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ABSTRACT 

A  c r u c i a l  f a c t o r  i n  t h e  s t a b i l i t y  o f  s t e e p  f o r e s t e d  s l o p e s  i s  
t h e  r o l e  o f  p l a n t  r o o t s  i n  m a i n t a i n i n g  t h e  s h e a r  s t r e n g t h  o f  s o i l  
m a n t l e s .  Roots  add s t r e n g t h  t o  t h e  s o i l  by v e r t i c a l l y  a n c h o r i n g  
t h r o u g h  t h e  s o i l  mass i n t o  f a i l u r e s  i n  t h e  bed rock  and by l a t e r a l l y  
t y i n g  t h e  s l o p e  t o g e t h e r  a c r o s s  zones  o f  weakness o r  i n s t a b i l i t y .  
Once t h e  c o v e r i n g  v e g e t a t i o n  i s  removed,  t h e s e  r o o t s  d e t e r i o r a t e  
and much o f  t h e  s o i l  s t r e n g t h  i s  l o s t .  

Measurements  o f  change i n  s t r e n g t h  o f  r o o t s  r e m a i n i n g  i n  t h e  
s o i l  a f t e r  l o g g i n g  a t  S t a n e y  Creek on P r i n c e  o f  Wales I s l a n d ,  s o u t h -  
e a s t  A l a s k a ,  i n d i c a t e  t h a t  l o s s  o f  s t r e n g t h  i n  s m a l l e r  r o o t s  o c c u r s  
r a p i d l y  f o r  a l l  s p e c i e s  t h e  f i r s t  2 y e a r s .  Western  hemlock (Tsuga 
heterophylla ( R a f . )  S a r g . )  r o o t s  a r e  more r e s i s t a n t  t o  l o s s  o f  
s t r e n g t h  t h a n  a r e  S i t k a  s p r u c e  (Picea si tchensis (Bong. ) C a r r .  ) 
r o o t s .  By 10  y e a r s ,  even t h e  l a r g e s t  r o o t s  have  l o s t  a p p r e c i a b l e  
s t r e n g t h .  

KEYWORDS: Root morphology,  r o o t  damage, s o i l  s t a b i l i t y ,  l o g g i n g  
( - f o r e s t  damage, A laska  ( s o u t h e a s t ) .  
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INTRODUCTION 

A c r u c i a l  f a c t o r  i n  t h e  
s t a b i l i t y  o f  s t e e p  f o r e s t e d  
s l o p e s  i s  t h e  r o l e  o f  p l a n t  
r o o t s  i n  m a i n t a i n i n g  t h e  s h e a r  
s t r e n g t h  o f  s o i l  m a n t l e s .  Roots  
add  s t r e n g t h  t o  t h e  s o i l  by 
v e r t i c a l l y  a n c h o r i n g  t h r o u g h  
t h e  s o i l  mass i n t o  f r a c t u r e s  i n  
t h e  b e d r o c k  and  by l a t e r a l l y  
t y i n g  t h e  s l o p e  t o g e t h e r  a c r o s s  
z o n e s  o f  w e a k n e s s  o r  i n s t a b i l i t y .  

I n  J a p a n ,  Endo and  T s u r u t a  
(1969)  r e p o r t e d  t h a t  s o i l  s h e a r  
s t r e n g t h  i n c r e a s e s  i n  p r o p o r t i o n  
t o  t h e  amount o f  r o o t s  i n  t h e  
s o i l .  K i t a m u r a  and Namba ( 1 9 6 6 ,  
1968)  n o t e d  t h a t  t h e  r e s i s t a n c e  
o f  t r e e  s t u m p s  t o  u p r o o t i n g  
d e c r e a s e s  r a p i d l y  a s  t h e  r o o t  
s y s t e m s  d e c a y  f o l l o w i n g  t i m b e r  
h a r v e s t .  They c o n c l u d e d ,  when 
c o n s i d e r i n g  r o o t  g rowth  o f  
p l a n t e d  t r e e s ,  t h a t  t h e  f o r e s t  
s o i l  would r e a c h  a  minimum 
s t r e n g t h  b e t w e e n  5 and  1 0  y e a r s  
a f t e r  c u t t i n g  and  r e p l a n t i n g .  

B ishop  and  S t e v e n s  (1964)  
and  Swans ton  ( 1 9 6 7 ,  1 9 6 9 )  dem- 
o n s t r a t e d  t h e  p r o b a b l e  e f f e c t  
o f  r o o t s  on t h e  s t a b i l i t y  o f  
s l o p e s  i n  s o u t h e a s t  A l a s k a  and  
c o r r e l a t e d  i n c r e a s e d  l a n d s l i d e  ~ - -  

a c t i v i t y  w i t h  t i m e  a f t e r  l o g g i n g .  
Wu (1976)  m e a s u r e d  t h e  c o n t r i -  
b u t i o n  o f  r o o t  t e n s i l e  s t r e n g t h  
t o  s h e a r  s t r e n g t h  o f  K a r t a  s o i l s  
a t  H o l l i s ,  P r i n c e  o f  Wales I s l a n d ,  
and  f o u n d  i t  e q u i v a l e n t  t o  a t  
l e a s t  a  c o h e s i o n  o f  120 pounds 
p e r  s q u a r e  i n c h  ( 8 . 4 4  kg/cm2)  
o r  a b o u t  25 p e r c e n t  o f  t h e  t o t a l  
s o i l  s t r e n g t h  a v a i l a b l e  t o  r e s i s t  
f a i l u r e .  P r e l i m i n a r y  measurements  
o f  l o s s  i n  r o o t  s t r e n g t h  o f  b o t h  
S i k a  s p r u c e  ( P i c e a  si tchensis 
(Bong.)  C a r r .  ) and  u e s t e r n  hemlock 
(Tsuga he t e r o p h y  1 La (Raf . ) S a r g  . ) 
by s i m p l e  p e n e t r a t i o n  t e s t s  
f u r t h e r  i n d i c a t e  a maximum l o s s  

o f  r o o t  s t r e n g t h  i s  a t t a i n e d  3 
t o  5 y e a r s  a f t e r  c u t t i n g  
(Swans ton  1970)  . 

S i m i l a r  r a t e s  o f  s t r e n g t h  
l o s s  a r e  r e p o r t e d  f o r  D o u g l a s - f i r  
( P s e u d o t s u g a  m e n z i e s i i  ( M i r b . )  
F r a n c o )  r o o t s  i n  c o a s t a l  B r i t i s h  
Columbia ( O ' L o u g l i n  1974)  and  i n  
t h e  Oregon C o a s t  Ranges  ( B u r r o u g h s  
and Thomas 1 9 7 7 ) .  The s e n i o r  
a u t h o r  measured  t h e  i n f l u e n c e  
o f  r o o t s  on i n - s i t u  s h e a r  
s t r e n g t h  i n  t h e  O r e g o n - n o r t h e r n  
C a l i f o r n i a  c o a s t a l  p r o v i n c e  a n d  
f o u n d  t h a t  t h e  r e i n f o r c i n g  e f f e c t  
o f  t h e  r o o t  mass s i g n i f i c a n t l y  
s t r e n g t h e n e d  t h e  s o i l .  

The p r e s e n t  s t u d y  was 
i n i t i a t e d  t o  q u a n t i f y  t h e s e  
r e l a t i o n s h i p s  f o r  s o u t h e a s t  
A l a s k a  and t o  e x t e n d  t h e  d a t a  
b a s e  o f  a  much l a r g e r  i n v e s -  
t i g a t i o n  t o  e v a l u a t e  t h e  i n t e r -  
a c t i o n s  o f  r o o t  s t r e n g t h ,  r o o t  
b i o m a s s ,  and  s o i l  s t r e n g t h  i n  
n a t u r a l  f o r e s t  s t a n d s  and  t h e  
i n f l u e n c e  o f  l o g g i n g  on t h e s e  
f a c t o r s .  The l a r g e r  i n v e s t i g a t i o n  
i s  a p o r t i o n  o f  a  w e s t - w i d e  
c o o p e r a t i v e  i n t e r - S t a t i o n  
r e s e a r c h  p rogram t o  s t u d y  mass 
w a s t i n g  p r o c e s s  and  t h e  i n f l u e n c e  
o f  f o r e s t  o p e r a t i o n s  on  s l o p e  
s t a b i l i t y .  

METHODS 

Sampling 

A pr ime  o b j e c t i v e  o f  t h i s  
s t u d y  was t o  m e a s u r e  t h e  c h a n g e  
i n  s t r e n g t h  o f  r o o t s  r e m a i n i n g  
i n  t h e  s o i l  a f t e r  l o g g i n g .  To 
k e e p  t h e  i n f l u e n c e  o f  o t h e r  
v a r i a b l e s  a t  a  minimum, we 
s e l e c t e d  s i t e s  h a v i n g  a  wide 
r a n g e  o f  c u t t i n g  a g e s  c o n c e n -  
t r a t e d  ~ i t h i n  a  s m a l l  g e o g r a p h i c  
a r e a .  S t a n e y  Creek  i s  one  o f  
t h e  v e r y  few l o c a t i o n s  i n  s o u t h -  
e a s t  A l a s k a  h a v i n g  s u c h  a  wide 
d i v e r s i t y  o f  c u t t i n g  a g e s  w i t h  
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F i g u r e  2 . - - P l a n i m e t r i c  map o f  s o u t h e a s t  A l a s k a  
s h o w i n g  l o c a t i o n  o f  the S t a n e y  C r e e k  s t u d y  
s i t e  o n  the w e s t  c o a s t  o f  P r i n c e  o f  W a l e s  
I s l a n d .  ( F o r  k i l o m e t e r s ,  m u l t i p l  y the 
number  o f  m i l e s  b y  1 . 6 0 9 . )  

s i m i l a r  e n v i r o n m e n t a l  c h a r a c t e r -  
i s t i c s  ( f i g .  1 ) .  

W i t h i n  t h e  S t a n e y  Creek 
a r e a ,  f i v e  c o m p a r a b l e  s i t e s ,  
on which t h e  t r e e s  had been  c u t  
i n  1 9 6 6 ,  1 9 7 0 ,  1 9 7 2 ,  and  1 9 7 4 ,  
and a n  u n c u t  s t a n d  were  f o u n d .  
W i t h i n  e a c h  o f  t h e  f i v e  s i t e s ,  
a  w e s t e r n  hemlock and a  S i t k a  
s p r u c e  t r e e  o r  s tump was 
s e l e c t e d  f o r  s t u d y .  L i v e  
h u c k l e b e r r y  i v a c c i r ~ i u f i  p a r v i j ' o Z i u m  
Sm.) r o o t s  were  a l s o  sampled  
i n  t h e  c l e a r c u t  u n i t s .  Root 
s a m p l e s  were  c o l l e c t e d  from 
t h e  s u b s u r f a c e  m i n e r a l  s o i l  
r a t h e r  t h a n  f rom w i t h i n  t h e  
e x t e n s i v e  s u r f a c e  o r g a n i c  l a y e r .  

We p l a n n e d  t o  c o l l e c t  1 5  
s e p a r a t e  r o o t  segments  a p p r o x -  

i m a t e l y  1 2  c e n t i m e t e r s  l o n g  f o r  
e a c h  o f  t h e  s i x  d i a m e t e r  c l a s s e s  
f o r  e a c h  s p e c i e s .  T h e s e  were  
2 - ,  5 - ,  l o - ,  1 7 - ,  2 5 - ,  and 
5 0 - m i l l i m e t e r s  i n s i d e  t h e  
b a r k .  We were  u n a b l e  t o  o b t a i n  
t h e  d e s i r e d  number o f  r o o t s  f o r  
some o f  t h e  l a r g e  s i z e  c l a s s e s ;  
a n d ,  i n  t h e  a r e a s  c u t  i n  1966 
and 1 9 7 0 ,  r o o t  d e c a y  was s o  
advanced  t h a t  d e a d  r o o t s  i n  t h e  
s m a l l e r  s i z e  c l a s s e s  c o u l d  n o t  
be  f o u n d .  

The s e l e c t e d  r o o t s  were  
i m m e d i a t e l y  p a c k e d  i n  wet  sphagnum, 
s e a l e d  i n  p l a s t i c  b a g s ,  and a i r  
m a i l e d  t o  t h e  l a b o r a t o r y  i n  
A r c a t a ,  C a l i f o r n i a .  A t  t h e  
l a b o r a t o r y ,  t h e  r o o t s  were  
i n v e n t o r i e d  a n d  s t o r e d  a t  Z ° C .  
W i t h i n  2 w e e k s ,  t h e  r o o t s  were  
t e s t e d  i n  t h e  s h e a r  a p p a r a t u s .  

The r e s u l t s  r e p o r t e d  h e r e  
r e p r e s e n t  d a t a  c o l l e c t e d  f rom a  
s m a l l  g e o g r a p h i c  a r e a .  The 
s l o p e s  were  l i m i t e d  t o  g e n t l e  
t e r r a i n  t h a t  was c h a r a c t e r i s t i c  
o f  t h e  S t a n e y  C r e e k  a r e a  b u t  n o t  
g e n e r a l l y  c h a r a c t e r i s t i c  o f  
s o u t h e a s t e r n  A l a s k a .  The d a t a  
a r e  f u r t h e r  l i m i t e d  t o  one  t r e e  
p e r  s p e c i e s  i n  e a c h  o f  t h e  f i v e  
c u t t i n g  a g e  c l a s s e s  s e l e c t e d .  

Shearing 
Ten o f  t h e  r o o t s ,  i f  

a v a i l a b l e ,  w e r e  p r e p a r e d  f o r  
s h e a r i n g  by removing  t h e  b a r k  
and m a r k i n g  e a c h  r o o t  i n t o  f i v e  
e q u a l l y  s p a c e d  s e g m e n t s .  The 
s e p a r a t i o n  b e t w e e n  s e g m e n t s  was 
a t  l e a s t  t w i c e  t h e  r o o t  d i a m e t e r  
t o  p r e v e n t  o n e  b r e a k  f rom i n -  
f l u e n c i n g  s u b s e q u e n t  t e s t s .  
For  l a r g e  r o o t s ,  o n l y  one  o r  
two b r e a k s  p e r  r o o t  s a m p l e  was 
p o s s i b l e .  The minimum and  
maximum d i a m e t e r s  o f  e a c h  s e g -  
ment were  m e a s u r e d .  Each r o o t  
was t h e n  s h e a r e d  a t  e a c h  segment  
mark.  



The s h e a r  a p p a r a t u s  ( f i g .  
2) c o n s i s t s  o f  a  s t a t i o n a r y  
s t e e l  b l o c k  machined t o  a l l o w  
t h e  i n s e r t i  n  of hardened  Y s t e e l  d ies . - /  A h o l e  was 
d r i l l e d  i n  t h e  d i e  t o  ho ld  a  
r o o t  f o r  each  d i a m e t e r  c l a s s .  
A r o o t  hav ing  a  d i a m e t e r  ap-  
p r o x i m a t e l y  e q u a l  t o  t h a t  of  
t h e  h o l e  was i n s e r t e d  through 
t h e  d i e ;  i t  p r o t r u d e d  a t  bo th  
s i d e s .  A movable s t e e l  b lock  
w i t h  a  hardened  s t e e l  V-shaped 
b l a d e  was machined t o  s l i d e  
a l o n g  t h e  s u r f a c e  o f  t h e  s t a -  
t i o n a r y  b l o c k .  The movable 
b lock  was pushed by a  mechanical  

j ack  u n t i l  t h e  p r o t r u d i n g  r o o t  
segment f a i l e d .  

The moving f r i c t i o n  o f  t h e  
s h e a r  b lock  and t h e  maximum 
s t r e s s  a p p l i e d  t o  each  r o o t  
segment a t  f a i l u r e  was measured 
by means o f  a  p rov ing  r i n g  and 
d i a l  gage.  S t r e s s  was a p p l i e d  
t o  t h e  r o o t  a t  a r a t e  of  3 . 5  
c e n t i m e t e r s  p e r  minu te .  Both 
t h e  moving f r i c t i o n  and t h e  
maximum s t r e s s  a t  f a i l u r e  were 

3 / c o n v e r t e d  t o  k i log rams  o f  f o r c e . -  
The n e t  maximum s t r e s s  ( s h e a r  
s t r e n g t h )  was o b t a i n e d  by 
s u b t r a c t i o n  of t h e  moving 
f r i c t i o n  component from t h e  
maximum s h e a r i n g  f o r c e  component. 

2' Ziemer, R. R. An apparatus 
to measure the strength o f  roots. 
Unpublished report on file at Pacific 
Southwest Forest and Range Experiment 
Station, Arcata, Calif. 

F i g u r e  2 .  --Root s h e a r i n g  apparatus. 
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I n  an e a r l i e r  s t u d y ,  such  
d i r e c t  s h e a r  s t r e n g t h  measure-  
ments were found t o  g i v e  an  
e x c e l l e n t  p r e d i c t i o n  o f  r o o t  
t e n s i l e  s t r e n g t h  measured i n -  
dependen t ly  w i t h  an a p p a r a t u s  
des igned  by Burroughs and Thomas 
( s e e  f o o t n o t e  2 ) .  A l i n e a r  
r e g r e s s i o n  on p a i r e d  b r e a k s  o f  
t h e  same r o o t  y i e l d e d  t h e  e q u a t i o n :  

= - 7 . 5 5 5  + 2 . 2 2 7  (Shea r  
s t r e n g t h  s t r e n g t h )  ; 

where ,  t h e  r o o t  s t r e n g t h s  were 
e x p r e s s e d  i n  k i log rams  and t h e  
r o o t  d i a m e t e r s  ranged  from 1 t o  
10 m i l l i m e t e r s .  The e x p l a i n e d  
v a r i a n c e  ( r 2 )  was 0 .972 .  The 
d i r e c t  s h e a r  s t r e n g t h  measure-  
ments were p r e f e r r e d  i n  o u r  
s t u d y  because  many more and 
l a r g e r  r o o t s  cou ld  be t e s t e d  
i n  t h e  l i m i t e d  t ime a v a i l a b l e .  

3' Here we follow the common 
engineering practice o f  expressing 
force in units of mass. Force is 
correctly expressed in units o f  mass- 
length/time2 or in newtons. To 
convert: Newtons = mass (kg) X 
9.807 n/sec2 (gravitational ac- 
celeration). We further define the 
shear strength as the maximum shearing 
force applied at failure. 



T e n s i l e  s t r e n g t h  measurements 
a r e  g e n e r a l l y  l i m i t e d  t o  r o o t s  
l e s s  t h a n  10 m i l l i m e t e r s  i n  
d i a m e t e r .  

P h y s i c a l  and s t r e n g t h  
c h a r a c t e r i s t i c s  o f  each  r o o t  
segment were coded f o r  s u b s e -  
quen t  a n a l y s i s .  The d a t a  were 
i n i t i a l l y  s c r e e n e d  f o r  anomal ies  
such  a s  c r a c k e d  o r  d r i e d  r o o t s ,  
i n s t r u m e n t  m a l f u n c t i o n ,  and 
o b s e r v e r  e r r o r s .  Such d a t a  
were r e j e c t e d  from subsequen t  
c o m p i l a t i o n .  

The mean s h e a r  s t r e n g t h ,  
s t a n d a r d  d e v i a t i o n ,  and number 
o f  b r e a k s  were c a l c u l a t e d  f o r  
each  s p e c i e s ,  a g e ,  and s i z e  
c l a s s  ( t a b l e  1 ) .  F u r t h e r  
s t a t i s t i c a l  a n a l y s i s  o f  t h e s e  
d a t a  was n o t  j u s t i f i e d  because  
t h e  samples  were ,  i n  no s e n s e ,  
c o l l e c t e d  a t  random. 

RESULTS 

During e x c a v a t i o n ,  t r e e  
r o o t s  were found t o  r a n g e  from 
r e s i n o u s  r o o t s  w i t h  a  h i g h  r e -  
s i s t a n c e  t o  decay  t o  n o n r e s i n o u s  
r o o t s  t h a t  decayed  r a p i d l y .  I n  
companion s t u d i e s ,  t h e  s e n i o r  
a u t h o r  h a s  o b s e r v e d  s i m i l a r  decay  
r e s i s t a n t  r o o t s  i n  c o a s t a l  Oregon,  
t h e  Oregon Cascades ,  and  i n  c o a s t  
redwood (Sequoia sempervirens 
(D. Don.) End1 .) s t a n d s  and 
i n t e r i o r  D o u g l a s - f i r  s t a n d s  o f  
t h e  n o r t h e r n  C a l i f o r n i a  Coas t  
Ranges. I n  t h e  S i e r r a  Nevada 
and s o u t h e r n  C a l i f o r n i a  t h e r e  
i s  such heavy r e s i n  i n  p i n e  r o o t s  
i n f e c t e d  w i t h  Fomes annosus t h a t  
l a r g e r  r o o t s  (100- t o  200-mm 
d i a m e t e r )  have  n o t  de  e r i o r a t e d ,  

4 T even a f t e r  50 y e a r s . -  

4' Rober t  Bega,  P l a n t  P a t h o l o g i s t ,  
F o r e s t  D i s e a s e  R e s e a r c h ,  P a c i f i c  S o u t h -  
west  F o r e s t  and Range Expe r imen t  S t a t i o n ,  
B e r k e l e y ,  C a l i f o r n i a ,  p e r s o n a l  c o r r e -  
spondence ,  August  2 ,  1 9 7 6 .  On f i l e  a t  
Redwood S c i e n c e s  L a b o r a t o r y ,  A r c a t a ,  
C a l i f o r n i a .  

Live roots 
Years since logging 

1 2  4 6 10 

Table 1 --Root s trength of western hemZock, Si tka spruce, ond huckleberry, by s i z e  cZass and time s ince  logging 

I 

1' = mean shear strength in kilograms; a = standard deviation in kilograms; n = number of breaks. 

Dead roots 

Huckle- 
berry 

mm 
2 x 3.58 9.72 5.95 5.68 2.55 4.00 4.85 2.77 3.44 3.26 - -  

a 1.80 3.06 .60 1.41 .83 2.11 3.19 2.19 .90 2.02 - -  
n 50. 50. 45. 50. 50. 45. 50. 50. 20. 20. - - 

5 x 30.38 42.73 25.35 28.09 20.44 21.87 38.42 21.48 13.09 17.96 13.10 
a 8.28 11.63 7.54 7.02 7.79 9.53 16.23 11.58 2.17 5.18 6.72 
n 50. 50. 50. 50. 50. 55. 50. 50. 50. 50. 14. 

10 K 146.91 128.98 106.11 101.41 70.54 78.16 99.09 157.28 87.90 68.29 50.50 
u 30.37 40.63 45.41 32.47 25.03 18.57 51.80 50.41 39.02 37.56 30.31 
n 44. 50. 49. SO. 50. 50. 49. 47. 49. SO. 47. 

17 K 442.5 454.4 501.4 318.6 149.4 255.6 319.0 551.2 303.1 409.6 153.9 
a 194.8 120.5 164.9 193.8 23.0 74.6 162.5 130.2 141.3 181.5 82.6 
n 23. 36. 27. 50. 30. 30. 46. 48. 49. 45. 35. 

25 T( - - 757.8 811.2 518.0 420.6 707.7 937.8 800.9 530.4 507.9 438.7 
a - - 194.1 337.4 190.8 104.4 290.5 294.6 207.8 145.6 170.8 176.8 
n - - 23. 23. 32. 30. 37. 19. 49. 39. 46. 24. 
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L I V E  ROOTS 

T h e r e  i s  a  l i n e a r  r e l a t i o n -  
s h i p  b e t w e e n  t h e  l o g a r i t h m  o f  
r o o t  s t r e n g t h  a n d  t h e  l o g a r i t h m  
o f  r o o t  d i a m e t e r  f o r  l i v e  r o o t s  
o f  t h e  t h r e e  s o u t h e a s t  A l a s k a  
s p e c i e s  t e s t e d  ( f i g .  3 ) .  

4; 
' ' O---O HEMLOCK 

SlTKA SPRUCE 
*--0 HUCKLEBERRY 

ns. Points not significant(y diflbrsnt 

ROOT DIAMETER (mm) 

F i g u r e  3 .  - -Roo t  s h e a r  s t r e n g t h  vs . 
r o o t  d i a m e t e r  f o r  l i v e  w e s t e r n  
h e m l o c k ,  S i t k a  s p r u c e ,  and 
h u c k l e b e r r y .  

S i t k a  s p r u c e  r o o t s  a r e  
weaker  t h a n  hemlock r o o t s  ( f i g .  
3 ,  t a b l e  l ) ,  p a r t i c u l a r l y  t h e  
s m a l l e r  r o o t s .  F o r  example ,  
S i t k a  s p r u c e  r o o t s ,  2 t o  5 mm 
i n  d i a m e t e r ,  a r e  a b o u t  40 p e r -  
c e n t  w e a k e r  t h a n  s i m i l a r  s i z e  

hemlock r o o t s .  T h i s  d i f f e r e n c e  
i s  l e s s  i n  10-mm S i t k a  s p r u c e  
r o o t s ,  which a r e  a b o u t  1 8  p e r -  
c e n t  weaker  t h a n  10-mm hemlock 
r o o t s .  T h e r e  i s  l i t t l e  d i f f e r e n c e  
i n  s t r e n g t h  o f  l i v e  r o o t s  l a r g e r  
t h a n  1 7  mm. 

A f t e r  l o g g i n g ,  r e d  h u c k l e -  
b e r r y  commonly i n v a d e s  t h e  s i t e .  
Very  s m a l l  h u c k l e b e r r y  r o o t s  
h a v e  s u b s t a n t i a l l y  l e s s  s t r e n g t h  
t h a n  e i t h e r  hemlock o r  S i t k a  
s p r u c e  r o o t s  o f  c o m p a r a b l e  s i z e .  
F o r  e x a m p l e ,  2-mm r o o t s  o f  
h u c k l e b e r r y  a r e  a b o u t  6 3  p e r c e n t  
w e a k e r  t h a n  hemlock r o o t s  and  
a b o u t  4 0  p e r c e n t  weaker  t h a n  
S i t k a  s p r u c e  r o o t s .  T h i s  d i f -  
f e r e n c e  v a n i s h e s  i n  r o o t s  w i t h  
l a r g e r  d i a m e t e r s ,  and  t h e r e  i s  
l i t t l e  d i f f e r e n c e  be tween  t h e  
t h r e e  s p e c i e s  a t  1 7  m m .  

DEAD ROOTS 

The c o n t r i b u t i o n  o f  t r e e  
r o o t s  t o  t h e  s t r e n g t h  o f  t h e  
s o i l  i s  a  f u n c t i o n  o f  t h e  i n -  
d i v i d u a l  r o o t  s t r e n g t h s  and  t h e  
number o f  r o o t s  p e r  u n i t  volume 
o f  s o i l .  W i t h i n  t h e  f i r s t  few 
y e a r s  a f t e r  l o g g i n g ,  t h e r e  i s  a  
d e c r e a s e  i n  t h e  a v e r a g e  s t r e n g t h  
o f  t h e  r o o t s  i n  t h e  s o i l  ( f i g .  
4 ) .  Then ,  4 t o  6 y e a r s  a f t e r  
l o g g i n g ,  t h e  s t r e n g t h  o f  r e s i d -  
u a l  r o o t s  i s  a t  l e a s t  a s  g r e a t  
a s  t h e  a v e r a g e  s t r e n g t h  o f  l i v e  
r o o t s .  By t h i s  t i m e ,  h o w e v e r ,  
mos t  o f  t h e  n o n r e s i n o u s  r o o t s  
h a v e  c o m p l e t e l y  d e c a y e d  and  o n l y  
r e s i n o u s  r o o t s  i n  t h e  r e s i d u a l  
r o o t  b i o m a s s  a r e  l e f t .  R e s i n o u s  
r o o t s  a r e  o n l y  a  s m a l l  f r a c t i o n  
o f  t h e  t o t a l  r o o t  mass i n  t h e  
o r i g i n a l  l i v e  f o r e s t  s t a n d .  

S e v e r a l  i m p o r t a n t  d i f f e r e n c e s  
be tween  hemlock and  S i t k a  s p r u c e  
r o o t s  a r e  r e l a t e d  t o  s i z e  and 
change  i n  s t r e n g t h  w i t h  t i m e  
a f t e r  c u t t i n g .  



>F ROO' 
17mm 

YEARS AFTER CUTTING 

F i g u r e  4.--Change i n  root s h e a r  
s t r e n g t h ,  i n  y e a r s  a f t e r  c u t t i n g ,  
f o r  d i f f e r e n t  root d i a m e t e r s  o f  
w e s t e r n  h e m l o c k  and Si t k a  s p r u c e .  

Hemlock Roots 

There  i s  a  c o n t i n u a l  l o s s  
i n  ave rage  s t r e n g t h  of  r e s i d u a l  
hemlock r o o t s  l e s s  t h a n  25 mm i n  
d i a m e t e r  w i t h  t ime  a f t e r  l ogg ing  
w i t h  about  32 p e r c e n t  of  t h e  
s t r e n g t h  l o s t  d u r i n g  t h e  f i r s t  
2 y e a r s  (Tab le  1 ,  f i g .  4 ) .  For 
example,  ' f o r  2 - m i  d i a m e t e r  r o o t s ,  
t h e r e  i s  a  4 2 - p e r c e n t  l o s s  i n  
s t r e n g t h  t h e  f i r s t  2 y e a r s  a f t e r  
l o g g i n g .  Wi th in  4  y e a r s ,  t h e r e  
i s  a  5 9 - p e r c e n t  l o s s .  By 6 y e a r s ,  
70 p e r c e n t  of  t h e  s t r e n g t h  o f  
t h e  r e s i d u a l  r o o t s  i s  l o s t .  
Res idua l  r o o t s  hav ing  a  d i a m e t e r  

of  5 mm show a  3 4 - p e r c e n t  l o s s  
i n  s t r e n g t h  t h e  f i r s t  2 y e a r s .  
Wi th in  4 y e a r s ,  h a l f  t h e  s t r e n g t h  
i s  l o s t .  By 10 y e a r s  a f t e r  c u t -  
t i n g ,  58 p e r c e n t  i s  l o s t .  

A r e d u c t i o n  i n  r e s i d u a l  
s t r e n g t h  of i n t e r m e d i a t e  s i z e  
hemlock r o o t s  (10-25 mm) d u r i n g  
t h e  f i r s t  4 y e a r s  a f t e r  l o g g i n g  
i s  fo l lowed  by an  a p p a r e n t  i n -  
c r e a s e  i n  s t r e n g t h  a s  a  r e s u l t  
o f  dominance of  r e s i n o u s  r o o t s  
i n  t h e  r e s i d u a l  biomass.  T h i s  
i n c r e a s e  r e a c h e s  a  peak abou t  
6 y e a r s  a f t e r  c u t t i n g ,  t h e n  
d e c l i n e s  a s  t h e  r e s i n o u s  r o o t s  
b e g i n  t o  decay .  The r o o t  s t r e n g t h  
a t  6 y e a r s  i s  a t  l e a s t  a s  g r e a t  
a s  t h a t  of t h e  o r i g i n a l  l i v e  r o o t s .  
T h i s  does  n o t  imply t h a t  t h e  
s t r e n g t h  of t h e  s o i l - r o o t  m a t r i x  
i s  i n c r e a s i n g ,  because  t h e  t o t a l  
number of  r o o t s  c o n t i n u a l l y  
becomes s m a l l e r  and  t h e  r o o t s  
remain ing  i n  t h e  s o i l  a r e  t h e  
decay  r e s i s t a n t  r e s i n o u s  r o o t s  
which r e p r e s e n t  a  s m a l l  f r a c t i o n  
of t h e  o r i g i n a l  r o o t  biomass.  
By 10 y e a r s  a f t e r  c u t t i n g ,  even 
t h e s e  r e s i n o u s  r o o t s  have begun 
t o  l o s e  t h e i r  s t r e n g t h .  

There  i s  no l o s s  i n  s t r e n g t h  
of l a r g e  hemlock r o o t s  (50 mm) 
d u r i n g  t h e  f i r s t  6 y e a r s  a f t e r  
c u t t i n g .  Wi th in  t h e  n e x t  4 
y e a r s ,  however,  50 p e r c e n t  of 
t h e  s t r e n g t h  i s  l o s t .  
S i t k a  Spruce Roots  

There  i s  a  d e c r e a s e  of  a b o u t  
50 p e r c e n t  i n  s t r e n g t h  o f  S i t k a  
s p r u c e  r o o t s  l e s s  t h a n  25 mm i n  
d i a m e t e r  w i t h i n  t h e  f i r s t  2 y e a r s  
a f t e r  l o g g i n g ,  fo l lowed  by an 
i n c r e a s e  i n  t h e  4 t h  y e a r  t o  a  
s t r e n g t h  approx ima t ing  t h a t  o f  
l i v e  r o o t s .  T h i s  a p p a r e n t  i n -  
c r e a s e  i s  a l s o  due t o  t h e  
dominance of  r e s i n o u s  r o o t s  i n  
t h e  biomass.  A f t e r  t h i s  4 - y e a r  
peak ,  t h e r e  i s  a  c o n t i n u a l  



r e d u c t i o n  i n  r o o t  s t r e n g t h  a s  t h e  
r e s i n o u s  r o o t s  decay .  By t h e  1 0 t h  
y e a r ,  no r o o t s  l e s s  t h a n  2 mm i n  
d i a m e t e r  remain i n  t h e  s o i l  and 
few r o o t s  s m a l l e r  t h a n  5  mm. 
T h e r e f o r e ,  e s s e n t i a l l y  a l l  s t r e n g t h  
from t h e s e  s m a l l e r  r o o t s  i s  gone. 
The r ema in ing  r e s i n o u s  r o o t s ,  
from 10 t o  25 mm i n  d i a m e t e r ,  
l o s e  a b o u t  50 p e r c e n t  o f  t h e i r  
s t r e n g t h  between t h e  4 t h  and 1 0 t h  
y e a r .  

The re  i s  no l o s s  i n  s t r e n g t h  
of  50-mm r o o t s  f o r  t h e  f i r s t  6 
y e a r s ,  b u t  between 6 and  10 y e a r s ,  
t h e s e  l a r g e  r o o t s  l o s e  87 p e r c e n t  
o f  t h e i r  s t r e n g t h .  

Comparison o f  Roots  o f  Hemlock 
and S i t k a  Spruce  

I n  g e n e r a l ,  t h e r e  were fewer 
r e s i d u a l  S i t k a  s p r u c e  r o o t s  p e r  
age  c l a s s ,  which s u g g e s t e d  t h a t  
t h e y  a r e  l e s s  r e s i s t a n t  t o  decay .  
Because t h e  n o n r e s i n o u s  f r a c t i o n  
of  t h e  S i t k a  s p r u c e  r o o t s  decays  
more r a p i d l y  t h a n  t h e  r e s i n o u s  
f r a c t i o n ,  t h e  r e s i n o u s  r o o t s  
dominate  t h e  r e s i d u a l  biomass 
2 y e a r s  e a r l i e r  t h a n  do t h e  
r e s i n o u s  r o o t s  o f  hemlock. As 
t h e  p r o p o r t i o n  o f  nondecayed 
r e s i n o u s  r o o t s  r i s e s ,  t h e  ave rage  
r e s i d u a l  s t r e n g t h  a l s o  r i s e s .  
T h e r e f o r e ,  t h i s  o b s e r v e d  i n c r e a s e  
i n  s t r e n g t h  o f  t h e  S i t k a  s p r u c e  
r o o t s  4 y e a r s  a f t e r  l o g g i n g  and 
o f  t h e  hemlock r o o t s  6 y e a r s  a f t e r  
l o g g i n g  r e f l e c t s  t h e  r a t e  o f  
t o t a l  decay  o f  t h e  n o n r e s i n o u s  
r o o t  f r a c t i o n .  T h i s  does  n o t  
imply t h a t  t h e  s t r e n g t h  o f  t h e  
s o i l  t h r o u g h  t h e  b i n d i n g  a c t i o n  
o f  r o o t s  i n c r e a s e s  a f t e r  l o g g i n g  
s i n c e  t h e  t o t a l  number o f  r o o t s  
o r  biomass o f  r o o t s  c o n t i n u e s  t o  
d e c l i n e .  

The re  a p p e a r s  t o  be no r e s -  
i n o s i s  o f  hemlock r o o t s  l e s s  t h a n  
5  mm d i a m e t e r ,  whereas  r e s i n o s i s  
i s  a p p a r e n t  i n  s m a l l  S i t k a  s p r u c e  
r o o t s .  

The a v e r a g e  s t r e n g t h  o f  
r e s i d u a l  S i t k a  s p r u c e  r o o t s  i s  
c o n s i s t e n t l y  l e s s  t h a n  t h a t  of  
hemlock r o o t s  u n t i l  4  y e a r s  a f t e r  
l o g g i n g  when t h e  impact  o f  r e s -  
i n o s i s  i s  obse rved  i n  S i t k a  s p r u c e  

SUMMARY AND CONCLUSIONS 

1. There  i s  a  l i n e a r  r e l a -  
t i o n s h i p  between t h e  l o g a r i t h m  
o f  r o o t  s t r e n g t h  and t h e  l o g a r i t h m  
of  r o o t  d i a m e t e r  f o r  t h e  l i v e  
r o o t s  o f  S i t k a  s p r u c e ,  w e s t e r n  
hemlock, and r e d  h u c k l e b e r r y .  

2 .  I n  uncu t  s t a n d s ,  hemlock 
r o o t s  a r e  s t r o n g e r  t h a n  S i t k a  
s p r u c e  r o o t s .  

3 .  Very s m a l l  h u c k l e b e r r y  
r o o t s  have s u b s t a n t i a l l y  l e s s  
s t r e n g t h  t h a n  e i t h e r  hemlock o r  
S i t k a  s p r u c e ,  b u t  s t r e n g t h  r a p i d l y  
i n c r e a s e s  w i t h  d i a m e t e r  and c l o s e l y  
app rox ima tes  t h e  s t r e n g t h  of  t h e  
t r e e  r o o t s  above 10 mm d i a m e t e r .  

4 .  S i t k a  s p r u c e  r o o t s  decay  
more r a p i d l y  t h a n  do hemlock r o o t s .  

5 .  As t r e e  r o o t s  decay  w i t h  
t ime  a f t e r  l o g g i n g ,  r e s i d u a l  
hemlock r o o t s  c o n t i n u e  t o  be  
s t r o n g e r  t h a n  r e s i d u a l  S i t k a  
s p r u c e  r o o t s  u n t i l  4  y e a r s  a f t e r  
c u t t i n g  . 

6 .  Hemlock l o s e s  a b o u t  
o n e - t h i r d  o f  t h e  a v e r a g e  s t r e n g t h  
of  i t s  r o o t s  s m a l l e r  t h a n  25 mm 
i n  d i a m e t e r  w i t h i n  2 y e a r s  a f t e r  
l o g g i n g .  

7 .  S i t k a  s p r u c e  l o s e s  a b o u t  
o n e - h a l f  t h e  a v e r a g e  s t r e n g t h  o f  
i t s  r o o t s  s m a l l e r  t h a n  25 mm i n  
d i a m e t e r  w i t h i n  2 y e a r s  a f t e r  
l o g g i n g .  

8 .  Wi th in  2 y e a r s  a f t e r  
l o g g i n g ,  most of  t h e  o r i g i n a l  
r o o t s  l a r g e r  t h a n  1 mm of  t h e  
t h r e e  s p e c i e s  can  s t i l l  be  found 



i n  t h e  s o i l .  By 4 y e a r s ,  many 
o f  t h e  r o o t s  h a v e  t o t a l l y  
d e c a y e d ,  and a p r o p o r t i o n a t e l y  
l a r g e r  number o f  d e c a y  r e s i s t a n t ,  
r e s i n o u s  r o o t s  a r e  l e f t .  By 
1 0  y e a r s  a f t e r  c u t t i n g ,  even  
t h e s e  r e s i n o u s  r o o t s  have  l o s t  
a p p r e c i a b l e  s t r e n g t h .  

9 .  S i n c e  t h i s  s t u d y  was 
e x p l o r a t o r y  and  d e s i g n e d  t o  
p r o v i d e  d a t a  f o r  a  more r e g i o n a l  
e v a l u a t i o n  o f  r o o t  s t r e n g t h ,  
s e v e r a l  l i m i t a t i o n s  s h o u l d  be  
m e n t i o n e d :  

a .  We s t u d i e d  a  s p e c i f i c  
g e o g r a p h i c  a r e a ,  namely 
S t a n e y  C r e e k ,  P r i n c e  o f  
Wales I s l a n d .  

b .  We s e l e c t e d  o n l y  o n e  
s i t e  f o r  e a c h  a g e  c l a s s .  

c .  We s e l e c t e d  o n l y  o n e  
t r e e  p e r  s p e c i e s  f o r  e a c h  
a g e  c l a s s .  

d .  We l o c a t e d  s i t e s  on 
r e l a t i v e l y  g e n t l e  t e r r a i n .  

S u b s e q u e n t  s t u d i e s  and  p a p e r s  
w i l  e v a l u a t e  t h e  s i g n i f i c a n c e  o f  
t h e s e  f a c t o r s  on r o o t  s t r e n g t h  
and  i t s  r a t e  o f  r e d u c t i o n  a f t e r  
l o g g i n g .  A more d e f i n i t i v e  
m e a s u r e  o f  t h e  r a t e  of r o o t  
b i o m a s s  l o s s  a f t e r  l o g g i n g  i n  
s o u t h e a s t  A l a s k a  i s  a l s o  n e e d e d .  
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