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Figure S1. The research study areas at Rushmore Estate, Southern England (A) and twenty-two

experimental plots (B)
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Figure S2. Visual assessment images of different crown damage percentage (Raykova, 2019-2021)
Figure legend: Class 0 = trees with no obvious crown damage symptoms; Class 1 = trees with crown
damage up to 10 %; Class 2 = crown damage of 10-25%; Class 3 = crown damage of 25-50%; Class 4 =
crown damage of 50-75%; Class 5 = crown damage of 75-90%; Class 6 = crown damage of 90-100%; Class
7 = completely dead trees
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Figure S3. Relative contribution and primer efficiency test for the two target genes Gene_19216 and
Gene-23247 and the reference GAPDH.
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Figure S4. Amplification plot inspection of the primer efficiency test (Figure S3) using Step One Plus software
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Figure S5. Melt curve inspection for the primer efficiency test (Figure S2) conducted for two target genes:
Gene_19216 and Gene-23247 and the reference GAPDH, using Step One Plus software



Data collection

330 ash trees and |eaf samples collected from 22 exparimental plots
with 15 trees in each plot were used for the statistical analysis.
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Genetic parameter

Gane expression marker
(GEMs) measured for 330
samples and used for the

analysis

Environmental data

-weather data (temperature, humidity,
precipitation, wind, etc.)

-z0il pH
-soil temperature

-individual tree parameters (GPS
coordinates, alevation, tree DBH, tree
height, etc)

Stand structure per
plot

-Basal area

-understorey measure

[ Tree - level analysis

1

Plot - level analysis }

Evaluate the associations and
relationship between tree

parameters and observed damage

s00re

p

Construct a set of candidates’ general linear
medels reflecting simpler and more complex

-Evaluate relationship between basal
area and observed crown damage

-weather data analysis - Principal
Component Analysis [PCA)

-understory analysis - Principal

project hypotheses. Run the GLWM models. Check Component Analysis (PCA)

the diagnostic plots for the final GLMM
Rank the constructed models by using AlCs l\\ J
(Akaike Information Criteria) and check best L -
model (selected by AlCs) for

multicollinearity

Interpreting the GLMM model summary and
provide evidence toacoept of reject project
hypothesis based on the GLMM model
summary and conclude the results from the
tree and plot level analysis.

Interpret and conclude the results
from tree and plot level anahyses

Figure S6. Illustration of the analytical approach for the statistical analysis
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Figure S7. All diameter classes of Fraxinus excelsior damage score percentage (a) and the mean of the two

(Gene_19216 and Gene_23247) GEMs genetic markers (b); DBH categories: cat.1 (DBH 7-27.99), cat.2
(DBH 28-47.99), cat.3 (48-67.99), and cat.4 (68-86.99)
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(b) DS 2019 vs GEMs, DBH cat.1
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Figure S8. Small size DBH cat.1 (7-27.99 cm) of Fraxinus excelsior damage score percentage (a) and the
mean of the two (Gene_19216 and Gene_23247) GEMs genetic markers (b)
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Figure S9. Medium size DBH cat.2 (28-47.99 cm) of Fraxinus excelsior damage score percentage (a) and
the mean of the two (Gene_19216 and Gene_23247) GEMs genetic markers (b)
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Figure S10. Intermediate size DBH cat.3 (48-67.99 cm) (a) and large size DBH cat.4 (68-86.99 cm) (b) of

Fraxinus excelsior damage score percentage and the mean of the two (Gene_19216 and Gene_23247)
GEMs genetic markers
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Figure S11. DBH 25-31 cm Fraxinus excelsior damage score percentage (a) and the mean of the two
(Gene_19216 and Gene_23247) GEMs genetic markers (b)
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Figure S12. Boxplot comparison of damage score variation among the twenty-two experimental
plots at Rushmore Estate. The boxes demonstrate the lower and upper quartiles of the damage scores
given for all ash trees assessed 5n the twenty-two plots. The whiskers indicate the variability of the
damage scores outside the upper and lower quartiles for each spore plots. The outliers are illustrated
as “small circles” representing particular damage scores that differ considerably from the rest of the
scores assessed in the plots.
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Figure S13. Tree crown average damage score assessments recorded in 2019, 2020, and 2021 (%)

Our analysis for the Progression of the disease observed over three consecutive years at the Estate
demonstrated that the crown damage score observed in our 330 experimental ash trees at Rushmore during
the period of 2019, 2020, and 2021 (Fig. 4). The correlation coefficient between the three years of crown



damage assessment is significant (2019, 2020, R=0.95, p <0.001; 2020,2021, R= 0.91, p <0.001; 2019, 2021, R=
0.87, p <0.001) suggesting the progression of the disease in those areas.
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Figure S14. Average understorey composition (m) per plot for each Stand Type Distribution from 2016-
2026 with average DS 2019 (colour- coded) showing the variation of understorey vegetation measured
at three experimental heights (0.5m, 1.0m, and 2.0m), at each cardinal direction in each experimental
plot, covering a minimum of 50% of the plot with measurement points per Stand Type: Semi-natural
Closed; Semi-natural Closed and Large Trees; Semi-natural Irregular; Semi-natural Irregular on Slope;
Semi-natural Transition- Pole-Stage Dominated; Semi-natural Pole Stage; Plantation, Pole Stage
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Figure S15. Correlation circle of the understorey species measured in 2019 at the experimental plots at

Rushmore Estate
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Figure S16. PCA- biplot representing the grouping of the correlated average understorey species and
their associated crown damage score measured in 2019
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Correlation with PC1 (Ordered by Significance)
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Figure S17. Correlations of the average understorey species and PC1 (ordered and coloured by

significance)
Correlation with PC2 (Ordered by Significance)
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Figure S18. Correlations of the average understorey species and PC2 (ordered and coloured by
significance)

11



PCA - Biplot
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Figure S19. PCA plot showing the weather variables grouped by plot (ellipse)
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