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The tree form

“Form”:
* Anatomy,

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.



Dynamics and changes of the form

“Form”:
* Anatomy,




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

Space:
growth

Time

i e

Quercus pubescens. Photo V. Capodarca
Organisation:

development




Conceptual issues: time

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



Isation

space and organi

Issues:

Conceptual

Source: National Geographic Society.



Conceptual issues: space and organisation

Sequoia
sempervirens
(Hyperion); hight

Picea abies (Old Tjikko);

hight 5 m, pik ' J
estimated age 9560 115,2 5’(;1(; estimate
years age 2.500 years.

Photo: Google Photo: J. Janover



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

Space: Modularity:
growth : A R

Self-similarity,
Redundan
Substi

Time

i e

Quercus pubescens. Photo V. Capodarca
Organisation:
development




=2

Arboricultural
ASSOCIATION

Crown & Canopy Management
Working with nature

8-11 September 2019 Exeter, UK

Olme df Laneo dette Olmo Bells

ametrg mt, 33,00
Circonferenza mi, 106,70°5 s
Altezza me, 27 o

Circonfl alle base ot i : g -

s

N ¥ i

ES

5
Al

Y enr:ga/ff;'d

Tt gt IR Wi e e \%3}
i ’ e ..t -q‘ sy

SECTION 1

TREE ARCHITECTURE

1.1 Growth and modularity
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Primary and secondary growth

S
Primary growth b .

(phytomers) ??’ ,

T 2

P

G. Morelli, 2018

Secondary
growth

77 " ' \\ (annual rings) .
S RS ST Primary growth
Quercus pubescens' =S58 B N

Aesculus hippocastanum, Ferrara (Italy) Acer saccharinum, Vermont (USA)




Secondary growth
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SECTION 1

TREE ARCHITECTURE

1.2 Branching .
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Branching

Primary growth E,ff'
(phytomers) | <

=

Phytomer

Branching

Branching s p
econdary

growth
(annual rings)

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




Branching as an expression of hormonal balance

5]

al dominance

5.

| Apie

Cytokinins




Isotonia

Apical dominance
disappeared / (trunk)

(reiteration)
.."‘"."“ Weak apical S Hypotonia
3 E dominance (branch)
5 Strong apical
. dominance \ Anfitonia
R (young branch)
—_— Strong apical
> dominance
: = then disappeared \
. , Epitonia
— Strong apical dominance
. . (branch)
: g Weak apical dominance A

“-l.,
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B: branch
T: trunk

Changes in site conditions,
Pathological issues, Ageing

T3

Isotone

Epitone

Hyotone .
Epitone
B2
Hypotone
B1

Hypotone

Epitone

Isotone

Pathological
issues, Ageing

Hypotone

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

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
B1to 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).



Hierarchy of ramifications and connection with the stem

Total
reiteration

Ramification

T
X

>
——

Epitonia 4
Isotonia

Hyotonia

Anfitonia

2/3 '\

Partial
reiteration

Collar
Wood of the branch
Wood of the stem or of the secondary
trunk

2/3

/ Stipe

Cambial

< | column
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SECTION 1

TREE ARCHITECTURE

1.3 Development and organizatlj
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The “common denominator” of tree architecture: Architectural Models

Troll Kwan-Koriba

Massart

N
H
Quercus Fraxinus (No F. ornus) Ulmaceae . Robinia S
(l:jurope) Acer (Europe) Tilia Gingko Platanus Paulownia ';::
Pinus Fagus Cedrus Taxus Catalpa S
Populus alba Carpinus Abies Quercus (USA) Ailanthus S
Populus nigra Picea Diospyros kaki Acer (Asia) ©
Attims
Mangenot
Leeuwenberg
Ligustrum Tsuga

Syringa

Cupressaceae

Source: P. Raimbault (from F. Hallé); 2010



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

Partial
reiteration

A: young
(Architectural unit)

Sequence of total
reiterarions
(miniaturization)

Multiplication of the :
Architectural Unit

...........................................

Primary total
reiteration

# Partial

L&& reiteration
]

.-f"f
—_ | — C: adult
T | e

B: : young/adult

Platanus: Massart
(Architectural model)

Total reiteration

Delayed total
reiteration

D: mature

Source: Y. Caraglio



Species growth strategies: gigantism (unitary) or coloniality

Gigantism:
hierarchy
‘ Coloniality:
polyarchy

Quercus pubescens. Photo: V. Capodarca

Total reiteration

Picea abies. (temporary or permanent polyarchy)

Photo G. Morelli




Species growth strategies: gigantism (hierarchy)

D: mature

\

C: adult

\

Abies alba

B: young/adult

@ Total reiteration point

G. Morelli, 2017

A: infant/young
(architectural unit)

+A‘

Source: Pierre Raimbault



Species growth strategies: amplification (polyarchy)

D: adult/mature

Acer pseudoplatanus \

B: young/adult

N

G. Morelli, 2017

A: infant/young
(architectural unit)

8

@ Total reiteration point

Source: Pierre Raimbault
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SECTION 1

TREE ARCHITECTURE

1.4 The subtractive growth

......



Partial
reiteration

—
—

N
A

A: young
(architectural unit)

Platanus: Massart
(architectural model)

Sequence of development and subtractive growth

Amplification of the
Architectural Unit

Multiplication of the
Architectural Unit

...........................................

Succession of total

Total reiteration

reiterations
(miniaturization)

Delayed total
reiteration

Primary total
reiteration
/\/ Partial
# reiteration
e -l C: adult
Y | e
B: young/adult
- Mortality :
'-""""""""""""""""""""""E é 1. Acropetal
architectural unit > 3 Centripetal
(subtractive growth) ! 4. Heartwood formation

i 5, Cavitation

D: mature

Source: G. Morelli
2017, da Y. Caraglio



Consequences of modularity: the subtractive growth

C. Matsheg, watercolors; 1862

)
-
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N
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-

Platanus orientalis (planted in 1680)
Botanic garden, Padova. Photo G. Morelli
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The form as an expression of a dynamic balance

Modularity:

| Energy balance | seff il
oL Y o T Redundancy,

N Xl NPl Substitutability,
Subtractior

Hormonal :-. : NP " N\ - ~»]| Mechanical
balance kL : ' it : balance

M § SR T

Quercus pubescens. Photo V. Capodarca

Source: G. Morelli; 2012



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

RTINS
i * Hormonal Primacy
‘e as®
K e .
: ! Mechanical Primacy

*as®

Phase Il (stage'7-8):
Adult

Energy Primacy

Phase Il (sté;ge 5-6):
Young

L4
L4
L
a

' Acropetal  *.: Centrifugal mortality
: mortality %, and hearthwood .~

Phase | (stage 1-4): X
Infant
~Centripetal

I <" mortality and
;_4- cavitation
o Phase IV (Stage 9):
Mature
Basipetal

The sequence of morphophysiological
stages can: , mortality and
* Have stages with a variable . L.
duration: cavitation
uration;

* Be incomplete;
* Have jumps of stages;

* Have regressions of stages; Phase V (stage.10):
Source: G. Morelli (from P. Raimbault); 2015

Senescent




Relationship between crown, stem and roots in polyarchy species

-

Stage 3/C Stage 6/F Stage7/G

J— Centrifugal .........................

3 . : gar ! Centripetal :
; mortality ;, Mmortality : Stage 3/C mortality

= \, - N { {
Stipe J ‘
Cambial I
Cambial bridges
column
Internal mortality Internal mortality
| i (heartwood { (cavitation) |
; formation) ; .....................................
suttress AN T




Stage 10 in polyarchy species: the reintegration of the individual

Stage 3/C

Delayed total
reiterations

Centripetal and
basipetal mortality

Stage 10

‘Q

*

Stipe \

Cambial bridge

,-l".-."
*

.
*

Cavitation

EEEEaa,,

e

Cambial column —>

fumnnng,
L]
]
]

Buttress —_—

" cambial growth
Taproot Adventitious roots from y o e i Ve




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

70 cm hight 140 cm hight 210 cm hight

2009

2014

t ¥ - T T T T T T T T

Sound Sound Transition Decay Cavity
[ [ [

Tomograms of Styphnolobium japonicum; Piazza Capitaniato, Padova

G. Morelli, 2017

Cavity without decay ...
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Phenotypic level of the form and «defects»

Phenotypic level of the form:
*Adaptive modifications,
*Corrective modifications; WA
*Reparative modifications.

5 TN

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)

G. Morelli, 2017



What about cavity?

The ambiguity of the defect

£10Z 1lj310/ "D

Source: Google



the art of cavitation

To stand up

Tree as a pole...



Structural implications of morphophysiological evolution of the stem

-...ooooo'..i,.

t/R > 0,3?
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Structural implications of
morphophysiological
evolution of the stem




Structural implications of morphophysiological evolution of the stem

- Stage 3/C Y %
Stage 10
(Stage 9/J)

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

| 1K

‘Axel

. Erlandson:
| “The bascket

w;mn‘r‘z}:_‘ .

LN



From the defects to the stability assessment in polyarchical species trees

Structural deformation -

Load reduction - Bending (torsion pathological)

Crown deformation

Mechanical strain of external
tissues (corrective growth ad

Mechanical inactivity of internal
tissues (possible partial

cavitation without rising of plastic response)
likelihood of failure)
) L —— | | Visual assessment
Evidence and continuity
stipes-cambial columns-buttresses L
Solidarity

tomograph
elastometer Pulling test
Electronic drill inclinometer
Soil not relevant
< Pathology Physiology>
P
Stage 7/G . Stage 8/H

trunk-buttresses-superficial (fasciculated) roots

G. Morelli, 2017
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The philogenetic level, ontogenetic level of the form and morphophysiology

H=385m;D=1,8m

Massart Model D: Mature

Centripetal
mortality

Stage 8 (end)

Cavitation

Stage H (end)

Taproot
mortality

G. Morelli, 2017



Visual assessment: looking for clinic features

N
-
(=)
End Stage 8 -
(beginning Stage 9) T
| ©
4 S
‘Y

Open

cavity

Stage H
(beginning Stage J)




Advanced assessment: electronic drill and sonic tomograph

H=385m;D=1,8m

N

: b

o " : s N
R1 - s
A B R e 7 : | i | | | S

ol Bl Rfl el " ‘54"&%,2 16z 1472 1683 833 203 g
Open cavity E

Amplitude [%] QJ

100

ground

22 20 18 16 14 12 10 8 6 4 2 0

4 38 36 34 32 30 28 26 24
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEENEN| Drilling depth [cm]

N §




Advanced assessment: pulling test

Elastometer

ground Inclinometer o

N §

\

!

G. Morelli, 2017



Advanced assessment: pulling test

Analisi del carico del vento secondo DIN 10554

Progetto Lo N. defl'albere 55607
Nome progetic Coges_dicl4 Parco Sempione Sgambaboio
Numero progetio
20145 Miano, Halia
Data ded test T2 22014 Alttudine sul livello del mare 122 m
Dati dell’albero Proprieta del materiale applicate

Platanus x acerfodia Fiatanus x acerfclia
Circonferenza del fusto 583 om Fonte Stutigart

Diarmetro del fusho l Resistenza a compressiong
in 1 mdi altezza . Modulo di elasticita

Spessore della corteccia Limite di elasticita

Altezza dell'albero Densita del legno vesde

Sagoma defla chioma

Diirezione del carico NE
- Analisi dell’area di erficie
B Bl akacuns 2 m
i Alterza efetiiva 256 m
i Area della superficis totaie iz m*
»  Eccenfricita della chioma 400 m

Parametri strutturali applicati
Fattore di re5i5m1_12:1 aerodinamicas

i Frequenza propria 045 Hz

¥ DEninuzione di smorzamento 08

i Fattore di forma 0.8

Parametri del lu applicats
! Zonadi wentd e ape Bit 12
© 1 Walore della
! welocitd progetiuale del vento: 225 mis
| Densita defaria 127 kgim®

Categonia di terenafona suburbana
Esponente profilo del wenfo 0,22
Fattore o prossimita per effeti

del vents vicno al temeno i
Fattore per l'esposizone 1.00

Hisultati

Analisi del carco del vento

Analisi statica dell'albero

Pressicne media del vento F1.3 kN
Fattore di reazione alle raffiche 2,16

Elastometer

Basic safety factor:
6.8

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

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

Centro di carico 225 m
Momento torcents 554 kMNm FSTEUMENGC U3 parsls res
Carico del venbo 2435 kNm Fattore di sicurezza di base B.Bj

>1.5

G. Morelli, 2017



Integrated assessment: tomograph and pulling test outcomes

ﬂ"‘--....'. 1 1 5 4
015 ’0‘

South-West side

L4 .
LT T A "

4 * R
» 1 = Cambial columns
. L

*

* Lowest tipping stability safety factor (1.85) 1
' Cambial columns

G. Morelli, 2017



Integrated assessment: tomograph and pulling test outcomes
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CASE STUDIES

4.2 The veteran Celtis australis|
in Salvatronda
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2018 ISA Annual International Conference
6 August 2018 Columbus, OH
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Hackberry. Tree in Salvatronda, Italy:
making decisions
with the aid of morphophysiology




e =
e i :

(’u - ". S
Res 76 al fiatvonda

«El Schieson» of Salvatronda

1788

Scheda n. 124

EL SCHIESON DI SALVATRONI

Nome scientifico della specie: Celtis australis L.

Nome comune: Bagolaro

Localita: Loc. Salvatronda - Via Centro

Altitudine s..m.: 36 m

Comune: Castelfranco Veneto

Cs%ordinale topografiche. Tavoletta I.G.M.: Vedelago F.° 38 I1I S.0. 32T QR
630 624

Ubicazione e descrizione del Iuogo: Palbero cresce in mezzo alla strada, ac-
canto alla chiesa di Salvatronda.

Rilievi dendrometrici:

Circonferenza ad 1,3 m: 3,00 m

Altezza dell'albero: 13,50 m

Ampiezza della chioma nelle quattro direzioni: Nord 5,20 m - Est 540m -
Sud 5 m - Ovest 6,80 m

Altezza d'inserzione della chioma: 3 m

Eta presunta: 100 <+ 150 anni

Note: fusto eretto; chioma folta e regolarmente espansa.

ek

Condizioni fitosanitarie: buone. Presenta due cavita nel fusto, di cui solo una
& stata curata

Destinazione: ornamentale

Classi di segnalazione: A2, Ada

axaaa

Proprictario: Comune di Castelfranco Veneto
Data della rilevazione: 3 agosto 1988
Rilevatore: Tiziana Fasan - Paolo Battistel

Altre note: & riconosciuto come unGrande Albero da tutti gli abitanti della
loealita.

Liombroso bagolaro svolge anche la poco nobile funzione di spartitraffico.

1988

G. Morelli, 2018



The crown and the failure

G. Morelli, 2018

Almost absent
cambial bridges




Tomographic analysis

Recent breackage
~ (not in the picture)
A
Recent breackage
1 - (not in the picture)
B
\\ Open cavity
(not in the picture)
C 11
2k Open cavity Included bark

G. Morelli, 2018



Making decisions: technical knowledge,
economical aspects and cultural peculiarities

Source: Internet

Arborists and tree climbers:

G. Morelli, 2018



