n t  h i s t o r y  of each s i te .  

Experimental Design 

S l a sh  Disposa l  

Sampling des ign  

Three s u b s i t e s ,  1 ha ( 2 . 5  ac )  i n  s i z e ,  were l o c a t e d  w i t h i n  each s lash  

d i s p o s a l  s t u d y  a r e a  a f t e r  t h e  h a r v e s t  o p e r a t i o n  b u t  p r i o r  t o  the slash d i s -  

posa l  t r ea tmen t .  F i f t y - f i v e  11120 ha (11300 ac) p l o t s  w e r e  e s t a b l i s h e d  

w i t h i n  each s u b s i t e  a t  8 m (25 ft) i n t e r v a l s  along f i v e  predetermined tran- 

Table 1. D e s c r i p t i o n  of study sites. 

Canyon 
5 i t e  n o v i l l  Nan Creek Bess Creek Meadows 

D i s t r i c t  

Habitat  
Type 

Land Form 

Elemation. rn 

Thickness of 
Volcanic Ash 
Horizon, cm 

Underlying 
Parent Ha te r i a l  

UlilIA 'Ccxcucal 
Class (Surface) 

P alotlse P i e rce  P i e rce  Lochsa 

T.  p l i c a t a  - - T. p l i c a t a  T .  p l i c a t a  - A .  prandis - 
P. myrsin i tes  P. myrsin i tes  E. myrsin i tes  g. myrsin i tes  - 
t o l l i n g  h i l l s  r o l l i n g  h i l l s  mount. slope r o l l i n g  h i l l s  

east south nor th  north/sourh 

loess alluvium g r a n i t e  g ran i t e  

silt loam s i l t  loam loam sandy loam 

C l a s s i f i c a t i o n  Xndeptic Andeptic Typic Typic 
Fragiboralf  Glossoboralf Vitrandepk Vitrandept 



Table 2.  Summary of t rea tment  h i s t o r y .  

Canyon 
Site Bovill Nan Creek Bess Creek Meadows 

-- - - 
IL~rveut Method Selection she1 terdood Shelterwood Clearru t  

( 1 0 7 9 )  ( 1 9 7 9 )  ( 1 9 7 9 )  ( 1 9 h b )  

Machine Type Crawler Tractor  Crawler Tractor Crawler Tractor  Crawler Tractor  

Yriar S i t e  
Prepara t ion  none none 

Prescr ibed burn 
(1967) 

Recent Slash d i sposa l  Slash d i sposa l  Slash disposal  Brush d isposal  
Treatment (1980) (1980) (1980) (1981) 

Machine 'Type Cat. D-4 JD 450-B Cat. D-4 Cat. D-6 
Cat. D-4 

Xoisture Content 
During Treatment 54% 40% 40% unknown 

Fuel l o a d  s t r a t a  

Each p l o t  was s t r a t i f i e d  i n t o  one of three f u e l  load  classes; low, 

moderate ,  or high.  The fuel load r e p r e s e n t s  the amount o f  logging  d e b r i s  

d i s t r i b u t e d  over the sample plot dur ing  the  timber h a r v e s t  ope ra t ion ,  and 

w a s  determined by measuring t h e  volume of each p i e c e  of downed woody ma- 

terial i n  t h e  p l o t  (Brown, 1974, 1 9 8 0 ~ ;  Anderson, 1978) .  The volume of  

s l a s h  l e s s  than  8 cm (3 in) i n  diameter was determined by two 2 m ( 6  E t )  

line transects within the sample plot. The f u e l  load c l a s s  was t h e  t o t a l  

Table 3. Fuel load classes. 

Low 
Moderate 
High 

%rown, J. K. 1980. Personal  Communication. U. S .D .A. Forest Service, 
Clearwater  Nat iona l  Forest, Orofino, I D .  
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volume of s l a s h  i n  t h e  11120 (11300 ac) p l o t .  Fuel  load  c l a s s e s  used i n  

t h i s  s tudy  a r e  presented  i n  T a b l e  3 .  Appendix 3 p r e s e n t s  a  sample c.alcu- 

l a t i o n  f o r  determining t h e  f u e l  load  c l a s s .  

S o i l  P h y s i c a l  P r o p e r t i e s  Measured 

T h i r t y  p l o t s  from each f u e l  load c l a s s  were chosen a t  random and s o i l  

phys i ca l  p r o p e r t i e s  eva lua t ed .  In a d d i t i o n ,  p l o t s  which showed no s i g n  of 

the  h a r v e s t  a c t i v i t y  were s e l e c t e d  t o  represent t h e  n a t u r a l  soil s t a t e  and 

were ca t egor i zed  a s  undis turbed .  S o i l  bu lk  d e n s i t y  w a s  chosen as t h e  major 

c r i t e r i o n  for eva lua t ing  s o i l  d i s tu rbances  because i t  i s  a good i n d i c a t o r  

of the  e x t e n t  of a l t e r a t i o n s  o f  t h e  s o i l  environment. Addi t iona l  s o i l  pro- 

perties measured were s o i l  pore space,  s o i l  water  r e t e n t i o n ,  a v a i l a b l e  s o i l  

w a t e r ,  and t h i c k n e s s  of t h e  weathered vo lcan ic  ash hor izon .  

Bulk d e n s i t y  

F ive  bu lk  d e n s i t y  c o r e  samples were c o l l e c t e d  from each p l o t ,  one from 

the  s u r f a c e ,  then a t  9 cm (3.5 i n )  i n t e r v a l s  t o  a depth  of 38 cm (15 i n ) .  

11 c y l i n d r i c a l  m e t a l  sampler w a s  d r i v e n  i n t o  t h e  s o i l  t o  t h e  d e s i r e d  depth 

and a 70.7 cc i n t a c t  s o i l  core e x ~ r a c t e d .  The samples were d r i e d  a t  105°C 

(221°F) and weighed. The bulk densi ty  w a s  c a l c u l a t e d  as the oven d r i e d  

s o i l  mass divided by t h e  volume o f  the core (Blake, 1965) .  

VO I C . ~ I I I  i ( +  . I : ; I I  111 i ~ ~ l c ~ i t ~ ! ; : ~  

'I'lie tllickness of. t h e  v o l c a ~ l i c  as11 horizot l  was recorded b e f o r e  and 

a f t e r  t h e  s i t e  p repa ra t ion  a c t i v i t y  so t h a t  bu lk  d e n s i t y  samples c o l l e c t e d  

fo l lowing  t h e  o p e r a t i o n  could b e  taken  a t  given depths  measured from the  

same r e fe rence  p o i n t  i n  t h e  s o i l  p r o f i l e .  This procedure allowed f o r  

b e t t e r  e v a l u a t i o n  of density changes and gave some i n s i g h t  as t o  t h e  

amount and degree  of  s o i l  d i sp lacement ,  
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S o i l  p o r o s i t y  

T o t a l  pore space  w a s  determined from t h e  r e l a t i o n s h i p  between s o i l  

d e n s i t y  and p a r t i c l e  d e n s i t y  (Vomocil, 1965) .  Total pore space i s  def ined  

as t h e  p e r c e n t a g e  of t h e  bulk volume n o t  occupied by s o l i d s  and was calcu--  

l n t e d  from t h e  fol lowing equat ion:  

Where: Tp = t o t a l  pore  space 

Bd = bulk  d e n s i t y  

Pd = p a r t i c l e  d e n s i t y  

Macroporosity was determined from t h e  amount of t h e  water - f ree  p o r e  

space ar  the 60 cm t ens ion  obta ined  f rom mois ture  r e l e a s e  curves (Vomocil, 

1965).  

Moisture c h a r a c t e r i s t i c s  
.- 

Moist'ure r e t e n t i o n  of t r i p l i c a t e  samples of ground s ieved  s o i l  from 

the vo lcan ic  ash horizon of each s i te  was determined a t  1/60, 1 /10 ,  113,  

1, 5 ,  and 15 b a r  t ens ions  and a t  113 and 15 bar  t ens ions  f o r  each s u b s o i l  

hor izon  (U.S. 3alArlir.y Laboratory S t a f f ,  1 9 5 4 ) .  Samples were placed i n  
'A 

rubber  r e t a i n e r  r i n g s ,  s a t u r a t e d  for 24 hours  and p laced  on a ceramic 

p l a t e .  The ceramic p l a t e  was placed i n  a p r e s s u r e  appa ra tus  and pressur -  

ized us ing  N2 gas t o  t h e  equ iva l en t  of t h e  d e s i r e d  t ens ion .  The p r e s s u r e  

was maintained u n t i l  hyd rau l i c  equ i l i b r ium was reached,  then  weighed, oven 

d r i e d  at 105°C (221°F)  and weighed again .  Percent  mois ture  by volume was 

c a l c u l a t e d  by mul t ip ly ing  the percent  mois ture  by weight  by t h e  average 

bulk d e n s i t y  determined from t h e  s t a t i s t i c a l  model of each s tudy  a r e a ,  

The amount of a v a i l a b l e  s o i l  water  was es t imated  f o r  t h e  vo lcan ic  a sh  

and s u b s o i l  hor izons .  Available water  was descr ibed  as the  d i f f e r e n c e  i n  
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mois ture  con ten t  between t h e  1-13 and 15 b a r  t ens ions  and was reported a s  a 

depth  v a l u e  by mul t ip ly ing  each mois ture  volume by t h e  th i ckness  of each 

hor izon .  

Area l  Extent  of A c t i v i t y  

The a r e a l  e x t e n t  of the slash d i s p o s a l  a c t i v i t y  w a s  determined as t h e  

r a t i o  of t h e  number of sample p l o t s  which had been t r e a t e d  compared t o  t h e  

t o t a l  number of p l o t s .  The o v e r a l l  a r e a  t r e a t e d  and t h a t  by f u e l  load  

class w e r e  c a l c u l a t e d  from t h e  fo l lowing  equat ions :  

O v e r a l l  area: number of p l o t s  t r e a t e d  
total number of p l o t s  

x 100 

By Fuel  Load Class: p l o t s  t r e a t e d  i n  Fuel  Class 
t o t a l  number of p l o t s  x 100 

Slash  Disposa l  A c t i v i t y  

Access roads  and l and ings  were not sampled because these f e a r u r e s  of 

t h e  h a r v e s t  a c t i v i t y  were purposely d i s t u r b e d  and compacted dur ing  t h e  

t imber  h a r v e s t  ope ra t ions .  

Fol lowing,sampling of t h e  pos t -harves t  and undis turbed  soil condi- 

t i o n s ,  t h e  slash a t  each s i te  w a s  p i l e d  by c rawle r  t r a c t o r s  r a t e d  i n  t h e  

3 .  2 Irrcttr i c .  t:r,n ( 0 . 0  I on) c.las:i c x c r t i r l g  a rr;lc*k prr.:i:;tlrt: 01' . 'i l k;:(.rn-' 

( 7 . 2  ~ b s i n - ~ )  . I n d i v i d u a l  p i l e s  were cons t ruc t ed  i n  a random manner a t  t h e  

d i s c r e t i o n  o f  t h e  o p e r a t o r s .  

Brush Disposal 

Sampling des ign  

In  1980, a C a t e r p i l l a r  D-6 (18 m e t r i c  tons)  r a t e d  with a  ground pres- 

s u r e  of 0.63 kgcrn-2 (88  l b ~ i n - ~ )  and equipped wi th  a  4 m (12  f t )  b rush  rake, 



uprooted v e g e t a t i o n  i n  s t r i p s  on a  75 ha (150 ac )  c l e a r c u t  ha rves t  u n i t .  

From t h i s  u n i t  fou r  r i d g e  complexes were s e l e c t e d  a t  random and served a s  

r e p l i c a t e  s u b s i t e s .  P r i o r  t o  sampling, t h e  wid th ,  l eng th ,  and s l o p e  o f  

each c l e a r e d  s t r i p  was measured and recorded.  Each c l e a r e d  s t r i p  was 

s t r a t i f i e d  i n t o  two c l a s s e s :  S l o p e  p o s i t i o n ;  r i d g e  ( R ) ,  upper 1 / 3  (U), 

middle 113 ( M ) ,  and lower 1 / 3  (L) and Disturbance -9 Class '  Track rut - pa th  

of rractor t r e a d ,  I n t e r - t r a c k  - a r e a  between t r a c k  r u t s ,  and Post-harves~ - 
a r e a  where brush  remained. Pa i r ed  c l a s s e s ,  i , e .  s l o p e  pos i t ion-d is turbance  

class, r ep re sen ted  a p l o t  where d a t a  w a s  c o l l e c t e d .  A t o t a l  of 130 p l o t s  

were e s t a b l i s h e d  and sampled. Appendix 4 p r e s e n t s  t h e  sampling des ign  and 

p l o t  l o c a t i o n s .  

S o i l  physical properties measured 

Bulk d e n s i t y ,  t h i ckness  of  t h e  vo lcan ic  ash hor izon ,  s o i l  p o r o s i t y ,  

and mois ture  r e t en t i on  p r o p e r t i e s  were analyzed by t h e  methods previous ly  

d iscussed .  Three bulk  d e n s i t y  samples were c o l l e c t e d  wi th  an impact core 

sainpler, one from the  s u r f a c e ,  then a t  9 c m  (3.5 i n )  i n t e r v a l s  t o  a depth 

of 23 cm (9 i n ) .  Moisture r e t e n t i o n  w a s  determined from i n t a c t  70 .7  cc 

s o i l  c o r e s  a t  1 /60 ,  1 /10 ,  1 / 3 ,  1, 5,  and 15 bar t ens ions .  Ten s o i l  co re s  

from b u l k  d e n s i t y  c l a s s e s  of  0.60-0.70, 0.71-0.80, and 0.81-0.90 gcrn-3 of 

t h e  vo lcan ic  ash  hor izon  and t e n  from t h e  s u b s o i l  hor izons  a t  s o i l  densi- 

t ies  of  1.15 and 1.35 gcm-3 were c o l l e c t e d  with an impact c o r e  sampler.  

Samples were saturated f o r  72  hours ,  p laced  on a ceramic p l a t e  and analyzed 

by the  methods prev ious ly  d iscussed .  T r i p l i c a t e  samples of ground s ieved  

s o i l  f rom a l l  hor izons  were analyzed and used f o r  comparisons w i t h  undis- 

turbed s o i l  cores. 



S t a t i s t i c a l  Analysis  

The d a t a  co l l ec t edwereana lyzed  by t h e  S t a t i s t i c a l  Analysis  Sys tems 

package (Ilelwig et: a l , ,  1 9 7 6 ) .  S t a t i s t i c a l  a n a l y s i s  of t h e  slash d i s p o s a l  

a c - t i v i t y  w a s  an Analysis  of Variance f o r  a s p l i t  p l o t  des ign  (Snedecor a n d  

Cochran, 1973;  Tarng, 1 9 8 1 9 .  Response w a s  blocked on the  f a c t o r  of time 

of  data c o l l e c t i o n .  

Analysis  of the brush d i s p o s a l  a c t i v i t y  was an Analysis of Variance 

4 
f o r  a complete  randomized block (Snedecor and Cochran, 1973; Tarng , 1 9 8 1 ) .  

Type I V  sums of squares  and s i g n i f i c a n c e  l e v e l s  a t  a = .05 and a = .LO 

were used t o  eva lua te  t h e  main e f fec ts  and var iab le  i n t e r a c t i o n s .  

4 ~ a r n g ,  S. 1981. Personal  Communication. S t a t i s t i c a l  Analyst ,  Universi ty 
of Idaho, Moscow, ID. 
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RESULTS AND DISCUSSION 

Slash Disposal  

Areal  extent - of a c t i v i t y  

Although t h e  s l a s h  d i s p o s a l  o p e r a t i o n  of each s i te  was conducted by 

d i f f e r e n t  o p e r a t o r s ,  t h e  magnitude of  the a r e a  a f f e c t e d  was q u i t e  similar 

(Table 4 )  . An ab jective of t h i s  s tudy  was t o  e v a l u a t e  the r e l a t i o n s h i p  

between f u e l  load concen t r a t ions  and i n t e n s i t y  of  t h e  s l a s h  d i s p o s a l  a c t i v -  

i t y .  T h e  hypo thes i s  that h ighe r  f u e l  load concentrations would be s u b j e c t  

t o  m o r e  i n t e n s i v e  t rea tment  compared t o  lower f u e l  concen t r a t ions  w a s  no t  

ve r i f i ed .  Each f u e l  load c l a s s  had a  s i m i l a r  p ropor t ion  of p l o t s  t r e a t e d  

w i t h i n  each s i te .  

S o i l  displacement  

The average amount of s o i l  d i sp l aced  was almost  i d e n t i c a l  among a l l  

s i t e s .  S o i l  displacement  w a s  determined a s  t h e  d i f f e r e n c e  between th ick-  

n e s s  measurements o f  t h e  vo lcan ic  a sh  hor izon  recorded p r i o r  t o  and fo l low-  

Table 4.  Summary of area t r e a t e d  and soil displacement .  

S i t e  Bess Creek B o v i l l  Nan Creek 

Percent  of s i t e  
t r e a t e d  

Percent  a r e a  by I- < 23 1 2  
Fuel  c lass  M- 24-114 1 3  

(mT/ha) H- >I15 14 

S o i l  d i sp l aced  
(cm> 

"Confidence l i m i t s  g iven a t  a = .10 l e v e l .  



Figure 4. R e d i s t r i b u t i o n  of s o i l  due t o  v e r t i c a l  placement of t h e  dozer  
b l ade .  

F igure  5. S o i l  d i s p l a c e d  due t o  p i v o t  t u r n .  
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ing  t h e  s l a s h  d i s p o s a l  a c t i v i r y .  The average th ickness  of t h e  volcanic  ash  

hor izon  was 36 i. 2 cm (14 + - 8  i n )  fol lowing timber ha rves t  and an  average 

of 41  + 1.3 cm (16 k .5 i n )  i n  the undisturbed a r e a s  among all s i t e s .  

Fo l lowing  slash d i s p o s a l  30 pe rcen t  of t h e  sample p l o t s  had a vo lcan ic  ash 

th ickness  less than 27 c m  (11  in). S o i l  was removed a s  w e l l  as depos i ted  

a t  t hese  sample po in t s .  A high  degree of v a r i a b i l i t y  was found among post- 

s l a s h  t rea tment  measuremenrs. V a r i a b i l i t y  was a t t r i b u t e d  t o  h o r i z o n t a l  

s l i ppage  of v e h i c l e  t r a c k s ,  p i v o t  t u r n s ,  and v e r t i c a l  placement of the  

dozer  b l ade  i n t o  t h e  s u r f a c e  horizon.  The r e d i s t r i b u t i o n  of s o i l ,  a s  

depic ted  i n  Figures 4 and 5 ,  was dependent upon t h e  magnitude of  t hese  fac- 

t o r s .  The d i s t a n c e s  t h a t  s o i l  w a s  moved dur ing  s i t e  p repa ra t ion  were no t  

measured i n  t h i s  s tudy.  S ince  s o i l  was no t  removed from the  s i t e ,  d i sp lace-  

ment would be important  a t  t h e  m i c r o s i t e  l e v e l .  The importance of  s o i l  

displacement a t  t h e  m i c r o s i t e  l e v e l  can be  r e l a t e d  t o  t h e  impact on o t h e r  

s o i l  resources  which would b e  a s soc ia t ed  wi th  seed l ing  growth. Spec i f i c -  

a l l y ,  t hese  a r e  n u t r i e n t  a v a i l a b i l i t y  (Adams, 1978),  mois ture  r e t e n t i o n  and 

a v a i l a b i l i t y  (Ziemer, 1 9 7 8 ) ,  and a reduct ion  i n  the t o t a l  p o t e n t i a l  s o i l  

volume a v a i l a b l e  f o r  tree roo t ing  (Guild, 1971). 

Bulk d e n s i t y  

Changes i n  bulk  d e n s i t y  r e s u l t i n g  from t h e  s l a s h  d i s p o s a l  ope ra t ions  

were eva lua ted  as a func t ion  of t h e  time t h e  samples were c o l l e c t e d  (before  

o r  a f ter  t h e  t r ea tmen t s ) ,  depth a t  which t h e  samples were obta ined ,  f u e l  

load c l a s s ,  and th ickness  of t h e  vo lcan ic  ash  horizon.  

Undisturbed, pos t -harves t ,  and pos t -s lash  d i s p o s a l  bulk  d e n s i t y  pro- 

f i l e s  of  each s i te  a r e  presented  i n  F igures  6 through 8 ,  Bulk d e n s i t y  

va lues  repor ted  a t  t h e  27 cm (11 in) and 38 cm (15 i n )  depths a r e  the 



Bu l k Dens i ty (c~crn-3 

lfl I 

Figure  6. Bulk dens i ty  profiles f o r  the Bovi l l  s l a s h  d i s p o s a l  s i t e .  Points 
w i t h  t h e  same letter are not significantly different at the a = 
.05 l e v e l .  

combined average of the volcanic ash and subsoil hor izons  overlapping a t  

these p o i n t s .  

A s  r~ r e s u l t  of t h e  t i m b e r  harvest opera t ions ,  bulk density increased 

10 percent  i n  the upper  18 cm (7 in) of the soil p r o f i l e s  at bo th  the  

Bov i l l  and Nan Creek sites. No s i g n i f i c a n t  change i n  bu lk  dknsity below 18 
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D - - Undimturb.d 
\. 
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Pamt-a 1 omh diepomol 

r 1 .  l l i l l  I t  c i c k n : ;  i t  y 1)rof i l t . : i  ror' 1111> l\r.:i:$ (:r('chli -; I , t 6 i I 1  1 1  i<; l )o: i . l l  < i  i t 1 . .  

l'o.Lnrs w i ~ t l  t t ie same l e t t e r  arc not s i g n i l i c a n t l y  diiierent a t  
a = .05 l eve l .  

c m  w a s  ev ident .  The Bess Creek s i t e  exh ib i t ed  no s i g n i f i c a n t  change i n  

bulk dens i ty  as a result of timber harvest. Addi t iona l  s o i l  d i s tu rbances  

r e s u l t i n g  from the slash d i s p o s a l  t r ea tmen t s  were found t o  compound exist- 

i n g  l e v e l s  of compaction. The average i n c r e a s e  i n  bulk  d e n s i t y  among a l l  



Figure  8. Bulk density profiles for t h e  Nan Creek slash d i s p o s a l  s i t e  
P o i n t s  with the same letter are not s ign i f i c an t l y  different 
t h e  a = .05 level. 

38 cm (15 i n ) .  

The Bovill and Bess Creek sites exhibited the g r e a t e s t  increases i n  

bu lk  d e n s i t y  as a r e s u l t  of the s l a s h  d i s p o s a l  activity. Wet s o i l  condi- 

tions ac Bovill and d e s t r u c t i o n  of t h e  s t r o n g  granular s t r u c t u r e  a t  Bess 

Creek are the probable causes. Slash  disposal at t he  Bovill s i t e  occurred 



i n  mid-September dur ing  a per iod  of h igh  r a i n f a l l .  S o i l  mois ture  a t  that 

rime was 54 pe rcen t  by volume, comparable t o  t h e  1 /10  bar t e n s i o n  (F igure  

1 2 ) .  Bulk d e n s i t y  a t  t h e  s u r f a c e  inc reased  44 pe rcen t  a s  compared t o  t h a t  

of t h e  undis turbed  s t a t e  and averaged 1 4  percent  t o  t h e  38 cm depth.  

A t  t h e  Bess Creek s i t e  p a r t i c l e  aggrega t ion  was b e t t e r  developed than  

a t  e i t h e r  B o v i l l  o r  Nan Creek. It w a s  hypothesized t h a t  as  t h e  dozer 

b l a d e  moved through and mixed t h e  vo lcan ic  ash  hor izon ,  s o i l  aggrega t ion  

was des t royed  r e s u l t i n g  i n  t h e  d e n s i f i c a t i o n  of t h i s  hor izon .  I n  a d d i t i o n ,  

t h e  ground p r e s s u r e s  app l i ed  by t h e  c rawler  t r a c t o r s  compounded t h e  compac- 

t i o n  of t h e  vo lcan ic  ash. Bulk d e n s i t y  i nc reased  2 1  pe rcen t  i n  the s u r f a c e  

of t h e  vo lcan ic  ash  hor izon  and averaged 11 percen t  t o  a depth of 27 cm (11 

i n ) .  S i g n i f i c a n t  changes i n  bu lk  d e n s i t y  were no t  found a t  the 38 cm (15 

i n )  depth.  

Nan Creek d i sp l ayed  s i m i l a r  t r e n d s  a s  t h a t  of B o v i l l ,  with a progres- 

s i v e  increase i n  s o i l  compaction after each t r ea tmen t .  

The magnitude of s o i l  compaction was no t  i n f luenced  by t h e  f u e l  load  

concen t r a t ion  (F igure  9 ) .  Post-harvest  bu lk  d e n s i t i e s  among t h e  moderate 

and high f u e l  l oad  c l a s s e s  w e r e  s i g n i f i c a n t l y  (a = .05) different from t h e  

low f u e l  l oad  c l a s s  b u t  no t  d i f f e r e n t  from each o t h e r .  The low f u e l  load  

I .  I . i: ,:;  w.1:; ( ~ O I I U I I O ~ I I  y  l o ( . ; ~ ~ ( ~ l  0 1 1  [It- i11~1r -y  . I I U ~  : ; ~ ~ ~ . o ~ ~ ( l ~ l t - y  : ik i d  I r:i i I :, . ' 1 '11  i s  

would account  f o r  t h e  h igher  i n i t i a l  d e n s i t i e s  of t h i s  c l a s s  a t  each s i t e .  

Evalua t ion  of pos t - s lash  d i s p o s a l  bu lk  d e n s i t i e s  shows t h a t  a l l  f u e l  load  

c l a s s e s  responded s i m i l a r l y  as a  r e s u l t  of t h i s  a c t i v i t y .  Bulk d e n s i t y  

inrrenr:~c l  an avprnv,p o f  1 7  pprrent .  a h n v ~  the p n s t - l ~ n r v e s t  density f o r  a l l  

t u c l  c l a s s e s  among all s i t e s .  S ign i f i cance  l e v e l s  a r e  not  provided f o r  t h e  

Bov i l l  s i t e  because t h e  s t a t i s t i c a l  a n a l y s i s  showed t h i s  i n t e r a c t i o n  was 

not  s i g n i f i c a n t ,  However, i r  i s  apparent  t h a t  t h i s  s i t e  responded similarly. 



Q - - - -  Bovill 

&--- Nan Creek 

I 

Low Moderato High 

Fuel Load Class 

F i g u r e  9.  Influence of f u e l  concentra t ion  on b u l k  density. Darkened 
p o i n t s  represent post-slash treatments. Points with the same 
letter are not  s i g n i f i c a n t l y  d i f f e r en t  a t  a = .05 leve l .  LSD 
values are not  provided f o r  t h e  Bov i l l  site because t h i s  in ter-  
action was not statistically significant. 
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Figure 10. Inf luence  of rhe volcanic  ash  ho r i zon  thickness on the magni- 
tude of s o i l  d e n s i t y .  Po in t s  with t h e  same letter are not 
different at a = , O 5  l e v e l .  

An  at tempt w a s  made t o  c o r r e l a t e  t h e  changes i n  bulk dens i ty  with the 

rhickness of  t h e  volcanic  ash hor izon .  This c o r r e l a t i o n  w a s  on ly  found t o  

be s i g n i f i c a n t  a t  t h e  Bov i l l  s i t e  (F igu re  1 0 ) .  Values reported i n  each 

th ickness  class are the combined e f f e c t s  of t h e  harvest and s l a s h  d i s p o s a l  

treatments. When t h e  v o l c a n i c  ash  ho r i zon  was less than 27 cm (11 i n ) ,  



bulk d e n s i t y  i n  the s u r f a c e  18 cm ( 7  in) increased 30 percent  above the un- 

disturbed p r o f i l e .  B e l o w  18 c m  the  apparent  i n c r e a s e  i n  bu lk  d e n s i t y  was 

t h e  r e s u l t  of s o i l  displacement  where t h e  more dense subsoil hor izons  were 

closer t o  t h e  s u r f a c e ,  The Nan Creek s i t e  showed similar di f ferences  i n  

bulk dens i ty  below 18 c m  ( 7  i n )  (Figure 1 1 ) .  The Bess Creek s i t e  showed no 

Bulk Density (gcm-3>  

l i e  1 1  In f luence  of t h e  Volcanic a sh  ho r i zon  th i ckness  on t h e  magni- 
tutlt! o 1' so i 1 tlcns i r y ,  Ni l11  Creek :; i L c .  1 ' 0  j 11~:; w i ~ l l   lit! S,LIIIC 

l e t t e r  a re  no t  significantly d i f f e r e n t  a t  i t  = .05 l e v e l .  
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s i g n i f i c a n t  c o r r e l a t i o n  t o  vo lcan ic  ash t h i ckness .  

The gene ra l  form of t h e  dozer b lade  used i n  s l a s h  d i s p a s a l  a c t i v i t i e s  

and i t s  movement through t h e  s o i l  p r o f i l e  a r e  i l l u s t r a t e d  i n  F igure  11. 

A s  observed i n  t h e  f i e l d  numerous scour  pans were formed (Figure  1 2 ,  po in t  

A; F igure  12a). It w a s  f e l t  t h a t  t h e  scour  pan w a s  produced i n  t h e  same 

way a  plow pan i s  formed i n  a g r i c u l t u r a l  s o i l s .  Nichols  et al. (1958) 

showed t h a t  a s  a plow moves through t h e  s o i l ,  s o i l  i s  pushed ahead forming 

a wedge o r  cone. The cone is compressed u n t i l  t h e  r e s i s t a n c e  t o  compres- 

s i o n  exceeds t h e  shea r  value. A b lock  o f  s o i l  is then  sheared o f f .  The 

r e s u l t i n g  compacted a r e a  i n  t h e  plowsole is caused by downward p re s su res  

and i s  s i m i l a r  t o  t h a t  dep ic t ed  a t  p o i n t  A (F igure  1 2 ) .  Scourpan formation 

would account f o r  t h e  bulk  d e n s i t y  i n c r e a s e s  a t  t h e  27 cm (11 in) and 38 c m  

(15 i n )  depths  found i n  t h e  s o i l  p r o f i l e s  o f  t h e  Bov i l l  and Nan Creek s i t e s  

(F igures  6-8). The l e v e l  of format ion  w i t h i n  t h e  s o i l  p r o f i l e  would be  

dependent upon depth of b l ade  placement and th i ckness  of t h e  vo lcan ic  ash 

horizon.  The scourpan w a s  on ly  noted a r  t h e  Bov i l l  and Nan Creek s i t e s  

i n d i c a t i n g  formarion w a s  only  prominent i n  fine t ex tu red  s o i l s .  Continu- 

i n g ,  p o i n t  B r e p r e s e n t s  s o i l  mixing caused by t h e  ang le  and placement of 

the blade ;  Po in t  C shows t h e  po in t  of compressional f o r c e s .  

Moisture c h a r a c t e r i s t i c s  

Moisture r e l e a s e  c h a r a c t e r i s t i c s  of t h e  vo lcan ic  a sh  hor izon  were 

eva lua ted  f o r  each s l a s h  d i s p o s a l  s i t e  (F igure  1 3 ) .  Percent  mois ture  by 

volume was determined by mul t ip ly ing  t h e  average bulk  d e n s i t y  of t h e  

undisturbed a sh  hor izon  of each s i t e  by t h e  r e s p e c t i v e  mois ture  by weight 

va lue .  B o v i l l  and Bess Creek are s i m i l a r  i n  t h e i r  mois ture  r e t e n t i o n  

p r o p e r t i e s .  I n  c o n t r a s t ,  t h e  Bess Creek s i t e  showed a  reduced water  re ten-  



F i g u r e  12 .  Genera l  form of  t h e  d o z e r  b l a d e  and movement th rough  t h e  s o i l  
p r o f i l e .  

F igurc  123. F i e l d  observat ion  o f  s c o u r  pan.  



Water Con ten t  (Percent  by vo~urne) 

Figure  1 3 .  Moisture retention of  the  volcanic ash hor izon  f o r  the s lash 
d i s p o s a l  site. Bovi l l ,  Nan Creek, Bess Creek. 
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t i o n  c a p a c i t y  at low nega t ive  p o t e n t i a l s ,  c h a r a c t e r i z i n g  t h e  coa r se  n a t u r e  

(loam v s  s i l t  loam) of t h e  vo lcan ic  a s h  ho r i zon  a t  t h i s  s i t e .  The vo lcan ic  

a s h  ho r i zon  a t  bo th  B o v i l l  and Nan Creek r e t a i n e d  23 pe rcen t  more water  by 

volume a t  t h e  113 b a r  p o t e n t i a l  than  t h a t  of t h e  Bess Creek s i te .  Compac- 

t i o n  would decrease  t h e  number and s i z e  of pores ,  i n c r e a s i n g  t h e  r e t e n t i o n  

of water  a t  h i g h e r  p o t e n t i a l s ,  reducing a v a i l a b l e  s o i l  water  (F roe l i ch  e t  

a l .  , 1980). 

Es t imat ion  of a v a i l a b l e  s o i l  water  f o r  t h e  v o l c a n i c  ash  and s u b s o i l  

hor izons  showed t h a t  t h e  B o v i l l  and Nan Creek sites had 4 .7  times more 

ava i l ab le  water than  t h a t  of Bess Creek s i t e  (Table 5 ) .  The vo lcan ic  ash 

ho r i zon  of t h e  Bess Creek s i t e  r e t a i n s  65 percent  of the a v a i l a b l e  water  i n  

t h e  s o i l  p r o f i l e .  It is apparent  t h a t  s o i l  displacement  a t  the m i c r o s i t e  

l e v e l  would have a g r e a t e r  impact on t h e  amount of a v a i l a b l e  wa te r  a t  Bess 

Creek than  e i t h e r  B o v i l l  o r  Nan Creek. Reductions i n  a v a i l a b l e  s o i l  water  

r e s u l t i n g  from s o i l  displacement  a t  t h e  m i c r o s i t e  l e v e l  averaged 1 2  percent  

among a l l  s i t e s  (Table 6 ) .  Caution is adv i sed  when e x t r a p o l a t i n g  these  

va lues  of water  l o s s  t o  a c t u a l  f i e l d  cond i t i ons .  Ava i l ab l e  water  a t  a l l  

s i t e s  was based on l a b o r a t o r y  ana lyses  a t  a common r e f e r e n c e  mois ture  vol-  

ume a t  t h e  -113 bar p o t e n t i a l .  Therefore ,  water  l o s s e s  a r e  t h e o r e t i c a l  

assuming t h a t  s o i l  mois ture  l e v e l s  among c l a s s e s  were t h e  same. However, 

compaction and s o i l  displacement  c r e a t e  v a r i a t i o n s  i n  i n f i l t r a t i o n ,  evapo- 

r a t i o n  and mois ture  r e d i s t r i b u t i o n ,  which i n f l u e n c e  t h e  a v a i l a b i l i t y  of 

water  under f i e l d  cond i t i ons .  

S o i l  Poros i ty  

To ta l  pore  space  was determined from t h e  i n v e r s e  r e l a t i o n s h i p  wi th  

bulk  d e n s i t y ;  subsequent ly,  any change i n  bulk  d e n s i t y  r e s u l t s  i n  a  cor re-  



Table 5. Theoretical amount of available water presen t  i n  the s o i l  pro- 
files of the BovilL, Nan Creek and Bess Creek slash di sposa l  
sites based on l abora to ry  a n a l y s i s .  

Site Bovill Nan Creek Bess Creek 

Volcanic ash 
thickness (cm)  40.0  

Bulk density 
( g ~ r n - ~  > 

Cm water 7.9  

Bulk density 
t g ~ r n - ~  1 

Crn water 14.0 31.7 2.0 

Bulk density 
(gcma3> 

Cm water 16.9 ---- 0 .9  

Tota l  Profile 

Thickness 
t cm> 

Cm water 38.8 38.6 8.3 

*Average thickness within t h e  soil p r o f i l e .  



Table 6.  T h e o r e t i c a l  change i n  a v a i l a b l e  s o i l  water fo l lowing  t h e  ha rves t  
and s l a s h  d i s p o s a l  t rea tments .  

Dis turbance  Class Undisturbed Post-harvest  Slash Disposa l  

Percent Area 

B o v i l l  
Nan Creek 
Bess Creek 

Volcanic Ash 
Thickness (cm) 

Bovi l l  
Nan Creek 
Bess Creek 

Bulk Dens i t y  
(gcm-3) 

B o v i l l  
Nan Creek 
Bess Creek 

Cm Water 

Bo v i l l  
Nan Creek 
Uess Creek 

Percent  Loss  

B o v i l l  
Nan Creek 
Bess Creek 

sponding change i n  po re  space.  Reductions i n  pore space averaged 5 percent  

f o r  all s i t e s ,  w i t h  t he  h i g h e s t  r educ t ions  occu r r ing  a t  t h e  2 cm ( su r f ace )  

depth of the  B o v i l l  and Bess Creek s i t e s .  These were 11 and 8 percent  

r educ t ions  r e s p e c t i v e l y  (Appendix 5) .  Evalua t ion  of macro pore  space f o r  

t h e  volcanic ash hor i zon  w a s  ob ta ined  f r o m  the  d e s o r p t i o n  data  presented  i n  

Fi;;ure 13. Ibacro pore space accounted f o r  22 percent  of  the  t o t a l  pore 
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volume f o r  both t h e  Bov i l l  and Nan Creek sites and 18 pe rcen t  f o r  cha t  of 

Bess Creek. Reductions i n  macro pore  space  was n o t  determined f o r  t hese  

s i t e s  because ground s ieved  samples were used i n  t h e  de te rmina t ion  of 

mois ture  r e l e a s e  curves .  Kuennen e t  a l .  (1979) r epo r t ed  a 40 percent  re- 

duct ion  i n  macro pore  space wi th  a 20 percent  i n c r e a s e  i n  bulk d e n s i t y  on 

a vo lcan ic  a s h  s o i l  i n  wes tern  Montana. The i n i t i a l  bu lk  d e n s i t y  w a s  0.95 

gcm-3. I n  a d d i t i o n ,  F roe l i ch  e t  a l .  (1980) r epo r t ed  a 43 percent  reduct ion  

i n  macro pore  space i n  t h e  s u r f a c e  6 cm (2.5  i n )  of compacted s o i l s  i n  

no r the rn  C a l i f o r n i a .  Bulk d e n s i t i e s  averaged <1. 1 .gcrne3 a f t e r  compaction. 

Brush Disposa l  

Area l  e x t e n t  of a c t i v i t y  

Evalua t ion  of t h e  brush  d i s p o s a l  a c t i v i t y  showed t h a t  57 percent  of 

the 75 ha (150 a c )  s tudy  a r e a  remained un t r ea t ed .  Openings w e r e  c rea t ed  i n  

t h e  brush canopy by removing t h e  v e g e t a t i o n  i n  s t r i p s .  The t y p i c a l  c l e a r e d  

s t r i p  w a s  c h a r a c t e r i z e d  by t h e  fo l lowing  dimensions: l e n g t h  - 18 i 1 . 5  m 

(55 ? 5 f t ) ,  width - 4 + ,5 m (12  + 1 . 5  ft), w i t h  a  s l o p e  average  of 20 

pe rcen t .  The t r a c k  r u t  d i s t u r b a n c e  c l a s s  comprised 65 percent  of t h e  

cleared s t r i p  w i th  the remaining a r e a  c l a s s i f i e d  by the i n t e r - t r a c k  d i s -  

tu rbance  c l a s s .  

S o i l  d isplacement  

Analyses among d i s tu rbance  c l a s s e s  showed a s i g n i f i c a n t  (a = ,01) 

r educ t ion  i n  t h e  th i ckness  o f  t h e  vo lcan ic  a s h  horizon a s  a r e s u l t  of t h e  

brush d i s p o s a l  a c r i v i t y  (F igure  14 ) .  The post-harvest  (brush)  d i s tu rbance  

c l a s s  was used a s  t h e  r e f e r e n c e  p r o f i l e  from which s o i l  displacement  was 

compared. 'l'he t h i ckness  of  t h e  vo lcan ic  ash  hor izon  was uniform wi th in  



Post-Harvest Inter-track Track 

Disturbance Class 

Figure  1 4 .  Thickness of t h e  v o l c a n i c  ash  hor izon  i n  each d i s tu rbance  class. 
P o i n t s  with t h e  same letter are n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  
t h e  a = .05 l e v e l .  

t h i s  c lass ,  43 .7  k 2 .2  cm ( 1 7 . 2  + .9 i n ) ,  and was assumed t o  be close t o  

the na tu r a l  state. Recons t ruc t ion  o f  t h e  brush d i s p o s a l  a c t i v i t y  i n d i c a t e d  

that as the brush r ake  uprooted vegetation i n  t h e  downslope d i r e c t i o n ,  s o i l  

was d i sp laced  and r edepos i t ed  along the s i d e s  and a t  t h e  end o f  t h e  c l e a r e d  

s t r i p  (Figure 15) .  The greatest amount of soil displacement ,  17.0 ? 2.2 c m  

(6 .7  t - 9  i n ) ,  occur red  in the  t r a c k  r u t  d i s t u r b a n c e  class .  An a d d i t i o n a l  

7.5 1 2.3 cm (3.0 f .9  in) of  s o i l  was d i sp l aced  i n  t h e  inter-track d i s t u r -  

bance class. The average volume of s o i l  d i s p l a c e d  i n  t h e  t r e a t e d  area was 

9.8 + 1 . 6  m3 (299 + 49 f t 3 )  per  s t r i p .  F u r t h e r ,  the cleared s t r i p s  repre- 



F i g u r e  1 5 .  View of  t y p i c a l  c l e a r e d  s t r i p .  

s e n t e d  43  p e r c e n t  o f  t h e  s t u d y  a r e a .  The impact  of t h i s  s o i l  d i s p l a c e m e n t  

can  b e  r e l a t e d  t o  t h e  growth and s u r v i v a l  of t r e e  s e e d l i n g s .  Growth reduc-  

t i o n s  have been  c o r r e l a t e d  t o  t h e  changes  i n  n u t r i e n t  a v a i l a b i l i t y  

(Moehring, 1969;  Adams, 1 9 7 8 ) ,  w a t e r  r e t e n t i o n  and a v a i l a b i l i t y  (Youngberg, 

1959;  F r o e l i c h  e t  a l . ,  1980) ,  and s o i l  volume a v a i l a b l e  f o r  r o o t i n g  (Gui ld ,  

1971;  Adams, 1 9 7 8 ) .  



Bulk Density Cg/cc) 

0.0  0.9 1.0 1. 1 

Figu re  16 .  Bulk d e n s i t y  p r o f i l e s  by vo lcan ic  a s h  th i ckness  c l a s s e s .  
P o i n t s  w i th  t h e  same l e t t e r  a r e  not s i g n i f i c a n t l y  d i f f e r e n t  a t  
a = .05 l e v e l .  

Bulk d e n s i t y  

The magnitude of  s o i l  compaction was c o r r e l a t e d  t o  t h e  th i ckness  of 

t h e  vo lcan ic  a sh  ho r i zon  (Figure 1 6 ) .  Although F igu re  1 6  i s  a compi la t ion  

of a l l  d i s tu rbance  c l a s s e s ,  i t  w a s  i n f e r r e d  t h a t  s o i l  l o s s e s  r e s u l t i n g  from 

the brush d i s p o s a l  a c t i v i t y  influence bulk  d e n s i t y .  S i g n i f i c a n t  (a = -05) 

increases i n  1111lk d e n s i t y  occlurred as  the  vo lcan ic  nsll i lor izun t l i i ckness  

decreased. Sample c o l l e c t i o n  depths  were measured from t h e  s u r f a c e  of  t h e  

e x i s t i n g  s o i l  p r o f i l e s  so bu lk  dens i ty  comparisons w e r e  n o t  made a t  t h e  

same reference p o i n t  i n  the s o i l  p r o f i l e s .  D i f f e rences  t h a t  were found may 
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be  inhe ren t  d i f f e r e n c e s  of t h e  lower hor izons  a s  w e l l  as those  of compac- 

t i o n .  The bulk  d e n s i t y  p r o f i l e  cha rac te r i zed  by t h e  38 cm ash th ickness  

c l a s s  w a s  used as  t h e  r e fe rence  s o i l  p r o f i l e .  Therefore,  point: "g" (0.81 +- 

-02  gcm'3) w a s  assumed to b e  t h e  h ighes t  n a t u r a l  bulk  d e n s i t y  of t h i s  s o i l  

type ,  Comparisons among th ickness  c l a s s e s  i n d i c a t e  t h a t  a s  t h e  th ickness  

of t h e  vo lcan ic  ash decreased,  bulk  d e n s i t y  increased  correspondingly.  

Evalua t ion  among the  d i s tu rbances  c l a s s e s  showed that s i g n i f i c a n t  

( a  = .O5) i nc reases  i n  bulk  d e n s i t y  occur  fol lowing t rea tment .  The post- 

ha rves t  bulk d e n s i t y  was 0.75 f 0 .01  when averaged over  t h e  s u r f a c e  

23 cm ( 9  i n ) .  Post-brush d i s p o s a l  bu lk  d e n s i t i e s  were 0.90 + 0.01 

f o r  t h e  t r a c k  r u t  and 0.83 5 0.02 gcm'3 f o r  t h e  i n t e r - t r a c k  d i s tu rbance  

c l a s s e s .  These were 20 and 11 percent  i n c r e a s e s  r e s p e c t i v e l y .  S o i l  com- 

pac t ion  was a t t r i b u t e d  t o  t h e  ground p res su res  exe r t ed  by t h e  c rawler  

t r a c t o r ,  s i n c e  t h e  n a t u r a l  bu lk  d e n s i t y  was assumed not t o  exceed 0.81 

Moisture c h a r a c t e r i s t i c s  

Evalua t ion  of t h e  undisturbed mois ture  r e l e a s e  d a t a  provided informa- 

t i o n  concerning changes i n  s o i l  mois ture  r e s p e c t i v e  t o  changes i n  bu lk  

d e n s i t y  (Table 7 ) .  Analyses among t he  bulk  d e n s i t y  c l a s s e s  showed t h a t  

moisture r e t e n t i o n  w a s  a f f e c t e d  a t  t h e  s o i l  mois ture  p o t e n t i a l s  of -1160 

and -1/10 ba r s .  Comparisons among c l a s s e s  i n d i c a t e  t h a t  water  movement 

w a s  in f luenced  by t h e  changes i n  pore space and pore c o n t i n u i t y  a s  bulk  

density increased .  Moisture r e t e n t i o n  a t  t he  -1160 and -1110 b a r  poten- 

tials i~lcreasecl  an average o f  7 percent  above rhe moisture he ld  i n  the 

0.70 gcrn-3 bulk  d e n s i t y  c l a s s .  Af t e r  t h e  macro pores had drained (1110 

b a r ) ,  mois ture  r e t e n t i o n  w a s  similar and independent of bulk  d e n s i t y  



Table 7 .  Comparison of mois ture  r e t e n t i o n  by volume among bulk  d e n s i t y  
c l a s s e s  and ground samples .  

Water ---------------------gcm-3---------------------- 
P o t e n t i a l  Ground 

(bars) 0.60-0.70 0.71-0.80 0.81-0.90 Sample 

" S i g n i f i c a n t l y  d i f f e r e n t  from "b,d" a t  LSD a = .05. 
-f- S i g n i f i c a n t l y  d i f f e r e n t  from "b,d" a t  LSD a = . l o ,  

because of  t h e  r e l a t i v e l y  s m a l l  d i f f e r e n c e  i n  micro po re  space between 

d e n s i t y  c l a s s e s  (F igure  17 ) .  

Comparisons among t h e  undisturbed c o r e  samples and those  of the ground 

and sieved samples, showed d i f f e r e n c e s  ranging fxom zero  t o  30 percent .  

The g r e a t e s t  d i f f e r e n c e s  occurred a t  t h e  lower nega t ive  p o t e n t i a l s .  These 

comparisons show t h a t  t h e  mois ture  c h a r a c t e r i s t i c s  o f  t h e  undisturbed s o i l  

co res  were more conse rva t ive  i n  t h e  e s t ima t ion  of s o i l  water  a t  l o w  nega- 

t i v e  p o t e n t i a l s  than were the  ground and s ieved  samples. 

Similar t rends  i n  moisture r e t e n t i o n  werc found i n  the analyses  of the 

s u b s o i l  hor izons .  Moisture r e l e a s e  curves  f o r  t h e  2B2 and 2 C  hor izons  are 

presented i n  Appendix 6.  
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Figure  1 7 .  Comparison of moisture re ten t ion  by bu lk  dens i ty  classes and 

ground s a m p l e s .  
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Available s o i l  water  w a s  eva lua ted  over  t h e  s o i l  p r o f i l e  t h i cknesses  

remaining fol lowing the brush  d i s p o s a l  a c t i v i t y  (Table 8 ) .  The post- 

h a r v e s t  s o i l  p r o f i l e  was used a s  the s t anda rd  r e f e r e n c e  because i t  was 

assumed t o  approximate t h e  n a t u r a l  s t a t e .  Two f e a t u r e s  o f  the clata pre- 

Table 8. T h e o r e t i c a l  change i n  a v a i l a b l e  wa te r  i n  the  soil p r o f i l e s  o f  
the pos t -harves t ,  track r u t  and i n t e r - t r a c k  d i s t u r b a n c e  
c l a s s e s  based on l a b o r a t o r y  a n a l y s i s .  

Disturbance Class  Pos t -harves t  Tntex-track Track r u t  

Volcanic a s h  
th i ckness  (cm) 

Bulk d e n s i t y  
(gem-3) 

Cm water 

"Subsoil  

Bulk den i t y  
(gem-3 

Cm water  1 . 5  1 .5  1 . 5  

Bulk density 
(gem-3) 

Cm water  1.8 1 .8  1 . 8  

T o t a l  P r o f i l e  

Thickness (cm) 7 4 . 2  66.7 5 7 . 1  

Cm water  10.6 9 .3  7 . 7  

* Average thickness w i t h i n  the s o i l  p r o f i l e .  



sented  d e s c r i b e  t h e  in f luence  of t he  brush  d i s p o s a l  a c t i v i t y  on s o i l  water  

s to rage .  F i r s t ,  t h e  vo lcan ic  a sh  ho r i zon  r e t a i n s  62 percent  of t h e  a v a i l -  

a b l e  water  s t o r e d  i n  t h e  post-harvest  s o i l  p r o f i l e ,  Secondly, s o i l  l o s s  

which occurred from t h e  brush d i s p o s a l  a c t i v i t y  r e s u l r e d  i n  s i g n i f i c a n t  

r educ t ions  i n  a v a i l a b l e  water .  Avai lab le  s o i l  water  was reduced a n  average 

of 22 percent  i n  t h e  t r e a t e d  a r e a s .  This  was a n e t  volume l o s s  of 1 . 7  m3 

( 3 . 6  f t 3 )  of water per  c l e a r e d  s t r i p .  The ab rup t  t e x t u r a l  change between 

gene t i c  hor izons  has t h e  p o t e n t i a l  t o  reduce o r  s t o p  t h e  r e d i s t r i b u t i o n  of 

water  upward from lower hor izons ,  i n d i c a t i n g  t h a t  t h e  " r ea l i zed"  water  loss 

may b e  h igher  (Baver, Gardner, and Gardner, 1 9 7 2 ) .  This  cond i t ion  would 

then lower t h e  o v e r a l l  e f f e c t i v e  water  con ten t  w i th in  t h e  s o i l  p r o f i l e ,  

p l ac ing  more emphasis on t h e  water supply of t h e  vo lcan ic  a sh  horizon.  

Caution should be used when e x t r a p o l a t i n g  t h e s e  v a l u e s  of water  l o s s  

t o  a c t u a l  f i e l d  cond i t ions .  Avai lab le  water a t  a l l  s i t e s  and d i s tu rbance  

c l a s s e s  w a s  based on a common r e f e r e n c e  mois ture  volume ar  t h e  -1/3 bar  

p o t e n t i a l .  Reductions i n  a v a i l a b l e  water  are t h e o r e t i c a l ,  assuming t h a t  

s o i l  mois ture  l e v e l s  among d i s tu rbance  c l a s s e s  i n  t h e  f i e l d  a r e  t h e  same. 

Compaction and s o i l  displacement  c r e a t e  v a r i a t i o n s  i n  i n f i l t r a t i o n ,  evapo- 

r a t i o n  and mois ture  r e d i s t r i b u t i o n  w i t h i n  t h e  s o i l  p r o f i l e  of each d i s -  

turbance c l a s s .  

S o i l  p o r o s i t y  

S o i l  po ros i ty  is i n v e r s e l y  r e l a t e d  t o  bulk  d e n s i t y ,  any change i n  the  

phys ica l  arrangement of s o i l  p a r t i c l e s  through t h e  a l t e r a t i o n  of s o i l  

s t r u c t u r e  o r  by compaction r e s u l t s  i n  a change i n  soil poros i ty .  The 

g r e a t e s t  r educ t ion  i n  pore space  occurred  i n  t h e  t h i n n e s t  vo lcan ic  a sh  

hor izon  and t r a c k  r u t  d i s tu rbance  c l a s s .  Reductions i n  t o t a l  pore space  
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r a r e l y  exceeded 10 pe rcen t  (Appendix 7 ) .  

Macro p o r o s i t y  i n  t h e  s u r f a c e  23 cm (9 i n )  was reduced an  average  of 

23 pe rcen t  i n  t h e  t r a c k  r u t  d i s t u r b a n c e  c l a s s  (Table 9 ) .  Reduced po ros i ty  

r e s u l t s  i n  decreased a e r a r i o n .  Cul len  and Montagne (1981) eva lua ted  com- 

pacted vo lcan ic  a s h  s o i l s  i n  wes tern  Montana. They suggested t h a t  a 1 9  

percent  r e d u c t i o n  i n  pore  space  would reduce gaseous d i f f u s i o n  by 34 per- 

cen t .  It was assumed t h a t  as water  r e t e n t i o n  increased  because of an  

i n c r e a s e  i n  micro pores ,  t h e  amount of a i r - f i l l e d  pore space  (macro pore)  

was reduced l i m i t i n g  gaseous d i f f u s i o n .  In a d d i t i o n ,  F r o e l i c h  et a l .  

(1980) r epo r t ed  t h a t  a l t e r e d  pore  s i z e  d i s t r i b u t i o n  r e s u l t i n g  from compac- 

t i o n  w a s  a s s o c i a r e d  with a change i n  s o i l  mo i s tu re  r e l e a s e  curves .  Water 

was held  more t enac ious ly  a t  g r e a t e r  nega r ive  p o t e n t i a l s ,  so less water 

would be  a v a i l a b l e  f o r  t r e e  growth. 

Table 9 .  Percent  s o i l  p o r o s i t y  by d i s t u r b a n c e  c l a s s .  

Dis turbance  
Class  To ta l  Macro pore  Micro pore  

Po s t-harves t 69.7 ? 1.0 16.3 53.4  

In ter -  t r a c k  66.4 2 1.0 13 .1  5 3 . 3  

'Track r u t  63.3 4 1.0 12 .5  50.8 

Confidence l i m i t s  a t  a = .05. 
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SUMMARY AND CONCLUSIONS 

This study was designed to assess the changes in the physical proper- 

ties of four forest soils having a surface horizon of weathered volcanic 

ash and known regeneration problems following mechanical site preparation. 

The soil disturbances resulting from the slash and brush disposal 

activities can be grouped into two classes. First, displacement of the 

volcanic ash horizon resulted in reductions in the effective rooting volume, 

important for nutrient and water storage properties, Secondly, alteration 

of soil structure by compaction influenced changes in soil aeration, mois- 

ture retention, and bulk density. 

Slash and brush disposal treatments resulted in significant changes 

in soil physical properties when compared to the undisturbed and post- 

harvest soil conditions. Changes in the soil physical properties were 

evaluated as a function of sample depth, thickness of the volcanic ash 

horizon, and disturbance classes for the brush disposal site. Additional 

variables of fuel load and time of sample collection (i.e. post-harvest 

and post-slash disposal) enhanced the analysis of the slash disposal 

treatment areas. 

4.1 Summary of slash disposal treatment 

1.) Area extent of activity 

-High fuel load densities were not preferentially treated over 
lower fuel concentrations. 

-Total area treated averaged 43 percent among all sites. 

2. ) Soil displacement. 

-Averaged 6.5 cm 5 12.7 cm (2.6 in + 5.0 in) among all sites. 



-Displacement occurred from v e r t i c a l  placement of t h e  dozer blade, 
pivot  tu rns ,  and h o r i z o n t a l  s l ippage of veh ic le  t r acks .  

3. ) Soi l  bulk densi ty .  

-Magnitude of the r e s u l r i n g  bulk  d e n s i r i e s  were not dependent upon 
f u e l  load concentrat ion.  A l l  c l a s s e s  showed a s i g n i f i c a n t  13 
percent  increase  i n  bulk dens i ty  above t h e  post-harvest bulk 
dens i ty ,  among a l l  s i t e s .  

-Bulk densi ty  inc reases  w e r e  h ighes t  a t  t h e  su r face  of both Bovi l l  
and Bess Creek, 26 and 21 percent  r e s p e c t ~ v e l y .  Nan Creek densi ty  
increases  were 7 percent  t o  27 cm (11 i n ) .  

-Scour pans were observed a t  Bovi l l  and Nan Creek, ind ica t ing  for-  
mation w a s  prominent only i n  fine textured s o i l s .  

4 .  ) S o i l  poros i ty .  

-Reductions i n  t o t a l  pore space averaged 5 percent  among a l l  s i t e s .  

-Macro pore volume accounted f o r  22 percent  of the  t o t a l  pore space 
a t  t h e  Bovi l l  and Nan Creek s i t e s ,  and 18 percent  for t h a t  of Bess 
Creek. 

5.) Moisture c h a r a c t e r i s t i c s .  

-Moisture r e t e n t i o n  p roper t i e s  f o r  t h e  volcanic  ash  horizon of 
Bovi l l  and Nan Creek w e r e  t h e  same. 

-The volcanic  ash  horizon a t  Bess Creek re ta ined  36 percent  l e s s  
w a t e r  below 1 1 3  bar  tens ion than Bovi l l  o r  Nan Creek. Character- 
ized coarse  nature  of t h e  volcanic ash horizon a t  t h i s  site. 

-Soil  displacement reduced t h e  t h e o r e t i c a l  amount of a v a i l a b l e  
water by 12 percent  among a11 sites. 

4 . 2  Summary of brush d i sposa l  t reatment 

1.) Area ex ten t  of a c t i v i t y .  

-Cleared s t r i p s  were character ized by t h e  following dimensions; 
length  18 m (55 f t ) ,  width 4 rn (12  ft). 

-Total area  t r e a t e d  was 43 percent .  
a. 57 percent  unt rea ted .  
b. 28 percent  i n  t h e  t r ack  r u t  c l a s s .  
c .  15 percent  i n  t h e  i n t e r - t r a c k  c l a s s .  



2 . )  S o i l  displacement .  

-So i l  was lost from t h e  s i t e ,  be ing  p i l e d  a t  t h e  end o f  t h e  c l ea red  
s t r i p .  

-A 39 percent  r educ t ion  i n  t h e  t r a c k  r u t  and 1 7  percent  reduct ion  
i n  the  i n t e r - t r a c k  d i s tu rbances  were found fol lowing treatment .  

-The average volume of  s o i l  d i sp laced  was 9.8 f 1 . 6  m3 (299 f 49 
f t 3 )  pe r  c l e a r e d  s t r i p .  

3.) Bulk dens i ty .  

- Increases  were h ighes t  i n  t h e  t r a c k  r u t  d i s tu rbance  c l a s s  showing 
a  20 pe rcen t  i n c r e a s e  above t h e  post-harvest  bu lk  d e n s i t y  of 0.75 
gcm-3. 

-Bulk d e n s i t y  increased  a s  t h e  th i ckness  of t h e  vo lcan ic  a sh  ho r i -  
zon decreased.  

4 , )  S o i l  po ros i ty .  

-Reductions i n  t o t a l  pore  space r a r e l y  exceeded 10  percent .  

-The t r a c k  r u t  d i s tu rbance  c l a s s  showed a 23 pe rcen t  r educ t ion  i n  
macro pore space when compared t o  t h e  pos t -harves t  c l a s s ,  i n t e r -  
t r a c k  a r e a  showed a  20 percent  reduct ion  i n  macro pore space,  

5.) Moisture c h a r a c t e r i s t i c s .  

-Comparisons among d e n s i t y  c l a s s e s  showed that mois ture  r e t e n t i o n  
inc reased  7 percent  above t h e  s o i l  d e n s i t y  c l a s s  of 0.70 gcm-3 
below a -1110 b a r  p o t e n t i a l .  No s i g n i f i c a n t  d i f f e r e n c e s  were 
ev iden t  above -1110 b a r  p o t e n t i a l .  

-Available water decreased a n  average  of 22 percent  w i t h i n  t h e  
t r e a t e d  a r e a .  

-The t r a c k  r u t  d i s tu rbance  c l a s s  showed a 40 percent  reduct ion  i n  
a v a i l a b l e  water .  

Caution should be used when e x t r a p o l a t i n g  these va lues  of water  l o s s  

t o  ac tua l  Lie ld  cond i t ions .  Available water a t  a l l  s i t e s  and d i s tu rbances  

c l a s s e s  were determined from the repor ted  changes i n  s o i l  physical proper- 

t i e s  and a r e  based on a common re fe rence  mois ture  volume a t  t h e  -113 bar 
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potential. Reductions in available water are theoretical, assuming that 

soil moisture levels among disturbance classes in the field are the same, 

Compaction and soil displacement create variations in infiltration, evapo- 

ration and moisture redistribution within the soil profile. 

Conclusions 

1.) Slash and brush disposal treatment resulted in significant soil den- 

sity increases. 

2.) Fuel load concentrations did not influence the magnitude of bulk 

density. 

3.) Scour pans were formed in fine-textured soils, as observed at Bovill 

and Nan Creek, 

4 . )  The volume of soil displaced during brush disposal activities is 

greater than that of slash disposal treatments. 

5. )  Soil displacement and compaction result in the reduction of available 

soil water. 

Recommendations 

Significant changes in soil physical pr,operties were found following 

the slash and brush disposal activities described in this study. 

Further study is needed to determine: 

-the influence of soil changes on tree seedling establishment and 
growth, 

-moisture losses under field conditions, 

-area extent and importance of scour pan formation, 

-the magnitude of operator-related soil disturbances and, 

-effectiveness of treatments. 
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APPENDIX 1 

Soil Profile Descriptions and Physical Analysis 



Helner Variant S i l t  Loan 80-ID-29130 

Clos5if icat i o n :  nedial over loany, nixed Andeptic Paleboralf , fr.cgipan phase a 

General Site Characteristics 

Location: Latah County,  Idaho; 2 niles uest of Bovill, Idaho 
Forest : Clearwter National Forest 
Area: Palovse District 
Described By/Date: Hal Collins on October 31, 1981 
Pwent Rock/flaterial: hazorra volcanic ash over loess nixed vith alluviun overlying basalt 
Habitat Type: (Thrja plicata) western red cedar/(Pachistina nrysinities) pachistima 

habitat type; (Abies qrandio) grand f i r ,  (Lofix accidentalis) wstern 
larch, (Pinus nonticola) western pine; (Vacciniun ovatun) huckleberry, 
(Clwrun raudatufil ginger, ( h l i un  boreale) bedstraw, golden thread, 

Topography : moon tainlloess sheet, slope, single slopes-gently sloping, uniforn 
Lmdf  or^: n~snt~in/loescj sheet Clinate: F r i y i d ,  udic 
Weathering: nornul Precipitation: 41,s ca 
Formation hne: C6lunbia River Basalt, Palorse Loess Erosion: very slight 
Slope: 5 Z, 151 fi, upper 5/3 Infiltration: slow 
Aspect: east Permability : low 
Elevution: 921 n Storage: 
Soil Depth: pE+ cn Drainage: stnewhat poorly 
Eff, Rootinq Depth: Air Tenp: 8 deg , C 
Litter Type: drff Soil Terrp a t  28 inches: 
Surface Rock: none Salt/Alkal : nonsaline 

Remarks: 

Pedon Description 

Esi 0-211'cn, Dark brawn to broun (7.m 4/41 silt loan, dark brown 
t# brrun (7,5YR 4/41 noist; verg fine granular structure; loose, very f r i a b l ~ ,  slightly 
sticky and nonplastic; no clap filns; my very fine discontinueva exped pores; my 
very fine and fine, connon aediufi, and few coarse roots; nmefferrescent; n o  grauels. 

Bs2 20-41 cn, Strong brew (7,SYR 5/61 s i l t  loam, dark brown te 
brown (7.SYR 4/41 moist; verg fine granular structure; loose, very friable, slightly 
sticky ond nonplastic; no clay filns; m y  verg fine discontinuows exped pores; mny 
very fine and fine, connon nediun, and feu coarse roots; nonefferveecent; krotorina 1 inches 
i n  dianeter ; clear snooth boundary, 



2lrub 4-53 cn, Very pale brown (1OtR 1/31 s i l t  loon, light yellowih 
brown ( i O Y R  614) nois?; ueak subangular blocky structure; slightly hard, slightly 
sticky and nonplustic; ns clay filna; cenrron very fine discontinrcos exped pores; 

a n y  very fine and fine, cannon nedium, and feu coarse roots; noneffervescent; abrupt wavy 
boundary 

2EBb !3-7i cn, Brown (7,SYR 5/41 B material and rert pale brawn (1OYII 7/41 silt 
loan, da rk  broun to brawn (7,SYR 4/41 B nata ia l ,  moist, and light yellowish brown ( I O Y R  6/41 
natrix, moist; weak subangular black? structure; slightly hard, friable, slightly sticky 
wd nonplastic; no clay films; rwnp very fine, common fine discontinuous exped prres; 
nany very fino and fine, few mdirn roots; noneffervescent ; clear wavy boundary, 

2Eb 71-86 cn, Brow (7.5YR 5/41 B naterial and p i n k  ( 7 , W  7/41 natrix, 
silt loan, dark brawn to broun (7,SYR 4/41 B rwterial, noist, ond broun (7,SYR 5/41 rrotrix, 
noist; ueak subangular block? stractrre; slightly hard, friable, slightly sticky and nonplastic; 
no clay filns; feu very fine and fine discontinuour inped pores; nany very. fine, 
comon fine, and few nedivn roots; nonefferoescent ; clear wavy boundary, 

2Btxbi 86-107 can Brown (7,m 5/41 natrix, s i l t  loan, dark brown to brown 
(7.SYR 414) matrix, noist; coarse angular bloclry structure; extrenely hard, bri t t le ,  
slightly sticky and nonplartic; few moderately thick clay fi lm l i n i n g  ped faces; feu 
fine discontinuous inped pores; feu very fine and fine roots; noneffervescent; reddish brown 
(5YR 4/41 clay filrrs and dark brewn to brown (7.m 4/41 naist, cloy f i l ~ s ;  pink (7,5YR7/4) 
s i l t  coatinqs, brow (7,SYR 5/41 noist, silt cratinqs; abrupt snooth boundary ,  

2Btxb2 107-127 cn, Dark brown te brew (7.SYR 4/41 silt loan, dark brawn to 
brown (7,SYR 4/41 n#ist;  very c o w s  angwlar blocky structore; extrenely hard, bri t t le ,  
slightly sticky and sliphtly plastic; my thick clay films lining ped faces; few fine 
discontinuous inped pores; no roots; organic Ratter staining; dark reddish broun 
(SYR 3/41 cloy films, dark brown to brow (7,SYR 4/41 noist; pinkish gray (7.SYR 7/21 
s i l t  coatinqs, brown (7,'jYR 5/41 naist; noneffervescent; black (7,m U(I) orqanic 
nutter coatings; clear vary boundary, 

2Btxb3 I27-if2 cn. Brown 17,SYR 5/41 silty clay loan, dark brown to br~tm 
(7,SYR 1/41 noist; coarse angular blockg structure; extrerrely hard, br i t t le ,  slightly sticky 
und slightly plastic; continreus thick clay f i l m  lining ped faces; feu fine dis- 
continuous inped pores; no roots; noneffervescent; thick organic rmtter stainingsi 
dork reddish brown (5YR 314) cloy f i l m ,  dark brewn to brbun (7.SYR 4/91 noist; black 
(IQYR 2/i) erponic rrotter castings; clear wort boundary, 



P e d ~ n :  He lner Variant S i l t  L B ~ R  fig-ID-29130 Dnte: February 1982 

3 Sesquioxides 
Sonple Horizon Depth PH ECtIO 1 kter 01 Rvai llble .......................................... Spgdic 
No, paste Saturation P Bi-Citrote Extract P yroph~sphate Extract 

Fe A 1 Fe A 1  

i Psi 8- 24 6*39 I . I ?  88 
2 352 20- 41 8 ,4& 1,08 75 
3 28th 4i -  53 5,48 1,08 38 

Sahple Exc hongeoble I ~ n s  Base OM OC N C:N Soil ------ ---------------- Ext ,  Briditg CEC ----------- No 
Ca Hg #o K H Sot~rat  i e n  Fr-act i o n  NoF pH 

-------------*-------------- ----- ------.. --------- - - - -  - - - -  ----------------------------------------------- 
------------------ neg/iOg qrrs ------------------ X --------- --~ ------- r a t i p  

Renorks: CEC's uere leached with 10Z.acidified hC1, 
CEC's were run pn the Techn~con buteanolyzer, 
rid : n o t  deterfitned 
Available P ertracted with mdiun acetate, 



Pedon: Helner Var iont Silt Loan 80-ID-29130 Dote: April 1942 
............................................................................................................................................ 

Particle Size Distribution (nn) Gravel 1 Stone ............................................................................................................................................ 
Depth VCS CS HS FS VFS TS TSi TC 12 nn Textural ............................................................................................................................................ 

2-1,O 1-0,5 t,5-0,25 0,25-0,1 8,5-6,15 2-0,150.85-I,OQ2 (0,012 wt, v o l ,  Elossts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0- 20 26.88 64,54 8 .6b  Si l t  Leon 
29- 41 24,79 6bn9? B,JO Silt  L o w  
41- 53 27,iS 61.17 i i , b 8  S i l t  Loon 
53- 7f 21,69 63.59 14.72 Silt L o a ~  
71- 85 19,02 SPn24 20,94 Silt Loan 
86-597 21.6% 52,08 26.32 Silt LOUR 
1117-127 23,68 48.68 27,b4 Clay  Loarr 
127-152 2i , t i  45,bfl 32,31 Cloy Loan -------------------------------------------------------------------------------------------------------------------------------------------- 

S i l t  Size Distribution (nn) Yoter Content Liquid Plastic Plastic 
-----------------------------------------------*----------------------------------------------------------------------------------------- 

Depth CoSi Is i F5i  Bulk Density 1/3 IS Lini t  Lini t Index ------------------------------------------------------------------------------------------------------------------------------------------- 
8 a 15-1.62 1,12-1 a 615 0,085-9 012 Clod Core Bar Bar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Renarks: So les uere run by the pipette nethed, BU$ density Mere rm b) Hrle Huas. 
Anolgsis by: Debbie Eisinger 



Unnurred S i l t  Lbcm 80-ID-25151 (Nan Creek) 

C l a s s i f i c a t i o n :  n e d i a l  over loony, n ixed,  f r  i ~ i d  h d e p t i c  Glwssoboralf . 

b n e r o l  S i t e  C h a r a c t e r i s t i c s  

Locat ion;  Idaho County, Idaho; s e c t i o n  5, T, 3 3 N I ,  R, bE.,  photo no 676-t8i, 
Fores t :  C lea rua te r  Wational Fores t  
Area: P ie rce  District 
I lesr r ibed By/Date: Ha1 C o l l i n s  on September 27, 1780, 
Pa ren t  RocYt to t t r i a l :  k z a r r o  ash/ollwrisl ,  
Hab i t a t  Type: (Thr j a  p l i c a t u )  wrs tcrn  r e d  cedur / (Pach i s t ina  w y s i n i t i e s )  Pachis t i rw 

h a b i t a t  type; (Pinus  n o n t i c ~ l a )  w s t e r n  white p ine ,  (Abies g r a n d i d  
grand f i ~ ,  (Lar ix  o c c i d e n t a l i d  w s t e r n  l a r c h ,  ( C l i n t m i a  un i f lo ra )  
queencup bead l i ly ,  goldenthread,  (Aswun caudotun) g inge r ,  (Adenocaulon 
b i c o l o r )  tmil p l a n t ,  

Topography: nowntain, s lope ,  ro l l ing-undula t ing,  uniforn-snoath,  
Landf orn: nountain C l ina te :  F r i g i d ,  r d i c  
Meathering: n o r m 1  P r e c i p i t a t i o n :  100 c n  (snow) 
Fornat ion hne: Erwsian: not  eroded 
Slope: i!Z, 158 R, c e n t e r  113 I n f i l t r a t i o n :  5 1 0 ~  
Aspect: south  r o l l i n g  P e r n c a b i l i t y  : nod a r ap id  
Eleoat ion:  1521 n Storoge: 
S o i l  Depth: Drainage: we l l  d ra ined  
E f f ,  Rooting Depth: Air Tenp: 7 dep, C 
L i t t e r  Type: duff S o i l  Tenp at 21 inches:  
Sur face  Rbck: c l a s s  i S a l t I A l k a l  : none 

Pedon Desc r ip t ion  

A 040 cn, Dark brown (?,5YR 3/10 sil t  loan , dark 
r edd i sh  brown (SYR 2,5/2) n o i s t ;  ueoh granu la r  r t r w c t o r e ;  f r i a b l e ,  very f r i a b l e ,  s l i g h t l y  
s t i c k y  and nonp los t i c ;  no c l ay  f i l m ;  abundant very f i n e  d i 5 c r n t i n u o r s  randon exped pores;  
cornon very f i n e  und fine roo t s ;  nonefferoescent .  

Bs 18-48 cn ,  St rong brown I7,SYR 5/61 silt loah  , yel lowish red  (SYR 4/61 
n o i s t ;  weak subangular block9 structure; f r i o b l e ,  f r i a b l e ,  s l i g h t l y  s t i ck !  and nonp las t i c ;  
rlbundant very f i n e  d iscont inweus  rondon exped pores ;  c o m s n  very f i n e  und fine roo t s ;  
AO c l a y  f i l n s ;  n o n e f f e r v e x e n t ;  ab rup t  moo th  boundary. 



Dtbi 46-63 cn, Strong brmwn (7,SYR 5/61 s i l ty  clap, dark reddish brown 
15YR 3/41 fioist; nediun subangular blockg sttvcture; slightly hard, fir*, sliphtly 
sticky ond dight ly plastic; comon thin clap f i l n s  lininq ped faces; few very fine 
liscontinuows random exped pores; feu very fine and ntdiun roots; nnneffervexent; reddish 
brown (SYR 4/41 clay skins, dark reddish broun (5YR 3/4) nmist; abrupt smooth boundary, 

Dtb2 63-81 cn, Strong brrw (7.W Sib) silty cla!, reddish brown 
(SYR 4/41 aoist; nediun subpnqular blocky strrcture; hard, firn, sliqhtly sticky and 
slightly plastic; omron  t h i n  clay f i lns  lining ped faces; feu fine discontin~ous rwdon 
pores; few fine roots; nonefferre~ent; reddish brown (SYR 4/4) clay skins; 
qradual wavy boondey . 

2Btb3 8f -104 cn, Strong brown (7,5YR 5/61 si l ty  clay, dark reddish brown 
(SYR3/4) noiot; rrediun ~ubanqulor blocty structure; hard, very firn, olightly sticky and 
sliqhtly plastic; nany noderatelq thick clay f i l m  lininq pcd foces; few fine discent- 
inuous random pores; few fine and rredion roots; neneffervescent ; reddish broun 
(SYR 414) clap skins; gradual irregular boundary, 

2Btb4 114-is+ cn, rellowish red (SYR 5/6) cloy, dark red (PvSYR 316) noist; 
wediun ~jrbangulw blocky structure; hard, very fim, slightly sticky and slightly 
plastic; many moderately thick cloy f i l m  lining ped faces; feu fine discontinuous random 
)mres; few fine roots; n~nefferraxent; yellowish red (S7R 5/01 clay skins; gradual 
vary bovndwy . 



Pedon: Unnwed S i l t  L ~ a n  80-ID-25151 (Nan Creek) P a t e :  February 1982 
.......................................................................................................................................... 

3 Sesquio~ides 

511x!e Horizon Depth PH ECSI 0 Water at Avai lable  ----- --------- ------ ...................... Spodic 
pnste Saturat i ~ n  P Di-Citrote Extract Pyr~ph~sphate  f wtrar t 

Fe bl  Fe AI --------------------------- . . . . . . . . . . . . . . . . . . . . . . .  - - - - - - - - - - - - - - - - - - - - - * .  

ct! ~ h o s / c f i  P Qn .................... 1 ------------------ 

-----------I------ ---- ------- - - - - - - - - - - -  * - -  - -  - - - - - - - - - - - - - - - - - - - - - - - - - -  
Enchanpeoblo Ions ----------------------- E x t ,  Acidity CEC ------------ Bnse OH OC N C:N Soil 

R t Q W a K  H Sntrratinn Fraction HaF pH ----------------------------- ---- ---- ------------ -- - - - - -  - - - - - - - - - - - - - - - - - - .  
------------------ ~ ~ / i f l O  gns ,------------------ X --------- X --------- ratio 

Renarts: CECts were leached u i t h  101 a c i d i f i e d  HrlCI, 
CELts were run on the lechnlcen Iutlanolyzer. 

nd : ntt deternined 
Asa~lable P ertracted with sodiufi acetate ,  
t 1:s pH 

Analysis by: 4 ,  Falen, D. Eisinger, H e  Collins 



Prdon: Unnoned Silt Loon 80-ID-25151 {#on Creek Bate: April 1982 

Particle Sire Distr ibtr t i o n  {MI Gravel b Stone 
----------me---------- ---- ------ -------- -- --------- - -------- ------ -------- ---------------------------------------- - ---------------- - -----. 
Otpth VCS CS HS FS WS 7s TSL TC 12 n~ Textvrrll -------------------------------------------- ------ -- ---- ----------------------------- ------- ---------------------------------------------.. 

2-1,O 1-1.5 0,s-1,25 O,ES-O,f D,i-O,DS 2-04DS0,05-0,102 ( 8 , 0 0 2  wt, uol, Clnl;ses ---- - -  - -  - -  - -  - - -  - - -  - - - ^ - - - - I - - - - - - - - - - - - .  

S i l t  loan 
S i l t  laah 
Sil ty  Clay 
Silty Clny 
Silty Clay 
Elny 

------------ ------ ---- ------------------------------------------------ - ---- - ---- -------------------------------------------------------. 
Si l t  Size Distribution ( ~ n )  Wo t er C w  t en t Liquid Plustic Plastic 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - I .  

Depth CoSi ii5 i Fsi BulkDensity 1/3 15 Litrit Lifii t Index ----------------------- ---- - - - - - ~ - - - - - - - - _ _ _ - -  _ ---------_------- ---------- ---- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . .  
I ,OS-0,@2 1,62-9.105 8,185-0.002 C l o d  C~re Par Par 

---------------I--------- ---- ----- ---- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . .  
--- ------------- ---------------- ------ p/cc ------ ----- 1 ------ ---------------- ----------- ----- 

Renark: Sonplgs were run bg the pipette nethad, Analysis by: Debbie Eisinger 



Unnamed Low 80-ID-18124 (Bess Creek) 

Closrification: medial over loafiy, nixed, frigid, Typic Vitrandept, 

General Site Characteristics 

Location: Idaho Corntp, Idaho; Bess Creek, section 0,  T, 3bH,,  R, b E , ,  photo  
no b76-182, 

Forest : Cleorwoter National Forest 
Area: Pierce District 
Described By/Date: Hal Collins In Septenber 6, 1989, 
Parent Roctliaterial: Hazam! aA/qranite (detoqoxd) 
Hobitat Type: (Thrja plicata) western red cedar/(Pachistina nrysinities) Pachistina 

habitat type; (Pinus nonticola) western white pine, (Abies grondis) 
grund f i r ,  1Larix occidentalis) uestern larch, (Psuedotsrqa nenriesii) 
Douglas f i r ,  (Clintonia un i f l o r~ )  queencup beadlih, golden thread, 
(Snilacina s tel la ta)  Solonen seal, (Acer) rrountain naple, (Asarvn c a u d ~ t u ~ )  
ginger, (Peraniun decipiens) rattlesnaks p lun tu in ,  (Galiun boreale) 
bedstruu, 

Topography: noun tain, slope, single slopes-stecp, convex 
Landforn: nounfain Clirwte: Frigid, ~ d i c  
Ueathering : hornal Precipitation: 114 cm 
Fornation hne:  Idaho Batholith Ertsion: slight 
Slope: 32%, 300n, center 1/3 Infiltration: slow 
Aspect: north Perneability : nod, rapid 
Elevation: 1341 meters Storage: 
Soi l  Depth: 74 cn Drainage: well drained 
Eff, Rootinq Depth: Air Teq: 7 deg, C 
Litter Type: duff Soil Tenp a t  28 inches: 
Surface Rock: verf slight Salt/llkal: none 

Pedon Description 

A 1-15 cn. Dark brown to broun (Ion 4/3) s i l t  loan, dark brown 
(7,5YR 3/21 noist; strong nediun granuldr structure; noncoherent, friable,  slightly 
sticky and nonplastic; no clap filns; comon fine discontinuors random exped inters t i t ia l  
pores; comon very fine, few fine roots; noneffervescent; 

Bsi 15-33 cn, Brow (7,SYR 9 4 )  s i l t  loaa, dark brown (7,5YR 3/41 
fioist; weak fine granular structure; noncoherent, very friable, slightly sticky and nonplastic; 
no  clay filns; conRon fine discontinuous rondon cxped inters t i t ia l  pores; connon 
fine and nediu, feu coarse roots; noneffervescen t ;  abrupt wavy boundary 



052 33-41 CR. Brown (7,SYR 5/41 silt loan, dark yellowish brown 
( I O Y R  3/4) nrist; weak fine granwlor structure; noncoherent, very friable, nensticky and 
ntnplastic; no clay filns; few fine, cornon very fine dircontinuors randon exped 
interstitial pores; connon fine and nediun, few coarse rbrts; noneffervescent ; 40 percent 
coarse fraqrrents; abrupt wavy brondary , 

ZBwb 41-57 cn, Yellowish br~un (189 5/41 sandy Ism, dwl brow to brow 
( IOYR 413) noirt ; nassive single grained structure; loose, loose, nonsticky and 
nenplartic; no clay filns; nany very fine discontinuous randon exped interstitial pores; 
few fine reots; nonefferuescent; 40 percent coarse frapnents; gradual wavy boundary. 

28Cb 57-74 cn. Very pale brown (ion 7/41 coarse loany sand, yellowish 
brown ( i O Y R  5/41 noist; narsive single grained structure; loose, loose, nonsticky and 
nonplastic; no clay filns; nany uery fine discontinuovs rondon erped interstitial pores; 
few very fine reotsj noneffervescent; krotnvini~ greater than 2 inches; iiscontinsors broken 
boundary I 

ZCb 74+ cn, Yhite (2,SY 4/21 coarse sand, very pale brown (iOYR 7/4) 
noist; massive single grained structure; loose, loose, non~ticty and nonplostic; no clap 
Films; nany very fine discontinuous randon exped interstitial pores; few very fine 
roots; krotovinia 2 inches; dixontinuous broken boundary,  



Pedon: llnnotted Looh 88-18-18124 lBess Creek) Date: February 1982 

3 Sespuioxides Sople Horizom nepth PH ECSiI Water Available ---- - ......................... ------ ------ - Spedic 
paste Sat rrnt l rn  I' Di-Citrate Extrart Pyrmpbosphate Ex t rac t  

Fe A l  Fe A1  

SQs!e Enchanqeablc Ions --------------- ------- - €11. Acidity CEC ------------ Base on DC H C:W Soil 

Ca Mg Na K H S o t r r o t i e n  Fract i en  NoF pH 

Renwks: LECts uere leached vith lQ2,acidified NnCl , 
E C ' 5  Mere run qn he l e ~ h n i c o n  A~toanoly le r  , 
nd - net d e t e r a m 4  
Available P extracted u i t h  esdirn acetate.  



Prdrrn: llnnaned Loan 81-ID-i8i24 (Be55 Creek) Date: lpril 1902 

Particle Size Distribution ( M I  Grovel & Stone 
----------------------------------------------------------------------------------------------------------------------' 

Depth VCS CS tlS FS VFS TS TSi  TC >2 tur Textural ------ - ------- ---_--* - - - - - - - - - - - - - - - - - - -  * - - - - - - - - - - _ - - - - -  - ------ -- ----- ------------------------------- 
2-i,O i-1,s O,S-I,25 1,25-0,1 8,1-Q,OS 2-4,950,&5-0,102 (1,0#2 wt, u a l ,  Classes ----------------- - - - - - - - - - - - - - - - - - - ~ - - - - - - - - - - -  - ------ -- ------ ---------------------- 

Loan 
L ~ o n  
Sondy L ~ a n  
Sandy Lnrln 
Sandy Laan 
Loany Sand 

------------------- - - - - - - - - - - - - - - - - - - - _ -  ---------------------- 
S i l t  Size Distribution (MI) Woter Can tent Liquid Plastic Plastic a --- ------- - ------------------------------------------------------------------------------------- - -------- ------------------------------ -4 

Depth CoS i Msi Fsi Bulk  Density 1 /3 15 Liait L h i t  Inden ------------------ - - - - - - - - - - - - - - - - - - - - - ~  -- - -  - - - - - - - - - - - - - - - - - - - - - -  
0,85-8,82 B,BZ-0,915 0,885-UtU02 Clod Cere Por Bar ------------------_--------------------------------------------------------------------------------- ------ ------------------------------ 

Re~arks: Saaples uere run by the pipette f i e t h ~ d .  Analysis by: Debbie Eisinger 



Unnaned Si l t  Loan 82-ID-i0126 (Canyon Headous) 

Classificution: rredial over lmony, nixed, frigid Typic Vitrandept, 

General Site Characteristics 

Location: Clearwater County ,  Idaho; me nile south of Canyon badows uork center 
frection 9,  T, 34NI, R ,  7E, photo 781-236. 

Forest: Clearwter National Forest 
Area: Lochsa District 
Described Bp/Date: Ha1 Collins on Septenber 15, 1982, 
Parent Rock/haterial: wtathered Hazana ash over decm~ored granite, 
Habitat Type: (hbies qrandia) qrand fir/(Pachistina nrysinities) Puchistina hubitot 

type, (Psuedotsuga nenziesii) Douglas fir, (Larix occidentalir) uestern 
larch, (Pinus fionticolo) western uhite pine, (Vocciniun ovatun) hockleberry , 
(Sy@hericorpus albus) sno~berry, (Xer~phyllfln tenax) beargrass, 

Topography: nountain, top, coqlex slopes-hilly, concave 
Landforn: neuntain Clinate: Frigid, udic 
Weathering: norm1 Precipitation: iO0 cn (snow) 
Farfiation Name: Idaho Batholith Erwsion: slight 
Slope: 20%,20n,brmu Infiltration: slow 
Aspect : ~outhuert Perneabili ty : noderate 
Elevation: i394 mters  St orage : 
Sr i l  Depth: 58 cn Rainage: all drained 
Eff, Rooting De~th: Air Tenp: 7 deg , C 
Litter Type: duff Soil Tenp at  21 inches: 
Surface Rock: very slight Sol t/Alkal: none 

Pedon Description 

Bsi 0-10 cn ,krk  brown to brown (7,SYR 4/41 s i l t  l e a ,  lark reddish 
brwn (SYR 3/21 moist; ueak very fine granular strvcture; loose, very friable, nonsticky 
and nonplastic; no clay films; conrrsn very fine discontinuoss randon exped pores; many 
very fine, fine, Pnd nedirm rcots; nmefferoescent ; 

052 10-25 cn, Dark brmun to brown (7,SYR 414) s i l t  loan, dark reddish 
brown (SYR 3/3) noist; ueak, very fine granular 5truct0re; l w e ,  very frioble, nonsticky 
und nmplastic; no clay films; comon fine discontinueus random exped pores; nuny very 
fine, fine, and nediun roots; nonefferrescent; gradual ~ 0 0 t h  boundary. 



853 25-30 cn, Brew (7,SYR 5/41 sndg loan, dark brown ( 7  ,SYR 3/41 moist; 
creak very fine granular stracture; loose, very friable,  nonsticky and nonplastir; n o  clay 
filw; few fine, corrnon very fine discontinuous exped pores; comon very fine, fine, 
tnd  nedium roots; noneffervescent; gradual ~ 0 0 t h  boundary, 

20bu 38-48 cn, Brown (7,SYR 5/41 qravelly sandy loan, dark brown (7,SYR 3/41 moist; 
ueak very fine granular stracture parting t o  single grained structure; lmese, very friable, 
nonstick? and tionplastic; no clay f i l m ;  my verp fine disc~l t inrous random enped pores; 
cennon very fine, fine, and rredirn mots; noneffarvescent ; abrupt 911th bamndwy . 

2BCb 48-58 cn, Very pale brown (iOYR 7/31 pravelly sandy low, y~llowish brovn (iOn 5/41 
noist; massive single grained structure; Isose, loose, nonsticky and nonplastic; no 
clay filns; nanp very fine discontinroor randtn exped pores; few very fine and 
f ine roots; noneffervescent; abrupt snooth boundaryl 

2Cb 58+ cn, Uhite (2 ,SY 8/21 gravelly loany sand, very pale brown ( I O Y R  7/41 
fioist; massive single grained structure; loose, leose, nonsticky pnd nonpl~stic; no clay 
f i lns;  many very fine discontinuous randon exped pores; few very fine nnd fine roots; 
noneffervescent; abrrrpt smooth boundary 



Pedcn : Unnarred Silt L~arr 82-ID-18126 (Canyon Headaws) Dote: Ucf obep 1982 

3 Sesquioxides 
S a ~ p l e  H o r l z ~ n  Depth PH EC* 1 I gater at bvailoble ....................... ---- - ------- -------- S p ~ d i c  

no, paste Saturntien P Di-Citrote Extract Pgrophosphnte Extract 
Fe b l  Fe A1 

H-I 
2 
3 
4 
5 
b 

Sufe Erchangeable Ions Base OH OC H C: H Soil --------------------- E l t .  Aciditr CEC ----------- 
I 

Ca 4 HQ K H Soturat ion Frart ien NoF pH - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ~ - - - - - - - - - -  ----------------- rreq/tOg gns -..------a ------ --- X --------- --------- rntie 

12 4 
11.3 
nil 
nil 
nil 
nil 

Reflarks: CECts wre leached with I02 acidified NoCl 
CECJs w r e  rsn m the Technicsn lutrranalgzer 
Extrn~table catisns uert run Bn the IC? 
Ca+HgYaH / Co+Ng+Mo+K+H the5 f l lO= S,S,  
Hd-net de ternined 



Pedan: Unnnfied S i l t  b a n  82-ID-i312b (Canyon Reodaus) Dote: Octaber 1982 

Particle Size Distribution Inn1 Gravel b St one 
----------------------------~----------~I~------------------------------------------------------- 

Depth VCS CS 1(S FS VFS TS TSi It 12 rtr! Textural 
--------------------------------------------------------------------------------------------------------*-------------------------------- 

2-i.0 1-1.5 1,s-1,ES 1,255-81 - 5  2-11,151,15-8,812 10,182 wt, ~ e l ,  Classes 
---------------------*----------------------------------*------------------------------------------------------------------------------ 

S i l t  I ram 
Si l t  I ran  
Smdy l e o ~  
6r,  sandy I o a ~  
6 r ,  sandy lmon 
Cr, l e a q  sand 

------------------------*------------------------------------------------------------------------------------------------------------ 

Silt Size Dlstriblrtirn (MI Water Content Liquid Plastic PIastic -4 
10 - - - - - - - - - - - - - - - - - - - - - - - - - - ~ - - - - - - - - - - - - - - - - - - - - - - - - - -  

Depth CeS i n5i Fsi Bulk Dtnsitp 113. 15 L i ~ i  t Lifii t Index .................................................................................................................................... 
8,#5-0,12 #,02-0,t15 8,1115-1.102 Clod C~re Bar Par 

Renorks: echanicals verr rrrn b the centrifsgr nethtd 
L t r  c o n t e n t - h i t ~  ~ o l e n  

Analysis by: Debbie Eisinger 



APPENDIX 2 

Sampling Design, Slash Disposal  



- - 

+r PLOT S E L E C T E D  FOR SAMPLING H- H I G H  , M - MODERATE , 1- L O W  

Figure 18. Sampling Design, Slash Disposa l .  



APPENDIX 3 

Sample Calculation of Fuel Load Classes 



7 6 

Sample Plot, Fuel Load Calculation: 

Plot Size: 1/120 hectare 

Fuel Volume = r T +  r: TTL 
(m3)  2 

Fuel Load = Fuel Volume x @species Wt. x Area * 
(Tons/ ha.) m 3 kg lm3 ha. 

* metric ton 

@ See Table 10. 



Table LO. Approximate Weights of  Wood, 

Spec ies  Green 1 2  % Moisture 

Pinus monticola  

Pinus ponderosa 

Larix occidentalis 

Pseudo tsuga m e n z i e s i i  

Abies grandis  

Picea englemannii  

Thuja plicata 

Taken from the F o r e s t e r s  F i e l d  Handbook (1971). Values in paren thes i s  
a r e  lbcuf  t-1. 



APPENDIX 4 

Sampling Design, Brush Disposal  



* Track r u t  ridge line 

k Track r u t  cleared s t r i p  
Inter- track 

0 Post-harvest (brush)  

Figure 20. Sampling design brush d i s p o s a l  sires. 



APPENDIX 5 

S o i l  Porosity, Slash  Disposal  



Table  11. Changes i n  s o i l  p o r o s i t y  as a funct ion  of f u e l  l o a d ,  v o l c a n i c  
ash thickness and depth  i n  t h e  s o i l  p r o f i l e ,  s l a s h  d i s p o s a l .  

Depth  and Time 

Depth ( c m )  2 9 18 2 7 3 6 

B o v i l l  P-H 7 0 . 2 ~ 2 . 3  6 4 . 9 ~ 2 . 3  63.322.3 58.4i2 .3  51.3k2.3 

P-SD 62.543.5 62.042.3 61.622.3 55.1k2.3 47 .9 i2 .3  
- .  . 

Nan Creek P-H 72.2k2.0 69.422.0 65.7t2 .0  59.242.0 56.042.0 

P-SD 70.223.7 67.823.1 64.542.0 57,142.0 51.0k2.0 

Bess Creek P-H 78.842.8 73.5k2.1 71.4k2.1 69.0k2.1 63.3k2.1 

P-SD 72.222.8 68.622.8 67.4+2.8 65.7k2.1 63.7k2.1 

Volcanic  A s h  Thickness and Depth 

R o v i l l  4-3 7 70.623.5 66 .1 i3 .0  63 .7 i3 .0  63 .3 i3 .0  60.023.0 
28-36 69.0a3.0 64.9k2.3 63.342.3 59.622.3 45.7k2.3 

<27 6 3 . 7 ~ 3 . 5  59 .2 i3 .5  59.2i3 .5  49.4c3.5 41.1i3 .5  

Nan Creek 4-3 7 70.2k5.0 68.6c4.3 68.243.7 66.1k3.7 61.6k3.7 
28-36 75.5t3 .0  70.253.1 69 .0+3 ,1  64.9f3.1 51.7k3.1 

<27 70.6L3.7 68.253.7 60.8k3.7 53.243.7 49.4k3.7 

Ress Creek +3 7 76.722.8 71.0t2 .8  69 .8 t2 .8  69.4k2.8 65 .7 t2 .8  
28-36 74.744.2 71.824.2 68.6L4.2 65.3k4.2 59.2k4.2 

Fue l  Load and Time 

Fue l  Load Low Moderate High 

B o v i l l  P-H 58 .8 i3 .0  61.2k2.0 61.2i2 .0  

P-SD 53 .9 i2 .3  56.3k2.0 5 6 . 3 g . O  
- - -- 

Nan Crcclc P-H 61.6+2.0 64.1k2.0 65.7k2.0 

Bess Creek P-H 69.8k2.8 72.212.1 71 .4 t2 .1  

P-SD 67 .4 i2 .8  67.022.8 67.452.1 

P-H = Post-harvest. P-SD = pos t -s lash  d i s p o s a l .  
Confidence l i m i t s  g iven  f o r  the a = .05 l eve l .  



APPENDIX 6 

Moisture Release Curves, Brush Disposa l  



m c9 rn a 65 c3 
d w rn * Ln 

Water Con ten t  (Percent  by V o l u m e )  

- 

Figure  2 1 .  Comparison of mois ture  r e t e n t i o n  of  the  2B2 hor izon  by s o i l  
. : d e n s i t y  c lass ,  intact c o r e  and s t anda rd  l abo ra to ry  method. 
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APPENDIX 7 

S o i l  Po ros i ty ,  Brush D i s p o s a l  



'Table 12 .  Changes i n  s o i l  p o r o s i t y  i n  r e l a t i o n  t o  the  th i ckness  o f  the 
vo lcan ic  a sh  and p o s i t i o n  i n  the  soil profile, brush d i s p o s a l .  

Volcanic Ash Thickness S o i l  P o r o s i t y  
(cm> Total Macro Micro 

V(~Lcanic Ash Thickness 

- ( c m )  < 13 14-25 26-38 38+ 

Depth (cm) 

T o t a l  62.0 65.0 67.8  70.2 

2 Macro 11.2 12.8 16 .0  16.5 

Micro 50.8 52.2 51.8 53.7 

Total 56.0 63.1 67.0 70.0 

Macro 10.0 12.5 13.3 16 .4  

Micro 46.0 50.6 53.7 53.6 

T o t a l  ---- 58.0 63.7 6 7 . 2  

20 Macro ---- 10 .4  12 .6  1 3 . 4  

Micro -.--- 47.6  51.1 53. a 
-- 
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