
ABSTRACT 

COHEN, SUSAN ALESE.  Regenerating Longleaf Pine on Hydric Soils - Short-Term Effects on 
Soil Properties and Seedling Establishment.  (Under the direction of Dr. Barry Goldfarb.) 
 

Restoring longleaf pine ecosystems is essential for managing rare plant and animal species and 

protecting biological diversity in the southeastern Coastal Plain of the United States.  Natural 

longleaf pine ecosystems range from xeric uplands to poorly-drained flatwoods and savannas. 

Most existing stands, however, occur on xeric to dry-mesic sites and approaches to restoring 

longleaf pine to wetter sites traditionally utilize intensive practices.  There is little information 

available on the efficacy of these practices to establish longleaf pine seedlings on poorly-drained 

sites and their impacts on soil properties, seedling survival and growth, and the understory plant 

community.  A research project was established at Marine Corps Base Camp Lejeune, NC to 

evaluate the effects of site preparation methods for returning longleaf pine on hydric soils with 

no natural seed source.  Various site preparation treatments were evaluated in a field experiment, 

and results revealed greater growth and earlier emergence from the grass stage with more 

intensive site preparation.  There was a marginal increase in soil nutrients, and a slight increase 

in foliar nutrients found with the more intensive treatments.  Site preparation influenced seedling 

growth in the short-term and this was likely due to the cumulative effects of controlling 

competition and modifying the planting site.  Marine Corps Base Camp Lejeune and other 

Department of Defense installations include both former and remnant longleaf pine ecosystems 

that support federally protected plants and animals such as the red-cockaded woodpecker - and 

thus face the challenge of restoring former, poorly-drained longleaf pine ecosystems.  A land use 

history revealed that, largely due to its poorly-drained status and inaccessibility, the majority of 



   

disturbance on the research area occurred after the 1920�s and was largely due to forestry 

activities.  Since purchasing the land area of the project in 1996, the Marine Corps� challenge has 

been to balance the mission of training and readiness with the need for restoration and long-term 

management of longleaf pine ecosystems.  The results of this work provide natural resource 

managers with a scientific foundation for assessing choices to assist in this restoration and 

management effort.
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INTRODUCTION 
 
 

Longleaf pine (Pinus palustris Mill.) ecosystems once dominated the southeastern U.S. 

Coastal Plain from Virginia to Texas but have since been reduced to a fraction of its 

presettlement area.  This loss is the result of logging, agriculture, site conversion, the 

introduction of more vigorous pine species (e.g. loblolly pine (Pinus taeda L.)), and fire 

suppression (Wahlenberg 1946).  This shift in forest type has been pervasive on the more poorly-

drained, productive sites with approximately 95 percent of remnant longleaf stands found on 

xeric to dry-mesic sites (Frost 1990).  Restoring longleaf pine ecosystems on productive mesic to 

wet sites where there is no remaining natural seed source, and doing so without further losses to 

remaining understory vegetative communities, is arguably one of the more difficult challenges to 

restoration ecologists and natural resource managers.    

 Although natural regeneration methods are often preferred for important conservation 

areas, artificial regeneration must be used in sites where the longleaf pine seed source has been 

lost.  Challenges for regeneration on the more poorly-drained sites include controlling competing 

vegetation and providing improved drainage and nutrition during early seedling establishment 

and growth. While less intensive site preparation methods may provide for longleaf pine 

establishment, managers are concerned that low intensity approaches may jeopardize pine 

establishment and put at risk the long-term objectives for longleaf pine forests on the landscape.  

Although more costly than natural regeneration, artificial regeneration offers the potential 

benefits of high survival rates, controlled spacing, and faster emergence from the grass stage 

(Dennington and Farrar 1983; Boyer 1988).  Site preparation prior to planting can improve the 

conditions for seedling establishment and early growth.  By design, practices that control 
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competing vegetation reduce the abundance and vigor of other species, at least in the short-term.  

Practices that make resources more available to planted seedlings can also change the spatial 

distribution of resources available for remaining understory plants.  There is evidence that the 

more intense practices change the ground layer vegetation such that native herbaceous species 

are lost or reduced and native shrubs increase.  Recent studies indicate that the quality of the 

ground layer vegetation is critical to the health of the longleaf pine ecosystem (Hardesty et al. 

1997, James et al. 1997).   

Marine Corps Base Camp Lejeune (MCBCL), North Carolina and other Department of 

Defense (DoD) installations include former longleaf pine lands and remnant longleaf pine 

habitats that support federally protected plants and animals such as the red-cockaded woodpecker 

(RCW).  Federal regulatory drivers for the RCW call for providing longleaf pines with diverse 

herbaceous ground layers such as those historically found on the frequently burned landscape.  

Current longleaf pine ecosystem acreage is not sufficient to meet recovery goals as outlined by 

the U.S. Fish and Wildlife Service (USDI FWS 2001) hence there is a need to restore longleaf 

pine ecosystems along the southeastern Coastal Plain.  Natural resource managers require better 

information about the efficacies of alternative site preparation practices to support longleaf pine 

seedling establishment on the more poorly-drained sites, without degrading the ground layer.   

Personnel at MCBCL recognized the need for information and solicited research through 

the Strategic Environmental Research and Development Program (SERDP) � the DoD�s 

environmental science and technology program that facilitates and supports environmental 

research addressing priority issues facing the Army, Navy, Air Force, and Marine Corp.  The 

development and application of innovative environmental technologies support the long-term 
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sustainability of DoD�s mission of training and readiness for its armed forces, as well as reduce 

environmental liabilities.  The solicitation by SERDP, on the part of MCBCL, was responded to 

by the USFS Southern Research Station and a project was designed to evaluate a range of site 

preparation methods that could potentially be used to restore longleaf pine stands to more poorly-

drained sites lacking a natural seed source.  

 The overall goal of the project was to strengthen the scientific basis for selecting site 

preparation methods to restore longleaf pine to somewhat poorly-drained sites, while retaining 

and restoring the diverse ground layers of these sites.  The project objectives were related to two 

general research questions representing complementary approaches to the overall problem.  

Question 1:  What are the short-term effects of selected site preparation methods on soil 

properties, longleaf pine seedling establishment and early growth, and ground layer vegetation?  

To answer this question, short-term effects of site preparation treatments were evaluated with a 

controlled field experiment.  Question 2:  What are the persistent effects of past pine plantation 

establishment practices on the structure and composition of the ground layer vegetation on sites 

that historically supported longleaf pine? Long-term effects were investigated by quantifying 

vegetation composition and structure in mature plantations, and relating current conditions to 

known treatment histories and to the vegetation in high quality natural areas.  The project 

employed a mix of operational forestry techniques, ecological sampling and analysis, and 

historical and land-use research.   

 The research was conducted at Marine Corps Base Camp Lejeune in Onslow County, 

NC.  Marine Corps Base Camp Lejeune is situated in the Atlantic Coastal Flatlands Section of 

the Outer Coastal Plains Mixed Forest Province (Bailey 1995, USMC 2001).  Fire is the 
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dominant natural disturbance.  The site has both gently rolling better-drained terrain and poorly- 

drained broad, level flatlands.  Nearly 30 percent of the soils on Base are hydric soils, and Leon 

fine sand is the most common hydric soil occupying 9.5 percent of the area.  Frost (2001) 

describes presettlement vegetation on Leon fine sands as wet longleaf pine savanna. 

Experimental plots were established on Leon soils as a randomized, block design with six 

replicates and eight treatments.  Treatments were selected to represent a range of site preparation 

options currently used at MCBCL.  The treatments were various combinations of several 

procedures, including shearing, chopping, herbiciding, mounding, and bedding.  Procedures not 

utilized on MCBCL at the time of the study included an herbicide treatment and a scarifier 

(Bracke mounder) treatment.  Regionally, herbicide uses are increasing and there was a need to 

better understand effects on non-target species (Fallis 1993).  The Bracke mounder has not been 

used extensively in the Southeast and information was needed to determine if it was a useful low 

intensity alternative for site preparation.  Although the results have not been published, personal 

communications with National Forest silviculturists (John Dupree, Francis Marion NF; Doug 

Francis, Croatan NF) suggest highly variable outcomes.  A land use history of the experimental 

area contributed to understanding previous disturbance trends, current vegetative structure and 

composition, and potential soil conditions.  Land use histories provide a valuable tool in guiding 

restoration and management of both severely disturbed sites and relatively pristine sites 

(Christensen 1989). 

Longleaf pine has been traditionally planted on the driest sites, despite its historical 

distribution across moisture gradients from the most xeric to somewhat poorly-drained soils.  

Industrial foresters favored loblolly pine or slash pine (Pinus elliottii Engelm.) on wetter sites 
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because they were easily established and considered more productive on such sites, although 

subsequent analyses are changing that perception (Shoulders 1990).  Consequently, there are few 

studies of site preparation for the artificial regeneration of longleaf pine.  Those that do exist tend 

to have been conducted on well-drained sites, primarily on the Gulf coastal plain, and confirm 

that controlling competition is critical for longleaf pine plantation establishment (Sheer and 

Woods 1959, Boyer 1988).  In numerous studies, the effects of site preparation methods used to 

artificially regenerate other pines on poorly drained coastal plain sites have been have compared 

the effects of site preparation (Reviewed in USDA FS 1989).  Experimental treatments within 

individual studies often include both single method treatments (e.g. a single prescribed fire) and 

combinations of operations (for example, chopping followed by bedding).  However, comparing 

studies is complicated because experimental treatments, species, and site conditions vary among 

studies.  

 In spite of the difficulties of comparing studies, some general patterns emerge with 

regard to the relative effectiveness of site prep methods for pine regeneration and on plant 

community structure and composition.  But extending the results of studies with other pine 

species to longleaf pine must be considered carefully.  It is widely held, for example, that 

longleaf pine seedlings are very sensitive to competing vegetation and to flooding (Boyer 1988). 

Consequently, it is broadly assumed that such sensitivities render them more difficult to establish 

than slash or loblolly pines.  While some data indicate longleaf pine sensitivity to competition 

(Wahlenburg 1946), there are no definitive studies that demonstrate an increased sensitivity to 

flooding.  Therefore, it is not certain that using site preparation practices to improve drainage for 

seedlings is necessary.  Existing site preparation studies are inadequate for current management 
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needs.  They focus on different species, were conducted in distant geographic regions, and often 

fail to adequately capture treatment effects on diverse site types.  

This dissertation is the result of a portion of the above described project.  It is divided 

into three chapters that focus on the history of the land area that was studied, the short-term 

effects of the site preparation treatments on soil properties, and the effects on survival and 

growth of the seedlings, respectively.  Each chapter represents a piece of the restoration puzzle.  

Excluded from this dissertation is evaluation of short and long-term changes in the understory 

vegetative community that will impact restoration. The short-term effects of the site preparation 

treatments are being presented elsewhere, and the long-term effects were addressed by other 

researchers associated with the study.  

 The objective of this work is to provide a scientific foundation for assessing choices for 

managing longleaf pine and associated species on the landscape.  The successful expansion of 

longleaf pine ecosystems to poorly-drained sites will provide managers flexibility for 

simultaneously maintaining defense-oriented training and fulfilling DoD obligations to preserve 

endangered species.  The results of this study may support site preparation decisions, thereby 

potentially retaining management tools that might otherwise be restricted in the revised RCW 

Recovery Plan (USDI FWS 2001).  Although longleaf pine dominated landscapes vary 

considerably with geography, almost all include wetter sites.  Thus, results are ideally useful to 

all military installations with longleaf pine ecosystem restoration goals.    
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History of the Greater Sandy Run Area 

 

The Greater Sandy Run Area (GSRA), situated in the outer Coastal Plain of Onslow 

County, North Carolina, is part of the installation of Marine Corps Base Camp Lejeune 

(MCBCL).  The GSRA covers 42,870 acres and was added to the MCBCL land holdings in 

1992, increasing the size of the installation to 153,000 acres.  The interior of the tract is 

dominated by two large pocosins of approximately 15,000 acres � both called the great sandy run 

pocosin - although physically separated by a ridge of mineral soils.  The pocosins are dominated 

by organic Croatan soils (Loamy, siliceous, dysic, thermic Terric Haplosaprists), and the 

expected evergreen pocosin shrubs and stunted pond pines (Pinus serotina) (Barnhill 1992, 

LeBlond et. al. 1993).  Typical of the heterogeneous pattern of soils and vegetation in the outer 

Coastal Plain, the GSRA also historically contained cypress (Taxodium spp.) and black gum 

(Nyssa spp.), large tracts of longleaf pine (Pinus palustris) savannas and flatwoods on poorly 

drained mineral soils and interwoven stands of well-drained soils or mixed longleaf-pond pine 

and isolated pocosin-like depressions.  Approximately 33,465 acres (78 percent) of the GSRA 

contain hydric soils, 9,310 (22 percent) acres contain well-drained soils, and 96 acres (less than 1 

percent) are classified as �urban land� (Reid et al 1995).   

 A research study designed to evaluate methods of restoring longleaf pine ecosystems on 

poorly-drained soils led to an investigation of the land-use history of the study sites.  This 

investigation evolved into a history of the GSRA and the changing perception of the utility of the 

tract.  Geographical factors are powerful determinants in the historical development of any 

location (Loftfield 1981), and these factors are associated with ecological conditions, such as 
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those found on the outer Coastal Plain of North Carolina.  The natural world constrains and 

directs history, people affect the environment, and the environmental consequences in turn limit 

the choices available to people (Stewart 1998, Worster 1990).   

The central 34,000 acres of the GSRA was held together through various ownerships as a 

single tract and all of the longleaf restoration study sites in the GSRA fall within this tract.  The 

remaining 7,000 are primarily parcels on the edges and small inclusions into the GSRA.  The 

history of land-use on the GSRA at the local scale follows developmental patterns of Onslow 

County and regionally, follows North Carolina outer Coastal Plain patterns.  On a finer scale, its 

development has been largely determined, not surprisingly, by its ecology.  The characteristics 

that shaped the perception of the GSRA as an area of difficult accessibility and use due to its 

overall poorly drained status and location, ultimately became the same reasons that led to the 

GSRA being highly desirable as military training lands.  These same characteristics may also 

result in restoration and preservation of its ecological value.   

The widespread distribution of flat, poorly drained lands, like pocosins and flatwoods, 

affected even the earliest settlement patterns across the landscape.  Much of the lower Coastal 

Plain is less than 100 feet above sea level and archeological evidence shows that poorly drained 

soils were generally not chosen for settlements by Native Americans (Merrens 1964).  Prior to 

European settlement, Onslow County was occupied by small and scattered Paleo-Indian 

populations (between 12,000 and 9,000 Before Common Era (BCE)), semi-nomadic hunters and 

gatherers (Reid et al 1995, Watson 1995).  Between 9,000 and 8,000 BCE, the Archaic Period 

began with an increase in population and a more favorable climate allowing for exploitation of 

natural resources in semi-permanent villages (Phelps 1983).   
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It was likely that during the late Archaic period, poorly drained lands were more heavily 

utilized than in the Woodland period (between 1000 BCE and 1000 CE).  The peoples of the 

Woodland period tended to live in larger groups of a more sedentary nature.  Poorly drained 

lowlands and pocosins are not very hospitable environments in which to be sedentary; hence, 

explaining the decrease in population during the Woodland period.  The late Archaic peoples, 

being more nomadic, could utilize and exploit the pocosins and poorly drained areas during more 

hospitable seasons and time frames.  They could decide when to utilize the floral and faunal 

resources of the GSRA and when to utilize better drained land areas (Richardson pers. comm.).  

Artifacts ranging in date from the Archaic to the Woodland periods have been found throughout 

Onslow County (Phelps 1983). 

1500 - 1700  

 The first contact between Native Americans and European explorers occurred in Onslow 

County in the early 1500�s near the New River inlet (Watson 1995).  Many early explorers wrote 

accounts of traveling by horseback or in wagons through the longleaf pine region, with extensive 

areas virtually free of underbrush (Clark 1984).  While there exist records of pocosins by early 

explorers, John Lawson in 1709 being among the earliest (Lawson 1709), no accounts could be 

found of explorers traversing deep into the thickets of pocosins and more poorly drained areas.  

�Pocosin�, an Algonquin Indian word meaning ��swamp-on-a-hill,� was often written on old 

maps under a variety of spellings (Richardson 2003) demonstrating that their locations and 

character were well known (Loftfield 1981).  These areas were almost certainly avoided as 

explorers kept to the more accommodating higher, well-drained ground.  In 1791, William 

Bartram described the longleaf pine savanna as �a vast forest of the most stately pine trees that 
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can be imagined, planted by nature at a moderate distance, on a level grassy plain, enameled with 

a variety of flowering shrubs.�  In describing a pocosin, the nineteenth-century surveyor 

Ebenezer Emmons said �one could traverse a pocosin only at the expense of a man�s coat, 

pantaloons and shirt� (Manning 2007).  Seventy percent of the nation�s pocosins are found in 

North Carolina, and they historically covered an estimated 2.5 million acres (Hartmann and 

Goldstein 1994).   

1700�s 

European settlers arrived in Onslow County by the early 1700�s from more northern 

settlements rather than directly from Europe (Watson 1995).  By 1705, there were three English 

families settled along the eastern shore of the New River and an additional 35 families of 

English, German and French Huguenot backgrounds settled in the area over the next 25 years 

(Reid et al 1995).  Title to approximately 2000 acres in the New River area of Stone Bay had 

been granted prior to 1730, however mostly to non-residents (Loftfield 1981).  Typical of 

southern colonies where there was little development away from water courses, early settlement 

patterns in Onslow County followed navigable water, with the New River, New River inlet and 

major creeks on both east and west shores of the New River being settled first (Brown 1960, 

Reid et. al. 1995, Watson 1995).  Between 1730 and 1750, an additional 85 land grants were 

issued for lands around the New River, but now primarily to local residents (Littleton 1981).  An 

exception existed for extensive land holdings which were primarily used for speculative purposes 

by non-resident owners looking to profit in pinelands located along navigable waterways 

(Merrens 1964).   
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Prior to 1725, roads were generally cleared paths through extensive tracts of forest, 

without bridges over rivers, creeks, and swamps (Crittenden 1931, Littleton 1981).  Roads 

connected water ways and markets and by 1726, a coastal road had been constructed from New 

Bern (at the Neuse River) to the New River (Simpson and Reid 1997).  Edmund Ennett, a 

resident in the New River area, became the overseer of the portion of that road running from the 

New River to the White Oak River.  In 1728, Ennett was licensed by the Carteret court (Onslow 

County was not officially formed until 1734) to operate a New River ferry with the western ferry 

land at Everett�s Creek (Loftfield 1981, Watson 1995); thus, officially connecting the east and 

west side of the New River.  The Carteret court continued its attempts to improve land travel, 

and in that same year appointed road commissioners to lay out roads on both sides of and parallel 

to the New River.  This connected the plantations strung out on both sides of the riverbanks to 

each other and to the coastal road which now stretched from the Cape Fear River to New Bern 

(Loftfield 1981).  Throughout the Colonial period, major towns and markets developed on 

navigable rivers and plantations thrived along rivers and major creeks in the areas (Littleton 

1981) and in Onslow County those were connected by a rudimentary road system. 

The 1733 Edward Mosely map shows a coastal road from Norfolk, Virginia to 

Charleston, South Carolina, passing from Bath to New Bern, across the White Oak and New 

Rivers by ferry, and finally to New Hanover County (Cumming 1966).  This is the same road 

that Edmund Ennett oversaw a portion of, and is roughly the same route as highway 17 today; 

however instead of paralleling the New River, this road crossed the New River and then again 

met up with the current day location.  While the southern most portion of the GSRA would have 

been made more accessible by this coastal road from Virginia to South Carolina, it was likely 
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still unexplored land.  No named pocosins in the area of Onslow County are shown on the 

Mosely map (Cumming 1966), which also mapped the names of settlers along rivers and creeks, 

churches and Quaker meeting locations.  Poorly drained areas are shown as vast uninhabited 

tracts, with no technology existing to allow for access or utilization.  However nearby inlets 

(including the New River inlet) and major creeks are named and mapped throughout (Cumming 

1966).  In spite of early road building, inaccessibility to forest resources and inadequate 

transportation limited early development, and exploitation of even the better drained forest lands 

throughout the 1700�s was on a small scale (Loftfield 1981).    

The early economy of Onslow County developed around agriculture and forest resources.  

The County contained large quantities of high-quality longleaf pine - naval stores being the 

primary forest resource (Perry 1967) and throughout the Colonial Period ranked first in the 

economy of North Carolina which led the colonies in production.  A timber economy developed 

that utilized longleaf pine shingles, staves and sawn lumber, which were exported in large 

amounts from coastal North Carolina markets (Merrens 1964).  Lumbermen depended on water 

to transport logs and to power sawmills, and used oxen to carry logs from the forests to the rivers 

and streams, limiting utilization to waters deep enough to float logs.  There was little impact to 

forests outside of these narrow zones (Croker 1979, Frost 1993).  The number of sawmills 

operating in the middle to late 1700�s is difficult to estimate because their construction did not 

require county permits (Watson 1995).  Agriculture centered on corn and livestock, with 

livestock grazing on the savannas and wiregrass ridges of the uplands during the summer months 

and on the marsh grasses and sedges along the sound during the winter months (Sharpe 1958, 

Hurst 1983).  Grist milling was important in Onslow County as early as 1733, when permission 
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was sought by Charles Ratliff to build a water powered grist mill on Rhodes Creek, a tributary of 

Stone Bay (Ratliff 1733).  Centers of milling activity were located between Stone Bay and 

Southwest Creeks on the west side of the New River and at French and Wallace Creeks along the 

east side (Loftfield 1981). The New River was the center of economic development in Onslow 

County. 

By the mid 1750�s the major roads of Onslow County were established and the New 

River ferry was still in operation having also become the site of a tavern (Loftfield 1981).  The 

production of naval stores in the New River area had increased to the extent that regulations to 

ensure standards of quality were enacted.  North Carolina produced over 60 percent of all naval 

stores by the late 1760�s (Simpson and Reid 1997).  The busiest port in North Carolina to which 

materials were brought in the mid to late 1700�s was Port Brunswick, which included the towns 

of Wilmington and Brunswick (Angley 1997).  The proximity of the longleaf pine forests to the 

coast, untapped naval stores due to later settlement, and a large system of waterways provided by 

the Cape Fear River running through vast longleaf pine forests made Wilmington the most 

important trade district in North Carolina and Port Brunswick the busiest port (Dozier 1920, 

Merrens 1964, Watson 1995).  Any commercial materials leaving the area of GSRA most 

certainly would have been carried to this port.  The New River inlet, while considerably closer to 

the GSRA, is estimated as having only three to five feet of water at low tide for most of the 

1700�s and therefore was not ideal inlet for transportation (Loftfield 1981).     

By 1770, a road running along the western side of the GSRA was in place (State Road 

(SR) 50) and the Holly Shelter Pocosin, just to the west of the GSRA was named, mapped, and 

encompassed into the GSRA.  In addition, several sawmills were mapped along SR50, as well as 
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taverns along highway 17 and the now called Snead�s Ferry at the shore of the New River.  All 

of the mapped centers of activities, such as roads, churches, taverns, saw mills, and homesteads 

were all occurring around the Holly Shelter Pocosin.  Historical maps do not identify any 

owners, properties, or businesses existing within the Pocosin (Cumming 1966, Reid et all 1995).  

There were abundant and far more accessible and movable resources throughout the Colonial 

period in Onslow County without having to resort to the GSRA. 

 The first ownership of the GSRA came in 1795, when 78,150 acres of land (of which the 

GSRA was a part) were granted to David Allison by North Carolina governor Richard Dobbs 

Spaight (Allison 1795).  By the end of the 18th century, Allison had been granted 3,000,000 acres 

of land across North Carolina (Gwynn 1961).  He was clearly a land speculator whose interest 

was in amassing acreage.  It is likely that trespassers continued to take advantage of forest 

resources on the fringes of the GSRA and just off roads and paths that provided minimal access, 

however the vast majority remained untouched due to lack of easy access and now absentee 

ownership. 

1800�s 

Naval stores continued to be the staple economic product for the Coastal Plain of North 

Carolina into the 1800�s, and production was greater than in all other states combined (Perry 

1967).  The production of naval stores was only profitable, and therefore only practiced, when 

transportation to commercial markets was cheap and easily accessible (Perry 1967).  Although 

roads were relied on for transportation to ports and markets, they remained notoriously 

treacherous, and in general, only hauls of less than 20 miles were economically feasible.  The 

arrival of railroad technology was obviously significant to the economic development of North 
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Carolina and utilization of the land (Trelease 1991).  Railroads gave access to large amounts of 

previously inaccessible land with large quantities of raw materials (Perry 1967).  In North 

Carolina, the principal railroad was the Wilmington and Raleigh Railroad, established in 1834 

(Dozier 1920).  By 1840, the Wilmington and Raleigh Railroad extended from Wilmington to 

Weldon (near the North Carolina-Virginia border) with a branch line from Rocky Mount to 

Tarboro.  This extension prompted a name change to the Wilmington and Weldon in 1855 

(Trelease 1991).  If you could transport your goods to Wilmington, numerous markets were now 

readily accessible.  Tram lines off main lines were constructed to access additional territory and 

mules and oxen would drag logs for loading onto the trams.  Lightly constructed for temporary 

use, the rails were removed for use elsewhere once the timber was removed, (Walker 1991).  

By 1840, North Carolina completely dominated the naval stores industry, producing over 

96 percent of the nation�s supply (Trelease 1991), while the volume of lumber produced by each 

county was nominal by comparison (Williams 1980).  Onslow County was not among the State�s 

top producers in either regard.  In the 1860 Census, Onslow County reported no saw mills, three 

tar and crude turpentine operations with total annual revenue of $104, 331, and one distilled 

turpentine operation with an annual revenue of $32,460.  By comparison, New Hanover County 

had 332 crude and distilled turpentine establishments with annual revenue of $897,807 (Dept. of 

the Interior 1865).  Onslow County�s growth was slow and by the end of the Antebellum Period 

the population of Onslow County had risen to 8,856, a gain of only 1,840 residents over the 

previous 40 year period.   

 The Holly Shelter Pocosin sat idle for 64 years throughout the Antebellum Period until 

sold by David Allison�s heirs.  On January 11, 1859, the heirs sold land from eight North 



  16

Carolina grants totaling more than 160,000 acres (including the GSRA) to Madison Vedder of 

Schenectady, New York.  The description of deed includes mention of some of the oldest settler 

names in Onslow County as well as Moore�s Ridge Rd., which at the time was likely no more 

than a path crossing the middle of the GSRA from the eastern to western border.  Because the 

selling price of the land was listed at one dollar in the deed (Vedder 1859), it is assumed that 

additional dealings were made outside of this formal deed of sale.  

The Civil War dramatically affected both the population and the economy of Onslow 

County, much as it did in other southern communities.  The population dropped due to war 

casualties and to emigration of those seeking economic relief (Henderson 1979).  Agriculture 

assumed an even smaller role.  Whereas prior to the Civil War, no more than 20 percent of the 

land in Onslow County was under cultivation at any time, after the Civil War that figure dropped 

to less than 10 percent (Reid et al, 1995).  But a summary of the natural resources in North 

Carolina in 1869 found the state to have abundant natural resources to support economic growth 

(Bannister, Cowan and Co. 1869).  Swamp lands (i.e. pocosins) could be improved upon and 

were wholly worth pursuing.  The Holly Shelter Pocosin is mentioned as being just one of the 

swamp lands, that if �reclaimed� would produce endless bounty.  The summary goes on to state 

that: 

 ��in North Carolina �the swamp lands proper are estimated at two millions of acres, and 

the pine forest lands next to them are nearly as great in extent. And here it is proper to, say, 

that what are called �swamp lands� are by no means irreclaimable swamps. They are 

generally highly fertile, and not difficult of reclamation.  [The] Holly Shelter Swamp, in New 

Hanover County� embraces an immense area near Wilmington... But the most remarkable 
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feature of these swamp lands is their apparently inexhaustible fertility when 

reclaimed�..These swamp soils are singularly composed of vegetable matter, half formed 

into peat, yet capable of being rotted and reduced into the most fertile soils in the world. In 

some cases more than nine-tenths of the mass for a depth of ten feet, is vegetable or other 

organic matter, the accumulation of ages of growth and of partial decay. And by this long, 

course of accumulation the surface has been elevated so much as to permit free drainage 

from the centre of the largest swamp outward. In all cases the central parts are higher, and 

beautiful lakes lie in these positions from which the cultivation spreads as drainage is 

perfected.  We have referred more at length to the coast lands of North Carolina than was 

necessary, perhaps, but it was due to the intrinsic merit they have, to show what wealth may 

be developed from them, and to avert any prejudice that might be created by the usual 

language employed in describing them as swamp lands. In a word, the timber in the swamps 

still undrained, and the inexhaustible richness of their cultivable soil when drained, put them 

in the front rank for productive value to the enterprising visitor� (Bannister, Cowan and Co. 

1869).   

 �Prejudice� towards areas described as �swamp lands� obviously suggests that, in general, 

swamps conjured thoughts of something you did not want and were not highly desirable without 

considerable effort.  

Accessing forest resources from swamp lands still was not necessary in Onslow County 

towards the end of the 1800�s.  The majority of the forested areas surrounding the New River had 

been cut, but interior tracts were still virgin (Henderson 1979, Clark 1984).  Even by 1880, with 

5,573 saw mills operating in the south, logging operations did little more than harvest just 
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beyond the edges of virgin forests bordering rivers, bays and railroads (Clark 1984).  But this 

was going to rapidly change.  Naval stores production was declining as the resource declined, 

and production was shifting progressively further South (Perry 1967).  Northern capitalists were 

now arriving to Onslow County for investment opportunities in lumber and railroads.  

Speculation by lumber companies was increasing at the turn of the century, and in many cases, 

the companies were responsible for the additional expansion of the railroads. Many small 

railroad lines were connected into larger lines, and by 1884, the Wilmington and Weldon line 

was extended to New Bern, passing through Onslow County (Dozier 1920, Gilbert and Jefferys 

1969).  The 1892 North Carolina Railroad Commission Map showed the path of the railroad 

between Wilmington and Jacksonville with a station at the Town of Folkstone on highway 17 

(Trelease 1991).  By 1895, the towns of Verona, Dixon and Holly Ridge also formed near the 

eastern border of the GSRA along highway 17 around railroad station stops (Reid et al 1995).  

The railroad was allowing for new communities to form in areas previously too remote and the 

distance to transport goods from the GSRA was rapidly shrinking.    

The 1896 assessment of agricultural and natural resources by the State found Onslow 

county to have ��outstanding forest resources of pines and hardwoods.  The Parmele-Eccleston 

Lumber Co. in Jacksonville [the commercial center of Onslow County] has one of the State�s 

most advanced lumber yards capable of processing 125,000 board feet per day� (NC Board of 

Agriculture 1896).  In 1900, the Wilmington, New Bern & Norfolk (formerly the Wilmington 

and Weldon) merged with the Atlantic North Carolina Line and became a part of the Atlantic 

Coast Line Railroad, the third largest in the state (Brown 1960).  Lumbering was cushioning the 

economic decline caused by the loss of the naval stores and the combination of the railroad and 
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lumbering led to population growth.  But even with over 2000 miles of logging railroads across 

the southeast by 1904, water continued to be the principal means of transporting logs 

(Wahlenberg 1946).  With the addition of animal drawn wagons to haul logs either directly to 

waterways or to narrow gauge railroads which transported the logs to waterways for rafting 

(Hurst 1983) expansion was still limited in the most challenging environments.   

 The period between 1870 and 1900 also saw the emergence of a new commercial 

industry for oysters from the New River.  The sudden fame of New River oysters led to export 

the length of the Atlantic coast and the ultimate formation of the New River Oyster Company 

with a canning factory at Stone�s Bay (Loftfield 1981).  The 1896 North Carolina assessment 

also noted the quality of resources of the coastal waters of Onslow County which were a 

��great store of fish and oysters now engaging public attention and the care of legislation. The 

finest oysters on the continent are found here.�  The New River was described as ��a stream of 

exceptional beauty among the eastern waters� (NC Board of Agriculture, 1896).  The oyster 

business was dealt a devastating blow with a hurricane in 1899, covering up the oyster beds of 

the New River (Loftfield 1981).  New River oysters are still highly revered by local residents of 

Onslow County. 

1900�s 

At the close of the 19th century, the GSRA had been under absentee ownership for over 

100 years.  After holding the land for 40 years, on July 14, 1899, Madison Vedder sold 78,000 

acres of the original 160,000 acres to a relative, Charles Vedder, for $16,200 (Vedder 1899).  

Charles Vedder was in Charleston, South Carolina and thus the GSRA continued to be held by 

out-of-state speculators.  There are no existing records of the land being either leased or rented.  
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The history of the land becomes somewhat convoluted over the next 7 years.  On November 28, 

1900, there was a case pending in the Wake County Superior court over the land.  The State 

Board of Education had laid claim to the land for unpaid taxes, back to the time of David Allison 

� who had in fact died in debtor�s jail having been incarcerated for unpaid taxes - and deeded the 

land over to trustees for sale.  Board of Education trustees were charged with the task of selling 

the land and conveying to the Board a sum of 25,000 dollars to be paid by July 1, 1904 (NC 

Board of Education 1900).  On January 2, 1903, Charles Vedder and several Madison Vedder 

heirs sold the land to the Phoenix Real Estate Company of Charleston, South Carolina for 25,000 

dollars due on or before July 1, 1903 (Phoenix Real Estate Co. 1903).  On November 20, 1906, 

the property was sold (Remmick 1906) and resold less than a year later on May 7, 1907 for 

60,000 dollars to Jesse C. Foster of Norfolk, Virginia (Foster 1907).  In a span of eight years, the 

78,000 acres was sold 4 times with no record of any actual activity occurring on the land.  It 

becomes clear from the frequent sales and conveyances of lands that �Gentlemen�s Agreements� 

of sorts were being made and backroom deals were more the rule than the exception.  Far too 

often, land was sold for one dollar or conveyed with no mention of money exchanged.  The 

majority of these men were land speculators with large land holdings and untold financial 

arrangements. 

On January 6, 1913, half of the land was sold to Jordon & Davis Company, Incorporated 

of Virginia.  The parcel, reduced to 40,000 acres, basically outlined the area known as the GSRA 

today.  However, the seller (Jesse C. Foster of Norfolk, Virginia), retained timber rights on the 

land.  The deed maintained all timber, trees and lightwood rights for Foster for 15 years from the 

date of the land sale.  He reserved the rights to �� all the long leaf pine and short leaf pine 
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timber and trees of the size of ten inches diameter,� as well as all hardwoods standing or on the 

ground.  The deed specifically mentions all long leaf pine components including ��stumps, 

knots, limbs, roots and dead trees�all material suitable for turpentine extraction,� except those 

longleaf that had already been bled under 10 inches diameter.  Included in the agreement was the 

right to move across the land to remove and access products as well as the right to construct a 

tram or rail to remove the timber products.  The rights of the Jordon & Davis Company included 

the right to remove up to 3000 acres of longleaf pine annually (Jordon & Davis Company 1913).  

In 15 years, they could harvest more acreage than the GSRA actually contained.  The mention of 

stumps and already tapped longleaf was either Foster being extremely thorough or reveals that in 

fact, some utilization had gone on in the past.  Just weeks after selling the land and retaining 

timber rights, Foster resold the timber rights to the GSRA and additional adjacent lands to the 

Roper Lumber Company.  He claimed that there was no less than 70 million board feet of 

merchantable timer on the land and that 15 million feet per year could be cut (Foster 1913).  

Even if some of the timber resources on the GSRA had been utilized, there was obviously a 

tremendous timber resource remaining on the land in this area.  The John L. Roper Lumber 

Company built a mill complex on the New River south of Jacksonville in 1906, and now had an 

additional source of merchantable timber (Lewis 2002).  A supplemental deed between Foster 

and the Jordon & Davis Company three years later in October 1915 made up for a shortage of 

acreage below the total 40,000 acres promised in the 1913 deed.  By this time, J.C. Foster had 

sold the adjacent lands to the Allison Corporation of Maine, and Jordon & Davis Company had 

become the Carolina Farm Development Corporation (Jordon 1915).  Although several plats 
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were mentioned in deeds up until this time, none could be located.  They were either destroyed 

or not formally registered into record.   

 Increased mechanization, combined with more complete utilization, made logging 

between 1910 and 1930 very destructive (Wahlenberg 1946).  Large companies, like the Roper 

Lumber Company, cut most of the remaining virgin timber in Onslow County by 1920.  Small 

companies would cut the remainder, using mobile mills that took advantage of existing logging 

roads.  Many companies practiced �cut-out and get-out� logging, leaving very few records 

behind (Watson 1995).  Longleaf pine was regenerating after 1925, primarily due to new laws 

requiring fencing of livestock (McDaniel 1928), but almost no commercial longleaf remained 

and second growth loblolly pine was the primary timber species.  The longleaf pine remaining in 

Onslow County was mostly located in the northwestern portion of the County and constituted 

less than 10 percent of the standing timber volume (Brown 1960, Frost 1993).  After 1930, the 

increase of scattered small mills and a network of highways allowed logging to spread to almost 

all remaining longleaf pine forests.  Skidders were gasoline powered and logs were hauled with 

trucks (Wahlenberg 1946).  Although lumbering was cushioning a poor economy, the Coastal 

Plain region was economically depressed into the 1920�s and following the land price collapse 

after World War I, there was little additional impact entering into the Great Depression (Louis 

Berger 2006).  

The GSRA was held for 15 years (the length of the timber rights agreement) by the 

Carolina Farm Development Corporation, until in 1928, when it defaulted on the land which was 

then seized by Onslow County.  The property was sold for just under $9000 in February 1930 at 

public sale in Jacksonville, NC, to the Onslow Development Corporation, also of Virginia 
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(Onslow Development Corporation 1930).  Seven years later, on November 22, 1937, the land 

was sold to P.O. Mead and A.N. Manucy of Charleston, South Carolina for an unstated amount 

of money (Mead and Manucy 1938).  According to his grandson, P.O. Mead from Savanna, 

Georgia, was a self-educated, self-made man that left formal schooling in the fourth grade (P.O. 

Mead Jr. pers. comm.).  P.O. Mead had initially purchased the land, with his business partner 

A.N. Manucy, to harvest timber but they took advantage of good opportunity to the sell the land 

for a handsome profit.  So just 6 months after purchasing the land, Mead and Manucy sold the 

40,000 acres to the Southern Kraft Corporation for $158,080 (Mead and Manucy 1938).  The 

Southern Kraft Corporation was a subsidiary of International Paper Company (IP Co.), and 

formed in 1930 from the renaming of the Southern International Paper Company (International 

Paper 2007).   

The 1938 Onslow County map does not show a single road traversing the Great Sandy 

Run Pocosin, but we know Moore�s Ridge Road existed from its mention in the Vedder 1859 

land deed, although likely no more than a path.  The GSRA was mapped as one large swamp 

bounded by highways and roads, and the Atlantic Coast Line Railroad paralleling highway 17.  

Sneads Ferry was a growing fishing community, and Dixon and Folkstone were small towns on 

the forest edges (NC State Road Commission 1938).   

Holly Ridge was also a small town with a few dwellings, a railroad station, and a post 

office�store�service station at the junction of highway 17 and NC 50 - until selected in 1941 as 

the location of the Army�s new anti-aircraft training station, Camp Davis.  Within a year�s time, 

the population jumped from a handful of families to 1500 residents and 2000 military personnel, 

accompanied by the commercial establishments needed to support the new population (Brown 
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1960).  The proximity to the railroad contributed to the site selection of Camp Davis.  But this 

was only the beginning of the relationship Onslow County would form with the U.S. military 

that would completely change the future of both the County and the County seat, Jacksonville.  

Camp Davis extended approximately one mile west from the rail station at Holly Ridge and 

north into the southern tip of the GSRA (Reid et al 1995).  The area of Camp Davis was flat and 

swampy with thick understory growth and construction resulted in extreme disturbance.  

Drainage canals were dug by hand throughout the site to help with construction efforts.  

Following drainage, an area would be excavated down to the hardpan, a concrete foundation 

poured and the hole back filled with concrete.  Foundation depths ranged from 18 inches to 6 feet 

below the surface.  Three thousand temporary structures were built and over 750,000 cubic yards 

of fill material were brought in for construction (Pattee 1941).   

At about the same time, on the east side of the New River, the US government was 

acquiring land for the formation of MCBCL.  Land acquisition went on between 1939 and 1941, 

and in December 1942, Camp Lejeune was officially established and named for Lieutenant 

General John A. Lejeune, the 13th commandant of the Marine Corps from 1920 to 1929 (Simpson 

and Reid 1997).  Located entirely within Onslow County, the installation included more than 

85,000 acres of land and 26,000 acres of water (Hurst 1983), and resulted in the relocation of 600 

to 720 families.  Into the 1940�s, Onslow County had remained a rural county of slow growth 

with an economy firmly based in forestry and agriculture.  At the time of government 

acquisition, large farm tracts had generally disappeared with seven of the largest landowners in 

the area of Onslow County being timber companies (Loftfield 1981).   
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The formation of MCBCL greatly accelerated the growth and economic development of 

the region.  In 1940, the population of Jacksonville was 873 and of Onslow County was 18,000.  

Ten years later, Jacksonville and Onslow County�s population grew to 4,000 and 52,000 

respectively.  Except for the portions lying immediately along the western shore of the New 

River, MCBCL was primarily restricted to the eastern side of the river.  The remoteness of the 

area was a contributing factor to the location selection.  In describing Camp Lejeune�s location, 

it was commented by a Navy officer that ��those who want to be near big cities will be 

disappointed because it is certainly out in the sticks,� but it was also noted that it was ideal for 

training maneuvers and amphibious landings.  Transportation to the area was almost nonexistent 

and the isolated location made development an enormous task (Hough et. al. 1958).  The area to 

become MCBCL was described by the Marine Corps 1st Division�s World War II historian as 

�111,170 acres of water, coastal swamp, and plain, theretofore inhabited largely by sand flies, 

ticks, chiggers, and snakes.�  A Marine veteran of the Nicaraguan jungle campaigns said: 

�Actually, Nicaragua was a much pleasanter place to live than the New River area at the time.  

They had mosquitoes there with snow on the ground� (Shaw 1991).  The Marine Corps intended 

for the Base to provide training facilities for all amphibious and ground activities of the 1st 

Marine Division (today the 2nd Marine Division), which with the 1st Marine Air Wing and four 

defense battalions comprised the Atlantic arm of the Fleet Marine Force (Hough et. al. 1958). 

 While tremendous growth and development were being experienced on the east side of 

the New River, the western side was being managed by the Southern Kraft Corporation.  Camp 

Davis was closed in 1948 and the buildings sold intact or dismantled for lumber.  In 1954, 

MCBCL leased the land and timber of former Camp Davis to IP Co (Reid et al 1995).  While 
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partially in the GSRA, the land occupied as former Camp Davis lies outside of the tract 

purchased by the Southern Kraft Corporation in 1938, even though it was being operated and 

managed by the same company under MCBCL lease.  Louie Foy, a former IP Co. employee 

from the early 1950s to the mid 1980�s explored the area in the early 1930�s as a child.  He 

remembers the Civilian Conservation Corps coming in and making major improvements to 

Moores Ridge Rd (now called CC or Cedar Hurst Rd.) and he would frequently find the 

remnants of old tram lines throughout the forest.  As an IP Co. employee, he recalled the 

difficulty of accessing the interior portions of the GSRA, thereby leaving much of the longleaf 

pine untouched in the earliest days of the Southern Kraft Corporation (Foy pers. comm.).    

 Jack Parker (IP Co. employee, 1960 - 1997) recalls abundant longleaf outside of the 

pocosin areas throughout the GSRA when he first started working for the company.  He also 

recalls tram lines - but finding mostly loblolly and pond pines in the area.  Along Moore�s Ridge 

Road, Parker recalls longleaf pine and in the Verona area he recalls longleaf pine and cypress 

(Parker pers. comm.).  Parker and Foy�s reports are in contrast to Doyle McClain�s (IP Co. 

employee 1958 - 1998) recollections.  McClain does not recall the abundant longleaf and 

believes the majority was removed prior to Southern Kraft Corporation purchase (McClain pers. 

comm.).  He believes the best of the longleaf and cypress were pulled out between 1930 and 

1938 by the Onslow Development Corporation who left tram lines throughout the area.  McClain 

recalls only sporadic early site-preparation and agrees with Foy and Parker who state that 

intensive site-preparation activity, like chopping, bedding and fertilizing did not begin until the 

early 1970�s.   
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The IP Co. planted slash and loblolly pines through the GSRA, and conducted frequent 

prescribed burning to reduce the wildfire hazard and prepare areas for planting.  It wasn�t until 

the early 1980�s, around the same time when the Southern Kraft Division was reorganized into a 

business unit of IP Co., that access, harvesting and replanting became widespread (Louie Foy 

pers. comm.).  Billy Lanier worked for IP from 1980-1993 and then continued as a heavy 

equipment operator for MCBCL until 2006.  Lanier recalls that major projects in the GSRA, 

from road building to ditching and site-preparation which included KG-chopping and burning, as 

well as bedding in some areas were conducted well into the 1980�s (Billy Lanier pers. comm.).  

Unfortunately, land management records could not be obtained from IP Co. to substantiate these 

former employees� recollections.    

 Although there was an extensive prescribed burning program to reduce fuels across the 

GSRA, there were still wildfires.  In 1982, for example, a train paralleling highway 17 sparked a 

fire in the southern pocosin and an arsonist lit a fire in the northern pocosin soon thereafter, 

causing the entire GSRA to burn that year (Lanier, pers. comm.).  There were hunt clubs in 

abundance and apparently no shortage of old stills and moonshine.  The larger operations were 

so bold as to float in moonshine supplies when the road ditches would fill with water and 

construct plywood boxes in the woods to store sugar securely from bears.  More than one still in 

the GSRA was large enough to necessitate being blown up with dynamite rather than being 

dismantled by hand (Foy, Lanier, Marshburn, and McClain pers. comm.).  

Regardless of the frequent name changes and reorganizations, IP Co. held the land until 

March 17, 1992 when 35,500 acres were purchased for $21,500,000 by the U.S. Department of 

the Navy (US Dept of the Navy 1992).  The development goal for the GSRA was to create a 
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mission-responsive training area in support of training at MCBCL while preserving and 

enhancing the ecology of the area.  A 1989 draft Environmental Impact Statement prepared for 

the purchase stated that approximately 69 percent of the land had been altered by forestry 

activities (54 percent by plantation establishment, 13 percent by surface drainage, 2 percent by 

urban areas) with the remaining 31 percent remaining in a natural condition (LeBlond et. al., 

1993).  The final assessment was that prior to the early 1900�s, IP Co. lands were primarily 

owned by individuals and left undeveloped.  There were relatively few agricultural tracts in the 

GSRA and only small isolated residential areas (US Dept of the Navy 1994).   

 The purchase of the GSRA was hugely beneficial to the Marine Corps as urban interface 

threatens training activities on Military Bases around the Country.  Encroachment is one of the 

top threats to training for the military (REPI 2007).  The acquisition of 42,870 acres in a 

relatively rural, sparsely populated area adjacent to an already existing Base of substantial size 

was an unlikely opportunity that the Marine Corps could not pass up.  Currently the GSRA 

houses three active live fire ranges that support tanks, light armored vehicles, amphibious assault 

vehicles, and infantry platoon training.  Additional ranges are currently in the planning and 

construction phases.  The GSRA also supports aircraft landing zones, utilities, administrative 

buildings and a fire station.  The network of existing logging roads has been expanded and 

continues to grow and improve.  However, a number of environmental constraints exist in the 

GSRA that restrict the development: over 50 percent of the property is classified as jurisdictional 

wetlands, approximately 75 percent of the property contains hydric soils generally not suitable 

for construction, and the federally listed plant species, rough-leafed loosestrife (Lysimachia 

asperulifolia Poiret), occurs on the property (US Dept of the Navy 1992).   
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Since acquisition, almost 10,000 acres in the GSRA have received some type of 

harvesting including thinning and clear-cutting, and over 2,000 acres have been planted to 

longleaf pine, including the research study sites from the longleaf restoration project.  Prescribed 

burning is conducted throughout the GSRA and additional acreage is burned every year 

(Marshburn pers. comm.).  Across the southeastern Coastal Plain, it is estimated that less than 3 

percent of the original 60 million acres of longleaf pine habitat remain and the majority of that 

acreage tends to be on better drained soils.  Of the original 2.5 million acres of pocosins believed 

to have covered North Carolina, approximately 695,000 acres (31 percent) remain in their natural 

state (Hartmann and Goldstein 1994).  Thus the acquisition of the GSRA represents an 

opportunity to both preserve and restore these natural community types.  

 With 25 million acres of land on over 425 military installations, the Department of 

Defense (DoD) is the third largest federal land managing agency in the United States.  The 

primary mission of these lands is military training and readiness for our armed forces (Boice 

2007).  Limited access due to security issues and the need to buffer areas around training 

grounds have resulted in the protection of natural and cultural resources on military lands (Boice 

2007, Shaw 2007).  Approximately 220 federally listed species are found on DoD installations 

and at least one federal candidate or listed species is found on more than 200 installations (Shaw 

2007).  The GSRA is currently home to one federally listed species and MCBCL is home to eight 

federally listed species (INRMP 2006).  The DoD and MCBCL challenge is to balance the 

mission of training and readiness across air, land and sea resources with the need for long-term 

protection and management of these resources (Boice 2007, INRMP 2006, Shaw 2007).  Due to 

its poorly-drained nature and generally inhospitable environment, the GSRA went from being 
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perceived as marginally desirable to highly valuable while passing through heirs, land 

speculators, resources harvested, more than a little bit of moonshine, and now the training of the 

Marines - which will ultimately result in the restoration and preservation of the longleaf pine and 

pocosin ecosystems.   
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Figure 1.  Area of the Greater Sandy Run Area (GSRA)  
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Abstract 

Site preparation methods for restoring longleaf pine to poorly drained sites were 

evaluated for early impacts on soil moisture and nutrient concentrations. The study is on Marine 

Corps Base Camp Lejeune in the North Carolina Coastal Plain and site preparation treatments 

were selected to ameliorate soil conditions that may impede longleaf survival and growth.  The 

experimental design was a randomized block with eight site preparation treatments replicated in 

six blocks.  Treatments were an herbicide application or a single-pass drum chop prior to 

burning, followed by flat-planting, mounding and planting, or bedding and planting.  Included in 

each block are a control treatment (burned and flat planted) and a combination treatment 

(herbicide and chop prior to bedding).  Bedding and mounding did not significantly (p ≤ 0.05) 

impact drainage across sample dates, although soil moisture was lower in plots receiving these 

treatments versus flat planted plots.  Soil nutrient concentrations were marginally improved by 

the treatments.  The herbicide treatment resulted in higher nutrient concentrations than any other 

treatment component except for bedding.  Bedding alone was the most effective treatment in 

increasing nutrient concentrations and when combined with an herbicide application was the 

most effective treatment combination. 

Key Words: longleaf pine, soil nutrients, site preparation, coastal plain, Leon soils 
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1.  Introduction 

On the lower coastal plain of the southeastern United States, poorly drained flatwoods 

comprise approximately 40 percent of forested land (Outcalt, 1984) and historically supported 

longleaf pine (Pinus palustris Mill.) ecosystems.  Over 98 percent of presettlement longleaf pine 

ecosystems have been lost (Noss et al., 1995) and less than 5 percent of the remnant stands occur 

on poorly drained flatwoods (Frost, 1990).  The restoration of longleaf pine ecosystems has 

become a priority in the southeastern United States (Jose et al., 2003), and it is clear that the 

more poorly drained sites are a critical need.   Many of these wet sites have been converted to 

loblolly (Pinus taeda L.) and slash (Pinus elliottii Engelm.) pine plantations, and with no natural 

seed source present, longleaf restoration efforts must rely on artificial regeneration.  

Longleaf pine has a long-standing reputation of being difficult to regenerate and the same 

techniques that have been utilized to establish off-site pine species on wet flatwoods soils are 

also employed for re-establishing longleaf pine trees.  Spodosols are well represented among 

poorly drained flatwoods of the coastal plain and present unique management challenges.  These 

soils are typically low in nutrients, poorly drained yet seasonally droughty and often covered 

with an abundant understory competing for limited resources (Boyer, 1988; Burger and Pritchett, 

1988).  Different site preparation techniques are commonly employed to ameliorate these 

conditions; however their efficacy in improving soil nutrient concentrations and moisture 

conditions is somewhat unclear.  There have been few studies on soil nutrient concentration of 

spodosols following site preparation and still fewer in conjunction with longleaf pine. 

Schultz (1976) reported on slash pine planted on spodosols in Florida and found that 

early increases in nutrient content may be attributed to bedding and piling the nutrient-rich soil 
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surface on the planting beds in the first years following site preparation.  However, by age 4, the 

response from the slash pine seedlings to the increased nutrient levels diminished.  Neary et al. 

(1990) studied loblolly and slash pine plantations established on Florida spodosols using 

different mechanical and chemical treatments.  They reported that competition control alone 

increased growth for slash and loblolly pines as effectively as fertilization, and concluded that 

competition for soil nutrients was the key process controlling pine productivity.  Burger and 

Pritchett (1988) found that high intensity treatments like wind-rowing, disking and bedding 

enhanced nutrient contents in spodic soils from the beginning of the first growing season to the 

end of the second year.  Differences between high and low intensity treatments persisted for one 

to two years, suggesting that movement of soil and organic matter during site preparation 

resulted in temporary increases in available nutrients.     

Despite being poorly drained, spodosols have a low water-holding capacity, due to a 

sandy nature, low organic matter and macroporosity of surface horizons (Barnhill, 1992; Neary 

et al., 1990).  Schultz (1976) found intensive treatments involving disking and bedding lowered 

soil moisture.  The more intensive treatments had a greater number of days in which there was no 

measurable moisture in the top 7.5 cm of soil.  During times of low moisture, Schultz (1976) 

attributed this to regenerating vegetation roots quickly depleting surface soil moisture through 

evapotranspiration and noted the potential for moisture stress to seedlings.  In contrast, Burger 

and Pritchett (1988) found that in a slash/longleaf site on a poorly drained spodosol, the water 

table was higher in intensively prepared sites.  Differences in the water table were attributed to 

evapotranspiration from reduced vegetation, and resulted in a better two-year seedling growth 

response (Burger and Pritchett, 1988).  Neary et al. (1990), however, found that pine seedling 
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moisture measurements indicated that deficits did not occur, even in times of low moisture, 

because pine roots accessed adequate moisture from lower soil horizons, further supporting their 

conclusion that soil nutrients are the key to growth (Neary et al., 1990).   

In this study, site preparation methods designed to optimize the restoration of longleaf 

pine trees on poorly drained spodosols were evaluated for impacts on soil moisture and nutrient 

concentrations.  This research is part of an on-going project designed to evaluate site preparation 

methods for optimal longleaf pine survival and growth and their effects on the understory 

community.   

 

2.  Methods 

2.1. Study Sites 

The study is located on Marine Corps Base (MCB) Camp Lejeune in Onslow County, 

North Carolina.  Camp Lejeune is situated in the Atlantic Coastal Flatlands section of the Outer 

Coastal Plains Mixed Forest Province (Bailey 1995) and has both gently rolling better-drained 

terrain and poorly drained, broad, level flatlands.  Nearly 30% of the soils on MCB are hydric 

soils, and Leon fine sand is the most common hydric soil (9.5% of area) (USMC 2001).  Frost 

(1990) classifies Leon sands at the wet end of soils supporting longleaf pine ecosystems and 

describes presettlement vegetation as wet longleaf pine savanna, with fire as the dominant 

natural disturbance (Frost 2001). 

The study sites are located on the Leon soil series (sandy, siliceous, thermic Aeric 

Alaquod), poorly drained fine sands formed in sandy marine sediments.  These soils are 

characterized by an A horizon of salt and pepper appearance and albic E horizons of light-gray to 
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white sand, underlain by dark (Bh) spodic horizons.  The spodic horizons, cemented by organic 

and iron compounds, are present in varying thickness of 15 to 85 cm and tend to be strongly 

cemented when dry (NRCS, 2003; Barnhill, 1992).  The previous stand contained planted slash 

and loblolly pines ranging in age from 10 to 40 years, which were sheared 6 months to 2 years 

prior to treatment installation.   

2.2. Experimental design 

The experimental design was a randomized block with eight site preparation treatments 

replicated in six blocks.  Treatment plots were 0.6 ha with 15 m buffers to minimize treatment 

edge effects and 0.4 ha interior measurement plots.  Site preparation treatments were installed in 

different stages from August to December 2003 and were selected to represent a range of options 

currently used at Camp Lejeune.  Plots first received a competition control treatment of either a 

single-pass with a drum chopper or an herbicide application, prior to prescribed burning.  Plots 

were then mounded, bedded or remained �flat� in preparation for planting in December.  Each 

block also contained a control treatment plot (burned and flat planted) and a combination 

treatment plot (herbicide and chopped prior to bedding).   

The drum chop treatment was done with a 2.4 m Lucas Drum Chopper1 pulled by a TD15 

Dresser1 crawler tractor.  The herbicide treatment, a combination of 2.8 L ha-1 of Chopper®1  

(imazapyr) (American Cyanamid; Florham Park, NJ) and 1.4 L ha-1 of Garlon 4®1 (triclopyr) 

(Dow AgroScience; Indianapolis, IN), was broadcast applied prior to burning as an alternative to 

chopping. A Rome1 six disc Bedding Harrow (three on each side) pulled with a TD15 Dresser1 

crawler tractor created 2.1 m to 2.4 m wide beds.  Mounding was done with a New Forest 

                                                        
1  Brand name is included for the benefit of the reader and does not constitute endorsement by either the Department 
of Defense or the United States Department of Agriculture Forest Service.   
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Technology�1 (Rocky Point, NC) custom, mounding bucket mounted on a Caterpillar 320BL1 

excavator.  Mounds (1.2 m wide) were installed in rows, as opposed to an irregular pattern that is 

usually employed, to standardize the treatment across blocks.  The seed source was locally 

collected the prior year at Camp Lejeune, and container grown longleaf pine seedlings were hand 

planted at 4.5 m x 2 m spacing on all plots in December 2003.   

A mixed linear model was used to test for significant differences in soil nutrient 

concentrations among treatments. (Proc mixed, SAS Institute 2002, Cary, NC).  For multiple 

comparisons, least-squares means were used with an experiment-wise error rate of 0.05.  

Residuals were checked for normality to ensure that a transformation was not required.  

Statistical testing for treatment differences in nutrient concentrations were done using a split-plot 

design, where treatments were the whole plots and the soil collection depths were the subplots. 

Observations came only from the immediate planting areas from each treatment (tops of mounds, 

tops of beds and flat planted plots).  This is important because mechanical treatments are often 

imposed in an effort to concentrate nutrients in microsites created for planted seedlings.  To 

detect differences between individual treatment components, the data were also examined using 

a 2 x 3 factorial design, again with a mixed linear model.  Competition control measures of a 

drum-chop pass or an herbicide application were directly compared, as were planting 

preparations methods of mounding, bedding and �flat.�  Differences were considered significant 

at p ≤ 0.05. 

2.2.1. Soil and pine foliar chemistry  

Soil collections were made after planting in February 2004, 2005 and 2006.  A total of 10 

samples at each depth (0-25 and 25-50 cm) were taken from within each measurement plot.  In 
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bedded or mounded plots, five samples were taken from the planting area on the beds or mounds 

and five from the areas between the beds or mounds.  Pretreatment soil samples were collected in 

February 2003 across all blocks and averaged.  A resulting power analysis, using the confidence 

interval approach, indicated that five samples per plot were adequate to yield a mean within 20% 

of the true mean.   

Soil samples were analyzed for total carbon (C) and nitrogen (N), and macronutrient 

((phosphorus (P), potassium (K), magnesium (Mg), and calcium (Ca)) concentrations and 

organic matter (OM).  Samples were analyzed for C and N using a Flash C/N/S 1112 Series EA1 

(Thermo Finnigan, Italy).  Percent OM was determined by loss on ignition.  Nutrients were 

extracted using Mehlich III solution and analyzed on a TJA 61E Inductively Coupled Plasma 

(ICP) Spectrometer1 (Spectrum Analytic, Court House Bay, OH).  

Pine foliage was collected from 10 randomly selected seedlings from each treatment plot 

in the dormant season following the second growing season in February 2006.  Needles were 

dried at 65º C for 48 hours and ground through a 20 mm screen in a Wiley Mill.  Needles were 

analyzed for C, N and macronutrient (P, K, Mg, and Ca) concentrations.  Samples were analyzed 

for macronutrient concentrations with a TJA 61E Inductively Coupled Plasma (ICP) 

Spectrometer1 (Jobin-Yvon, Edison, New Jersey), and for C and N with a Flash C/N/S 1112 

Series Elemental Analyzer1 (Thermo Finnigan, Italy).  A mixed linear model was used to test for 

significant differences in foliar nutrient concentrations among treatments and to test for 

differences using a 2 x 3 factorial treatment combination (Proc mixed, SAS Institute 2002, Cary, 

NC).  Differences were considered significant at p ≤ 0.05. 
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2.2.2. Soil moisture 

Volumetric water content of the soil was measured monthly for 14 months with a time 

domain reflectometer (MP-917, Environmental Sensors Inc, Victoria, British Columbia).  Ten 

random points, 0-20 cm in depth, were measured in each treatment plot.  In the mounded and 

bedded plots, sampling was restricted to the tops of beds and mounds at the seedling planting 

site.  At each sampling point, three readings were taken and the average recorded.  

Measurements were taken as early in the morning as possible and on the same or consecutive 

days.  Due to military training activities preventing regular access to the study plots, moisture 

readings did not begin until August 2004.  Measurements were only taken in the three blocks not 

located in active fire ranges because percent moisture could more reliably be sampled over time.  

 

3.  Results and Discussion 

3.1. Soil Chemistry 

The only significant difference in soil nutrient concentrations among treatments from 

2004 (2 months after planting) was for K at the 0-25 cm depth (Table 1).  The chop-herbicide-

bed treatment was significantly higher than the herbicide-flat, herbicide-mound and chop-flat 

treatments, as well as the control (Figure 1).  While not significant, the more intensive treatments 

had consistently higher nutrient concentrations than the chop-flat treatment, the herbicide-flat 

treatments, and the control.  This trend did not hold for N, where the control has one of the 

highest concentrations in 2004.   

There were significant differences among treatments in percent OM, and K and Ca 

concentrations in 2005 at the 0-25 cm and 25-50 cm depths (Table 1), and Mg and C at the 25-50 
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cm depth.  Percent OM was significantly higher in the chop-herbicide-bed and chop-mound 

treatments than in the chop-flat treatment at 0-25 cm (Figure 1), and the herbicide-mound 

treatment was greater than the herbicide-flat and chop-flat treatments at 25-50 cm.  Potassium 

concentrations in the chop-mound and herbicide-bed were greater than the chop-flat at the 0-25 

cm depth (Figure 1) and, at the 25-50 cm depth, all treatments except the herbicide-bed had 

significantly less K than the chop-mound.  Calcium concentrations were greater at 0-25 cm in the 

chop-herbicide-bed treatment than in the chop-flat, herbicide-flat and control (Figure 1), and the 

chop-mound was greater than the control and the chop-flat and less than herbicide-mound at 25-

50 cm.  At the 25-50 cm depth Mg concentrations were less in the chop-flat treatment than the 

chop-mound and C concentrations were higher in the herbicide-mound treatment than in the 

chop-flat treatment.   

Calcium concentrations remained significantly different among treatments into the 2006 

collection at both depths, as did Mg at the 25-50 cm depth (Table 1).  At 0-25 cm, Ca 

concentrations were significantly higher in the herbicide-bed treatment versus the control (Figure 

1) while at the 25-50 cm depth, the herbicide-mound treatment had significantly higher Ca 

concentrations than the herbicide-flat and chop-herbicide treatments and the control.  Chop-

mound had significantly greater Mg concentrations at the 25-50 cm depth than the herbicide-flat 

treatment. 

Nutrient concentrations increased between 2004 and 2005 for almost all treatments 

(Figure 1) with the exception of K.  The 2005 K levels fell for the chop-herbicide-bed, herbicide-

flat, chop-bed and control treatments, but increased in the chop-flat treatment, which saw a rise 

similar to other treatments in 2006.  However, K concentrations in all the treatments were 
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sufficient for southern pines.  In soils, 20 to 100 ppm of K is adequate for growth of most trees, 

and Southern pines have shown good growth with soil K concentrations as low as10 ppm 

(Pritchett and Fisher, 1987).   

Calcium and Mg levels for all treatments rose from 2004 through 2006.  The chop-flat, 

herbicide-flat and control treatments were consistently the lowest, while the three bedded 

treatments and the herbicide-mound were consistently the highest for both nutrients.  However, 

soil Ca and Mg concentrations are generally not deficient for Southern pine growth (Pritchett and 

Fisher, 1987), and any enhancements resulting from site preparation are likely unnecessary.  

Nitrogen and P, the most deficient of nutrients on these soil types (Christensen, 1993), were not 

significantly affected by the treatments; however, all treatments increased N and P 

concentrations over pretreatment levels with the 2005 second year levels being greater than the 

first year.  Both nutrient concentrations decreased in 2006 from 2005 levels, yet remained higher 

than pretreatment levels, and most treatments remained higher than 2004 levels (Figure 1).  The 

average P concentration from pretreatment sampling was 1.99 ppm from the 0-25 cm depth 

(Figure 1) and 1.66 ppm in the 25�50 cm depth.  Fertilizer prescriptions for longleaf pine suggest 

a critical soil range of 4-6 ppm for P (Dickens 2003) indicating that the pre-treatment P 

concentrations were deficient for longleaf pine.  While all of the treatments increased soil P 

concentrations, the chop-flat, chop-mound, herbicide-flat, herbicide-mound and control 

continued to be deficient in the first year.  However, in the second and third year sampling, none 

of the P concentrations were below the critical range of 4 ppm.  The 2005 sampling had the 

highest values and while there does appear to be a leveling off in the 2006 sampling, all values 

remain well-above the pretreatment value (Figure 1).  Treatments that increase OM would also 
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be expected to increase P, and the patterns of soil P over time in the treatments follow that of 

OM, the primary source of soil P (Pritchett and Fisher, 1987).   

The increase in nutrient concentrations in the control was somewhat of an anomaly.  The 

only common activity aside from planting, was the prescribed burn that was conducted on the 

entire research area 6 months prior to the first post-treatment soil collection.  Nutrient increases 

due to fire probably would have dissipated by the time post-treatment soils collections were 

made.  Low intensity fires have little impact on soil nutrients (Fox, 2000) and while 

concentrations of most nutrients increase immediately after a fire, they return to pre-burn levels 

within 3 to 5 months (Christensen, 1977).  Harvest operations tend to lower soil nutrients 

through biomass removal and accelerated leaching (Carter et al., 2002; Morrison and Foster, 

1979).  The effects vary with species, harvest method and soil type; however, nutrient reductions 

appear to be most substantial for P, K, and Ca (Grigal, 2000).  This was not the case in our 

research plots, and the post-harvest increase observed in our plots may be due to harvest debris 

left on site decomposing and contributing to the soil nutrient pools.  

In general, the patterns of nutrient concentrations from the factorial analyses on treatment 

components follow the patterns of concentrations found in the whole treatment plot analyses 

(Figures 1 and 2).  The factorial analysis on the 2004 soil collection showed no significant 

differences in nutrient concentrations between the competition control methods of a chop or 

herbicide application at the 0-25 cm depth.  The only significant difference from the 25-50 cm 

depth was for N (p = 0.02).  The factorial analysis on competition control methods yielded only 

one significant difference in 2005.  Potassium concentration in the 0- 25 cm depth was 

significantly (p = 0.049) higher with the herbicide treatment than the chop treatment (32.23 and 



  44

28.06 ppm, respectively).  There were no significant differences in nutrient concentrations 

between the chop and herbicide application from the 2006 collection.  When the chop and 

herbicide nutrient concentrations are not closely aligned (Figure 2), the herbicide treatment had 

generally higher nutrient concentrations, possibly due to less competition for limited resources.  

Bedding, mounding and flat planting showed several significant nutrient concentration 

differences (p ≤  0.05) in 2004, at each depth.  At the 0-25 cm depth, OM, P, K, Ca, C, and N 

were significantly different among treatments, with the bedding treatment consistently having the 

highest values and the flat planting the lowest values (Figure 2).  The only difference not also 

found in the 25-50 cm depth was for P.  The concentrations in the mounding treatment were 

consistently the highest at the 25-50 cm depth, reflecting the action of the mechanical treatment 

inverting and doubling the planting area, but not mixing the soil like the bedding treatment, 

which may encourage greater leaching.   

Significant differences in nutrient concentrations among bedding, mounding and flat 

planting from 2004 persisted into 2005 at the 0-25 cm depth, with Mg also being significantly 

different.  There was a shift from 2004, however, and mounding had higher overall nutrient 

concentrations rather than bedding, while concentrations in the flat planted plots remained the 

lowest (Figure 2).  The only significant difference that did not persist from 2004 to 2005 at the 

25-50 cm depth was for N.  Mounded plots continued to have the highest concentrations at this 

deeper depth.  In 2006, N and Mg were not significantly different at the 0-25 cm depth, although 

the N concentrations are dramatically higher in the bed treatment.  Significant differences (p ≤  

0.05) among treatments for OM, K, P, Ca and C persisted.  The bedding treatment had the 

highest concentrations and the flat planted treatment continued to have the lowest (Figure 2).  At 
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25-50 cm, Mg, Ca, N and C were significantly different with mounding having the highest 

concentrations at the 25-50 cm depth. 

3.2. Pine Foliage 

Foliar nutrient concentrations were significantly different (p ≤  0.05) among treatments 

for N, Mg, Ca, and K (Table 2), but not for C and P.  The differences for Mg, Ca and K are likely 

unimportant as these nutrients were not deficient in our soils (Pritchett and Fisher, 1987) and 

were within the critical range for longleaf pine foliage (Dickens et al., 2003).  The chop-mound, 

chop-herbicide-bed and herbicide-bed had the highest N concentrations and the chop-flat and 

control the lowest.  This corresponds well with the soil nutrient data, and while significant 

differences did not exist in soil N concentrations in 2006, higher amounts in the soil translated 

into significantly higher differences in the foliage.  Several of the N and all of the P 

concentrations were below critical values for longleaf pine (0.9 percent and 800 ppm, 

respectively) (Dickens et al., 2003) (Table 2).  

As was the case with the soil nutrients, the factorial analysis of treatment components 

found no significant differences among foliar nutrients between competition control methods.  

The bedded, mounded and flat planted treatments, however, had significant differences for C, N, 

P, and Mg concentrations.  The mound and bed treatments had significantly higher foliar N 

concentration than the flat planted treatment, which was the most deficient (0.94, 0.88 and 0.73 

percents, respectively).  Bedding had the highest foliar P concentration (640 ppm) and was 

significantly different from flat planting (613 ppm) and mounding (589 ppm), yet like the whole 

treatment analysis, all amounts were deficient (Dickens et al., 2003).  Carbon and Mg were 

highest in the bedding treatment, Mg was lowest in the mounded treatment and C was lowest in 
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the flat planted treatment. While there is expected variation due to site differences, foliar nutrient 

concentrations were in agreement with reported values by other researchers (Haywood, 2005; 

Boyer and Miller, 1994; Schmidtling, 1985).   

3.3. Soil moisture 

Flatwoods� spodosols, despite being poorly drained and prone to flooding, periodically 

dry out quickly and are defined as droughty during parts of the growing season.  Therefore the 

potential for both inadequate drainage and moisture stress exists for young pines.  The analysis 

on differences in soil moisture among treatments yielded no significant differences at any time.  

The factorial analysis failed to detect significant differences between competition control 

methods, and differences between site preparation treatments of bedding, mounding and flat 

planting yielded significant differences in only 3 of the 14 months (Figure 3).   

Results from soil moisture data are limited because readings were single points in time.  

Comparisons among treatment plots relative to each, however, show that flat planted plots have 

the highest soil moisture when compared to mounded and bedded plots.   Mounding and bedding 

improve drainage and aeration (Spittlehouse and Childs, 1990), but during times of low rainfall, 

the droughty nature of Leon soils may be problematic for seedlings.  Neary et al. (2000) 

concluded, however, that low moisture in the A horizon of Leon soils was not a factor for pine 

seedling growth.  Seedling roots grew rapidly and quickly reached moisture in deeper horizons, 

despite the low water holding capacity of spodosols.  Bedding and mounding do not appear to 

greatly impact drainage, and as beds and mounds settle, differences in soil moisture among 

treatments may lessen. 
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4. Conclusions 

The nutrient challenges presented by Leon soils are somewhat mediated following site 

preparation.  While some nutrients showed significant increases on the treatment level, following 

the second growing season, only Ca and Mg were significantly different among treatments.  

Levels of other nutrients did remain elevated well over pretreatment levels through the final soil 

collection, most importantly for N and P.  Differences in soil N, although not significant, led to 

significant differences in foliar N, elevating several of the more intense treatments past deficient 

levels.  While soil P concentrations were also increased, foliar levels remained deficient across 

treatments resulting in no significant differences in either soil or foliar concentrations.   

When treatment components were separated out into a factorial arrangement of 

competition control methods (chop or herbicide application) and mechanical site preparations 

(bedding, mounding, or flat), there was essentially no difference between the chop and the 

herbicide application.  With regards to mechanical site preparation components, however, the 

number of significant nutrient concentrations differences was greater than with comparisons of 

whole treatments and several persisted into the final soil collection: the elevated concentrations 

were overall declining for N and P, increasing for Ca and Mg, and mixed trends for percent OM 

and K.    

  If competition control has the greatest effect on pine productivity on spodosols (Neary 

et al., 1990), then effects of site preparation activities like drum-chopping and herbicide 

applications should increase soil nutrient concentrations.  When compared with bedding and 

mounding after two growing seasons, the competition control method of a chop was only slightly 

more effective at increasing nutrient concentrations than the control.  Additionally, there were no 
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significant differences in nutrient concentrations between the chop and herbicide application.  

But by 2006, the herbicide treatment showed greater nutrient concentrations than all other 

treatments except for bedding.  Bedding alone was the most successful at pooling nutrients and 

when combined with an herbicide application provided the treatment combination with the 

highest nutrient concentrations.  It is expected that nutrient concentrations will continue to level 

off and return to pretreatment levels over time.  The time frame over which this occurs and the 

advantage provided to seedlings will be determined through much needed long-term monitoring 

of longleaf pine planted on hydric soils.     
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Table 1.  Pr>F values for soil nutrient concentrations among treatments, by year, for each depth. 
Values in bold are significant at α = 0.05. 

 
Nutrient 2004 2005 2006 

 0-25 25-50 0-25 25-50 0-25 25-50 
OM (%) 0.06 0.79 0.02 0.02 0.57 0.72 
       
P (ppm) 0.48 0.81 0.08 0.91 0.69 0.70 
K (ppm) 0.004 0.11 0.03 0.0005 0.35 0.84 
Mg (ppm) 0.19 0.06 0.05 0.01 0.71 0.04 
Ca (ppm) 0.30 0.34 0.003 0.001 0.01 0.002 
       
C (%) 0.56 0.64 0.09 0.02 0.35 0.08 
N (%) 0.80 0.67 0.76 0.30 0.31 0.21 
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Table 2.  Foliar nutrient concentrations by treatment from February 2006. Within a column, 
values not sharing a letter are significantly different (p ≥ 0.05). ctl=control, c=chop, h=herbicide, 
m=mound, b=bed, f=flat planted        
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Percent PPM 
Treatment 

C N P Mg Ca K 

cb 50.79  0.859 bc 668.25 1436.34 b 3928.21 a  3879.59 bc 

cf 50.16 0.700 c 613.65 1444.68 b  3269.44 bc  3809.80 bc 

chb 50.56 0.916 a 662.77 1225.45 c   3686.88 abc 4846.76 a 

cm 50.67 0.987 a 580.76  1300.91 bc   3401.03 abc  3937.53 bc 

hb 50.47  0.906 ab 611.07  1282.93 bc   3632.21 abc  4565.20 ab  

hf 49.89  0.782 bc 605.40  1335.94 bc 3835.08 ab  4381.72 ab 

hm 50.49 0.897 ab 589.31  1249.33 bc   3603.50 abc  4082.38 ab 

ctl 49.84 0.683 c 552.50 1569.55 a 3211.25 c 3091.13 c 

Pr>F 0.11 <0.0001 0.12 <0.0001 0.004  <0.0001 
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Figure 1.   Average soil nutrient concentrations from the 0-25 cm depth, by treatment, 
over three collection dates.  ctrl=control, c=chop, h=herbicide, m=mound, b=bed, f=flat 
planted        
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Figure 2.  Average soil nutrient concentrations over three years from the 3 x 2 factorial 
analysis comparing different treatment components.  Results are from the 0-25 cm 
depth. 
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Figure 3.  Mean monthly soil moisture metrics (percent volumetric water content) from the 
factorial analysis. In months 2, 5 and 10, the bedded plots are significantly different (p<0.05) 
from the flat planted plots.   
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Abstract 

While most existing longleaf pine stands occur on drier sites, natural longleaf habitats 

range from well-drained uplands to poorly-drained flats.  Artificial regeneration is required to 

restore longleaf pine where the natural seed source has been lost and site preparation is often 

employed to establish seedlings.  Site preparation methods used in restoring longleaf pine to 

poorly drained sites were evaluated.  The study is a randomized block design with eight 

silvicultural treatments imposed to ameliorate conditions commonly thought to impede longleaf 

survival and growth, such as poor drainage and vegetative competition.  The treatments included 

a competition control component of either an herbicide application or a single-pass chop prior to 

burning, followed by flat planting, mounding and planting or bedding and planting.  Also 

included in each block were a control (burned and flat planted) and an intensive treatment (an 

herbicide and a chop prior to bedding).  Site preparation treatments did not have a significant 

effect on seedling survivorship after two growing seasons.  Height and root collar diameter, 

however, were significantly larger on the bedding, mounding and herbicide treatments.  Bedding 

in combination with the chop plus herbicide application had the greatest growth among all 

treatments.  When combined with herbicides, seedling growth in the bedded and mounded 

treatments performed better than seedlings in the chop-bed and chop-mound treatments, 

respectively.  Seedling biomass, when compared between flat planting and bedding, was greater 

on bedded sites.  In general, more intensive treatments had greater seedling growth responses and 

earlier emergence from the grass stage. 
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Introduction 

The restoration of longleaf pine (Pinus palustris Mill.) stands has emerged as a 

conservation priority in the southeastern United States (Jose et al. 2003).  Because many areas 

within its historical range no longer contain a longleaf pine overstory for natural regeneration 

(Barnett 1999) and due to its long-standing reputation of being difficult to regenerate (Boyer 

1988), longleaf pine has often been replaced by other southern pine species.  However, in 

addition to the timber value, the longleaf pine ecosystem is now recognized as having 

extraordinary levels of floral diversity, as well as high numbers of endemics (Outcalt and 

Sheffield 1996, Peet and Allard 1993).   

While most existing longleaf pine stands occur on drier sites, natural longleaf habitats 

range from well-drained uplands to poorly drained flats, the latter noted for extraordinary levels 

of plant species richness.  Artificial regeneration is often required to restore longleaf pine on 

poorly drained soils and different site preparation methods are frequently employed to ameliorate 

difficult field conditions such as poor drainage and vegetative competition for limited resources 

(Boyer 1988, Burger and Pritchett 1988).  However, there is little information available on the 

efficacy and persistence of common silvicultural methods on longleaf seedling survival and early 

growth on wet, poorly drained sites.   

The primary objective of this study was to determine the effects of commonly employed 

site preparation treatments on early survival and growth of longleaf pine seedlings planted on 

poorly drained sites.  This research is one component of an on-going project designed to evaluate 

site preparation methods for optimal tree survival and growth, and minimal effects on the 

understory plant community.   
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Methods 

 The project is based at Marine Corps Base (MCB) Camp Lejeune in Onslow County, 

North Carolina.  Camp Lejeune is situated in the Atlantic Coastal Flatlands section of the Outer 

Coastal Plains Mixed Forest Province (Bailey 1995).  Study sites are located on Leon soils 

(sandy, siliceous, thermic Aeric Alaquod), a poorly drained fine sand with a cemented spodic 

horizon.  Despite being poorly drained, spodosols have a low water-holding capacity due to a 

sand texture, low organic matter and macroporosity of surface horizons (Barnhill 1992).  The 

study sites were previously occupied with slash (Pinus elliottii Englem.) and loblolly pines 

(Pinus taeda L.) ranging in age from 10 to 40 years.  The previous stands were sheared 6 months 

to 2 years prior to treatment installation.   

The experiment included a randomized block design with 8 treatments assigned to 0.6 ha 

plots replicated on six blocks.  Each treatment plot consisted of a 15 m buffer to minimize edge 

effects of treatments and a 0.4 ha interior measurement plot.  The treatments were installed in 

different stages from August to December 2003 and included: a single-pass chop or broadcast 

herbicide application prior to burning, followed by flat planting, mounding and planting, or 

bedding and planting.  Included in each block were a control treatment (burned and flat planted) 

and a combination treatment (herbicide and chop prior to bedding).  

 The chop treatment was done with a 2.4 m Lucas Drum Chopper1 pulled by a TD15 

Dresser crawler tractor1.  The herbicide treatment, a combination of Chopper®1 [1] (2.8 liter ha-

1) and Garlon 4®1 (1.4 liter ha-1), was broadcast applied prior to burning as an alternative to 

chopping.  A Rome 6 disc bedding harrow1 (3 on each side) pulled with a TD15 Dresser crawler 

tractor1 created 2.1 m to 2.4 m wide beds.  Mounding was done with a New Forest 
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Technology�1 custom mounding bucket mounted on a Caterpillar 320BL excavator1.  Mounds 

(1.2 m wide) were installed in rows as opposed to an irregular pattern that is usually employed.  

While bedding has become routine (Thomas et al. 2004), the technique of mounding is not used 

extensively in the Southeast.  Mounding as a site preparation technique has been used for 

centuries, and currently is used in the uplands of Scandinavia and Canada, and is becoming more 

prevalent in the Upper Great Lake States (Londo 2001, Sutton 1993).  Mounding involves 

scooping up soil and inverting it on the forest floor creating a double organic layer to serve as a 

nutrient and water source for seedlings.  Like bedding, mounding can be used to ameliorate a 

variety of constraints on stand establishment.  It can increase the volume of aerated soil on wet 

sites and correct excessive soil moisture, while increasing the rooting zone (Sutton 1993, Londo 

2001).  Additional potential benefits are conservation of run-off water into the pits (with each 

mound is an associated pit), competition control, and an increase in nutrient availability resulting 

from increased decomposition (Londo 2001). 

 Longleaf pine seed was collected locally at MCB Camp Lejeune and the resulting 

container grown seedlings were hand planted on 4.5 m x 2 m spacing in December 2003.  The 

seeds were sown in Rotak multipots1 (6-45) in a vermiculite-peat moss-perlite (2:2:1) planting 

medium and fertilized with 3.5 kg m-3 Osmocote1 control release fertilizer.  Seedlings were kept 

on outdoor benches and watered with an automatic sprinkler.  The minimum requirement for 

seedlings was > 0.5 cm root collar diameter (RCD) and abundant secondary needles > 10 cm in 

length.   

Measurement plots were surveyed for seedling survival at 6, 12 and 24 months following 

planting.  Twenty random seedlings from each treatment plot were selected for growth 
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measurements and permanently marked for continued monitoring.  Root collar diameter was 

measured to the nearest millimeter with digital calipers early in the first growing season (June 

2004) and following the first and second growing seasons in the dormant season (December 

2004 and 2005).  Height from RCD to the base of the terminal bud was measured to the nearest 

centimeter with a measuring tape in December 2005.  Seedlings were considered to be in height 

growth when the terminal bud reached a height of 15 cm (Boyer 1988, Nelson et al. 1985).  

Seedling survival and growth data were analyzed with a mixed linear model to test for significant 

differences among treatments (Proc mixed, SAS Institute 2002, Cary, NC).  The treatment, as 

well as any interactions, effects on seedling survival and growth were tested as a 2x3 factorial.  

The control and chop-herbicide-bed treatment did not fit into a factorial and were omitted from 

this portion of the analysis.  Differences were considered significant at p ≤ 0.05. 

In addition to the measuring of survival and growth at 24 months, five randomly selected 

seedlings from the chop-bed and chop-flat treatments (most commonly utilized treatments at 

Camp Lejeune) on three blocks were destructively sampled to quantify differences in biomass.  

The other blocks were not available due to military training activity.  Seedlings were excavated 

from a 1 m3 pit.  Roots extending beyond one meter were clipped.  The RCD was measured to 

the nearest millimeter with digital calipers.  Above-ground (needles and stem) and below-ground 

(roots) portions were separated, oven-dried at 65º C for 48 hours, weighed to the nearest gram, 

and ground through a 20 mm screen in a Wiley Mill.  Component parts were analyzed for carbon 

(C), nitrogen (N) and macronutrient (phosphorus (P), potassium (K), magnesium (Mg), and 

calcium (Ca)) concentrations.  Samples analyzed for macronutrients were run through a TJA 61E 

Inductively Coupled Plasma (ICP) Spectrometer1 (Jobin-Yvon, Edison, New Jersey).  Samples 
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analyzed for C and N percent were processed through a Flash C/N/S 1112 Series Elemental 

Analyzer1 (Thermo Finnigan, Italy).  The statistical analysis was based on a randomized 

complete block design and tested for effects between flat planting and bedding on the measured 

variables.  Correlation analysis was used to determine relationships among measured variables 

(Proc mixed and Proc corr, SAS Institute 2002, Cary, NC).   

 

Results and Discussion 
 
Survival and Growth 

 Six months after planting, all treatments had > 85 percent seedling survival with the 

control being the highest (95 percent) and the chop-bed being the lowest (86 percent) (Table 1). 

There were significant differences among treatments; specifically the chop-bed, chop-mound, 

and herbicide-mound were all significantly different from the control (p=0.020, 0.033, and 0.014 

respectively).  After one year, the treatment differences were no longer evident (p = 0.745) 

however the control treatment continued to have the highest survival (75 percent) and the chop-

bed the lowest (64 percent) (Table 1).    

While it is frequently reported that the majority of seedling mortality occurs primarily in 

the first growing season (Ramsey et al. 2003, Boyer 1988), we saw an unexpectedly high rate of 

mortality through the second growing season among all the treatments (Table 1).  Mortality was 

not significantly different (p= 0.703) among treatments through the second growing season.  

Poor survival is often attributed to the quality of nursery stock, quality of planting or 

unsatisfactory field conditions during planting and through the first year (Larson 2002, Boyer 

1988).  The within treatment variation for percent survival was often extremely dramatic.  For 
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example, the herbicide-mound treatment, after two growing seasons, had a minimum survival 

rate of 7 percent and a maximum of 84 percent among treatment plots.  The variation within 

treatment plots increased dramatically from 6 months to 1 year and again to year 2 (Table 1).   

Field observations suggest that, within a treatment, much of the variation was due to 

differences in planting quality.  Within an individual treatment plot, it was frequently observed 

that the majority of seedlings in a row were dead or severely chlorotic while the majority in the 

adjacent row exhibited vigor, suggesting that planting quality varied with individual planters.  

Planters move down rows as a group and the same individual almost never plants adjacent rows.  

It is likely that poor quality control and varying planter skill levels resulted in high variation in 

seedling survival.  However, the same planting crew was used for the entire research area thus 

the planting quality was consistent among the different planting environments.   

Factorial analysis detected no significant difference on seedling survival resulting from a 

chop or an herbicide application (p = 0.52) through two growing seasons.  A significant 

difference (p = 0.015) was detected among planting method (bed, mound or flat) after 6 months 

between flat planting (92 percent survival) and mounding (87 percent survival).  That difference 

did not persist however, and after two growing seasons, flat planting continued to have the 

highest survival rate (58.8 percent), while mounding and bedding had rates of 47.7 and 50.4 

percent, respectively.  No significant interaction between an herbicide application or chop and 

mounding, bedding or flat planting was detected.   

While survivorship did not reflect different responses due to treatments, early growth and 

emergence from the grass stage were influenced by the treatments.  After the first and second 

growing seasons, seedlings from treatments receiving an herbicide application, bedding, or 
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mounding had larger RCDs and greater height growth than either the chop-flat treatment or the 

control (Table 2).  Differences in RCD became more pronounced among treatments following 

the second growing season (Figure 1).  The herbicide-bed and chop-herbicide-bed had the 

greatest RCD, yet it did not appear that the effect from the chop and herbicide together was 

additive.  The RCD has been linked to initiation of height growth (Ramsey et al. 2003, Lauer 

1987), and a significant (p ≤ 0.05) positive correlation was found between the two for all 

treatments.    

After 2 growing seasons, less than 5 percent of the seedlings were emerging from the 

grass stage in the chop-mound, herbicide-flat, and chop-bed treatments.  The herbicide-mound 

treatment had approximately 10 percent emerging, the herbicide-bed 20 percent, and the chop-

herbicide-bed had the greatest number emerging at 25 percent.  The chop-flat treatment and 

control plots had no seedlings emerging from the grass stage after two years.   

A factorial analysis of growth (Table 2) found the herbicide treatment yielded 

significantly greater height (p < 0.0001) and RCD (p < 0.0001) than the chop treatment.  

Longleaf seedlings are sensitive to competing vegetation (Boyer 1990) and controlling 

competition in the first growing season has resulted in earlier emergence from the grass stage 

(Larson 2002, Boyer 1988).  Ramsey et al. (2003) deduced that competition may be just as 

important as RCD for emergence from the grass stage.  Herbicide applications have been 

reported to significantly improve early growth of planted longleaf pine seedlings, resulting in 

earlier emergence from the grass stage (Ramsey and Jose 2004, Ramsey et al. 2003, Nelson et al. 

1985).  Treatments that reduce competition also increase available nutrients and moisture to the 

seedling (Spittlehouse and Childs 1990, Morris and Pritchett 1982), and N and P are the most 
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limiting nutrients in the wet, sandy soils of the Coastal Plain (Christensen 1993, Burger and 

Pritchett 1988).  The significant difference in growth between the chop and herbicide treatments 

was not supported by the factorial analysis of seedling foliar concentration presented in Chapter 

2 (see Chapter 2 for methodology) (Table 3).   

The factorial analysis showed that seedlings in bedded and mounded treatments had 

significantly greater growth than those in the flat planted treatment (Table 2).  Mechanical site 

preparation is routinely employed to improve microsites for seedlings (Burger and Pritchett 

1988) and mounding and bedding improve drainage and aeration with additional competition 

control by disturbing the soil surface (Spittlehouse and Childs 1990, Morris and Pritchett 1983).  

The bedded, mounded and flat planted treatments had significant differences for foliar C, N, P, 

and Mg (see Chapter 2 for methodology).  Although the bedded treatment had a significantly 

higher foliar P concentration (P= 0.023), levels were deficient across treatments.  The mound and 

bed treatments had significantly (P < 0.0001) higher foliar N concentration than the flat planted 

treatment, which was the most deficient (Table 3).   

While site preparation is designed to alleviate nutrient deficiencies, controversy exists on 

the effects of silvicultural activities on nutrient contents.  Schultz (1976) reported that early 

increases in foliar nutrient contents may be attributed to bedding and piling the nutrient-rich soil 

surface on the planting beds in the first years following site preparation.  Burger and Pritchett 

(1988) found that wind-rowing, disking and bedding as compared with a low intensity treatment 

enhanced nutrient contents.  Differences between the high and low intensity treatments persisted 

for one to two years, suggesting that mechanical repositioning of soil organic matter resulted in 

temporary increases in available nutrients.  However, differences in soil moisture and depth to 
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the water table might have also been partially responsible for the better two-year growth 

response on the intensively prepared plots.  Increased soil temperatures and more pronounced 

wet and dry cycles, which characterize intensively prepared plantations, may stimulate organic 

matter decomposition and N mineralization (Burger and Pritchett 1988).  Other studies (Morris 

and Pritchett 1983, Shultz 1976) examining nutrient changes on similar coastal plain sites 

following varying intensities site-preparation have failed to find meaningful differences.   

In the Southeast, mounding has only been reported with slash pine.  Haywood (1987) 

studied slash pine on silt-loam soils in Louisiana and found greater survival and accelerated 

growth due to mounding.  The discontinuous nature of mounds permits natural surface drainage 

and provides additional rooting during the winter when the water table is highest. (Sutton 1993).  

However, despite the early positive results, the long-term evaluation of settling, erosion and re-

growth of competing vegetation following mounding is lacking. 

 

Destructively harvested seedlings 

 Variation in nutrient concentration and biomass of destructively harvested seedlings, 

within each of the bedded and flat planted treatments was large; thus, detecting significant 

differences between treatments with a low number of samples was difficult (Table 4).   The 

above-ground difference in seedling biomass between treatments, though not statistically 

significant, was numerically large and was readily observed in the field, as was the difference in 

root biomass during extraction.  Thus, we probably did not have an adequate sample size to 

detect real differences. Sword (1994) found that new root growth in seedlings responded 

positively to warmer root-zone temperatures often associated with site preparation practices such 
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as bedding.  This response was sensitive to water stress, which may become more pronounced as 

root-zone temperatures increase (Sword 1994, Morris and Pritchett 1983).  The occurrence of 

most lateral roots of longleaf pine seedlings within the upper foot of the soil, where most of the 

roots of grasses and herbs associated with pines also occur, indicates that there is competition for 

soil moisture during dry conditions (Pessin 1939).  

For both treatments, respective RCDs were positively correlated with needle, stem, and 

root weights (p = 0.0002, 0.0012, <0.0001, respectively).  However, no significant difference 

(p=0.35) in RCD was detected between treatments (8.66 ± 3.6 mm and 22.17± 7.3 mm for flat 

and bed treatments, respectively).  In the bedded treatment, below- and above-ground biomass 

was positively correlated with root and stem N, but not needle N.  The total above- and below-

ground weights in the bedded (70.42 and 56.87 g, respectively) versus the flat treatment (14.13 

and 13.41 g, respectively) led to similar above-: below-ground ratios of 1.27 and 1.09.   

 

Conclusions 
 

No significant differences in survival were observed among the site-preparation 

treatments in agreement with the findings of other researchers (Ramsey et al. 2003, Morris and 

Pritchett 1982).  The chop treatment did not provide an advantage over the control treatment in 

survival or seedling growth, but may improve the accessibility of the planting environment for 

the planters (Danny Becker, Pers. Comm., MCB Camp Lejeune, May 2005).  Because the greater 

ease of planting provided by the chop does not convert into measurable results, it may be 

unwarranted.   
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Factorial analysis revealed that between competition control treatments, there was no 

significant difference in foliar nutrient concentration, yet the trees in the herbicide treatment had 

significantly greater height growth and larger RCDs.  Mechanical bedding and mounding 

significantly increased height growth and RCDs over flat planting, as well as having higher foliar 

N and C.  Foliage from bedded seedlings also had higher P, yet the concentration was deficient 

across treatments.  Bedding in combination with both the chop and herbicide application had the 

greatest growth among all treatments.  When combined with herbicides, seedling growth in the 

bedded and mounded treatments outperformed the chop-bed and the chop mound treatments, 

respectively.  

The high sand content of the soils (>90 percent) lessens the effectiveness of mounding, 

unless the mounds are permitted to settle for additional time prior to planting.  Microsite erosion 

is evident around seedling plugs and continued mortality is expected, whereas mortality in the 

treatments receiving bedding or flat planting is expected to only increase incidentally. In general, 

mounding provided benefits in seedling growth similar, yet not always as great as bedding, when 

compared to seedlings that were flat planted.  Mounds are approximately half as wide as beds, 

resulting in half the area of disturbed ground.  Consequently, mounding is likely a viable 

alternative to bedding in loamy and clay soils where an altered planting microsite is desired, but 

the total land base to be disturbed is to be minimized.   

Where herbicides are not appropriate, bedding provides an advantage for seedling 

growth.  Seedling biomass tended to be greater on bedded sites compared with flat planted 

seedlings when only combined with a chop.  Likewise when bedding is not permissible, 

herbicides offer a seedling growth advantage when combined with flat planting. In general, the 
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more intensive treatments had greater, significant growth responses by seedlings and an earlier 

emergence from the grass stage. 

 

Footnote 
[1] Brand name is included for the benefit of the reader and does not constitute endorsement by 
either the Department of Defense or the USDA Forest Service.   
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Table 1.  Mean percent seedling survival with standard deviation given in parenthesis.  Within a 
column, values not sharing a letter are significantly different (p ≤ 0.05). CTL=control, C=chop, 
H=herbicide, M=mound, B=bed, F=flat planted.    

Treatment Mean % survival 
 6 months Year 1 Year 2 

CB 86.3a (7.9) 64.2 (18.1) 50.7 (15.6) 
CF  92.7ab (2.0) 70.5 (14.7) 61.7 (16.3) 

CHB  90.9ab (4.9) 65.9 (10.6) 53.4 (13.5) 
CM 87.3a (7.4) 73.7 (13.4) 43.3 (25.1) 
HB  89.6ab (6.4) 68.8 (16.7) 53.9 (18.3) 
HF  92.3ab (4.3) 70.8 (16.6) 48.7 (28.5) 
HM 87.1a (3.8) 66.3 (09.4) 48.7 (28.5) 
CTL 95.2b (1.8) 74.9 (19.3) 52.4 (16.1) 
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Table 2.  Mean seedling root collar diameter (RCD in mm) and height to terminal bud (TB in 
cm) by treatment and date.  Within a column, values not sharing a letter are significantly 
different (p ≤ 0.05). CTL=control, C=chop, H=herbicide, M=mound, B=bed, F=flat planted.        
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Treatment RCD Height to 
TB  

 6 months Year 1 Year 2 Year 2 

CB 10.26   14.31 cb  25.46 b     4.24 bc 
CF  9.74  12.79 c 16.73 c   1.72 c 

CHB 10.34   15.79 ab 31.43 a 11.66 a 
CM 10.31   14.52 cb  21.69 bc    4.55 bc 
HB 10.59 16.62 a 31.62 a 10.17 ab 
HF 10.09   14.57 cb  21.43 bc  2.63 c 
HM 10.63  14.67 cb 24.73 b    7.09 abc 
CTL 10.54 13.37 c 15.79 c  1.43 c 

Pr>F 0.4777 <.0001 <.0001 <.0001 

Factorial 

Chop 10.09 13.78 b 21.37 b 3.79 a 
Herb 10.44 15.28 a 25.93 a 6.62 b 

Pr>F 0.053 <0.0001 <0.0001 <0.0001 

     
Bed 10.42 a 15.46 a 28.52 a 7.18 a 

Mound 10.46 a 14.52 b 23.28 b 6.02 a 
Flat  9.92 b 13.61 c 19.15 c 2.41 b 

Pr>F 0.017 <0.0001 <0.0001 <0.0001 
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Table 3.  Mean nutrient concentrations of foliage from the factorial analysis.  Within a column, 
values not sharing a letter are significantly different (p ≤ 0.05).  
 
 
 
 
 
 
 
 
 
 
 
 
 

Treatment Percent Parts per million 

 C N P Mg Ca K 

Bed 50.63a 0.88a 639.69a 1360.1 a 3780.7 4222.2 

Mound 50.56a 0.94a 589.09b 1270.9 b 3508.6 4029.9 

Flat 50.01b 0.73b  612.89ab 1386.6 a 3557.2 4109.1 

Pr>F 0.0004 <0.0001 0.023 0.0043 0.054 0.46 

       
Chop 50.51 0.842 626.07 1389.4 3540.9 3897.9 

Herb 50.28 0.862 601.71 1288.9 3690.0 4342.9 

Pr>F 0.10 0.32 0.11 0.0008 0.14 0.0006 
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Table 4.  Means (standard deviations) of measured variables from seedling extraction by component parts.  Carbon (C) and nitrogen 
(N) are concentrations in percent; phosphorus (P), magnesium (Mg), calcium (Ca), and potassium (K) are concentrations in parts per 
million; and biomass is grams. 
 

 
 
 
 
 
 
 
 
 

 
 

 

Variable Needles Stems Roots 

Nutrients Pr>F Flat Bed Pr>F Flat Bed Pr>F Flat Bed 

C 0.88   48.55 (5.58)  48.94 (5.92) 0.27  47.76 (3.27) 45.47 (5.58) 0.61  50.22 (2.03) 50.56 (0.87) 

N  0.085     0.661 (0.16)    0.847 (0.16) 0.083    0.480 (0.13)   0.655 (0.21) 0.23    0.387 (0.11)   0.489 (0.18) 

P  0.30 548.57 (98.40)  771.21 (301.99) 0.27 488.11 (144.28  578.03 (178.73) 0.37 336.70 (45.58) 589.77 (363.25) 

Mg 0.29 1572.41 (199.93)  1447.94 (250.79) 0.77 1408.70 (274.99) 1378.50 (195.38) 0.83 1110.77 (312.60) 1130.52 (177.69) 

Ca 0.38 3647.95 (812.97) 4072.5 (738.58) 0.45 3448.13 (945.72) 3793.62 (805.99) 0.48 1779.61 (550.27) 1639.78 (376.81) 

K 0.37 3582.16 (1457.0)  4159.91 (1176.0) 0.62 2011.70 (562.17) 2188.81 (843.47) 0.67 2555.56 (605.43) 2460.94 (535.98) 

Biomass  0.16 10.98 (6.48) 53.60 (52.88) 0.17 3.15 (1.64) 16.81 (22.07) 0.15 13.44 (8.09) 56.87 (49.65) 
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Figure 1.  Root collar diameter (RCD) by treatment through two growing seasons.  CTL=control, 
C=chop, H=herbicide, M=mound, B=bed, F=flat planted. 
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CONCLUSION 
 
 

 This research project was initiated at the request of MCBCL to help address questions 

that could guide natural resource management and assist in meeting recovery goals for listed 

species as outlined by the FWS.  The goal was that this information would provide the scientific 

basis for land management decision making, as well as expanding the set of management tools 

available to restore and manage longleaf pine lands.  By assessing the effects of a variety of site 

preparation treatments, various tools could either be dismissed for having too great of a negative 

impact to the ecosystem, or utilized because the impact was either minimal or even beneficial.  

Thus, a case could be made by natural resource managers to retain and/or add tools that were 

previously not considered acceptable for restoration purposes. 

 While the results have provided technical answers regarding site preparation techniques, 

in my experience, it may be that political considerations and/or traditions of established practices 

and the beliefs that accompany them are the overriding factors that guide decision making.  

Although not reported in this dissertation, the results from measuring site preparation treatment 

effects on the understory plant community essentially showed no loss of species diversity on a 

large scale (10 m2 versus 1 m2), and only minimal shifts in dominance from the more intensive 

practices of bedding and herbicides.  The understory plant community was not considered 

pristine in the research area due to its land use history, but it did retain many of the 

characteristics and plant species considered indicative to longleaf pine ecosystems.   

 I have presented the results of this work to several different types of groups in different 

meeting settings across the North Carolina Coastal Plain. When foresters were the primary 

audience, the results confirmed their stance that longleaf pine seedling growth could be, and in 
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some cases dramatically so, improved by certain site preparation techniques.  And when they 

heard the results about the understory community, the response was often one of hope that this 

research would support bedding activities in all longleaf pine situations.  Conversely, when the 

audience primarily consisted of those involved in restoring longleaf pine in areas that had been 

dedicated as conservation easements or natural areas, the response was consistently that bedding 

and herbicides had no place in the restoration of the ecosystem on these lands and early seedling 

growth was of little concern.  Thus, the idea that a variety of techniques for site preparation had 

been tested so that land managers could selectively utilize a broader range of tools for restoration 

work has not realized its full potential. 

 Regardless of my experience with distinct groups working with longleaf pine, the 

research project as a whole was successful.  The design and implementation were sound and the 

results represent conscientious work with good quality controls.  Hindsight revealed that the 

newer method of mounding should have been more carefully evaluated prior to actual 

implementation in the treatment plots.  Additional numbers of replicates would have helped deal 

with the heterogeneous soil patterning across the landscape, but practicality prevailed and sound 

statistical guidance helped address that issue.  And I ultimately discovered that very few people 

shared my interest in the detailed soils work which often revealed very subtle results, and so 

much of it has been omitted from presentation.  In spite of some of the difficulties, however, the 

knowledge pool of longleaf pine management and restoration on poorly-drained soils has been 

increased for the broader audience across the Coastal Plain. 

 The project will have much greater meaning if the study areas are followed for the long-

term.  While the short-term effects are important for those having difficulty in establishing 
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longleaf pine seedlings, and for those seeking quicker release from the grass stage, the 

persistence of the effects will be the true measure of the site preparation techniques.  Additional 

funding is being sought for long-term monitoring and the ultimate goal is to establish long-term 

study plots. 

 

 

 

 
 



 76

LITERATURE CITED 
 

Allison, D. 1795. Record of Deeds, Onslow County. Land Grants 1712-1800. Land grant, #732, 
pp. 649-650. North Carolina State Archives, North Carolina Division of Historical 
Resources. Raleigh, NC. 

 
Angely, W. 1997. Maritime North Carolina in the 18th Century. Abstract of the Treasurer�s and 

Comptroller�s Papers, Port Records. North Carolina State Archives, North Carolina 
Division of Historical Resources. Raleigh, NC. 

 
Bailey, R.G. 1995. Description of the ecoregions of the United States (2nd edition). Misc. Pub. 

No. 1391. USDA Forest Service. Wash., DC. 
 
Bannister, Cowan & Co. 1869. The Resources of North Carolina: Its natural wealth, condition, 

and advantages, as existing in 1869. Presented to the capitalists and people of the central 
and northern States. Bannister, Cowan & Co. Wilmington, N. C. 

 
Barnett, J.P. 1999. Longleaf pine ecosystem restoration: The role of fire. Journal of Sustainable 

Forestry. 9:89-96. 
 
Barnhill, W.H. 1992. Soil Survey of Onslow County, North Carolina. National Cooperative Soil 

Survey. Soil Conservation Service. USDA.   
 
Boice, L.P. 2007. Managing Endangered Species on Military Lands. 

[http://www.umich.edu/~esupdate/library/96.07-08/boice.html]. January 2007.   
 
Boyer, W.D. and J.H. Miller. 1994. Effect of burning and brush treatments on nutrient and soil 

physical properties in young longleaf pine stands. Forest Ecology and Management. 
70:311-318. 

 
Boyer, W.D. 1990. Pinus palustris Mill. Longleaf pine. In Silvics of North America. Vol. 1 

Conifers, Burns, R.M and B.H Honkala (technical coordinator). Agricultural Handbook 
654. USDA Forest Service. Wash., DC.  

 
Boyer, W.D. 1988. Effects of site preparation and release on the survival and growth of planted 

bare-root and container grown longleaf pine. Paper 76. Georgia Forest Research Division. 
Georgia Forestry Commission. 

 
Brown, J.P. 1960. The Commonwealth of Onslow; A History. The Owen G. Dunn Co. New 

Bern, NC. 
 
Burger, J.A. and W.L. Pritchett. 1988. Site preparation effects on soil moisture and available 

nutrients in a pine plantation in the Florida flatwoods. Forest Science. 34:77-87. 
 



 77

Camp Lejeune. 1942. Historical Documents Concerning Land Acquisition. Dept. of Public 
Works. Marine Corps Base Camp Lejeune. Camp Lejeune, NC.  

Carter, M.C., T.J. Dean, M. Zhou, M.G. Messina, and Z. Wang. 2002. Short-term changes in soil 
C, N, and biota following harvesting and regeneration of loblolly pine (Pinus taeda L.). 
Forest Ecology Management. 164:67-88. 

 
Christensen, N. 1993. The effects of fire on nutrient cycles in longleaf pine ecosystems.   

In Hermann, S.M. (Ed.), The longleaf pine ecosystem: ecology, restoration and 
management. Tall Timbers Fire Ecology Conference, 18th Proceedings. Tallahassee, FL. 
pp. 205-214.  
 

Christensen, N.L. 1989. Landscape history and ecological change. Journal of Forest History. 
33:116-124. 
 

Christensen, N.L. 1977. Fire and soil-plant nutrient relations in a pine wiregrass savanna on the 
Coastal Plain of North Carolina. Oecologia. 31:27-44. 

 
Clark, T.D. 1984. Greening of the South; recovery of land and forest. The University of 

Kentucky Press. Lexington, KY. 
 
Crittenden, C.C. 1931. Overland travel and transportation in North Carolina: 1763-1789. North 

Carolina Historical Review. 8:239-257.   
 
Croker, T.C., JR. 1979. The Longleaf Pine Story. Journal of Forest History. 23:32-43.   
 
Cumming, W.P. 1966. North Carolina in Maps. North Carolina State Archives, North Carolina 

Division of Historical Resources. Raleigh, NC. 
 
Dennington, R.W. and R.M. Farrar. 1983. Longleaf pine management. Forestry Report R8-
 FR 3. USDA Forest Service, Southern Region. Atlanta, GA.  
 
Department of the Interior. 1865. Manufactures of the United States in 1860. Eighth Census. 

Government Printing Office. Wash., D.C.   
 
Department of the Navy. 1992. Record of Deeds, Onslow County. Deed book 1039, pp. 636-679. 

Dept. of Public Works. Marine Corps Base Camp Lejeune. Camp Lejeune, NC. 
 
Department of the Navy. 1994. 1994 GSRA Master Development Plan. Marine Corps Base 

Camp Lejeune, NC. Naval Facilities Engineering Command. Norfolk, VA.  
 
Dickens, E.D., D.J. Moorhead, and B. McElvany. 2003. Pine plantation fertilization. Better 

Crops. 87:2-15. 
 



 78

Dozier, H.D. 1920. A History of the Atlantic Coast Line Railroad. Houghton Mifflin Co. New 
York, NY. 

 
Fallis, F.G. 1993. Forest vegetation management - current practices and future needs: 
 perspective from forest industry. Proceedings of the Southern Weed Science Society 
 46:124. 
 
Foster, J.C. 1907. Record of Deeds, Onslow County. Deed book 94, pp. 405-407. North Carolina 

State Archives, North Carolina Division of Historical Resources. Raleigh, NC. 
 
Foster, J.C. 1913. Record of Deeds, Onslow County. Deed book 117, pp. 20-22. North Carolina 

State Archives, North Carolina Division of Historical Resources. Raleigh, NC. 
 
Fox, T.R. 2000. Sustained productivity in intensively managed forest plantations. Forest Ecology 

and Management. 138:187-202. 
 
Foy, L. 2007. Retired, International Paper Co. Personal communication.  
 
Frost, C.C. 2001. Presettlement vegetation and natural fire regimes of Camp Lejeune. North 

Carolina Dept. of Agriculture, Plant Conservation Program. Raleigh, NC. 
 
Frost, C.C. 1993. Four centuries of changing landscape patterns in longleaf pine ecosystems.  In 

Hermann, S.M. (Ed.), The longleaf pine ecosystem: ecology, restoration, and 
management. Tall Timbers Fire Ecology Conference, 18th Proceedings. Tall Timbers Fire 
Ecology Conference. Tallahassee, FL. pp 17-44. 

 
Frost, C.C. 1990. Natural Diversity and Status of Longleaf Pine Communities. In Forestry in the 

1990�s: A Changing Environment. Regional Technical Conf. and 69th Annual Business 
Meeting of the Appalachian SAF. Pinehurst, NC. pp 26-35. 

 
Grigal, D.F. 2000. Effects of extensive forest management on soil productivity. Forest Ecology 

and Management. 138:167-185. 
 
Gilbert, J. and G. Jefferys. 1969. Crossties through Carolina. The Helios Press. Raleigh, NC. 
 
Gwynn, Z.H. 1961. Records of Onslow County, North Carolina. Volumes 1 and 2; 1734-1850. 

Onslow County Records. North Carolina State Archives, North Carolina Division of 
Historical Resources. Raleigh, NC. 

 
Hardesty, J.L., K.E. Gault, and F.P. Percival. 1997. Ecological correlates of red-cockaded 
 woodpecker (Picoides borealis) foraging preference, habitat use, and home range size 
 in northwest Florida (Eglin Air Force Base). Final Report Research, Work Order 99.
 Florida Cooperative Fish and Wildlife Research Unit, University of Florida. 
 Gainesville, FL. 



 79

 
 
Hartmann, J.R. and J.H. Goldstein. 1994. The Impact of Federal Programs on Wetlands - Vol. II. 

A Report to Congress by the Secretary of the Interior. Wash., DC. 
 

Haywood, J.D. 2005. Effects of herbaceous and woody plant control on Pinus palustris growth 
and foliar nutrients through six growing seasons. Forest Ecology and Management. 
214:384-397. 

 
Haywood, J.D. 1987. Response of slash pine planted on mounds in central and southwestern 

Louisiana. New Forests. 4:291-300. 
 
Henderson, S.B. 1979. Jones County: Fact and Folklore. The State Library of North Carolina. 

Raleigh, NC. 
 
Hough, LtCol F.O., Maj V.E. Ludwig, and H.I. Shaw, Jr. 1958. Pearl Harbor to Guadalcanal.  

First volume of the series: History of U.S. Marine Corps Operations in World War II.   
Washington: Historical Branch, G-3 Division, Headquarters U.S. Marine Corps. 

 
Hurst, A. 1983. The Heritage of Onslow County. Onslow County Historical Society. Hunter 

Publishing Co. Winston Salem, NC.   
 
International Paper Company. 2007. Paper Making Timeline. 

[http://internationalpaper.com/Our%20Company/About%20Us/Paper%20Making%20Ti
meline.html]. September 2007. 

 
James, F.C., C.A. Hess, and D. Kufrin. 1997. Species-centered environmental analysis: 
 indirect effects of fire history on red-cockaded woodpeckers. Ecological  Applications. 
7:118-129. 
 
Jordon & Davis Company. 1913. Record of Deeds, Onslow County. Deed book 117, pp. 21. 

North Carolina State Archives, North Carolina Division of Historical Resources. Raleigh, 
NC. 

 
Jordon and Davis Co. 1915. Record of Deeds, Onslow County. Deed book 124, pp. 122-124. 

North Carolina State Archives, North Carolina Division of Historical Resources. Raleigh, 
NC. 

 
Jose, S., S. Merritt, and C.L. Ramsey. 2002. Growth, nutrition, photosynthesis and transpiration 

responses of longleaf pine seedlings to light, water and nitrogen. Forest Ecology and 
Management. 180:335-344.  

 
Lanier, B. Retired, International Paper Co. Personal communication.  
 



 80

Larson, D.R. 2002. Field planting containerized longleaf pine seedlings. General Technical 
Report, SRS-56. USDA Forest Service. Asheville, NC. 

 
Lauer, D.K. 1987. Seedling size influences early growth of longleaf pine. Tree Planter�s Notes. 

38:16-17. 
Lawson, J. 1709. A new voyage to Carolina; containing the exact description and natural history 

of that country: together with the present state thereof and a journal of a thousand miles, 
travel�d thro� several nations of Indians, giving a particular account of their customs, 
manners, & c. Printed for W. Taylor and J. Baker 1714. London. 

 
LeBlond, R., J.O. Fussell, and A.L. Braswell. 1993. Inventory of the rare species, natural 

communities and critical habitats of the great sandy run area, Camp Lejeune. North 
Carolina Natural Heritage Program. Dept. of Environment, Health and Natural 
Resources. Raleigh, NC. 

 
Lewis, R.H. 2002. Integrated Cultural Resources Management Plan (ICRMP) Marine Corps 

Base Camp Lejeune, Onslow County, North Carolina. U.S. Army Corps of Engineers 
Wilmington District, NC. 

 
Littleton, T.C. 1981. A civilian history of Camp Lejeune area from earliest settlement to 1941. 

Department of the Navy. Unpublished manuscript. North Carolina State Archives, North 
Carolina Division of Historical Resources. Raleigh, NC.  

 
Loftfield, T.R. 1981. An Archeological and Historical Survey of U.S.M.C. Base Camp 
 Lejeune. Contracted by the Department of Defense. Naval Facilities Engineering 
 Command. Norfolk, VA. 
 
Londo, A.J. 2001. Bucket mounding as a mechanical site preparation technique in wetlands.  

Northern Journal of Applied Forestry. 18:7-13. 
 
Manning, P. 2007. Important bird areas: North Carolina Coastal Plain and Sandhills. 
 The Audubon Society. [http://www.audubon.org/chapter/nc/nc/IBAs/Coast_IBAs.html]. 

Sept. 2007. 
 
Marshburn, D. 2007. Forester, Marine Corps Base Camp Lejeune, NC. Personal communication. 
 
McClain, D. 2007. Retired, International Paper Co. Personal communication. 
 
McDaniel, P.B. 1928. Summary of the county studies of timber resources in North Carolina. 

Dept. of Conservation and Development. North Carolina State Archives, North Carolina 
Division of Historical Resources. Raleigh, NC.   

 
Mead, P.O. Jr. 2007. Charleston, South Carolina. Personal communication. 
 



 81

Mead, P.O. and A.N Manucy. Record of Deeds, Onslow County. Deed book 176, pp 577-579. 
North Carolina State Archives, North Carolina Division of Historical Resources. Raleigh, 
NC. 

 
Merrens, H.R. 1964. Colonial North Carolina in the 18th Century. The University of North 

Carolina Press. Chapel Hill, NC. 
Morris, I.K. and W.L. Pritchett. 1983. Effects of site preparation on Pinus elliottii-Pinus 

palustris flatwoods forest soil properties. General Technical Report, PNW-GTR-163. 
USDA Forest Service. pp 243-251. 

 
Morris, I.K. and N.W. Foster. 1979. Biomass and element removal by complete tree harvesting 

of medium rotation forest stands. In Proc. Impact of Intensive Harvesting on Forest 
Nutrient Cycling. College of Environmental Science and Forestry; State University of 
New York, Syracuse, NY. pp. 111-129. 

 
N.C. Board of Education. 1900. Deed Book 72, pg.75. North Carolina State Archives, North 

Carolina Division of Historical Resources. Raleigh, NC 
 
N.C. State Highway and Public Works Commission. 1938. Federal Works Agency. Public Roads 

Administration. North Carolina State Archives, North Carolina Division of Historical 
Resources. Raleigh, NC. 

 
Neary, D.G., E.J. Jokela, N.B. Comerford, S.R Colbert, and T.E Cooksey. 1990. Understanding 

competition for soil nutrients � the key to site productivity on southeastern Coastal Plain 
spodosols. In Gessel, S.P., D.S. Lacate, G.F. Weetman, and R.F. Powers (Eds.), 
Sustained Productivity of Forest Soils, Proc. of the 7th North American Forest Soils 
Conf., University of British Columbia. Faculty of For. Pub., Vancouver, BC. pp 432-450. 

 
Nelson, R.L., B.R. Zutter and D.H. Gjerstad. 1985. Planted longleaf pine seedlings response 
 to herbaceous weed control using herbicides. Southern Journal of Applied Forestry. 
 9:236-240. 
 
Noss, R.F., E.T. LaRoe, and J.M. Scott. 1995. Endangered ecosystems of the United States: A 

preliminary assessment of loss and degradation. Biological Report 28. US Dept. of the 
Interior, National Biological Services. Wash., D.C.  

 
NRCS. 2003. Soil Survey Staff, Natural Resources Conservation Service, USDA Official Soil 

Series Descriptions. [http://soils.usda.gov/technical/classification/osd/index.html]. June 
2003. 

 
Onslow Development Corporation. 1930. Record of Deeds, Onslow County. Deed book 13, pp. 

60-64. North Carolina State Archives, North Carolina Division of Historical Resources. 
Raleigh, NC. 

 



 82

Outcalt, K. 1984. Influence of bed height on the growth of slash and loblolly pine on Leon fine 
sand in northeast Florida. Southern Journal of Applied Forestry. 8:29-31. 

 
Outcalt, K.W. and R.M. Sheffield. 1996. The longleaf pine forest: trends and current conditions. 

Research Bulletin SRS-9. USDA Forest Service. Asheville, NC. 
 
Parker, J. 2007. Retired, International Paper Co. Personal communication. 
 
Pattee, K.M. 1941. Completion report for Camp Davis at Holly Ridge, North Carolina. July 1, 

1941. Construction Completion Reports. Public Works Dept. Marine Corps Base Camp 
Lejeune. Camp Lejeune, NC. 
 

Peet, R.K. and D.J. Allard. 1993. Longleaf pine vegetation of the southern Atlantic and eastern 
Gulf Coast regions: a preliminary classification. In Hermann, S.M. (Ed.), The longleaf 
pine ecosystem: ecology, restoration and management. Tall Timbers Fire Ecology 
Conference, 18th Proceedings. Tallahassee, FL. pp. 45-82. 

 
Perry, P. 1967. The naval stores industry in the Old South, 1790-1860. North Carolina Forest 

History Series. School of Forest Resources. North Carolina State University. Raleigh, 
NC.  

 
Pessin, L.J. 1939. Root habits of longleaf pine and associated species. Ecology. 20:47-57. 
 
Phelps, S.P. 1983. Archeology of the North Carolina coast and Coastal Plain: Problems and 

hypothesis. In Mathis, M. A. and J.J. Crow (Eds.), The prehistory of North Carolina: An 
archeological symposium. North Carolina State Archives, North Carolina Division of 
Historical Resources. University Graphics, Inc. Raleigh, NC. 

 
Phoenix Real Estate Co. 1903. Record of Deeds, Onslow County. Deed book 80, pp. 157-160. 

North Carolina State Archives, North Carolina Division of Historical Resources. Raleigh, 
NC. 

 
Pritchett, W.L. and R.F. Fisher. 1987. Properties and Management of Forest Soils. John Wiley & 

Sons. New York.  
 
Ramsey, C.L. and S. Jose. 2004. Growth, survival, and physiological effects of hexazinone and 

sulfometuron methyl applied overtop of longleaf pine seedlings. Southern Journal of 
Applied Forestry. 48:48-54. 

 
Ramsey, C.L., S. Jose, B.J. Brecke and S. Merritt. 2003. Growth response of longleaf pine (Pinus 

palustris Mill.) seedlings to fertilization and herbaceous weed control in an old field in 
southern USA. Forest Ecology and Management. 172:281-289. 

 



 83

Ratliff, C. 1733. Onslow County Court Minutes, July tem, 1733. North Carolina State Archives, 
North Carolina Division of Historical Resources. Raleigh, NC. 

 
Reid, W.H., P.E. Pendleton, and K. Simpson. 1995. Cultural resource survey, greater sandy Run 

Acquisition Area, Marine Corps Base Camp Lejeune. Prepared by the Cultural Resource 
Group, Louis Berger and Assoc., Inc. Richmond, VA. 

 
Remmick, R.C. 1906. Record of Deeds, Onslow County. Deed book 193, pp. 157-161. North 

Carolina State Archives, North Carolina Division of Historical Resources. Raleigh, NC. 
REPI-Readiness and Environmental Protection Initiative. 2007. Sustainable Ranges Initiative. 

Office of the Deputy Under Secretary of Defense for Installations and Environment. 
Department of Defense. [www.denix.osd.mil/SustainableRanges]. 

 
Richardson, C.J. 2003. Pocosins: hydrologically isolated or integrated wetlands on the 

landscape? Wetlands. 23:563�576. 
 
Richardson, R. 2007. Archeologist. Marine Corps Base Camp Lejeune, NC. Personal 

communication. 
 
SAS Institute. 2002. SAS/STAT User�s Guide. Version 9.1. SAS Institute, Cary, NC. 
 
Schmidtling, R.C. 1985. Species and cultural effects on soil chemistry in a southern pine 

plantation after 24 years. In Shoulders, E. (Ed.), Proc. of the Third Biennial South. 
Silviculture Research Conf. USDA Forest Service. New Orleans, LA. pp.573-580. 

 
Schultz, R.P. 1976. Environmental changes after site preparation and slash pine planting on a 

flatwoods site. Research Paper. SE-156. USDA Forest Service. 
 
Sharpe, B. 1958. A new geography of North Carolina: Vol. II. Sharpe Publishing Company. 

Raleigh, NC. 
 
Shaw, B. 2007. Environmentally sound land management for the military. 

[http://www.cso.colostate.edu/pdf/cemml_web.pdf]. January 2007.  
 
Shaw, H.I. Jr. 1991. Opening moves: Marines Gear Up For War. World War II Commemorative 

Series. B.M. Frank (Ed). Marine Historical Center. Wash., D.C. 
 
Sheer, R.L. and F.W. Woods. 1959. Intensity of preplanting site preparation required for 
 Florida�s sandhills. USDA Forest Service Occasional Paper 168. Southern Forest 
 Experiment Station. 12 p. 
 
Shoulders, E. 1990. Identifying longleaf pine sites. In Farrar, R.M. (Ed.), Proceedings of the 
 Symposium on the Management of Longleaf Pine. General  Technical Report SO-75, 
 USDA Forest Service, Southern Forest Experiment Station, New Orleans. pp. 23-37 



 84

 
Simpson, K. and W.H. Reid. 1997. Cultural resources study mainside. MCB Camp Lejeune, 

Onslow County, NC. Vol. 1. The Cultural Resource Group Louis Berger and Associates, 
Inc. Richmond, VA. 

 
Southern Kraft Corporation. 1938. Record of Deeds, Onslow County. Deed book 186, pp. 175-

181. North Carolina State Archives, North Carolina Division of Historical Resources. 
Raleigh, NC. 

 
Spittlehouse, D.L. and S.W. Childs. 1990. Evaluating the seedling moisture environment after 

site preparation. In Gessel, S.P., D.S. Lacate, G.F. Weetman, and R.F. Powers (Eds.), 
Sustained Productivity of Forest Soils. Proc. of the 7th North American Forest Soils 
Conference. University of British Columbia, Faculty of Forestry Pub. Vancouver, BC, pp 
432-450.  

 
State Board of Agriculture. 1896. North Carolina and its resources. Winston, M.I. and J.C. 

Stewart. Public Printers and Binders. NC. 
 
Stewart, M.A. 1998. Environmental History: Profile of a developing field. The History Teacher. 

31:351-368. 
 
Stroud, E. 2003. From six feet under the field: Dead bodies in the classroom. Environmental 

History. 8:618-627. 
 
Sutton, R.F. 1993. Mounding site preparation: A review of European and North American 

experience. New Forests. 7:151-192. 
 
Sword, M.A. 1995. Root-zone temperature and water availability affect early root growth of 

planted longleaf. In Edwards, M.B. (Ed.), Proc. of the Eighth Biennial South. 
Silviculture. Research Conf. USDA Forest Service. Auburn, AL. pp 343-353. 

 
Thomas, R.F., E.J. Jokela, and H.L Allen. 2004. The evolution of pine plantation silviculture in 

the southern United States. In Rauscher, H.M. and K. Johnsen (Eds.), Southern forest 
science: Past, present, and future. General Technical Report, SRS-75. USDA Forest 
Service. Asheville, NC. pp. 63-82. 

 
Trelease, A.W. 1991. The North Carolina Railroad, 1849-1871, and the modernization of North 

Carolina. The University of North Carolina Press. Chapel Hill, NC. 
 
USDA FS. 1989. Final Environmental Impact Statement of vegetation management in the 
 coastal plain/piedmont. Management Bulletin R8-MB2.Volumes I and II. USDA  Forest 
Service. Asheville, NC.  
 



 85

USDI FWS. 2001. Draft Red-cockaded woodpecker recovery plan. US Fish and Wildlife 
 Service, Southeast Region. Atlanta, GA. 
 
USMC. 2001. Final Draft Marine Corps Base, Camp Lejeune Integrated Natural Resources 

Management Plan (INRMP). Camp Lejeune, NC. 
 
Vedder, M. 1859. Record of Deeds, Onslow County. Deed book 28, pp. 416-421. North Carolina 

State Archives, North Carolina Division of Historical Resources. Raleigh, NC. 
 
Vedder, C. 1899. Record of Deeds, Onslow County. Deed book 67, pp. 361-366. North Carolina 

State Archives, North Carolina Division of Historical Resources. Raleigh, NC. 
 
Wahlenberg, W.G. 1946. Longleaf Pine. Charles Lathrop Pack Forestry Foundation. Wash., DC. 
 
Walker, L.C. 1991. A southern forest: A chronicle. University of Texas Press. Austin, TX. 
 
Watson, A.D. 1995. Onslow County: A brief history. Division of Archives and History. North 

Carolina Dept. of Cultural Resources. Raleigh, NC.   
 
Worster D. 1990. Transformations of the earth: Toward an agroecological perspective in history. 

The Journal of American History. 76:1087-1106. 


