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T IIE trend of s o i l  moisture during the  growing season, the  
a l t e r n a t e  wetting from r a i n f a l l  and drying during 

c l e a r  weather, determines the amount of moisture avai lable  
f o r  t r e e  growth and a lso  f ixes,  i n  part ,  the environment fo r  
root  growth. I n  much of the northern coniferous region both 
moisture content and root environment a r e  i n  turn  affected 
by the hummock-and-hollow topography so charac te r i s t i c  of 
the softwood fo res t  types. 

These hollows and hummocks had t h e i r  o r ig in  long ago, 
as large  t r e e s  were uprooted i n  the normal evolution of the 
fores t ,  tearing out good-sized holes and heaving up heaps of 
s o i l  and roots .  Gradual weathering over the  years has re- 
duced the holes to  hollows and the  heaps t o  hummocks. 

This is a b r i e f  summary of major soil-moisture trends 
and a report  on differences as apparently influenced by 
micro- topographic posi t ion.  

A Study in Maine 

I n  1955, dai ly  soil-moisture measurements were made 
from Hay 12 t o  September 9 i n  a mixed pine-fir-spruce stand 
near Orono, Maine, The topography here w a s  f l a t  t o  gently 
sloping. Four r ep l i ca te  samples were composited from each 
of two depths (0-6 and 6-12 inches below the A, layer)  on 
each of three s i t e s .  

To study how the typ ica l ly  uneven micro-topography 
a f fec t s  s o i l  moisture content, four separate samples were 
taken a t  each depth and s i t e ,  once a week. These were de- 
signated as occurring on l eve l  ground, i n  a hollow, o r  on a 
hummock. S o i l s  on a l l  s i t e s  were shallow stony loams devel- 
oped from rocky g l a c i a l  tills, with an impervious layer  a t  
15 t o  30 inches. 

'This study was carr ied  out by the Northeastern Forest  Experiment S t a t i o n  i n  
cooperation with t h e  Victsburg Research Center, which i s  maintained a t  Vicks- 
burg, Miss., by t h e  Southern Forest  Experiment S t a t i o n  i n  cooperation with the 
Waterways Fkperiment St at ion o f  the U. S. Amy Corps o f  Engineers. 
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At t h e  s t a r t  of  t h e  s tudy,  May 12, snow had bu t  re-  
c e n t l y  disappeared and i s o l a t e d  pocke t s  of  f rozen  s o i l  could 
s t i l l  b e  found i n  s h e l t e r e d  l o c a t i o n s .  Frequent l i g h t  r a i n s  
f e l l ,  averaging about 1/4 inch and t o t a l i n g  3 .18 inches  f o r  
t h e  f i r s t  30 days (May 12 t o  June 1 0 ) .  During t h i s  p e r i o d  a  
perched water  t a b l e  f l u c t u a t e d  between t h e  s u r f  ace  and about 
a  f o o t  below t h e  su r face ,  w i t h  poo l s  of  water  sometimes 
s t a n d i n g  i n  hol lows.  Average mois tu re  c o n t e n t  f o r  t h e  0- t o  
6-inch l a y e r  was about 42: percen t  by volume, and t h a t  f o r  
t h e  G- t o  12-inch s t ra tum about 45 p e r c e n t .  None of  t h e  
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F i g u r e  1. --The d a i l y  r a i n f a l l  
and  s o i l  -mois  t u r e  r e c o r d .  

d a i l y  composited samples from t h e  upper o r  lower l aye r s  
dropped b ~ l o w  32 percent  t he  estimated f i e l d  c 9 a G L g .  (No 
de erminat Gn T--8r .mis.'.. .. 

- -. 
were made, but  moisture-equivalent 

values obtained from severa l  hundred s o i l  samples taken on 
s imi l a r  s i t e s  throughout t h i s  p a r t  of t he  spruce- f i r  region 
i nd i ca t e  a  f a i r l y  cons i s t en t  average of about 32 percent  by 
volume.) I t  i s  f a i r l y  c e r t a i n  t h a t  s o i l s  were cons i s t en t l y  
above f i e l d  capac i ty  through June 10 ( f i g .  1 ) .  



I n  the next 20 days, June 11 t o  30, s o i l  moisture 
content of t he  upper foot  was reduced, by drainage and 
evapo-transpiration, from 46 percent t o  about f i e l d  capaci- 
t y .  Moisture content  f o r  t he  l a s t  4 days of t h i s  period 
averaged 34 percent .  Ra in fa l l  was r e l a t i v e l y  l i g h t ,  t o t a l -  
ing 0.90 inches. 

By Ju ly  1 the  perched water t a b l e  had dropped well  
below d i r e c t  contac t  with t he  roo t s .  The steady dec l ine  of 
s o i l  moisture from Ju ly  1 t o  August 5, an abnormally dry 
period, reduced moisture content  t o  an average of 18 percent 
(on August 2-5), a value very c lo se  t o  w i l t i ng  po in t ( f i g .1 ) .  

Heavy r a i n f a l l s  of  August 7 and 11, t o t a l i n g  4.56 
inches, recharged s o i l  moisture content ;  and thereaf te r ,  
with i n t e rmi t t en t  ra ins ,  s o i l  moisture was maintained a t  an 
average of 29 percent,  o r  c lo se  t o  f i e l d  capacity, t o  August 
25. During ea r ly  September another general  dec l ine  s e t  in, 
with moisture percent  dropping t o  24 percent  by the  time the  
study ended ( f i g .  1 ) .  

Rainfall 
The s ign i f i cance  of these  observat ions can be i n t e r -  

pre ted  i n  respec t  t o  both ac tua l  and normal r a i n f a l l .  Nor- 
mally, r a i n f a l l  is evenly d i s t r i b u t e d  during the growing 
season, each summer month receiving about 3 inches of ra in-  
f a l l .  For t he  summer of record, June and Ju ly  were dry 
(1.68 and 0.89 inches of r a i n f a l l ,  respec t ive ly)  whereas 
August had about twice normal r a i n f a l l  (6.28 inches) .  

A s  a resu1.t of t he  p e r s i s t e n t  perched water tab le ,  
even with t h e  dry June, soi l -moisture and aera t ion  condi- 
t i ons  d id  not appear t o  be favorable f o r  t r e e  growth u n t i l  
about Ju ly  1. Under the wet te r  regimen of a more normal 
summer, the unfavorable condit ions might preva i l  f o r  most of 
the growing season and could help explain the  very slow 
growth t h a t  is typ i ca l  of t h i s  region. 

On the o the r  hand, i n  a dryer-than-normal summer, 
such as t he  one experienced, a s  soon as  t he  perched water 
t a b l e  dropped below the  roo t  zone, t h e  s o i l  d r i ed  rap id ly  
and i ts shallow depth r e s t r i c t e d  t h e  amount of moisture 
ava i lab le  f o r  growth. 

A s t r i k i n g  f ea tu re  of t h i s  study was the frequent 
wide va r i a t i on  among samples taken a t  t he  same time on t h e  
same s i t e ,  and the  incons is ten t  r eve r sa l s  of t rend  from one 



A t  t h e  lower s o i l  depth, d i f fe rences  were l e s s  con- 
s i s t e n t  and l e s s  pronounced. Hummocks were d r i e r  on 9 of 12 
days, and we t t e r  on 3 others--though i n  t he  l a t t e r  case  d i f -  
ferences averaged only 1 percent .  Averages f o r  the  period 
were 28.5, 35.5, and 31.6 percent  f o r  hummock, hollow, and 
leve l ,  respec t ive ly .  When values f o r  t he  two depths were 
pooled, corresponding soi l-mois  t u r e  values were 27.2, 34.7, 
and 31.5 percent .  

These d a t a  suggest t h a t  moisture content  of s o i l s  i n  
hummock pos i t i ons  dropped below s a t u r a t i o n  1 t o  2 weeks be- 
f o r e  t h i s  occurred i n  hollows and on t h e  l e v e l .  Differences 
between t h e  two extremes, which averaged about 10 percent i n  
June, narrowed t o  3 percent  when the  s o i l  d r i ed  out .  

The above observat ions help expla in  between-sample 
va r i a t i ons .  But more important, they suggest t h a t  s o i l s  i n  
hummocks, cont ras ted  t o  hollows, may represent  more favor- 
ab l e  growing condi t ions  e a r l y  i n  t h e  season when t h e  s o i l  is  
wet, and may be but  l i t t l e  more adverse when the  s o i l  is  dry. 
Implicat ions of these  r e l a t i onsh ips  with respec t  t o  success- 
f u l  establ ishment  of reproduction mer i t  s tudy.  

day t o  t h e  next.  This  was a t t r i b u t a b l e  p a r t l y  t o  t h e  d i f -  
f i c u l t y  of ob ta in ing  p rec i se  r e s u l t s  with s a tu ra t ed  s o i l s .  
But another poss ib le  f a c t o r  was micro-rel ief .  

A s  a lready mentioned, a hollow- and-hummock su r f  ace 
was c h a r a c t e r i s t i c  of a l l  t h r e e  s i t e s .  The e f f e c t  of t h i s  
micro-rel ief  on soi l -moisture t rends  w a s  examined i n  14 
s e r i e s  of  weekly non-composited samples taken from June 7 t o  
September 7 .  

Since t h e r e  was no l o g i c a l  ba s i s  f o r  ind iv idua l  com- 
parisons, t he  24 values on each da t e  were grouped by s o i l  
s t ratum and by r e l i e f  c l a s s :  l eve l ,  hollow, hummock. A t  
t h e  0- t o  6-inch pos i t ion ,  hummock s o i l s  were d r i e r  than 
those i n  hollows i n  a l l  but  1 of t h e  12 weeks. On two ad- 
d i t i o n a l  occasions when none of t h e  samples occurred i n  
hollows, hummocks were d r i e r  than l e v e l  p laces .  Averages 
f o r  t h e  e n t i r e  per iod  were 26.0 percent  by volume f o r  hum- 
mocks, 33.9 percent  f o r  hollows. Level pos i t i ons  were i n t e r -  
mediate a t  31.4 percent ,  a s  might be  expected. 




