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Effect of Scrub Oak 
and Associated Ground cover 

on Soil Moisture 

by Arthur R. Eschner 

A Question in Planting 

P LANTING experiments have been conducted f o r  t h e  p a s t  10  
years  i n  t h e  scrub  oak type a t  t h e  Delaware-Lehigh EX- 

per imenta l  F o r e s t  i n  e a s t e r n  Pennsylvania .  The o b j e c t  of 
these  experiments is t o  f i n d  a p r a c t i c a l  method of es tab l i sh-  
ing  a high f o r e s t  o f  g r e a t e r  va lue  t han  the  a r e a ' s  p r e s e n t  
cover. I n  t h e  course of  t he se  s t u d i e s  i t  was suggested t h a t  
s o i l  moisture might be a l i m i t i n g  f a c t o r  i n  seedl ing  su rv iva l  
and growth; s o  a s tudy  was made t o  determine so i l -mo i s tu re  
cond i t i ons  under t h e  components o f  t h e  s c rub  oak s t and .  

The scrub oak type extends over a l a rge  a r ea  of  eas te rn  
Pennsylvania. I t  i s  a temporary type t h a t  became es tab l i shed  
as  a r e s u l t  of ,  a n d  is maintained by, repeated f i r e s .  I t  con- 
sists of  a mixture  of  low growing shrubs  and t r e e  s p r o u t s ;  
primarily scrub oak (Quercus ilicifolia,Wangenh), sheep l au re l  
( K a l m i a  a n g u s t i f o l i a ;  L .  )huckleberry ( G a y l u s s a c i a  spp. Hbk.), 
and blueberry (Vacciniurn spp. L. ) ; and includes American chest- 
nu t  ( C a s  t a n e a  d e n t a t a  (Marsh.) Borkh.), s a s sa f r a s  ( S a s s a f r a s  
a l b i d u m  (Nutt . )  Nees ), red  maple (Acer rubrurn L.), nor thern  
r ed  oak ( Q u e r c u s  r u b r a  L.), white oak (Quercus a l b a  L.) and 
p i t c h  p i n e  (Pinus r i g i d a  1 ) Bracken f e r n  ( P t e r i d i u n  
a q u i  linium (L.) Kuhn) is  a commom member of  t h e  community. 
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The s o i l  on which t h i s  study was made i s  Hazleton stony 
loam. This  i s  a deep, well-drained, weakly podzolized s o i l  
developed on parent  ma te r i a l s  derived p r i n c i p a l l y  from f ine -  
grained sandstones o r  s i l t s t o n e s .  The s u r f a c e  l a y e r  of  t h e  
s o i l  is a black greasy mor. Average depth of t h i s  humus layer  
i s  1 inch with a range from 1/2 t o  2 inches. I t  contains con- 
s ide rab l e  charcoal,  and is held together  by roots  of t h e  e r i -  
caceous v e g e t a t i o n ,  which have  grown through i t  i n  g r e a t  
numbers. 

I t  has long been recognized t h a t  t h e  establishment and 
growth o f  t r e e  s e e d l i n g s  on wel l -dra ined  upland s o i l s  a r e  
d i r e c t l y  r e l a t e d  t o  ava i l ab l e  s o i l  moisture (Toumey and Kien- 
holz, 1931). One of t h e  ch i e f  reasons f o r  s i t e  p repa ra t ion  
is t o  increase s o i l  moisture f o r  planted seedl ings by reducing 
competi t ion of  indigenous vege t a t i on  (Toumey and Kors t ian ,  
1948, p. 232). On t h e  Delaware-Lehigh Forest ,  McNamara and 
Reigner  (1955) found t h a t  p l an t ed  red  and p i t c h  p ine  seed- 
l i ngs  grew bes t  i n  bulldozed furrows and poorest between scrub 
oak clumps where t h e  er icaceous groundcover has not  been re-  
moved. 

Th i s  s tudy  was designed t o  determine t h e  amounts o f  
s o i l  mois ture  p r e s e n t  under  f i v e  cover cond i t i ons :  (1 )  un- 
d i s tu rbed  humus, (2) e r icaceous  groundcover, (3)  sc rub  oak, 
(4) scrub oak and groundcover (cont ro l )  , and (5)  bare  mineral 
s o i l .  

Study Methods 
S t u d y  A r e a  

Four plots ,  28 x 32 f ee t ,  were s taked out i n  a 1/5-acre 
a r ea  of undisturbed vegetation and s o i l  a t  the  Delaware-Lehigh 
Fores t  i n  t he  sp r ing  of  1957. A f i f t h  p l o t  cons i s t i ng  of  12 
root-raked scalps, each with about 10 x 14 f ee t  of exposed so i l ,  
was located nearby. 

P lo ts  were as close together as possible  to  reduce vari-  
a t i o n  i n  s o i l  cond i t i on .  Each p l o t  was d iv ided  i n t o  t h r e e  
s u b p l o t s ;  a l l  were sampled a t  every sampling time. 

P l o t  1 (und i s tu rbed  humus) was prepared by spraying  
a dense cover  of sheep l a u r e l  and b lueber ry  with 2,4,5-T i n  
o i l  i n  l a t e  May. The humus l a y e r  was not  d i s turbed .  

For the  groundcover p l o t  (P lo t  2))  an area with a dense 
cover of sheep l a u r e l  and blueberry was s e l ec t ed .  Sca t t e r ed  
scrub  oaks and t a l l e r  growing shrubs  which were found only  



on the  edges of  t h e  p l o t  were cu t .  This  type of  groundcover 
occurs  n a t u r a l l y  on a cons iderable  a r e a  of  t h e  Experimental 
Forest .  

The scrub oak p l o t  (P lo t  3) was one with a dense scrub 
oak cover. Groundcover was sprayed with 2,4,5-T i n  o i l .  The 
vegeta t ion  c l o s e  t o  the  scrub  oak clumps was c l ipped  and the  
s tubs  were sprayed carefu l ly .  Despi te  these  precautions, t h e  
scrub  oak crowns were damaged by t h e  spray,  and by J u l y  15  
most o f  t h e  leaves  had wi l t ed  and turned brown. Therefore, 
t h e  r e s u l t s  from t h i s  p l o t  a r e  not  a t r u e  i n d i c a t i o n  of t h e  
soil-moisture r e l a t i ons  under a scrub oak stand. For t he  l a s t  
ha l f  o f  t h e  per iod ,  they more n e a r l y  approximate t h e  s o i l  
moisture under deadened vegetat ion giving a high, l i g h t  shade. 
This  p l o t  w i l l  be  r e f e r r e d  t o  as  t h e  scrub  oak p lo t ,  bu t  i t  
must b e  understood t h a t  t h e  damaged p l o t  probably d i d  n o t  
f u n c t i o n  a s  a h e a l t h y  sc rub  oak s t a n d .  

The control  p lo t  (P lo t  4) had an even overstory of scrub 
oak and a f a i r l y  dense groundwver. 

Exposed s o i l  of P l o t  5 r e su l t ed  from scalping by a D-6 
Ca te rp i l l a r  t r a c t o r  with a Fleco root-rake i n  the f a l l  of 1956. 
I n  t h i s  treatment, which had been applied t o  a reas  t o  be plant- 
ed t o  var ious  con i f e r s ,  a l l  t h e  h m u s  and an average of  7.5 
inches of mineral s o i l  were removed. I n  addit ion,  t h e r e  was 
some s o i l  d i s tu rbance  t o  a depth of 4 t o  6 inches  below t h e  
new s o i l  su r f ace .  

Samples were taken i n  the  mineral s o i l  a t  6-inch incre- 
ments of depth down t o  18  inches  by means of  a King tube o r  
s o i l  auger. Humus samples, approximately 4 inches i n  diameter, 
were taken with a trowel. Three samples, one from each sub- 
p lo t ,  were taken i n  each p l o t  a t  weekly i n t e r v a l s  from l a t e  
spring i n t o  ear ly  f a l l ;  the l a s t  samples were taken a f t e r  so i l -  
moisture recharge was estimated t o  be complete. These weekly 
samples--29 i n  all--were taken a t  p o i n t s  2 f e e t  apa r t .  Sam- 
p l ing  was done systematical ly,  beginning a t  a po in t  6 f e e t  i n  
from t h e  p l o t  edges a t  t he  southeast  corner  of t h e  vegetated 
p lo t s ,  and 3 f e e t  i n  from the  edges of  t he  s ca lps .  Sampling 
was no t  random because i t  was f e a r e d  t h a t  walking ove r  t h e  
extremely s e n s i t i v e  vege t a t i on  might damage the  groundcover 
and reduce i t s  t r a n s p i r a t i o n .  

Soil-moisture content  of t h e  samples was determined by 
ob ta in ing  t h e  moisture loss on dry ing  and t h e  weight of t h e  
oven-dry, stone-free s o i l .  Because stones contributed a weight 
f a r  ou t  of  propor t ion  t o  t h e i r  water-holding capac i ty ,  they 



were removed a f t e r  dry ing  by passing the  sample through a 2- 
millimeter mesh screen. The s tones were then weighed and t h e i r  
weight was deducted from the gross oven-dry weight of the  s o i l .  

This procedure d id  not permit an exact est imate of t h a t  
p a r t  o f  t he  weight l o s s  on drying cont r ibuted  by t h e  s tones '  
moisture content .  However, a  simple support ing study on the  
mois ture  con ten t  o f  s t o n e s  from s a t u r a t e d  s o i l  showed t h a t  
t h e i r  maximum moisture content was 3.7 percent by weight; a i r -  
dry they held 2.4 percent.  Largest s tones picked up by a King 
tube, those between 0.5 and 1 inch i n  t h e  longest  dimension, 
had a  lower mois ture  con ten t  t han  sma l l e r  s tones .  And any 
sample with an app rec i ab l e  s tone  con ten t  had one o r  more o f  
t he se  l a r g e r  s tones .  

Stone content  f o r  subp lo t  samples va r i ed  from 0.5 t o  
33.6 percent  of  t he  gross  oven-dry weight of s o i l  and stones.  
When t h e  t h r e e  subsamples from t h e  p l o t  were pooled, va lues  
f o r  s tones  varied between 2.4 and 11.1 percent ,  with t h e  av- 
erage s tone content for  t he  e n t i r e  study about 7 percent .  The 
increase  i n  inches of water f o r  a  6-inch layer ,  determined by 
using the  s tone- f ree  s o i l  i n s t ead  of t h e  n a t u r a l  s tony s o i l ,  
ranged from 4 t o  12 pe rcen t .  Because of  t h e  g e n e r a l l y  low 
stone-moisture content  and i t s  undetermined v a r i a b i l i t y ,  no 
c o r r e c t i o n  was made f o r  t h i s  f a c t o r .  

Bulk-density samples i n  t r i p l i c a t e  were obtained a t  two 
loca t ions :  one i n  the  undisturbed s o i l  represent ing  the  vege- 
t a t e d  plots ,  the o ther  i n  the  root-raked scalps.  Average bulk- 
densi ty values, i n  grams per  cubic centimeter, were as  follows: 

Dep t h  V e g e t a t e d  p l o t s  S c a l p e d  p l o t  
( i n c h e s )  ( g r a m s )  ( g r a m s )  

Humus 0.28 
0 t o  6 1.13 
6 t o  12 1.14 

12 t o  18 1.60 

These va lues  were determined on s o i l  t h a t  was essen- 
t i a l l y  f r e e  of s tones.  Cores i n  which s tones  were discovered 
a f t e r  d r y i n g  were d i s c a r d e d  and new samples c o l l e c t e d .  A 
sampler of the  type described by Coi le  (1936) was used t o  ob- 
t a i n  t he  undisturbed cores.  

Es t imates  of  t h e  rock content  of  t he  t h r e e  depths i n  
minera l  s o i l  were ob t a ined  a t  f i v e  l o c a t i o n s  f o r  t h e  vege- 
t a t e d  p l o t s  and two l o c a t i o n s  i n  t he  s c a l p s .  The weight of  
any rock over  1 inch i n  the  longes t  dimension i n  each 6-inch 
l a y e r  of s o i l  was obtained.  



Also, the number of inches of depth of rock i n  the layer 
was computed, assuming a specific gravity of 2.65 for the rocks. 

A n a l y s i s  

Soi l  moisture i n  inches of water for  the stone-free s o i l  
was computed from the samples i n  the following manner: 

Soil moisture 
(inches of water) = (moisture percent by weight) 

X (bulk density) 
100 

X (inches of soil depth - inches of rock) 
In order to  obtain comparable values for use i n  analysis, 

a se r i e s  of four complete samples was taken i n  the summer and 
f a l l  of 1957 when the s o i l  was considered t o  be a t  o r  s l igh t ly  
above f i e l d  capacity. Values of each t rea ted p l o t  were com- 
pared with those from Plot  4, the control. (Control-plot val- 
ues agreed closely w i t h  those obtained over an 8-year period 
from a nearby stack of f iberglas  soil-moisture un i t s ) .  Where 
f i e l d  capaci t ies  varied more than 0.10 inch from those of the 
control plot, they were adjusted t o  that  level  and the remain- 
ing samples were adjusted proportionately.  Adjusted values 
a r e  shown i n  f igure  1. 

Rainfa l l  f o r  the period of the study is a l so  shown i n  
f igure  1. These data  are  from a recording ra in  gage located 
200 yards from the s i t e  of the study. 

Analyses of variance of the inches of water i n  the min- 
e ra l  s o i l  samples were computed for  four periods: (1) the  t o t a l  
period of the study, May 27 t o  November 22; (2) an early period 
of active growth and soil-moisture depletion, May 27 t o  August 
13; (3) a l a t e  period of vegetation dormancy and soil-moisture 
recharge, August 20 t o  November 22; and (4) a period, over- 
lapping the previous two, during a severe summer drought, July 
17 to  August 29. Rainfall during t h i s  drought period was 1.94 
inches, l e s s  than one- th i rd  of  t h e  6-year average of 6.88 
inches.  

The mean soil-moisture contents f o r  the four periods 
and f i v e  p l o t s  a r e  summarized i n  t ab les  1 through 4. I n  
these tables ,  a l l  possible d i f ferences  among the indicated 
plot  means a r e  a lso  presented. The " l eas t  s ign i f i can t  d i f -  
ferences" were computed according to  Hartley 's  method as 
reviewed by Snedecor (1956). 

P a r a l l e l  analyses of variance and " l e a s t  s i g n i f i c a n t  
differences" were computed for the humus layer. The mean humus- 
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moisture contents fo r  the  four periods and four p l o t s  a r e  given 
i n  t a b l e  5. Because o f  t h e  v a r i a t i o n  i n  depth of t h e  humus 
samples, inches  depth of  water  was not  analyzed. The va lue  
analyzed was pe rcen t  o f  mois ture  by volume, t ransformed t o  
t h e  ang le  whose s i n e  is t h e  squa re  r o o t  of  t h e  percentage.  
This is the  a rcs in  transformation discussed by Snedecor (1956). 

Results 8r Discussion 

The graphs ( f i g .  1) of soi l -moisture content  over time 
ind i ca t e  d i f fe rences  i n  t he  amounts of  water held i n  t he  s o i l  
under d i f f e r e n t  vege ta t ive  covers a t  d i f f e r e n t  depths. 

F - t e s t s  o f  t h e  ana lyses  of  va r i ance  o f  s o i l  moisture 
contents ,  at each depth, under t h e  var ious  covers and during 
the  four  previously described periods, showed t h a t  t h e r e  were 
d i f f e r e n c e s  among t h e  p l o t s ,  s i g n i f i c a n t  a t  t h e  1-percent  
l e v e l .  Leas t  s i g n i f i c a n t  d i f f e r e n c e s  were c a l c u l a t e d  from 
t h e  analyses.  Comparison with t h e  d i f f e r e n c e s  between mean 
mois ture  con ten t s ,  a s  g iven  i n  t a b l e s  1 through 4, showed 
which o f  t h e s e  were s i g n i f i c a n t .  

The r e su l t s  of these analyses have a  reasonable physical 
explanation and a r e  f a i r l y  cons is ten t .  They showed t h a t  s o i l  
under ericaceous groundcover was d r i e s t  throughout the  growing 
season, i n d i c a t i n g  t h a t  t h i s  low-growing vege t a t i on  i s  t h e  
major user  of  s o i l  moisture i n  t he  scrub  oak type of  e a s t e r n  
Pennsylvania. However, t h i s  conclusion has not  been f i r m l y  
e s t a b l i s h e d  by t h i s  s tudy.  There was not  a  good comparison 
with t h e  water use of  t h e  scrub  oak, and i t  is  probable t h a t  
t h e  groundcover d i d  not  remove a s  much moisture from the  s o i l  
on t h e  c o n t r o l  p l o t ,  where i t  was competing wi th  t h e  s c rub  
oak, a s  i t  d i d  where i t  was not .  

During the  growing season and drought period there  were 
some d i f f e r ences  between t h e  scrub  oak p l o t  ( P l o t  3) and t h e  
deadened p lo t  (P lo t  l), which indicated the  scrub oak was still  
ac t ive ly  t ranspi r ing .  Therefore, i n  s p i t e  of t he  p l o t ' s  dam- 
aged condition, t h e  d a t a  from t h e  scrub  oak p l o t  was re ta ined  
i n  t he  analyses. I n  the  recharge period, it reacted l i k e  t h e  
deadened p l o t  . 

F i g u r e  1 . - - S o i l  m o i s t u r e  c o n t e n t  a n d  r a i n f a l l ,  
May t o  November  1957 .  



Inches of water 

'lot 
cover Differences 

NO. 
Mean 

Ground- Scrub 
control Bare 

cover oak 

0- to 18-INCH DEPTH 

* * 
1 Humus 6.48 -1.24* -0.36 -1.55 -0.67 
2 Groundcover 5.24 -- + .88* - .31 + .57* 
3 Scrub oak 6.12 -- -- -1.19* - .31 
4 Control 4.93 -- -- -- + .88* 
5 Bare 5.81 -- -- -- -- 

0- to 6-INCH DEPTH 

1 Humus 2.15 -0.35* -0.19* -0.56* +0.07 
2 Groundcover 1.80 -- + .16 - .21* + .42* 
3 Scrub oak 1.96 -- -- - .37* + .26* 
4 Control 1.59 -- -- -- + .63* 
5 Bare 2.22 -- -- -- -- 

6- to 12-INCH DEPTH 

1 Humus 2.16 -0.56* -0.20 -0.58* -0.13 
2 Groundcover 1.60 -- +.36* -.02 +.43* 
3 Scrub oak 1.96 -- -- -.38* +.07 
4 Control 1.58 -- -- -- + .45* 
5 Bare 2.03 -- -- -- -- 

12- to 18-INCH DEPTH 

1 HWUS 2.17 -0.34* +0.03 -0.42* -0.61* 
2 Groundcover 1.83 -- + .37* - .08 - .27* 
3 Scrub oak 2.20 -- -- -.45* -.64* 
4 Control 1.75 -- -- -- - .19* 
5 Bare 1.56 -- -- -- -- 

Table 1.--Mean soil-moisture contents and differences between 

plots, by-cover type, for the total sampling period, 

May 27 to November 22, 1957 

* 
Significant at the 5-percent level. 



Table 2.--Mean soil-moisture contents and differences between 

plots, by cover types, for the growing season, 

May 27 to August 13, 1957 

* 
Significant at the 5-percent level. 

'lot 
No. 

0- to 18-INCH DEPTH 

1 Humus 6.43 -1.67* -0.74* -2.09* -0.85* 
2 Groundcover 4.76 -- + .93* - .42 + .82* 
3 Scwb oak 5.69 -- -- -1.35* - .11 
4 Control 4.34 -- -- -- +1.24* 
5 Bare 5.58 -- -- -- -- 

0- to 6-INCH DEPTH 

1 Humus 2.16 -0.57* -0.30* -0.76* -0.04 
2 Groundcover 1.59 -- + .27* - .19 + .53* 
3 Scrub oak 1.86 -- -- - .46* + .26* 
4 Control 1.40 -- -- -- + .72* 
5 Bare 2.12 -- -- -- -- 

6- to 12-INCH DEPTH 

1 Humus 2.19 -0.74* -0.36* -0.87* -0.24 
2 Groundcover 1.45 -- +.38* -.I3 +.SO* 
3 Scrub oak 1.83 -- -- - .51* + .l2 
4 Control 1.32 -- -- -- + .63* 
5 Bare 1.95 -- -- -- -- 

12- to 18-INCH DEPTH 

1 Humus 2.08 -0.36* -0.08 -0.46* -0.58* 
2 Groundcover 1.72 -- + .28* - .10 - .22* 
3 Scrub oak 2.00 -- -- - .38* - .50* 
4 Control 1.62 -- -- -- - .12 
5 Bare 1.50 -- -- -- -- 

Cover 

Inches of water 

Mean 

Differences 

Bare 
Ground- 
cover 

Scrub 
oak 

control 



Inches of water 

Plot  
Cover 

No. Differences 

Mean Ground- Scrub 
oak 

Control Bare 
cover 

0- t o  18-INCH DEPTH 

1 Humus 6.52 -0.77* +0.06 -0.96* -0.46 
2 Groundcover 5.75 -- +.83* - . 1 9  + . 3 1  
3 Scrub oak 6.58 -- -- -1.02* - .52 
4 Control 5.56 -- -- -- + .50 
5 Bare 6.06 -- -- -- -- 

0- t o  6-INCH DEFTH 

1 Htl~~us 2.13 -0.10 -0.07 -0.33* +0.19 
2 Groundcover 2.03 -- + .03 - . 2 3  + . 2 9  
3 Scrub oak 2.06 -- -- - . 2 6  + . 2 6  
4 Control 1.80 -- -- -- + .52 
5 Bare 2.32 -- -- -- -- 

6- t o  12-INCH DEPTH 

1 Humus 2.14 -0.37* -0.05 -0.28* -0.03 
2 Groundcover 1.77 -- + .32* + .09 + .34* 
3 Scrub oak 2.09 -- -- - .23* + .02 
4 Control 1.86 -- -- -- + .25* 
5 Bare 2.11 -- -- -- -- 

12- t o  IS-INCH DEPTH 

1 Humus 2.26 -0.31* +0.16 -0.36* -0.62* 
2 Groundcover 1.95 -- + ;47* - .05 - .31* 
3 Scrub oak 2.42 -- -- - .52* - .78* 
4 Control 1.90 -- -- -- - .26* 
5 Bare 1.64 -- -- -- -- 

Table 3.--Mean soil-moisture contents and differences between 

plots ,  by cover types, f o r  the  dormant period, 

August 20 t o  November 22, 1957 

* 
Signif icant  a t  the 5-percent level .  



Table 4.--Mean soi l -mois ture  contents  and d i f f e r ences  between 

p lo t s ,  by cover types, f o r  t he  drought period, 

Ju ly  17 t o  August 29, 1957 

Inches of water 

*lot 
Cover 

No. Dif ferences  

Mean 
Ground- Scrub c o n t r o l  Bare 

cover oak 

O- t o  18-INCH DEPTH 

1 Humus 6.77 -2.54* -0.91* -3.20" -1.91* 
2 Groundcover 4.23 -- +1.63* - .66* + .63* 
3 Scrub oak 5.86 -- -- -2.29* -1. 00* 
4 Control  3.57 -- -- -- +1.29* 
5 Bare 4.86 -- -- -- -- 

O- t o  6-INCH DEPTH 

1 Humus 2.18 -0.89* -0.32* -1.26* -0.37* 
2 Groundcover 1.29 -- + . 5 7 *  - . 3 7 *  + . 5 2 *  
3 Scrub oak 1.86 -- -- - .94* - .05 
4 Control  0.92 -- -- -- + .89* 
5 Bare 1.81 -- -- -- -- 

6- t o  12-INCH DEPTH 

1 Humus 2.46 -1.21* -0.53* -1.36* -0.76* 
2 Groundcover 1.25 -- + .68* - .15 + .45* 
3 Scrub oak 1.93 -- - - - .83* - .23* 
4 Control  1.10 -- -- -- + .60* 
5 Bare 1.70 -- -- -- -- 

12- t o  18-INCH DEPTH 

1 Humus 2.13 -0.45* -0.06 -0.61* -0.78* 
2 Groundcover 1.68 -- + .39* - .16 - .33* 
3 Scrub oak 2.07 -- -- - .55* - .72* 
4 Control  1.52 -- -- -- - .17 
5 Bare 1.35 -- -- -- -- 

* 
Sign i f i can t  a t  t he  5-percent l e v e l .  



Table 5.--Mean humus-moisture contents and differences 

among plots 

Percent by volume 

1 Humus 36.9 - 5.4* + 6.3* 
2 Groundcover 31.5 -- +11.7* 
3 Scrub oak 43.2 -- -- 
4 Control 32.7 -- -- 

JUNE 4 to AUG. 13, 1957 (GROWING SEASON) 

1 Humus 34.5 - 8.3* + 4.9* 
2 Groundcover 26.2 -- +13.2* 
3 Scrub oak 39.4 -- -- 
4 Control 28.8 -- -- 

I AUG. 20 to KJV. 22, 1957 (DORMANT, RECHARGE PERIOD) I 
1 Humus 39.3 - 2.2 + 7.9* - 2.6 
2 Groundcover 37.1 -- +10,1* - 0.4 
3 Scrub oak 47.2 -- -- -10.5* 
4 Control 36.7 -- -- -- 

I JULY 17 to AUG. 29, 1957 (DROUGHT PERIOD) I 
1 Humus 34.1 -13.9* +6.9* -11.4* 
2 Groundcover 20.2 -- +20.8* + 2.5 
3 Scrub oak 41.0 -- -- -18.3* 
4 Control 22.7 -- -- -- 

*significant at the 5-percent level. 



Differences i n  s o i l  moisture between p l o t s  during periods 
of ac t i ve  growth and high water use, as  shown i n  t ab l e s  2 and 
4, were g r e a t e s t  i n  t h e  0- t o  6- and 6- t o  12-inch l a y e r s .  
I n  t h e  12- t o  18-inch l aye r ,  f o r  t he se  periods,  d i f f e r e n c e s  
between p l o t s  were l e s s .  This is la rge ly  a  r e f l ec t i on  of d i f -  
ferences i n  root  ac t iv i ty .  Roots of the  ericaceous groundcover 
ramify profuse ly  through t h e  humus l a y e r  and t o  some exten t  
through t h e  0- t o  6-inch layer .  The number of roots  gradually 
dec reases  w i th  depth,  u n t i l  below 12 inches  t h e r e  i s  very 
l i t t l e  ev idence  of  roo t ing .  

The roo t s  of  scrub oak develop most profusely near the  
sur face  i n  t h e  mineral s o i l ,  bu t  s t rong  indiv idua l  r o o t s  were 
found a t  a l l  depths sampled. This difference i n  root ing depth 
and hab i t  was s t r i k i n g l y  apparent  fol lowing a hot  f i r e  t h a t  
de s t royed  t h e  humus l a y e r .  Scrub oak s p r o u t s  appeared i n  
g r e a t  profus ion  from o l d  r o o t s  i n  t he  mineral  s o i l ,  b u t  t he  
e r i caceous  groundcover, which s p r o u t s  a s  r e a d i l y  from i t s  
roots ,  d id  not  become re-es tab l i shed  i n  any appreciable den- 
s i t y  on t h e  bare  a rea  f o r  a  year  o r  more. 

The humus p lo t  (P lo t  1 )  cons is ten t ly  showed the  highest  
mean s o i l  moisture of any p l o t  o r  was not  s i g n i f i c a n t l y  d i f -  
f e r e n t  from t h e  h i g h e s t .  I t  always d i f f e r e d  s i g n i f i c a n t l y  
from t h e  cont ro l  and groundcover p lo ts .  I n  t he  18-inch l aye r  
of s o i l  s t u d i e d ,  t h e r e  was an average  of 2.09 inches  more 
s o i l  moisture under deadened vegetat ion than under t h e  i n t a c t  
scrub oak and groundcover during the  growing season, and 3.20 
inches more during the  drought. 

The cont ro l  p l o t  (P lo t  4) of scrub oak and groundcover 
u sua l ly  had t h e  lowest mean s o i l  mois ture  of  any vegeta ted  
p l o t  a t  a l l  t he  depths sampled. The groundcover p l o t  (P lo t  2) 
g e n e r a l l y  had t h e  next  lowes t  s o i l  mo i s tu re .  D i f f e r ences  
between these  two p l o t s  were gene ra l ly  i n s i g n i f i c a n t .  How- 
ever, t he re  was a  s i g n i f i c a n t  d i f f e r ence  i n  t he  0- t o  6-inch 
depth during t h e  drought period.  (Apparent s i g n i f i c a n t  d i f -  
f e r ences  between t h e s e  two p l o t s  i n  t h e  0- t o  6-inch depth 
f o r  the  t o t a l  sampling period, and i n  the  0- t o  18-inch depth 
f o r  t h e  drought per iod  were caused by t h i s  one d i f f e r ence . )  
This  may be l a r g e l y  explained by t h e  scrub  oak i n t e r c e p t i n g  
much of  t h e  r a i n f a l l  which f e l l  i n  l i g h t  showers during t h i s  
period.  

Some of  t h e  d i f f e r e n c e s  i n  s o i l  moisture between t h e  
con t ro l  and groundcover p l o t s  may be explained i n  p a r t  by the  
concent ra t ion  of r a i n f a l l  near  t he  roo t  c o l l a r s  of  t h e  scrub 
oak clumps. In te rcept ion  of r a i n f a l l  by the  scrub oak crowns 
and subsequent stemflow and de l ive ry  t o  t h e  s o i l  a t  a po in t  
near the  base of the sprout clump, a  point  t ha t  is p rac t i ca l l y  
impossible t o  sample, i n  e f f e c t  reduces the  amount of r a i n f a l l  



over  much o f  t h e  sc rub  oak-groundcover p l o t  a s  compared with 
a s i m i l a r  a r e a  having no sc rub  oak cover.  

Moisture  con ten t  of t h e  sca lped  p l o t  ( P l o t  5 )  was ex- 
t remely v a r i a b l e ,  bu t  g e n e r a l l y  main ta ined  an i n t e r m e d i a t e  
rank. However, d i r e c t  comparison between vegetated and scalped 
p l o t s  i s  not too meaningful because of  d i f f e r ences  i n  the  s o i l  
l a y e r s  sampled. I n  t h e  sca lped  p l o t s ,  t h e  r o o t  rake  removed 
an average o f  7 .5  inches  o f  minera l  s o i l  i n  a d d i t i o n  t o  t h e  
humus. T h i s  exposed t h e  B hor izon ,  w i th  a bulk d e n s i t y  i n  
t h e  f i r s t  6 inches of s o i l  of 1.46 grams per  cubic  centimeter,  
compared t o  1.13 on t he  vegetated p lo t s .  Root-raking and sub- 
sequent r a i n s  destroyed much of  t h e  s o i l  s t r u c t u r e  and caused 
some s e a l i n g  of  t h e  s o i l  s u r f a c e  i n  t h e  s c a l p s .  The uneven 
su r f ace  produced by t h e  root-rake caused ponding of ra inwater  
i n  some p laces  and rap id  l o c a l  runoff i n  o the r s .  These condi- 
t i o n s  undoubtedly contr ibuted t o  t he  va r i a t i on  i n  s o i l  moisture 
i n  the scalped patches. 

The f a c t  t h a t  t h e  s c a l p e d  p l o t  c o n s i s t e n t l y  had t h e  
lowest  mois ture  con ten t  i n  t h e  12- t o  18-inch l a y e r  is a r e -  
f l e c t i o n  o f  i t s  extremely h igh  bulk d e n s i t y  of  1 .83  and does 
no t  i n d i c a t e  any app rec i ab l e  r o o t  a c t i v i t y .  

I t  w i l l  be  noted t h a t  on ly  t h e  amounts of  wate r  h e l d  
i n  the mineral s o i l  have been included i n  t he  t o t a l  depth sum- 
mary. From prev ious  o b s e r v a t i o n s  on t h e  r o o t i n g  o f  p l an t ed  
t r e e  seedlings, i t  was f e l t  t h a t  t h e  moisture held i n  t h e  humus 
was not ava i l ab l e  t o  these  p l an t s .  Their  r oo t s  develop i n  t he  
mineral  s o i l  j u s t  below t h e  humus l aye r .  However, t h e  a c t i on  
o f  t he  mor humus i n  p r o t e c t i n g  t h e  mineral  s o i l  from t h e  im-  
p a c t  o f  r a i n ,  i n  t emporar i ly  ho ld ing  app rec i ab l e  volumes of  
water, and i n  act ing a s  an insu la t ing  and evaporation-inhibiting 
mulch i s  of  cons ide r ab l e  importance. I n f i l t r a t i o n  tests on 
w e t  s o i l s  i n  t h e  s ca lp s  and on those  with an undis turbed humus 
cover  gave s t r i k i n g  d i f f e r e n c e s .  The average l eng th  of  t ime 
requi red  f o r  1 inch  of water t o  e n t e r  t h e  s o i l  with an i n t a c t  
humus l aye r  was 36 seconds; on t he  scalped s o i l  it was a t  l e a s t  
24 minutes. 

m e  humus layer  of the  scrub oak p lo t  cons i s ten t ly  showed 
t h e  h ighes t  mois ture  con ten t  ( t a b l e  5), always s i g n i f i c a n t l y  
h igher  t han  t h a t  o f  t h e  deadened p l o t .  D i f f e r ences  between 
t h e s e  two p l o t s  i n  amount of mo i s tu r e  i n  t h e  humus probably 
r e f l e c t  d i f f e r e n c e s  i n  evaporat ion.  The s c rub  oak, a1  though 
damaged, gave a high, l i g h t  shade f o r  most o f  t h e  pe r i od  o f  
t h e  s tudy .  The deadened groundcover of  P l o t  1 soon l o s t  i t s  
l e aves  and exposed t h e  b l ack  humus l a y e r  t o  t h e  d i r e c t  r a y s  
o f  t he  sun. This  r e s u l t e d  i n  a g r e a t e r  amount o f  evaporat ion 
from t h e  humus i n  P l o t  1 than  from t h a t  under t h e  sc rub  oak. 



There was no s i g n i f i c a n t  d i f f e r ence  between the  humus 
moisture content  of t h e  groundcover and cont ro l  p l o t s .  

R e s u l t s  o f  t h i s  s tudy  i n d i c a t e  t h a t  f o r  b e s t  s o i l -  
mo i s tu re  c o n d i t i o n s  f o r  p l a n t e d  c o n i f e r s  i n  t h e  s c rub  oak 
type, t h e  s c rub  oak and groundcover should be deadened and 
t h e  humus l a y e r  should not  b e  d i s tu rbed .  A t rea tment  t h a t  
deadens the  scrub oak alone cannot be expected to  reduce trans- 
p i r a t i on  a s igni f icant  amount. 

Summary 

S o i l  mois ture  was sampled i n  Hazleton s tony  loam i n  
e a s t e r n  Pennsylvania  on 29 d a t e s  i n  t h e  summer and f a l l  o f  
1957. Sampled du r ing  t h i s  pe r iod  were t h r e e  depths--0 t o  
6 inches, 6 t o  12 inches, and 12 t o  18 inches--and f i v e  cover 
types--bare, groundcover, sc rub  oak and groundcover, sc rub  
oak, and undis turbed  humus wi th  deadened cover. 

S i g n i f i c a n t  d i f f e r ences  were found i n  t h e  amounts of  
water he ld  i n  t h e  s o i l  under various cover condit ions.  S o i l  
moisture was consis tent ly highest on areas where the cover had 
been deadened, and lowest under a mixed cover of scrub oak and 
er icaceous groundcover. I n  an 18-inch l a y e r  of  s o i l ,  t h e r e  
was an average of  2.09 inches  more s o i l  mois ture  under t h e  
deadened vegetation than under the  i n t ac t  scrub oak and ground- 
cover during the  growing season, and 3.20 inches more during a 
drought. An a rea  covered c h i e f l y  by sheep l a u r e l  gene ra l ly  
had t h e  second lowest so i l -mois ture  content .  

During a severe summer drought, differences between the  
two p l o t s  having t h e  lowest so i l -mois ture  contents  were not  
s i g n i f i c a n t  except i n  t he  0- t o  6- and 12- t o  18-inch layers .  
These d i f f e r e n c e s  a r e  a t t r i b u t e d  c h i e f l y  t o  d i f f e r e n c e s  i n  
roo t  ac t i v i t y ,  bu t  may be  explained i n  p a r t  by the concentra- 
t i o n  of  r a i n f a l l  around sc rub  oak sp rou t  clumps, caused by 
i n t e r c e p t i o n  and stemflow. This  g ives  h igher  so i l -mois ture  
contents t o  areas tha t  a re  d i f f i c u l t  t o  sample gravimetr ical ly 
a t  the  expense of  a reas  t h a t  a r e  more l i k e l y  t o  be sampled. 
Thus t h e  measured so i l -mois ture  content  f o r  t h e  p l o t  may be 
lower than the actual, but undetermined, soil-moisture content. 

The soi l -moisture content  of  t h e  bare  a r e a  from which 
the  na tura l  humus layer  and several  inches of topsoi l  had been 
removed was general ly intermediate  i n  rank. The cons i s t en t ly  



lower so i l -mo i s tu r e  con t en t  i n  t h e  12- t o  18-inch l a y e r  r e -  
f l e c t s  i t s  high bulk d e n s i t y .  

A s i t e  treatment t ha t  completely deadens t he  low-growing 
vege ta t ion  but  does no t  des t roy  t h e  humus l a y e r  should be t h e  
most d e s i r a b l e  f o r  making maximum amounts o f  s o i l  mo i s tu r e  
ava i lab le  t o  planted seedl ings.  Deadening the  scrub oak alone 
w i l l  no t  reduce t r a n s p i r a t i o n  l o s s e s  any app rec i ab l e  amount. 
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