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we are all going to die
& we’re taking the trees

down with us



AZ is the 3rd fastest warming state in the US
NM is the 2nd fastest warming state in the US

https://www.climatecentral.org/news/report-american-warming-us-heats-up-earth-day

Climate Change Facts 

https://www.climatecentral.org/news/report-american-warming-us-heats-up-earth-day


Tucson is the 3rd fastest warming city in the US 1

Climate Change Facts 



Greenhouse gases trap heat in the 
atmosphere, causing rising sea levels, 
severe weather events, and wildfires. Even 
a very small increase threatens supply of 
pollinated crops.

Climate Change Facts 



Climate Change Facts 
Greenhouse gases linger for decades. So, even if 
we stopped emitting all greenhouse gases today, 
global warming and climate change will continue 
to affect future generations.

http://chartsbin.com/view/2407

2020
413.65 ppm

------------------

2009
388.27 ppm

http://chartsbin.com/view/2407


• Mitigation
– Reduce generation of GHG 

• keep fossil fuels in ground
– Trap GHG 

• Adaptation
– Manage climate symptoms 

Climate Strategies



Urban forests of 15-25% canopy cover provide the 
ecosystem services needed for sustainable desert cities.

Increase property 
value, commercial 

activity, retail sales, 
food security and .
reduce time to sale 

in residential 
markets. 

Support biodiversity, 
habitat, improve air, 

water and soil quality, 
buffer 

temperature, 
absorb 

greenhouse gases.   

Improve attention, memory, positive emotions, post-op recovery, 
blood pressure, and reduce crime, and activity in parts of the brain 

related to mental disorders.

Trees and Climate



Tucson has 8% average canopy cover. 

10-12%

2-6%

https://gismaps.pagnet.org/PAG-GIMap/Map.aspx

Trees and Climate



Trees are the Answer
“Photosynthetic 

carbon capture by 
trees is likely to be 
among our most 

effective strategies to 
limit the rise of 

CO2 concentrations 
across the globe” -

Science, 2019

https://science.sciencemag.org/content/365/6448/76

Trees are the Answer

AFFORDABLE     |     ACCESSIBLE
MITIGATE AND SUPPORT CLIMATE ADAPTATION

https://science.sciencemag.org/content/365/6448/76


Presentation Outline
 Trees as Climate Solutions
Life Cycle and Aging of Plants
Tree Management



Life Cycle and Aging of Plants
A plants life cycle is a sequence of events that are genetically 
programmed and carefully regulated with environmental 
influences. 

https://www.dreamstime.com
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Pinus ponderosa

Trees Change Over Time



MicroRNAs Control Life Cycle

Wang JW, Park MY, Wang LJ, Koo Y, Chen XY, et al. (2011) MiRNA Control of Vegetative 
Phase Change in Trees. PLOS Genetics 7(2): e1002012.

The transition from juvenile to adult phase is marked by appearance of 
miR172 and disappearance of mi156 



OR

PLANT
RESPONSE

A DAY IN THE LIFE OF A TREE



Photosynthesis

Respiration

A DAY IN THE LIFE OF A TREE

These processes provide energy and building 
materials needed for all plant work.

http://www.google.com/url?sa=i&rct=j&q=photosynthesis+equation&source=images&cd=&cad=rja&docid=WgoQBER4-MX3sM&tbnid=rmuLkZI7gdQ3FM:&ved=0CAUQjRw&url=http://www.hartnell.edu/tutorials/biology/photosynthesis.html&ei=lwmVUbFqpv_KAe65gegN&bvm=bv.46471029,d.aWc&psig=AFQjCNHKATSyZPr7vcpuDrcLB-dYBN90Pw&ust=1368808204905882
http://www.google.com/url?sa=i&rct=j&q=root+respiration+equation&source=images&cd=&cad=rja&docid=qkWPu4qo5dNLhM&tbnid=hk6qsc24pp5G2M:&ved=0CAUQjRw&url=http://www.studyblue.com/notes/note/n/chapter-6-cellular-respiration/deck/1258732&ei=GU6UUaaiN6fJiQL03YHQCQ&bvm=bv.46471029,d.cGE&psig=AFQjCNE-Hlp7-l6FtlgbMeTL_COFqQ-maA&ust=1368760191105994


Growth: New leaves, leaf expansion, 
stems, roots, reproduction etc. 

Defense: Repair, competition, 
pathogens, herbivores etc.

TOUGH CHOICES

GROWTH DEFENSE

When PS and RP are 
constrained, imbalance is 

created and plants are forced 
to make tough choices about 

where they invest. 



Carbon allocation shifts in response to nutrition.
nutrition and development

NPKMg-deficient plants 
accumulate  as starch 

Indicated by purple dye.
Herman et al. (2006) TRENDS in Plant Science Vol.11 No.12

TREES MAKE DYNAMIC DECISIONS

Deficiency changes root:shoot

-N   -P   -K  -Mg+
-N      -P     -K     -Mg+



WHY “RIGHT TREE RIGHT PLACE”, YOU ASK?

Environment
Messenger
Genetics
Plant Response

“Plant Choices”?
Environmental cues are perceived by 

hormones that integrate this 
information with pre-scheduled life 
processes to coordinate plant work.



CUE + GENE SIGNAL RESPONSE

CODIT

WOUND
dth1
tox1
hlp1

PLUG ENZYME
ANTIMICROBIALS
AUX/CYT

COMPARTMENTALATION
PATHOGENS KILLED
WOUND HEALED

A DAY IN THE LIFE OF A TREE

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=7bQA8pSJdEoMhM&tbnid=D_sGo_9c7agarM:&ved=0CAUQjRw&url=http://www.treedictionary.com/DICT2003/HTMLFILES/CODIT-1.html&ei=z6UrUpbaEq-C2gWH-4DABQ&bvm=bv.51773540,d.b2I&psig=AFQjCNF0F993dc9lRrOUSGozp-e1mIYWGA&ust=1378678511084718


Stressors prime plants to respond quickly to other stresses or they  
amplify a signal cascade and increase sensitivity to other stresses. 

S. Zhang, and D.F. Klessig (2001)

COORDINATING A DAY IN THE LIFE 

“Cross-Talk” coordinate stress responses 

BIOTIC ABIOTICs



TREES CHANGE OVER TIME

• Life cycle development 
and appearance are 
genetically based (pre-
programmed).

• Environmental factors can 
modify the program using 
molecular and chemical 
regulators (plasticity). 
– Aging is not programmed.

• Trees eventually die. 



HOW DO TREES DIE?

Old trees have:
–Less developmental plasticity
–Factors relating to their size:

•Reduced hydraulic conductivity
•Lower photosynthesis rate
•Less carbon/energy storage
•Accumulated oxidative damage

–Weak repair processes
–Increased DNA mutations

Aging Research Reviews (Brutovskia et al. 2013)

Alligator Bark Juniper, Prescott, AZ ~1400 yo
(Bottom) 19 hotshots lost their lives fighting the fires that threatened this tree.



Barbara J Bond  (2000) Age-related changes in 
photosynthesis of woody plants. Trends in Plant Science. 

Pages 349–353.

D, Vicers, C.K. Thomas, C. Pettijohn, J.G. Martin, and B. E. Law. (2012)  Five 
years of carbon fluxes and inherent water-use efficiency at two semi-arid 

pine forests with different disturbance histories.

PHOTOSYNTHESIS RESPIRATION

mature  tree

young  tree

PHOTOSYNTHESIS RATE SLOWS



Shift in Photosynthesis and Respiration Slows Growth

Barbara J Bond  (2000) Age-related changes in 
photosynthesis of woody plants. Trends in Plant Science. 

Pages 349–353.

GROWTH RATE SLOWS



Why do mature trees lose vigor – they’re BIG!?
Hydraulic Limitation Hypothesis:
trees lose vigor due to increased hydraulic
resistance as trees approach maximum height:

• Gravity
• Distance to stems
• Path tortuosity (e.g. branch junctures) 

Less efficient water transport feels like 
drought. This limits transpiration, which 
in turn, limits  photosynthesis.

HYDRAULIC CONDUCTIVITY REDUCED



Mature Trees have more biomass to maintain, with 
less carbon - causing a shift in energy use so that 

maintenance becomes priority!

MORE BIOMASS : P/S SURFACE AREA



Less developmental “plasticity” - management  of old trees 
should focus on maintaining structure and providing a 

stable environment. 

Clark, J. R. and N. Matheny. 1991. "Management of Mature Trees." Journal of Arboriculture. 17(7):173-184.

LESS TOLERANT TO CHANGE

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=6gVlaQPAgnYP2M&tbnid=WwJTT4D2EV2Y5M:&ved=0CAUQjRw&url=http://www.clemson.edu/extfor/urban_tree_care/forlf18.htm&ei=rcUrUu_RJaie2QXEwoGQBA&bvm=bv.51773540,d.aWc&psig=AFQjCNHgE9YSziei0vO9xz9sKa8xX4U2XQ&ust=1378686749483829
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SELECTION, SITING, & MANAGEMENT 
CHOICES KILL TREES



Over pruning reduces
leaf surface area, shades 
interior, and lowers 
humidity in the canopy to 
slow PS further. 
Reduced Auxin & Cytokinin
= weak root-shoot growth

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=Q7mjCAQ39B8RmM&tbnid=1WGYUX9zDjU9dM:&ved=0CAUQjRw&url=http://www.azplantlady.com/2010/04/flowers-raining-down.html&ei=N80rUteEAubh2AXHloAw&bvm=bv.51773540,d.b2I&psig=AFQjCNH9Y2ngAsB644Ioh5ADiodHnccM4Q&ust=1378688675092013
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=YJoAup8RhFV6ZM&tbnid=UI5lxbxJgBkIGM:&ved=0CAUQjRw&url=http://www.azplantlady.com/2010/09/wonderful-dilemma.html&ei=yc0rUvHbJKeq2gXx_4GQBA&bvm=bv.51773540,d.b2I&psig=AFQjCNH9Y2ngAsB644Ioh5ADiodHnccM4Q&ust=1378688675092013
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=T2Wagam_RUM4GM&tbnid=UO1cfXJwt97IPM:&ved=0CAUQjRw&url=http://sonorantreesvc.com/11/improper-tree-pruning/&ei=SM4rUpy7L6GU2AWM_YGgCQ&bvm=bv.51773540,d.b2I&psig=AFQjCNEEF6YwiR_Kim81cyAk1GUekHyVfw&ust=1378688951321860


EXTERNAL FACTORS AGE TREES

Tree Mortality Spiral 
Manion (1981)

Accumulation of injuries 
in mature trees, 

coupled with the other 
factors described throw 

the energy of the 
system away from 

growth and toward 
defense and repair.



PNAS (2020) Multifeature analysis of vascular cambial cells reveal longevity mechanisms in old 
Ginkgo biloba trees     |     https://www.pnas.org/content/117/4/2201

Jan 28, 2020 Publication…
Lignan Synthesis

Old trees invest in defense and repair “high expression of 
resistance-associated genes, and protective metabolites.

Flavinoid Synthesis

20, 200, 600 
Yr old 

Ginkgo 
Trees

https://www.pnas.org/content/117/4/2201


HOW TREES DIE

Clark, J. R. and N. Matheny. 1991. "Management of Mature Trees." Journal of Arboriculture. 17(7):173-184.

mature

stressed

stressed

stressed

stressed

stressed

injured

declining

dead

disease

construction

drought• Slow, complex process
• Multiple factors act 

synergistically
• Decline as years of 

expenditure for 
defense, and repair 
exceed growth.

• Death results from 
structural failure



SEE THE FOREST FOR THE TREES!

Keeping in mind that 
individual trees will 

die, we must support 
urban forestry 

succession planning 
and selection of 

indestructible trees 
suited to the climates
of the future, lots of 

planting, and science-
based management 

practices that 
promote longevity. 

THE WORLD NEEDS TREES



Tree Physiology 
Over Time

Tanya M. Quist, Ph.D.
tquist@email.arizona.edu

QUESTIONS?
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