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Throughout the southeastern United States, land managers are currently interested in converting loblolly
pine (Pinus taeda L.) plantations to species rich longleaf pine (Pinus palustris Mill.) ecosystems. In a 3-year
study on moderately well- to well-drained soils of the Lower Coastal Plain in North Carolina, we exam-
ined the effects of four canopy and three cultural treatments on plant resources and quantified relation-
ships between plant resources and longleaf pine seedling survival and growth. Canopy treatments
consisted of four levels of timber harvest applied to loblolly pine stands: Control (uncut, mean basal area
of 16.2 m2/ha), MedBA (single-tree selection to a mean residual basal area of 9.0 m2/ha), LowBA (single-
tree selection to a mean residual basal area of 6.4 m2/ha), and Clearcut (complete canopy removal).
Within each canopy treatment, we applied three cultural treatments designed to benefit the early growth
of planted seedlings: no treatment (NT), herbicide (H), and herbicide plus fertilization (H + F). Gap light
index (GLI) significantly differed among canopy treatments and nonlinearly increased with decreasing
basal area. The H treatment resulted in higher temperatures at 10 cm in the soil. Canopy thinning
increased foliar calcium (Ca) concentration. The annual root collar diameter (RCD) increment of planted
longleaf pine seedlings was positively correlated with GLI, and foliar phosphorus (P) and Ca concentra-
tions but was negatively correlated with soil moisture. Our results confirm that light is an important fac-
tor controlling the growth of longleaf pine seedlings.

� 2012 Elsevier B.V. All rights reserved.
1. Introduction

Forest canopy cover, a stand condition that is often subjected to
silvicultural manipulation, significantly affects forest succession
and ecosystem function (Kohn and Franklin, 1997; Gray et al.,
2002; Wagner et al., 2011). By manipulating the degree of canopy
cover, silvicultural treatments can change the partitioning of solar
energy between understory and overstory, affect the vertical distri-
bution of soil moisture, and control the regeneration environment
(Kohn and Franklin, 1997; Gray et al., 2002; Ma et al., 2010).
Understory light availability is directly controlled by the amount
and spatial distribution of the forest canopy (e.g., Lieffers et al.,
1999), and the reduction in canopy cover by thinning can greatly
increase light levels in the understory (e.g., Drever and Lertzman,
2003). Consistently lower daytime air and soil temperatures, high-
er humidity, and lower diurnal fluctuations in both temperature
and humidity have been observed beneath intact forests when
compared to thinned forests or large openings (e.g., Chen et al.,
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1993; Carlson and Groot, 1997; Ma et al., 2010). Previous research
in longleaf pine (Pinus palustris Mill.) forests of the southeastern
United States has shown that understory light availability (Palik
et al., 1997; Battaglia et al., 2003), soil nitrogen availability (Palik
et al., 1997, 2003), and surface soil temperature (Palik et al.,
2003) increased with decreasing canopy cover. Within loblolly
pine (Pinus taeda L.) forests, previous studies have reported that
thinning increased volumetric soil moisture content and seasonal
soil temperature fluctuation (Selig et al., 2008). Given the impor-
tance of canopy cover in regulating micro-site conditions, histori-
cal and current management actions can have important
implications for forest development.

Due to logging, land-use changes, and fire exclusion and sup-
pression, the extent of the longleaf pine ecosystem has declined
to approximately 2.2% (or 1 million hectares) of the acreage prior
to European settlement (Wahlenburg, 1946; Frost, 2006). Cur-
rently, about 11 million hectares of pine plantations, predomi-
nately loblolly and slash pine (Pinus elliottii Engelm.), occupy the
former longleaf pine range (Frost, 2006). In recent decades, much
effort has been invested in restoring the longleaf pine ecosystem
to its native range, in large part to conserve biodiversity and to
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