
Tree Vitality:
shining a light on tree health

Jon Banks – jbanks@Bartlett.com



• Intro to tree health and vitality
• Tree health evaluation methods: past present and future
• An Introduction to chlorophyll fluorescence and Arborcheck® 
• FAQ & Case study

Aim



What is Tree Health? 





(but remember)



Stress cascade:
stomatal closing ≥ ABA accumulation > 
water potential > photosynthesis >
cell growth (turgor) > wall/protein synthesis > 
chlorophyll formation > nitrate reductase ≥ ROS 
accumulation > 
respiration > accumulation of proline and sugars > 
cell leakage > necrosis > death.



Measuring Stress 
Some “Historic”/current methods
• Extension growth 
• Root Growth Potential
• Visual index (tree/foliage morphology & 

condition, yellowing)
• Stem/root/leaf electrolyte leakage

Photos : Goodman et 
al (2017)



• Foliage temperature
• NDVI (NIR /+&-Red) 

normalized difference vegetation index

• Chlorophyll content 650/940nm
• Stomatal Conductance
• Water Potential
• IRGA

infrared gas analyser
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More “Current”/advanced Methods 



New Methods

• IRGA
• Hyperspectral “imaging”
• Chlorophyll fluorescence
• PhotosynQ (as seen online)

• Other devices more promising

~£40-50K

~£70K

~£1-2K

~£1K
Fluorescence, absorbance, chlorophyll 
content, temperature, relative 
humidity, barometric pressure, leaf 
temperature, light intensity, cardinal 
direction and tilt

Has issues with consistency/reliability 
currently, needs a phone connection 



What is chlorophyll fluorescence?
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What is chlorophyll fluorescence?

• An energy overflow mechanism within photosynthesis
• A Proxy for measuring photosynthesis 
• Used widely to detect and understand plant stress and 

stress responses. 
• First observed visually in 1931 by H. Kautsky and A. 

Hirsch



What is chlorophyll fluorescence?

Z scheme: ETC, Light-dependent reactions



Parameters

Fv/Fm (developed in 1975)

(Developed in 2003/4)

Banks JM (2017) Continuous excitation chlorophyll fluorescence parameters: a review for practitioners. Tree Physiol 37:1128–1136.

(Dark Adapt)



55 parameters currently available!



Fv/Fm

CC

Si1: Fv/F0
Si2: F0
Si3: Fv
Si4: Area

Six

Arborcheck parameters selected

“Vitality”

“Stress”

Banks JM (2018) Chlorophyll fluorescence as a tool to identify drought stress in Acer genotypes. Environ Exp Bot 155:118–127.



How does CF compare to Visual Health?

Visual  

CF

“Dead”“Good”
0

100





What's a healthy value?

1987 - Björkman & Demmig

2003 – Mohammed et al.



What about variation between 
species/cultivars? 

Complication



-4

-2

0

2

4

6

8

10

Green Red Varigated Green Varigated White Yellow

PI

Green

Red

Varigated Green

Varigated White

Yellow

0.2

0.3

0.4

0.5

0.6

0.7

0.8

Green Red Varigated Green Varigated White Yellow

Fv/Fm

Complications



478 Genotypes Currently Covered

Solution
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We were able to say:

• No difference between the trees, despite symptoms
so
• Treat all trees – the ones which look better will follow with time. 



Case Study 2

• 18 rootball
Tilia cordata

• 5 years post 
planting owner 
is concerned

• Arborcheck
measurements 
taken 2016 
and 2017





Working with avenues – or monitoring



FAQ



Side Fv/Fm Area Fv / Fo PI
Grassed 0.840 403670 5.27 21.0
car park 0.818 314159 4.62 13.6
% change -3 -22 -12 -35

Crown 
partitioning

Function
al Unit

Efficien
cy

Chloro
phyll

SI1 SI2 SI3 SI4 Interpretation

FU 1 -3.2 -0.2 -2.7 -1.5 -2.7 -0.6 Reduced Vitality, Significant 
Physiological Stress

FU 2 -0.9 -0.5 -0.9 -1.0 -1.4 -1.2 Healthy, Mild to Moderate 
Physiological Stress

FU 3 -0.4 0.3 -0.5 -1.7 -1.6 -0.3 Healthy, Mild to Moderate 
Physiological Stress



FAQ: How do I measure needles? 

• A: Make a mat of leaves 
(no chlorophyll content)



FAQ When can I measure? 
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(Ball et al. 1994. Applications of Chlorophyll 
Fluorescence to Forest Ecology)



Something for the future: Diagnostic tool? 

Pseudomonas syringae
Identification

Herbicide ID Avenue case study 

More research required



Conclusion:
• Future P & D “load” will influence vitality (& vice versa)
• Technology is available for practitioners to independently identify this
• CF has wide range of applications
• Important to stress that CF is not a decay detector, doesn’t replace an 

arborist


