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ABSTRACT. Management intensity of southeastern US pine (Pinus
spp.) plantations has increased during past decades, emphasizing timber
production. Managers need more information about tree growth re-
sponses to different establishment intensities to successfully meet their
economic and ecological objectives. We established a comparison of
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five loblolly pine (P. taeda) plantation establishment regimes in the Mis-
sissippi Lower Coastal Plain (LCP, n = 4), using a gradient of mechani-
cal and chemical site preparation and herbaceous weed control
intensities. Treatments varied from “low intensity” to “high intensity”
and were expected to produce a gradient in vegetative and pine growth
response. We monitored herbaceous and woody ground cover, woody
stem density, pine survival, and pine growth during years one and two
post-treatment (2002 and 2003). Herbaceous cover, woody cover, and
woody stem density decreased as treatment intensity increased. Pine sur-
vival was less on treatment 5 and decreased slightly on all treatments
during 2003. Pine height and diameter increased as treatment intensity
increased, except for the treatment with no mechanical preparation, indi-
cating the importance of subsoiling and bedding in the LCP. After two
growing seasons, a combination of mechanical and chemical site prepara-
tion followed by one or two years of broadcast herbaceous weed control
maximized pine growth. [Article copies available for a fee from The Haworth
Document Delivery Service: 1-800-HAWORTH. E-mail address: <docdelivery@
haworthpress. com> Website: <http://www.HaworthPress.com> © 2006 by The
Haworth Press, Inc. All rights reserved.]
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INTRODUCTION

Forest management in the Southern US has intensified over the past
several decades as evidenced by increased use of genetically improved
planting stock, increased fertilizer and herbicide applications (Siry,
2002), financial considerations, and concerns about future timber sup-
plies (Sedjo and Botkin, 1997). Rather than a single herbicide applica-
tion at stand initiation, future establishment regimes will likely include
herbicide tank mixes prior to planting to eliminate woody competition,
followed by one or two years of herbaceous release treatments during
the first and second growing seasons after planting. Additionally, as
production rates increase, stand rotations likely will become shorter
(Borders and Bailey, 1997).

Numerous studies have documented effects of herbaceous and
woody (i.e., hardwood) control on pine growth. Herbaceous vegetation
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is the primary pine competitor early in stand development (Tiarks and
Haywood, 1986; Haywood and Tiarks, 1990; Cain, 1991), but control
of herbaceous and woody components allows even greater pine growth
(Pienaar et al., 1983; Bacon and Zedaker, 1987; Miller et al., 1995). Ad-
ditionally, the early pine growth advantage afforded by competition
control often persists into later stand development stages (Pienaar et al.,
1983; Glover and Zutter, 1993).

Numerous site preparation methodologies are available to managers
including mechanical and/or chemical treatments and may result in
varying levels of competition control efficacy (Shiver and Martin,
2002). Mechanical site preparation such as subsoiling improves pine
survival and growth by increasing soil volume available to roots, thus
increasing water and nutrient availability (Allen and Lein, 1998). Bed-
ding enhances survival and growth by consolidating topsoil and im-
proving aeration in poorly drained areas (Smith et al., 1997). The
combination of mechanical and chemical site preparation can be a more
effective means of controlling competition than a single method used
alone (Lauer et al., 1998), thus shortening the time required to meet
silvicultural goals of site preparation.

Forest product companies are concerned with the operational estab-
lishment of pine plantations. However, much of the published research
concerning site preparation effectiveness on pine growth was not ap-
proached from an operational standpoint (e.g., experimental plots � 1
ha in size, treatments involving complete vegetation control for � 2
years) and the results, although providing valuable information, have
not addressed industry operational needs.

The objectives of our research were to establish a gradient of opera-
tional, loblolly pine (Pinus taeda) plantation establishment intensities
and quantify control of vegetative competition and its effect on pine
growth. We hypothesized that vegetative control and pine growth re-
sponse would be altered by treatment intensity. We predicted that the
response of competing vegetation would be associated negatively and
that pine growth would be associated positively with treatment inten-
sity. The results of this research are a subset of a larger project investi-
gating effects of intensive pine plantation management on wildlife
habitat quality in the Mississippi Lower Coastal Plain. Quantifying rela-
tionships between management intensity, pine growth, and wildlife
habitat quality will allow resource managers to evaluate trade-offs be-
tween timber production and wildlife habitat provision, and ultimately
make better informed land management decisions.
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STUDY AREAS AND METHODS

The effects of five levels of pine plantation establishment intensity
on vegetative control and pine growth were monitored on four tracts of
land owned by forest product companies in George, Lamar, and Perry
counties in southern Mississippi. Vegetation on all stands was typical of
the Mississippi Lower Coastal Plain (LCP), a low fertility, acidic-soils
physiographic region referred to as the “piney woods” where longleaf
pine (P. palustris) historically occurred (Pettry, 1977). Stands were har-
vested during summer 2000-winter 2001, averaged 66 ha in size, and
each was uniformly influenced by topography and drainages.

Soil associations were fairly consistent among the study sites. The
McLaurin-Heidel-Prentiss association was common to two stands and
was composed of gently sloping, moderately well-drained, sandy and
loamy soils. The McLaurin-Savannah-Susquehenna association, com-
prising somewhat poorly drained, nearly level upland soils, occurred
on one stand. The Prentiss-Rossella-Benndale as associated occured
on two stands and was characterisitics by loamy fine and sandy loam
soils.

Establishment regimes (i.e., treatments) were selected to represent
a range of operational intensities in timber industry stand establish-
ment techniques. The regimes were expected to stimulate the develop-
ment of distinct communities that represented a gradient in vegetation
management intensity and potential pine growth response. Treatments
were arranged in a randomized complete block design where each of
the five treatments was assigned randomly to a P � 8-ha area within
each of four stands. Management intensity, and thus expected pine
growth response, increased from “low” for treatment 1 to “high” for
treatment 5.

The regimes consisted of different combinations of mechanical and
chemical site preparation and banded and broadcast herbaceous weed
control. Treatment 1 consisted of mechanical site preparation using a
combination plow pulled behind a bulldozer with a V-blade attached to
the front to clear debris. The plow subsoiled, disked, and bedded in a
single pass. A banded herbaceous control in year one was applied using
0.9 kg/ha of Oustar® Treatment 2 consisted of chemical site preparation
using a mixture of 2.4 L/ha Chopper EC®, 5.3 L/ha Accord®AE, 5.3 L/
ha Garlon 4, and 1% volume to volume ratio of Timberland 90
surfactant in a total spray solution of 93.6 L/ha. A banded herbaceous
control was applied in year one using 0.9 kg/ha of Oustar®. No mechan-
ical site preparation occurred in Treatment 2. Treatment 3 consisted of
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chemical site preparation (same as treatment 2) followed by mechanical
site preparation (same as treatment 1). A banded herbaceous control in
year one was applied using 0.9 kg/ha of Oustar®. Treatment 4 consisted
of chemical (same as treatment 2) followed by mechanical (same as
treatment 1) site preparation. A broadcast herbaceous control in year
one was applied using 0.9 kg/ha of Oustar®. Treatment 5 consisted of
chemical (same as treatment 2) followed by mechanical (same as treat-
ment 1) site preparation. A broadcast herbaceous control in years one
and two was applied using 0.9 kg/ha of Oustar®.

All chemical site preparation treatments were applied during July-
August 2001 and all mechanical site preparation was completed during
September-December 2001. The stands were not burned. Year one her-
baceous control applications were completed during March-April 2002
and year two herbaceous treatments were completed during March-
May 2003.

Stands were planted during December 2001-January 2002. Each tim-
ber industry cooperator planted their own genetically improved, lob-
lolly pine seedlings. Seedlings were planted with 3.0 m between rows
and 2.1 m between trees within a row, totaling 1,551 trees/ha. All stands
were scheduled for machine planting to facilitate banding applications.
However, two stands were hand planted due to greater debris loads re-
maining post-harvest. Banded herbaceous control was applied by hand
on these two sites.

Additional management activities were standardized across all treat-
ment plots and blocks. Banded herbaceous control treatments were ap-
plied via tractor with a band width of 1.5 m, and broadcast herbicide
applications were applied aerially via helicopter. A broadcast fertilizer
application of DAP at 280 kg/ha was aerially applied to all treatments
during April 2002.

We evaluated woody (i.e., hardwood) stem density pre-treatment (July
2001) and during years one and two post-treatment (June 2002 and June
2003). During 2001, density estimates of woody stems (∃0.5 m tall were
obtained along five, randomly located 30- � 2-m belted- transects within
each treatment. During 2002 and 2003, estimates of woody stems (0.5 m
tall within each treatment were obtained using 40, randomly located 1-m2

circular plots. Because the size of woody stems was reduced post-treat-
ment, we changed sampling methodology to increase sample size and
ensure sufficient sampling within experimental units.

We quantified vegetative communities during June 2002 and June
2003, years one and two post-treatment. We recorded percentage
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ground cover of understory woody and herbaceous species using a
modification of Canfield’s (1941) line-intercept method within each
treatment along 10, randomly located 30-m transects. A 30-m buffer
zone at treatment boundaries was excluded from sampling. We identi-
fied plants by species and then categorized by forage type (i.e., herba-
ceous or woody).

We measured pine growth response on each treatment plot to com-
pare the effectiveness and competition control benefits of site prepara-
tion and herbaceous weed control treatments. One pine measurement
plot (0.04-ha, 7 rows of 10 trees) was established within each treatment
area. We measured height (m) and ground level diameter (mm) of seed-
lings during June 2002, June 2003, and January 2004. Survival esti-
mates were based on the 2002 and 2003 data whereas growth estimates
were based on the 2002 and 2004 data.

We used a repeated-measures, mixed model analysis of variance to
test for main effects of year and treatment and year � treatment interac-
tion for woody stem density, woody canopy coverage, herbaceous can-
opy coverage, and pine survival, height, and diameter. We compared
means among treatments (n = 5) and between years (n = 2) using SAS
Proc MIXED (SAS Institute, 2000). We treated stands (i.e., blocks, n =
4) as the random effect, years as the repeated effect, treatment � stand
as the subject, and we chose a first order autoregressive covariance
structure for the models because there was one time interval between
sampling periods (Littell et al., 1996). We considered differences sig-
nificant if P < 0.05. We compared means using Fisher’s least significant
difference with the LSMEANS PDIFF option (Littell et al., 1996). We
tested normality and equal variance assumptions prior to each analysis
and we square-root transformed variables with non-equal variances
(Zar, 1999). For ease of data interpretation, actual means are presented
although we conducted analyses on transformed data.

RESULTS

Site preparation reduced woody stem density (Table 1). The 3 dom-
inant species detected prior to treatment were common persimmon
(Diospyros virginiana), wax myrtle (Myrica cerifera), and yaupon
(Ilex vomitoria). There were no pre-existing differences in density of
individual species and the total of all species among treatments (F4,15 =
0.13, P = 0.974). The site preparation treatments controlled all woody
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stems ∃0.5 m tall during the first growing season. The year effect was
not consistent across all treatments for density of total species (F4,27 =
4.82, P = 0.005) and ranged from 1,625.0 trees/ha in treatment 1 to 0.0
trees/ha in treatment 5 during 2003. Density of yaupon (F1,27 = 5.00, P
= 0.034) and other species (F1,27 = 15.80, P � 0.001) increased in most
treatments during 2003. The year effect was not consistent among
treatments for common persimmon (F4,27 = 3.81, P = 0.014) and wax
myrtle (F4,27 = 3.00, P = 0.036). During 2003, common persimmon
densities ranged from 375.0 trees/ha in treatment 1 to 0.0 trees/ha in
treatments 2 and 5. Wax myrtle density increased during 2003 to 125.0
trees/ha in treatment 1 but remained at 0.0 trees/ha in all other treat-
ments.

There was a year � treatment interaction for woody canopy coverage
(F4,27 = 3.82, P = 0.014) and herbaceous canopy cover (F4,27 = 3.04, P =
0.034, Table 2). Woody coverage during the first growing season varied
from a high of 19.5% in treatment 1 to lows of 2.8-3.5% in treatments 4
and 5. By the end of the second growing season, woody coverage
showed a clear, negative association with treatment intensity, ranging
from 71.0% in treatment 1 to 11.7% in treatment 5. During 2002, herba-
ceous coverage ranged from a high of 36.5% in treatment 2 to a low of
2.5-3.4% in treatments 4 and 5. By the end of the second growing sea-
son, herbaceous cover was similar on treatments 1-4 with a high of
60.5% in treatment 2; treatment 5 had considerably less herbaceous
cover at 17.3%.

Pine survival differed by year and treatment (Table 3). Survival de-
creased about 2% on all treatments during 2003 (F1,27 = 4.62, P =
0.041). Survival varied among treatments (F4,27 = 0.72, P = 0.038) aver-
aging about 85% in treatments 1-4 and 73% in treatment 5.

There was a within-treatment year effect on height (F4,27 = 8.81,
P � 0.001) and diameter (F4,27 = 9.56, P � 0.001) of pine trees (Table
3). There were no differences in pine height or diameter during 2002 in-
dicating that all seedlings were of equivalent size when planted. How-
ever, a positive association between treatment intensity and pine growth
was evident by the end of the second growing season with trees in treat-
ments 4 and 5 having greater heights and diameters than trees in all
other treatments. Pine growth was greater in treatments receiving me-
chanical site preparation compared to the herbicide-only site prepara-
tion. The best pine growth was in the treatments combining chemical
and mechanical treatments.
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DISCUSSION

A primary goal of site preparation is to reduce competing vegetation
(Shiver and Martin, 2002). Herbaceous vegetation is often the most
important component to control early in stand establishment due to its
impact on pine survival and growth, and woody vegetation control is
important from the standpoint of long-term yield limitation (Lauer
et al., 1998). The chemical site preparation tank mixture was designed
to target both of these vegetation components. The benefits from sup-
pressing herbaceous and woody canopy cover during the first growing
season were evident in the positive associations between management
intensity and pine height and diameter by the end of the second growing
season.

Control of the hardwood vegetative component is important for long-
term pine growth (Shiver et al., 1991; Harrington et al., 1998). All treat-
ments were successful in controlling woody stems during the first grow-
ing season. However, re-colonization of woody species was evident
during the second growing season and treatment 1 had the greatest
increase in woody stem density likely because that treatment did not re-
ceive an application of site preparation herbicides. Prior research also
has documented relatively short-term effects (i.e., 2-3 growing seasons)
of mechanical or chemical site preparation in combination with herba-
ceous weed control on vegetative communities (Blake et al., 1987;
Keyser et al., 2003).

We could not identify why pine survival decreased during year two
because of high variability in survival rates during the first year post-
planting (Amateis et al., 1997). Sources of mortality during this period
typically include seedling care at the nursery and planting site, length of
seedling storage, planting crew quality, and first-year climatic condi-
tions (Amateis et al., 1997). Pine survival was less on treatment 5, im-
plying a treatment-related decrease. However, treatments 4 and 5 were
operationally equivalent (i.e., treatment 5 had not received its second
broadcast herbaceous control) when survival was measured. Two sites,
with seedlings originating from the same source, had considerably less
survival, 69 and 73%, compared to the other two stands with survival of
92 and 97%. Survival within treatment 5 was particularly low within the
two lesser-survival stands. There were no topographic features on these
two stands that would decrease survival (i.e., poorly drained areas) and
rainfall was not above normal levels during the first growing season.
Both of these stands were hand planted, thus survival decreases may be
attributable to poor planting and/or poor seedling condition at the time
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of planting. Intensive management does not necessarily imply increased
survival (South et al., 2001), although survival increases have been doc-
umented from mechanical site preparation followed by herbaceous
weed control (Tiarks and Haywood, 1986) as well as mechanical and
chemical site preparation followed by herbaceous weed control (Yeiser
et al., 2004).

The combination site preparation treatments resulted in a 23% in-
crease in pine height and a 44% increase in pine diameter as compared
to the mechanical only and chemical only treatments. Pine height and
diameter were less in treatment 2 than in treatments with mechanical
site preparation, confirming the importance of mechanical subsoiling
and bedding in the Mississippi Lower Coastal Plain, as reported by oth-
ers (Amateis et al., 1997; Allen and Lein, 1998; Lauer et al., 1998).

The lack of differences in pine growth between treatment 4, receiving
one year of broadcast herbaceous control, and treatment 5, receiving
two years of broadcast herbaceous control was noteworthy. These re-
sults indicate that multiple years of herbaceous weed control were not
necessary to maximize growth after two growing seasons. Differences
in pine growth could develop in subsequent years, as complete vegeta-
tion control for multiple years has proven to promote greater pine
growth (Pienaar et al., 1983; Cain, 1991; Miller et al., 1995; Borders
and Bailey, 1997). However, it is typically not operationally feasible for
most managers to broadcast vegetation control for multiple years due to
high treatment costs, environmental concerns (Morrison and Meslow,
1983), and wood quality concerns (Clark and Schmidtling, 1989). Ba-
con and Zedaker (1987) reported that herbaceous weed control applied
at the beginning of the second growing season provided the greatest re-
lease from competition, indicating that differences may become evident
between treatments 4 and 5 during subsequent growing seasons.

Broadcast herbaceous control (i.e., treatments 4 and 5) promoted
greater pine height and diameter growth indicating that complete her-
baceous control was biologically more effective than banded control.
Dougherty (1990) spot-sprayed 0.6-, 1.2-, 1.8-, and 2.4-m diameter
circles around individual trees and reported that pine height and diam-
eter increased significantly when competition was controlled (1.8-m
around each tree. Treatments that received banded herbaceous con-
trols in this study had only 0.8 m treated on either side of the tree,
which may not be enough growing space to produce a competitive ad-
vantage.
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CONCLUSIONS

Forest managers in the Southeast are concerned with the operational
establishment of pine plantations that maximize timber production
while meeting expectations of sustainable forestry programs. Manage-
ment regimes including the combination of mechanical and chemical
site preparation promoted the greatest pine growth in this study by con-
trolling competing vegetation and providing soil amendments that po-
tentially improved root development and nutrient availability. Mechani-
cal subsoiling and bedding were essential on these sites for early in-
creased pine growth, and chemical control was essential for control of
woody species which likely will have long-term consequences for pine
growth and yield. Broadcast herbaceous applications more effectively
controlled competing vegetation and promoted greater pine growth than
did banded applications, although there were no differences between
one and two years of broadcast herbaceous control. Based on two years
of post-treatment data, combination site preparation followed by one
year of broadcast herbaceous weed control was the most effective man-
agement regime of those we evaluated.
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