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Introduction 

Background  
Slash pine is often found naturally in mixed-species stands like pine-oak forests, longleaf pine-

slash forests, loblolly pine-slash forests, and slash pine-aquatic hardwood forests (Abrahamson, 

1990). Slash pine’s (Pinus elliottii) native range is the smallest out of the major southern pine 

species, which includes loblolly pine (Pinus taeda), longleaf pine (Pinus palustris), and shortleaf 

pine (Pinus echinata) (US Forest Service, 1990). The range of slash pine includes southern areas 

of North Carolina, South Carolina, Georgia, Florida, Louisiana, and eastern Texas (Zhao, 2007).   

Figure 1 shows the range of slash pine (Pinus elliottii) in the U.S. Map courtesy of USDA, NRCS. 2018. The 
PLANTS Database. National Plant Data Team, Greensboro, NC. 

 

Slash pine thrives in the following optimal conditions: Ultisol and Spodosol soil types and warm 

climates with abundant precipitation which provide opportunities for a longer growing season 

(Zhao, 2007). To successfully maximize the growing capability of this species for timber 

production, forest managers commonly grow slash pine in even-aged monocultures. In the South, 

the removal of longleaf pine and hardwood species over the past centuries along with genetic 

advances in tree improvement, has allowed for the range of intensively managed slash pine 

plantations to expand (Brewer, 2018).  Common forest management practices for this species 

includes intermediate thinnings in pine plantations and herbicide applications.   

Site Preparation 
Site preparation is a forest management activity done prior to planting to maximize the survival 

of seedlings.  Site preparation serves multiple purposes.  Site preparation can support vertical 
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seedling growth to ensure the seedlings successfully reach the water table. Site preparation may 

also be needed when the previous landscape was agricultural cropland, there is dense vegetation 

on the site, when the soil layer has a hardpan, or if the soils are wet-natured. The three major 

site preparations associated with slash pine are bedding, drum chopping and shearing, and bush 

hogging (Minogue, 2021). 

Bedding is performed when the site is comprised of wet soils in the area that a landowner wants 

to plant seedlings. Bedding is a method where soil is loosened and mounded into a linear line, 

and the mounded dirt is referred to as a bed.  The height of the bed can vary from 6 inches to 2 

feet and can range from 3-12 feet wide (Brady, 2019) The seedlings are planted on top of the 

beds, which raises the seedlings above the saturated soils and provides a better chance of survival 

(NC Forest Service 2006). This method is used to ensure that the recently planted seedlings do 

not drown in the soaked soils on flat to semi-flat land. This method is implemented using a 

forestry bedding plow (NC Forest Service, 2006). After the site is bedded, the soil needs time to 

re-settle and accumulate nutrients so this method can be effective.  

Drum chopping is a thinning technique that uses large cylinders, also known as drums, which are 

pulled by a bulldozer to “chop” or flatten vegetation so that hand planting can be performed. 

This is a practice used in areas that have woody debris or areas where there is a high yield of 

woody vegetation. Due to the large size of the cylinders, the number of passes made by the drum 

chopper should be kept to a minimum. Drum chopping can be used in areas that have been 

impacted by erosion. A bulldozer with drums is connected to longitudinal cutting blades (Texas 

Forest Commission, 2003). After the site has been prepared, if needed, planting occurs.  Hand 

planting is a common method in the Southeastern US. Hand planting is done in areas with 

extreme slopes, wetland areas, or sites with big rocks in the soil. This method is favored in damp 

areas because the heavy machinery needed for mechanical planting limits damage to soils and 

can be dangerous to use in these conditions.  

Thinning  
Thinning is the process of removing trees and other vegetation from a stand prior to final harvest 

(Keister, 1966). This extraction can be done by using machinery, herbicides, and/or prescribed 

fire. The main reason a thinning is conducted is to remove competition and provide access to 

additional resources for the remaining trees (Nebeker, 1985). There are three classes of timber 

products from pine that are of interest in the Southern US: pulpwood, chip-n-saw, and 

sawtimber.  

Management of slash pine plantations commonly consists of a single thin and a final harvest. 

Thinning usually occurs when the stand is between 10-13 years old. The trees removed during 

the thin are processed for pulpwood. Pulpwood is used to create paper and other products that 

include paper stems or are derived from pulp. Trees that are removed for pulpwood include those 

that: do not meet merchantability standards, that have visible defects, that have crooked boles, 

and those that are crowding a superior stem that has a wider diameter at breast height (DBH, 

measured at 4.5 feet). The final harvest, or a second thinning, commonly occurs when the stand 
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is between 29 – 35 years old, when crown closure is expected (USDA, 1990). The timing of the 

final harvest is done to maximize the production of Chip-n-Saw and sawtimber logs. Chip-n-saw 

trees are used for small dimensional lumber products, such as 2x4’s and 4x4’s (Arun, 2020). Chip-

n-saw logs may also be used to produce wood chips for energy consumption, chip board, and 

plywood. Sawtimber is a lumber class that includes the production of poles and boards (Arum, 

2020). Sawtimber trees are usually over 10 inches in DBH and are typically straight boles. 

Sawtimber logs which are worth the most revenue are the stems with the fewer defects (Parajuli, 

2021).  A Board foot is defined as a piece of lumber 1 foot in length, 1 foot in width, and 1 inch in 

thickness.  

Fertilization   
Fertilizers are described as organic or inorganic material that supplies chemical elements which 

assist in plant growth (Jokela and Long, 2018). Some soils that hold pine plantations, are infertile, 

having little to no nutrient availability for the trees (Jokela and Long, 2018). Nitrogen and 

phosphorus are commonly deficient in the southeastern United States (Dickens, 2003), making 

phosphorus and nitrogen fertilizers the most common in that region.  Fertilizer has been shown 

to increase slash pine wood volume and pine straw production (Moorhead, 2003). Forest 

managers use fertilizers to target specifications for their timber classes such as pine straw, 

pulpwood, chip-n-saw, and sawtimber (Dickens, 2003). Fertilization is commonly applied shortly 

after planting seedlings and mid-rotation for plantations with poorly-drained soils (Kushla and 

Fisher, 1980). This method of fertilization is common in the lower Coastal Plain. The optimum 

time to apply nitrogen fertilizer is in late winter and early spring. During these times, the plant is 

in its dormant season (Texas A&M, 2003). Common nitrogen fertilizers used in pine plantations 

are ammonium nitrate (34% nitrogen) and urea (46% nitrogen). Common phosphorus fertilizers 

are diammonium phosphate (18% nitrogen and 46% phosphorous pentoxide, Dickens, 2003).  

Leaf Area Index (LAI)   
Leaf area index (LAI) is measured as the leaf area per unit of ground surface area and is correlated 

to tree crown health and the amount of foliage (Peduzzi, 2007). In addition, LAI represents the 

amount of sunlight that can penetrate through the canopy and reach the forest floor. One 

method for estimating LAI in a forested habitat is to use sensor wands or other devices that can 

measure the amount of sunlight at a given location. LAI is categorized into five classes from 1-5, 

with 1 representing low density and 5 complete tree crown closure.  Higher LAI values correlate 

to increased growth rates. Canopy closure is found to occur when LAI values between 4 and 5; 

this is the stage of stand development when competition-based or density-related mortality 

occurs (Peduzzi, 2007). To avoid competition-based mortality, the stand is commonly thinned 

prior to canopy closure. If a forest is thinned at the appropriate time in stand development, the 

remaining vegetation will grow at a faster rate due to the reduction in competition. This will allow 

the canopy crowns to increase in size and move toward canopy closure again (Demers, 2019). 

This process is represented by a positive correlation between thinning and LAI.  If, however, no 

growth rate increase is seen after thinning, there is a negative correlation between thinning and 

LAI.    
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This Study 
This study will explore the growth and leaf area index of slash pine under different thinning and 

fertilization treatments in the Southeastern US Coastal Plain. Treatments consist of three levels 

of thinning intensity and two levels of fertilization, with thinning being the main treatment and 

fertilization applied within thinning treatment areas. Thinning was applied at different intensities 

and classified as no thin, 125 to 150 trees per acre, 225 to 250 trees per acre. Each thinning 

treatment had areas with no fertilization and areas where fertilization was applied at 200 cubic 

feet of N and 20 cubic feet of P per acre. Within each treatment combination area 

(thinned/fertilization combination) rectangular plots were installed.  Plots within the thinned 

areas were 0.2 acres in size and plots within the non-thinned areas were 0.1 acre in size. The rate 

of tree growth and LAI index will be compared to observe differences across the treatment 

combinations. The data from this study will be used as an initial record of the stands planted, and 

data in this study will be recorded annually into the future to assess differences.  

Thinning and fertilizing can increase the value of the timber and these treatments will be 

monitored to determine financial gains. This study will inform decisions on what to plant for 

future rotations in other areas. Some southern lumber mills prefer slash pine over loblolly pine 

due to its wood strength creating new financial opportunities and the ability to diversify timber 

portfolios (Biblis, 1993). Once this study has been completed, forest land managers will have 

access to relevant data on this species response, and the information learned from the study may 

lead to further experiments that can improve its genetics and growth capabilities.  

Methods  

Site Description  
The six study sites for this project are located within the Southeastern US Coastal Plain within the 

states of Georgia (GA) and Florida (FL). The Nassau Forest (FL, Study Site 19_1), Okefenokee 

Forest (GA, Study Sites 19_3, 19_5, and 20_1), and Bradford Forest (FL, Study Site 20_2) were 

established by Rayonier, a global forest company. A map of the study sites can be found in 

Appendix A.  The six study sites can be described as even-aged slash pine (Pinus elliotti) 

plantations with ages ranging from 14 to 16 years since establishment. The understory in the 

Nassau Forest is mostly saw palmetto (Serenoa repens) and gallberry (Ilex coriacea). The 

Okefenokee Forest understory is made up of blackberry (Rubus spp.), saw palmetto, and 

gallberry, which are most present in wet areas where the soil has poor drainage. The understory 

in the Bradford Forest is dominantly made up of blackberry. The understory of the St. Johns 

Forest is made up of gallberry and seedlings of saw palmetto. All stands were planted at an initial 

density of 750 trees per acre.  

This region typically has a subtropical, monsoon climate with warm to hot and humid summers 

that average between 72- and 87-degrees Fahrenheit (USDA, 1987). The winters are chilly and 

average between 32- and 68-degrees Fahrenheit (USDA, 1987). The rainy season occurs in June, 

July, and August. Rainfall is typically followed by cloud openings, sunny skies, and increased 

https://www.rayonier.com/
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humidity. Soils in this region consist of sand and coastal dunes that are sandy and excessively 

drain when wet. The dominant soil types for this region are Ultisols (Figure 1) and Spodosols 

(Figure 2). Spodosol soils are rich in aluminum oxide and organic matter, typically characterized 

by low fertility and Ultisols are characterized by a reddish clay-rich B horizon (subsoil), occurring 

in warm, humid climates. In areas where the spodosol soil is disturbed and has a history of 

agriculture, the soils are typically light gray in color. (NCRS.gov). Ultisol soils have a horizon 

containing clay which was transported to the area and has a base saturation of less than 35 

percent (NRCS, 2022). The area also includes archaic sand dunes which have formed into 

beaches. 

 

Figure 1 Map of Ultisol soil (red and gray areas) for the Southern U.S. Image was provided from the USDA 

NRCS.  

 

 

 

https://www.nrcs.usda.gov/wps/portal/nrcs/detail/ga/soils/surveys/?cid=nrcs144p2_021885
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Figure 2 Map of Spodosol soils (blue areas) for the Southern U.S. Image was provided by the USDA NRCS. 

 

Experimental Design 
This study is a split plot design with repeated measures which began in 2019.  To date two 

measurements have been taken, one pre and one post treatment. The primary treatment is three 

different thinning levels (no thin, thin to 125 trees per acre, and thin to 225 - 250 trees area per 

acre) and the secondary treatment is fertilization (an application of 200 cubic feet nitrogen and 

20 cubic feet of Phosphorous per acre and no application). Both the primary and the secondary 

treatments were assigned within each study site randomly leading to the study site being evenly 

divided into six primary/secondary treatment combination areas. The study site corners were 

marked with PVC pipe and each primary/secondary treatment combination area was marked 

with painted yellow at each corner. For each study area, fixed area rectangular plots were placed 

systematically with a random starting location. This resulted in three plots per primary/secondary 

treatment combination area, except for study sites 19_1 and 19_5 which each had plots located 

in areas that were inaccessible (Table 1).   

Table 1 Study site number, forest name, year when measured, number of plots, and acreage for each 
Study Site. 

Study Site Forest Year when 

Measured 

Number of Plots Acres 

19_1 Nassau 2019 15  3 

19_2 St. John’s 2020 18 3 

https://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/survey/class/maps/?cid=nrcs142p2_053608
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19_3 Okefenokee 2020 18 3 

19_5 Okefenokee 2020 14 3 

20_1 Okefenokee 2021 18 3 

20_2 Bradford 2021 18 3 

 

Plot Measures 
The location for each plot center was taken using a Trimble GNSS R1 Receiver GPS, allowing for 

easy geolocation of the plots. The accuracy of this receiver is approximately 2.5 to 3.2 meters. 

(USDA Forest Service, 2020).  Thinned plots were 0.2 acres in size and non-thinned plots were 0.1 

acres in size. All plots were rectangular and randomly dispersed throughout the treatment 

combination area.  The site index for each study area was provided from prior surveys conducted 

in the summer of 2020 by Rayonier. On each plot the following was measured: total tree height 

(measured to the nearest 0.1 foot), diameter at breast height (DBH, measured to the nearest 0.1 

inch at 4.5 feet from the ground), status (live or dead), and damage code which consisted of 

identifying impact to future sawlog opportunity for the tree.   

As seen in Table 2, tree height varied across study sites.  The range of trees were the largest for 

study sites 19_2 and 19_5, which had the smallest trees at 4.7 and 7.7 feet respectively. The 

tallest trees for each study site were similar in size, from 61.2 to 69.8 feet.  Study sites 19_1 and 

19_2 had the largest standard deviation in tree height at 61.2 feet. DBH varied across the study 

sites as well, with trees from 1 inch, the minimum size measured, to 12.3 inches. Study sites 19_1, 

19_5, and 20_1 had the highest average DBH measurements with 7.7 inches. The study sites were 

at similar stages of stand development, with age ranging from 14-16 years old. The trees per acre 

(TPA) for live trees varied across the study sites and indicates a large amount of mortality has 

occurred since the time of planting. Study sites 19_3 and 19_2 were the densest prior to thinning 

with 721.8 square feet and 586.7 TPA respectively, whereas study sites 20_2 and 19_5 were the 

most dense after thinning with 215 TPA and 201.4 TPA respectively. Study site 19_1 was the least 

dense following thinning with 133.3 TPA. The amount of basal area per acre pre/post thin varied 

from 113 to 151.1 square feet per acre (pre-thin) and 44.4 to 86.4 square feet per acre (post-

thin). Study site 19_3 had the highest basal area per acre pre-thin. Study site 19_2 had the lowest 

basal area per acre post-thin with 44.4 square feet per acre. The quadratic mean diameter post-

thin measurements (QMD, inches) varied from 6.91 to 7.89 across the sites.  

https://www.fs.fed.us/database/gps/mtdcrept/accuracy/index.htm
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Table 2 Summary statistics for tree-level metrics (Height and DBH) and Stand-level metrics (Age, Site 
Index, Trees per Acre (TPA), Basal area per acre (BA), and quadratic mean diameter (QMD)). The number 
of trees measured for each site is indicated as n. 

Study 

Site 

(n) 

Height (ft.) 

Min - Max 

Mean (St. 

Dev.) 

DBH (in.) 

Min - Max 

Mean (St. 

Dev.) 

Age 

(yrs.) 

Site 

Index 

(ft) 

TPA 

Pre / 

Post Thin 

BA/Acre 

(ft2/acre) 

Pre / Post 

Thin 

QMD 

(Inches) 

19_1 

(400) 

25.6 – 69.8 

55.5 (6.2) 

2.7 - 11.8 

7.7 (1.5) 

16 71 467 / 

133.3 

129.8 / 45.2 

 

7.89 

 

19_2 

(676) 

4.7 - 64.5 

37.1 (6.2) 

2.8 - 10.7 

6.5 (1.2) 

15 66 586.7 / 

187.8 

142 / 44.4 6.59 

 

19_3 

(586) 

34.1 - 63.8 

39.3 (5.1) 

2.9 - 11.4 

6.9 (1.0) 

16 71 721.8 / 

162.8 

151.1 / 68.9 7.13 

 

19_5 

(564) 

7.7 - 61.2 

38.7 (5.4) 

1 - 12.3 

7.7 (1.3) 

15 69.5 526.1 / 

201.4 

132.1 / 86.4 7.92 

 

20_1 

(615) 

36.6 - 66.6 

45.3 (3.7) 

3.2 - 12.1 

7.7 (1.0) 

13 70 540 / 

170.8 

133 / 72.1 7.76 

 

20_2 

(774) 

22.8 - 63.2 

50.2 (5.2) 

2.5 - 10.8 

6.8 (1.3) 

14 68 531 / 215 113 / 56.0 6.91 

 

 

Leaf Area Index Measures 
For each of the six primary/secondary treatment combination areas, leaf area index (LAI) 

measurements were taken using a LiCOR 200 machine.  This machine records a LAI measurement 

every 30 seconds.  For each location where a measurement was taken, 10 measures were 

recorded. Since the six primary/secondary treatment combination areas were dispersed within 

each study area, the corners for each treatment combination area were located using a Trimble 

GNSS R1 Receiver GPS. This allowed for easy geolocation of the area.  Because each treatment 

combination area is rectangular, it contains four corners.  The corner located adjacent to a road 

was determined as the starting location for collecting LAI measurements.  If more than one 

corner fit this description, the corner with the tree marked with the most visible yellow paint was 

used as the starting location.  After the starting location was determined, the closest tree marked 

with yellow paint was found.   
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The first location for the LAI measurement was located one step (approximately 2 ft.) in-between 

the leave rows and two steps (approximately 4 ft.) in the take rows of the thinned stands or one 

step (approximately 2 ft.) in-between the leave rows and one step (approximately 2 ft.) in the 

take rows of the unthinned plots. This method was continued until ten measurements were 

collected within each treatment combination area.  This system ensured that the walked traverse 

was directed toward the adjacent plot corner. The LiCOR wand was then placed at a 45-degree 

angle toward the tree canopy. Subsequent locations were found by using the ESRI Collector App 

on a tablet and/or a smartphone. Prior to any measurements taken within a treatment 

combination area, the LiCOR machine was calibrated by collecting measurements in an area with 

open sky. 

As seen in Table 3, LAI measurements varied across study sites. The average range of LAI numbers 

were the smallest for the study sites 19_5 and 20_1, at 1.34 and 1.16 respectively. The largest 

measurements were collected in study sites 19_1 and 19_2, at 3.12. Study sites 20_1 and 19_5 

had the lowest measurements, 0.71 and 0.74 respectively. The standard deviation also varied 

across study sites. The lowest standard deviations were found in study sites 19_5 and 20_1, with 

values of 0.47 and 0.44.   

Table 3 Minimum, Mean, Maximum, and Standard Deviation of LAI measurements. 

Study Site (# of plots 

measured) 

Number of LAI 

measurements taken 

Min. Mean. Max. St. Dev.  

19_1 (11) 110 1.03 1.94 3.12 0.78 

19_2 (18) 180 1.12 1.84 3.12 0.69 

19_3 (18) 180 0.77 1.40 2.3 0.51 

19_5 (14) 140 0.74 1.35 2.21 0.47 

20_1 (18) 180 0.71 1.17 2.17 0.45 

20_2 (18) 180 0.78 1.53 2.62 0.53 

Results  
Figure 3 highlights the relationship between basal area per acre (bap) and trees per acres (tpa). 

Figure 3 shows that as tpa increases, basal area increases and indicates a positive linear trend. 

The set of points changes across the graphic as they are tighter to the line for smaller values and 

spread further from the trend line for larger values.  
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Figure 3 The relationship between basal area per acre (bap) and trees per acre (tpa).  

 

Figure 4 displays the relationship between basal area per acre (bap) and average tree height 

(aveht). The graph indicates that there is not a strong relationship between basal area per acre 

and average tree height. 

 

 

Figure 4 The relationship between basal area per acre (bap) and average height (aveht). 
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Figure 5 displays the relationship between LAI (NewLAI) and basal area per acre (bap) across 

study sites. An analysis of variance (ANOVA) was performed, and there was no significant 

difference of basal area per acre across the study sites. 

 

 

 

Figure 5 The relationship between LAI (NewLAI) and basal area per acre (bap) by the study site. 
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Figure 6 displays the relationship between LAI (NewLAI) and basal area per acre (bap) in relation 

to three classifications of cloud conditions (clear, overcast, and partly cloudy). The cloud 

conditions were determined by looking at the percent cloud cover in the sky (0 – 25% cloud cover 

indicated a clear sky; 25% - 65% cloud cover was labeled as partly cloudy; 65% - 100% cloud cover 

was labeled as overcast). This graph indicates that each cloud condition was prevalent for each 

basal area class and each LAI range. No significant difference was apparent across sky conditions. 

 

 

Figure 6 The relationship between LAI (NewLAI) and basal area per acre (bap) by cloud conditions. 

  

Figure 7 displays the relationship between LAI (NewLAI) and basal area per acre (bap) for plots 

that were thinned versus plots that were unthinned. The relationship shows that when stands 

are thinned, they have a lower basal area and lower LAI compared to unthinned stands.  
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Figure 7 The relationship between LAI (NewLAI) and basal area per acre (bap) for thinned and unthinned plots. 

 

Figure 8 displays the relationship between LAI (NewLAI) and basal area per acre (bap) and 

includes the 95% confidence interval band. This graph shows as the TPA increases, LAI increases. 

This graphic displays a curvilinear trendline. The trend of the graphic changes throughout the 

figure and the spread of the dots start to change in pattern as the trendline progresses.  

 

Figure 8 The trend of LAI (NewLAI) and basal area per acre (bap). 
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Figure 9 displays the LAI boxplots for different thinning categories. The thinning categories are 

differentiated by heavy (125-150 tpa), light (225-250 tpa), and none. There appears to be an 

outlier for an unthinned plot in study site 20_1 which has a LAI value of 1.09. The mean values 

are indicated by the black lines down the middle of the boxes. Unthinned plots have significantly 

higher LAI values than the thinned plots. The heavy thin has the least amount of variation.  

 

 

Figure 9 Changes in LAI across thinning categories.Figure 10 displays the LAI boxplots for both 

fertilized and unfertilized locations. Fertilized plots (F1) have a lower average LAI than unfertilized 

plots (F0). The locations that were not fertilized have a larger spread within than the stands that 

were fertilized.  The stands which were fertilized appear to have three outliers.  
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Figure 10 LAI changes with fertilization. 

Figure 11 displays the LAI boxplots for all six thinning – fertilizer treatment combinations, which 

are distinguished by heavy, light, and none. T0 represents plots that were not thinned, T1 

represents plots that were thinned, F0 represents plots that were not fertilized, and F1 

represents plots that were fertilized.  T0:F0 had the highest average of LAI values throughout the 

treatments. T1:F1 is not what is expected. The higher T1:F0 may result from some of the plots 

were supposed to be fertilized but did not get treatment, this is because the treatments are 

scheduled and compartment 20_2 has not been fertilized yet. There appears to be outliers in 

treatment T0:F0 and T1:F1.  
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Figure 11 LAI and Treatment relationship. 

 

 

Discussion  
Basal area measures density. Basal area and trees per acre show a linear relationship in this study 

(Figure 3). If there is a high basal area with a low tpa, that is an indication that there are many 

big trees and not many small ones in that area. If there is a low basal area and a high tpa, that 

indicates that the stand has many small trees in the stand. In this study, basal area increased as 

trees per acre increased. Knowing how the basal area and trees per acre are related can help 

determine when to thin your trees. This can help prevent having trees die due to too much 

competition that are competing for the same resources.  

There wasn’t a relationship between trees per acre (tpa) and average height due to the how the 

trees were planted. The trees in this study are planted in a plantation style, which is engineered 

to plant the trees equally and promote an optimal amount of sunlight in the plot. Since they are 

planted equally and are the same age, they have the same competitors competing for tree height.   

The relationships between LAI and basal area were expected based off prior knowledge from the 

literature. As basal area increases, LAI increases and as basal area decreases, LAI decreases. This 

is because when trees are removed, sunlight touches the forest floor. The more of the canopy is 

removed, the lower from the LAI values become. This relationship was evident in this study 
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(Figure 9). Lower LAI values were expected in a thinned stand compared to an unthinned stand, 

which was also demonstrated in this study (Figure 7).   

Fertilization in this study boosted the canopy foliage in the stands that were unthinned (Figure 

11). In this case though, fertilization which is expected to increase LAI does so for some plots, but 

also appears to have more variation than expected, leading to a slightly lower mean.  Heavy 

thinning has the lowest variation and shows a slight increase with fertilization.  The light thinning 

treatment ranks in the middle as expected.  But there is no clear explanation for the light thinning 

fertilization plots demonstrating lower LAI than plots with no fertilization since we would expect 

them to be the same or higher (Figure 11).  

Initially it was expected that the cloud conditions would have a direct correlation on the LAI 

measurements. It was predicted that this would be demonstrated by most of the high LAI values 

being taken during overcast conditions. This study proved this not to be true (Figure 6).  

It is predicted that in future years the non-thinned sites that were fertilized (T0:F1) will have the 

greatest growth response in terms of overall yield but not in terms of DBH and height. It is 

predicted that these stands will produce the most volume for pulpwood, the stands that received 

a light thin (225-250) will have the highest amount of sawlogs and chip-n-saw logs, and the stands 

with thinning and fertilization will have the largest diameter trees in the rotation age because of 

the impacts of these treatments.  

Conclusion     
In conclusion, this study will help determine if slash pine plantations that are located within the 

Southeastern US Coastal Plain should be thinned and fertilized. The stand growth will be 

monitored for years to come until the end of its thinning rotation. Growth rates should be 

checked every 5, 10, 15 years. Study site 20_2 should be fertilized by the end of 2022 because 

this area was selected to get treated treatments but by the time the LAI measurements were 

taken, the plots were not fertilized. For future measurements, data collection could take place in 

April to early May due to the rainy season in northern Florida, which are the summer months. 

This will allow longer field days since several days has to be cut short due to the weather for this 

sampling period. Additionally, the problems that were encountered as it relates to accessing plots 

due to the overgrown shrubs and saw palmetto might be avoided by shifting the sampling period. 

Additionally, to further evaluate the impact of thinning and fertilization on slash pine, this study 

should be replicated, and measurements should be taken in different states areas where slash 

pine is grown (southern Florida and southern parts of South Carolina).  
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Appendix A – Map of Study Sites 
The Appendix image shows the study site locations and notable areas in southern Georgia and northern Florida. The study sites are symbolized 

with a red dot and bold black text. The black squares in the northwest part of the map are the study sites.  
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