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ABSTRACT 

Humus f r a c t i o n   d i s t r i b u t i o n   o f  humus l a y e r s  was a s ses sed  on 
s i x  fo res t   ecosys t ems ,   r ep resen t ing   so i l s  of  xer ic ,   mes ic   and   hygr ic  
hygro topes   in   bo th  w e t  and dry  subzones of t he   Coas t a l  western hemlock 
biogeocl imat ic   zone.  Humic a c i d  (HA) l e v e l s   i n c r e a s e d   w i t h   i n c r e a s i n g  
moisture  f o r  both  subzones,  and i n   t h e  wetter (CWHb) subzone  on  average 
reached  higher  levels for   each  hygrotope  than  in   the  corresponding 
hygrotope  of  the  dry  subzone. The f u l v i c   a c i d  (FA) f r a c t i o n  showed 
l i t t l e  v a r i a t i o n  between  four of the   ecosystems  but  was s i g n i f i c a n t l y  
lower   fo r   t he  mesic and  hygric  sites o f   t he  CWHb subzone. The l a t t e r  
was a t t r i b u t e d  t o  g r e a t e r  downward t r a n s l o c a t i o n  of t h e s e   a c i d   s o l u b l e  
constituents. Ratios of HA t o  FA t ended   t o   i nc rease   w i th   i nc reas ing  
moi s tu re   fo r   bo th   subzones ,   i n   con t r a s t   t o   r epor t s   i n   t he   Russ i an  
l i t e r a t u r e .  HA:FA r a t i o   a l s o   a p p e a r e d   t o   b e   r e l a t e d  t o  humus form. 

Changes i n   f r a c t i o n   d i s t r i b u t i o n  are d i s c u s s e d   i n   r e l a t i o n  
to   mois ture   reg ime  and   b io logica l   ac t iv i ty   and  t o  rates of humus 
s y n t h e s i s  and  decomposition. 
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INTRODUCTION 

Y M J  

Many workers   have   inves t iga ted   the   d i s t r ibu t ion   and   na ture   o f  
humus f r a c t i o n s   i n   s o i l s ,   a l t h o u g h   t h e   i n f o r m a t i o n  on a g r i c u l t u r a l   s o i l s  i s  
much more  abundant  than f o r   f o r e s t   s o i l s .   I n   p a r t i c u l a r   R u s s i a n   w o r k e r s  
have  conducted  extensive  s tudies  on t h e  humus f r a c t i o n s  of a wide  range of 
s o i l s   i n   r e l a t i o n   t o   b o t h  s o i l  genesis   and,  more e s p e c i a l l y ,   t o  humus formation 
(e.g.  Tyurin  1951, Kononova 1966,  Sukachev  and  Dyllis  1964).  These  workers 
have   repor ted   re la t ionships   be tween  zonal   so i l s   and   the   composi t ion   o f  
humic a c i d s  (HA) and f u l v i c   a c i d s  (FA), and a l s o  between s o i l  zone  and  the 
HA:FA r a t i o  (Ch:Cf, based on carbon  content) .   Major   soi l   groups  have  been 
r e p o r t e d   t o   e x h i b i t   d i s t i n c t i v e  Ch:Cf levels,  and a l s o   c h a r a c t e r i s t i c  
r anges   fo r   e l emen ta l   ana lys i s   o f  HA as well as s u s c e p t i b i l i t y   t o   c o a g u l a t i o n  
and o p t i c a l   p r o p e r t i e s .  L i t t l e  comparable  data are a v a i l a b l e  on  North  American 
s o i l s ,   a l t h o u g h  a r ecen t   s tudy  by  Anderson e t  a l .  (1974)   ind ica ted   sys temat ic  
changes i n  humic f r a c t i o n s  on  moving from a r i d  Brown, through  Dark Brown 
and  Black  Chernozemic, t o  more  humid  Gray L u v i s o l i c  s o i l  zones.  Methods of  
examin ing   t he   d i s t r ibu t ion  of o r g a n i c   f r a c t i o n s   i n   f o r e s t  humus l a y e r s   i n  
B r i t i s h  Columbia  have  been  discussed  by Lowc (1974). 

” 

The present   s tudy  i s  p a r t  of a p rogram  inves t iga t ing   r e l a t ionsh ips  
between  forest   ecosystems  established  by  synecological  methods  and  the 
composition of f o r e s t  humus l a y e r s .  A previous  report   (Klinka  and Lowe, 
B.C.F.S. Research  Note No. 74 i n   p r i n t )   d i s c u s s e d   p r o x i m a t e   a n a l y s i s   r e s u l t s ,  
whereas   t he   p re sen t   r epor t   dea l s   w i th   t he   d i s t r ibu t ion   o f  humus f r a c t i o n s .  
A subsequent   repor t  w i l l  d i s c u s s   o p t i c a l   p r o p e r t i e s  of humic a c i d   f r a c t i o n s .  

MATERIALS AND METHODS 

Samples  and  sampling sites 

Samples  of f o r e s t  humus l a y e r s  were c o l l e c t e d   f r o m   f o r e s t  
ecoystems i n   t h e  U.B.C.  Research  Forest ,   which l ies  i n   t h e   C o a s t a l   w e s t e r n  
hemlock (CWH) biogeoclimatic zone of British Columbia. Details of the forest 
ecosystems  invest igated,   and of t h e  humus forms  and  selected  chemical 
p r o p e r t i e s  of the  samples ,   have  been  reported i n  Research  Note No. 74. 
Three  ecosystem  uni ts  were s e l e c t e d   i n   b o t h   d r y  (CWHa) and w e t  (CWHb) 
subzones, on s o i l s   w i t h   x e r i c ,  mesic and  hygric   hygrotopes.   Forest  
p r o d u c t i v i t y  w a s  g e n e r a l l y   h i g h e r   i n   t h e  CWHa subzone,  and fo r   each  
subzone   increased   f rom  xer ic   to  mesic to   hygric   ecosystems.  

E x t r a c t i o n  Methods 

The  methods  of   extract ion  selected were based  on  the classical 
a l k a l i n e   e x t r a c t i o n  methods  developed f o r   u s e   o n   m i n e r a l   s o i l s ,   b u t  
adap ted   fo r   u se  on samples   conta in ing   subs tan t ia l   amounts  of unhumified 
material i n   a d d i t i o n   t o   t h e  humus f r a c t i o n s .  
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Samples were extracted  with  e thano1:benzene (1:l) t o  remove t h e  
l i p i d   f r a c t i o n   ( f a t s ,   w a x e s ,   r e s i n s ,   e t c . ) ,  and  with  0 .1  N H2SO4 t o  
remove b a s i c   c a t i o n s  and   enhance   ex t r ac t ion   e f f i c i ency   w i th   a lka l i .  
Soluble  humus f r a c t i o n s  (HA and FA) were then   ex t r ac t ed   w i th  0 .1  N NaOH. 
The r e s i d u e   f r o m   t h e   a l k a l i n e   e x t r a c t i o n  was hydrolysed  with 1 N H2SO4 
unde r   r e f lux   a f t e r   p re t r ea tmen t   w i th   co ld  72% H2SO4. Organic matter 
s o l u b i l i z e d  by t h i s   t r e a t m e n t  was des igna ted   'hydro lysable   res idue ' ,  
whereas   t he   so l id   r e s idue  was termed  'non-hydrolysable  residue' .  The 
hydro lysable   res idue  i s  cons ide red   t o   cons i s t   e s sen t i a l ly   o f   unhumi f i ed  
p l a n t  materials, main ly   po lysacchar ides   inc luding   ce l lu lose .  The non- 
hydro lysable   res idue  w i l l  i n c l u d e   t h e  most s t a b l e   p l a n t   r e s i d u e s  
components l i k e   l i g n i n ,  as well as t h e  humin f r a c t i o n .  The e x t r a c t i o n  
procedures were e s s e n t i a l l y   t h o s e   d e s c r i b e d   p r e v i o u s l y  (Lowe 1974) 
except   for   the   use   o f  smaller sample  weights  and  extraction  volumes,  and 
the  omission of a h o t  NaOH ex t rac t ion .   Yie lds   o f   each   f rac t ion  were 
de termined   grav imet r ica l ly   and   cor rec ted   for   ash   conten t .  

RESULTS AND DISCUSSION 

The d i s t r i b u t i o n   o f  HA, FA, hydrolysable   res idue  and non- 
hydro lysab le   r e s idue   f r ac t ions  i s  r e p o r t e d   i n   T a b l e  1. While some 
v a r i a t i o n   i n   d i s t r i b u t i o n   o f   f r a c t i o n s  w a s  noted,  HA, FA and non- 
hydro lysab le   r e s idue   f r ac t ions  were i n  a l l  cases major  components, 
whi le   the   hydro lysable   res idue   accounted  on average   for   on ly  3.1% of 
t h e   t o t a l   o r g a n i c  matter. Based  on mean v a l u e s   f o r   f o u r   p l o t s ,  HA was 
more abundant  than FA i n  a l l  u n i t s ,  and for   each  subzone,  HA l e v e l s  
i nc reased   f rom  xe r i c   t o  mesic t o   h y g r i c   h a b i t a t s .   L e v e l s  of FA were very 
similar i n   f o u r  of the   un i t s   (22 .5%  to   24 .5%)   bu t  were s u b s t a n t i a l l y  
Power (13.5% - 14 .2%)   fo r   t he   un i t s  on the   mes ic   and   hygr ic   habi ta t s  
of t h e  CWHb subzone. The lower levels of FA in   o rganic   hor izons   o f  
some si tes i n   t h e   m o i s t e r  CWHb subzone, may w e l l  be  due t o   g r e a t e r  
downward movement of  mobile FA componen t s ,   s ince   so i l s   p ro f i l e s   o f   t he  CWHb 
zone  have  been  reported  to   exhibi t  more marked e luvia t ion   than   those   o f   the  
CWa zone  (Krajina  1965,  1969;  Lesko  1961;  Orloci  1964  and  Kojima  1971.) 

HA levels increased   wi th in   each   subzone   wi th   increas ing   mois ture  
( f rom  xe r i c   t o  mesic and t o   h y g r i c ) ,   i n d i c a t i n g   t h a t  HA accumulation is 
favoured  by  moister  conditions,   whereas  the more extended  per iods of s o i l  
d e s i c c a t i o n   i n   x e r i c   e c o s y s t e m s   t e n d s   t o   i n h i b i t  HA accumulation.  However, 
t h i s   e f f e c t   c o u l d   b e   d u e   e i t h e r   t o   d e c r e a s e d   i n p u t s  of HA-precursors a t  
d r i e r  sites, t o . a   s l o w e r  rate of HA synthes is   (perhaps  as a r e s u l t  of  lower 
m i c r o b i o l o g i c a l   a c t i v i t y ) ,   o r   t o  a slower ra te  of degradat ion of HA a t  
the   mois te r  sites , as a r e s u l t  of excess ive   mois ture   l eve ls .   Probably  a l l  
t h r e e   f a c t o r s  are involved. It is sugges t ed   t ha t   i n   t he   coo le r ,  more  humid 
subzone (CWHb), excess   mo i s tu re   r e t a rds  HA degradat ion a t  t h e   h y g r i c  
ecosystems (BLECHNUM - AF - WH), whereas i n   t h e  CWHa subzone,  lack  of 
mo i s tu re   r e t a rds  HA s y n t h e s i s   i n   t h e   x e r i c   e c o s y s t e m s .  

i 

WIY' 
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The r e l a t i v e   p r o p o r t i o n s   o f  HA and FA as ind ica t ed   by   t he  Ch:Cf 
r a t io   has   been   cons ide red  by a number of  Russian  workers (Kononova 1966, 
Sukachev  and  Dyllis   1964)  to  be  the most important  humus c h a r a c t e r i s t i c s  
r e f l e c t i n g   t h e   p r o c e s s e s   o f  humus formation.  Sukachev  and  Dyllis  have 
sugges ted  a c l a s s i f i c a t i o n   o f   s o i l   o r g a n i c   l a y e r s   b a s e d   o n   t h i s   p r o p e r t y .  
The  Russian  workers   have  indicated  that  Ch:Cf va lues   decrease   on   pass ing  
from  chernozem s o i l s   t o   p o d z o l i c   s o i l s ,  and  concluded  that   the  more  humid 
conditions  under  which  podzols are formed are less f a v o u r a b l e   t o   t h e  
product ion  of  HA, bu t   r a the r   f avour   t he   fo rma t ion   o f   t he  more mobile FA 
materials. Kononova (1966) ,   for   example ,   repor t s   typ ica l   podzol  Ch:Cf 
v a l u e s   i n   t h e  0.5-0.8 range,  which i s  subs t an t i a l ly   l ower   t han  most  of 
t h e   v a l u e s   f o u n d   i n   t h e   p r e s e n t   s t u d y   i n  a reg ion   where   podzol ic   so i l s   p re-  
dominate. Two impor t an t   f ac to r s   p robab ly   accoun t   fo r   t h i s   appa ren t   d i sc repancy .  
Many workers  have  suspected,  and  Gascho  and  Stevenson  (1968),  Petruzzelli e t  a l .  
'(1974) have c lear ly   demonst ra ted   tha t  Ch:Cf va lues  are highly  dependent   both 
on  methods  of  extraction  and on c o n d i t i o n s   f o r   s e p a r a t i n g   t h e  HA and FA 
f r a c t i o n s .  Hence va lues   r epor t ed  by d i f f e rdn t   worke r s  are f r equen t ly   no t  
comparable.  Furthermore, much o f   t h e   d a t a   r e p o r t e d   f o r   p o d z o l i c   s o i l s   b y  
Kononova  (1966)  and f r ee ly   quo ted  by o t h e r s ,   a p p e a r s   t o   b e   b a s e d   l a r g e l y  
o n   m i n e r a l   h o r i z o n s ,   e i t h e r   v i r g i n   o r   c u l t i v a t e d ,  and i s  no t   necessa r i ly  
r e l evan t   t o   o rgan ic   ho r i zons  of  such s o i l s .   I n d e e d ,  Ch:Cf va lues   repor ted  
by  Czerney  and  Fiedler  (1968)  for  an  extensive  study  of  spruce humus i n  
Europe were mainly  greater   than  1 .0 ,   wi th  mean v a l u e s   f o r  L ,  F, H and Ah 
horizons  of  1.0,   1.3,   1.9  and 1.3 respective1.y. A similar i n c r e a s e   i n  
Ch:Cf with  decomposition was repor ted  by Lowe (1972) f o r  a western hemlock- 
w e s t e r n   r e d c e d a r   s t a n d   i n   B r i t i s h  Columbia.  Thus, t h e  common assumption 
t h a t  humid condi t ions  favoring  podzol   formation  give rise t o  low Ch:Cf 

organic   hor izons  are concerned, as is the   sugges t ion   t ha t   i nc reas ing  
mois ture   causes   decreas ing  Ch:Cf va lues .   For   o rganic   so i l   hor izons   under  
con i f e rous   fo re s t   cove r ,   t he  reverse appea r s   t o   be   t he   ca se ,  a t  l eas t  i n  
t h e  CWH zone. 

w 

w91vr' v a l u e s ,  i . e  a predominance  of FA over  HA, appears   unacceptable ,  as f a r  a s  

Ch:Cf o f   f o r e s t  humus layers   does  however a p p e a r   t o   b e   r e l a t e d   t o  
the   degree   o f   decomposi t ion ,   (Czerney   and   F ied ler1968)   and   in   the  
p re sen t   s tudy  t h i s  was reflected i n  a r e l a t i o n s h i p   t o  humus forms, 
which d i f f e r   i n   p r o p o r t i o n s   o f  F, H and Ah material. Mean  Ch:Cf va lues  
f o r  F-mor,  H-mor, moder and  mull were 1 . 2 3 ,  1 .84,  2.33  and  1.25  respectively.  

The   hydro lysable   res idue   f rac t ion ,   which   inc ludes   ce l lu lose   and  
ce l lu lose   f rom undecomposed p l a n t   r e s i d u e s ,  was r e l a t i v e l y   i n s i g n i f i c a n t  
f o r  a l l  t h e  humus samples.  Only i n   t h e  case of  decayed wood samples were 
appreciable   amounts   found.   For   these  samples ,   and  especial ly   in   the case of 
decayed wood of   Douglas- f i r ,   the   hydro lysable   res idue  was s u b s t a n t i a l l y  
more abundant  than  the HA o r  FA f r a c t i o n s .  

W 
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The materials remaining a t  the   end   of   the   ex t rac t ion   sequence  
(non-hydrolysable  residue) were observed to   conta in   cons iderable   amounts  
of p lan t   debr i s ,   par t icu lar ly   those   der ived   f rom F-mor and  decayed wood 
samples. The residues  f rom H-mor . and  mull  samples  appeared  amorphous 
and  presumably  consist  essentially  of  humin,  together!  with mineral 
materials. A l l  r e s idues  w i l l  a l s o   l i k e l y   c o n t a i n  materials comparable 
t o   t h e  immature HA f r a c t i o n   e x t r a c t a b l e   w i t h   h o t  NaOH so lu t ion ,   which  were 
d e s c r i b e d   i n  a previous  paper (Lowe and  Godkin 1975).  The v a r i a t i o n   i n  
composi t ion   o f   the   non-hydro lysable   res idue   f rac t ion   c lear ly  make i t  
d i f f i c u l t   t o   i n t e r p r e t   d i f f e r e n c e s   i n   t h e  abundance  of t h i s   f r a c t i o n .  The 
high levels i n   t h e  TIARELLA - POLYSTICHUM - WESTERN REDCEDAR a l l i a n c e  are 
presumably  due  mainly to   accumulat ion  of   humin,   whereas   the  high  levels  
i n  decayed wood samples   can   be   l a rge ly   a t t r i bu ted   t o   l i gn in   t ha t   has  
undergone l i t t l e  or   no   modi f ica t ion .  

Some indica t ion   of   the   degree   o f   humif ica t ion  i s  given  by  the 
sum of HA p l u s  FA f r ac t ions   (Tab le  1). Some differences  between 
ecosystems were apparent ,   wi th  HA+FA i n c r e a s i n g   f r o m   x e r i c   t o  mesic 
to   hygr i c .   e cosys t ems   i n   t he  CWHa subzone.  In  the  more humid CWHb subzone,  the 
Vaccinium - moss - western hemlock a s soc ia t ion   appea red   t o  show less accumulation 
of e x t r a c t a b l e  humus f r ac t ion   t han   t he   o the r   ecosys t ems .  However, t h i s  
may be  misleading i f   s i g n f i c i c a n t  downward t r a n s l o c a t i o n   o c c u r s  of FA 
components  produced  within  the  organic  layers.  On t h e   o t h e r  hand t h e s e  
sites had   h ighe r   l eve l s   o f   bo th   l i p id   f r ac t ion   and   hydro lysab le   r e s idue  
f r a c t i o n   t h a n   o t h e r  s i tes i n   t h i s  subzone,   suggest ing less a c t i v e  
decomposition  processes.  

SUMMARY AND CONCLUSIONS 

A n a l y s i s   o f   o r g a n i c   f r a c t i o n   d i s t r i b u t i o n   i n   f o r e s t  humus l a y e r s ,  
by methods tha t   r ecove r   t he   ma jo r   c l a s s i ca l  humus f r ac t ions ,   y i e ld   i n fo rma t ion  
no t   ob ta inab le  by proximate   ana lys i s   a lone .  On a p p l i c a t i o n  of  such  methods 
t o  s i x  ecosystem  uni ts   f rom  the  Coastal   western hemlock biogeocl imat ic  
zone  of  British  Columbia,  differences  between  ecosystems  within  the CWHa 
and CWHb subzones were f o u n d ,   p a r t i c u l a r l y   w i t h   r e s p e c t   t o   l e v e l s   o f   t h e  
humic a c i d   f r a c t i o n  and Ch: Cf r a t i o .  Both   p roper t ies   appeared   to   be  
r e l a t ed   t o   mo i s tu re   r eg ime .   Inc reas ing   mo i s tu re  was a s s o c i a t e d   w i t h  
i n c r e a s i n g  humic ac id   format ion ,  and contrary  to   what   might   be  expected 
f rom  Russ i an   l i t e r a tu re ,   w i th   i nc reas ing  Ch:Cf r a t i o .  Mesic and hygr i c  
h a b i t a t s   i n   t h e  CWHb subzone were c h a r a c t e r i z e d  by much lower  levels   of  
f u l v i c   a c i d   f r a c t i o n   t h a n   t h e   o t h e r   h a b i t a t s   s t u d i e d .  
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Table 1. Humus form and d i s t r ibu t ion  of humus f r a c t i o n s  i n  ecosystems 
of the Coastal  western hemlock zone 

(fract ions  expressed as % of to ta l   o rganic   mat te r )  

Non-hydro- 

* Organic  Hydrolysable  lysable 
Ecosystem H U ~ U S  matter HA FA residue  res idue Ch:C€  %+FA 

Unit  Plot  no. form % - % %  - % % " % 

CWWa,  GAULTHERIA - DOUGLAS-FIR (xer ic )  

021 F-mor 64.5  19.2  24.6  2.5  24.1  0.78  43.8 
1.45  48.1 030 H-mor 75.4 28.9 19 .9  3.6 19.6 

051 moder 50.1 20.9 24.6 2.6 32.1 
083  F-mor 88.8 23.4 20.7 2.9 25.2 

Mean 69.7  23.1  22.5  2.9  25.2 

0.85 45.5 
1 .13  48.1 
1.05 46.5 

CWHa, MOSS - WESTERN HEMLOCK (mesic) 

00 7 F-mor 86.6 23.6 26.7 3.7 17.5 
024 H-mor 93.3 31 .4  21.5 2 . 8  19.2 
032 H-mor 82.1 30.0 25.8 3.5 19 .8  
124  F-mor 90.6 25.2 24.7 5 .1  19.9 

Mean 88.2  27.5  24.5  3.9 1 9 . 1  

0.88 50.2 
1.46 52.9 
1.16 55.8 
1 .02  49.9 
1.13 52.2 

Cwa, TIARELLA - POLYSTICHUM - WESTERN RELYCEDAR (hygric) 

015 mull 26.0  31.2  23.5  1.9  35.6 1.33  54.7 

09 8 moder 26.0  36.9  19.8  0.7  26.3 1.87 56.7 

135 mull 72.2  29.8  24.5  0.9  25.0 1 . 2 1  54.3 

148  mull 14.5  31.7  25.9  0.3  9.8 1.22 57.6 
Mean 34.7  32.4  23.4. 1.0 31.6 1.41  55.8 

CWb, Vaccinium - Gaultheria - Douglas-fir - western hemlock (xer ic )  

05 3 F-mor 91.9  25.7  25.2  3.3  24.9 1.02  50.9 

055 F-mor 91.3  29.5  20.5  4.8  22.4 1.44  49.9 

056 F-mor 85.1  26.6  24.2  3.6  21.1 1.10 50.8 
063 F-mor 92.8  24.9  27.9  4.2  21.3 0.89  52.8 

Mean 90.3  26.7  24.5 4.0 22.4 1.11 51.1 

CWHb, Vaccinium - moss - western hemlock (mesic) 

044 H-mor 85.0  32.1  14.2  4.0 26.0  2.26  46.2 

087 H-mor 93.0  28.5  16.6  4 .1  22.1  1 .72  45.1 
0 89 F-mor 91.8  25.7 14.3 4.0  24.4  1.80  40.0 
125  H-mor 85.8 26.4 11.6 4.3 23.2  2.27 38.1 

Mean 88.9  28.2  14.2  4.1  24.0  2.01  42.4 

c w b ,  BLECHNUM - AMABILIS FIR - WESTERN HEMLOCK (hygric) 

062 F-mor 91.5  32.6  14.3  3.4 22.6 2 - 2 8  46.9 

095 H-mor 91.4  35.8  13.9  3.1 20.7  2.57  49.8 

114 moder 16.9  42.9  10.9  2.1  26.8  3.94  53.7 
149 moder 80.5  39.8  15.0  2.2  22.2  2.66  54.7 

Mean 85.1   31 .8   13 .5   2 .7   23 .1   2 -86   51 .3  

CWHa, Decayed wood samples 

0 30 DF 
032 DF 

98.5  9.3  5.6  25.1 

001 
99.0  15.8  4 .5  27.4 

WRC 99.5  4.6  3.1  9.6 
02 3 WRC 99.5  6.2  4.0 

99.1  9 .0  4 .3  17.7 

25.5 1.65  14.9 
15.0 
61.9 1.45  7.7 

8.8  38.2 1.57 10.2 
35.1 2.03 1 3 . 3  

3.48  20.3 

Mean 

Abbreviations  used: AF - Abies  amabilis  (Dougl.)  Forbes, DF - Pseudotsuga  menziesii (Mirb . )  
Franco  var.  menziesii,  WRC - Th_uja p l i c a t a  Donn ex D. Don i n  Lamb. 
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