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~ Impacts of harvesting and postharvest treatments
~on soil bulk density, soil strength, and early

~_ growth of Pinus taeda in the Gulf Coastal Plain: a
 Long-Term Soil Productivity affiliated study?

Mason C. Cafter, Thomas J. Dean, Ziyin Wang, and Ray A. Newbold

_Abstract: At four sites in the Gulf Coastal Plain, mechanical whole-tree harvesting (MWT) removed more biomass
and nutrients than hand-fell bole-only harvesting (HFBO). Soil compaction and loblolly pine (Pinus taeda L.) regenera-

. tion growth varied among sites. At one location, MWT increased soil bulk density by 0.1 Mg-m=, from 1.14 to
1.24 Mg- m‘3 with no effect on tree growth. At a second location, where bulk density increased by 0.1 Mg-m3, from
1.41 to 1.51 Mg-m3, pine growth was reduced sxgmﬁcantly Soil strength at 15-20 cm depth increased by 0.3-0.5 MPa
at both locations. However, where MWT reduced pine growth, herbaceous weed control mitigated the effect. Fertiliza-
tion with N and P, where P was limiting, increased pine growth irrespective of other treatments. Where P was not lim-
iting, addition of a complete fertilizer reduced the mitigating effect of weed control. Bedding reduced soil compaction
without improving early tree growth; however, bedding was not tested on the two sites where soil compaction appeared
to be at critical levels. Broadcast burning increased survival but reduced pine growth irrespective of harvesting method.
Our results suggest that the impact of intensive management on site productivity varies among sites, is potentially ac-

- cumulative, and is subject to-change over time.

Résumé : Dans quatre stations de la plaine cétitre du golfe du Mexique, la récolte mécanisée par arbres entiers
(MAE) a enlevé plus de biomasse et de nutriments que la récolte manuelle du fit seulement (MFS). La compaction du
sol et la croissance de la régénération de pin 2 encens (Pinus taeda L.) varient selon la station. A un endroit, la récolte
MAE a entrainé une augmentation de la densité apparente de 0,1 Mg-m™ qui est passée de 1,14 2 1,24 Mg-m™ sans
qu’il y ait d’effet sur la croissance des arbres. A un autre endroit ol la densité apparente a augmenté de 0,1 Mg -m>3,
passant de 1,41 3 1,51 Mg-m™, la croissance du pin-a été¢ réduite de fagon significative. La résistance du sol 2 une
profondeur de 15-20 cm a augmenté de 0,3 4 0,5 MPa aux deux endroits. Cependant, 12 oll la récolte MAE a réduit la
croissance du pin, la maitrise de la végétation herbacée en a atténué 1’effet. La fertilisation avec N et P, od P est un
facteur limitant, a augmenté la croissance du pin peu importe les autres traitements. Aux endroits od P n’est pas un
facteur limitant, 1’addition d’un fertilisant complet a réduit I’effet d’atténuation de la maitrise de la végétation. Le bil-
lonnage a réduit la compaction du sol sans améliorer la croissance juvénile des arbres. Cependant, le billonnage n’a
pas été testé dans les deux stations ol la compaction du sol a semblé atteindre un niveau critique. Le brilage extensif
a augmenté le taux de survie mais réduit la croissance du pin peu importe 1a méthode de récoite. L.es résuitats: indi-
quent que I’impact de ’aménagement intensif sur la productivité d’une station varie selon la station, est potentiellement

cumulatif et sujet & changement dans le temps.
[Traduit par la Rédaction}

Introduction

Some of the practices commonly used in southern pine
plantation management have the potential to reduce soil pro-
ductivity. Soil compaction by heavy forest machines and
consequent adverse impacts on early pine growth are well

documented (Froehlich 1979; Greacen and Sands 1980;
Hatchell 1981; Wert and Thomas 1981; Lockaby and Vidrine
1984; Corns 1988; Aust et al. 1998; Brais and Camire). Sev-
eral authors have cautioned that the removal or displacement

of nutrient-rich biomass during whole-tree harvesting and

site preparation may impoverish the soil (Kimmins 1977;

Received 14 March 2005. Accepted 22 October 2005. Published on the NRC Research Press Web site at http://cjfr.nrc.ca on

9 March 2006.

M.C. Carter,>® T.J. Dean, and Z. Wang.* School of Renewable Natural Resources, Louisiana State University Agricultutal

Center, Baton Rouge, LA 70803, USA.

R.A. Newbold. School of Forestry, Louisiana Tech University, Ruston, LA 71272, USA.

I'This article is one of a selection of papers published in the Special Issue on Long-Term Soil Productivity.

2Corresponding author (e-mail: masoncarter@comcast.net).

3Present address: 1907 Canopy Court, Fort Collins, CO 80528, USA.
“Present address: Texas Parks and Wildlife, 4200 Smith School Road, Austin, TX 78744, USA.

Can. J. For. Res. 36: 601-614 (2006) doi:10.1139/X05-248 © 2005 NRC Canada




602

Tippin 1978; Leaf 1979). However, the amount of biomass

removed and the degree of soil disturbance vary consider- .

ably during harvesting and regeneration operations, and
commercial forest owners frequently employ cultural prac-
tices such as soil tillage and fertilization designed to miti-
gate adverse effects and (or) enhance productivity (Allen et
al. 1990; Aust et al. 1998; Fox 2000). Such cultural prac-
tices, together with variations in local climatic conditions
and the introduction of new genotypes, may obscure adverse
changes -in the processes that govern soil producthty be-
tween rotations (Stanturf et al. 2003).

A number of long-term field studies have been initiated to
monitor the impacts of management practices on soil pro-
ductivity (Tew et al. 1986; Hendrickson et al. 1989; Powers

et al. 1990; Johnson and Todd 1998; Briggs et al. 2000). The'

largest of these studies, the USDA Forest Service Long-
Term Soil Productivity (LTSP) study, is designed to assess

the impact of three levels of soil compaction (Cy, C;, C,) -

and three levels of organic matter removal (OM,,, OM,, OM,)
in all combinations applied as uniformly as possible over the
treatments plot (Powers et al. 1990). For the minimum im-
pact treatment, OM(C,, no machinery is allowed on the plots
and no organic matter is removed except the boles of mer-
chantable trees (Powers et al. 1990). The LTSP study should
provide response surfaces that relate the effects of -a given
~ level of soil compaction and (or) organic matter removal on
tree growth, but the treatments do not simulate operational
practices, and most of the installations do not include mitigat-
ing treatments. Other studies (Tew et al. 1986; Hendrickson et
al. 1989; Johnson and Todd 1998; Briggs et al. 2000) com-
pared several intensities of industrial practices but did not
include a minimum impact treatment comparable to the
. LTSP OMC,, treatment.

In 1994 a cooperative research program involving forest
industries, universities, and the USDA Forest Service was
formed (Powers et al. 1996; Powers 2006) with the follow-
ing objectives:

(1) Determine the influence of site characteristics on re-
sponse to plaiitation management.
(2) Derive knowledge of soil properties and processes

_ affecting productivity and. impacts of management on ..

these processes.
(3) Complement and interpret the findings from LTSP for

loblolly pine (Pinus taeda L.) plantation management.

Studies were initiated at four sites along the Gulf Coastal

Plain during 1994-1995. All installations included a mini-
mum 1mpact harvesting treatment comparable to the OMC,
treatment in the LTSP study, along with conventional har-
vesting and two or more postharvest cultural treatments. This
report presents the effects of harvesting and postharvest
treatments on soil compaction, organic matter removal, and
growth of the regenerated stand at age 5 years.

Methods and materials

Study sites

All sites are located in ecoregion provinces 231 or 232,
which are part of the subtropical division of the humid-
temperate domain (Bailey 1997, 1998), in the Gulf Coastal
Plain of the United States. Prior to harvesting, each site was
occupied by a well-stocked, planted or direct-seeded stand

“not heen thmned or burned.

of loblolly pine. Table 1 contains soils ;
to harvesting. A general descnptxon of each site follows

Fragipan site ; : ~
This site is located in St ‘Helena Parish, Lomslana, on
property owned by International ‘Paper Company Elevation
ranges from 28 to 32 m above sea level, with slopes <3%.
Precipitation averages 168 cm-year. The soil is Toula se-
ries, a very deep, moderately well drained soil with a fragipan
occurrmg between 45 and 65 cm.. Permeabnhty is moderate
in the upper part of the subsoil and slow in the fragipan.
These soils formed in a moderately thick deposit of loess
over loamy Coastal Plain sediments. The taxonomic classifi-
cation is fine-silty, siliceous, thermic Typic Fragiudult. The

' site was probably cultivated and abandoned sometime prior

to the 20th century. The existing 19-year-old plantation of
loblolly  pine was established following clear-cutting of a
naturally regenerated pme—hardwood mixed - forest. Site
preparation- methods, if any, are not known The stand had

Lowland site

The site is located in Tyler County, Texas, on property
owned by Temple Inland Forest Products Corporation. Ele-
vation is 4042 m above mean sea level, and average precip-
itation is 136 cm-year!. The soil is Kirbyville series, a very
deep, moderately well drained, moderately permeable soil
formed in loamy Coastal Plain sediments of mid-Pleistocene
age. The taxonomic class is fine-loamy, siliceous, semiactive,
thermic Oxyaquic Paleudults. Slopes are 0% to 3%. The site
has no history of post-Columbian cultivation. At time of har-
vest, the site was occupied by a 27-year-old stand of loblolly
pine, established by direct seeding following harvesting of a
natural stand of mixed pine. Site preparation prior to direct
seeding consisted of broadcast burning and disking. The
stand was thinned in corridors spaced at ~10 m intervals at
age 15 years. At least one surface fire had occurrcd since
crown closure.

Old-field site

This site is located on a broad terrace of the Flint River in
Decatur County, Georgia, on property owned by Interna-
tional Paper Company. Elevation is ~ 27 m, and precipitation
averages 167 cm- year‘l The soil series is Hornsville, fine,
kaolinitic, thermic Aquic Hapludult This is a very deep,

". moderately well drained soil formed in loamy and clayey

sediments. Slopes are <3%. The site has a long history of
agricultural use but had been in fallow for several years prior
to establishment of the existing stand, a 30-year-old progeny
trial of loblolly pine. The planting was mowed frequently
until crown closure and then burned at 3- to S-year intervals.

Upland site
This site is located in Bienville Parish, Louisiana, on prop-

_ erty owned by Willamette Industries, Inc. Mean elevation is

94 m, and precipitation averages 137 cm-year™!. The soil se-’

" ries is Mahan, a deep, well drained, moderately permeable

soil formed in loamy and clayey sediments. The taxonomic
classification is fine, kaolinitic, thermic Typic Hapluduit.
The site lies in hilly uplands in the Western Coastal Plains
province. Slope ranges from 5% to 10%. Agricultural history
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Table 1. Preharvest stand characteristics and surface soil descriptions for the experimental sites.

'@ 10 Jope]

Study site
Attribute Fragipan Lowland Old-field - - Upland -
Age at harvest (years) 19 27 30 31
SI at age 25 (m) 19 18 23 18
Pine BA (m*ha™) 25.7 28.0 28.5 222
Hardwood BA (m?ha!) 4.3 2.5 0 37
Years since last fire >19 7 >5 3 >5
No. of thinnings 0 i 1 2 2
Pine foliage nutrient conc. (mg-g™) ~ :
N : 11.9 ’ 12.8 119 14.8
P 0.88 0.79 1.06 -1.10
K 3.54 3.68 4.52 428
Ca 2.13 2.19 232 2.07
Soil series Toula Kirbyville Homnsville Mahan
Soil subgroup Typic Fragiudults Oxyaquic Paleudults Aquic Hapludults ~ Typic Hapludults
Surface texture (0-30 cm) 0-30 cm: silt loam 0-30 cm: fine sandy loam 0-22 cm: fine sandy loam, - 0-12 cm: fine sand loam,
' . 22-30 cm: sandy clay 12-30 cm: sandy clay
Soil pH 4.7 49 5 1 5.0
Soil nutrients (0-10 cm, kg-ha)* :
N 791 429 543 773
P 14 26 8.7 37
K 21 32 . 20 47
Ca 124 269 358 304

area; S, site index.

*Total N; Pummmooamom.mmomom.ﬂcummmmm10mouLNH.0Ac(pu7)

Note: Locations of the sites are as follows: fragipan, St. Heleumxh,l.omiana.lovwlaud.'l‘ylu‘Camty Texu,old—ﬁeld,DemCmmt/y WMM%MWM&MM





































