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I X ' T  R 0 D U C'T I 0  N 

Conservationists, engineers, and others  who deal  with 
water problems have become more and more concerned i n  recent 
years with increasing t h e  storage of water i n  t h e  ground. 
Their concern has centered around problems of flood control  
and storage of water f o r  l a t e r  use by plants  o r  animals, in-  
cluding man. 

By reason of t h e i r  locat ion i n  s teep headwaters re- 
gions, f o r e s t  s o i l s  a r e  of pa r t i cu l a r  importance i n  flood 
control ;  they a r e  our na tura l  reservoirs .  

'LOCATED A T  THE NORTHEASTERN FOREST EXPERIMENT STAT I O N ' S  MOUNTA l N STATE 
RESEARCH C E N T E R .  E L K I N S .  WEST V I R G I N I A .  



Methods o f  i n c r e a s i n g  t h e  water-s torage capac i ty  of 
t h e  s o i l  by modifying i t s  s t r u c t u r e  have been s t u d i e d  by 
numerous i n v e s t i g a t o r s .  E a r l y  s t u d i e s  were more concerned 
wi th  a g r i c u l t u r a l  so i l - s ,  b u t  i n  r e c e n t  yea r s  a cons iderable  
i n t e r e s t  has grown i n  methods cf i n c r e a s i n g  t h e  s t o r a g e  ca- 
p a c i t y  o f  f o r e s t  s o i l s ,  k l i m i t i n g  f a c t o r  i n  t h e  improve-- 
ment of t h e  s t o r a g e  c a p a c i t y  of  t hese  s o i l s  i s  t h a t  many of 
them a r e  shallow t o  bedrock o r  impervious hardpan. Because 
of this, it has g e n e r a l l y  been thought t h a t  t h e i r  s t o r a g e  
capac i ty  i s  r e s t r i c t e d  by t h e i r  depth.  

However, s t u d i e s  mads by t h e  Northeastern Fores t  
Experiment S t a t i o n  i n d i c a t e  t h a t ,  by us ing  proper  f o r e s t -  
management p r a c t i c e s ,  man czn i n c r s a s e  t h e  depth and thus  
t h e  water-s torage c a p a c i t y  of shallow f o r e s t  s o i l s .  This 
a r t i c l e  o f f e r s  d a t a  t o  show, i n  a l i m i t e d  way, how f o r e s t  
management accomplj.shes t h i s  ? and p r e s e n t s  a method of rnea,s- 
u r i n g  t h e s e  changes i n  s o i l  depth.  

A s o i l  i s  made up of s o l i d  p a r t i c l e s ,  both minera l  
and organic ,  and pa re  spa.ces t h a t  are f i l l e d  wi th  water  a.nd 
a i r .  Mineral. s o i l  i s  formed f ron  rock, a slow process .  It 
may t a k e  a thousand yea,rs t o  f o ~ n  one i n c h  of s o i l .  Organic 
ma t t e r ,  which comes from plants 2nd a n h L 3 l s ,  forms a t  a much 
f a s t e r  r a t e .  

- 7  The vol.ume of t h e  sol?_, and thils i t s  dep th ,  i s  in--  
c reased  by adding t o  e i t h e r  t h e  solid p a r t i o n  o r  t h e  pore 
space. 

Vegetation bu i ld s  up t h e  humus (organic c q n t e n t j  and 
i n c r e a s e s  t h e  pore  space (% 3 4 ) ,  Fores t e r s  who have 
s tud ied  t h e  f o r e s t  f l o o r  i n  rocky a r e a s  know t h a t  i n d i v i d u a l  
rocks a r e  o f t e n  covered wi th  pure organic  ma t t e r .  I n  p l aces  
where t h e  l and  was used f o r  past,ure o r  crops before  t h e  
p re sen t  f o r e s t  s t and  formed--or where f i r e  had destroyed t h e  
f o r e s t  f l o o r - - i t  i s  obvious that, t h e  h~~rn~:;  was formed du r ing  
t h e  l i f e  span of t h e  t imber  3tand t h a t  now occupies t h e  
s i t e .  I n  New England you can f i n d  spruce s t ands  growing on 



rock ledges  where t h e r e  i s  h ~ m u s ,  bu t  no minera l  s o i l .  This  
humus i n d i c a t e s  t h a t  organic  ma t t e r  accumulates much f a s t e r  
than  minera l  s o i l  forms. 

Kellogg (1) recognized t h e  p o s s i b i l i t y  of  changing 
s o i l  depth through management. ' 'Frequently," he wrote,  
" t h e r e  i s  a marked d i f f e r e n c e  i n  volume weight as a r e s u l t  
o f  c u l t i v a t i o n ,  t h e  th i ckness  of t h e  A-horizon is  reduced 
wi thout  any l o s s  of s o i l . "  (By l i s o i l l f  Kel logg means minera l  
s o i l . )  I n  t h i s  case,  c u l t i v a t i o n  r e s u l t e d  i n  a l o s s  of pore 
space and organic-matter  conten t .  

The f o r e s t  s o i l s  most capable of s t o r i n g  water  a r e  
found under wel l-s tocked mature s t ands .  S t u d i e s  i n  t h e  
Northeast  (2,  3, 4) have shown t h a t  well-stocked mature fo r -  
e s t s  have a deeper  humus l a g e r  t h a n  understocked young 
s t ands .  They have shown a l s o  t h a t  grazed f o r e s t  l ands  have 
l e s s  humus depth than  ungrazed f o r e s t s ,  t h e  magnitude of tkie 
d i f f e r ence  va ry ing  wi th  t h e  i n t e n s i t y  o f  grazing.  

From t h e s e  s t u d i e s  v;e have concluded t h a t  management 
t o  produce well-s tocked s t ands  increar;es  humus depth.  Proper  
management a t  t h e  same t ime prevents  t h e  kind of  abuses-- .  
such as f i r e ,  grazing,  and cvercut t ing- - tha t  damage o r  
des t roy  humus. 

M E A S t l R I N G  T B E  E F F E C - T  

Methods developed by t h e  P1ortheastern Fores t  Experi-- 
ment S t a t i o n  i n  f lood--cont ro l  surveys were used t o  de t e rn ine  
t o  what e x t e n t  t h e  depth  of shal low f o r e s t  s o i l  can  be i n . -  
c r eased  by management, and how t h i s  i n c r e a s e  i n  depth af- 
f e c t s  t h e  water-s torage c a p a c i t y  of t h e  s o i l .  Under t h e s e  
methods, pore  space and organic  content  a r e  measured and 
compared a s  c r i t e r i a  of change i n  s o i l  depth ,  

C e r t a i n  f o r e s t  s t ands  were s e l e c t e d  t o  r ep re sen t  d i f -  
f e r e n t  s t a n d  ages,  s tock ing ,  and p re sen t  and p a s t  t r e a t -  
ments, t h a t  i s ,  management o r  l a c k  of  management. Two types 
of  f i e l d  measurements were made i n  c o l l e c t i n g  t h e  necessary  
da t a .  F i r s t ,  in format ion  was taken  on depth of humus under 
t h e s e  va r ious  s t and  cond i t i ons ,  



Next, quan t i t a t  sasurements were mc 
~r horizon of these  s o i l s  t o  obt  
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with measurements of medium-texture (from very f i n e  
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:r evidence of impeded drainage) s o i l s .  
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lepth, As examples of how managenent can change s o i l  d 
we have taken three  stand (mixed hardwoods) conditions. 
t h e  s o i l s  under these stand conditions, pore space 
orgafic-platter content were com2ared i n  t he  top 6.5 i 

,he p rof i l e .  In  making these  comparisons i t  was necessary 
:onsider equal depths of s o i l ;  the  depth of 6.5 inches 
t h a t  below which there  were no differences among the  

i l  conditions studied. 

- .  
I n  

! and 
.riches 

of t 
t o  c 
was 

The top 6.5 inches of s o i l  under t he  f i r s -  
".on contained 3.5 inches of humus and 3.0 incnes or n2. 

second s o i l  contained 2.3 inches of humus, 3.0 inches of 
and 1.2 inches of subsoil .  The t h i r d  contained 2.0 inch- 
~f humus, 3.0 inches of A*, and 1 .5  inches of subsoil .  

1 con- 
,? A -  

s o i l s  The three  stand conditions, and the  
1 be sumxarized as follows : 

under 

Well-stocked, 80-gear-old, ungrazed 

silt-loam s o i l .  

Humus: Mull 3.5 inches deep; organic con- 
t e n t  37.0 percent by volume; re tent ion storage 
41.1 percent by volume; detention storage 23.4 
percent by volume. 

A2 horizon: 3.0 inches2 deep; organic con- 
t e n t  11.5 percent; r e ten t ion  storage 36 
cent;  detention storage 14.8 percent. 

Subsoil (mineral s o i l  between t he  n- a r l L  

bedrock) : Organic content 4.5 percent; 
L. 

reten- 

2 ~ H I s  1s NOT A  MATClEMATlcAL AVERAGE FOR THE AREA:  I T  1s i 

DEPTHS V A R I E D  BY S O I L  S E f i l E S  AND OTHER C O N D I T I O N S .  AND GOOD AVERAGE F I G U R E S  
NOT A V A I L A B L E .  HOWEVER. A  C O R R E L A T I O N  S T U D Y  MADE T O  D E T E R M I N E  I F  THERE WAS 

:ELAT!ONSHIP  BETWEEN HUMUS DEPTH A N D  A 2  D E P T H  I N D I C A T E D  THAT A 2  D E P T H  WAS 
IRARLY INDEPENDENT OF HUMUS D E P T H  FOR THE AREA S T U D I E D .  A S T U D Y  T O  D E T E R M I N E  
A  R E L A T I O N S H I P  E X I S T E D  BETWEEN k p  DEPTHS I N  GRAZED AND UNGRAZED STANDS A L S O  

' E  N E G A T I V E  R E S U L T S .  
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1 
igrazed stand, 

Humus: Mull, 2.3 inches deep; organic 
37.0 percent; r e ten t ion  storage 41.1 
detent ion storage 23.4 percent. 

con- 
per- 

2 A2 horizon: 3.0 inches deep; orgariic con- 
t en t  11.5 percent; r e ten t ion  storage 36,8 per- 
cent; detent ion storage 1 4 - 8  percent .  

organ: 
subsoil :  Same a s  t h e  80-year-o 
i c  content and storage capacity. 

I d  s tar  

,erage all-aged, grazed stands--shallow -loam s 

Humus: M u l l ,  2,O inches3 dee, ganic 
content 26.9 percent; r e ten t ion  s torage k1.4 
percent; detent ion s torage 12.6 percent. 

A2 horizon: 3.0 inches2 deep; organic con- 
t en t  10.4 percent; r e ten t ion  storage 38.3 per- 
cent; detent ion storage 13.7 percent. 

organ: 

From - 

Subsoil:  Same a s  t he  80-year-old stand i n  
i c  content and s torage capacity. 

nic cor these data,  pore space and orga 
determined f o r  each s o i l  a s  follows ( the  f i r s t  s o i l  i s  u 
a s  an example): 

e r e  

The humus has a t o t a l  pore space of 64.5 percent 
percent re ten t ion  plus 23. L+ percent detent ion) .  Sub- 
ng from 100 percent leaves a s o l i d  volume of 35.5 per- 

c ; a r l ~ .  Humus depth of 3.5 inches x 35.5 percent  = 1.24 innh-  
es  depth of s o l i d  mater ia l :  1 ,24 inches x 37 percent orga 
matter  content = 0.459 inch depth of organic matter. De 
of detent ion pore space i s  determined by mult iplying 2 
percent detent ion pore space by 3.5 inches of humus = 0. 
inch,  Depth of re ten t ion  pore space i s  41.1 percent x 
inches = 1,438 inches. 

n ic -  

3 ~ H I S  I S  ALSO AN A P P R O X I M A T I O N .  BASED ON L I M I T E D  NUM 
IN SOME WATERSHEDS ! N  THE NORTHEAST WHERE COMPARISONS WERE 

HUMUS DEPTHS UNDER GRAZED AND UNGRqZED STANDS THE D I F F E R E N 1  
GREATER THAN THOSE SHOWN B Y  T H I S  S T U D Y .  
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The A2 horizon has a s o l i d  por t ion  of 48.4 percent ,  
which when mul t ip l i ed  by 3,0 inches depth = 1.45 inches.  
Organic-matter content i s  l,45 inches x 1 1 , 5  percent  = 
0.167 inch,  Depth of  de ten t ion  pore space i s  14.8 percent  x 
3.0 inches = 0.44.4 inch. Depth of r e t e n t i o n  pore space i s  
36.8 percent  x 3.0 inches = 1.104 inches,  

Using t h i s  procedure, s imi la r  computations were made 
f o r  a l l  t h r e e  s o i l s .  These a r e  shown i n  t a b l e  1. 

Table 1.--Cornparison o f  ormnic-mt ter  content end pore swce  

i n  s o i l s  under three forest-stand conditions 

1. WELLSTOCKED MATliTl STANDS 

Porn space O r p n i c  
Orgilnic- , matter 

Horizon matter plus 
content Detention Retention Total 

I n c h e s T n c h e s I n c h e s -  - Inches 

Humus 0.459 0.819 1.438 -- -- 
A2 .167 .444 1.104 -- -- 

Total 0.626 1.263 2.542 3.805 4.431 

2. UNDE2BTDCKED YOUNG STANDS 

Humus 0.302 0.538 0.945 -- -- 

A:! .167 .W 1.104 
-- -- 

Subsoil .029 .I27 .436 - - -- 
Total 0.498 1.109 2.485 3.594 1.092 

3. AVWACE ALL-AGED GRAZED STAh?)S 

Humus 0.247 0.252 0.828 -- -- 
A2 .150 . 411 1.119 

-- -- 
Subaoll ,036 -159 . 5 U  -- -- 

Total O.lt33 0.822 2.521 3 - 3 0  3.776 

The r e l a t i v e  d i f ferences  i n  t o t a l  depths of the  t h r e e  
s o i l s  a r e  equal t o  t h e  d i f ferences  between t o t a l s  of  
organic-matter content  and pore space of the  upper 6.5 inch- 
es.  The volume of mineral s o i l  remains the  same regardless  
of t reatment (assuming no accelera ted  erosion, ) Thus t h e  



well-stocked older  stand has a s o i l  t h a t  i s  0.339 inch 
I deeper than t h e  young understocked stand and 0.655 inch 

deeper than t h e  grazed stand. 

This method gives a conservative indicat ion of t h e  
changes i n  s o i l  depth t h a t  can be brought about through for- 
e s t  management. A method using bedrock a s  a reference point 
would give an exact and s l i g h t l y  g rea te r  change. However, 
the  v a r i a b i l i t y  of the  depth of mineral s o i l  above bedrock 
precludes such a procedure except f o r  long-term experiments. 

Increasing the  depth of shallow fo re s t  s o i l s  in -  
creases t h e i r  storage capac i t i es ,  To show the  approximate 
difference i n  storage capaci t ies  of shallow fo re s t  s o i l s  
under various conditions of cover, it i s  necessary only t o  
compare t he  di f ferences  i n  pore space as  shown i n  t ab le  1. 

If a l l  pore space i s  u t i l i zed ,  the  s o i l  under t h e  
well-stocked stand w i l l  hold a t  sa tu ra t ion  0.211 inch more 
water than t he  s o i l  under the  young understocked stand and 
0.462 inch more than t he  s o i l  under t h e  grazed stand. A t  
f i e l d  capacity t h e  f i r s t  s o i l  m i l l  hold 0.057 inch more 
water than t he  second and 0.021 inch more than the  t h i r d ,  

The examples shown a r e  fo r  average conditions found 
i n  the  Allegheny River watershed, They a r e  i l l u s t r a t i v e  
ra ther  than a l l - inclus ive .  Much more extreme examples could 
be taken from areas where f i r e  o r  grazing has almost o r  com- 
p l e t e l y  destroyed the  humus and has brought about greater  
l o s s  of organic matter  and increased compaction i n  the  A 2  
and even i n  t he  upper B horizon. Here the  differences i n  
s o i l  depth and water-holding capacity between the  abused 
areas  and the  undisturbed o r  well-managed fo r e s t  areas  could 
be several  times t he  average differences shown by t h e  
examples. 

S U M M A R Y  

Past  s tudies  of f o r e s t  s o i l s ,  made i n  connection with 
flood-control surveys i n  the  Northeast, ind ica te  t h a t  t he  
depth and water-storage capacity of shallow fo re s t  s o i l s  can 
be increased through t he  use of forest-management t ha t  w i l l  
maintain well-stocked stands. 



The e f f ec t  of management on the  depth of f o r e s t  s o i l s  
was measured by determining organic-matter content and pore 
space of s o i l s  found under d i f f e r en t  forest-stand condi- 
t ions .  The various forest-stand conditions were used a s  
c r i t e r i a  of f o r e s t  management o r  lack of it. 

Although the  study was ra ther  l imi ted i n  scope ( the  
e f f ec t s  of forest-management measures such a s  c u l t u r a l  
operations, cu t t i ng  pract ices ,  and so on, were not consid- 
e red) ,  the di f ferences  i n  humus and pore space under well- 
stocked mature stands,  understocked young stands, and grazed 
all-aged stands show how the  e f f ec t s  of management can be 
measured. 

The method could a l so  be used t o  determine ac tua l  ef-  
f e c t s  of management on t he  s o i l  under a par t i cu la r  f o r e s t  
stand over a long period. 
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