Pitch canker as a model to discover biological drivers of disease in a
changing climate
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Significant differences in growth were observed among isolates from

Climate change can affect forest health at multiple levels _ _ _
different geographical sites and temperatures
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United States, from Karl et al., 2009 [1].

Pitch canker is one of the main diseases in pine

« Caused by the fungus Fusarium circinatum [2].

» Outbreaks favored by high temperature and humidity
[3], predicted factors in future climate.

« Host resistance to pitch canker iIs quantitative and
heritable [4,5]

« Current mitigation strategies rely mainly on breeding

Least-square means for growth of Fusarium circinatum isolates after 8 days in culture at 25, 28, and 31 °C. P-values for fixed effects are shown in the side
table. Significant effects (P < 0.05) are shown in bold.

Isolates showed significant differences in pathogenicity in three host open-
pollinated loblolly and slash families
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« Samples obtained from live tissue and from stored
Isolates . : _

. Site coordinates recorded avhiseptia Ve’ Quantitative PCR showed a peak of high spore abundance in late

» Culture in Acid Potato Dextrose Agar medium L May — early June

* Single spore isolation for inoculation 7 ) | | Oy
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Mean amount (pg) of F. circinatum DNA amplified
using gPCR with species-specific primers.
Samples were collected weekly from spore traps
located at Austin Cary Forest (AC), Goethe State
Forest (GF), and Lake Butler (LB) sites.
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Growth and sporulation

 Split-plot design: 3 replicates, 3 treatments
* Temperatures: 25°C, 28°C, and 31°C - 8 fungal isolates, 3 replicates, Y/ |
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Pathogenicity tests |
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Pine seedlings at four weeks after inoculation
showing initial symptoms of pitch canker
disease. Photo: Sunny Lucas, USDA-RSC

All-in-one confusion matrix, and classification accuracy for model and cross validation. The predictors selected based on a random forest classifier were:
age at inventory, diameter at breast height, and species, followed by annual average maximum temperature, total tree height, and annual average total
rainfall.

Classification

Classification accuracy for cross-

Confusion matrix accuracy for model validation
Absence Presence class.error Absence Presence Absence Presence
Absence 386 61 13.6% users accuracy 86.3% 90.3% 86.7% 91.1%
producers
43 404 9.6% accuracy 89.8% 86.9% 90.2% 87.0%

Overall model accuracy: 94.18
OOB estimate of error rate: 11.63%
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Fusarium circinatum mycelium cultures at three temperatures: 25, 28, and 31 °C.
Photo: T. Quesada.

Spore traps and weather stations 5
resence

3 sites: Lake Butler, Austin Cary Forest, and Goethe State Forest

6 traps and 1 weather station per site

» Weekly trap switch; weather records every 15 minutes B I

* DNA extractions using modified CTAB method 4 e ow@_ooa

« Quantitative PCR using F.circinatum- specific primers CIRC1L FEYe & O T yesads ot T Quésidas
and CIRCAL [6]

microscope slides. B. Weather station placed on each site.

PredlCtlve mOdellng Numerical independent variables measured in the study. The data is OngOI ng Work
aggregated across all four sites.

- Historical data on slash and loblolly pine measurements YR —— « Add isolates from more northern areas within loblolly pine geographical range.

* 112, 919 trees at four Florida sites Pitch canker (presence (1)/absence(0)) NA . : .
- Predictor variables: disease presence/absence, tree height, tree Total tree height () 35.5 Repeat spore collections and pathogenicity tests
' ’ ’ Tree age at inventory (years) 6.7

age, DBH, average temperature (monthly min., monthly max), Diameter at breast height (DBH) (inches) 58 | 8.  Use of geographical, biological, and environmental information to validate epidemiological
infall Species (loblolly or slash) NA P -
preoe e qenerated using random forest dlassifier to Annual average monthly minimum emperatreCS) | 157 models for predicting future pitch canker outbreaks.
A I hl [ (°C) 26.8
identify best predictors for presence of pitch canker AEEEZI ZXEESE :Zf)nr};xom)?nmr)n EmRErEe 1251.1
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