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Background

Globally, increased tree mortality has been observed due to greater frequency and

severity of the biotic attack and climatic stressors

Potential increases in tree mortality associated with climate-induced physiological stress
and interactions with other climate-mediated processes such as disease and insect/pest

outbreaks

Successive needle defoliation by pathogens and environmental stress can limit the tree’s
ability to take up water and nutrients, which can affect forest productivity and carbon

stocks
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Background

Loblolly Pine is a leading commercial timber

species native to the southeastern US

Floristic Syuthesic af NAG 2014 BONAF
=

Naturally, it grows in 15 southeastern states

mostly in combination with shortleaf pine

An emerging problem of needle damage has

been encountered over the past few years

Symptoms typically range from needle

Oeip generaled on 20147014

discoloration, premature defoliation, thin

Natural range of loblolly pine

crown followed by tree mortality

It 1s likely to be caused by single or a

combination of several fungal pathogen (s)
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Materials & Methods

Loblelly Pine Needle Damage Survey map
World Imagery
The Southeastern USA

/u, Sampled Infected Stands

Map of loblolly pine foliar damage observed in stands across the southeastern US
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Direct
Identification

Surface Sterilization (10%

Rinse Prior to Platin

Cultural methods of fungi identification
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Growth media utilized for recovering fungi from needles

1. CMA-PARP (Phytophthora selective)
2. V8-Agar (Phytophthora selective)
3. Carrot Agar (Phytophthora selective)
4. DM+S, DSM+S (Dothistroma selective)
5. APDA & Y2 PDA (Lophodermium & other fungi)
6. Fresh PNA & Dried PNA (Lecanosicta selective & some other fungi)

7. 2% MEA (Diplodia selective & other fungi)
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Cont....

Dried Direct
Mycelium Needles
DNA
extraction

{
PCR (Universal/Species-
specific primers)
|
Gel Electrophoresis

(~500 base pairs)
1

PCR Purification

(E.Z.N.A Kit)
1

Genome Sequencing

(The Laragen Inc.,)
|

Identification
Confirmation

Molecular methods of fungi identification
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Phylogenetic analysis

Purified PCR products were sent to the Laragen Inc., Biotechnology for sequencing

Raw sequences were edited and adjusted using Bioedit software and deposited in
GenBank and BankIT

Phylogenetic and molecular analyses were done by MEGA version 4.0 software
Alignments were completed using ClustalW

Trees were constructed using Neighbor Joining (NJ) and Maximum Likelihood (ML)
method

1000 bootstrap replications were performed for NJ analysis
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Loblolly Pine Health Monitoring

Tree health rating was done by visual inspection to determine disease severity as the

proportion of the crown affected;

Less than a third of the crown affected (>1/3)
One-third to two-thirds of the crown affected (1/3 to 2/3)
More than two-thirds of the crown affected (<2/3)

The location of the crown damage was also recorded:

Bottom, middle, or top of the crown

Data were analyzed using MS Excel 2010. Response variable was either “chlorosis

rating per tree” or “defoliation per tree”
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Crown severity rating such as (A) One-third of crown infected (B) One-third to two-third of crown

defoliated/infected & (C) More than two-third to full crown defoliated/infected
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Results

Region of occurrence

Washington, Colbert, EImore, Madison,
Crenshaw (AL)
(12 infected stands)

Symptoms

Yellow to brown spots, premature
defoliation, thin crown

Pathogen (s) recovered

Brown-spot needle blight, Lecanosticta
acicola
Rhizosphora needle cast, Rhizosphora

kalkhoffii

Neopestalotiopsis clavispora
. . Endophyte
Epicoccum nigrum
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Region of occurrence

West Crenshaw County, (AL)

Symptoms — Yellow banding, defoliation &
dying trees

Pathogen - Brown-spot fungi ???

RMS Mystery "disease”, West Crenshaw Cty
Acres impacted = 348

Treatment/Yr
Cmt  Stand  Acres  Age  SitePrep EstVear HWC DAP/Urea FT DAP/Urea FT
1365 3 8 15| 2004 2005 2005| Spring 2019
1365 7 57 13| 2006] 2007 2007
1363 9 14 13| 2000] 2007 2007| Spring 2019
1368 9 103 lo|  2003]  2004\Tank Mix HWC| Spring 2011 Spring 2015

348
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Region of occurrence

Upson (GA)
Hampton (SC)
(3 infected stands)

Symptoms

Brown needles at the tip, death of the
terminal buds, needle defoliation

Pathogen (s) recovered

Diplodia tip blight, Diplodia sapinea

Diplodia seriata
Endophyte

Trichoderma caerulescens
Hormonema macrosporum
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Region of occurrence

Bibb (AL)
Ware & Camden (GA)
(3 infected stands)

Symptoms

Dead and dying needles, football shaped
fruiting bodies, needle defoliation

Pathogen (s) recovered

Lophodermium needle cast, Lophodermium
spp.

Sydowia polyspora -
Hendersonia pinicola
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Region of occurrence

Macon & Colbert (AL)
Nachitoches (LA)
(4 infected stands)

Symptoms

White aecia, browning needles,
defoliation

Pathogen (s) recovered

Pine needle rust, Coleosporium spp.
Brown-spot needle blight, L. acicola

Epicoccum nigrum
Lesqnton. Endophyte
B - Fungal endophyte
School of Forestry and Wildlife Sciences, Auburn University




Cont...

Disease symptoms and reproductive structures of (A) L. acicola; (B) Coleosporium sp.;
(C) Lophodermium sp. & (D) D. sapinea on loblolly pine.
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2hy Lecanosticta acicofa CTM-DN-51 MW030664
& Lecanosticta acicola CTAM292 MW030674
Lecanosticta acicola CTM283 MW030673
Lecanosticta acicola CTM216 MW030658
Lecanasticta acicola LTN-DN-001 MW030669
Lecanosticta acicola CTM-DN-54 MWO30667
Lecanosticta acicola LTNO18 MW030663
93 | Lecanasticta acicola LTNO13 MWO030662
Lecanosticta acicola CThM215 MW030657
Lecanosticta acicola LTN-DN-003 MWO03067 1
Lecanosticta acicola LTN-DN-002 MW030670
| ecanosticta acicola CTAM-DN-52 MW030665
a9 LLecanosﬁca‘a acicofa CTM214 MW030656

e pp—

g4 || Lecanosticta acicola CTM297 MWO030677
#7 ' Lecanosticta acicola CTM333 MW030678
| ecanosticta acicola CTR213 MW0O30655
Lecanosticta acicola LTNOOZ2 MW030661
Lecanosiicta acicola CThM-DN-53 MWU0O30666
Lecanosticta acicola CTM295 MW030675
Lecanosticta acicola CTA211 MW030654
Lecanosticta acicola CTAM217 MW030659
Bg? Lecanosticta acicola CThM6310371 MW030660
& Lecanosticta acicola CTM-DN-56 MW030668
g7|| Lecanosticta acicola CTM277 MW030672
67 - Lecanosticta acicola CThM296 MW030676

33
B3
g3
E3

Maximum likelithood (ML) tree representing L. acicola and three lineages of
L. acicola
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Total 701 fungal cultures were recovered from unhealthy loblolly pine needles
They are divided into 58 major groups based on their colony morphology

To date, 28 species of fungi representing 17 families were identified followed by

morphological and molecular data
Among them, 12 species of fungi represent either pathogens or weak parasites

Conversely, 8 species of fungi represent endophytes, and 8 species represents saprophytes
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Cont...

H Pathogen mEndophyte m Saprophyte

Saprophyte
24%

Pathogen
52%

Endophyte
24%

96 JNK-007 Diplodia seriata MT997923

CTM-261Diplodia sapinea MT994889

CRN-194 Lecanosticata acicola MW055439

LTN-475 Neopestalotiopsis clavispora MVW055444
LTN-520 Trichoderma caerulescens MT994898

LTN-514 Hormonema macrosporum MT994897

BFV709 Sydowia polyspora MW055447

CTM-122 Talaromyces purpurecgenus MT997919

LTN-002 Cladosporium pseudocladosporicides MW055443
CTM-173 Paraconiothyrium brasiliense MT897921

CTM-289 Sydowia polyspora MW055438

3z

CTM-245 Meyerozyma carpophila MT994888

97

74 CTM-311 Hendersonia pinicola MT994893
LTN-504 Epicoccum nigrum MVW055446
CTM-336 Meyerozyma carpophila MT994894

810

CTM-042 Alternaria tenuissima MT9¢

mera MT9¢
7 Ramularia weberiana MT¢
99, CTM-101 Rhizosphaera kalkhoffii MT997813
CTM-041 Rhizosphaera kalkhoffii MT997918
CTM-262 Cladosporium cladosporicides MT994891

92 — JNK-607 Cladosporium cladosporioides MT994899
CTM-260 Meyerozyma carpophila MT994889

JNK-672 Fungal endophyte MW055448

| 25 CTM-023 Myrmaecium rubricosum MT997817
CTM-267 Rhizosphaera kalkhoffii MT994892

CTM-091 Talaromyces purpurecgenus MT997912
CTM-154 Fungal endophyte MT997916

CTM-155 Talaromyces amestolkiae MT997919
LTN-512 Talaromyces purpureogenus MT994896
JNK-008 Cladosporium anthropophilum MT997924
LTN-487 Sardiniella celtidis MW055441

CTM-074 Alternaria alternata MT997911

CTM-165 Epicoccum nigram MT997920

33
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Lecanosticta acicola Lophodermium sp. Coleosporium spp. Diplodia sapinea Healthy

Pathogen prevalence

Pathogen prevalence of L. acicola, Lophodermium sp., Coleosporium sp., D.

sapinae, and healthy sites
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Cont...

Disease Incidence

60%

50% LA&RK & CS

AlP&CS

0,
40% mLA&CS
B LA & RK

30%
B Diplodia sapinea

W Coleosporium sp.
20%
= R. kalkhoffii

& Lophodermium sp.
10% P P

# L. acicola

0%
Individual species Two species Three Species

Pathogen prevalence of each species and all species combinations
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Georgia

Mississippi _ : d¥

A

Lounisiana

Loblelly Pine Needle Damage Survey map

World Imagery

| The Southeastem USA
w

Lecanosticta acicola
Lophodermium spp.
Colegsporium 2pp.

== Diplodia sapinea
Combination o fPathogens

Healthy

Map of loblolly pine foliar damage observed in stands across the southeastern US
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Loblolly Pine Health Monitoring
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Frequency of chlorosis of healthy and unhealthy loblolly pine at Chatom, AL at summer

2019 and 2020. Bars represent means and standard errors (N = 70 trees)

School of Forestry and Wildlife Sciences, Auburn University



Forest Health Dynamics Laboratory

H Year 2019

p<0.003 Defoliation

Year 2020
0.80

o

o

gl
1l 1]

0.3
0.2
0.1
Stand 1 Stand 2 Stand 3 Stand 4 Stand 5 Stand 6 Stand 7

Proportion of crown affected
o o o

o

Frequency of defoliation of healthy and unhealthy loblolly pine at Chatom, AL at summer

2019 and 2020. Bars represent means and standard errors (N = 70 trees)
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Discussion

LPND in the southeastern US is due in larger part to the brown-spot pathogen L. acicola, in
addition to needle cast Lophodermium spp., needle rust Coleosporium sp. and tip blight D.

sapinae

It also can be caused by a combination of pathogens such as L. acicola and Coleosporium sp.,
L. acicola and Lophodermium sp., L. acicola and R. kalkhoffii as well as L. acicola,
Coleosporium sp., and R. kalkhoffii

Pathogen (s) are localized in terms of the needle damage respective to the loblolly pine
Affected trees are repeatedly symptomatic (chlorotic, defoliated) every year

The disease 1s spreading from symptomatic trees to initially healthy trees

School of Forestry and Wildlife Sciences, Auburn University
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Discussion

Stands infected by the brown-spot pathogen are mostly situated in the moist areas. Stand
prevalence on those sites ranged from 55% to 99%. Site conditions could explain why stands

are experiencing worse conditions on these sites.
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1971
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2019

Mean temperature around seven long-term monitoring plots in Chatom, Washington, AL from
1950-2019
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Further Activities

The study is still investigating the pattern of the disease and nature of spreading across

states, locality, and/or region

The study is expected to expand field-based sampling across the southeastern US as well
as get more samples from landowners, forest managers, and forest health state

cooperators

The study is aiming to construct a more detailed distribution map of needle pathogens

across the southeastern US

The research continues to associate the environmental factors which may drive the

emergence and spread of LPND

The study is under way analyzing habitat suitability of needle pathogens across the

southeastern US

School of Forestry and Wildlife Sciences, Auburn University
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