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N .umerous  studies have been es-
tablished in the past 20 years ex-
amir?ing  the influence of herba-
ceous and woody vegetatioil  on the
growth of loblolly  pine (Pitrw  fneda
L.), yet few can be compared. Ke-
search in forest vegetation man-
a,gement  has been plagued by the
absence of a logical context where-
in crop growth response at \.arious

sites can be mutually compared to
levels of competition. To develop
such a standard response frame-
work for loblolly  pine, a group of
itlvestigators  established a region-
wide study that continues to exam-
ine growth relative to four compe-
tition situations (Miller et al. 1987).
The four situations are the corner
extremes of a response surface
that encompasses most competi-
tion conditions common to young
plantations. Pine growth is the de-
pendent variable, and woody and
herbaceous competi t ion are the
two independent variables (Fig-
Iire  I).

‘The  four  competition situations
are: (a) no control with a mixture
of woody and herbaceous compet-
itors,  (b) woody control leaving
herbaceous species, (c) herbaceous
control leaving woody species, and
(d) total competition control. In
t!lis  simplified framework, arbo-
rescent  hardwoods and nonarbo-
rescent  shrubs are combined as
woody competition; forbs, grasses,
vines, and semiwoody vegetation
comprise the herbaceous compo-
nent. Of the 14 study locations, the
one at Crossett, Arkansas, is study-
ing natural regeneration, and the
rest are studying planted planta-
tions. The Crossett  study results
are  presented in the article on p.
179.

The influence of herbaceous
competition on early pine growth
has been increasingly investigated
iti the South for the past 10 years.
Creighton  et al. (1987) summa-
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rized results from iG locations
where completeness and duration
of herbaceous control  are  under
study. Significant early growth
gains were reported where loblolly
pines received 1 or 2 years of her-
baceous control  vs .  none.  Both
pine height and diameter were
greater after 2-7 years on all sites
with herbaceous control, while sur-
vival was significantly increased on
42% of the locations studying
loblolly  pine. Over half the sites
had significantly larger trees with
2 years vs. 1 year of control, but
the increase was measurably less
with the second-year treatment.

McKee and Wilhite  (1988) also
found that first-year weed control
yielded greater loblolly pine vol-
ume than second-year  control
when using narrow control bands
on poorly drained sites in South
Carolina. Contrary to this, Bacon
and Zedaker (1987)  reported on a
study in the Virginia Piedmont
where llerbaceous  c.omrol  in the
second year (vs.  f irst  or  third)
when combined with woody con-
trol treatments yielded signifi-
cantly more volume, 37% more
(vs. 24% or 23% respectively) after
3 years. Clason (1978) found that
herbaceous control in the seventh
year of a loblolly pine plantation in
northern Louisiana did not signif-
icantly enhance growth. Thus, it
appears that herbaceous control is
most effective in the first 1 or 2
years to maximize initial growth
gains and at times to increase sur-
vival and promote uniform stock-
ing and growth. Recent research
also suggests that of the herba-
ceous components, the most com-
petitive to young loblolly pine are
the rhizomatous and cool-season
g r a s s e s  c o m p a r e d  t o  t u f t e d
(bunch) grasses and forbs (Morris
et al. 1989, Smith 1989).

Treatments for woody control
have been applied operationally in
the South for about 40  years. Sev-
eral studies have more recently
quantified the significant growth
increase of loblolly pine that re-
sults  from woody plant  control
(Langdon  a n d  Trousdell  1974 ,
C l a s o n  1978,  C a i n  anti  M a n n
1980,  IHaywood  1986, Tiarks and
Haywood  1 9 8 6 ,  M i l l e r  1 9 8 7 ) .
These scattered reports have not
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permitted a generalized interpre-
tation of response across physio-
graphic provinces, except to con-
clude that both short- and long-
terrn growth increases do occur
after early woody control treat-
ments. There is also an indication
that some level of control, less than
complete woody control, may pro-
vide optimum pine growth on
some sites, especially when com-
bined with herbaceous control
treatments (Bacon and Zedaker
1987).

Objectives of the COMP investi-
gation are: (1) to establish a frame-
work of. growth response for
loblolly pme relative to four com-
petition regimes on major soil
types across the region, (2) to com-
pare the relative importance of
herbaceous vs. woody competition
as they affect the early and Iong-
term growth of loblolly pine on a
wide range of sites, (3) to identify
the major  herbaceous and woody
conlpeticors  and document earl)
succession, and (4) to study the in-
teraction of competition and pine
growth on insect and disease infec-
tion. The last two objectives will be
addressed in other reports from
this research group.

METHODS

Study Sites

A common study design was uti-
lized at 13 plantation sites on four
physiographic provinces-the
Lower, Middle, and Hiliy Coastal
Plains and Piedmont-in Louisi-
ana, Arkansas, Mississippi, Ten-
nessee, Alabama, Georgia, and
Virginia (Table 1 and Figure 2).
Prior to plot establishment, pine
p l a n t a t i o n s  o r  m i x e d  pine-
hardwood stands were harvested
in late- 1982 or 1983. Site prepara-
tion was by roller-drum chopping
and prescribed burning at  ten
study locations. A shear, pile, and
burn method was used at Counce
(TN), which resulted in some top-
soil removal and displacement into
the windrows. A complete harvest
of fuelwood  and pine was used al
Atmore  ( A L ) ,  a n d  t h e  l o w e r

coastal plain site near Pembroke
(GA) was rebedded after a wildfire
destroyed a young plantation.

Plot Layout

Four blocks of four plots each
were established at 11 of the 13 lo-
cations using a factorial, random-
ized complete-block design. Biock-
ing by slope and/or vegetation at-
tempted to encompass the varied
sites found across the terrain at
each location to expand the scope
of the study. At Pembroke (GA) a
fifth block was inciuded,  and a t
Bainbridge (GA) a completely ran-
domized design was used. Treat-
ment plots were generally 0.25 ac
in size, and interior measurement
plots were 0.09 ac. Precisely mea-
sured planting spots on a 9 x 9 ft
spacing characterized all but the
operationally planted sites at Pem-
broke (GA) and Arcadia (LA) (Ta-
ble 1). This spacing resulted in 538
trees per acre and 49 measure-
ment pines in the interior plots,
with two border rows surrounding
nleasurement  plots.

.4t most sites, two r:graded  1-O
lobiolly  p i n e  s e e d l i n g s  w e r e
planted at  each spot,  IO-12 in.
apart. Either genetically improved
or Livingston Parish seedlings
were used. After the first growing
season, double-planted seedlings
were thinned to one per spot using
randomly generated codes so as to
maintain the original population
characteristics.  Double planting
was used to minimize the variation
attributable to survival and the re-
sulting long-term variation that oc-
curs with unequal stocking. Only
single seedlings were planted at
Pembroke (GA), Arcadia (LA),
and Liberty (MS), where adequate
survival resulted in stocking levels
comparable to the other locations.
All measurement trees were per-
manently tagged. Volunteer pines
were repeatedly removed from all
locations except at  Appomattox
(VA), where Virginia pine (Pinus
vil;piniuni Mill.) was left on woody
competition plots since it is consid-
ered a common woody competitor
in this area.

Establishment of
Competition Situations

Four treatments, or competition
situations, were established and
maintained as follows:



Table 1. Description of study sites.

Location by
province
(location
number) Cooperator

Soil
series

Previous
stand Harvest

Site
preparation Regeneration

Lower Coastal Plain
Pembroke, GA (1) Union Camp Mascotte

Pelham

Middle Coastal Plain
Bainbridge,  GA (2) International

Paper
Orangeburg
Esto

Liberty, MS (3)

Atmore,  AL (4)

DuPont  &
Georgia-
Pacific

Scott Paper

Liverpool, LA (5) USFS & Caven-
ham

lena,  LA (6) International
Paper

Arcadia, LA (7) La. Tech. U. &
Williamette

Hiily  Coastal Plain
l’al!assee, AL (3) Auburn Univ

Warren, AR (9) Potlatch

Counce,  TN (10) Packaging
Corp.

Piedmont
Camp Hill, AL (11) USFS

Monticello, CA
(12)

USFS

Appomattox, VA
(13)

VPI  & s u

Saffell

Orangeburg

Tangi

Ruston

Boswell
Bowie
Sacul
Beauregard

Cowart>

Saffell
Stough

Silerton

Cecil
Pacolet

Davidson

Cecil
Cullen
lredell_--.--

1 .  ,\‘o  co~fl~ol  >~~fclti7ig  i71 7,tixcd hdm

ceous-uwod]  compelilicm.  A f t e r  initial
s i te  preparat ion,  no  fur-h21-  (real-
ments \\.ere  applied except Lix  vine
control and injections of scattered

res idual  hardwoods.  Vines were
t reated wi th  sh ie lded di rected

sprays of  glyphosate (Roundup)
and triclopyr (Garlon)  or wick ap-
p l icat ions  o f  t r ic lopyr .  Scat te red

large hardt\oods  not removed duv-
ing site preparation wel-e  injected
\\+th  triclopyr at some locations.

2. IZ’ood~  control  only  re.>trl/i7lg in Irr>  lx-
ceour  c6mj~efil7672.  ISotll  loliar  ;Ind

basal sprays, as well as b;tsal wipes,
were used to  cont ro l  hardwoods

and shrubs during the First  5 years.
A s ingle preplant  and mult iple

post-p lant  appl icat ions  per  year

-

6-year-old  planta-
tion burned by
wildfire

mixed loblolly/
shortleaf pine-
hardwood

mixed loblollyl
shortleaf pine-
hardwood

slash pine planta-
tion

Loblolly pine

mixed pine-hard-
wood

natural loblolly
pine

ioblslly  pine p!an-
tation

Loblolly/shortleaf
pine chip-and-
saw

natural mixed
pine-hard-
wood

natural mixed
pine-hard-
wood

natural mixed
pine-hard-
wood

natural mixed
pine-hard-
wood

N/A

Winter 1982-83

April 1983

Sept 1983

Winter-Sum-
mer 1983

Fall 1983

1 9 8 3

Sprrnp  1983

June 1983

Winter 1982-83

Spring 1983

Ott  1982

June 1983

~--- ..-.- -~--

3 .

were made  usually with  dil-ecretl

sprays of  glyphosate, triclopyr, and
piclol~am  (‘I‘ordon),  or  basal r\ipes
of rriclopyr  and diesel  l’uel.  :Ifrel
planrin,g,  only herbicides with no

soil act&y  were used to minimize
any potent ia l  damage to herba-

ceous  weeds and measurement
pines.
Ned~ace6us  con&r01 0nlJ  resulfilzg  in

ruoo4  cuwptilion.  Preemergent  ap-
plications of suIPonieturon  (Ousr)  at
3-G  odac  were  applied annualI!-  foi-

the  lirsi  ,I  \‘ci11-5  to conrr-01 ii)&  and
;~nriu;il  g~‘;Isses.  ‘I‘he  1n0sI  eff‘ica-
cif)ll\  I‘;Ilt’,  Ilil\~iIl~  he  least pine [Ox-
icily,  was  d e t e r m i n e d  t h r o u g h

screening tr-ials  on nearby s i tes  ar
m o s t  locarions  d u r i n g  t h e  year

pt-ior-  IO  cstablishmenr.  Af ter  the

4

CO
c o

rebedded 1983

KG blade, chop &
burn

chop
Summer 1983

whole-tree
chipped at
harvest

chop & burn
Summer 1983

chop & burn
Summer 1983

chop & burn
Summer 1984

chop A  b:rrn

late Spring-
early Summer
1 9 8 3

chop & burn
Summer 1983

shear, pile & burn
windrows

Summer/Fall 1983

chop
Spring 1983

chop & burn
Summer 1983

chop & burn
Summer 1983

machine planted
7 x 11 ft
Winter  1983-84

hand planted
9x9ft
Ian 1984
hand planted
9x9ft
Feb 1984
hand planted
9x9ft
April 1984
hand planted
9x9ft
Feb 1984
hand planted
9x9ft
Jan 1984
machine planted
7 x loft
Jan 1985

hand planted
9x9ft
Jan 1984

hand planted
9xYft
Feb 1984
hand planted
9x9ft
March 1984

hand planted
9x9ft
Jan 1984
hand planted
9x9ft
Feb 1984
hand planted
9x9ft
Feb 1984

f i r s t  yeal-,  e i ther  glyphosate  a t  18
ozhc  or  oxyfluorfen  (Goal)  at  0.6

gal/at  \\‘et-e co~~~rnonly  added to the
tank mix wih  sulfometuron.  One
to live  times during a growing sea-

son, shielded directed sprays of gly-
phosate (2% solution) were applied

to resistant forbs,  perennial grasses,
and vines. At !3ainbridge,  sethoxy-
dim (Poast)  was broadcast sprayed

for g:-ass  control in the second year.
To~c11 ~~~7717~~1  re,tcltiug  ill ehination  OJ
trll  co7~~p/i/io7~.  A combination of the

treatments  d iscussed ;tl,ove  were
used  10  y i e l d  bare  g r o u n d  condi-

lio11s.

‘I-he  d u r a t i o n  o f  herbaceous
‘ntrol  was for 4 years, although
~ntrol  pers is ted dur ing the fifth

S/Al  Ii(I!E~l)  1 7 1



. natural avco-agrd Sand

year as well. M’oody  control is to be
maintained for a rotation. Thus,
not only were the extremes of
completeness  encompassed but
also the extremes of duration.
Minimal crop pine damage was ob-
served with these treatments.

Measurements and Analyses

Pines were annually measured
for total height and diameters at
groundline (GLD), at a 6-in. height
(DG), and at breast height (dbh).
D6 measurements commenced af-
ter the first year and dbh  measure-
ments after the second year. A tree
volume index for years 1 and 2 was
estimated using a conical projec-
tion with GLD and height. For
years 3-5, tree volume was esti-
mated by summing volumes of
stem sections from GLD to D6, D6
to dbh, and dbh to total height.
Smalian’s  formula was used from
GLD to D6 and from D6 to dbh
(Husch  et al. 1979),  and a conical
p r o j e c t i o n  f r o m  dbtl t o  t o t a l
height. Where total height was less
than  dbh,  a conical projection
from D6 to total height was used
for the topmost section. Tree vol-
ume indices were expanded IO  an

acre estimate by summing a11  SLIF-

viving trees and multiplying by the
appropriate expansion factor for
the measurement plot.

Annually in September, counts
were made of nonarborescent
woody stems and estimates of her-
baceous cover  by components
(grasses and sedges, forbs, vines,
and semiwoody’s). Counts of non-
arborescent  woody rootstocks
were recorded on three systemati-
cally located sample plots per mea-
surement plot that were located
between pine rows. Sample plots
were 9 X 18 ft where pines were
planted on a 9 X 9 ft spacing and
of a similar area at the two opera-
tionally planted locations. Ocular
est imates  of  herbaceous cover
were made on 9 x 9 ft halves of
each sample plot-six estimates
per measurement plot. After the
fifth growing season, all arhores-
cent rootstocks within interior
measurement plots that exceeded
4.5 ft tail were measured for stem
height and dbh by species.

Pine and competition data were
analyzed separately by location us-
ing the appropriate analysis of’
variance with arcsine  squareroot
transformations for percent val-

ues. The influence of woody and
herbaceous competition on early
development was examined using
orthogonal contrasts and linear re-
gression analysis. A 0.05 level of
probability for a Type I error was
considered significant.

RESULTS AND DISCUSSION

Competition Levels

IHard~\*ood  and shrub competi-
tion, the woody component, varied
greatly among study locations (Ta-
bles 2 and 3). In the fifth year, ar-
borescent basal area on no control
check plots averaged 3.8 ft*/ac;  ex-
ceeding 4.7 ft’/ac  at five locations,
ranging from 3-4 ft’/ac  at four lo-
cations, and less than 1 ft2/ac at
four sites. The density of arbores-
cent stems on no control plots av-
eraged 1065 rootstocks/ac,  rang-
i n g  f r o m  159-2496 rootstocks/ac-.
011  ~‘oodv  control  only plots: arbo-
i escent  &ipetition  was greatly re-
duced, with less than 0.5 ft’/ac  of
basal area at all locations. Orthog-
onal contrasts for woody control
were significant (cO.05)  at all loca-
tions for both basal area and root-
stock numbers (Table 3), indicat-
ing significant reductions with
control treatments.

Eight locations had more than 7
ft’/ac  of hardwood basal area in
only 5 years  with herbaceous con-
trol. With herbaceous control only,
the basal area of arborescent hard-
woods increased from 1.8-6 times
compared to levels on no controls,
except at Liberty (MS) and Monti-
cello (G&I),  where no increases oc-
curred. Basal area averaged 7.6
ft’/ac  \\.ith  herb-control (1.2-I 7.1
f?/ac)  compared to the 3.8 f?lac
with no control (0.2-9.7 ft2/ac).
The number of rootstocks aver-
aged only 10% more on herb-
control only plots vs. no control-
1 , 1 8 7  v s .  1 , 0 6 5  rootstocks/ac.
Therefore, the doubling of hard-
wood basal area occurred on about
the same number of rootstocks per
acre,  indicating the response in
hardivood  size to herbaceous COII-
trot.

Greater than 2,000 nonarbores-
cent woody rootstocks per acre oc-
curred on no-control plots in the
fifth year at all locations except



Table 2. Woody competition in the fiith year and the average herbaceous cover in Septemhr  for
the first 5 years.

L C P M i d d l e  C o a s t a l  P l a i n
- -
H i l l y  C o a s t a l  P l a i n P i e d m o n t

Pembroke Bainbridge  Liberty Atmore  Liverpool
Camp

lena Arcadia Tallassee Warren Counce Hill M o n t i c e l l o
V e g e t a t i o n GA GA MS A L L A I A IA At. A R T N

Appomattox
A L GA

c o n t r o l (1) (2) (3) (4) (5) (6) 17) (8) (VJ (10) (11) (12)
___ __._ _____-_____- _____-- __-_ -__________ ____ -__- -------._---------------- Arborescen( Basal Area (((‘,‘a~) _-__--_-- _------  ---- _------_------  ----------____--____ - ______-_-____

N o n e
W o o d y
H e r b
Tota l

N o n e
W o o d y
H e r b
Tota l

0 . 4 5 . 8 9 . 7 3 . 2 3 . 4 0 . 6 3 . 1 8 . 8 0 . 2 0 . 7 5 . 3 3 . 3 4 . 7

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 1 0 . 0 0 . 0 0 . 0 0 . 0 0 . 3 0 . 1
1 . 4 1 0 . 7 9 . 6 7 . 3 1 0 . 4 1 . 9 1 2 . 3 1 7 . 1 1 . 2 2 . 0 1 4 . 7 2 . 2 8 . 5
0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 5 0 . 3

I_-__  -___-_____  _  --------------- __--_----_---_  ------ _  ---------- ---------- ,Qborescen( roo(s(o&s (n0.l~~) _--__  __--  -----_-___  ---- _  --___  __-  ______---______  _- ____________-____

3 2 6 1 8 3 0 2 4 0 6 6 6 4 1114 2 7 7 1027 1745 159 4 3 9 1827 8 7 0 1 1 6 3

1 9 8 0 0 0 2 5 131 0 0 0 0 1 0 7 3 6
4 4 3 2714 1813 5 8 7 1180 3 0 2 1335 1704 192 5 2 7 2769 3 9 2 1 4 7 6

2 0 0 0 0 0 0 0 0 0 0 5 2 1 9
____ -- ________________---_-----  _ ________-__ -- ------_------_Nonarborescen(woodyrootstocks (no,/ac) --------_-_-__.___-- _---_--_  -_____ - ____ _ _--- - ----_  -- _____

N o n e 4893 3944 6 7 8 9 8 5 3 7 34% 1143 12433 4 9 3 2465 2017 9 2 9 9 2 5 3 2 5 6 9 2

W o o d y 1109 8 2 9 0 2 6 9 6 5 0 6 5 0 1044 0 4 9 3 5 3 8 1165 1 3 4 4 5
H e r b 3062 1479 8 7 4 4459 1613 2 2 4 1838 201 9 0 3 3 6 5 8 2 6 964 3 5 6 3
Tota l 4 9 3 0 0 0 1 5 7 0 0 0 0 4 5 2 2 6 7 45

N o n e 7 0 85 4 3 7 5 8 1 8 9 8 5 56 7 5 7 8 8 6 61 42

Wood) 9 0 9 2 8 4 8 7 9 0 9 2 88 9 1 7 9 8 1 9 4 60 52
H e r b 2 0 55 8 7 1 2 1 0 1 3 2 3 7 2 13 17
Tota l 1 3 5 1 1 1 1 1 2 2 2 2 3 6 1 11 24
- - - - - - - - - -.--.----~ --_-___ -----_- -

Jena (LA) and Tallassee (AL).
They were most abundant at Arca-
dia (LA) with 12,433 rootstocks’ac,
while more than 6,000 rootstocks/
ac were growing at Liberty (MS),
Atmore  (AL), and Camp Hill  (AL).
Control of nonarborescent woody
regrowth was less successful on
some sites because of persistent re-
invasions of sumac (RAW spp.), but
contras ts  for  nonarborescent
woody control were significant for
all Locations (Tables 2 and 3). Non-

arborescenr shrubs tended to de-
crease with herbaceous control,
mainly due to shading from the re-

leased arborescent component and
some selective damage and control
by herbicide treatments.

Herbaceous control treatments
were effective at all iocations, judg-
ing from the average herbaceous
cover in September for the first 3
years (Table 2) and the significant
contrasts at all locations (Table 3).
On those plots  receiving herba-

ceous control there was an average
of 66% less cover (77% vs. 11%).
Greater levels of control were evi-
dent in the spring and early sum-
mer immediately after broadcast
herbicide applications,  but re-
growth had occurred by Septem-
ber, even with spot spraying dur-
ing the growing season. Also, spe-
cies resistant to sulfometuron had
increased on some sites early on
and in later years were controlled
with directed spraying. On woody

Table 3. Contrast probabilities of greater F-statistics associated with means of fifth-year woody
competi!ion  and average herbaceous cover in September for the first 5 years.

LCP M i d d l e  C o a s t a l  P l a i n H i l l y  C o a s t a l  P l a i n P i e d m o n t
~--

C a m p
Pembroke Bainbridge Llberly  Atmore  Liverpool Jena Arcadia Tallassee Warren Counce Hill M o n t i c e l l o

V e g e t a t i o n GA GA MS
Appomattox

A L L A LA LA A L A R T N A L GA VA
c o n t r o l (1) (2) (3) (4) (5) (61 (7) (81 I91 (10) (11) (12) (13)-~~

--~~~______....__________.___...._.._____---.-----------------~-~~~--~~--~~~_____ Arboresce=( Basal Area ..______  _  ___.__._..__  _  ____.__.__.  _.__  .___  __ _________ -____  __________ _  ________ ____

Woody (Wj <O.ool <O.Wl <O.OOl <O.ool <O.ool co.001 <O.OOl co.001 0.016 0 .026  <O.OOl 0.001 c o . 0 0 1

H e r b  (H) 0.002 0.171 0.958 <O.OOl  0.027 0.018 0.002 0.088 0.075 0.251 co.001 0.370 . 0.021
WXH 0.002 0.170 0.958 <O.ool  0.027 0.016 0.002 0.088 0.075 0 .251 <O.ool  0.213 0.031

.___---_  ---- _  __.__________  ____._________  _____.___------  --_---  ---- _  -------- __-_ ,&borescen( Rootstocks ._.____._____.__  __.__________  _ _ _ _ _ _ _ _ _ _ _ _  _  _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

W o o d y <O.ool  0.001 <o.oa  0.001 0.001 <O.ool  <O.oOl  <O.ool 0.003 0.001 <0.001  0.001 <0.001
H e r b 0.328 0.444 0.351 0.780 0.893 0.999 0.548 0.946 0.713 0.674 0.132 0.039 0.351

W x H 0.197 0.437 0.351 0.780 0.893 OSYO  0.157 0.946 0.713 0.674 0.132 0.087 0.303
..~.___.____________~...~.~.....~...~~~..~.~~....~.~~~~~.~~.~~~~~~~~~.....~~.  Non+,&oresc,xn(  R,,o,s,ocks . . . . . . . . . .._.______......~...........~~~~.~~~~.~~~~~.~~~.~.~~~~.~~~~~~~~~.~..

W o o d y <O.oOl  c(o.001  0.002 0.001 <O.ool  0.015 0.002 0 021 /O.ool  0.045 <O.OOl  <O.OOl  <O.ool

H e r b 0.033 <O.ool  0.008 0.136 0.016 ~0.001 0.005 0.271 <O.OOl  0.019 0.048 0.014 0.203

WXH 0.255  0.012 0.008 0.185 0.119 0.201 0.015 0.271 0.001 0.153 0.278 0.021 0.203
_____________.______~~~~~~.~...~.~~.~~~~~~~.~~~~.~~~~~~~~~~~~.~~~~~  _  Aver+,,  ,,&,aceo"s  Covet_ _ _ _ _ _ _ _ _ _ . . . . . . . ..___......_.........~..~~~.~~~~~~~~ _  ________________.__  _  _____ ____ _____

W o o d y 0.130 0.003 <O.ool  0.329 0.105 0.072 0.051 <O.ool 0.227 0.365 0.142 0.670 0.062
H e r b <O.ool 1 0 . 0 0 1 <O.ool <O.OOl <O.OOl <O.OOl <O.ool <O.OOl <O.ool 10.001 <0.001 <O.Ool <O.oOl

WxH 0.008 <O.ool  <O.ool  0.021 0.032 0.288 0.210 <O.ool 0.198 0.117 0.087 0.819 0.670

s,JAI;  l’,(I’J!JI)  1 7 3



control  only treatments,  herba-
ceous cover averaged 12% more
compared to no controls over the
first 5 years (83% vs. 71%),  with a
range from no increase at Monti-
cello (GA) to 4 1% more cover at
Liberty (MS).

Pine Response

Pine density (stocking) levels
were not influenced by competi-
tion at most iocatiotks  owing par-
tially to the double planting used
at establishment (Table 4). When
compared with the no control,
density across all sites averaged 3%
less with woody control only and
2% less with herbaceous control
only, and no difference with total
control. At three locations, herba-
ceous control treatments resulted
in significant, but minor, differ-
ences in stocking (Table 5). At Lib-
erty (MS) and Jena (LA), herba-
ceous control treatments (on the
herb-control  and total-control
plots) significantly increased pine
density, while at Liverpool (LA)
the density was decreased. All lo-
cations had greater than 80% of
the original planting spots with live
trees after 5 years except the

woody control  plots at  Liberty
( M S )  a n d  Appomattos  ( V A ) ,
which had an average of 70% 01
379 treeslac  and 78% or 425 trees/
ac, respectively.

P i n e  h e i g h t  a n d  d i a m e t e r
growth signifkantly  and  cons is -
tently increased with herbaceous
control at every location (Tables 4
and 5).  The amount of increase
varied by location relative to com-
petition levels and site producriv-
ity, but specific trends are evident.
The most productive si tes were
generally on the Middle Coastal
Plain, especially following total
competition control. Both woody-
only and herbaceous-only control
treatments increased diameters
proportionately greater  than
heights (Table 6). while the pro-
portional increases with total con-
trol most often exceeded the aver-
age additive effects of both treat-
ments.

Pine height growth was signifi-
calltly  affected by both woody and
herbaceous competition, with the
general order of increasing height
being: no control < woody control
< herb control  < total control.
Woody control  significantly af-

Table 4. Mean pine density, height,  dbh, basal area, and volume index in the fifth year.

fected  height at all locations except
Jena (LA) and Counce (TN), while
total height was slightly less (3-6%
less) after woody control-only
treatments at Jena (LA) and Bain-
bridge (GA). At other locations,
pine height increased by 4.5-28%
( 0 . 5 - 3 . 2  f t )  a f t e r  c o n t r o l l i n g
woody competit ion only. Herba-
ceous control  significantly in-
creased fifth-year pine heights at
all locations (Table 5), and the in-
creases ranged from 18-62%  ( 1.5-
i.4 ft). The increase in height with
the herbaceous control only treat-
ment depended on the amount of
woody competition present at a lo-
cation.

Following total control treat-
ments, fifth-year pine heights av-
eraged 59% taller than those pines
l\.ith  no control (1 1.5 vs. 18.2 ft).
The prevalence of nonsignificant
interact ions means that  the re-
sponse in height growth after con-
trol l ing both woody and herba-
ceous competition was similar to
the sum of  the effects  of  these
treatments applied singularly. The
significant interacLions  (greater
than additive) at Tallassee (AL)
and Camp Hill (AL) are due to the

LCP Middle Coastal Plain Hilly Coastal Plain Piedmont

Arca- Camp
Pembroke Bainbridge Liberty Atmore  Liverpool lena dia Tallassee Warren Counce Hill Monticello Appomattox

Vegetation G A G A M S AL LA LA AL AR TN AL G A VA
control (I) (2) (3) (4) (5) (7) (8) (9) (10) (II) (12) (13)

None
Woody
Herb
Total

None
Woody
Herb
Total

None
Woody
Herb
Total

None
Woody
Herb
Total

None
Woody
Herb
Total

-___ _ _______________.____________________  _ ______ -_-_ --_-_-______. _-____ ______ -_ Density (trees/at) _ ______ ____ ---- _--__.______  -_____ ____ __-_________  _______________ ._____________ _______

533 527 428 530 532 469 523 SO8 527 53s 502 519 491
522 532 379 M S 53s 447 517 497 530 532 499 499 425
521 527 458 472 516 so2 502 505 527 516 so5 499 445
52s 53s 450 516 521 510 533 524 519 516 SO8 SOS 455

.____.-..--- _-____._ . ..--------- _-_  ___-------- _____  ___--------- _--_  ___-.---.  __  ._______---- Hqht (11) ..-.-.---..-.--.-----...-....-.-------.--.--  _-.-_  -_.________--- _ .__._..__.  ___._ ._.__._  ____

11.6 I S . 1 14.0 10.4 9.7 14.5 9 . 8 1 0 . 3 11.2 1 0 . 4 1 1 . 1 13.3 0.5
14.8 14.7 16.0 12.9 1 1 . 1 13.7 11.8 1 1 . 0 12.6 10.8 11.6 15.7 10.9
18.8 19.5 21 .Y 14.0 IS.3 20.0 1 5 . 5 1 3 . 8 1 7 . 1 1 2 . 3 13.8 17.2 10.0
20.4 22.6 22.7 18.4 17.0 20.6 1 8 . 1 1 7 . 7 17.6 12.6 18.2 17.7 13.5

________ _______ ____ ___ ________ -____  ________________________ _-___  _________ _ _____________ ___ &h (in,) ____ ___________ _______ _______ _____ _ ____ _ _______ ___ ______________ __ _._______ _____ ___________

1 . 7 2 . 5 1 . 9 1 . 2 1.1 2 . 4 1 . 4 1.3 1 . 6 1 . 7 1.5 2.0 0.9
2 . 4 2 . 9 2.7 1 . 9 1 . 6 2 . 2 2 . 0 i .a 2 . 0 i .a 1 . 8 2 . 6 1 . 7
3 . 2 3 . 3 3.5 2.0 2 . 4 3 . 7 2.6 2.1 3.1 2 . 2 1 . 9 3.1 1 . 3
3 . 6 4 . 2 4.4 3 . 2 3 . 2 4.0 3 . 7 3 . 5 3 . 3 2 . 4 3 . 8 3 . 3 2 . 6

10.0 19.7 10.0 5 . 2 4 . 7 16.4 6 . 7 5 . 6 8 . 5 8 . 7 6 . 9 12.6 2 . 9
16.0 25.7 1 6 . 1 10.9 8 . 9 13.4 12.6 9 . 6 12.9 9 . 9 10.2 19.7 7 . 4
31.1 33.3 32.8 11.5 18.8 39.7 20.9 li.0 28.2 14.9 11.5 27.0 5 . 2
3 8 . 4 5 3 . 3 50.6 31.7 31.8 46.2 4 2 . 1 36.1 3 2 . 1 16.9 41.6 31.7 la.3

________ ______________ __ _____________ _ ____________________-----------.-.........-- Vo,ume index (ft'/ac) ____ _ ___.___________.._._______  ___ _____ __ __________ ____ _____________ ____ __________

105 221 103 56 49 170 72 64 93 105 70 136 3 1
1 9 1 235 177 ii8 100 139 140 109 138 114 114 22s 80
363 313 407 131 203 474 247 165 344 187 119 318 51
466 702 671 38s 376 559 524 436 400 214 488 381 186



LCP Middle Coastal Plain Hilly Coastal Plain Piedmont
___ -
Pem- Baio- Liver- Tallas-
broke bridge

Qmp
Liberty Almore PdOl p3la Arcadia SW Warren Counce Hill Mon:icello  %E9x;

Vegetation GA G A M S AL lA LA LA AL AR TN AL VA
control (1) (2) (3) (4) (5) (6) 171 (8) (91 (10) (11) (7; (13)

- ____ ---__-- __________ - ____ -___-  ___-____ - _____-----------------------  Density  ---- __-__-- __________---I-_  -- __________________________ _ ___-________

woody W) 0.437 0.230 0.166 0.449 0.541 0.633 0.115 OS88 0.763 0.867 0.990  OS27 0.378
Herb fH) 0.530 0.805 0.026 0.087 0.045 0.007 0.736 0.126 0.549 0.052 0.643 0.527 0.787
WxH 0.146 0.805 0.309 0.020 0.837 0.335 0.034 0.070 0.549 0.867 0.816 0.267 0.226

. ..-....-... -_____ -__---  ________ ______ _____.__________  __-_-._-_ ----- _-_________ ______ Heigh{ I_--__-_-_-_-_-.-_-_  _.__________ __ ____ _ ______________ ____ __________________ _ ______________

Woody 0.001 0.040 0.004 <O.OOl  0.03s 0.804 0.001 0.001 0.037 0.078 0.003 0.014 0.011
Herb <O.oOl <O.oOl <O.OOl <O.ool <O.OOl <0.001 co.001 <O.ool <O.OOl <O.ool co.001 co.001 0.001
WxH 0.12s 0.013 0.101 0.149 0.782 0.0% 0.566 0.009 0.283 0.894 0.013 0.083 0.430

I---  ___-------__--  ________ _I ---------------------- - d,,,, ------------------_--------------_

woody <O.ool  co.001 <O.ool  <O.OOl  <0.0&l  0.801 co.001 <O.OOl  0.024 0.03s <O.ool  0.015 0.002
Herb 0.001 0.001 to.001 <O.Ool 0.009 <O.OOl <O.oOl <O.oOl co.001 <O.ool <O.cwl cto.001 co.001
WxH 0.123 0.110 0.511 0.038 0.336 0.027 0.057 0.009 0.442 0.781 0.001 0.256 0.062

__-_-__-  ______ --_-----  __--__________._________  _ __------ _ ----------_---- Basal ,+.a __-  ______ ____I__--  __________ -__-  _-___ _ _______________________________l_l___

Woody 0.001 <O.OOl  <O.OOl  <O.ool  0.010 0.357 <O.oOl  iO.M)l  0.073 0.036 <O.OOl  0.052 <O.ool
Herb <O.oOl co.oo1 co.oo1 <O.ool <O.ool <O.oOl <O.OOl <O.oOl <O.OOl <O.OOl <O.oQl 0.001 <O.ool
WxH 0.831 0.013 0.002 0.004 0.129 0.027 0.001 <O.OOl  0.911 0.540 <O.oOl  0.656 0.004

--------------I-------------------  __ _---.----- _--_-_--_--_---- -------------Volume Index .-.__----_  -------.----- _____-_______  _______________ _ ______________ _ _________ ___

Woody 0.009 <O.oOl  <O.OOl  co.001 0.00s 0.334 <O.M)l  <O.OOl  0.056 o.oss <0.001  0.036 -=O.ool
Herb <O.OOl <O.ool co.001 <O.Ool <@.OOl <O.ool <l-Loo1 <O.OOl <UK1 <O.ool <O.@Ol <O.ool 0.001
\I\' Y H 0.691 <Il.OJl  0.002 0.605 0.077 o.csn ro.x1  <O.O!ll  0.83 0.265 to 001 0.690 @.0?3-.-.-  ____-  ._______- - _- ---~------------.-- --

exceptionally large growth rc-
sponse to total control at sites with
borh dense woody and herbaceous
competition, while at Bainbridge
(GA) it was due to the negative re-
sponse to woody-only control.

Diameter growth showed the
same pattern found with height
growth, except the proportional
response to control was larger (Ta-
ble 6). All contrasts for both woody
and herb control effects were sig-
nificant, except at Jena (LA). The
Jena si te  showed less diameter
growth with woody-only control
compared to no control because of
an infestation of woolly cr~toti

(Crolon  cuj~i~a~ur  Michaux.), a large
annual forb, that initially became

more severe with woody  conrrol Hasal  area was increased by 14--
treatments. Appomattox (\‘A) dif- 155%  (1 .2 -8 .0  ft’/ac)  a t  a l l  loca-
fered from other sites with more k)ns  after  woody control  treat-
diameter growth after woody-onl)
control compared to herbaceous-

ments (leaving herbaceous compe-
tition), except at Jena (LA), where

only control, owing to extremel) an 18% reduction occurred follow-
dense  arborescent  and nonarbo-
rescent  woody competi t ion and

ing woody control. Nonsignificant

lower levels of herbaceous vegeta-
main effects for woody control

tion than at the other locations
were determined not only for
Jena, but for Warren (AR) and

(Table 2). Significant interactions
were found only on sites having

Monticello (GA), even though 23%
and 30% more pine basal area oc-

large amounts of  hardwoods or curred on these two latter sites fol-
nonarborescent shrubs, except for lowing woody control treatments.
Jena (LA), owing to the woolly cro-
ton infestation. Thus, woody and

W i t h  h e r b a c e o u s  c o n t r o l  o n l y ,

herbaceous control had adbitive
basal  area was consistent ly in-
creased at all sites from 67-300%

treatment effects on diameter (2.3-23.3 ft’/ac).  On plots with
growth  at nine sites. herbaceous control ,  p ine basal

Table 5. Contrast probabilities of greater F-statistics associated with means of fifth-year pine mea-
surements

Table 6. Loblolly pine height, dbh, basal area, and volume index after 5 years for the 13 plantation
locations: the overall means and range of values, and the average percent change and percent
range when comparing vegetation control relative to no control.’

Vegetation
Height dbh BA Volume index

ckrol mean range mean range mean range mean range

------------- (fl) -_----------. ____ ___-_____  (in,)  _____________ __-_._ ---- __ (ft’lac)  __-__-______ -___-______  (ft3/a,-)  ___-_______

None 11.5 8.5-15.1 1.6 0.9-2.5 9 . 1 2.9-19.7 98 31-221
Woody 12.9 lo.al6.0 2.1 1.62.9 13.5 7.4-25.7 145 80-235
Herb 16.1 lO.a-21.9 2.7 1.3-3.7 22.3 5.2-39.7 255 51-474
Total 18.2 12.6-22.7 3.5 2.4-4.4 36.3 16.9-53.3 445 IS-702

------------------------------.-.---------------------------------------------  (f)  ___._ _ ________________________________________------------------------------  __

Woody only 13 -6-28 34 -8-89 64 -la-l55 67 - 18-158
Herb only 3 9 la-62 65 27-118 155 67-300 171 42-314
Total 59 21-85 125 41-191 366 94-577 424 104-667
' Average percent values are the means of the 13 percentage values that were each calculated as follows: Percent change = (vegetation control - no
controll/no  control. The average percenl  change wll  not equal a talc  ulated change us!ng the above mean values for height, dbh, BA, or volume index.

SJAF l.~(l9!ll)  1 7 5



area in the fifth year ranged from
5-40 ft’/ac  (Table 4) and hard-
wood basal area from l-17  ft’/ac
(Table 2). Only at Tallassee  (AL),
Camp Hill (AL), and Appomattox
(VA) did the average bardwood
basal area exceed that of pine af’tel
herbaceous control. AL no location
did the combined Pine-h;lrtiwoc,ti
basal area following herbaceous
control only exceed that of’ the
pine basal area with total control,
suggesting that thus far pine alone
was more productive than mixed
stands when considering only
woody vegetation. Total control
yielded pine basal  areas greater
t h a n  f o u r  t i m e s  o v e r  t h e  no-
control treatments at 6 of the !3
locations-increases ransed  from
9 4 - 5 7 7 %  ( 8 . 2 - 4 0 . 6  f t  lac).  A t
eight locations, total control signif-
icantly increased pine basal area
more than the summed increases
from controlling either the woody
o r  t!:e  hsrbaccous  comi)onents
alone (Table 5).

When density, height, and diam-
eters (GLD, D6,  and dbh) were
combined into a volume index  at
age 5, there was an average vol-
ume increase of 67% (47 ft”/ac)  for
woody control only, 171% (157 ft”/
ac) for herbaceous control only,
and 424% (347 ft”/ac)  for  total
control (Table 6). Increased vol-
u m e  growth  r a n g e d  f r o m  lO4-
667% with total control-an indi-
cation of the potential early gains
that are possible with competition
control. Significant volume in-
creases with woody control- the
c o m p o n e n t  t r a d i t i o n a l l y  t a r -
geted-only occurred at sites with
greater than 1 ft”/ac of arborescent
competit ion and/or greater than
2500 rootstocks/ac  of nonarbores-
cent woody competi t ion in the
fifth year.

To further examine the influ-
ence of hardwood competition on
pine volume growth, the variation
in soil-site differences among loca-
tions was minimized by scaling vol-
ume on the herb-control only
treatments by the response on the
total-control treatments. Pine vol-
ume growth with no competition
should be one of the best indica-
tors of site. Figure 3a presents the
relationship between hardwood

176 S]AF  15(1!~!11)

(arborescent)  basal  area on the
herb-control treatment and per-
cent pine volume reduction calcu-
lated ii.5  follows: [pine volume in-
dex (pvi)  with total control-pvi
with herb control]/pvi  with total
control. I‘his  figure shows the vari-
ation in arborescent competition
among sites, while the regression
suggests a fairly strong relation (K’
= 0.70) between arborescent basal
area and pine volume growth re-
duction. The greater than ex-
pected (fitted) reduction in pine
votutne growth for Atmore  (AL)
(Lot.  4), Camp Hill (AL) (Lot.  11).
and Appomattox (VA) (Lot.  13) is
likely due to the high levels of non-
arborescent woody competi t ion
that are not quantified in Figure 3a.

Figure 3b shows the relationship
between the 5-year average herba-
ceous cover and the percent pine
volume reduction that was calcu-

lated  using the woody control only
values as above. Linearity of this
relation has been previously re-
ported (Nelson et al. 198 1. Knowe
et al. 1985). Obviously, some of the
variation is inherent from having
different estimators at each loca-
tion, but still a significant 49% of
the variation in pine volume re-
duc t ion  can  be  a t t r ibu ted  to  a
mean estimate of herbaceous cover
over the first 5 years.

The fifth-year treatment aver-
a g e s for pine height, dbh, basal
area, and volume index are pre-
sented with the averages for the
first 4 years in Figure 4. These fig-
ures  show similar trends with each
of the pine variables, with only a
few notable exceptions. For all
pine variables, the curves for total-
control and no-control treatments
are still diverging after 5 years.
The average height  growth re-

0, L 1# I I I t I4 1 I I, t I
0 1 2 3 4 5 6 7 6 9 10 11 12 13 14 15 16 17 18
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sponse to total control, and to a
lesser extent with herb control, has
slowed between the fourth and
fifth years, which is not yet appar-
ent with diameter. It is apparent
that \cith  these average curves that
divergence is increasing between
woody control  and herbaceous
control curves and the no-control
treatments,  and it  is  more pro-
nounced with woody control.

T h e  r e l a t i o n s h i p  b e t w e e n
woody-control  and herb-control
treatments is further examined in
Figure 5 with data from four loca-
tions having the highest densities
of hardIc.oods. The annual differ-
ences in mean-tree basal area at
groundline between herb-control-
only and woody-control-only treat-
ments appear to be ditninishing
over time, specifically starting in
the fifth year. This suggests an in-
creasing influence of woody plants
on pine growth cc~incidentat with ;i

Height (feet)
20 .

1 2 3 4 5

Basal Area (ss  ft  I ad

decreasing influence of herba-
ceous plants.

Comparisons with
other Research

The growth increases on COhl  I’
locations as percentages at-e ver!
similar or exceed previously re-
ported responses. For the herba-
ceous control studies reported 1):.
Creighton et al. (1987),  on the foul
loblolly locations with fifth-year t-e-
suits, heights after 2 years of con-
trol were increased by 4 1%  and di-
ameters by 67%,  the same perce:lt-
ages as for COMP averages when
comparing the difference between
total control and woody control
only. Clover et al. (1989),  report-
ing on 4-5 years of total control VS.
woody-only control at three loca-
tions in the Southeast, found an
average fifth-year volume increase
of 192% compared to 20’7% on
COMP locations. With complete

Volume Index (cu ft  / ac)
500 -

400 -

300 -

200 -

loo-

0
1 2 3 4 5

A g e  ( y e a r s ) A g e  ( y e a r s )
Total Control Herb Control Woody Control No Control
- . -*-- - +- .

Figure 4. Mean height, dbh, basal area, and volume index of loblolly pine for the 13
COMP plank&on  locutions for [he first 5 years.

wood\. control in Louisiana (Cain
and I\la*tn  1980),  fifth-year in-
creases in height were 9% com-
pared to a 12% COMP average, di-
ameter was  27% compared to a
3 1% COhII’  average, and volume
w a s  58%  c o m p a r e d  t o  a  4 8 %
COMP  average.

Considerable question remains
regarding the long-term gains that
will be derived from  early-growth
enltancenient  using vegetat ion
control. Several investigations are
non  older than 10 years and give
some indication of the possible
outcomes. Tiarks and Haywood
(1986) gave fifth-year results from
a similar study to the one reported
here on a root-raked si te near
Sikes (LA) where hoeing was used
for 4 !‘eat-s  to control herbaceous
\veeds  around loblolly pines, com-
plete \\.oody  control treatments
were included, and their combina-
I ion. The  \Atme  growth reported
!B Z-i;t\~.ood  and  ‘Fiarks  (1990) at
aie  I : indicates that absolute vol-
ume increases reported at age 5
had maintained or were still  in-
creasing, with 520 ft”/ac (outside
bark) more volume with herb con-
trol  and 450  ft”/ac more volume
with Icoody  control.

On less intensively prepared
sites, annual woody control from
2-10  years in three loblolly pine
plantations in northern Louisiana
resulted in a consistent 50-57%  in-
crease in tree volumes that lasted
from age 5 to IO (Cain and Mann
1980 ,  Haywood  1 9 8 6 ) .  C l a s o n
(1989) also studying loblolly pine
in northern Louisiana reported
that an absolute gain of 500 ft”/ac
at age 10 following total competi-
t i o n  c o n t r o l  w a s  m a i n t a i n e d
through age 20, and by repeated
thinnings to age 30. Likewise, 12-
year results  from the study re-
ported by Clover et al. (1989),  still
showed diverging volume curves
compared to checks at two of the
three s tudy locat ions when pre-
commercial thinnings were used to
manage stocking. Thus, volume
gro~\~h  enhancement with compe-
tition control can be maintained
up to 20 years on sotne sites, and
may be maintained further with
stocking control  through thin-
nings. It should be acknowledged
that the growth gains with opera-
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tional treatments that provide par-
tial or ten~poriwy  control may he
decidedly less  than those me;:-
sured on these experimental plots
where absolute component control
was achieved.

As far as the long-term influ-
ence of arborescent competition
on pine yields, a developing hy-
pothesis has been incorporated in
a growth and yield model by
Burkhart and Sprinz  (1984). This
hypothes i s  i s  based  on  the  ob-
served constancy in the proportion
of hardwood to pine basal  area
from age 11 to 24 on a long-term
study in Alabama (Clover  and
Dickens 1985). This proposes that
once hardwoods are established in
a  p i n e  s t a n d ,  p i n e s  d o  n o t
“outgrox\s”  and dominate the hard-

woods, but rather they remain as a
competitive component. Codomi-
nant  and dominant  hardwoods
also displace a greater proportion
of loblolly pine volume in mixed
stands  than the  propor t ion  of
hardwood to pine basal area would
indicate (Clover and Dickens 1985,
Langdon  and Trousdell 1974). For
example, a 20% hardwood basal
area reduced pine volume by 50%
in 24-year-old slands  in Alaban~,
\\,hich  suggests chat lhe  comnloil
t iecurrent growth of most I~:trd-

wood canopies and root  systems
preempt  more area and/or re-
sources than an equal amount of

pine basal area growing in the t\‘p-
ical excurrent  habit .  Thus,  arho-
l’CKe!It  cctnrpr:i~or!;  tlla:  apl:e;ll
~trly  in a stand will cot-ttinue  to
s u b t r a c t  a  displ-oportionaIe
amount of pine volume growth  as
the stand matures.

SUMMARY

These results show that herba-
ceous and woody competition af-
fect  both height  and diameter
growth of loblolly pine during the
first 5 years over most of its range.
During this period, diameters are
reduced proportionally more than
heights by competition, which sug-
gests that studies of competition.
Influences should measure stem
diameters (GLD  and/or  dbh),  as
well as heights, to assess response.
An estimate of‘volume growth that
combines diameter,  height,  and
survival is the best integrated re-
sponse variable for judging com-
peti t ion influences and control
treatment effectiveness.

On all but one COMP location,
herbaceous competition reduced
pine vol\~tne  more than woody
ccjmpelition  d u r i n g  t h e  f i r s t  ZI
year; however, the influence of.
v~oody  comi~~ition i s  i n c r e a s i n g
on  siles wirh  liigli  hardwood den-

silies.  ‘l‘ol~l  ct,mpe~ition  c o n t r o l
y i e l d e d  p h e n o m e n a l  v o l u m e
growth increases of twice up to 6.6

times that measured on no-control
checks and was greater than the
additive effects of herbaceous or
woody control on 7 of the 13 loca-
tions. This suggests that control of
either component should increase
early loblolly pine growth, but the
control of both can at times result
in even greater gains. A review of
longer term studies suggest that
growth gains from early competi-
tion control are maintained until at
least midrotation.

The ~~-owth  response of loblolly
pine at these 13 locations can be
used to judge and report competi-
tion control studies in a way that
permits a wider comparison of re-
Slll~S. 0
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