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Abstract 
Once dominating 90 million acres of land, the longleaf pine ecosystem has been reduced 

to only about 3 million remaining acres.  Widespread concern has led to a focus on regenerating 
longleaf pine within its historical range.  This study examined the growth and survival of planted 
longleaf pine seedlings on various site preparation treatments.  The eight treatments implemented 
include bedding, mounding, and flat land combined with chopping and herbicide use.  Growth 
was monitored by measuring root collar diameter, length of needles, height of seedlings, and 
diameter of needles.  The root collar diameter of the flat treatment and flat/chop treatment was 
significantly lower than the others, while needle length of all the flat treatments was significantly 
lower.  Microenvironmental conditions (soil moisture, soil surface temperature, and soil 
temperature at 14 cm) were compared among treatments to give possible reasons for growth 
measurement differences.  Soil moisture was significantly higher on all flat sites, indicating that 
excess moisture on poorly drained sites decreases growth.      
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Introduction 
 

Longleaf pine (Pinus palustris Mill.) once dominated the Atlantic coastal plain, its range 
spanning from southern Virginia through nine states southward to eastern Texas.  Being well 
adapted to the high frequency/low severity fire cycle of the Southeast allowed longleaf pine to 
outcompete other pines of the region. However, there is currently only about 3% of the previous 
longleaf ecosystem remaining, largely due to fire suppression, land conversion, and timber 
harvest (Frost 1993).  Recently there has been an increase in awareness and interest in 
reestablishing this ecologically valuable species throughout its historical range.  Artificial 
regeneration is necessary in areas that have lost all remnant longleaf seed trees, with many areas 
regenerated using site preparation. This study compared the effects of eight site preparation 
treatments on the growth and survival of hand planted longleaf pine seedlings following the first 
growing season.  Differences among common microenvironmental factors, including soil 
moisture, soil surface temperature, and soil temperature at 14 cm depth, were analyzed to 
determine what influence the site preparation treatments had on growing conditions.   

 
Materials and Methods 
 
Study Area 
 This study was conducted on Marine Corps Base, Camp Lejeune, in Onslow County, 
North Carolina.  It is on Leon soil, which is a poorly drained, sandy, siliceous, thermic Aeric 
Alaquod.  Fire, the primary natural disturbance, is maintained over the area.  Dominant 
vegetation includes longleaf pine, with the understory including shrubs (Ilex spp., Vaccinium 
spp.) and wiregrass (Aristida stricta). 
  
Design 
 The study was installed as a randomized complete block design, made up of eight site 
preparation treatments applied on each of five study sites.  In January 2003, a winter burn was 
applied to each of the blocks, and in August 2003 the mechanical and chemical site preparation 
treatments were implemented (Table 1).  The treatments consisted of shearing with a KG blade 
and the winter burn on each experimental unit, along with combinations of mounding, bedding, 
or flat ground with roller chopping and/or herbicide.  The herbicide used was a spray solution 
made up of Chopper, Garlon 4, and Rebound. 
 
Table 1. Description of the eight site preparation treatments proposed for the study. Treatment names are 
designated by combining flat (F), mound (M), and bed (B), with chop (C) and herbicide (H).   
 
Treatment Shear Burn Chop Herbicide Flat Mound  Bed 
FC  X X X   X 
MC  X X X    X 
BC  X X X      X 
FH  X X  X  X 
MH  X X  X   X 
BH  X X  X     X 
F  X X    X 
BCH  X X X X     X 



Data Collection and Analysis 
In December 2003, the sites were all hand planted with container-grown longleaf pine 

seedlings.  Various measurements were taken in August 2004 to determine first year growth.  
Diameter of the root collar, length of needles, height of the seedlings, and diameter of needles 
were recorded for 45 randomly selected seedlings on each experimental unit.  Differences among 
treatments were analyzed by ANOVA using SAS (SAS Institute 2002).  Soil moisture at 6 cm 
depth, soil surface temperature, and soil temperature at 14 cm depth were measured on a 
subsample of 10 randomly selected seedlings to determine treatment effects on microclimate.  
Soil moisture was taken at a depth of 6 cm, adjacent to selected seedlings using a TH2O Soil 
Moisture Meter.  Soil surface temperature and soil temperature at 14 cm were measured using 
surface and subsurface thermometers.  Differences among each treatment were analyzed by 
ANOVA using SAS.  Mortality was monitored among the selected sample seedlings from May 
through August 2004.   

 
Results and Discussion 
 
Growth measurements 

Root collar diameter is traditionally seen as the best way to monitor growth of longleaf 
pine seedlings within the grass stage, giving some idea of when the seedling will begin active 
height growth (Boyer 1990).  Typically, when the root collar diameter reaches 2.5cm, height 
growth is imminent.  There were significant differences in root collar diameter by treatment 
(p=0.0032).  Each of the bedded and mounded site combinations (BC, BH, BCH, MC, and MH) 
was significantly larger in diameter than the F and FC sites, but not the FH site (Figure 1a).  The 
FH diameter was also significantly larger than the FC and F diameters.  The bedding and 
mounding treatments reduced the amount of vegetation present on the sites, presumably reducing 
competition for light and soil resources.  Competition is one of the main factors limiting longleaf 
establishment and growth (Brockway and Outcalt 1998).  The FH treatment eliminated much 
vegetation, perhaps contributing to increased root collar diameter. 
  Measurement of the length of the seedlings’ needles also resulted in significant 
differences by treatment (p=0.0187).  This measurement is essentially the length of the longest 
needle present on the seedling and is not a common measurement used for monitoring longleaf 
seedling growth. However, our results indicate that after the first season, each of the bedding and 
mounding treatments yielded greater needle growth than each of the flat treatments, except for 
the BCH treatment vs. the F treatment (p=0.1183) (Figure 1b).  Again, the presence of vegetation 
may influence the growth of grass stage needles.   

Other growth measurements, the height of the seedlings (p=0.3029) and the diameter of 
the needles (p=0.1632), displayed no significant differences by treatment.  The height of seedling 
measurement was measured without touching the seedling, by measuring the highest part of the 
seedling in its natural growth.  The idea was to give a comparison of seedling height to 
competition height, determining the seedlings position within the understory.    The diameter of 
the needles, while not a common measure of longleaf vigor, would logically be another way to 
rate how robust a seedling is.  Finally, there was no significant difference in the level of 
mortality from May-August among different treatments (p=0.5943).  
 



 
Microenvironmental measurements 
 The soil moisture measurements indicated significant differences among treatments 
(p<0.0001).  Each of the flat sites had significantly more moisture present in the soil than any of 
the bedded or mounded treatments (Figure 1c).  There were no differences among the flat 
treatments, or any of the bedded and mounded combinations. Bedding and mounding treatments 
are similar in that they create drier conditions at the seedling level, raising the seedling above the 
water table to improve the drainage and remove excess water around the roots (Pritchett 1979).  
It should be noted that soil moisture was measured at a 6 cm depth, while the root zone typically 
extended up to 15 cm.  Although soil moisture at the measured depth and seedling growth follow 
an inverse relationship, soil moisture throughout the root zone is not included in this study.  
Neither soil surface temperature (P=0.3211) or soil temperature at 14 cm depth (P=0.6372) 
differed significantly, indicating that site preparation treatments did not have an effect on soil 
temperature. 
 
           (a)                                        (b) 

    
                                                                                                                                                                                                                                                                                                                                                                        
 

      (c)     
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                                                                                                                                                                                              
Figure 1:  Graphical display of root collar diameter by treatment (a), needle length by treatment (b) and 
percent moisture by volume by treatment (c).  Similar letters (a, b, c) indicate no significant differences. 
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Conclusions 
 Our results indicate that various site preparation treatments have differing effects on the 

growth of longleaf pine seedlings after the first growing season on poorly drained sites.  Root 
collar diameter, believed to be the best indicator of grass stage seedling growth, was larger on the 
mounded and bedded sites.  Length of needles, not commonly monitored in seedling growth but 
logically another indicator of vigor, further supported that mounding and bedding provide better 
growth than the less intense flat treatments.  The greatest growth was on the sites with 
significantly less soil moisture, suggesting excess moisture on poorly drained sites limits 
seedling growth.  These results support studies on loblolly and slash pines, where high bedding 
improved pine growth on poorly drained sites (McKee and Wilhite 1986, Outcalt 1984).  
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