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Question

What causes dieback in M. laurina? 

Water stress-induced air blockage of xylem? 

 Solid blockage of xylem?
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40% Air Blockage (Embolism) 40% Air Blockage (Embolism)

Dieback is not caused by water stress-induced 
air blockage but solid blockage of xylem
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Hypotheses

H1: The cause of observed dieback is chronic drought, predisposing M. laurina to fungal 

infection and spread

H2: Koch’s Postulate will elucidate the fungal pathogen of dieback 

H3: Both water starvation and carbon starvation will enhance fungal growth rates

H4: The dehydration tolerance of the pathogen will

exceed the dehydration survival limits of the host
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Score Dieback

5 0-20%

4 20-40%

3 40-60%

2 60-80%

1 80-99%

0 Dead

n = 30-90 
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Dieback 0.5 0.9 0.4 0.9 0.7 1.1 1.0 0.5 0.9 0.9

Control 0.0 25 3 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Dieback 12 19 56 39 39 18 44 52 26 41

Plant Vigor 
(score)

Plant Mortality
(%)

Plant Fitness
(% flowering)

Control 72 11 53 100 76 92 84 64 85 100

Dieback 5.6 2.6 5.6 0 0 0 0 0 11.9 0
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The fungal pathogen will reduce 
stem water transport (Ks)
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H2: Koch’s Postulate elucidates the 
fungal pathogen causing dieback 

Genetic Primers  > 99% Match 

to Botryosphaeria dothidea

 Internal Transcribed Spacer (ITS)

 Beta tubulin 2 gene (Bt2)

 Elongation Factor 1 α (EF1)

(Slippers et al. 2004).



H3:  Both water starvation and carbon 
starvation will enhance fungal growth rates
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Non-Irrigation: Impact on Plant Water Status
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Field Measurements
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H3:  Both water starvation and carbon 
starvation enhance fungal growth rates

0

10

20

30

40

50

F
u

n
g

a
l 

E
lo

n
g

a
ti

o
n

 (
m

m
/w

e
e

k
)

 

Irrigated Carbon Starved
(irrigated)

Water Starved
(non-irrigated)

a

b

c



H3:  Both water starvation and carbon starvation
enhance fungal growth rates

0

10

20

30

40

50

F
u

n
g

a
l 

E
lo

n
g

a
ti

o
n

 (
m

m
/w

e
e

k
)

 

Irrigated Carbon Starved
(irrigated)

Water Starved
(non-irrigated)

a

b

c



0

10

20

30

40

50

60

-1.06 -1.56 -1.95 -2.66 -3.76 -5.32

F
u

n
g

a
l 

E
lo

n
g

a
ti

o
n

 (
m

m
/w

e
e

k
)

 

a a

a

b b
b

Water Potential (MPa)

H4:  The dehydration tolerance of fungal pathogen exceeds
the dehydration survival limits of the host

p < 0.01
n = 20

-1.0    -1.5    -2.0   -2.7     -4.0    -5.3

Water Potential (MPa) 



Conclusions

C1: Dieback is not caused by water stress-induced air blockage but 

solid blockage of xylem conduits (fungal-induced)

C2:  The ultimate cause of dieback is chronic drought: the proximate 

cause is an opportunistic, endophytic fungus

C3: Both water starvation and carbon starvation enhance fungal 

growth

C4: The dehydration tolerance of the fungal pathogen exceeds the 

survival limits of the host



Recommendations

Reseed at Higher Elevations
 Because limited seed transport uphill

 Higher elevations = higher precipitation

 Higher elevations are becoming warmer

(seedlings survive -6C;  adults survive -9C)

Office of Environmental Health Hazard Assessment, California Environmental 

Protection Agency (2018). Indicators of Climate Change in California.
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