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EASTERN AND WESTERN LOBLOLLY PINE SOURCES 
IN THE WESTERN GULF COASTAL PLAIN REGION—

ROOT SYSTEM OBSERVATIONS
Mary Anne Sayer, Michael C. Tyree, Michael A. Blazier, Joshua P. Adams, and Brett T. Wolfe

ABSTRACT

In the Western Gulf region, eastern sources of loblolly pine (Pinus taeda) are often chosen for 
planting rather than western sources. Eastern sources are considered less drought resistant 
than western sources, but to date, they have performed well in the western range. Climate shifts 
are expected to increase drought severity across the Western Gulf region. To facilitate planting 
decisions, we need knowledge of the ability of eastern and western loblolly pine sources to 
tolerate severe drought. Three genotypes of 15-year-old loblolly pine, two from the eastern and 
one from the western range, were treated with two levels each of stand density and drought. The 
3-year study concluded in 2022 and carbon and water status parameters, and biomass allocation 
are being analyzed. Genotypes differed in their responses to stand density and drought, and it 
appears that carbon allocation within the root system may be related to stand production under 
severe drought.

INTRODUCTION
Loblolly pine (Pinus taeda) production is vital 
to wood supply in the United States and as such, 
is important to local and State economies in the 
Southeast (Abt and others 2002, Fox and others 
2007). Among the loblolly pine Coastal Plain 
breeding population, four generations of genetic 
improvement over 65 years have produced a 
48-percent increase in stemwood growth over 
unimproved sources (McKeand and others 2021). 
These gains continue to bolster the establishment 
of genetically improved loblolly pine (Fox and 
others 2007).

Elite eastern genotypes, many originating in 
the Atlantic Coastal Plain (ACP), are superior in 
growth compared to western sources (Lambeth 
and others 2005). Western sources, on the other 
hand, are more drought tolerant than eastern 
sources (Schmidtling 2001, 2003; South and others 
2023). Despite this generalization, research has 
shown that some eastern sources tolerate water 

deficit. For example, Blazier and others (2004) 
reported that an ACP source outperformed a 
genetically improved local loblolly pine source 
on a droughty site in Oklahoma. Similarly, in 
a comparison of loblolly pine performance 
between ACP and Texas Lost Pines (TLP) families 
on a xeric site in North Carolina, growth of the 
ACP provenance was superior to that of the TLP 
provenance (Smith and others 2014).

Tree improvement programs have narrowed the 
productivity gap between eastern and western 
loblolly pine genotypes. Chmura and others (2007) 
found comparable second-year growth between 
a superior ACP loblolly pine genotype and a 
subset of western loblolly pine genotypes at two 
of three western sites. The ACP sources, however, 
remain highly desirable in the West Gulf Coastal 
Plain due to their record of growth west of the 
Mississippi River (Lambeth and others 2005, 
Matallana-Ramirez and others 2021).

Historically, the Western Gulf Coastal Plain 
experiences prolonged drought, and the severity 
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and duration of these events are expected to 
increase (IPCC 2021). As such, drought resistance 
traits may become as important as growth traits 
in loblolly pine genotype selection for this region. 
While eastern sources generally perform well 
under water deficit (Lambeth and others 2005), 
their drought resistance and growth response to 
anticipated changes in climate are unknown.

Physiological attributes important to loblolly pine 
drought resistance are affected by genotype and 
its interaction with the environment (Aspinwall 
and others 2011a, Gonzalez-Benecke and Martin 
2010, Ingwers and others 2017, Stovall and others 
2013). In support, Li and others (2021) reported 
that gene expression is different between drought 
resistant and sensitive loblolly pine genotypes. 
Based on their analysis of loblolly pine biomass 
accumulation and stomatal conductance using 
needle carbon isotope composition, Ingwers 
and others (2017) indicated genetic traits that 
maximize water uptake may control loblolly 
pine production under water stress. Globally, 
root-to-shoot ratio is negatively correlated 
with precipitation (Mokany and others 2006), 
suggesting that carbon allocation patterns 
favoring root system development benefit water 
uptake. Loblolly pine root-to-shoot ratio, however, 
is not consistently correlated with genotype 
performance (Aspinwall and other 2011b, Stovall 
and others 2013). Rather, root-to-shoot ratio may 
come into play only for a subset of genotypes 
under conditions of water deficit (Ingwers and 
others 2017).

Within the root system, biomass partitioning 
between fine and woody roots may also affect 
water uptake. Despite the importance of fine roots 
to soil resource acquisition (McCormack and 
others 2015), Aspinwall and others (2011b) found 
biomass allocation to the taproot rather than fine 
roots was correlated with genotype performance 
in loblolly pine. Rooting depth, which may affect 
production where water limits growth, is also of 
interest (Hacke and others 2000, Qi and others 
2020). These observations indicate that the taproot 
and other deep woody roots are important to 
water uptake during drought.

In addition to carbon allocation pattern, xylem 
cavitation resistance of woody roots promotes 
water uptake as soil dries. Aspinwall and others 

(2011a) observed a genotype effect on loblolly 
pine terminal shoot hydraulic conductivity. 
They indicated that cavitation resistance may 
be under genetic control and tied to crown 
function during drought. The heritability of 
xylem function was also observed in loblolly 
pine seedling root systems with higher hydraulic 
conductivities in a Texas seed source compared 
to one from Mississippi (Sword Sayer and others 
2005). Because woody roots are more vulnerable 
to cavitation than branches, woody roots assume 
an outsized role in whole-tree hydraulic function 
during drought (Domec and others 2010).

Where the risk of growth limitation by drought 
is high, stand density management provides an 
opportunity to sustain stemwood growth on an 
individual tree basis (Bottero and others 2017, 
McNulty and others 2014). Thinning at an early 
initial age and frequently thereafter may lessen 
water deficit effects on tree growth. Managing 
stands to minimize intraspecific competition also 
conserves crown mass by reducing self-pruning. 
In turn, carbon supplied belowground supports 
drought resilience by root system expansion and 
greater access to deep water (Mackay and others 
2020).

In 2018–2019, a study was established to evaluate 
drought resistance of 15-year-old loblolly pine 
under two stand densities and in response to 
artificial drought. The present objective was 
to combine study observations of tree growth 
and fine root biomass with woody root system 
information from a subsample of trees to identify 
genetically controlled root system variables 
that may have a role in drought resistance. We 
hypothesized that there were eastern versus 
western genetic differences in loblolly pine root 
system attributes that affected growth responses 
to stand density and drought.

METHODS

Study Site
The study was located at the Louisiana State 
University Agricultural Center Hill Farm 
Research Station near Homer, LA (32°75’ N 
93°04’ W) in a loblolly pine progeny trial. The 
soil was a complex of two U.S. Department of 
Agriculture, Natural Resources Conservation 
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Service series: Sacul very fine sandy loam (fine, 
mixed, active, thermic Aquic Hapludults) that is 
slowly permeable with a shallow argillic horizon 
(23 cm), and Wolfpen loamy fine sand (loamy, 
siliceous, semiactive, thermic Arenic Paleudalfs) 
that is moderately permeable with a deep argillic 
horizon (69 cm). The climate is humid subtropical. 
Using 1992 to 2022 values from three National 
Oceanic and Atmospheric Administration 
(NOAA) weather stations near the study site 
(USR0000LCAN, US1LACB0007, USC00164355), 
30-year mean annual precipitation was estimated 
to be 141 cm and 30-year mean air temperatures 
in October through March and April through 
September, were estimated to be 11.4 °C and 23.9 
°C, respectively (NOAA 2023).

Using the NOAA data, monthly average air 
temperature and sum of precipitation were 
used to estimate six monthly water balance 
parameters by the Thornthwaite water balance 
model (McCabe and Markstrom 2007). Soil 
moisture storage capacity of the 1-m depth was 
estimated as 108 mm using plant-available 
water-holding capacity data above and below 
the argillic horizon (Bt) (Sayer unpublished 
data). Water balances in January through March, 
April through June, July through September, and 
October through December were determined for 
2007 through 2022 and monthly water balances 
were determined for the ambient rainfall and 
drought conditions in 2020, 2021, and 2022. Water 
balance parameters estimated were soil storage, 
runoff, surplus, potential evapotranspiration, 
actual evapotranspiration, and deficit.

In fall 2004, after harvesting a 50-year-old loblolly 
pine stand, the study area was prepared by 
prescribed fire and subsoiling. Five genotypes 
were planted in 2005 as container-grown 
seedlings in 0.06-ha plots at a 1.8 m by 4.9 m 
spacing. For the present study, three of these 
genotypes were chosen: LA, originating in the 
western range, and 7-56 and C93, originating in 
the eastern range. The LA seedlings were grown 
by open-pollinated seed with an origin near the 
study site. The 7-56 seedlings were also grown by 
open-pollinated seed but with an ACP origin. The 
C93 seedlings were rooted cuttings from 7-56 and, 
therefore, were of ACP origin.

Basal Area, Tree Height, and Fine 
Root Biomass
We delineated three blocks in the original study 
based on soil drainage. Within each block, three 
main plots were identified, each containing one of 
the genotypes (7-56, C93, LA). Four subplots within 
each main plot were randomly chosen from 
groups of four consecutive trees in planting rows 
that were of the dominant crown class and free of 
abnormalities. Each subplot was assigned one of 
two stand densities and one of two drought levels. 
Two alternate trees in each subplot were chosen 
for nondestructive measurement of basal area and 
tree height or destructive measurement of fine 
root biomass (FRB).

Stand density treatment levels were the original 
1,122 trees/ha (UT) or thinning with removal of 
half of the trees in and adjacent to the subplot. 
Removals included the two trees on either side 
of measurement trees and alternate trees in tree 
rows adjacent to subplots for a stand density of 561 
trees/ha (T). Thinning was completed by late 2018.

Drought treatment levels were ambient 
throughfall and stemflow (A) and imposed 
drought (D) that removed approximately 80 
percent of throughfall and stemflow. Our 
intention was to simulate severe drought by 
excluding as much throughfall and stemflow as 
possible. The trees were first prepared for the D 
treatment by excavating a rectangular trench 
approximately 10 cm wide and 1.5 m deep around 
each of the 36 subplots, such that the distances 
between tree stems or stumps and the short and 
long trenched sides of the subplots were 0.9 m 
and 2.4 m, respectively. Trenches around subplots 
were lined with 0.1-mm thick, transparent, plastic 
sheeting and backfilled. Trenches minimized 
lateral flow of subsurface water and root 
migration across subplot boundaries. Trenches 
were completed by mid-2019.

Shelters of trees receiving the D treatment 
consisted of wooden frames supporting 0.1-mm 
thick, transparent, plastic sheeting wrapped 
around tree boles within frames to restrict 
stemflow. Frames peaked in the planting row 
at approximately 1 m above the forest floor 
and sloped to approximately 10 cm above the 
forest floor over the two long trenches of the D 
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trees. Shelters were completed by June 2020 and 
remained functional until July 2022 with two 
exceptions. Hurricanes increased September 
and October 2020 precipitation by 60 and 30 
percent, respectively. These rainfall events 
caused overland flow into the D subplots. Second, 
a winter storm in February 2021 caused some 
collapse and breakage of the shelters until repairs 
were completed in April 2021. Shelters were 
continuously effective for 16 months between 
April 2021 and July 2022.

Total tree height (TH) was measured annually 
with a clinometer. Diameter at breast height 
(d.b.h.) was quantified every 6 to 12 months 
with a diameter tape. Tree basal area (BA) was 
determined by the equation, π(d.b.h./2)2 and 
expressed in square centimeters. Using BA values 
at age 15 years (BA15), which was immediately 
before the stand density treatment was 
completed, relative basal area growth (RG) was 
calculated by equation (1):

(1)

where x = the measurement interval in years after 
the stand density treatment was complete.

To measure FRB, a tractor-mounted hydraulic 
probe was used in January 2021 to extract five 
soil cores (5.1 cm diameter by 50 to 60 cm long), 
0.5 to 1.0 m from the base of each destructive 
measurement tree. The Bt of each soil core was 
identified and soil above and below the top of 
the Bt was pooled by subplot. Pine fine roots with 
diameters of at least 2 mm and ironstone (plus 
plinthite) were isolated by sample. Volumes of 
ironstone in samples were determined by volume 
displacement and expressed as cubic centimeters. 
Fine root samples were oven-dried to equilibrium 
at 70 °C and weighed. The subplot sample volumes 
were adjusted by ironstone volume and FRB was 
expressed as milligrams per cubic centimeter of 
mineral soil.

Root System Architecture
Three trees per genotype outside the three blocks 
were chosen for root system excavation in July 
2021. Trees were chosen from among those 
that were not thinned, did not have adjacent 
missing trees, and were within 5 percent of mean 
genotype d.b.h. with no abnormalities. Each tree 

was felled at a 50-cm stump height and removed 
from the area. A 2.0-m square border equidistant 
from the stump center was painted on the forest 
floor. Using a track hoe, the outer edge of the 
painted square was excavated by first digging 
a 1-m trench and cutting wood roots at the edge 
of the soil block with pruning shears. Using the 
track hoe, soil was dug from the 4.0-m3 block with 
most woody roots in the soil block remaining 
intact. When the top 0.5 m of the root system was 
exposed, the stump was struck by the track hoe 
bucket to free the root system from soil. A chain 
was attached between the stump and track hoe 
bucket, and the root system was pulled out of the 
soil. Root systems were trimmed to their 4.0-m3 
volume using pruning shears. The track hoe was 
used to excavate woody roots >0.5-cm diameter 
below 1.0 m to determine maximum rooting 
depth (MRD). Severed woody roots ≥1.0 cm in 
diameter within the 4.0-m3 block were collected 
and paired with the appropriate root system.

Root systems were shaken and washed free of 
soil, elevated by a chain, and evaluated for root 
architecture. Numbers of small (1.0–5.0 cm 
diameter) (SFOLR) and large (>5.0 cm diameter) 
(LFOLR) first-order lateral roots, and number 
of sinker roots ≥1.0 cm in diameter at the 1.0 m 
depth of the taproot (SR) were counted. Using 
a chainsaw and pruning shears, SFOLR and 
LFOLR were removed from the taproot (TR) 
and partitioned into three woody root diameter 
categories: >0.5 cm and ≤1.0 cm (small woody 
roots, SWR), >1.0 cm and ≤5.0 cm (medium woody 
roots, MWR), and >5.0 cm (large woody roots, 
LWR). The SWR, MWR, and LWR were pooled by 
tree. After oven-drying to equilibrium at 70 °C, 
TR, SWR, MWR, and LWR dry weights by tree 
were quantified. Total number of first-order 
lateral roots (TFOLR) and total woody root system 
dry weight (TWR) were calculated by addition.

Statistical Analyses
Effects of genotype, stand density, and drought on 
RG, TH, and FRB were evaluated by analyses of 
variance using a split plot, randomized compete 
block experimental design with three blocks (SAS 
Institute, Inc., Version 9.1, Cary, NC). Genotype 
(LA, 7-56, or C93) was the whole plot effect and the 
factorial combination of stand density (UT, T) and 
drought (A, D) was the subplot effect.
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The effect of genotype on root system variables 
(MRD, SR, SFOLR, LFOLR, TFOLR, TR, SWR, 
MWR, LWR, TWR) among nine trees in 2021 
was evaluated by analyses of covariance using 
a completely randomized design with three 
replications and d.b.h. as the covariate.

Before both analyses, data were transformed as 
needed to natural logarithm values to meet the 
assumption of normally distributed experimental 
errors. Main and interaction effects and means 
assessed by the Tukey-Kramer test were 
considered significantly different at an α-level of 
0.05 and marginally significantly different at an 
α-level of 0.10.

RESULTS AND DISCUSSION
Tree height among genotypes was measured 
annually as available light transitioned from 
an open condition to light limitation by early 
crown closure. Under open conditions, Blazier 
and others (2018) reported that by age 5 years, the 
open-pollinated 7-56 genotype and two varietal 
genotypes, C93 (which shares maternal genetics 
with 7-56) and C9, exhibited superior tree height 
compared to a fourth genotype, 8-103. The superior 
growth of ACP genotypes such as 7-56, C93, and C9 
is well documented (Aspinwall and others 2011a, 
Chmura and others 2007, Stovall and others 2013). 
At age 14 years, lower crowns became light limited 
as evidenced by self-pruning, and our stand 
density treatment was implemented.

Once light limitations were remedied by a 
reduction in stand density from 1,122 to 561 trees/
ha, all subplots regardless of genotype responded 
6 months afterward with a significant increase in 
RG (table 1). At ages 15.5 and 16.5 years, mean RG 
increased 38 and 59 percent, respectively, in 
response to thinning. By age 18.0 years, trees in 
UT subplots were 4 percent taller than trees in T 
subplots [UT: 21.5 ± 0.5 m (mean ± standard 
error); T: 20.7 ± 0.5 m]. Similar tradeoffs between 
loblolly pine stem diameter and height growth in 
the absence of thinning have been observed (Ginn 
and others 1991, Sword Sayer and others 2004). By 
age 18.0 years, a significant interaction between 
stand density and genotype indicated that 7-56 
and LA RG maintained positive responses to 
thinning (fig. 1). However, C93 RG was similar 
between UT and T subplots suggesting the 
magnitude of the C93 response to release by 
thinning was less than those for 7-56 and LA.

Physiological and developmental differences 
between C93 and 7-56 observed in 2009–2010 
provide insight about the poor response of C93 to 
thinning relative to that of 7-56 and LA. 
Observations of 7-56 and C93 crown physiology at 
age 5 years indicated that these genotypes have a 
high potential for carbon fixation under favorable 
conditions (Osbon and others 2012). However, 
water deficit began in April 2010 and continued 
well into 2011 (fig. 2). By late summer 2010, C93 
whole-crown carbon fixation suffered with lower 
gas exchange rates and greater premature foliage 

Table 1—Significance (probability of a greater F-value) of genotype, stand density, drought, and their 
interactions on tree relative basal area growth and total tree height

Relative basal area growth Total tree height

Source of variation df 15.5 yr1 16.5 yr 18.0 yr2 18.5 yr 15.5 yr1 16.5 yr 18.0 yr2

Block 2 0.6192 0.2982 0.0701 0.2123 0.0005 0.0010 0.0230

Genotype (G) 2 0.3331 0.6194 0.1939 0.1632 0.0001 0.0001 0.0001

Stand density (T) 1 0.0005 0.0001 0.0001 0.0001 0.1542 0.0985 0.0236

Drought (D) 1 0.4627 0.2559 0.5139 0.5782 0.9490 0.4974 0.2268

G x T 2 0.1609 0.0574 0.0464 0.0250 0.8643 0.7311 0.6977

G x D 2 0.0354 0.1887 0.0166 0.0486 0.1413 0.0816 0.0343

T x D 1 0.6846 0.5478 0.4197 0.2212 0.2747 0.4675 0.1027

G x T x D 2 0.7425 0.6514 0.3697 0.5253 0.9620 0.6133 0.9242
Analysis of relative basal area growth at 15.5 years was conducted with natural logarithm-transformed values to establish normally distributed experimental errors.
df = degrees of freedom.
1 6 months after thinning was completed.
2 After 18 months of intact shelter function.
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senescence compared to 7-56 (Blazier and others 
2018, Hood and others 2012).

FRB also differed between C93 and 7-56 at age 
5 years with a larger proportion of root system 
biomass allocated to fine roots in C93 compared 
to 7-56 (Blazier and others 2018). The opposite was 

true of woody roots, with a smaller proportion of 
root system biomass allocated to woody roots in 
C93 compared to 7-56 (Blazier and others 2018). 
The severe drought also caused a 90-percent 
decrease in FRB among all genotypes in 2010 
(Sayer unpublished data). As such, a larger 
amount of carbon invested in C93 root systems 
was lost by drought compared to 7-56 root 
systems. In contrast to 7-56, C93 had a smaller 
investment in woody roots that may have reduced 
access to deep water and in turn, reduced carbon 
fixation rates and accelerated drought-induced 
foliage senescence.

By 2019, an increase in available light after 
thinning would likely have led to an increase in 
whole-crown gas exchange and thus, demand for 
water (Ginn and others 1991, Tang and others 
2003). Because water deficit is common at this 
study site (fig. 2), root access to deep water may 
have been needed to meet this demand. The poor 
C93 response to release may be attributed to C93 
root system architecture if it failed to support the 
access and transport of adequate water for 
sustained carbon fixation. Root system 

Figure 2—Water balance using the Thornthwaite model (McCabe and Markstrom 2007) and a 1-m soil water storage depth, summed annually by 
3-month quarter between 2007 and 2022. AET = actual evapotranspiration.

Figure 1—Tree relative basal area growth of one western source (LA) 
and two eastern sources (7-56, C93) of loblolly pine at ages 18.0 and 18.5 
years in response to two levels of stand density [1,122 trees per hectare 
(UT); 561 trees per hectare (T)]. Means at the same age associated with a 
different lowercase letter are significantly different at an α-level of 0.05 
by the Tukey-Kramer test. Error bars represent one standard error of 
the mean.
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excavations in 2021 indicated that depth of 
rooting, numbers of first-order lateral roots, and 
dry masses of the taproot, and medium and large 
woody roots were not significantly affected by 
genotype (table 2). However, with marginal 
significance (P >0.0657), dry mass of small woody 
roots was affected by genotype, with greater 
values for C93 and 7-56 compared to the LA 
genotype (fig. 3a). With marginal significance, 
FRB also was affected by genotype (P >0.0536) but 
not stand density, drought, or their interactions, 
with greater FRB for C93 and 7-56 compared to the 
LA genotype (fig. 3b). Perhaps C93’s high 
investment in fine roots and small woody roots 
was problematic to growth after thinning if this 
sacrificed large woody root growth. While this 
was not supported by our current evaluation of 
three trees per genotype, an expanded set of 
woody root variables will be assessed using nine 
trees per genotype excavated in 2022. A larger 
sample size and evaluation of additional variables 
important to water access and transport will 
improve resolution of genotype effects on root 
system function.

Root system architectural differences between 
the two eastern genotypes, C93 and 7-56, and the 
western genotype, LA, also may have had a role in 
growth responses to drought. At ages 15.5 and 16.5 

Table 2—Mean and standard error (SE) of root system architecture variables for nine excavated 
trees in July 2021 and the significances (probability of a greater F-value in analyses of covariance) 
of the covariate, diameter at breast height (d.b.h.), and the main effect of genotype

C93 7-56 LA P

Variable Mean SE Mean SE Mean SE d.b.h. Genotype

MRD 1.6 0.2 1.4 0.1 1.3 0.3 0.5918 0.4713

SR 6.0 2.0 4.0 2.0 4.0 1.0 0.3373 0.7122

SFOLR 6.0 1.0 7.0 2.0 6.0 2.0 0.6143 0.1497

LFOLR 9.0 1.0 13.0 1.0 10.0 1.0 0.8769 0.8561

TFOLR 15.0 1.0 20.0 2.0 16.0 1.0 0.8649 0.2796

TPR 19.7 2.7 18.8 3.3 19.8 4.3 0.0325 0.8230

SWR 0.36 0.05 0.35 0.04 0.23 0.09 0.0187 0.0657

MWR 5.6 1.2 5.0 0.7 5.5 0.5 0.5772 0.9035

LWR 7.9 0.3 7.7 1.2 7.5 1.2 0.0246 0.9955

TWR 33.5 1.6 31.9 4.8 33.0 5.6 0.0103 0.7635
MRD = maximum rooting depth (m); SR = number of sinker roots; SFOLR = number of small first order lateral roots; LFOLR = number of large first 
order lateral roots; TFOLR = total number of first order lateral roots; TPR = taproot dry mass (kg); SWR = small woody root dry mass (kg); MWR = 
medium woody root dry mass (kg); LWR = large woody root dry mass (kg); TWR = total woody root system dry mass (kg).

Figure 3—(a) Small woody root (>0.5 and ≤1.0 cm diameter) dry mass 
in July 2021 of nine trees outside experimental units, three each of the 
C93, 7-56, and LA genotypes, and (b) fine root biomass in January 2021 
of 36 subplots by genotype. For each variable, means associated with a 
different uppercase letter are significantly different at an α-level of 0.10 
by the Tukey–Kramer test. Error bars represent one standard error of 
the mean.
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years, TH differed significantly by genotype with 
mean TH of C93 being 13 and 24 percent greater 
than that of 7-56 and LA, respectively, and mean 
TH of 7-56 being 10 percent greater than that of 
LA (table 1). However, by age 18 years, which was 
12 months after the drought treatment started, 
interaction between drought and genotype had 
a significant effect on TH and RG. At this time, 
C93 and 7-56 maintained greater TH (fig. 4a) and 
RG (fig. 4b) than LA under ambient conditions. 
Under drought conditions, however; the TH of 
C93 maintained its superior rank but that of 7-56 
decreased and became equivalent to the TH of LA. 
A similar response to drought was observed in 
RG at ages 18.0 and 18.5 years with no differences 
among the three genotypes.

While it appears under ambient conditions, the 
RG of C93 and 7-56 were superior to that of LA, 
this warrants further investigation. Surprisingly, 
a significant interaction between genotype and 
drought affected RG at age 15.5 years, which 
was before drought treatment installation. With 
marginal significance, RG was similar among 
all but two comparisons. Specifically, the A 

treatment for 7-56 and the D treatment for LA had 
45 and 48 percent larger RG, respectively, than 
the A treatment for LA. This finding requires 
an understanding of what caused RG to differ 
between the A and D treatments for LA before 
drought shelters were installed.

Under ambient conditions, water was generally 
available in the upper 1 m of soil at our study 
site (fig. 5a). However, artificial drought reduced 
throughfall and stemflow to approximately 20 
percent of ambient conditions and nearly depleted 
water storage to a 1 m depth (fig. 5b). Our early 
observations of genotype effects on FRB and small 
woody root dry mass indicate that genetic control 
of carbon allocation within the root system may 
have a role in the performance of eastern and 
western sources of loblolly during severe drought. 
Woody root access to water deeper than 1 m and 
acclimation of woody roots to extreme xylem 
tensions represent two means of sustained water 

Figure 4—(a) Total tree height and (b) tree relative basal area growth 
of one western source (LA) and two eastern sources (7-56, C93) of 
loblolly pine in response to two levels of drought (ambient precipitation 
= A; artificial drought = D). Means at the same age associated with a 
different lowercase letter are significantly different at an α-level of 0.05 
by the Tukey-Kramer test. Error bars represent one standard error of 
the mean.

Figure 5—Water balance using the Thornthwaite model (McCabe and 
Markstrom 2007) and a 1-m soil water storage depth, by month between 
2020 and 2022 under (a) ambient precipitation and (b) drought. AET = 
actual evapotranspiration; PET = potential evapotranspiration.
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supply during severe drought. Future analyses 
will provide an understanding of root access 
to deep water and investigate relationships 
between whole-crown physiology and both 
the distribution of woody root sizes and their 
hydraulic function among genotypes.
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