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ABSTRACT 
The amount of additional growth attributed to complete eradication of 

all wmdy understory vegetation varied for several tvi;dely scattered ul>land 
oak stands; in the region. Based on g~red-plot comparisons of 10 or more 
years\esults, basat-area and cubic-volme mo'lvrth mually inmeas& 
slightly d e n  the understory was eradicateci. The amount of inerease was 
related to (1) geographical stand localion, (2) stand age, and (3)  
residual s t ock$  of overstow t r m .  The meatest P-esponse to understory 
removal-an additional 0.75 square feet of basal area or a b u t  12 eubic 
feet per acre per yew-ms faund in very young stands located in the 
western part of the oak range where residual density of stwkiing afbr 
thinning was about 50 rcent. However, results of tfiis study indicate 
that for most upland oxstands in the region, understory-removal treat- 
ments would not greatly increase stand grovvth. 

S MALL UNDERSTORY TREES and 
shrubs generally are not removed during 

a thinning operation in the upland oak type. 
Understory vegetation responds mpidfy to 
the increased availability of sunlight, soil 
moisture, and nutrients ; thus a vigorous and 
dense understory soon develops, p&rlictularly 
after heaw tbinnings. 

Little is k n o m  about the ability of this 
understory in, hardwood stands to compete 
with the overstosy trees for moisture or other 
growth factors, or how much a dense under- 
story affects the g r o h h  of overshry trees. 
Some foresters working with hardwood 
stands are concerned that cor;npedition f rorn a 
dense understory may retard growth of over- 
stom trees. 

In the early ISCiOs, we kl;gan several 
studies of understory control a t  widely sepa- 
rated locations in the upland oak region. Eaeh 
study was designed to find out how much 
overstory growth was affeckd by completely 
eradicating understory in one particular set 
of stand conditions. 1411 plats in each stand 
were about the same in stand age, site quality, 
and species composition; but these facbrs  
were diAFerent in diEerenl shncls (table: I). 

In this report, the long-krm grow-th re- 
s p n s e  for  five understory control studiw in 
the upland oak region are summarized and 
compared. If published sewratel y, the resulh 
from these individual studies may seem con- 
tradictory because the g r o d h  rwponse asso- 
ciated with understory removal differed with 



(1 ) geographical location, (2) stand age, and 
( 3 )  residual stoeking level. However, based 

d 
ei3 on the aggregate response of all studies in the 
e, 
r( upland oak region, a definik growth patkrn 
E: *- begins to emerge, which leads Lo more ap- 
8.0 
. & 

parent generalizations a b u t  the effect of 
C c undershry treatments in most of the upland 2 oak type. 

E 
Study Design z * P-4 

CJ All study plots were located in young 
I-4 even-aged upland oak stands of about average 
'a 
3 site qualib, They were all well s toekd  k f o r e  
m 
-@ 

the isitial Lhinning except Lhe Iowa plots, 
6f 

P-- 

~4 which differed in stocking because of a thin- 
s--.! 

7 ning in 1950, The basic idea wm to determine 

f i  
for each stand the effect on gmwtilz of mm- 

eV.4 
@I 

plete understory remval  by comparing the 

2 response of paired plots, In  Kentucky and 

4 Ohio, each plot in the pair was adjacent, and 
go -Pi .&he plots differed very little in age, site, num- 
j " " ~  

E .z ber of kees, and basal area after thinning, In  
&% 
r 3. Isava and Missouri, the plots in a pair were 
6 g na;t necessarily adjacent; but we tried do pair 
w g 
3~ the plots to keep stand conditions as u n i f s m  

a3 as possible in each pair, Then the understo~y- 
h B  as removal treatment was randody assigned 
%s 
r=;";: 

to one pgot, and the other plot sesved M the 
2 3 control. w 

"17 E *;I: 'kVe anticipated that residual stocking 
- 2  
I= 

would affect the density and r a k  of under- 
??' 
-3 0 

story deveIctpment. Percent stocking wats eal- 
C "  
CJ E 

euial;ed from Gingriclrz's (1967) equation 
6: (tree area in milacres= -8.0501N -+- 0,1698 
-5 2 ZD -E 0.0317 zD2) and was expressed on a 
gE . .@ ri 

percentage basis by letting 1,000 milacres 
68 equal 106) percent stocking, 
2 
8s In &Iissouri, we assigned ts eaeh of the 
8% 
G E 

paired plots one sf three different density 
.- .@ levels between 30 and 70 percent stocking 36 
5 G "c see if the eEeet of understory removal was 
.- a - the same for  aIi! densities, All pairs in Ken- 2% 
c n B :  " .4? 

"cucky were thinned to about 35 percent stock- 
~"32 
"4 a 

ing, but in Ohio all plots were reduced to 
2% about 65 percent stocking. In Iowa, a e h  of $?? 

the five pairs was wsimed a diEerent den- 
sity, from 50 t~ 95 percent stocking. 



Thinning Treatment 
Every plot was thinned do the p r d e k r -  

mined stocking level k f o r e  understory treab 
ment. We followed the same thinning pro- 
cedure that was used in our gland-density. 
studies. The objective was to leave a suitable 
number of the -kst sdem as evenly spaced a s  
possible on the plot. In  general, we cut the 
larger cull and defective trees first, then com- 
p t i n g  trees of poor f o m  and qualik, then 
intemediate and suppressed trees of lower 
quality and value, and finally, if necessary, 
the lower value s p i e s  of the main crown 
class. Highquality trees of desirable species 
were also cut when necessary to achieve a 
un i fom spatial distribution. All t r e a  
smaller than 1.6 inches dbh were considered 
part of the understory. These m r e  ignored 
during the thinning operation. 

Plots in which the understory wras removed 
differed very little from the condr~l plob in 
average age, site index, residual b a a l  area, 
or nurnkr  of trees (bble  1) , Most of the 
stands were predominantly black or white 
oak, except in Ohio where the numhrs  of 
black, whik, and chestnut oak were about 
equal. Tree size elass dilffered among "ee 
stands from sapling to large ]poles; however, 
all strands were young, ranging between 28 
and 50 years of age. 

Understory Treatment 
On plots sdected for eradication of under- 

story, all woody vegetation less than 1.6 
inches dbh was killed in early spring a f k r  
the thinning operation, The larger under- 
story stems were generally cud by ax, and the 
stumps were sprayed with herbicide to pre- 
vent sprouting. Foliage spray was used to 
kill the smaller understory trees. Two or 
three followup treatments in subsequent 
years were usually rquired to eliminate all 
woody vegektion and prevent new growth 
f rorn developing, 

Underst-ory stems were left alone after the 
overstory was thinned on all the control 
plots except in the Kentucky sbrrd, Ira Ken- 
t ucb ,  all the uncTersLo~ trees taller than 
4.5 feet were cut on the control plots as we12 ; 

but stumps were not spray& witb herbicides. 
Stump sprouts, new reproduction, and growth 
on the remaining understory stems c r eaM a 
dense and vigorous understory on the control 
plots within 2 years a f k r  trealmelrt;, 

After 10 or more growing seasons, i t  is 
evident "rat some stands respond with an 
increase in growth when the undersbry is 
removed, and other sbnds show only a 
slight increase or none a t  all, Incremed 
growth after understory removal seems to 
vary with (1) geographical loea,tion of the 
stand, (2) s h n d  age, and (3) residual 
stocking. 

Stand Growth 
If the understory-removal treatment had 

no eReet, one would expect the m a n  g r o ~ h  
diEerence between treated and untreated 
plob to be a b u t  zero* Yet some of the differ- 
ences were highly si0ifican.l; (bb1e 2 ) .  
Gross growth is more semidive for  detecting 
differences btween t reatmnts  than net 
growth beeause the variance is much smaller 
for gross growth (table 3) ,  

Two stands accounted for most of the dif- 
ferences in growth between treated and un- 
treated plots : the 20-year-old black o& s h n d  
in Missouri and the 31-year-old white oak 
stand in Iowa. None of the other stands pro- 
duced any significant differ-ence in g r o d h  
between treated and untreated plots. How- 
ever, because we had only a few pairs of plots 
for comparison in each sbnd, the ""L-test 
we used was not sensitive enough to detect 
such small differences in g rodh .  

Undoubtedly small differences in growth 
response do exist ;  bud; additional plob would 
be needed to show whether or nod h;lris dif- 
ference was statistically significant, The 
values in tables 2 and 3 could be used to 
compute the number of observa"cons rquired 
to detect statistically simificant differences, 
But, for  practical purposes, a numerically 
small growth difference, even if we can show 
that it is statistically simificant, is not irn- 
portand anyway, 
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Table 3.-Sfandard deviafion of #he mean for annual growth differences beheen 
freafed and unfreafed plois 

Stand 
loeation 

Basal area Stocking percent Total cubic volume E$h,"tgLF 
Net Gross Net Gross Net Gross Net Gross 

- - - -  

Sq. ft. Sq, f t .  Pet. Pet. C u , f t .  Cu.f t .  C u . f t .  Cu*f t .  
Eastern 

Kentucky 0.17 0.08 0.16 0.05 5.60 3.03 4.06 2.21 

Southeast 
Ohio 

Southeast 
Missouri (1) .I6 .10 .21 .14 4.86 4.01 6.45 2.92 

Southeast 
Missouri (2) -16 .12 .15 .09 7.90 5.95 5.76 4.36 

Southeast 
Iowa 

Table 4.--Periodic ne.) and gross annual basal-area growth per acre in Missouri by 
age, residual stocking, and undersiory treafmenf 

Age Understory Net growth, by Gross growth, by 
elass stocking percent stocking percent 

(years 1 treatment 30 50 70 3 0 50 70 

20 Treated . . . .  sq.f t  . . . . .  3.58 3.80 3.26 3.68 3.91 3.85 
Not treated . . sq, ft .  . . 2.94 2.72 2.62 2.95 2.97 3.14 

Increase . . percent . . 22 40 24 25 32 22 

40 Treated . . . . sq. ft. . . . . 1.96 2.28 1.66 2.08 2.31 2.08 
Not treated . . sq. ft. . . 1.88 1.95 1.98 2.11 1.99 2.04 

Increase . . percent . . 4 17 - 16 - 1 16 2 

There are too few plots to determine 
whether the effect of understory removal 
differed with stand age or with residual 
stoeking a t  each stand location. However, 
one-half of all our plots were located in black 
oak stands in Missouri; and these plots, 
representing two age classes and three stand- 
density levels, provide some clues about the 
effect of age and stocking level. Average 
growth for two treated and two untreated 
plots a t  each combination of age and stocking 
does indicate differences in response. 

The absolute increase and the percentage 
increase in periodic annual growth due to 
understory treatment was greatest in the 20- 
year-old stand. This was true in terms of 
basal-area growth (table 4) and total cubic- 
foot volume growth (table 5 ) .  Gross basal- 

area growth in the younger stand increased 
on the treated plots by about 22 to 32 percent 
or about 0.7 to 1.0 square foot per acre per 
year, depending on stocking. The basal-area 
response was much less in the older stand, 
varying from a I-percent decrease to a 16- 
percent increase. Gross volume growth was 
increased by as much as 21 cubic feet or 25 
percent per year in the younger stand com- 
pared to 14 cubic feet or 18 percent in the 
older stand, 

Gross growth, which includes mortality, is 
probably a better indicator of the treatment 
effect than net growth because net growth 
may fluctuate more because of an erratic 
mortality pattern. We had less mortality than 
expected on the untreated plots in the older 
stand with 70 percent stocking; but in gen- 



Table 5*-Periiadic ne+ and gross Qofal cubic-ioo* volume qrowfh per acre in Missouri 
by age, residual stocking, m d  understory Ireafwrenf. 

Age Net growth, By Gross grsurth, by 
class Understory stocking percent sbcking percent 

(gears) treatment 30 50 70 30 50 70 

20 Treated . . . . eu, f t ,  . . . . 93 102 48 96 105 96 
Not treahd . . cu, ft, . . 82 1'9 76 82 M 98 

Increase . . percent . . 14 32 3 16 25 4 

40 Treated . . . . eu, It, . . . 13 94 19 46 94 90 
Not treakd . . eu, f t ,  . . 65 79 93 1% 80 95 

Increase . . percent 12 19 -15 8 18 --- 5 

eral, the same trends were established, using 
either the net or gross values, 

The digerenee in growth response between 
treated and untreated plots IVBS closely re- 
lated to the residual stocking after thinning, 
Tbe largest grow-t;h difference was observed 
in both age c1m5w when stands were thinned 
to a residual sloeking of ahu"E50 pereent 
(Gables 4 and 5), Although residual stocking 
for these pnots was 50 percent initially, it 
averaged 65 percent over the erntire gr-owlh 
period for the 20-year-old shnd  and about 
58 ~ r c e n t  for the 48-year-old stand. Thus 
the stocking percentage that gave the great- 
est growth difference was near the minimum 
density required for full site utilization - 
that is, about 58 pereent of full stocking or 
eume B in the stocking a i d e s  for  upland 
central hardwoods (Roach a?zd Gingrich 
f 968)- The effect of removing the dense 
understory competition from plok reduced 
to 30 percent residual stocking m s  not as 
great, and this may be because each over- 
story tree already bad all the growing space 
i t  presumably could use. 

Endividual Tree Growth 
For most of the Iowa and Missouri plots, 

understory rernoval led "c increased diameter 
growth of individual trees, but there was 
only a slight increase in Kentucky and none 
in Ohio. In  Missouri, the increase varied with 
stand age and stocking much the same as; 
stand growth varied. Average diameter 
growth of all surviving black oak trees was 
computed for each diamekr clws for both 

stands in Missouri, Average & a m l e r  g~o.rnrtB.1 
per tree for  treated and untreated ploh is  
given for the 20-year-old stand in  table 6 for 
each stocking IeveI, Table 7 ~ v e s  cornparabile 
diameter growh rat= of black oak for &e 
40-year-old shnd, 

When growth rates from tables 6 and 7 
are plotkd, it is apparent that the diamekr 
grsani.tl.1 rate for  a given size t r e  usually de- 
creases as stand age or &ocking pemenkge 
increases, In most eases, where, the understory 
was eliminated, the growth per B;re was 
greater for  a given age, sloeking, and tree 
size; the only exception in Missouri w w  the 
40-year-old stand with 30-percent sloeking. 
At  50-percent stocking, the mean diameter 
gror;b%h rate of ail surviving black oak trees 
was 0.18 inch per year for the 20-yar-old 
stand on the treated plo-ls or a b u t  0.03 inch 
(20 pereent) more %an on the plots with 
understory in place, In the older stand, a t  50- 
percent stocking, the average diameter 
g r o d h  was 8-17 ineh per year on the un- 
treated plots, almost 0.03 ineh more than on 
treated understory plods. 

The effect of understory removal on an- 
nual diameter growth rate of white oak is  
illustrated in figure I for bo(;h the Kentucky. 
and Iowa stands. Average diameter gro 
of white oak on the treated plots in Kentucky 
was about 0.16 inch per year compared to 
0.15 inch on untreated plots - a gain of 
about 7 percent due to understory removal. 
Diameter growth of while oak in Iowa was 
much less, averaging about 0.11 inch per 
year on understory treated plots and 0.09 



Table 6.-Mean annual periodic diameter growth of al l  surviving black oak trees by 
dbh class a+ age 20 for ireafed and untreated understory, in inches per year 

- - - - - - - - Residual stocking percent - - - - - - - - 
class 30 50 70 

(inches) Treated Not treated Treated Not treated Treated Not treated 

All trees 0.287 0.247 0.182 0.152 0,139 0.121 

Table 7.-Mean annual periodic diameter growth of al l  surviving black oak trees by 
dbh class a t  age 40 for treated and untreated understory, in inches 

- - - - - - - - Residual stocking percent - - - - - - - - 
class 30 50 70 

(inches) Treated Not treated Treated Not treated Treated Not treated 

A11 trees 0.202 0.223 0.170 0.143 0.116 0.114 

Figure I.-Periodic annual diameter growth of white oak in 
Kentucky and Iowa, by diameter class. 

DIAMETER BREAST HEIGHT (INCHES) 
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inch on the untrmt-ed ploLs. This is an aver- 
age increae in diameter g r o ~ 3 h  of a b u t  
22 percent due to removal of undersbry 
vegetation, 

Individual whik oak trees ~ e v v  f a sk r  in 
Kentucky than in Iowa, but this was partially 
because the residual stocking was lower. All 
plots were thinned to about 3'7 percent stock- 
ing in  Kenhcky, and in Iowa stocking ranged 
httveen 50 and 90 percent rand averaged 70 
percent. Growth of individual trees in Istva 
inereasd as stocking percentage decreased, 

ON A 
R NDAT 

Our results indicate that growth in some 
stands may be inclleased by nearly me-third 
if a dense hardwood understory is elimi- 
nated; but for other stands in the upland oak 
type, we may expect only slight, if any, 
grotvkh increase. The most impodn-1; factors 
that determine growth increase seem to be 
(1) geographical stand location, (2) stand 
age, and (3) residual stoeking after the 
initial thinning. 

Stands located in the western part of the 
upland oak region gave the greatest growth 
response when the understory was elimi- 
nated, The key to the amount of growth re- 
sponse is probably the availability of soil 
moisture for growth, which depends upon 
precipitation and soil properties, a s  well as 
temperature, relative humidity, and other 
factors, 

Zahner (2 958) found f i a t  soil moisture 
may be depleted 25 percent f a sk r  in pine 
stands with hardwoods left in place as com- 
pared to stands with hardwoods rernoved, 

Precipitation, particularly during the criti- 
@a% spring and summer growth period, is 
usually less in the ~ ~ e s t e r n  h>art of the oak 
region. Baark firest  soils also are @pically 
shallow and rocky and have a limriked capacity 
for storing moisture, so su 
conditions are more frwuent and of longer 
dura"cion than are conditions further east, 
More favorable soil-moisture conditions could 

be the reason why we found only a slight 
growth increase or none at  all for the st;a.nds 
in Keslitucky. and Ohio. Karnig and S b u t  
( 2  -969 ) reported only a slight growth increase 
due to ~znderstory removal for a 70-year-old 
red oak stand in New York. 

Similar studies in pine starmds have shorn  
that growth response due to understory re- 
moval of hardwoods was greakst in Arkan- 
sas and Missouri (G.t-a??o, 1910; Bower a d  
Fery uso~z, 1 968; Rogers and Bri~$kman, 
1965).  In contrast, studies of loblolly pine in 
Louisiana (RusseU, 1962) and in South Garo- 
lina (iIilcGEay, 1955) ; Klawitter, 2 $65) failed 
to show any grot.vth improvement after the 
hardwood understory was contrdled. 

Overstory thinning and undergtory re- 
moval both tend to decrease the competition 
for the available soil moisture and other 
growth factors, Growth of individual trees 
was greakest a t  the very lowest stocking 
levels ( 30-percent stocking) ; however, the 
increase in stand growth was greabst with 
about 50-percent residua1 stocking or a& 
about the stoeking level rquired for full site 
utilization. At the lower stocking, there are  
too few trees to Sully occupy the area; but a t  
about 50-percent stoeking, the crown canopy 
is nearly closed. Areas devoid of trees a t  the 
lower densities are quickly filled in by under- 
story vegetation; but as stocking increases 
above 50 percent, the understory competition 
is reduced, and overstory competition for 
growth controlling factors intensifies. Hence, 
the effect on growth of understory removal 
st the higher stocking levels is less, simply 
because the understory is too sparse to offer 
nluch competition. 

Young stands respond more to understory 
removal treatments than older stands, prob- 
ably because in young stands the underst-ory 
is more dense and young trees respond 
quicker do environmental changes, Many 
understory stems live through the brush 
stage i n b  the sapling or small pole stage 
beca~zse overstory competition is not as in- 
tense or not of long enough duration to corn- 
pfetely kill them. 

GVould i t  be wise for t i m k r  managers to 
recommend understory removal treatments as 



a silvlicultural practice in upland oak stands? 
We lack some of the cost and return data 
needed to evaluak this alternative ; but judg- 
ing by 10-year grow& response of our plots 
and some reasonable assumptions on tmaG 
ment cosh and expected returm, we feel that 
the answer in most eases is no. The expected 
growth increase would vew likely be small, 
usually amounting to less than 1 cord and 
seldom more than 2 cords in 10 years. If we 
assume that i t  costs $8.00 per acre to elimi- 
nate understory vegetation, the amortized 
cost of this treatment for BO years a"E-per- 
cent interest would be $14.33. In most cases, 
the stumpage value of the extra cord or two 
of yield would be less than this amortized 
cost. Individual trees might average 0.1 or 
0.2 inch larger in diamebr 10 years after 
treatment Waan where the understory trees 
were left in place. Such a small amount of 
additional growth does not seem to justify 
the expnse of removing the understory 
vegetation. 

Besides the small growth increase and the 
high treatment cost, additional arguments 
can be presenkd ;that favor leaving the un- 
derstory in place, Deme hardwood under- 
stories provide both food and cover for many 
wildlife species. For deer habibt purposes, 
Halls (2978) discouraged khe practice of 
spraying herbicides to control hardwood 

understories in southern pine stands. Pos- 
sibly the understory is just as ianportant to 
wildlif e-habitat management in upland oak 
as in pine. 

Quality of overstory tres could be affected 
by understory remo-val. Shade from a dense 
understory, 15 to 20 feet in height, might 
help prevent epieormie branches from devel- 
oping or might aid in earlier naturd pruning 
of branches on the lower boles. However, the 
influence of understory v ~ e t a t i o n  on qua1it;y 
of overstory trees has not &en studied. 

Several long-term studies in upland oak 
stands show that growth may be increased 
nearly one-third by eliminating a deme hard- 
wood understory, but in other shnds  there is 
only a slight gro&h increase or no growth 
increase. The largest groVV"&h response seeurs 
in very young stands in the western psrL of 
the oak range where residual overstory stock- 
ing is reduced by thinning to about 50 per-- 
cent, For most of the upland oak stands in 
the region, understory control does not s e m  
to be a very profidable forestry practice be- 
cause of (1) the small growth advantage, (2) 
the cost of undersbry t reabent ,  and (3) the 
possibility of adverse effeck cm wildlife 
habitat. 
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