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Abstract: Effective management of white oak stand density is essential for maintaining biodiversity
and ecosystem functions. This study examines the relationship between the stand density of
declining white oaks and soil characteristics. Multicycle Forest Inventory data were aggregated to
identify white oak plots throughout the eastern U.S. Stand density was calculated across plot
systems that utilized basal area metrics across various states. Key soil variables were analyzed to
assess their influence on stand density. The regression analyses revealed that these soil textures,
including soil clay loam, fine sandy loam, and loamy fine sand had a significant negative impact on
the stand density of declining white oaks (p < 0.05), while both high and low extremes of TAW were
positively associated with stand density. These findings underscore the critical role of soil properties
in influencing the stand density of declining white oak populations. Insights from this study can
support forest managers in assessing white oak stand conditions on a regional scale. Future work
should expand on soil variables, integrating biotic and abiotic factors for a comprehensive approach
to white oak conservation across the eastern U.S.
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1. Introduction

White oak (Quercus alba L.) is a keystone species in the oak-dominated forests of the eastern
United States, with its significant ecological and economic value [1]. This long-lived, slow-growing
species is not just important for its high-quality timber, but also for its contribution to biodiversity by
providing habitat and food for a diverse range of wildlife species. However, in recent decades, white
oaks in the eastern United States are experiencing increased mortality, which is evident across much
of its natural range [2,3]. This decline is associated with a variety of biotic and abiotic factors,
including stand density and soil properties, which may significantly influence tree growth, survival,
and mortality.

Stand density, which reflects the number of trees per unit area or basal area per area [4], has long
been recognized as a crucial factor affecting white oaks forest dynamics, especially concerning the
competition for essential resources such as sunlight, water, and soil nutrients. High stand densities
can exacerbate competition, leading to increased susceptibility to stressors such as drought, pests,
and diseases, which may result in tree mortality [5]. This can influence the prevalence of fungal
diseases such as oak wilt and insect pests such as the gypsy moth (Lymantria dispar), both of which
have been shown to have a negative influence on white oak populations. For instance, scientists
discovered that dense white oak stands were more commonly damaged by gypsy moth outbreaks,
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as the proximity of trees facilitated the rapid spread of defoliation [6]. Similarly, reports have shown
that oak wilt can spread more easily through interconnected root systems in high-density stands,
leading to localized but significant mortality events [7]. Conversely, lower stand densities may reduce
competition and promote growth but could also make individual trees more vulnerable to
environmental extremes.

White oak is sensitive to soil conditions since it requires well-drained, nutrient-rich soil for
maximum growth. Soil texture, including the proportions of sand, silt, and clay, has a direct impact
on water retention and drainage, all of which are critical for tree health [8]. White oak thrives on
loamy soils when there is a balance of moisture and aeration, whereas clay-heavy or poorly drained
soils might cause waterlogging, root rot, and other stress-related problems that contribute to higher
mortality in oaks [9]. Furthermore, coarse-textured soils may exacerbate water shortages during
droughts, rendering plants more susceptible to mortality in thick stands where competition for water
is increased.

Soil properties such as moisture content, nutrient availability, and texture are also important in
determining white oaks' tree health and survival. In the eastern US, where soils are highly varied, the
interplay of soil conditions and stand density may play a critical influence in defining white oak
decline [10]. Soils that are poorly drained or have low fertility might impede tree growth and
recovery, especially in high-density stands where resource competition is strong. On the other hand,
soils with a high organic matter content and improved nutrient cycling, may support trees, even in
thick stands. Soil moisture and organic matter concentration are other important factors in
determining the stand density of white oaks [11]. Organic matter improves soil structure, increases
moisture retention, and provides a delayed release of nutrients, all of which are required for good
tree growth. The white oaks with increased organic matter content have lower mortality rates, owing
to improved water and nutrient availability [12]. Soils with low organic content, which are common
in degraded or over-harvested forests, may result in greater death rates due to increased sensitivity
to drought stress and nutrient limits, especially in dense stands with intense resource competition.

A significant research gap exists regarding the role of soil properties influencing the stand
density of declining white oaks. While previous studies have broadly investigated the relationship
between soil properties on oak growth, the specific effects of different soil textures, such as clay loam,
fine sandy loam, and loamy fine sand, on the stand density of declining of white oaks have received
limited attention. Moreover, the interaction between soil texture, soil organic matter, and the total
available water (TAW) concerning stand density of declining white oaks remains under-explored.
Current research primarily focuses on general factors influencing oak decline, such as climate
variability and biotic stressors (e.g., pest and competition) [13], but there is insufficient data on how
particular soil attributes, especially in combination with moisture availability, directly affect white
oak stand density across broader scales. This study aims to (1) assess the stand density of declining
white oaks across the eastern US and (2) investigate the relationship between the stand density of
declining white oaks and soil properties. Specifically, we hypothesized that the very low total
available water (TAW) and clay loam soil significantly impact the stand density of declining white
oaks. By examining these factors, we seek to provide insights into how soil texture, moisture
availability, and organic matter influence the stand density of declining white oaks and contribute to
the overall understanding of oak forest dynamics and management strategies in the eastern U.S.

2. Materials and Methods
2.1. Study Area

Our study area consists of vast areas of oak forests across the eastern United States [14]. The
study area contains ten states i.e.,, Alabama, Arkansas, Illinois, Indiana, Kentucky, Missouri, Ohio,
Tennessee, Virginia, and West Virginia (Figure 1). It has a diverse spectrum of tree species, as well as
climate, soil, and topography [15]. Our study are mostly covers forests followed by cultivated land,
urban, waters and others. The geographical configuration in the eastern section of our study area is
predominantly Appalachian plateaus, with low mountains, small valleys, and sharp edges. The
western section ranges from highly flat central till plains to inner low plateaus, as well as Ozark
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Highlands. In the south, from Illinois’ central till plains Oak-Hickory to Alabama’s interior low
plateau Highland Riff.

Our study area has a lengthy, hot summer and a cool winter temperature. The mean annual
temperature varies from 4 to 18°C throughout the east-west gradient, with milder temperatures in
the south. The precipitation ranges from 500 to 1650mm. There are various types of soils from alfisols,
mollisols, ultisols, and inceptisols. Our study area was historically dominated by oaks, pines, and
hickories. Nowadays, agriculture and fast urbanization have displaced most of the forest lands in the
eastern U.S.
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Figure 1. Study area showing five land cover classes including forests across ten states of the eastern US.
2.2. Data Acquisition and Processing

2.2.1. Selection of Declining White Oaks Data

Plot-level data for white oaks were obtained from the USDA Forest Service DataMart, where
plots were already classified into strata by the forest inventory program across various states. The
weight of each stratum within the plot sampling estimation unit is determined by the proportion of
the stratum [16]. The plot dataset included geographic coordinates (latitudes and longitudes) for a
sample area of 0.40 ha, though these coordinates did not account for every tree. To protect landowner
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privacy, the recorded plot locations by the Forest Service are within one mile of the actual locations
[16,17]. For declining white oak plots, we focused on only forested conditions, which captured a
significant proportion of white oak trees within the ten-state of the study area.

Our dataset concentrated exclusively on white oaks due to the limited research on the stand
density of declining white oaks affected by soil characteristics on a broader scale. Although multiple
oak species are present within the sample plots, we restricted our selection to plots containing white
oaks and performed our analysis using data from surveys conducted between 1998 to 2019. The data
on white oak were obtained from the USDA Forest Service and encompassed various details,
including the inventory year (INVYR), which reflects the survey date and the county code
(COUNTYCD), designating a specific county; unique plot number (PLOT), assigned to each white
oak; species code (SPCD), which identified white oaks in this study; and tree status code
(STATUSCD), which denoted live trees (coded as 1) based on the Forest inventory and Analysis (FIA)
program. Additionally, the dataset included trees per acre unadjusted (TPA_UNAD]J), representing
the number of trees per acre theoretically represented by the sample tree according to the sample
design; and the current diameter (DIA), measured at breast height (4.5 feet above ground). The
dataset also incorporated the cycle (CYCLE), which denotes the set of plots measured over a specific
time frame.

2.2.2. Soil Properties Data

We acquired soil variables such as soil texture, soil organic matter, and total available water from
the Gridded National Soil Survey Geographic Database (gNATSGO), initially a resolution of 30 m
was acquired which was later resampled to a 1km grid as our study area covers a broader scale
analysis, provided by USDA Natural Resources Conservation Service [18]. We acquired limited soil
variables due to a larger dataset from ten states that requires more time to process. Therefore, we
chose soil variables such as soil texture, soil organic matter, and total available water only, which
might reflect a more significant impact on the stand density of declining white oaks. Also, soil texture
is vital in soil characteristics which identifies the proportion of sand, silt, and clay affecting organic
matter content and water-holding capacity in oak-dominated forests [19,20].

The soil texture classifications from SSURGO tabular data were combined with the spatial soil
data provided with GIS shapefiles (Table 1). Some regions were null for soil texture classification,
which was addressed by obtaining information from the FAO dataset [21]. We used the Soil Texture
Triangle as a reference to fill all null values for soil texture by placing SSURGO and FAO spatial soil
data into ArcGIS version 10.8.1 [22]. By doing this, we obtained eighteen types of soil texture
classification (including inland water) that were common in our study area. We also calculated soil
organic matter and total available water using soil horizon thickness; and classified them into five
classes using natural breaks (Jenks).

Table 1. Soil texture with their symbols, soil organic matter percentage (SOM%), and total available
water percentage (TAW%) classification across the eastern US.

d0i:10.20944/preprints202411.0224.v1

Soil Texture SOM (%) TAW (%)
Very Low (0 -
Clay (C) Loam (L) Sandy Loam (SL) No (0) 20)
Loamy Fine Sand .
Clay Loam (CL) Silt (SI) Low (0.01) Low (21 - 40)
(LES)
Coarse Sand . Medium (0.02  Medium (41 -
Loamy Sand (LS) Silt Loam (SIL)
(COS) -0.03) 60)
High (0.04 -
Fine Sand (FS) Sand (S) Silty Clay (SIC) High (61 - 80)

0.1)
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Fine Sand Silty Clay Loam Very High (1.1  Very High (81
y Sandy Clay (SC) y Clay y High ( y High (
Loam (FSL) (SICL) -3.7) - 100)
Inland Water Sandy Clay Loam Very Fine Sandy
(WR) (SCL) Loam (VFSL)

2.3. Data Processing and Analysis

2.3.1. Identification of Declining White Oaks

The annualized dataset spanning 1998 to 2019 was processed to identify white oak plots (Figure
2). Following data cleaning and integration from three key tables i.e., plot, forest condition, and tree,
we focused on the plot data to isolate criteria for locating white oak plots on accessible forest land.
For instance, the Virginia plot table provided essential attributes, including unique plot identifiers
linked to specific counties and cycles, as well as geographic coordinates corresponding to survey
years. Only plots with at least one forested condition deemed accessible were selected for further
analysis. The forest condition table contained comparable attributes, minus location data, and was
utilized to connect with the plot data. Both the condition and tree tables were processed with the
same criteria, prioritizing accessible forest land. The tree table offered crucial information such as
unique plot numbers, county codes, species codes, tree diameters, tree density (trees per acre), and
survey cycles.

White oaks were identified within the tree table using the species code 802. From this dataset,
we calculated the basal area for white oaks, which serves as an important measure of forest structure
and tree health across sampled plots.

Basal area = 0.005454 * (Current Diameter)? = trees per acre unadjusted (@)

We linked the forest condition and tree tables by using unique plot identifiers. The combined
dataset was then summarized by calculating the basal area (m?ha) for each plot. Following this, we
joined the summarized basal area with the plot table, again based on unique plot numbers. This
resulted in a comprehensive dataset that included white oak plots, plot locations, basal area values,
and survey cycles. Our dataset, initially annual, was grouped into multi-year cycles following a five-
year survey period. For example, Virginia's cycle 7 spanned inventory years from 1998 to 2002, with
subsequent cycles covering 2003-2007 (cycle 7), 2008-2012 (cycle 9), 2013-2017 (cycle 10), and 2018-
2019 (cycle 10). This same process was applied to other states, extracting white oak plots from cycles
for corresponding survey years. Furthermore, we linked individual cycles using a formula that
combined county and plot numbers COUNTYCD + (PLOT)/100,000 to identify changes over time.
For instance, by subtracting the basal area of cycle 7 from cycle 8, we identified declining plots with
negative basal area values. The same procedure was followed to compare cycle 8 to cycle 9, cycle 9 to
cycle 10, and cycle 10 to cycle 11. To avoid duplications, we retained only one basal area value per
plot. Using this method within ArcGIS version 10.8.1, we identified 2,220 declining white oaks plots
out of 7,405 live white oaks plots across ten states.

The decline of white oak was calculated by using basal areas (negative) of surveyed cycles, which
were grouped into five years. Some of the white oak plots were remeasured in the period from 1998
to 2019. Hence, we omitted those repeated plots to have accurate results. However, we summed up
all those remeasured plots’” basal areas to obtain the true basal area. We selected all the basal areas
from declining plots of white oaks concerning surveyed years. The declining plots were chosen based
on reduced basal area. Reduced basal area refers to the change in basal area (negative) referring to
declining white oak plots. For instance, we calculated Viginia's reduced basal area from each cycle
as:

Reduced basal area (m?ha™?!) = Basal area of cycle 7 — Basal area of cycle 8 2)

d0i:10.20944/preprints202411.0224.v1
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Figure 2. Ten states showing the number of live white and declining white oak plots across the eastern
Us.

2.3.2. Calculation of stand Density of Declining White Oaks

From the set of declining white oak plots, we captured all the basal areas corresponding to white
oak decline. Based on the basal area and area provided in each plot, we calculated stand density
concerning white oaks that are considered as declined. For this, we summarized all those stand
densities in the plot systems so that each declining plot of white oaks has a unique number for stand
density. The stand density can be expressed as:

Basal area

Stand density (m?ha™?!) = 3)

Area

2.3.3. Data Analysis for the Relationship Between Stand Density of Declining White Oaks and Soil
Properties

We did a log transformation for the stand density of declining white oaks so that our data
distribution could achieve normality. Basal area per area from declining plots of white oaks was
calculated for stand density. Soil textures were classified (18 classes in our study area) taking a
reference from the Food and Agriculture Organization Soils Portal based on the World Reference
Base (WRB) soil classification system (https://www.fao.org/soils-portal/data-hub/soil-
classification/en/). We interpolated soil organic matter and TAW and used the interpolated results to
compare them with the stand density of declining white oaks. Soil organic matter and TAW
percentage were classified into five classes i.e., very low, low, medium, high, and very high using
natural breaks (Jenks) from ArcGIS version 10.8.1. Our data were analyzed using R studio [23], in
which we fitted a linear model (Im) to build the relationship between stand density of declining white
oaks and soil variables using significance levels at o = 0.05. The linear regression model equation for
stand density with respect to soil variables was expressed as:

y=Bo + B1* Xy +B2* Xy +BsxXsgte 4)

In this model, y represents the stand density of declining white oaks as the dependent variable;
Po is the y-intercept, and B1, 32, and {33 are slope coefficients for each independent variable X. Here, X
is the soil texture class, Xz is the soil organic matter class, Xs represents the total available water class,
with e as the error term.
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3. Results
3.1. Relationship Between Stand Density of Declining White Oaks and Soil Variables

Our box plot analysis indicated a higher tendency of VFSL (i.e., approx. 2.1 m?/ha) concerning
the stand density of declining white oaks as compared to other soil variables (Figure 3A). This
suggests that VESL has a greater degree of variability in relation to the stand density of declining
white oaks. However, there was a lower tendency for LFS in relation to stand density of declining
white oaks revealing lower distributional variation between them. The results reveal a significant
relationship between the stand density of declining white oaks and various soil properties,
particularly soil texture, organic matter, and total available water (p = 0.00; Table 1). The analysis
indicated that soil texture plays a key role, with loamy fine sand (p = -1.50; p = 0.04) all showing a
negative linear relationship with the stan density of declining white oaks. This suggests that as the
content of these soil types increases, the density of declining white oaks decreases, implying that
certain soil textures may exacerbate white oaks' decline.

Interestingly, no statistically significant relationships were found between soil organic matter
and stand density, though the very high organic matter exhibited a higher tendency to stand density
of declining white oaks (2 m2/ha) than other organic matter classes (Figure 3B). While the remaining
classes showed positive relationships with stand density, their impact was not as pronounced from
our regression analysis.

The box plot analysis showed that the very high total available water class exhibited a greater
degree of variability in relation to the stand density of declining white oaks (Figure 3C). Additionally,
the analysis highlighted a significant distributional variation in the stand density of declining white
oaks within the very low TAW class, indicating that both extremes of water availability have a
marked influence on the data distribution of the stand density of declining white oaks. A positive
coefficient indicates that higher levels of TAW are linked to an increase in the stand density of
declining white oaks ( = 0.32, p = 0.00). This might reveal that white oak stands in areas with very
high soil moisture tend to have higher density, potentially because these conditions support tree
growth but may also lead to stress factors like waterlogging or pathogen susceptibility, which can
contribute to white oak decline. A positive coefficient for very low TAW suggests that drought-prone
areas are more vulnerable to white oak decline reducing the stand density of white oaks (=0.28 and
p =0.001; Table 2).

These results suggest that specific soil textures and water availability play crucial roles in the
analysis of the stand density of declining white oaks, providing insights into how soil characteristics
influence tree mortality. Effective management strategies might involve focusing on soil properties
to better understand and mitigate white oak decline by managing stand density across the eastern
us.
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Figure 3. Box plots representing the central tendencies of logarithmic stand density (m?ha) of
declining white oaks in relation to (A) soil texture, (B) soil organic matter, and (C) total available water
classes. Vhigh and Vlow represent very high and very low.

Table 2. Different classes of total available water and soil texture and their respective p-values
indicate a significant relationship with the stand density of declining white oaks.

Variable class Coefficient Std. Error Pr(>1tl)
Intercept 1.62 0.38 3.01e-05 ***
Total available water (Very high) 0.32 0.08 6.74e-05 ***
Total available water (Very low) 0.28 0.08 0.001 ***
Soil texture (Clay loam) -0.29 0.14 0.04 **
Soil texture (Fine sandy loam) -0.39 0.17 0.02 **
Soil texture (Loamy Fine sand) -1.50 0.73 0.04 **

Note: ** significance at 0.05.

4. Discussion
4.1. Soil Variables Effects on Stand Density of Declining White Oaks and Their Ecological Significance

The relationship between TAW and stand density of declining white oaks offers valuable
insights into the ecological dynamics affecting white oak forests in the eastern US. The significant
variations observed between very high and very low TAW classes and their impact on white oak
stand density indicate that extremes in water availability are critical factors influencing white oak
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decline. This suggests that both insufficient and excessive water availability can induce physiological
stress in oaks, making them more susceptible to other biotic and abiotic stressors [24].

In regions with very low TAW, water limitations are likely due to a primary factor driving white
oak decline. Soil moisture deficits can lead to hydraulic failure, causing reduced photosynthesis,
growth inhibition, and ultimately, tree death. Water scarcity such as prolonged drought conditions
has been linked to reduced photosynthetic activity, impaired stomatal conductance, and diminished
carbon assimilation in white oaks. For instance, Kabrick et al. [25] and Khadka et al. [2] reported that
a decline in white oaks occurred across various U.S. regions, including Arkansas and Missouri, where
periods of water scarcity contribute to affect white oaks by weakening the trees' resilience to pests
and diseases. The findings of our study align with other researchers, as declining white oaks' stand
density with limited access to water in very low water availability likely suffers from the adverse
effects of moisture stress and competition for water resources [26].

Conversely, the results indicating a significant relationship between very high TAW and stand
density of declining white oaks may seem counterintuitive, but it suggests that soil drainage and
aeration issues are involved in the process. Such drainage issues often indicate soils with excessive
water retention experiencing poor aeration, leading to hypoxic conditions in the root zone of white
oaks [27]. Studies have found that white oak roots have suffered from oxygen deprivation in
waterlogged soils, reducing their ability to absorb nutrients and weakening the trees over time [28].
Such conditions also create environments favorable for root rot pathogens, further accelerating white
oak decline. Studies suggest that poorly drained soils in regions of the southeastern US are affected
by pathogens like phytophthora, which thrived in saturated conditions and infected oak tree roots
[29]. This dynamic of excess water contributing to white oak decline affecting the stand density might
suggest that white oaks are sensitive to excess moisture in the soil.

Clay loam soils, characterized by fine particles and moderate water retention, were found to be
negatively affecting the stand density of declining white oaks. Soils with high clay content often have
poor drainage and can become compacted, limiting root growth and oxygen availability, leading to
stress in white oaks [30]. These soils also tend to hold more moisture, which can exacerbate root
diseases such as Phytophthora root rot, which thrives in waterlogged conditions and is a known
factor in oak decline [31]. The negative association between clay loam soils and oak density is
reflective of these physiological and pathological stresses that can arise when roots are deprived of
sufficient aeration and drainage. For instance, in the southeastern US, oak decline has been linked to
poorly drained soils with high clay content, particularly in bottomland and riparian zones [32]. This
suggests that in areas where clay loam is prevalent, forest managers need to consider soil treatments
or hydrological modifications to enhance drainage and reduce the risk of mortality associated with
root disease and poor soil aeration.

The negative relationship between fine sandy loam and declining white oak stand density might
be attributed to its moderate water retention capacity. While this soil type offers improved aeration,
its reduced capacity to hold water compared to more loamy soils may lead to increased moisture
stress during drought conditions, which are becoming more frequent in the eastern US due to climate
change. Pinto et al. [33] reported that white oak stand density is particularly sensitive to soil moisture
availability, and in regions with fine sandy loam soils, fluctuating moisture levels might exacerbate
water stress during dry periods, contributing to higher rates of white oak decline. Fine sandy loam
soils, while more favorable for root growth than clay loam, may still present challenges under
prolonged drought conditions, which could explain the negative association with white oak’s stand
density observed in this study [34].

Our study also indicated that the negative relationship between loamy fine sand and declining
white oak stand density highlighting the challenges posed by soils with high sand content. Loamy fine
sand soils typically have low water retention capacity, which can lead to rapid drying after precipitation
events. In such soils, white oaks may experience chronic moisture stress, particularly in areas with
limited rainfall or in years of drought [35]. This moisture deficit can limit nutrient uptake and reduce
the overall health and vigor of white oaks, making them more susceptible to mortality. For instance, in
regions with predominantly sandy soils such as sandy uplands, white oak often struggles to maintain
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adequate moisture levels, which can result in reduced growth and higher declining rates [36]. The
findings from this study align with other research showing that oak species in sandy soils often exhibit
lower productivity and higher vulnerability to environmental stressors, including drought [37].

4.2. Management Implications

The impacts of extreme TAW levels highlight the vulnerability of white oak stands to both
droughts and waterlogging conditions that are expected to become more prevalent with ongoing
climate variability. Forest managers may need to adapt silvicultural practices to improve soil water
management in regions prone to either extreme, through techniques like thinning, soil management
programs, or even hydrological interventions to promote better drainage or water retention [38,39].
Managing white oak stand density in response to these water-related challenges will be key to
maintaining healthy white oak populations and their ecological functions, including habitat
provision, nutrient cycling, and carbon sequestration, across diverse landscapes in the eastern US.

From a management perspective, forest managers can use this information to tailor silvicultural
practices based on soil characteristics. For instance, in areas dominated by clay loam or loamy fine
sand, practices such as soil amendments, or drainage improvements may be necessary to reduce
stress on white oak stand density and mitigate future decline. Furthermore, understanding these soil-
oak tree interactions can help guide reforestation efforts, ensuring that oak species are to be planted
in specific soil types where they are more likely to thrive [40,41].

4.3. Limitations of the Study

The large spatial extent of the study areai.e., eastern US, which spans multiple states, introduces
significant variability in climate, land use, and forest management practices, potentially confounding
the observed relationships between stand density and soil properties. Additionally, the plot sampling
from FIA might not have captured subtle variations in soil properties at finer scales. Our data covers
the period from 1998 to 2019, although this period is significant, annual fluctuations in climate
(droughts, heatwaves, etc.) and disturbances (insect outbreaks, fire, etc.) could have had strong year-
specific effects on the stand density of white oak and its decline. Aggregating data into multiyear
cycles may obscure these short-term effects, leading to a simplified interpretation of long-term trends.
Furthermore, soil properties such as texture, organic matter, and water availability were likely
derived from regional soil datasets (e.g., gNATSGO). However, the resolution of these datasets may
not capture small-scale heterogeneity in soil properties at each plot location, potentially introducing
bias in the relationship between soil variables and declining white oak stand density.

White oak decline is often influenced by complexities of stand dynamics, such as tree
composition, succession, and age structure as well as multiple interacting factors, including biotic
stressors like pests and pathogens, which are not fully captured in our analysis and might have
brought biased results. However, the effects of soil characteristics on the stand density of declining
white oaks might be useful to forest managers and landowners for a general understanding of white
oak stands and their decline in the broader perspective of the eastern US.

5. Conclusions

This study demonstrated that soil characteristics play a significant role in influencing the stand
density of declining white oaks across the eastern United States. Specifically, the findings revealed that
TAW and soil texture such as clay loam, fine sandy loam, and loamy fine sand exhibit significant
relationships with the stand density of white oaks, highlighting the sensitivity of oak forests to
variations in soil conditions.

Our study indicated a positive relationship between both very low and very high TAW and
stand density, suggesting that moisture availability influences oak stand dynamics at both extremes.
White oaks in regions with very low TAW might be more vulnerable to drought, leading to a decline
in stand density. Conversely, areas with very high TAW, possibly due to excessive water retention,
may create conditions of poor drainage or saturation, which could also reduce stand vigor. This dual
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impact of water availability points to the need for further investigation into how soil moisture
variability drives a decline in white oaks' stand density, especially under the increasing variability in
climate patterns across the eastern U.S.

We found a negative relationship between the stand density of declining white oaks and soil
textures, which suggests more compacted or nutrient-poor soils are less favorable for white oak
sustainability. These soil types may restrict root growth or limit nutrient availability, thereby
reducing the resilience and productivity of white oak stands. This indicates the importance of soil
texture in forest management and the potential need for targeted soil amendments or restoration
strategies in areas dominated by these soil types.

Future studies should integrate climatic factors, such as precipitation and temperature, alongside
soil properties to better understand the interactive effects of soil and climate on the stand density of
declining white oaks. Considering the effects of drought, heatwaves, and extreme weather events will
help refine predictions of white oak stand density conditions in response to changing environmental
conditions.
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