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FLUCTUATING MOISTURE SUPPLY ON LOBLOLLY PINE SEEDLINGS
INOCULATED WITH ROOT INFECTING OPHIOSTOMATOID FUNGI
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Abstract—Southern Pine Decline is a cause of premature mortality of Pinus species in the Southeastern
United States. While the pathogenicity of ophiostomatoid fungi, associated with declining Pinus species, has
been observed both in the laboratory and the field the driving mechanisms for success of fungal infection, as
well as the bark-beetle vectors is less understood. The goal of this research is to provide insight into the role
of future climatic conditions, specifically elevated tropospheric ozone and altered precipitation patterns, in
the progression of Southern Pine Decline on loblolly pine (Pinus taeda L.). Two key questions were addressed:
(1) will predicted concentrations of tropospheric ozone affect loblolly pine vigor and increase susceptibility to
fungi associated with Southern Pine Decline?; and (2) will predicted precipitation patterns affect loblolly pine
vigor and increase susceptibility to fungi associated with Southern Pine Decline? Our results indicate seedlings
selected for susceptibility to root infecting ophiostomatoid fungi were more sensitive to elevated ozone than
tolerant seedlings, however, neither ozone nor fluctuating moisture supply resulted in seedlings to becoming

more susceptible to root infecting ophiostomatoid fungi.

INTRODUCTION

The physical and chemical climate of the earth has
changed rapidly over the last 100 years and is predicted
to continue in the future (Christensen and others 2007,
IPCC 2013). Global climate is changing and is apparent
across a wide range of observations of which the
warming over the past 50 years is primarily as a result
of human activity (Walsh and others 2014.). It is likely
that natural disturbances in forest ecosystems will be
altered by climate change and there is evidence that
warmer temperatures have already shifted suitable
habitats and ranges of some forest species (Kirilenko
and Sedjo 2007). Climate change-induced modifications
of frequency and intensity of forest wildfires, outbreaks
of insects and pathogens and extreme events such

as high winds may be more important than the direct
impact of higher temperatures and elevated carbon
dioxide levels (Kirilenko and Sedjo 2007). The direct
effects of climate change on individual plants and plant
communities may occur in the absence of pathogens,
but also may bring about alterations in plant metabolism
that will affect their interactions with pathogens (Garrett
and others 2006).

Pests that vector pathogenic fungi (e.g. ophiostomatoid
fungi) (Bentz and others 2010, Kirisits 2004) are
important and of concern in a changing climate. The
influence of bark beetles, among other pests, is well

established in the literature and typically, drought
causes host plants to become stressed leading to
greater infestations (Jactel and others 2012, Jones and
others 2008, Klepzig and others 2004, Koricheva and
others 1998). Host stress is one factor playing a part

in this interaction, but insect physiology and ecologic
shifts can also have drastic effects (Clarke and Fraser
2004, Gillooly and others 2001).

Water availability and tropospheric ozone are both
issues of concern to the Southeastern U.S. ecosystems
(Chameides and Cowling 1995, IPCC 2013, Jones and
others 2001, Phillips and others 2009, Wear and Greis
2002). Water availability and ozone levels may alter
loblolly pine vigor and increase susceptibility to root
infecting ophiostomatoid fungi. The study addressed
two scientific questions: (1) will elevated tropospheric
ozone concentrations decrease loblolly pine vigor and
increase susceptibility root infecting ophiostomatoid
fungi? and (2) will fluctuating moisture supply decrease
loblolly pine vigor and increase susceptibility to root
infecting ophiostomatoid fungi?

MATERIALS AND METHODS

The first question was addressed in 2013 utilizing
large open-top chambers, three ozone concentrations
and stem inoculations of four families of loblolly pine.
Two of the families used were selected for tolerance
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(T1 and T2) to root infecting ophiostomatoid fungi
while the others were more susceptible (S1 and S2)
(Singh and others 2014). Seedlings were inoculated
with Leptographium terebrantis Barras and Perry,
Grosmannia huntii (Rob.-Jeffr.) Zipfel, de Beer and
Wingfield and three control treatments.

Seedlings were placed in open-top chambers and
exposed to three ozone treatments: CF — charcoal-
filtered air (~1/2 non-filtered), NF — non-filtered air
(ambient ozone), 2x - twice ambient air. Non-filtered

air is representative of concentrations currently found
around large urban areas such as either Atlanta, GA or
Birmingham, AL (Chameides and others 1988). The 2x
is indicative of potential future ozone scenarios for rural
Piedmont regions over the next 50 years (Thompson
1992, Vingarzan 2004).

The second question was addressed in 2014 utilizing
capped open-top chambers, three irrigation treatments
and stem inoculations of four families of loblolly

pine. The same families of loblolly pine were used

as in the 2013 study. Seedlings were inoculated with
Leptographium terebrantis, Grosmannia huntii and three
control treatments.

Seedlings were exposed to three irrigation treatments:
3D - irrigation three days.week™, 4D - irrigation four
days.week™ and 7D - irrigation seven days.week. Each
treatment had the same amount of moisture applied;
only the intensity and frequency was altered to simulate
flooding/drying periodicity (Westra and others 2014).

RESULTS AND DISCUSSION

Although, neither elevated ozone (question 1) nor
moisture stress (question 2) resulted in increased
susceptibility to either L. terebrantis or G. huntii, there
is evidence to suggest sensitivity to root infecting
ophiostomatoid fungi is linked to abiotic stresses such
as moisture stress and ozone. Tropospheric ozone
induced a host response, even at low concentrations,
and caused visible foliar injury. Families selected for
the susceptibility to root infecting ophiostomatoid

fungi had significantly greater visible ozone injury,
occurring on a higher percentage of the total plants.
This indicates that families of loblolly pine that are more
tolerant to root infecting ophiostomatoid fungi than
others may withstand short-term exposure to elevated
ozone concentrations. This relationship has been seen
observed in a similar study with the pathogen Fusarium
circinatum Nirenberg and O’Donnell (Carrey and Kelley
1994).

The interaction between family susceptibility and
moisture stress when challenged with the fungi is
weak. Typically root pathogens and moisture stress
act independently, as observed by others (Croisé and
others 2001, Goheen and others 1978, Joseph and

others 1998, Matusick and others 2008). Seedlings
exposed to intense and infrequent irrigation events
began to reduce metabolic functions towards the end
of the experimental period. This strategy would likely
cause seedlings to be outcompeted by other more
tolerant vegetation as well as result in mortality. Family
affected the response of the seedlings to water stress
treatments. One of the two susceptible families had
less growth with infrequent moisture events, while
both tolerant families had more growth with infrequent
events. Seiler and Johnson (1988) found that seed
source affects the response of loblolly pine to water
stress. Our results agree, however, the response is not
linked to tolerance to root infecting ophiostomatoid
fungi.

Tropospheric ozone and drought are considered
potential threats to forests in the Southeastern U.S.
(Jones and others 2001). While ozone concentrations
have been moderated by air pollution legislation,?,? the
increasing temperatures and human population could
increase ozone concentrations in the future (Gonzalez-
Abraham and others 2014, Milesi and others 2003, U.S.
Bureau of the Census 2009, Wear and Greis 2002).
Changes in precipitation also have been observed and
are expected to become more intense in the future
(IPCC 2013, MacCracken and others 2000, Seager and
others 2009, Wang and others 2010,). The Southeastern
U.S. is already experiencing climatic changes which
have had detrimental effects to both humans and
natural ecosystems (Wang and others 2010).

Shifts in climate will change the way species interact
with each other and individually (Manning and von
Tiedemann 1995). In the Southeastern U.S., exposure to
elevated concentrations of ozone over multiple seasons
is predicted to decrease loblolly pine vigor and increase
the tree’s susceptibility to root infecting ophiostomatoid
fungi. Drought and altered precipitation regimes will
likely have negative impacts as well. Typically, the
attributors of host-pathogen-environment interactions
are easily categorized. When examining insect-fungal
disease complexes, such as Southern Pine Decline,
there is greater complexity to be considered.

To better understand the relationship between disease
tolerance and sensitivity to moisture stress, a more
thorough approach would be recommended. Using
either soil moisture probes in larger planting pots (as
described by Matusick and others 2008), or conducting
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a through-fall exclusion methodology experiment
could be used. Because our seedlings were potted
and placed in OTCs on uneven ground, there are
water runoff issues that can affect the relative humidity
uniquely during different time periods of the day. The
OTCs themselves can also have drying effects on
warm days. This can alter the rate of evaporation from
seedlings and cause a chamber effect.

Future research should focus on the effects of elevated
carbon dioxide and warming temperatures with root
infecting ophiostomatoid fungi. Another component
missing in the climate-SPD interaction is the role of
the bark beetles vectoring the ophiostomatoid fungi.
Current monitoring efforts should focus on changes

in the chemical and physical climate during insect
monitoring trials. Elevated carbon dioxide and warming
will likely alter host vigor and productivity which may
increase or decrease susceptibility to biotic and abiotic
agents.

ACKNOWLEDGMENTS

The authors would like to give special thanks to Dr.
Scott Enebak for his guidance and assistance in
preparing and reviewing the manuscript, Dr. Ryan

Nadel for reviewing the manuscript and offering
statistical advice, and Efrem Robbins for assistance
with maintaining the field site and data collection.
Partial funding was provided by an Alabama Agricultural
Experiment Station Internal Grant Award (AAES-Hatch-
Multi-State-04) and the Forest Health Cooperative at
Auburn University.

LITERATURE CITED

Bentz, B.J.; Régniére, J.; Fettig, C.J. [and others]. 2010.
Climate change and bark beetles of the Western United
States and Canada: direct and indirect effects. BioScience.
60(8): 602-613.

Carey, W.A,; Kelley, W.D. 1994. Interaction of ozone exposure
and Fusarium subglutinanas inoculation on growth and
disease development of loblolly pine seedlings. Environmental
Pollution. 84: 35-43

Chameides, W. L., R. W. Lindsay, J. Richardson and C. S.
Kiang. 1988. The role of biogenic hydrocarbons in urban
photochemical smog: Atlanta as a case study. Science.
241(4872): 1473-75.

Chameides, W.L.; Cowling, E.B. 1995. The state of the southern
oxidants study (SOS): policy relevant findings in ozone
pollution research. Raleigh, NC: College of Forestry, North
Carolina State University: 1988-1994.

Christensen, J.H.; Hewitson, B.; Busuioc, A. [and others]. 2007.
Regional climate projections. Climate change, 2007: the
physical science basis. Contribution of working group | to
the fourth assessment report of the intergovernmental panel
on climate change. New York: Cambridge University Press:
847-940.

Clarke, A.; Fraser, K.P. 2004. Why does metabolism scale with
temperature? Functional Ecology. 18(2): 243-51.

Croisé, L.; Lieutier, F.; Cochard, H.; Dreyer, E. 2001. Effects
of drought stress and high density stem inoculations with
Leptographium wingfieldii on hydraulic properties of young
Scots pine trees. Tree Physiology. 21 (7): 427-36

Garrett, K.A.; Dendy, S.P.; Frank, E.E. [and others]. 2006. Climate
change effects on plant disease: genomes to ecosystems.
Annual Review Phytopathology. 44: 489-509.

Gillooly, J.F.; Brown, J.H.; West, G.B. [and others]. 2001.
Effects of size and temperature on metabolic rate. Science.
293(5538): 2248-51.

Goheen, D.J.; Cobb Jr., FW.; McKibbin, G.N. 1978. Influence of
soil moisture on infection of Ponderosa pine by Verticicladiella
wagenerii. Phytopathology. 68 (6): 913-916.

Gonzalez-Abraham, R.; Avise, J.; Chung, S.H. [and others].
2014. The effects of global change upon United States air
quality. Atmospheric Chemistry and Physics Discussions.
14(23): 31843-31897.

IPCC. 2013: Climate change 2013: the physical science basis.
Contribution of working group | to the fifth assessment report
of the intergovernmental panel on climate change. In: Stocker,
T.F.; Qin, D.; Plattner, G.-K. [and others], eds. New York:
Cambridge University Press. 1535 p.

Jactel, H.; Petit, J.; Desprez-Loustau, M. [and others]. 2012.
Drought effects on damage by forest insects and pathogens:
A meta-analysis. Global Change Biology. 18(1): 267-276.

Burkett, V.; Ritschard, R.; McNulty, S. [and others]. 2001. Chapter
5: Potential consequences of climate variability and change
for the Southeastern United States. In: National assessment
synthesis team, comps. Climate change impacts on the
United States: the potential consequences of climate change
variability and change. Report for the U.S. Global Change
Research Program. Cambridge, UK: Cambridge University
Press: 137-164. Available at: http://data.globalchange.gov/
assets/e9/97/436129058f2107f4925aeec13ed8/nca-2000-
foundation-report.pdf. [Date accessed: May 1, 2015].

Jones, M.E.; Paine, T.D.; Fenn, M.E.; Poth, M.A. 2008. Influence
of ozone and nitrogen deposition on bark beetle activity
under drought conditions. Forest Ecology and Management.
200(1): 67-76.

Joseph, G.; Kelsey, R.G.; Thies, W.G. 1998. Hydraulic
conductivity in roots of Ponderosa pine infected with Black-
Stain (Leptographium wageneri) or Annosus (Heterobasidion
annosum) Root Disease. Tree Physiology. 18(5): 333-339.

Kirisits, T. 2004. Fungal associates of European bark beetles
with special emphasis on the ophiostomatoid fungi. In: Bark
and wood boring insects in living trees in Europe, a synthesis.
The Netherlands: Springer: 181-236.

Kirilenko, A.P.; Sedjo, R.A. 2007. Climate change impacts on
forestry. Proceedings of the National Academy of Sciences.
104(50): 19697-19702.

Klepzig, K.D.; Flores-Otero, J.; Hofstetter, R.W.; Ayres, M.P.
2004. Effects of available water on growth and competition
of Southern Pine Beetle associated fungi. Mycological
Research. 108(2): 183-188.

Koricheva, J.; Larsson, S.; Haukioja, E. 1998. Insect performance
on experimentally stressed woody plants: a meta-analysis.
Annual Review of Entomology. 43(1): 195-216.

70 THREATS


http://data.globalchange.gov/assets/e9/97/436129058f2107f4925aeec13ed8/nca-2000-foundation-report.pd
http://data.globalchange.gov/assets/e9/97/436129058f2107f4925aeec13ed8/nca-2000-foundation-report.pd
http://data.globalchange.gov/assets/e9/97/436129058f2107f4925aeec13ed8/nca-2000-foundation-report.pd

MacCracken, M.; Barron, E.; Easterling, D. [and others].
2001. Chapter 1: Scenarios for climate variability and
change. . In: National Assessment Synthesis Team,
comps. Climate change impacts on the United States:
the potential consequences of climate change variability
and change. Report for the U.S. Global Change Research
Program. Cambridge, UK: Cambridge University Press:
13-71. Available at: http://data.globalchange.gov/assets/
€9/97/436129058f2107f4925aeec13ed8/nca-2000-foundation-
report.pdf. [Date accessed: May 1, 2015].

Manning, W.J.; von Tiedemann, A. 1995. Climate change:
potential effects of increased atmospheric Carbon dioxide
(CO,), ozone (O,), and ultraviolet-B (UV-B) radiation on plant
diseases. Environmental Pollution. 88: 219-245.

Matusick, G.; Eckhardt, L.G.; Enebak, S.A. 2008. Virulence
of Leptographium serpens on Longleaf pine seedlings
under varying soil moisture regimes. Plant Disease.
92(11): 1574-1576.

Milesi, C.; Elvidge, C.D.; Nemani, R.R.; Running, S.W. 2003.
Assessing the impact of urban land development on net
primary productivity in the Southeastern United States.
Remote Sensing of Environment. 86(3): 401-410.

Phillips, D.L.; Johnson, M.G.; Tingey, D.T.; Storm, M.J. 2009.
Elevated CO, and O, effects on fine-root survivorship in
Ponderosa pine mesocosms. Oecologia. 160(4): 827-837.

Seager, R.; Tzanova, A.; Nakamura, J. 2009. Drought in the
Southeastern United States: causes, variability over the last
millennium, and the potential for future hydroclimate change.
Journal of Climate. 22(19): 5021-5045.

Seiler, J.R.; Johnson, J.D. 1988. Physiological and morphological
responses of three half-sib families of Loblolly pine to water-
stress conditioning. Forest Science. 34(2): 487-495.

Singh, A.; Anderson, D.; Eckhardt, L.G. 2014. Variation in
resistance of Loblolly pine (Pinus taeda L.) families against
Leptographium and Grosmannia root fungi. Forest Pathology.
44(4): 293-298.

Thompson, A.M. 1992. The oxidizing capacity of the earth’s
atmosphere: probable past and future changes. Science.
256(5060): 1157-1165.

U.S. Census Bureau. 2009. History: 2000 Census of population
and housing. Volume 2. Washington, DC: U.S. Department of
Commerce, Economics and Statistics Administration. 613 p.
+ appendixes.

Vingarzan, R. 2004. A review of surface ozone background levels
and trends. Atmospheric Environment. 38(21): 3431-3442.

Walsh, J.; Wuebbles, D.: Hayhoe, K. [and others]. 2014.
Appendix 3. Climate science supplement. In: Melillo, J.M.;
Richmond, T.C.; Yohe, G.W., eds. Climate change impacts
in the United States: the third national climate assessment.
Washington, DC: United States Global Change Research
Program: 735-789. Available at: doi:10.7930/J0Z31WJ2. [Date
accessed: May 1, 2015].

Wang, H.; Fu, R.; Kumar, A.; Li, W. 2010. Intensification of
summer rainfall variability in the Southeastern United States
during recent decades. Journal of Hydrometeorology.

11(4): 1007-1018.

Wear, D.N.; Greis, J.G. 2002. Southern Forest Resource
Assessment Technical Report. Gen. Tech. Rep. SRS-53.
Asheville, NC: U.S. Department of Agriculture Forest Service,
Southern Research Station. 635 p.

Westra, S.; Fowler, H.J.; Evans, J.P [and others]. 2014. Future
changes to the intensity and frequency of short-duration
extreme rainfall. Reviews of Geophysics. 52(3): 522-555.

PROCEEDINGS OF THE 18™ BIENNIAL SOUTHERN SILVICULTURAL RESEARCH CONFERENCE 71


http://data.globalchange.gov/assets/e9/97/436129058f2107f4925aeec13ed8/nca-2000-foundation-report.pdf
http://data.globalchange.gov/assets/e9/97/436129058f2107f4925aeec13ed8/nca-2000-foundation-report.pdf
http://data.globalchange.gov/assets/e9/97/436129058f2107f4925aeec13ed8/nca-2000-foundation-report.pdf

