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How Trees Work 
(so we can let them) 

Practical Biology & Physiology 
(to learn how trees can thrive) 
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Agriculture & Natural Resource Agent - Morris County

NJ Licensed Tree Expert #692 - ISA Certified Arborist NJ1247-A
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What is a Tree?

• Woody perennial

• Usually has a single stem

• Grows taller than 15 ft at maturity
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Trees Evolved in Forests 
with…
• Biotic elements

–Other plant types: Moss, ferns, grasses, shrubs, etc.
–Animals
– Insects & other arthropods
–Microbes: soil, foliar, bark, etc.

• Abiotic elements & processes
–Bedrock & minerals in soil
–Weather & climate
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Connected Life of Trees
• Trees provide to ecosystem:

–Shelter/nesting
–Leaf litter!
–Larval hosting
–Forage/Food

• Ecosystem provides to trees:
–Pollination
–Seed dispersal
–Communication
–Soil health
–Leaf litter decomposition

h ttp s ://w w w .e xp lo rin g n a tu re .o rg /d b /v ie w /F o re s t-F o o d -W e b s
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Healthy Soil is Full of Life
TREES EVOLVED TO LIVE IN HEALTH,  LIVING SOIL

Figure 9—Healthy soil is full of life: 1—wood fern; 2—shrew; 3—March fly; 4—mycorrhizal mushroom (Russula); 5—millipede; 6—rove beetle; 7—snail; 8— snail-eating ground beetle; 9—daddy longlegs; 10—soldier fly larva; 11—ringneck snake; 12—crane fly larva; 13—soil flatworm; 14—
soil centipede; 15—woodlouse; 16—firefly larva; 17—filaments (hyphae) of soil fungi; 18—ants with their larvae and pupae; 19—bacteria and actinomycetes; 20— earthworm; 21—potworms; 22—click beetle larva; 23—oribatid mite; 24—springtail; 25—nematodes; 26—protozoa and 
algae: (a) testate protozoa, (b, c) ciliated protozoa, (d) blue-green alga, (e) heliozoa; 27—symphylan; 28—dipluran; 29—proturan; 30—cicada nymph; 31—pauropod; 32— pseudoscorpion; 33—rotifer; 34—tardigrade; 35—scarab beetle larva. (Adapted from J. Nardi 2007, University of 
Chicago Press.)

https://w
w

w
.sare.org/publications/farm

ing-w
ith-soil-life/our-living-soil/

50% PORE SPACES = AIR FOR LIFE! 
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Trees Evolved in Communities
A B O V E  &  
B E LO W  
G R O U N D

JEAN
 EPIPH

AN
 ©

 2025 
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What is a Tree?

• Woody perennial
• Usually has a single stem
• Grows taller than 15 ft at maturity

• ARBORICULTURAL DEFINITION
–What arboriculture & individual tree care in 

developed spaces is based around
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Tree Growth
• Apical meristem

–Twing elongation
–Root elongation

• Lateral meristem
–ßGirthà expansion
–Not vertical
–Trunk
–Branches
–Large roots

https://www.researchgate.net/figure/A-tree-as-a-population-of-meristems-Apical-meristems-are-located-in-vegetative-buds-and_fig5_228370869
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Tree Anatomy

• Crown or canopy
–Branches, twigs
• Leaves, flowers, fruit

• Trunk or bole or stem
–Root collar

• Root system

https://www.nwf.org/Trees-for-Wildlife/About/Trees-101

PARTS OF A TREE

9
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Parts of a Tree

• Crown or canopy
–Branches, twigs
• Leaves, flowers, fruit

• Trunk or bole or stem
–Root collar

• Root system
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Crown
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Branch Anatomy

http://www.treehusker.com/pruning.html
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Twig Anatomy
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Twig Anatomy & Physiology
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Physical Response to Pruning

• Stimulates bud break near cut
• If lateral branches are removed, more energy 

sent to terminal shoot (leader)
• If leader is removed, it breaks apical dominance 

& creates more side branches
• Many factors influences the response:

–Age
–Growth habit
–Size 
–Timing
–Species

https://old-ib.bioninja.com.au/higher-level/topic-9-plant-biology/untitled-2/apical-growth.html
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Leaves / Foliage
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Sugar, Water, & Air Movement in Trees 
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Trunk Functions

• Support
• Storage
• Protection
• Some photosynthesis & respiration
• Mainly used by the tree for energy storage in 

the form of wood

JEAN EPIPHAN © 2024 
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Trunk Anatomy & Physiology
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Bark

Bark formation varies widely
Creates niche habitats i.e. lichen à 
Rougher bark slows rain runoff from the canopy
Lenticels assist in gas exchange 
Resists biological and mechanical injury w/ thickness or durability

Text & Diagram credit Nick Polanin Jean Epiphan

Nick Polanin
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Community Physical Damage

Je a n  E p ip h a n

https://www.theparkcatalog.com/blog/commercial-
bike-racks-save-trees/

Je a n  E p ip h a n

Treesplantsinfo - 
https://w

w
w

.instagram
.com

/treesplantsinfo/p/D
U

U
w

X-
yEptu/

• Mowing & weed whacking 
• Girdling
• Deer damage
• Using as a bike rack 
• Vandalism

21
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How do Trees Heal Wounds?
TREES DO NOT HEAL – THEY COMPARTMENTALIZE!

- A L E X  S H I G O

https://mntca.umn.edu/sites/mntca.umn.edu/files/2021-01/CODIT%20Booklet.pdf

• Compartmentalization of decay in trees (CODIT) 

After wounding, the cambium forms 
a barrier zone/wall
It separates wood formed before 
wounding from the wood that forms 
after wounding.

HOST RESPONSE TO 
WOUNDING, 

CHEMICAL REACTIONS TO 
STOP INVASION

INVASION PROCESSES BY 
MICROORGANISMS GO 
THROUGH THE BARRIERS SET 
UP BY THE TREE
INFECTION OF DEAD AND DYING 
TISSUES ON WOUND SURFACE
DECAY PROCESS

22
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Urban Site Tree Guards

https://www.nycgovparks.org/trees/t
ree-care/tree-guards

h ttp s ://g re e n b lu e .c o m /n a /p ro d u c t-c a te g o ry /tre e -s u rro u n d s /

h ttp s ://g re e n b lu e .c o m /n a /p
ro d u c t-c a te g o ry /tre e -
s u rro u n d s /

https://www.nydailynews.com/2012/09/12/upper-west-side-woman-grows-tree-guard-business/
Treeplantinfo - https://www.instagram.com/p/DT1RaWzjNto/
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Park Site Barrier Options
PROTECTION FROM DEER & WEEDWHACKERS

24



3/5/26

9

2 5

Rodent/Critter Barriers

• Allows air flow & sunlight

• Decreases potential for diseases

• Helps prevent:
• Excessive moisture
• Litter build up
• Sunburn or sunscald, 
–when removed

ü 1/4 OR 1/2   INCH WIRE MESH TO PREVENT RODENT GIRDLING

Rem ove Gator Bags when the trunk has low light exposure to avoid sunscald 
Johnson et al. 2021. Tree Owner’s Manual. USDA Forest Service Eastern Region. State and Private Forestry Milwaukee, Wisconsin. Available at: https://usfs-public.app.box.com/v/TreeOwnersManual
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To Stake or Not to Stake
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After 1-2 Years Removing Staking & Ties

REMOVE AFTER 1-2 
YEARS

REMOVE ALL CORDS 
& STAKES

CORDS CAN & W ILL  
GIRDLE TREES

IF YOU INSTALL TIES 
& STAKES, MAKE 
SURE THERE IS A 

SCHEDULED 
REMOVAL PLAN 

IN PLACE! 

27
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Root Collar

• Portion of the tree where the trunk 
transitions to the root system

• Has Bark unlike roots and must stay above 
ground
–Not piled with mulch

ALSO CALLED A ROOT FL ARE

JEAN EPIPHAN © 2024 
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No Volcanoes!

JEAN EPIPHAN © 2024 JEAN EPIPHAN © 2024 
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No Stone Volcanoes or Rings!

JEAN EPIPHAN © 2024 JEAN EPIPHAN © 2024 
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Root Collar Excavation Needed

Lawn w/ Convex Mound Beds for Trees & Shrubs
–Bed mounds should be: 
• brought down to grade, soil removed
• or made into concave rain gardens
• Not over-mulched year after year

– If over-mulched with mounded beds have 
trees.. 

PERFORM A 
ROOT COLLAR 
EXCAVATION
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Flat Doughnuts, Not Volcanoes

KEEP THE ROOT FLARE EXPOSED
DO NOT LET MULCH TOUCH BARK

Johnson et al. 2021. Tree Owner’s Manual. USDA Forest Service Eastern Region. State and Private Forestry Milwaukee, Wisconsin. Available at: https://usfs-public.app.box.com/v/TreeOwnersManual
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Removing Excess Soil from Root Ball
ROOT FLARES ARE COMMONLY BURIED IN THE ROOT BALL

Johnson et al. 2021. Tree Owner’s Manual. USDA Forest Service Eastern Region. State and Private Forestry Milwaukee, Wisconsin. Available at: https://usfs-public.app.box.com/v/TreeOwnersManual

PROBE TO 
FIND MAIN 

ROOT SYSTEM

CAREFULLY REMOVE 
EXCESS SOIL

OFTEN 
THE TOP 
1/3-1/4
SHOULD BE 
REMOVED

33



3/5/26

12

3 4

34

3 5

Prune Adventitious Roots

Johnson et al. 2021. Tree Owner’s Manual. USDA Forest Service Eastern Region. State and Private Forestry Milwaukee, Wisconsin. Available at: https://usfs-public.app.box.com/v/TreeOwnersManual

https://csfs.colostate.edu/wp-content/uploads/2022/06/How_to_Properly_Plant_a_Tree_CSFS-v1.pdf
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Prune Girdling
BEFORE ITS TOO L ATE

University of Illinois Extension. 2013. Gardener’s Corner. Girdling Roots on Trees.  
https://www.youtube.com/watch?app=desktop&v=rMFk7KSlPHE

https://extension.umd.edu/resource/girdling-roots/

36



3/5/26

13

3 7

Raised Beds
NOT A GOOD IDEA

• Winter
–Exposed to colder temps
–Desiccating winds

• Summer
–Exposed to hotter temps
–Drier soils, more extreme 

drought
• Buried woody stems?

–Rot
–Adventitious roots

37

3 8

Root Systems

38
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Root Systems

39
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Compacted Soil & Limited Rooting Area

https://www.denbow.com/urban-soil-under-compacted-trees/

https://www.yourleaf.org/blog/erin-silverstein/nov-21-
2011/healthy-roots-mean-healthy-trees

https://www.openaccessgovernment.org/using-cu-structural-soil/65249/

INCORPORATE STRUCTURAL SOILS 
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Soil Compaction

• Oxygen, or pore space between soil particles, is 
critical in root establishment and growth

• Ideal soil is about 50% pore space, which may 
be filled with air or water

• Compaction reduces soil pore space; below 
12%, oxygen levels are so low root growth is 
inhibited

“I  CAN’T BREATHE!  I  NEED AIR!”

NOT 

COMPACTED

COMPACTED

Slide Credit: Nick Polanin
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Tree Ring Expansion

• Most mulched areas below trees and shrubs 
“TREE RINGS” are too small 

• Tree ring size should be increased over time as 
canopies grow

• Optimal tree ring size = drip line size or >

WHERE POSSIBLE

JEAN EPIPHAN © 2024 
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Tree Roots Will Lose out to Turfgrass!

• Turf usually prevents proper tree & shrub root 
development

• Irrigating and fertilizing turf will not benefit 
trees or shrubs

• Trees require 5 years of good growing 
conditions to completely recover from drought

Slide Credit: Nick Polanin
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Healthy Soil is Full of Life
TREES EVOLVED TO LIVE IN HEALTH,  LIVING SOIL

F ig u re  9 — H e a lth y  s o il is  fu ll o f life : 1 — w o o d  fe rn ; 2 — s h re w ; 3 — M a rc h  fly ; 4 — m y c o rrh iz a l m u s h ro o m  (R u s s u la ); 5 — m illip e d e ; 6 — ro v e  b e e tle ; 7 — s n a il; 8 —  s n a il-e a tin g  g ro u n d  b e e tle ; 9 — d a d d y  lo n g le g s ; 1 0 — s o ld ie r fly  la rv a ; 1 1 —
rin g n e c k  s n a k e ; 1 2 — c ra n e  fly  la rv a ; 1 3 — s o il fla tw o rm ; 1 4 — s o il c e n tip e d e ; 1 5 — w o o d lo u s e ; 1 6 — fire fly  la rv a ; 1 7 — fila m e n ts  (h y p h a e ) o f s o il fu n g i; 1 8 — a n ts  w ith  th e ir  la rv a e  a n d  p u p a e ; 1 9 — b a c te ria  a n d  a c tin o m y c e te s ; 2 0 —  
e a rth w o rm ; 2 1 — p o tw o rm s ; 2 2 — c lic k  b e e tle  la rv a ; 2 3 — o rib a tid  m ite ; 2 4 — s p rin g ta il; 2 5 — n e m a to d e s ; 2 6 — p ro to z o a  a n d  a lg a e : (a ) te s ta te  p ro to z o a , (b , c ) c ilia te d  p ro to z o a , (d ) b lu e -g re e n  a lg a , (e ) h e lio z o a ; 2 7 — s y m p h y la n ; 2 8 —
d ip lu ra n ; 2 9 — p ro tu ra n ; 3 0 — c ic a d a  n y m p h ; 3 1 — p a u ro p o d ; 3 2 —  p s e u d o s c o rp io n ; 3 3 — ro tife r; 3 4 — ta rd ig ra d e ; 3 5 — s c a ra b  b e e tle  la rv a . (A d a p te d  fro m  J . N a rd i 2 0 0 7 , U n iv e rs ity  o f C h ic a g o  P re s s .)

https://w
w

w
.sare.org/publications/farm

ing-w
ith-soil-life/our-living-soil/

50% PORE SPACES = AIR FOR LIFE! 
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Tree Soil & Health =
TREES EVOLVED W/ MYCORRHIZAL FUNGAL & OTHER MICROBES

JEAN
 EPIPH

AN
 ©

 2025 

45



3/5/26

16

4 6

“Green Mulch” & Leaving Leaves

Green Mulch (not lawn)
• Helps rainwater capture & infiltration
• Helps reduce soil compaction
• Increase aesthetics

C hristm as fern, Polystichum  acrostichoides
Virginia bluebells, M ertensia virginica

JE A N  E P IP H A N

C om m on blue violet, Viola sororia
M oss phlox, Phlox subulataJE A N  E P IP H A N

ü w/ Leaves à Best option for the environment & ecosystem
– Adds nutrients to soil naturally 
– Increase soil life (microbes & mycorrhizal fungi)
– Builds quality soil & reverses compaction
– Vital habitat for over wintering animals & beneficial insects
– Reduces transport & use of fossil fuels

Why Leave the Leaves & How to Do it  -  
https://njaes.rutgers.edu/fs1369/ 
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Sustainable Solutions for Urban Streets

https://www.deeproot.com/blog/blog-entries/trees-and-edge-protection-the-use-of-tree-fences-in-the-urban-environment/
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Watering

FIRST 3 YEARS AFTER PLANTING 
• Monitor soil moisture 1-3x /week 

– Check if soil is dry 6” down

• DURING HEAT WAVES & DROUGHTS Make sure to water 
deeply 2-3x/week 

OLDER TREES
• Monitor soil moisture weekly 

– Check if soil is dry 6” down

• DURING HEAT WAVES & DROUGHTS – Make sure to 
water deeply 2x /week

WATER WITH 2 GALLONS PER 1” DIAMETER OF TREE

DO NOT LET SPRINKLERS HIT LEAVES OR BARK

Johnson et al. 2021. Tree Owner’s Manual. USDA Forest Service Eastern Region. State and Private Forestry Milwaukee, Wisconsin. Available at: 
https://usfs-public.app.box.com/v/TreeOwnersManual
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Back to the Root System

49
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Root System Types

• TAP ROOT
–hickory, walnut, white oak, hornbeam

• HEART ROOT
–red oak, honey locust, basswood, 

sycamore, pines

• FLAT ROOT (SURFACE)
–birch, fir, spruce, maple, cottonwood, 

hackberry
https://naturalresources.extension.iastate.edu/forestry/tree_biology/101.html

The Morton Arboretum
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Physiological Response to Pruning

https://cmg.extension.colostate.edu/Gardennotes/145.pdf

PRUNING CAUSES HORMONAL CHANGES

AUXINS  
produced in the canopy 
growing tips stim ulate root 
grow th 

AUXIN S  affect: 
• Apical dom inance  
• C ell elongation
• Fruit drop or retention

GIBBERELLINS 
produced in the root growing 
tips stim ulate canopy grow th 

G IBBERELLIN S  affect: 
• R ate of cell division
• Flow ering
• Increase of leaf & fruit size 

This is why we limit pruning at planting

51
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B&B

https://extension.colostate.edu/resource/the-science-of-planting-trees/

• 80-95% of fine roots are removed; 5-20% of the fine roots remain 
• This places the tree under stress 

52
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B&B

https://www.lsuagcenter.com/articles/page15611282789
06
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Minimal Pruning at Planting

Johnson et al. 2021. Tree Owner’s Manual. USDA Forest Service Eastern Region. State and Private Forestry Milwaukee, Wisconsin. Available at: 
https://usfs-public.app.box.com/v/TreeOwnersManual
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Structural Prune at Planting 
TO AVOID INCLUDED BARK & DAMAGE

https://www.bartlett.com/blog/structural-pruning/
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Structural Prune at Planting 
TO AVOID INCLUDED BARK & DAMAGE
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Branch Attachment Types

57
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Crown Types

58
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Flower Types

59
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Reproduction
For most trees, sexual behavior is not strictly male or female. 1

Trees effectively reproduce using different combinations of functional sexual parts distributed in 
different types of flowers and cones. 1

Woody perennials (aka trees) spend about 10-15% of resources on reproduction, but under stress 
will allocate 50% or more to reproduction 
- To perpetuate the species. 2

Pollination is usually dependent on wind, insects, water, and/or animals2

Many fruit types i.e. nuts, samaras, berries, cones etc. 2 

Dispersal of Fruit depends on fruit/seed type. 

1 . h ttp s ://n e w s w ire .c a e s .u g a .e d u /s to ry /3 3 9 1 /tre e -s e x.h tm l
2 . T e xt c re d it N ic k  P o la n in  

60

https://newswire.caes.uga.edu/story/3391/tree-sex.html
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Natural Dispersal 
(THE BEST PL ANTING METHOD)

61
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Connected Life of Trees
• TREES PROVIDE TO ECOSYSTEM: 

– Shelter/Nesting
– Larval Hosting 
– Forage/Food  
– Support plan communities
• Understory 
• Vines

• ECOSYSTEM PROVIDES TO 
TREES: 
– Pollination
– Soil health 
– Seed dispersal
– Communication h ttp s ://w w w .e xp lo rin g n a tu re .o rg /d b /v ie w /F o re s t-F o o d -W e b s
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Remove Invasive Vines
Native vines are benign, leave them be!

THEY WILL HARM YOUR TREES

ASIATIC BITTERSWEET
Celastrus orbiculatus

CHINESE & JAPANESE 
WISTERIA - Wisteria 
spp. 

ENGLISH IVY 
Hedra helix

63
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Remove Invasive Vines
Native vines are benign, leave them be!

THEY WILL HARM YOUR TREES

ASIATIC BITTERSWEET
Celastrus orbiculatus

CHINESE & JAPANESE 
WISTERIA - Wisteria 
spp. 

ENGLISH IVY 
Hedra helixDO NOT PULL VINES DOWN 

WINDOW CUT METHOD

64

6 5

Abiotic Stressors 
THE MOST COMMON CAUSE OF PL ANT DISEASES IN THE L ANDSCAPE

Facilitate instances of biotic diseases
Speeds up tree mortality 

Kennelly, M., O'Mara, J., Rivard, C., Miller, G.L. and D. Smith 2012. Introduction to abiotic disorders in plants. The Plant Health Instructor. DOI: 10.1094/PHI-I-2012-
10-29-01

EXAMPLES:

- Soil compaction/ suffocation

- Girdling roots 

- Trunk damage 

- Improper mulching and more 

Let’s work with natural 

tree biology & physiology 

to help protect trees so 

they can thrive! 
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