Loblolly Pine:

Figure 1. This loblolly pine'tree growing in an
unmanaged forest in North Carolina.demonstrates the
strong apical dominance of the species. Photo by K.
Potter, USDA Forest Service, 2023.
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Abstract

Loblolly pine (Pinus taeda L.) is the most commercially
valuable conifer in the United States. This native species

is grown widely across the Southern and Central States.
Genetic diversity of this species is high, and population
structure is low with some east-west differentiation.
Loblolly pine seeds and seedlings for planting are typically
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moved from a 5 °F (2.8 °C) warmer hardiness zone to a
cooler zone to maximize growth potential. Fusiform rust
(caused by Cronartium quercuum f.sp. fusiforme) can be
a lethal pathogen to loblolly pine if not managed properly,
while southern pine beetle (Dendroctonus frontalis) is a
significant pest on older, more decadent stands. Loblolly
pine is expected to perform well under climate change
because of its high abundance, moderate shade tolerance,
and broad adaptability.

Introduction

Loblolly pine (Pinus taeda L.) is a widely distributed,
long-lived, intermediate shade-tolerant conifer with a
broad ecological amplitude. The species has the highest
commercial value of any tree species in the United
States due in part to its fast growth, broad adaptability,
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Figure 2. In wild stands, loblolly pine trees vary in height and diameter and often grow in stands mixed with hardwood

and strong apical dominance (figure 1). The growth
and form characteristics of the species have been
further enhanced by extensive breeding programs
(Cumbie et al. 2012). For example, the program led
by North Carolina State University is in its fourth
breeding cycle and planning for a fifth cycle (Isik and
McKeand 2019). The present value of efforts to breed
improved loblolly pines and to deploy genetic gains
to landowners is estimated to exceed $1.7 billion,
reflecting an increase of $1,594 per acre ($3,937

per ha) across over 1 million acres (404,685 ha) of
improved seedlings planted each year (McKeand et
al. 2021). Loblolly pine forests comprise more than
half of the standing pine volume in the Southern
United States (Baker and Langdon 1990), and it is the
most planted tree in the country (Abrahams 2023).
The wood of loblolly pine is valued for construction
because of its high density (Alden 1997) and
concomitant high strength and stiffness. The species
is also a prime candidate for carbon markets because
of its high growth rates and preferred status as a
plantation species across much of the region’s coastal
and piedmont forest sites (Huang et al. 2004).

Loblolly pine is native across the Southern United
States, and it is grown successfully on other continents
(Baker and Langdon 1990), including South America,
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trees, as seen in this stand in North Carolina. Photo by K. Potter, USDA Forest Service, 2023.

Australia, Asia, and Africa (Schmidtling 2001). As
with other southern pines, its natural distribution is
limited in the north by lower winter temperatures and
in the west by lower precipitation (Schmidtling 2003).
In noncommercial stands, loblolly pine occurs on sites
with higher soil moisture than other southern pines and
may grow in pure or mixed stands with hardwoods that
have relatively long intervals between fire events (figure
2) (Baker and Langdon 1990). In its northern range,
loblolly pine occurs with shortleaf pine (Pinus echinata
Muill.) as far north as New Jersey (Crocker et al. 2017),
Maryland, and southern Illinois (Crocker et al. 2009).
The rapid early growth of loblolly pine exceeds that

of longleaf pine (P. palustris Mill.) on South Carolina
sandhill plains at least until 19 years of age (Cram et al.
2010). Adult trees have thick bark and relatively high
fire tolerance (USDA NRCS 2023), but seedlings are
relatively intolerant of fire compared with shortleaf,
longleaf, and slash (P. elliottii Engelm.) pines (Bradley
et al. 2016, Pile et al. 2017). Seed germination is
optimal on bare mineral soil (Edwards 1987).

Loblolly pine seedlings are grown in nurseries as
both bareroot and containerized stock types (figure
3) (Grossnickle and South 2017, Porterfield 2006),
performing best on mildly acidic nursery soils (South
2017). Young seedlings, whether in the nursery or
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Figure 3. Most loblolly pine seedlings being planted across
the Southern United States are grown as bareroot stock,
but containerized seedlings are increasingly common.
Photo by C. Pike, USDA Forest Service, 2018.

in the field, may be sensitive to winter cold snaps when
temperatures drop below 25 °F (-4 °C) (Pickens and

Crate 2018). Loblolly pine’s range is predicted to shift
northward as the climate warms over the next few decades
because of its high abundance, fecundity, and adaptability
(Iverson et al. 2004, Peters et al. 2020), while being
limited by its current cold hardiness level (i.e., USDA
plant hardiness zone, or approximately 0 to 10 °F [-17.8 to
12.2°C]) (Bannister and Neuner 2001). Shade tolerance of
loblolly pine is greater than other southern pines, which is
advantageous for its adaptability to climate change (Peters
et al. 2020).

Genetics

Loblolly pine is a monoecious diploid species with high
genetic variation typical of outcrossing, wind-pollinated
tree species, despite a prior genetic bottleneck occurring
during the last glacial period (Acosta et al. 2019). The
species’ postglacial period recovery of genetic diversity
is in stark contrast to red pine (Pinus resinosa Aiton) that
also experienced a bottleneck during the same glacial
maximum but today harbors low genetic diversity (Echt
et al. 1998). The fact that loblolly pine was able to
recover from a dramatic reduction in population size and
maintain high levels of genetic diversity is promising for
its ability to respond to challenges like climate change
and to adapt successfully to novel future conditions
(Acosta et al. 2019). Loblolly pine’s fast growth rate

and wide adaptability have led to extensive selection

and breeding efforts for coastal Atlantic, Piedmont, and
western Gulf populations (Hooker et al. 2021, Sierra-
Lucero et al. 2002). Similar to other Pinus species,

most genetic variation for loblolly pine occurs within
populations, rather than among populations as determined
with protein (i.e., allozymes) (Hamrick et al. 1993) and
DNA-based markers (Eckert et al. 2010, Lu et al. 2016).
Evidence from allozymes, monoterpenes, and fusiform rust
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resistance suggest that loblolly pine existed in two refugia
during the last glacial period: one in south Florida and/

or the Caribbean and one in south Texas and/or northeast
Mexico. These refugial populations likely migrated north
during the Holocene and merged near the Mississippi
River (Schmidtling et al. 1999).

Loblolly pine populations west of the Mississippi River
are characterized with slower growth, but they have
greater resistances to drought and fusiform rust (Wells
and Wakeley 1966) than populations east of the river,
which informs seed zone recommendations formulated
by Schmidtling (2001). Specifically, the three seed zones
are (1) east of the Mississippi River, (2) between the
Mississippi River and east of the borders between Texas/
Oklahoma and Louisiana/Arkansas, and (3) west of the
borders between Texas/Oklahoma and Louisiana/Arkansas.
Genetically improved seed from seed orchards (figures

4 and 5), including mass control-pollinated and control-
pollinated full-sib, is the primary source of seed for
reforestation (McKeand et al. 2021).

Loblolly pines have medium-sized cones (figure 6)
compared with other Pinus species and wind-dispersed
seeds (Krugman and Jenkinson 2008). Growth rates of
hybrids with longleaf pine, known as Sonderegger pine

(P. x sondereggeri H. H. Chapm.), are relatively high
compared with the midparent (parental species’ mean), but
survival is higher for loblolly pine than the hybrid or the
longleaf pine parent (Schoenike et al. 1975). Further work
has shown no significant differences in height, diameter,
volume, or fusiform rust severity between loblolly and

Figure 4. The wide spacing in loblolly pine seed orchards,
as shown here in Georgia, is used to maximize seed
production and to provide full access to crowns for cone
collecting with a mechanical lift. Photo by C. Pike, 2018.
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Figure 5. This seed orchard in Delaware is the most
northerly seed orchard of loblolly pine in the United States.
Seed orchards like this one may be used to increase seed
production for planting in more northerly climates. Photo
by R. Overton, USDA Forest Service, 2007.

Sonderegger pines (Henderson and Schoenike 1981).
Loblolly pine also forms natural hybrids with pitch pine
(P, rigida Mill.) in New Jersey, Maryland, and Delaware,
and with pond pine (P. serotina Michx.) in New Jersey,
Maryland, Delaware, and North Carolina (Baker and
Langdon 1990). Hybridization occurs with shortleaf pine
throughout the species’ ranges, with higher rates west of
the Mississippi River (Edwards and Hamrick 1995, Xu et
al. 2008). The introgression between the species is thought
to contribute to fusiform rust resistance of loblolly pine in
this region (Florence and Hicks 1980).

Seed-Transfer Considerations

Seed-transfer recommendations for loblolly pine (and other
southern pine species) are based largely on plant hardiness
zones, or the average annual minimum temperatures
(AAMT) for a locale, as supported by seed source study
results (Schmidtling 2001). Winter temperatures are the
best predictors of height growth in loblolly pine, including
AAMT and number of frost-free days (Schmidtling

1994, 2001). Seedlings generally can be transferred from
areas with AAMT within 5 °F (2.8 °C) of the planting
location, although they can be moved as far as 10 °F (5.6
°C). The risk of cold damage increases for northward
transfers, while growth decreases in southward transfers
(Schmidtling 1994, 2003). Seeds from 150 mi (241 km)
south of the planting site are generally favored because
their growth exceeds local sources except in northern areas
where local sources may be best (Schmidtling 2001).

Loblolly pine seed sources from the eastern seed zone
(east of the Mississippi River) should not be planted in the
western seed zones because of the risks posed by drought
and fusiform rust. Western seed sources can be planted
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Figure 6. Loblolly pine cones are medium-sized and
typically release seeds while still on the tree. This habit
requires that cones be handpicked before the seeds are
released. Photo by C. Pike, USDA Forest Service, 2023.

in the eastern seed zone, particularly for droughty sites
and areas with high fusiform rust exposure, though these
western sources will likely grow slower (Schmidtling
2003). Loblolly pine is also sensitive to photoperiod, with
northerly populations being more sensitive than southerly
populations (Perry et al. 1966). For this reason, movement
from central to northern areas for assisted range expansion
or assisted species migration (Williams and Dumroese
2014) should not exceed previously recommended
maximum transfer distances, while transfers of less than
200 mi (322 km) are not likely to exhibit negative effects
attributable to photoperiod alone. Loblolly pine is not
recommended for planting in Illinois north of U.S. Route
40 (which runs near and parallel to Interstate 70 at roughly
39° N latitude) (Gilmore 1980) because of low minimum
winter temperatures. In Maryland, local seed sources

are recommended for planting (Little 1969), which is

also consistent with Schmidtling (2001). Local sources
should be favored along the edge of the northern range

for assisted migration beyond the current range limit for
assisted range expansion or assisted species migration. A
summary of considerations for moving loblolly pine seed
is contained in table 1.

Insects and Diseases

Loblolly pine generally outgrows longleaf and shortleaf
pines but is more susceptible to pests, specifically southern
pine beetle, fusiform rust (Moser et al. 2003), and pitch
canker (caused by Fusarium circinatum). Breeding for
resistance to fusiform rust (Carson and Carson 1989) has
been occurring for decades with different deployment
strategies (e.g., full-sib vs. half-sib families) depending
on disease severity (Bridgwater et al. 2005). Western
sources of loblolly pine have evolved a higher degree of
resistance to fusiform rust compared with eastern sources.
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Table 1. Summary of silvics, biology, and transfer considerations for loblolly pine

Loblolly pine (Pinus taeda)

Genetics « Genetic diversity: high
» Gene flow: high

Cone and seed traits - Average 18,000 seeds per pound (40,000/kg) (Krugman and Jenkinson 2008)

- Cone/seed bearing may begin at 5 to 10 years; cone crops occur every 3 to 13 years
(Krugman and Jenkinson 2008)

Insect and disease « Insects: southern pine beetle
- Diseases: fusiform rust, pitch canker, brown spot needle blight

Maximum transfer distances « Intermediate tolerance to seed transfer (200—300 mi [322—-483 km])

« Movement from warmer (5 °F [2.8 °C]) plant hardiness zones is typically practiced;
movement from up to 10 °F (5.6 °C) warmer may also be tolerated

- East to west transfer is not recommended, while west to east transfer might be acceptable
for some sites provided that north-south transfer guidelines are followed

Palatability to browse - Browse is rarely reported, but white-tailed deer in northern areas of the range are known
to consume needles and may threaten seed sources that are moved northward

Range-expansion potential « Expected to have generally favorable potential in a warmer climate because of broad
ecological amplitude, high abundance, and good fire tolerance

Like other southern pines, decadent stands with low vigor
may be preferentially attacked and negatively impacted
by bark beetles. Brown spot needle blight (caused by
Lecanosticta acicola) is a primary pathogen on needles
of trees in Pinus species across the globe and a major
concern for the southern pines grown in plantations (van
der Nest et al. 2019).
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