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INTRODUCTION



The tree form

The tree form is the plastic, dynamic and transient expression of the relationship between the individual 
and the context. The study of the form allows us to outline the past of a tree, to describe its present and to 
foresee the future, by placing in morphological and functional relation its different anatomical regions in a 

logical and consequential way. The tree form is a language or, rather, the expressive form of its identity: 
the tree is its form.

“Form”:
• Anatomy, 
• Morphology,
• Architecture



Dynamics and changes of the form

Oak (Photo  T. Green)

Quercus pubescens (Photo V. Capodarca)

“Form”:
• Anatomy, 
• Morphology,
• Architecture



Space: 
growth

Time

Organisation:
development

Dynamics and changes of the form: time, growth and development

Quercus pubescens. Photo V. Capodarca



Linden tree, Ludovico, Margherita e Max; Cavalese (TN)

2008 2015

Conceptual issues: time

1995

1990

91 years old

84 years old

300 years old



Source: National Geographic Society.

Conceptual issues: space and organisation



Sequoia  
sempervirens
(Hyperion); hight
115,66 m, estimated
age 2.500 years. 
Photo:  J. Janover

Picea abies (Old Tjikko); 
hight 5 m, 
estimated age 9560 
years
Photo: Google

5 m

115,66 m

Conceptual issues: space and organisation



Space: 
growth

Time

Organisation:
development

Dynamics and changes of the form: time, growth, development and modularity

Quercus pubescens. Photo V. Capodarca

Modularity:
Self-similarity,

Redundancy,
Substitutability,

Subtraction,
Resilience.
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SECTION 1 

TREE ARCHITECTURE

1.1 Growth and modularity



Secondary 
growth

(annual rings)

1

2

Primary growth
(phytomers)

Source 
Google
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Quercus pubescens
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Primary growth
(pith)

Primary and secondary growth

Aesculus hippocastanum, Ferrara (Italy) Acer saccharinum, Vermont (USA)
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G. Penone: “Young tree 
carved Inside old tree”
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SECTION 1 

TREE ARCHITECTURE

1.2 Branching



1

2

3

Branching

Secondary 
growth

(annual rings)

Primary growth
(phytomers)

Aesculus hippocastanum (Photo G. Morelli) Acer saccharinum (Photo G. Morelli)

Branching

Branching

PhytomerPhytomer



Branching as an expression of hormonal balance

Cytokinins

Auxins

A
pi

ca
l d

om
in

an
ce

Picea abies (Photo G. Morelli)



Anfitonia
(young branch)

Hypotonia
(branch)

Isotonia
(trunk)

Epitonia
(branch)

Weak apical
dominance

Strong apical
dominance

Apical dominance
disappeared
(reiteration)

Strong apical
dominance

then disappeared

Strong apical dominance

Weak apical dominance

Strong apical dominance now disappeared

Autonomous apex

A
A

A

Partially dominated Apex

A
Branching as an expression of hormonal balance

Cytokinins

Auxins



B: branch characterized by the asymmetrical 
development of lateral ramifications (epitonia or 
hypotonia). Can be horizontal, vertical or 
intermediate

T: trunk, whose development of the ramifications 
is symmetrical (isotons) and tends mainly to 
verticality.
(T1: primary trunk, T2 e T3: secondary trunks). 

The evolution of the branch in trunk is a 
physiological process (primary total reiteration) 
that can occur only when it is still vertical (from 
B1 to T2). 

A totally horizontal branch (B2) will be a branch 
forever. Only hypotonic branches can evolve into 
trunks, while the epitones, can originate trunks 
only by total secondary reiteration (B1 to B2 + 
T3). 
The trunks can regress to branches in specific 
situations (traumas, senescence or bad pruning), 
in this case becoming forcibly branches, epitonic 
and plagiotropic (from T2 to B3).

B1

B2

T1 T2

B2

T3
B3

The Metamorphosis of the branches: 
from branch to trunk,  round trip

B: branch
T: trunk

Pathological
issues, Ageing

Changes in site conditions,
Pathological issues, Ageing

Hypotone

Hypotone

Epitone

Epitone

Hyotone

Isotone Isotone

Epitone

Hypotone

Isotone



Collar

3

2

1

1

Hierarchy of ramifications and connection with the stem

2

3

Cambial
column

Stipe

3 2/3

1

2

4

4

4

Wood of the branch
or of the secondary

trunk
Wood of the stem

2/3

3

Ramification

Epitonia

Hyotonia

Anfitonia

Isotonia

Partial
reiterationTotal 

reiteration
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SECTION 1 

TREE ARCHITECTURE

1.3 Development and organization



Rauh Troll Massart Kwan-Koriba

Attims

Leeuwenberg

Mangenot

The “common denominator” of tree architecture: Architectural Models

Quercus
(Europe)
Pinus
Populus alba 
Populus nigra

Ulmaceae
Tilia
Fagus
Carpinus

Gingko
Cedrus
Abies
Picea

Robinia
Paulownia
Catalpa
Ailanthus
Acer (Asia)

Cupressaceae

Ligustrum
Syringa

Tsuga

Platanus
Taxus
Quercus (USA)
Diospyros kaki

Fraxinus (No F. ornus)
Acer (Europe)

Source: P. Raimbault (from F. Hallé); 2010
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A: young
(Architectural unit)

B: : young/adult

D: mature

Partial
reiteration

Primary total
reiteration

Sequence of total
reiterarions

(miniaturization)

Partial
reiteration

Total reiteration

Delayed total
reiteration

C: adult

Platanus: Massart
(Architectural model) Source: Y. Caraglio

Modularity - second level: the architectural unit and the sequence of development

Amplification of the  
Architectural Unit 

Multiplication of the 
Architectural Unit 



Species growth strategies: gigantism (unitary) or coloniality

Quercus pubescens. Photo: V. Capodarca

Picea abies.
Photo G. Morelli

Total reiteration
(temporary or permanent polyarchy)

Gigantism:
hierarchy

Coloniality:
polyarchy



Abies alba

Source: Pierre Raimbault

Species growth strategies: gigantism (hierarchy)

A: infant/young 
(architectural unit)

B: young/adult

C: adult

D: mature

Total reiteration point 
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Acer pseudoplatanus

Species growth strategies: amplification (polyarchy)

A: infant/young
(architectural unit)

B: young/adult C: adult

D: adult/mature

Source: Pierre Raimbault

Total reiteration point 
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SECTION 1 

TREE ARCHITECTURE

1.4 The subtractive growth



1

A: young
(architectural unit)

B: young/adult

D: mature

Partial
reiteration

Primary total
reiteration

Succession of total
reiterations

(miniaturization)

Partial
reiteration

Total reiteration

Delayed total
reiteration

Mortality
1. Acropetal
2. Centrifugal
3. Centripetal
4. Heartwood formation
5. Cavitation

C: adult

Platanus: Massart
(architectural model)

Source: G. Morelli 
2017, da Y. Caraglio

Sequence of development and subtractive growth

1

2

3

4

Amplification of the  
Architectural Unit 

Multiplication of the 
Architectural Unit 

Simplification of the 
architectural unit

(subtractive growth)

5



Consequences of modularity: the subtractive growth

Heartwood
formation

Cavitation

Platanus orientalis (planted in  1680)     
Botanic garden, Padova. Photo G. Morelli

C. Matsheg, watercolors; 1862

Unknown, photo; 1926

Unknown, photo; 1963

Autumn cladoptosis
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MORPHOPHYSIOLOGY



The form as an expression of a dynamic balance

Quercus pubescens. Photo V. Capodarca

Energy balance

Hormonal
balance

Mechanical
balance

Dynamic balance

Source: G. Morelli; 2012

Modularity:
Self-similarity,

Redundancy,
Substitutability,

Subtraction,
Resilience.



Phase I (stage 1-4): 
Infant

Phase II (stage 5-6): 
Young

Phase III (stage 7-8): 
Adult

Phase V (stage 10): 
Senescent

Phase IV (Stage 9): 
Mature

Source: G. Morelli (from P. Raimbault); 2015

From balance to form: Phases and Stages of development in polyarchy species

Acropetal
mortality

Centrifugal mortality
and hearthwood

Centripetal
mortality and 

cavitation

Hormonal Primacy

Mechanical Primacy

Energy Primacy

The sequence of  morphophysiological
stages can:
• Have stages with a variable 

duration;
• Be incomplete;
• Have jumps of stages;
• Have regressions of stages;

Basipetal
mortality and 

cavitation



Relationship between crown, stem and roots in polyarchy species

Stage 3/C Stage 6/F Stage 7 / G Stage 9/J

Stage 3/C

Internal mortality
(heartwood
formation)

Internal mortality
(cavitation)

Acropetal
mortality

Centrifugal
mortality

Centripetal
mortality

Stipe

Buttress

Cambial 
column

Cambial
bridges



Only alive tissues

Buttress

Cambial column

Stipe

Cambial bridge

Stage 10

Adventitious roots from 
the crown

Stage 3/C

Stage 10 in polyarchy species: the reintegration of the individual

Cavitation

Centripetal and 
basipetal mortality

Delayed total 
reiterations 

Cambial growthTaproot 
mortality Tilia sp. Tilia sp.

Tilia sp.

Tilia sp.



70 cm hight 140 cm hight 210 cm hight

2009

2014

Tomograms of Styphnolobium japonicum; Piazza Capitaniato, Padova

70 cm

140 cm

210 cm

CavityDecayTransitionSoundSound
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The reintegration of the individual: cavity, cambial columns and cambial bridges 

Cavity without decay …
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SECTION 3 

MORPHOPHYSIOLOGY
AND “DEFECTS”



Phenotypic level of the form and «defects» 

?
Photo:  V. Capodarca

A defect represents any kind of negative difference compared to a perceived norm.
A “structural defect”,  for a specific context of growth,  represents any architectural, morphological, anatomical 

environmental anomaly able to increase the likelihood of failure.
(Morelli 2016. From National Tree Safety Group)

Phenotypic level of the form:
•Adaptive modifications,
•Corrective modifications;
•Reparative modifications.
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The ambiguity of the defect: What about cavity?

?

Source: Google
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Neutral
zone

R t

t/R > 0,3?

Albero come palo...

To stand up: the art of cavitation

Tree as a pole...



neutral zone R

t

t/R > 0,3?

Structural implications of morphophysiological evolution of the stem

Q. pubescens. Photo G. Morelli

Source K. Mattheck

P. abies. Photo G. Morelli Photo Googlei
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Structural implications of 
morphophysiological 
evolution of the stem



Structural implications of morphophysiological evolution of the stem

Stage 5/E Stage 6/F Stage 8 (9)/ H (J)

Stage 10
(Stage 9/J)

Stage 3/C

Axel
Erlandson: 

“The bascket
tree”



Electronic drill

tomograph

inclinometer

elastometer

Visual assessment

Load reduction  -
Crown deformation

Structural deformation -
Bending (torsion pathological)

Mechanical inactivity  of internal 
tissues (possible partial 

cavitation without rising of 
likelihood of failure)

Solidarity 
trunk-buttresses-superficial (fasciculated) roots

Evidence and continuity
stipes-cambial columns-buttresses

Soil not relevant

Pulling test

Mechanical strain of external 
tissues (corrective growth ad 

plastic response)

From the defects to the stability assessment in polyarchical species trees

Pathology Physiology

?Stage 7/G Stage 8/H

G
. M

or
el

li,
 2

01
7



Crown & Canopy Management
Working with nature

8-11 September 2019 Exeter, UK

SECTION 4 

CASE STUDIES

4.1 The veteran Platanus x acerifolia
in Milano



Massart Model D: Mature

The philogenetic level, ontogenetic level of the form and morphophysiology

Stage 8 (end) 

Stage H (end)

Cavitation

Centripetal 
mortality

H = 38,5 m; D = 1,8 m 
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Taproot 
mortality



Open 
cavity

End Stage 8 
(beginning Stage 9)

Stage H
(beginning Stage J)

Cavity

Open cavity

Epicormic sprouts

Epicormic sprouts

Visual assessment: looking for clinic features 

G
. M

or
el

li,
 2

01
7



ground

Advanced assessment: electronic drill and sonic tomograph

H = 38,5 m; D = 1,8 m 

Drilling depth [cm]

Amplitude [%]

0246810121416182022242628303234363840
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Drilling depth [cm]

Amplitude [%]

0246810121416182022242628303234363840
0

20

40
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80

100

R3

Tomo 75 cm high

R1

R2

R3

R4

R5

Open cavity

leaning
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Forcemeter
Winch

Inclinometer

Elastometer

ground

Advanced assessment: pulling test
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Elastometer

Inclinometer

> 1.5

Tipping stability safety factor:  
10.64, 4.14, 2.43, 1.85 

Breaking stability safety factor:
1.72, 3.59, 1.76, 3.49 

Basic safety factor:  
6.8 

Advanced assessment: pulling test
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*
*

Lowest breaking stability safety factors (1.72 e 1.76)

Lowest tipping stability safety factor (1.85) 

*

*

*

* 

*

**

North side

South-West side

Cambial columns

1 1

2

2

3

3

3

4

4

5

5

Integrated assessment: tomograph and pulling test outcomes  

1

Cambial columns

1

*
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leaning

Cavity between buttresses
(0- 30 cm from the ground)

North Cambial bridges

Cambial columns 

1

2

3

4

5

Integrated assessment: tomograph and pulling test outcomes  
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SECTION 4 

CASE STUDIES

4.2 The veteran Celtis australis
in Salvatronda



2018 ISA Annual International Conference
6 August 2018 Columbus, OH

Hackberry Tree in Salvatronda, Italy:
making decisions

with the aid of morphophysiology



1788

1885?

«El Schieson» of Salvatronda
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The crown and the failure

Almost absent 
cambial bridges
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A

B

C

A

B

C

*

*

*

* Recent breackage
(not in the picture)

Recent breackage
(not in the picture)

Open cavity
(not in the picture)

Open cavity * Included bark

Tomographic analysis
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Making decisions: technical knowledge, 
economical aspects and cultural peculiarities

Source: Internet
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Arborists and tree climbers:


