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ABSTRACT
[bookmark: _Hlk51939213]Shortleaf pine has the widest distribution of any pine species in the Southeastern United States. Historically, shortleaf pine was an important softwood commercial timber species, second only to loblolly pine. The amount of shortleaf pine has diminished dramatically beginning in the early 19th century.
The decline of shortleaf pine has been attributed to several, primarily societal factors. Old field abandonment has declined which provided optimum seed bed conditions for the establishment of shortleaf pine. The timber industry began to favor the faster-growing loblolly pine with shorter stand rotations at the expense of shortleaf pine (Bragg, 2016). The Smokey Bear campaign also played a role in the reduction of natural and anthropogenic related wildfires that created the early successional habitat conditions necessary for the growth and natural regeneration of shortleaf pine (Smith, 2017). Along with southern pine beetle (SPB) infestations (Oswalt et al., 2016), these events led to the eventual decline of shortleaf pine.
Historically, shortleaf pine forest types were a common occurrence in the Southeastern uplands. After a wildfire occurrence in November 2016 on the Cumberland forest, a subregion of the Cumberland Plateau., a project was carried out in order to reintegrate shortleaf pine back into the hardwood upland forests where shortleaf pine was once a dominant species. In February 2018, an herbicidal application was administered on an unburned adjacent stand to a burned section of the forest, followed by an underplanting of shortleaf pine seedlings on both treatment sites. The objective was to compare the amount of available light, with the use of a ceptometer, provided by the treatments reaching the seedlings on the forest floor. Preliminary results suggest that on poorly productive upland hardwood forest sites, a prescribed burn will yield potentially greater growth as well as providing optimum seed bed conditions for future shortleaf pine regeneration by controlling other regeneration from woody competition. 
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Chapter one: Introduction

Shortleaf pine has the widest distribution of any pine species in the Southeastern United States. Historically, shortleaf pine was an important softwood commercial timber species, second only to loblolly pine. The amount of shortleaf pine has diminished dramatically beginning in the early 19th century. The decline of shortleaf pine has been attributed to several, primarily societal factors. Old field abandonment has declined which provided optimum seed bed conditions for the establishment of shortleaf pine. The timber industry began to favor the faster-growing loblolly pine with shorter stand rotations at the expense of shortleaf pine (Bragg, 2016). The Smokey Bear campaign also played a role in the reduction of natural and anthropogenic related wildfires that created the early successional habitat conditions necessary for the growth and natural regeneration of shortleaf pine (Smith, 2017). Along with southern pine beetle (SPB) infestations (Oswalt et al., 2016), these events led to the eventual decline of shortleaf pine. Few natural remnants remain; consisting mostly of solitary trees or groups of a few mature trees with little likelihood of natural regeneration without a disturbance event to create exposed soil and sunlight for seed germination (Clabo, 2014). 








Chapter 2: Literature Review 


Shortleaf Pine as a Resource

       Shortleaf pine (Pinus echinata) is the most wide spread of the Southern pine species in the Eastern United States, encompassing 22 states of 241 million acres ranging from North Florida to as far West as East Texas and as far North as Southern New York (Figure 1). Shortleaf pine can be found in various forest types as the dominant species, primarily shortleaf pine at 3.3 million acres and shortleaf pine-oak at 2.9 million acres for a total of 6.2 million acres (Oswalt, 2012). Of the estimated 1.9 billion shortleaf pine growing stock, 53 percent are found in just 3 states; Mississippi at 195.4 million, Oklahoma at 313.4 million, and Arkansas at 509.8 million. Comparatively, Tennessee contains 32.2 million of the total growing stock (Moser et al., 2007). The most planted forest type group in the Southeast is loblolly-shortleaf pine at 34 thousand acres, which makes up 71 percent of all planted forests in the Southern United States.

Shortleaf Pine Silviculture

       Growing conditions for shortleaf pine range from old fields to floodplains, to rocky slopes in upland forests. Shortleaf pine is notorious for its ability to grow on low quality sites though grows best in deep, well drained soils found mostly in the flood plains on the South Atlantic and gulf coastal plains. The soils in which shortleaf pine mostly inhabit are from the order Ultisols and suborder Udults. This freely draining soil order contains a humus deficient top soil with a udic moisture regime i.e. the soil moisture level never falls below the rate of evapotranspiration (Burns & Hankala, 1990).
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Figure 1. Natural range of shortleaf pine by E.L. Little, 1971, USDA 
Forest Service

 
       Shortleaf pine fares well both in pure and mixed stands and is a key element of 3 forest cover types; shortleaf pine (type 75), loblolly pine-shortleaf pine (type 80), and shortleaf pine-oak (type 76) (Burns & Hankala, 1990). In mixed stands, it occurs naturally in mixtures with other southern yellow pines such as loblolly pine, longleaf pine, and slash pine. Primarily, it will be found in association with loblolly pine in planted stands where this forest type accounts for 71 percent of all planted forests in the Southeast (Oswalt et al., 2019).
       In a mixed pine-hardwood forest, it can be found with a vast array of hardwood tree species such as sweet gum, white oak, red maple, scarlet oak, Southern red oak, tulip poplar, and chestnut oak, amongst others. These shortleaf pine-oak forest types are commonly temporary, especially on high quality sites where shortleaf pine gives way to hardwoods without any disturbance events to set the hardwood forest component back in succession.
       If a shortleaf pine component is established within an existing stand, competition control is necessary (Kabrick et al., 2015). Compared to other southern yellow pine spp., shortleaf pine is more adapted to moisture-limited soils with its large taproot and extensive root system. Usually, there is a 2 to 3-year lag time in growth while the root system is being established. Shortleaf pine is an ideal choice for creating pine-hardwood mixtures on upland sites.

Land Use Changes
The Decline of Shortleaf Pine
Renewed Interest in Shortleaf Pine
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Chapter 4: Methods


Study Site

[bookmark: _Hlk52372688]The study site is located in South Central Morgan County, Tennessee, in the Little Brushy Mountain Unit of the Cumberland Forest. The property is owned by the University of Tennessee’s Institute of Agriculture Forest Resources Research and Education Center (FRREC).
       The climate in Morgan County is characterized as long, moderately hot summers with short, mild winters (Thornthwaite, 1948).


Wildfire

       An arson started fire occurred in Morgan county in November 2016, burning approximately 2,200 acres. This was a mixed severity fire with high severity impacts due to the variance of the terrain. 


Herbicide

       In February 2018, an herbicidal application of Imazapyr at a rate to use (RTU) was administered via the hack and squirt method on the hardwood overstory. Imazapyr is categorized as an amino acid synthesis inhibitor, which prevent the manufacture of individual amino acids that disrupt normal plant growth leading to eventual mortality. 
       The objective of this herbicidal application was to eliminate the hardwood overstory so as to allow light down to the forest floor for the ensuing shortleaf pine seedling planting. 

Shortleaf Pine Underplanting

       In April 2018, a planting crew was brought in in order to help perform an underplanting of shortleaf pine seedlings beneath the decaying overstory. Seedlings were planted in a randomized fashion across both treatment sites, occupying an average area of 12 feet-squared per seedling.   


Data Collection & Measurements

       To measure and interpret available light to the planted seedlings, a ceptometer will be used to measure photosynthetically active radiation (PAR) in the 400 to 700 nanometer waveband. This waveband represents the solar spectrum which plants use for photosynthesis. Light readings and measurements were taken near the end of the growing season in August. Each strip plot received a total of 15 measurements for available light at 0’, 10’, and 20’ across and 0’, 50’, 100’, 150’, and 200’ along the plot slope. A reel tape was used in conjunction with a compass to establish hardline boundaries for each plot. 
A digital caliper will be used to measure the root collar diameter of each surviving seedling to 1/10 of an inch in all plots. The total height of each seedling will be measured. Seedling mortality within each plot will also be recorded. The diameter tape will be used to measure the diameter at breast height (DBH) of all trees located in the overstory and midstory within each plot. The GPS location of the four corners of each plot will be recorded and marked with flagging. Measurements will take place again at the end of the second growing season.
Data Analysis
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