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Tree Morphology :
time, space and complexity




Irne tree jorm

The tree formis the plastic, dynamic and transient expression of the relationship between the individual and the context.
The study of the form allows to outline the past of a tree, to describeits present and to foresee the future, by placingin
morphological and functional relation itsdifferent anatomical regions ina logical and consequential way.

The tree form.ic a lanauacae or-rather the expreccive form otite identityv: the tree ic itefaorm



The Evolution of the form
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Quercus pubescens [Pho M@f@m}




Describing the evolution: time, growth and development
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Form characteristics:
from simplicity to plastic movement




Characteristics of tree form: semplicity, hierarchy, ;camplaxim df'rectf'qnaﬁ |

F. Ughelli: “Albero et historia .
of Counts of Marsciano”; 1667

; Margherita Morelli: o~
“Tree”; 2011 ' “Tree of life”; 1305-1310 ca. “Monophiletischer stammbaum™;
Lo\ e A o A\l Berlin 1866
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Flastic movement

Kinetic
movement




The evolution of the form as a behaviour
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Growth and modularity - First level

anary and secondary growth




First level of modularity: Primary and secondary growth
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Primary growth
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Secondary growth

200 cones




First 1evel Oy rmodauiaritly. ceconaary growlin

1 ring
10 rings

30rings

&0 rings

100 rings

140 rings

G. Penone: “Young tree
carved Inside old tree”

180 rings

200 rings

). pubescens (Photo G. Morelfi)
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Branching
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prancning as an expression oj normonai paiance
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prancning as an expression oj normonai paiance .

Isotonia

Apical dominance
disappeared 7 (trunk)

(reiteration)

Weak apical Hypotonia
dominance 2 (branch)

Strong apical R
. g~ / dominance \ PPN
.-y (young branch)
Strong apical
- *smnais > dominance
. thendisappeared \
Siatt — Strong apical dominance Epitonia

3 - & (branch)
s - - Weak apical dominance I

Strong apical deminance now disappeared

— : A ':- Autonomous apex
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B: branch

Epit
T trunk e

Changes in site conditions,
Pathological issues, Ageing

3

Isotone

Pathological
issues, Ageing

Hyotone .
Epitone

B2

Hypotone

B1

,_---l-l"";r

T1 / Hypotone

i B = T Ee

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 trunkis a
physiological process (primary total reiteration)
that can occur only when it is still vertical (from
B1toT2).

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).
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Architectural model, Archr'tectﬂml unit
and Sequence of develpoment




The “common denominator” of tree architecture: Architectural Models

Troll Massart Kwan-Koriba X\

~
* r
QH-E:I"E'H-F Fraxinus rNﬂ F. Grﬂusj UImnﬂ'EﬂE Rﬂbfﬂfﬂ ﬁ
( E urope) o TR L s Gingko Platanus Paulownia 5;_:"
Pinus Fon Cedrus Taxus Catalpa S
Populus alba Corpiali Abies Quercus [USA) Ailanthus =
Populus nigra Picea Diospyros kaki Acer (Asia) ©
Mangenot
Leeuwenberg
Ligustrum Tsuga

Syringa

Cupressaceae
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Describing the architectural models

Criteria:
1. Single axis or branched axis;
2.Equivalent Axes, trunk and branches differentiated or mixed axes

3..Monopodial or sympodial trunk;

4. Rhythmic or continuous growth;

5. Lateral branches: orthotropic or plagiotropic;

6. Phyllotaxis: spiral or verticillate, spirodistic or distic;

7. Flowersina terminal orlateral position;

8. Monocarpic orpolycarpic trees.
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The phylogenetic level of the form: Rauh architectural model

Orthotropicand
Tff unk ””‘?'bf anches monopodial/sympodial trunk
dfﬁerE{icmted only after with rhythmic growth
flowering (lateral) Orthetropic and monopodial branches
with rhythmic growth and
Spiral phyllotaxis with prevalent hypotonic branching
Quercus spp. Pinus spp.
Irregular Permanence
alternation of apical bud
of apical
bud
Sympodial Monopodial
monocasial monocasial
trunk trunk @ Currentflowering
! - Previous flowering
- Trunk and branches
First root system usually B Fasciculated oot system
from seed

- Taprooting root system

- WL Pt T Ilrtena bl et w1 il e "B R C mewm



The philogenetic level of the form: Massart architectural model

Trunk and branches

di t both
iffe ;E" . o / Orthotropic trunk
Jor the BQnsing atera (isotonic branching)
on branches) _“nd'f y monopodial branches
the phyllotaxis [distic with s i,
for the trunk and spiral & g
for the branches)
Platanus sp. Cedrus sp.
Annual Permanence
alternation of apical bud
of apical bud
Y'Y TN
Anfitotonic branching
monopodial branches
with rhythmic growth
Sympedial Monopodial . ~
monocasial monocasial 3
trunk trunk

@ Current flowering

\  Previous flowering

First root system

usually from seed - Trunks and branches

- Fasciculated root system

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

Partial
reiteration

A: young
(Architectural unit)

{fﬁ}"ﬂﬂﬂ of the : Sequenceof total
hﬁfﬁ..’fﬁfi‘:‘fﬁf.ﬁ'ﬂﬂ... reiterarions
{miniaturization)

( reiteration

Primaty total

Platanus: Massart
{Architectural model)

i LN

reiteration
L-S& z (by epitonia)
S W | [

Partial

C: adult

B: : young/adult

Early total

reiteration e |

Total reiteration
(by epitonia)

\

Delayed total
reiteration

D: mature

DI1: mature
(variant)
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Species growth strategies: gigantism or coloniality
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Quercus pubescens. Photo: V. Capodarca

Total reiteration
Picea abies.
E ohiie s aainl .{tempamr}f or permanent polyarchy)
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Sequence of development and subtractive growth

Partial /o | i Amplification of the -: Succession of total ; Total reiteration
reiteration rf.ﬁii':‘fff?f:f‘.f?fﬁ ...... reiterations (by epitonia)
{miniaturization)

Primaty total
{ reiteration

A: young =

{(architectural unit) . reiteration
. i&#’ > (by epitonia)

Platanus: Massart
{architectural model)

Partial

Delayed total

e W [ s i reiteration
- D: mature
B: young/adult (' 00 il N T
C Mordiity

..................................... : 1 Aﬂ ﬂ! ﬁ

@}.pnﬁm:m fgapi“ #,,E,wf o™
.J archrtecfuruf ....... "’\S Contripetal "‘J {, .

fsubtraﬁtwe gmwthj' 1 4. Hem'tw‘ﬁa formation
................................... ponte iz T Source: G. Moreli.
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C. Matsheq,

Platanus orientalis (planted in 1680)

Botanic garden, Padova. Photo G. Morelfi
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Consequences of modularity: Dead or alive? Young or old?

: Hﬂtam: gun:hq, Mvnr

pubescens (1810 - 2010): Platanus x acerifolio {1890 - zﬂtﬂﬂj
200 years, 200 rings, maybe 30 rings of sapwood. Macerata . 110 years, 20 rings of sapwood. Ferrara

Fonte: G. Morelll, 2018
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Phenotypic level of the form:

*Adaptive modifications, ~
*Corrective modifications; S
*Reparative modifications. =
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From tree archftecture to morphoph ys.'o!ogy
crown




The form as an expression of a dynamic balance
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Hormonal |  ™GONC " Qe L L LSy N~ = Y Mechanical
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Quercus pubescens. Photo V. Capodarca

Source: G. Morelli; 2012
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Ihejorm as an expression of a aynamic palance

" Hormonal Primacy
l"-'-
i + Mechanical Primacy

' Energy Primacy

Einfant Growth in hight
(stage 1-4) . " (building the trunk)
ll:Young Growth in volume
(stage 5-6)  (building the crown)
l:Adult Lasting in time
(stage 7-8) (crown renewal)
V:Mature Lasting in time

(stage 3) (erown reductian)
V:Senescent Lasting in time

(stage 10) (crown reconstruction)

gaEnm -"'ll.

The sequence of morphophysiological

stages can:

* Have stages with a variable
duration;

* Be incomplete;

* Have jumps of stages;

* Have regressions of stages;

i B L.

(stage 1-4)

Phase I: Infant

-

Acropetal

mortality

;.f entripetal —
. ““mortality and
; cavitation

_Phase IV Mature'
(stage 9)

B Y

s\

Basipetal
moertality and
cavitation

Phase V Senescent

F s . wmoaoul

Source: G. Morelli



crown evoliution in poiyarcny species (1 1ia sp.). jrom >tdge 1 10 >tadge o

IMain branching (ramification)| . Isotonia Residual isetonia
models W\ Zone wi {h (total reiteration) (partial reiteration)
Y strong hierarchy vigerous growth wigorous growth

A\

Epitonia
(vertical)

- Temporary crown
Isotonia
(all direzions)
- Permanent crown

Ipotonia
(vertical)

Anfitonia
(horizontal)

Dominant apex

lpotonia /
\

SArssaman arssamssssaPansssannannnannnn

;E}" SN Centrifugal . l”'}

! martnf:tr'
seff pruning of £

qf ﬁnt&muf brun:he: 1

Branches renewal by epitonia

Phase 1 Anfitonia

:. ......................... 1.., .......................... ......:

Acrapﬂaf mortality: \\k

[ e ___ R | hmfwmnﬂ of temporary crown
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Lrown evoiution in poiyarcny species (rnia sp.). get 1o »btage 2 tnrougn pnysioiogicai evoiution

: _ S f;}igg}'ﬁ“nhenm& """ 3 p -.'x.\L Zone with strong hierarchy:
= 3 k!
Internal reiterations ) W Pl P (‘ : s delayed total reiteration
hY (T ", : mortality: 3 .
gus® % :  crown selfreduction |
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.\ LN
.
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Phase 4
Stage 9

Permanent crown
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crown evoiluation in poiyarcny species (11ida sp. ). get 1o >tage 7 ajier a trauma

w B

Temporary crwon

" Chioma temporgnea

=

F. sylvatica. Photo T. Green

F. sylvatica. Photo T. Green R
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crown evoiution in poiyarcny species. get 1o >tage 7 tnrougn p4atnoiogicai evoiution

W Adventitious
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P. fraxinea. Photo G. Morelli
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From tree archftecture to morphoph ysro!ogy
root system




FIrOMm PUidncec Lo Jorim. Fridsco Und 20Uyco U UovoiopgimeriLinm guiyurcrly spgclico

Pt Y _
». Hormonal Primacy
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i + Mechanical Primacy

' Energy Primacy

Phase Il {;tﬁ'ge;.'}ihj:
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Young
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Infant o0 e
&ﬂfnpetui _
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: = ass 2 cavitatjon ‘
Phase IV (Stage )~ - .
e Mature.
M it %
The sequence of morphophysielogical ‘ o \ I. Basi petql ;
stages can: :
* Have stages with a variable mﬂﬁﬁﬂ'}f s
E . ,Gﬂ’lﬂtﬂﬂﬂ'ﬂ .
duration; . \
* Be incomplete;
* Have jumps of stages;
* Have regressions of stages; th lr" {stage 1 5‘).
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VIOrpnoonysiornogicadirevoruuon oy root sysiem

stage A
Main . | DE'I-I"E}'DPMEHI' of Development ) 3\ stage E
faproot stage B #age C | fasciculated roots stage D of buttresses
development

Temporarytaproot

syétem
stage F
Reiteration
activity
Internal
cavitation

Taproot system

= T R e i o R R i e
T e e R

Fasciculated roots

Adventitious roots, taproot or fasciculated ] stage J (= 9 above ground)

N _§ An

Mortality
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Cupressus macrocarpa (Massart)
Pinus sylvestris (Rauh)
Abies alba (Massart)

Sequoia sempervirens (Rauh/Massart)

Fraxinus excelsior (Leeuwenberg di Rauh)
Picea abies (Rauh)

Tilia cordata (Troll)

Gleditschia triacanthos (Kwan-Koriba)

W™ e

Stage C Stage G (7/8) | Stage H{(8)
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j PR e = e o

‘| P. Raimbault;

2003
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From tree archftecture to morphoph ys.'o!ogy
' Stage 10




rree evaoiution in poiydarcny species. otage Lv ana reconstruction

Zone with strong hierarchy:

FITT] il‘:l FRiESiREERAEEARBERREEAEES lllll.

[ngh penpherq'fdnd . dﬁfﬂ'}fﬂ‘d total reiteration
tentr:petuf
mtlr’!‘ﬂhty :

fself reduction) (%

..-.!_.qp..

Eﬂfﬂfeﬂ' total gemime
ndvenfmaus buds 2

Total reiteration

o e gbove ground

Phase 5

Internal adventitious
root, in the trunk
cavity

:illlllllilllllllllllll-rlllllllllll:

J'nreqrdf cavity

Cambial
columnss.

Localized vascular
connections
(cambial columns)

Total reiteration
underground

(roots) I Stage 10
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rree evaiution in poiydarcny species. otage Lv ana reconstruction

Zone with strong hierarchy:

P'Hfghpenpherqfundﬁ | delayed total reiteration
: centripetal
martuh:y

fsa:—.-ff reduction) | -

Total reiteration

e gbove ground

Phase 5

Internal adventitious
root, in the trunk
cavity

Localized vascular
connections
(cambial columns)

Total reiteration
underground

roots) l SI'I‘JQ'E _}'P“
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rree evaiution in poiydarcny species. otage Lv ana reconstruction

Zone with strong hierarchy:

E.ul.-:_ l{ llllllll : iiiiiiiiiiii - ll:l.lllllllg . *’ dt t I 't nt'
;_'[H]'gh PEfIPthq'f?ﬂd . . aye otal rerceratcion
centripetal
martality

: A :
:  .[self reduction) | %
= ( i ) : Total reiteration

o e gbove ground

i Internal cambial
columns or

adventitious roots

Old structure &£
\ Phase 5

_1__I..:.——: = I-I_T' - . rOaT N ] '::; !:g':.-,'::j
ca "iﬁf growth - WY T8y = cambiol grawth®
gtk Tk 1 Salie

‘introfiexion : i igtrpﬂe:fnn -

s VR EAGY Rt
VaNT 1 e AR

SANEEANEEAAREEINEARERED SRR EELLE] E

Internal cavit
fﬁﬂd ¥

cavity

Localized vascular
connections

/

Total reiteration
underground

Tifia sp. Photo,G. Morelli (roots)

i L. - . o EeT

(cambial columns)

I Stage 10
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Internal adventitious
root, in the trunk



onriree EVC\:IHHBH In pﬂffﬂfﬂﬂ}f Species. 2lage LV anda reconstruction {9

combial growth
introflexion

cambial growth
introfiexion
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; centripeta
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l Stage 10 '|
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Phase 5
v
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Ii i I'IL
Internal adventitious

cavity

Ll

connections
(cambial columns)
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(ree evoidtion in polyarcny species:. otage 1 dana reconstruction v

Zone with strong hierarchy:

R fnter' - : ;'Hifgh peripheral und . delayed total reiteration
- T adventitiogs : centripetal
h mar!‘m':fy

fseff reduction) | -

Total reiteration

B e gbove ground

Total basal
reiteration -«

Phase 5

Internal adventitious
root, in the trunk
cavity

cu,mb‘-af E..........- u.....................:
.growth
. introflexion
i Localized vascular
connections
(cambial columns)

Total reiteration
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The refntegratian of the individual: cavity, cambial columns and cambial bridges

70cm hight " 140.cm hight 210 cm hight

2009

G. Morelli, 2017
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Secondary trunks and stem morphology: cambial columns
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cambial bridges

Connections as
bridges between
adjacent cambial

columns

Felcova crenata. Photo C A. Pavoni
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Secondary trunks and stem morphology: buttresses

To secondary trunk
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Tilia sp. Photo G. Morell



Secondary.trunks and stem morphology: cavities
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Marphoph}fsfnfngfcq{ analysis: relationship between crown, stem and roots in polyarchy species
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Mnmhapbjfﬁnfngfca{ \analysis: refqtidnéhfp between crown, stem and roots in polyarchy species
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A defect represents any kind of negative difference compared to a perceived norm.
A “structural defect”, for a specific context of growth, representsany architectural, morphological, anatomical

environmental anomaly able to increase the likelihooad of failure.
Y {Maralli 2016. Fram National Tree SafetviGroun) ___ Ly

G. Morelli, 2017



The ambiguity of the defect: What about cavity?

G. Morelli, 2017
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Structural implications of morphophysiological evolution of the stem
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The phylogenetic level of the form: Massart architectural model

Trunk and branches
different both ;
for the flowering (lateral ﬂrfhﬂ_frnp:: tﬂj'nk
on branches) and for (isotonic branching)
the phyllotaxis (distic m?:ﬂind:rf 'brdnche;
for the trunk and spiral with rhythmic growt
for the branches)
Platanus sp.
Annual
alternation
of apical bud
Yk " AT Aw
Anfitotonic branching
monopodial branches
with rhythmic growth
Sympodial
monocasial Y
trunk

@ cCurrent flowering

Previous flowering

First root system

usually from seed - Trunks and branches

- Fasciculated root system

- Taprooting root system
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Ine phylogeneticievel, ontogenetic level of the form and morphophysiology.
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Analisi del carico del'vento secondo DIN 10554 e
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U In tegrated assessment: tomograph and pullin g test outcomes
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e Morphofisiology, anatomy and
mechanical behavior of trees:

The Downy Oak in Campiglione




The phylogenetic level of the form: Rauh architectural model

Orthotropicand
Tftuﬂk Eﬂt‘:" branches monopodial/sympodial trunk
differenciated only after with rhythmic growth
flowering (lateral) Orthetropic and monopodial branches
with rhythmic growth and
Spiral phyllotaxis with prevalent hypotonic branching
Quercus spp.
Irregular
alternation
of apical
bud
Sympodial
monocasial
trunk @ Currentflowering
! Previous flowering
- Trunk and branches
First root system usually B Foasciculatedroot system
from seed

- Taprooting root system

S e ™ Pt T Ilrtena bl et w1 il e "B R e



; ) gi;, e Ay ¥ .:_;-: _T._ ' AP

Ly 2o o

4. e

A N ea».-?‘.,ﬁ‘- yﬁ*‘ el X

. =1 ‘lr-"" -] ; _‘._

‘,Ixﬁtr. tﬁ#@
oy o

=
=]
™
o
=
LT
[
S
Q

Phuta. P Tamn,;;e“;




The ontogeneticlevel of the form: the end of Stage 8/H
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Sonic tomograph analysis of the Downy Oak in Campiglione (trynk base 60 cm)

ok’ leaning /
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~G. Morelli, 2014
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Pulling test of the Downy Oak in Campiglione
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Pulling test of the Downy Oak in Campiglione
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Integrated assessment: tomograph and pullin g test outcomes

Leaning direction of the tree /1

and pulling test direction
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Lowest tipping stability safety factor
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Integrated assessment: tomograph, pulling test outcomes and morphophysiologicialanalysis

G. Morelli, 2014
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The form as an expression of a dynamic balance

- Energy balance |

Hormonal | NG — SEhell Y A e &/~." || Mechanical
balance P . RN M QT — . N O balance

Quercus pubescens. Photo V. Capodarca

Source: G. Morelli; 2012
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" Morphophysiologic relativization of pruning in polyarchic species "~
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Hormonail imopaiance

A : Total straightening of young branches (simultaneous reiterations)
B : Straightening of the end of the adult branches (simultaneous reiterations)

C.: Formation of total reiterations (delayed reiterations)

0\ wtie (Lot y&av .
Branches weakly and briefly dominated, B .
able of straightening themselves A Auxins

One trunk and many

dominated branches " Many concurrent

trunks

Strong and long-dominated branches,
unable of straightening themselves
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Hormonal imbalance in trees with strong hierarchy

- Traumatic gftpf reiterations
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A : Total straightening of young
branches (simultaneous

-

Simultaneous total
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end of a branch

Delayed total

— " reiteration
on a branch

= s

reiterations)
B : Straightening of the end of the
Total reiteration adult branches (simultaneous
of a branch reiterations)
C : Formation of total reiterations
(delayed reiterations)
o A "L
trauma -
(about 20 years ago)
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Cytokinins



Hormonal imbalance in polyarchic trees
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evolution of adventitious sprouts and second clonality

Hormonal imbalance
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Hormonal imbalance: evolution of adventitious sprouts and second clonality
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Hormonal imbalance: evolution of adventitious sprouts,
second clonality and second hierarchy
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Morphofisiology anda management'
of senescenttrees:

The veteran Morus alba in Cervia
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Assessment. morpnopnysioiogicail and structurail anaiysis
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Assessment. morpnopnysioiogicail and structurail anaiysis
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Assessment. morpnopnysiological and structural analysis
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Third step: improving cambial activity and root treatments

20% volcanic rock;
20% mulch.

/
S
N

=
g
s
g




